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Glossary of Abbreviations  

BER Bit Error Rate 
BERT Bit Error Rate Test set-up 
BCB Benzo-chloro-butene 
CFR Carrier Frequency Recovery  
CMRR Common Mode Rejection Ratio 
CPM Clock Phase Margin  
CPR Carrier Phase Recovery  
CPW CoPlanar Waveguide 
DC Direct Current 
DCF Dispersion Compensating Fibre 
DFB Distributed FeedBack laser  
DFF D-Flip-Flop 
DEMUX Demultiplexer 
DER Dynamic Extinction Ratio 
DP Dual Polarisation 
DSP Digital Signal Processing 
DUT Device Under Test 
EAM ElectroAbsorption Modulator 
EML Electroabsorption Modulated Laser 
ESD ElectroStatic Discharge 
FWHM Full Width at Half Maximum 
HBT Heterojunction Bipolar Transistor 
HEMT High Electron Mobility Transistor 
IC Integrated Circuit 
LO Local Oscillator 
MBE Molecular Beam Epitaxy 
MOVPE Metal Organic Vapour Phase Deposition 
MZM Mach Zehnder Modulator 
MZI Mach-Zehender Interferometer 
NRZ Non Return to Zero 
OEIC OptoElectronic Integrated Circuit 
OOK On Off Keying 
OSNR Optical Signal to Noise Ratio 
OTDM Optical Time Division Multiplexing 
PBS Polarization Beam Splitter 
PER Polarisation Extinction Ratio 
PD Photodiode 
PDL Polarisation Dispersion Loss 
PIC Photonic Integrated Circuit 
PDM Polarization Division Multiplexing 
PMD Polarisation Mode Dispersion 
PMMA Poly Methyl Metacrylate 
PRBS Pseudo Random Bit Sequence 
PSR Polarisation Splitting Ratio 
QAM Quadrature Amplitude Modulation 
QCSE Quantum Confined Stark Effect 
QPSK (D-, PM-) Quadrature Phase Shift Keying (Differential-, Polarization Multiplexed-) 
QW Quantum Well 
RMS Root Mean Square 
RX Receiver 
RZ Return to Zero 
SDH Synchronous Digital Hierarchy 
SER Symbol Error Rate 
SMF Single Mode Fibre 
SIBH Semi Insulating Buried Heterostructure 
SP Single Polarisation 
TX Transmitter 
TWA Travelling Wave Amplifier 
WDM Wavelength Division Multiplexing 
3R Reamplifying, Retiming, Reshaping regenerator 
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Publishable Summary 

The project objectives and current context of 100G-QPSK equipment industry remained 
during the third year of the project. Next speed-rise step seems to definitely take advantage of 
multilevel digital signals produced by recent CMOS electronics and linear amplification. MIRTHE 
anticipated this trend and continued to work on innovative all-InP PICs (TX, RX) and electronics 
drivers (power-DAC) suitable for QPSK and QAM modulation formats. During this last year, the 
principle of full-monolithic QPSK TX on InP has attracted an industrial (Mitsubishi, Sumitomo, Bell 
Labs USA) and academia interest (UCSB) relying on the same arguments as low size, consumption 
and cost as firstly anticipated by MIRTHE. 

1.1 Introduction – Summary of project context and objectives 
Due to the constant telecom traffic increase, a capacity growth by a factor of 30 to 100 will be 

required by the end of the next decade. Following an evolutionary path based on the simple 
introduction of additional channels will just not bring the appropriate solution [1]. New technological 
breakthroughs have to be proposed to face this challenge. This is why optical multilevel modulation 
formats coded in amplitude, phase and polarization, with both coherent and direct-detection, are 
presently receiving great attention as they provide a more efficient use of spectral bandwidth.  For 
example, four bits of information can be encoded per symbol when QPSK is used in conjunction with 
polarization multiplexing.  This is advantageous as a large increase in data rate can be obtained with 
minimal changes to the installed base of optical filters and chromatic and polarization mode 
dispersion mitigation devices. Moreover, multilevel coding can rely on more mature and lower speed 
electronics providing lower cost and energy consumption of transmission equipment. 

100 Gb/s Dual Polarization QPSK (Quaternary Phase Shift Keying) is of special interest 
because of (i) its industrial developments already going on, taking advantage of the compatibility with 
the present standard 50-GHz WDM channel spacing [2,3], (ii) the current standardization work 
(OIF). At the same time, 400 Gb/s is discussed as a possible next deployment stage inducing intensive 
research on formats with a higher compression ratio such as 8-PSK and 16-QAM.  

However, increased spectral efficiency inevitably leads to optoelectronic transmitters and 
receivers of increased complexity and larger footprint, consumption and cost. Monolithic integration  
is known to help solving these problems typical of discrete components. Practical usable components 
should preserve high modulation performance specially while increasing the data rate. Therefore, 
MIRTHE is aiming at the integration of established photonic functions into InP chips (Photonic 
Integrated Circuits or PICs). This approach is expected to improve dramatically the yield of low 
complexity optical functions as found in DP-QPSK optoelectronic front ends and to reduce the 
number of costly package connections/interfaces. 

The proposed development is motivated by the required reduction of power consumption and 
cost of 100GbE industrial equipment as well as by the definition of future-proof next generation 
terabit component technology. It primarily addresses Ethernet links which may use either coherent or 
direct detection. But MIRTHE is also providing attractive solutions for line applications where 
coherent technology is considered today as mandatory. 

This project targets new multilevel-modulation all-monolithic integrated TX and RX Photonic 
Integrated Circuits (PICs), eventually able to achieve 100-400 Gb/s aggregated speed on a single 
wavelength. This project, in line with the Objective 2009.3.7 of the Work Plan, is motivated by: 

- the reduction of cost and power consumption of 100GbE transmission equipment, 
- increasing the bit rate to 100 G and higher, while still staying within a given 50 GHz channel 

grid 
- the need of future-proof component technologies for next generation terabit networks.  
- The chips will be packaged and driven at 28 and then 56 GBauds in order to realize first PIC-

to-PIC Terabit range transmissions.  
- It is expected that the innovation introduced by the monolithic integration of RX with low 
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polarization loss and TX having novel vector EAM
the cost, size and consumption of Ter

The specific objectives are: 

- Demonstration and mastering of a monolithic integration technology of InP
chips suitable for handling QPSK

- Demonstration of a future
concepts up to 400 Gb/s on a single fiber and wavelength,

- Module packaging of the TX and RX PICs with driving electronics, 
- Demonstration of PIC to PIC transmission at 100 and 200 Gb/s,
- Simulations at the device and system levels to identify capabilities and limitations and to 

contribute to specifications.
 The innovations claimed are: 

- Small size TX chips suitable for multi
in EAM-based PICs, 

- Fully integrated RX chips demultiplexing both polarizations of the incoming light signal (DP
QPSK), 

- Evaluation and prototype fabrication of novel monolithic coherent receiver types, applying 
multiport approaches in the phase demultiplexing
baud rate (higher compression ratio),

- Demonstration of low-power low
- Coplanar coherent receiver package with gain
- Demonstration of 200 – 
- Integrated approach for photonic circuit numerical modelling and design.

 

Fig 2.1 Overall strategy and objectives of the project

 

1.2 Work performed and achievements
In its first and second years 

objective events concerning PIC realisations. 
strongly on technological work. Important amount of the delays was recovered by 
contingency plan submitted in the second Review Meeting. However, full time recovery appeared as 
unlikely. Therefore, we analyzed
landing. This is the reason the 
MIRTHE workplan is represented in the simplified timetable below. Basically, this plan relies on 
previous achievements of single polarization PICs at 28GBaud and extends their dual polarization 
version realization and testing up to end of project. New PICs were designed to support speed rise 

Polarization QPSK Integrated 
for CoHerent 100-400Gb Ethernet 
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polarization loss and TX having novel vector EAM-based sources brings a breakthrough to 
the cost, size and consumption of Terabit components. 

Demonstration and mastering of a monolithic integration technology of InP
chips suitable for handling QPSK-type modulation formats for 100Gb/s transmission,
Demonstration of a future-proof approach by enhancing the bit rate to 200 Gb/s and providing 
concepts up to 400 Gb/s on a single fiber and wavelength, 
Module packaging of the TX and RX PICs with driving electronics,  
Demonstration of PIC to PIC transmission at 100 and 200 Gb/s, 

the device and system levels to identify capabilities and limitations and to 
contribute to specifications. 

Small size TX chips suitable for multi-level coding (QPSK, QAM), based on phase switching 

egrated RX chips demultiplexing both polarizations of the incoming light signal (DP

Evaluation and prototype fabrication of novel monolithic coherent receiver types, applying 
multiport approaches in the phase demultiplexing hybrid to increase the bit rate for a given 
baud rate (higher compression ratio), 

power low-footprint multi-level coding TX and RX,
Coplanar coherent receiver package with gain-controlled linear electrical amplifiers.

 400 Gb/s capability of InP-based TX and RX PICs 
Integrated approach for photonic circuit numerical modelling and design. 

 
Fig 2.1 Overall strategy and objectives of the project 

Work performed and achievements 
In its first and second years MIRTHE encountered important delays due to unpredictable and 

concerning PIC realisations. They seriously slowed down MIRTHE results relying 
strongly on technological work. Important amount of the delays was recovered by 

gency plan submitted in the second Review Meeting. However, full time recovery appeared as 
d and reported all details in order to construct the most sound project 

This is the reason the last project period was extended from 12 to 16 months
MIRTHE workplan is represented in the simplified timetable below. Basically, this plan relies on 
previous achievements of single polarization PICs at 28GBaud and extends their dual polarization 

ting up to end of project. New PICs were designed to support speed rise 
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based TX and RX PICs  
 

 

MIRTHE encountered important delays due to unpredictable and 
They seriously slowed down MIRTHE results relying 

strongly on technological work. Important amount of the delays was recovered by managing the 
gency plan submitted in the second Review Meeting. However, full time recovery appeared as 

all details in order to construct the most sound project 
ed from 12 to 16 months. The final 

MIRTHE workplan is represented in the simplified timetable below. Basically, this plan relies on 
previous achievements of single polarization PICs at 28GBaud and extends their dual polarization 

ting up to end of project. New PICs were designed to support speed rise 
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from 28GB to 56GB. The optional demonstration of 400 Gb/s was pushed to the end of project and 
targeted more modest demonstrations of MIRTHE technology compatibility with a speed rise and 
multilevel format (TX and its driver).  In that way the 3rd Period workplan maintained all major 
MIRTHE commitments including all-InP PIC-to-PIC experiments. 
 

 
Final MIRTHE workflow strategy 

 
Consequently, in the third period MIRTHE achieved (main items): 

- DP-QPSK 28/56 TX single chip realisation, assembling, pretesting and delivery to WP3 
- Additional work on BPSK TX with multilevel modulation at 40GBaud 
- Final modelling of DP-TX on component level and study of issues 
- Efficient PBS design delivery to RX technological work 
- DP-RX 28GB+ single chip realisation, pretesting and delivery to WP3 
- DP-RX 56BG single chip realisation, pretesting and packaging 
- Final modelling of DP-RX on component level and study of issues 
- Realization of 2 DP-TX modules and 2 DP-RX modules for 28/56GBd operation 
- Realization and testing up to 40Gb of a novel universal NRZ/2-bit dual power-DAC module 
- Evaluation in system environment TX and RX at different rates and formats 
- All-InP monolithic PIC-to-PIC transmission experiment at 32Gbaud 

 
The last period work allowed achievement of the most project commitments. Concentrating 

all partner’s work PIC-to-PIC experiment with all-monolithic InP packaged TX and RX has been 
successfully realized in system environment at 32GBaud (130Gb/s) providing OSNR above the 
FEC limit (WP4). This is very likely the world first experiment of this type. The same testing 
campaign demonstrated close-to-product 56GB dual-polarization all-monolithic RX performance 
which has to be considered as the most significant technical achievement of MIRTHE (WP3). 
Such DP-RX was shown to be able to work at 450 Gb/s with 56GB and 16QAM format. 

TX maturity was not the same as the high innovation degree introduced by the optical-phase 
switching concept triggered more realization risks. As a consequence, direct demonstration above 130 
Gb/s was not yet possible.  Therefore, we carried out additional on-chip testing in order to show the 
technology potential for higher speed and multilevel modulation demonstrating multilevel 80Gb/s (40 
GB) BPSK TX driven with universal NRZ/2-bit DAC (WP1, WP3). 

Modelling and simulation tools (VPI, UMA), in addition to their constant support to PIC 
designing and interpretation of encountered issues, have been improved to include realistic integrated-
component characteristics which are ready to be exploited in commercial software’s. 

 
WP1 (TX PIC):  

This workpackage realises novel monolithic QPSK transmitters based on prefixed phase 
switching using very small size Electro-Absorption Modulators. Due to the innovative concept of 
prefixed optical phase switching to produce advanced formats, the TX activity took important risks as 
to the validity of such sources. These risks have been taken because the proposed solution promised 
lowest footprint chips and low driving energy in addition to full monolithic integration with lasers. 
Such sources cannot be obtained by any competing technology and remains as a very interesting 
option for the concerned industry.  

All MIRTHE TX Photonic Integrated Circuits (PIC) are fabricated using a common platform 
providing relatively simple technology based on a single active layer growth composed of AlGaInAs 
quantum wells, Selective Area Growth (SAG) gap engineering and a single regrowth semi-insulating 
buried hetero-structure (SIBH). Independently of designing complexity such as integration degree or 

1Q1 2Q1 3Q1 4Q1 1Q2 2Q2 3Q2 4Q2 1Q3 2Q3 3Q3 4Q3 1Q4

4rth YEAR

2013

56GB chip set

2Q4

adv tech 400Gb/s

1st YEAR 2nd YEAR 3rd YEAR

2010 2011 2012

step 2:  1st&2nd generation PIC 28GB/56GBstep 1:  Preparative works step 2:  1st&2nd generation PIC 28GB/56GB
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number of photonic function, this platform makes the integration technology identical to that of a 
simple EML one. 

Dual Polarization-TX chips included 40 photonic functions which is probably the most 
complex InP integration for a single channel ever made. All photonic functions were operational 
confirming a possibility for a good fabrication yield provided by our InP-integration platform. Two 
harming points were not completely solved: low power of integrated lasers due to SIBH technology 
drift after epitaxial equipment change and accidentally not good enough AR coating of TX output 
facet leading to whole cavity erratic influence on the laser emission due to a large return power.  

 
 Realized monolithic DP-TX PIC (chip size is 7.1mm x 1mm) 

DP-TX chips were assembled on Cu-W submounts with DC/HF feeding ceramics designed 
together with U2T. Static testing confirmed good SOA gap alignment with the laser wavelength 
leading to ~6dB output power improvement. However due to large power return from the output facet, 
it was difficult to find tolerant operating points without self-pulsation or Fabry-Perot lasing 
phenomena. As suggested by simulations (VPI) larger laser power and less SOA amplification would 
solve this issue. 

 

  

DP-TX assembly design (U2T, 3-5Lab) Assembled chip on modified testing bench under small 
signal modulation measurements 

 

 

 
 

Comparisons of E/O bandwidth S21 (left) and reflection S11(right) between two MIRTHE TX runs 

NTC assembly pad

Capacitor 100pF 
(Array & Single)

DP-QPSK 
EML chip

DC wire bonding

CuW Submount
Y-Pol

DC Controls

X-Pol
DC Controls

50 ΩΩΩΩ load
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One of important target of this run was a demonstration of increased modulation speed. With 
a simulation support (VPI) we designed shorter 50µm EAM switches and 35Ω impedance matching 
circuits.  Substantial improvements of bandwidth (S21) and electrical return loss (S11) were obtained 
in comparison to the results of previous TX realisation.  More precise measurements were then done 
by WP3 (U2T) after packaging showing bandwidth above 30GHz which would allow modulation 
baud rate up to 56GB. 

In spite of mentioned above limitations, DP-QPSK TX chips have been delivered to WP3 for 
further packaging and testing. In addition to the technology demonstration that was fully completed, 
this allowed assessing Tx module realization and validation of realized functionalities. 

In order to show the technology speed potential and to eventually confirm multilevel 
modulation capability of EAM switches, we realised additional on-chip experiments using BPSK TX 
(chip size 2.65mmx0.5mm) with novel InP-HBT universal DAC and APEX spectrum analyser as 
vector modulation RX. 

 

 

 
MIRTHE BPSK TX experiment at 40GB (left); 40Gb/s NRZ constellation and tributary eye (upper right); 

80Gb/s multilevel constellation and tributary eye (lower right) 

In spite of only 64-period analysis the constellations shows four distinguished power states 
and the absence of optical carrier due to BPSK format. All transitions between phase/amplitude states 
are aligned along I-axis confirming low-chirp EAM switching. This work demonstrates the smallest 
80 Gb/s BPSK transmitter and confirms MIRTHE technology ability to generate high-speed multi-
level formats. 

 

 

 
Dual-polarization transmitter. Top: simulation schematic of the complete component-model design; bottom: 

actual mask layout of the fabricated device 
 

-1.5

-1

-0.5

0.5

1

1.5

-1.5 -1 -0.5 0.5 1 1.5

-1.5 -1 -0.5 0.5 1 1.5

-1.5

-1

-0.5

0.5

1

1.5



IST – MIRTHE 
Monolithic InP-based Dual Polarization QPSK Integrated 
Receiver and Transmitter for CoHerent 100
 

 

Specific simulation work of MIRTHE TX was completed by implantation of actual DP
realistic component model in VPI Component Maker. The simulation c
produce 28/32GB and even 56GB modulations. However, this work emphasised also the 
improvements of the PIC output power and laser linewidth as remaining next development target.

Finally, system experiments were carried out with p
MIRTHE PIC-to-PIC experiment was realised at 32GB with SP
tackle the best results obtained with standard TX technology, performance improvements are still 
necessary and they, as shown by s
 
WP2 (RX PIC) 

Within Y3 of WP2 (Receiver PIC Technology) 
have been fabricated and characterized. Two types of polarization beam splitter based on directional 
coupler with metal overlay and MZI
new 120° monolithically down-converter approach have been fabricated.

The most important property of the DP
PBSs developed within the MIRTHE project.
DP-QPSK receiver chips with a MZI
chips with a MZI-PBS have been fabricated in the first generation receiver wafer run while the DP
QPSK receiver chips with a directional coupler PBS have been fabricated in the second generation 
receiver wafer run. For both DP
Measurements of the RF bandwidth of the balanced photodiodes showed a response of 
50GHz. 

Measured PSR of a fabricated DP
 (blue lines for signal input, red lines 
 

Measured PSR of a fabricated DP
 (blue lines for signal input, 
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Specific simulation work of MIRTHE TX was completed by implantation of actual DP
realistic component model in VPI Component Maker. The simulation confirmed the PIC ability to 
produce 28/32GB and even 56GB modulations. However, this work emphasised also the 
improvements of the PIC output power and laser linewidth as remaining next development target.

Finally, system experiments were carried out with packaged MIRTHE TX. Most successful 
PIC experiment was realised at 32GB with SP-TX and PDM emulator. In order to 

tackle the best results obtained with standard TX technology, performance improvements are still 
necessary and they, as shown by simulations, remain compatible with our novel technology. 

of WP2 (Receiver PIC Technology) two wafer runs of DP-QPSK receiver chips 
and characterized. Two types of polarization beam splitter based on directional 

MZI were realized. Furthermore, coherent receiver chips based on the 
converter approach have been fabricated. 

most important property of the DP-QPSK receiver chips is the PSR obtained from the 
PBSs developed within the MIRTHE project. The following two pictures show the measured PSR of 

QPSK receiver chips with a MZI-PBS and a directional coupler PBS. The 
PBS have been fabricated in the first generation receiver wafer run while the DP

QPSK receiver chips with a directional coupler PBS have been fabricated in the second generation 
For both DP-QPSK receiver types four balanced PDs were designed on the chip. 

Measurements of the RF bandwidth of the balanced photodiodes showed a response of 

Measured PSR of a fabricated DP-QPSK receiver chip with MZI as PBS
(blue lines for signal input, red lines for LO input, solid lines for TM and dashed lines for TE)

 
of a fabricated DP-QPSK receiver chip with directional coupler PBS

input, red lines for LO input, solid lines for TM and dashed lines for TE)
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Specific simulation work of MIRTHE TX was completed by implantation of actual DP-QPSK 
onfirmed the PIC ability to 

produce 28/32GB and even 56GB modulations. However, this work emphasised also the 
improvements of the PIC output power and laser linewidth as remaining next development target. 

ackaged MIRTHE TX. Most successful 
TX and PDM emulator. In order to 

tackle the best results obtained with standard TX technology, performance improvements are still 
imulations, remain compatible with our novel technology.  

QPSK receiver chips 
and characterized. Two types of polarization beam splitter based on directional 

Furthermore, coherent receiver chips based on the 

is the PSR obtained from the 
The following two pictures show the measured PSR of 

The DP-QPSK receiver 
PBS have been fabricated in the first generation receiver wafer run while the DP-

QPSK receiver chips with a directional coupler PBS have been fabricated in the second generation 
s four balanced PDs were designed on the chip. 

Measurements of the RF bandwidth of the balanced photodiodes showed a response of -1.8dB at 

 
QPSK receiver chip with MZI as PBS 

for LO input, solid lines for TM and dashed lines for TE) 

QPSK receiver chip with directional coupler PBS 
, solid lines for TM and dashed lines for TE) 
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For the DP-QPSK receiver with MZI
the C-Band for different inputs and polarizations we achieve a minimal PSR of 12dB. From 
simulations it is known that even better results should be achievable. With a design optimizatio
the MZI-PBS structure the center wavelengths should be at the same wavelength, increasing the 
PSR.Moreover, due to the heaters on the MZI
fabricated DP-QPSK receiver with directional coupler PBS s
entire C-band. Furthermore, the fabrication tolerances of

On the first generation receiver wafer run, the coherent receivers with the 
monolithically integrated down-
showed that the uniformity of the receiver is below 0.4dB and the imbalance is 0dB.

Finally, DP-RX chips with active PBS were delivered to packaging ac
packages were designed, constructed and tested in WP3 and WP4.

MIRTHE RX development was supported by specific modelling and simulations by analysing 
the component concept limits, explaining or solving issues and the development of 
model of the dual-pol. coherent receiver module.

Dual-polarization receiver. Top: simulation schematic of the complete component

 
 
WP3 (Packaging&Electronics)

In this project period 28/56Gbaud Single
modules together with the required driver electronic modules and 28/56Gbaud single and dual
coherent receiver modules are being developed. 

       First packaged 28 / 56Gbaud dual
           QPSK / 16 QAM transmitter module
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receiver with MZI-PBS the PSR at 1550nm is better than 17dB, while in 
Band for different inputs and polarizations we achieve a minimal PSR of 12dB. From 

simulations it is known that even better results should be achievable. With a design optimizatio
PBS structure the center wavelengths should be at the same wavelength, increasing the 

.Moreover, due to the heaters on the MZI-arms, the fabrication tolerances could be improved.
QPSK receiver with directional coupler PBS showed a PSR of more than 17dB over the 

fabrication tolerances of this receiver type are uncritical. 

On the first generation receiver wafer run, the coherent receivers with the 
-converter based on a 2x3 MMI were fabricated. The measurements 

showed that the uniformity of the receiver is below 0.4dB and the imbalance is 0dB.

RX chips with active PBS were delivered to packaging activity and two types of 
packages were designed, constructed and tested in WP3 and WP4. 

MIRTHE RX development was supported by specific modelling and simulations by analysing 
the component concept limits, explaining or solving issues and the development of 

pol. coherent receiver module. 

 
polarization receiver. Top: simulation schematic of the complete component-model design; bottom: actual mask 

layout of the fabricated device 

WP3 (Packaging&Electronics) 

period 28/56Gbaud Single-(SP) and Dual Polarisation (DP) QPSK transmitter 
modules together with the required driver electronic modules and 28/56Gbaud single and dual
coherent receiver modules are being developed.  

 

First packaged 28 / 56Gbaud dual-pol. (DP)                                
QPSK / 16 QAM transmitter module 

28Gbaud DP coherent receiver module
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PBS the PSR at 1550nm is better than 17dB, while in 
Band for different inputs and polarizations we achieve a minimal PSR of 12dB. From 

simulations it is known that even better results should be achievable. With a design optimization of 
PBS structure the center wavelengths should be at the same wavelength, increasing the 

arms, the fabrication tolerances could be improved.The 
howed a PSR of more than 17dB over the 

this receiver type are uncritical.  

On the first generation receiver wafer run, the coherent receivers with the novel 120° 
were fabricated. The measurements 

showed that the uniformity of the receiver is below 0.4dB and the imbalance is 0dB. 

tivity and two types of 

MIRTHE RX development was supported by specific modelling and simulations by analysing 
the component concept limits, explaining or solving issues and the development of a full analytical 

 

 

model design; bottom: actual mask 

(SP) and Dual Polarisation (DP) QPSK transmitter 
modules together with the required driver electronic modules and 28/56Gbaud single and dual-pol. 

 
28Gbaud DP coherent receiver module   
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After the packaging of the first 28Gbaud single polarisation (SP) coherent module at the end 
of the first project year, and the packaging of the first 28Gbaud SP
second project year, the remaining period focussed on the 
module characterisation of the 
16QAM transmitter and coherent receiver modules.

 

56Gbaud DP coherent receiver module packaged by 
the HHI 

In the case of the 28Gbaud DP coherent receiver 
channels have been integrated into a 
the next generation 400G dual-carrier dual
receiver modules have shown operation with
resulting in a total bit rate of 450

For the realisation of the final
56Gbaud 16QAM transmission, resulting again in a total bit r
receiver chip was packaged in a GPPO
resulting two slightly different versions of this 56Gbaud DP coherent receiver.

On the transmit side 28Gbaud dual
monolithically integrated cw-laser, two EAM
combination via fibre-based components were developed, produced and successfully characterised on 
module-level. The 56Gbaud version on the other side showed some minor bandwidth limitations and 
the overall cw-laser performance of the second final fabrication run was not as good as wished for. 
Nevertheless both Tx-modules proved a reasonable 

In order to allow for system characterization of the developed transmitter modules, specific 
driver electronic modules were developed and produced. These consisted of a
twin driver and the corresponding twin bias

The new driver architecture proposed for MIRTHE project is based on 
consisting in simultaneous combination of DAC and amplification (driver) functions allowing 
directly a modulator without need for linear amplifier. This power
optimal interfacing with MIRTHE TX. Additionally a flexible architecture suitable for both binary 
and multilevel formats has been proposed and realised.
twin driver module integrating two 2
directly connected to two twin bias tee modules. The input of the module is fed with single
and clock signals at respectively the same symbol rate and frequency than the outp
rate. Two power-DAC chips have the same architecture and electrical performances. They differ by 
physical implementation (layout) which is customized to optimize the twin
(a) and photograph (b) of realized modul
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After the packaging of the first 28Gbaud single polarisation (SP) coherent module at the end 
e first project year, and the packaging of the first 28Gbaud SP-QPSK transmitter modules at the 

second project year, the remaining period focussed on the concept development, the 
module characterisation of the final goal 28Gbaud and 56Gbaud dual-polarisation (DP) QPSK / 
16QAM transmitter and coherent receiver modules. 

 
DP coherent receiver module packaged by 56Gbaud DP coherent receiver module

U2T 

In the case of the 28Gbaud DP coherent receiver two fully integrated DP
have been integrated into a single module, making this module suitable for the detection of 

carrier dual-polarisation 16QAM format. These 28Gbaud DP coherent 
operation with dual-channel dual-polarization 16QAM at 

0 Gb/s. 

realisation of the final 56Gbaud dual-pol. coherent receiver module
56Gbaud 16QAM transmission, resulting again in a total bit rate of 400 Gb/s, the fully integrated DP

in a GPPO-style package. Two different styles of packages were used, 
resulting two slightly different versions of this 56Gbaud DP coherent receiver. 

On the transmit side 28Gbaud dual-pol. QPSK transmitter modules, consisting of a 
laser, two EAM-based I/Q-modulators, and external polarisation 

based components were developed, produced and successfully characterised on 
d version on the other side showed some minor bandwidth limitations and 

laser performance of the second final fabrication run was not as good as wished for. 
modules proved a reasonable (state of the art) 32.5 Gbaud perfo

In order to allow for system characterization of the developed transmitter modules, specific 
driver electronic modules were developed and produced. These consisted of a high speed multilevel 
twin driver and the corresponding twin bias-tee modules.  

The new driver architecture proposed for MIRTHE project is based on 
consisting in simultaneous combination of DAC and amplification (driver) functions allowing 
directly a modulator without need for linear amplifier. This power-DAC concept has been adapted for 
optimal interfacing with MIRTHE TX. Additionally a flexible architecture suitable for both binary 
and multilevel formats has been proposed and realised. The module concept consists in a multi

ating two 2-bit power-DAC chips with two pairs of differential outputs 
directly connected to two twin bias tee modules. The input of the module is fed with single
and clock signals at respectively the same symbol rate and frequency than the outp

DAC chips have the same architecture and electrical performances. They differ by 
physical implementation (layout) which is customized to optimize the twin-chip package. The 

of realized module is presented in figure below. 

mirthe 3rd publishable summary y3 v8.docx 

After the packaging of the first 28Gbaud single polarisation (SP) coherent module at the end 
QPSK transmitter modules at the 

concept development, the packaging and 
polarisation (DP) QPSK / 

 

56Gbaud DP coherent receiver module packaged by 

integrated DP coherent receiver 
, making this module suitable for the detection of 

These 28Gbaud DP coherent 
16QAM at 56Gbaud 

ol. coherent receiver module suitable for 
, the fully integrated DP-

Two different styles of packages were used, 

QPSK transmitter modules, consisting of a 
modulators, and external polarisation 

based components were developed, produced and successfully characterised on 
d version on the other side showed some minor bandwidth limitations and 

laser performance of the second final fabrication run was not as good as wished for. 
Gbaud performance. 

In order to allow for system characterization of the developed transmitter modules, specific 
high speed multilevel 

The new driver architecture proposed for MIRTHE project is based on an original concept 
consisting in simultaneous combination of DAC and amplification (driver) functions allowing feeding 

DAC concept has been adapted for 
optimal interfacing with MIRTHE TX. Additionally a flexible architecture suitable for both binary 

consists in a multi-level 
DAC chips with two pairs of differential outputs 

directly connected to two twin bias tee modules. The input of the module is fed with single-ended data 
and clock signals at respectively the same symbol rate and frequency than the output signal’s symbol 

DAC chips have the same architecture and electrical performances. They differ by 
chip package. The concept 
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Four compact, dedicated GPPO-based twin bias Tee modules, necessary to provide suitable 
DC biasing of EAM modulator, have been designed, fabricated and tested (shown on right). 

 
 

 
(a) Package concept for the 4-ASK twin driver module. (b) Photograph of the 4-ASK twin driver module (c) 

GPPO based micro twin bias Tee 

Measurements of 4-ASK electrical signal @ 40 GBd produced by our twin driver are shown 
below. Clearly open 4-ASK 2x1.6 Vpp eye diagrams are obtained. A binary output signal realized with 
the same driver module is also presented.  

 

 

 

 
(a)4-ASK eye diagrams (oscilloscope screenshot) at 40 GBd, measured at the output of the first channel of the 

module.(b) Binary output signal at 40 Gb/s with CPM markers (~9.8ps) 
 

Power-DAC driver circuits have been designed for operation at 56 GBd symbol-rate. 
However the realized circuit was operating correctly only up to 40 Gbd. This reduced functionality 
was due to some layout parasitics not taken into account. Corrective run with these drivers is presently 
under fabrication. 

Finally the module characterisation proved the as-expected excellent performance of the 
transmitter, receiver and electronic modules, with the exception of the problems related to the cw-
laser and some minor bandwidth limitations on the Tx-side. Finally all developed modules were 
handed over to WP4 for the final characterisation in the system test-bed.  

 
WP4 (Tests&Simulations) 

Accordingly to the project contingency plans and resulting extension, the two testing 
campaigns with TX and RX were reported at the end of project. We highlight here two main 
experimental results obtained this year: the PIC-to-PIC transmission and the studies of MIRTHE 
receivers for 400 Gb/s applications. 

PIC-2-PIC transmission 

We used here MIRTHE components at the transmitter and at the receiver end at the same 
time. At the transmitter side, modulator is fed by 215-1 bit-long sequences at 32.5 Gb/s, including 
forward error correction (FEC) and protocol overhead. After being modulated, the test channel is 
passed through a noise loading stage. 4 outputs of RX are detected and sampled at 80 GS/s using a 
digital oscilloscope with a 36-GHz electrical bandwidth. The recovered data are decoded, using 
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differential decoding, and errors are counted. We compute then the bit-error ratio (BER), and convert 
it into Q²-factor. 

 
Pictures of the experimental setup. (left) PIC transmitter showing electrical branching, PRBS generation, detail 
of PIC module. (center) PIC received installed and connected to the sampling oscilºloscope. (right) overall view 

of the system resting showing the transmitter in foreground and the receiver in background 

Different pictures of the actual PIC-to-PIC system experiment show on the left hand side the 
transmitter setup and a detail of the transmitter module. We distinguish in this figure the PIC module, 
the electrical alimentation, the rack used for PRBS generation and the bias tee modules used to feed 
the module. In the center we see the 56-GBaud dual-polarization RX module connected to the 36-
GHz 80-GSamples/s sampling oscilloscope. The figure at the right hand side depicts in turn the whole 
systems setup. The transmitter can be appreciated in foreground whereas the receiver is in 
background. In the middle of this figure at the right hand side, is placed the noise loading stage 
involving an attenuator, a dual stage amplifier and an optical pass-band filter. 

We measured the optical noise sensitivity of the 32.5-GBaud PDM-QPSK PIC-to-PIC system 
and compared with the one of each PIC component independently. The performance of 56-GBaud 
dual-polarization receiver (blue circles) is very close to the theoretical expectations, represented by 
the dashed line in Fig below. No error floor is observed and measured performance is less than 1-dB 
away from the theory. 

Further on, we also demonstrate error-free operation (after FEC correction) for MIRTHE 
transmitter with PDM-QPSK at 32.5 GBaud. We observe a significant penalty of ~5.5 dB in terms of 
required OSNR for 6.25 dB of Q2-factor (red triangles) when compared to the theoretical performance 
and as error floor at around 7.dB of Q2-factor. We attribute these penalties in performance to the 
phase-noise coming from the transmitter and to the transmitter/receiver bandwidth limitation and 
imperfect frequency response. Finally, violet squares depict the performance of a PIC-to-PIC system. 
Surprisingly, this performance is even better than that of MIRTHE transmitter with free-space 
receiver.  

In summary, concentrating all partner’s work PIC-to-PIC experiment with all-monolithic 
InP packaged TX and RX has been successfully realized in system environment at 32.5GBaud 
(130Gb/s) providing OSNR above the FEC limit. This is very likely the world first experiment of 
this type. The PIC-to-PIC experiment demonstrated also excellent performance of the close-to-
product 56GB dual-polarization all-monolithic RX which has to be considered as the most 
significant technical achievement of MIRTHE. 

 

Test-bedTransmitter Receiver
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Optical noise sensibility of 32.5 GBaud PDM-QPSK over different conditions (blue circles) generated with 

LiNbO3 MZM and detercted with a dual-polarization 56-GBaud MIRTHE receiver, (red triangles) generated 
with MIRTHE transmitter and detected with free-space optics based coherent mixer paired with balanced 

photodiodes and (violet squares) generated and received with PIC MIRTHE components. 
 

Towards 400 Gb/s 

At the transmitter side, we used here a relatively standard transmitter based on LiNbO3 
modulator and external laser. To produce different signals, the light from a continuous wave (cw) 
laser is sent into two dual-drive I-Q modulators driven by a pair of digital-to-analog converters (DAC) 
operating at 56-GSamples. This provides PDM-QPSK signals at 112, 128, 176 and 224 Gb/s; and 
PDM-16QAM signals at 224, 256, 352 and 448 Gb/s. At the receiver side we used here a 56-GBaud 
dual-polarization receivers developed within the MIRTHE project. 

MIRTHE receiver gives the same performance as the reference curve obtained with free-
space optics and balance photodiodes for 28-GBaud PDM-QPSK. The 28-GBaud PDM-QPSK signal 
requires an OSNR of about 14.5 dB for 9.8-dB Q²-factor performance (corresponding to 10-3 BER), 
only ~0.5-dB away from the theory. Moving from 28 GBaud to 32.5GBaud implies a higher OSNR 
for the same BER. In theory, this higher OSNR requirement is 10*log(32.5/28)=0.64dB. However, we 
observe that 32.5 GBaud PDM-QPSK requires about 15.5 dB of OSNR for 9.8-dB Q²-factor, 1-dB 
higher OSNR requirement compared to 28 GBaud results. This indicates a slight limitation in 
bandwidth. The limitation may come from three different sides; the transmitter, the coherent receiver 
and the sampling oscilloscope. Nevertheless, we achieve error-free operation for 224-Gb/s (56 
GBaud) PDM-QPSK after FEC correction as the FEC limit is 8.5 dB of Q2-factor. 

Results obtained with PDM-16QAM signals. 28, 32.5 and 44 GBaud PDM-16QAM, show a 
performance relatively close to theoretical expectation for low values of Q2-factor while 56 GBaud 
PDM-16QAM are already far away from theoretical performance at 4-dB Q2-factor. All PDM-
16QAM results show performance saturation (error floor). The level of the error floor depends on the 
baud-rate, as expected. Contrary to 56GBaud QPSK signals, we were not able to achieve here a better 
performance than the FEC limit.  

In summary, the project eventually delivered all expected packages with single-polarization 
and dual-polarization all monolithic chips. Finally, most successful experiments were possible with all 
RX versions and with single polarization TX. This PIC combination allowed us to eventually carry 
out a successful 32.5 GB (130 Gb/s) PIC-to-PIC experiment and thereby fulfill the main MIRTHE 
commitment. DP-RX is shown to operate over FEC limitation up to 44GB 16-QAM delivering 
352Gb/s cumulated data rate being limited rather by experimental setup. 

The system environment testing in MIRTHE project allowed to understand better the level of 
maturity of integrated Tx or Rx solutions, as well as the remaining challenges. It is expected that this 
will enable the concerned industrials to make some selections of transmitters and receivers for the 
development of their products.  
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Optical noise sensibility of (a) PDM-QPSK and (b) PDM-16QAM signals for different baudrates: 28, 32.5, 44, 
56 GBaud. The signals are generated by a LiNbO3 –based modulator and received with XAG.00090 MIRTHE 

receiver 
 

Numerical simulations 

Numerical simulations are an important part of WP4. In that respect, we have used them to study 
different options for the transmitter and receiver of QPSK and 16QAM signals. Starting from the 
physical design of the transmitter, several behavioural models based on measured and parametric 
characteristics have been derived. This type of model is appropriate for the analysis and performance 
evaluation of the PIC when operated in various transmission systems and applying different 
modulation approaches. The impact of different sub-elements has been evaluated for QPSK and 
16QAM signal: chirp of EAM sections, chip-internal reflections, tolerances of waveguides and MMI 
elements, crosstalk due to crossings, limitations of drive circuits and photodiodes, and more.  

We performed studies on the overall the system performance using detailed component-
models with characteristics of the MIRTHE transmitter and receiver. We compared for instance the 
symbol error rate (SER) versus OSNR for PM-BPSK, QPSK and 16QAM modulation formats using 
ideal transmitters and the component-model of the dual-polarization receiver developed in MIRTHE. 
The transmitter power has been set to 0.5mW for all three formats. After noise loading, we applied 
optical filtering using a 5th order Gaussian filter with 3dB-bandwidth of 100GHz. For the eight 
photodiodes in the receiver, we assumed 0.5 responsivity, shot noise and thermal noise of 10e-12 
A/√Hz. Each photodiode is followed by a 40GHz Bessel low pass filter of 4th order. We applied 
typical Digital Signal Processing (DSP) algorithms for carrier phase recovery (CPR) after conversion 
from analog electronic to digital domain. 

An example shows SER versus OSNR for PM-QPSK and symbol rates of 28GB and 32GB. 
While both polarization components behave very similarly for the lower symbol rate, a small 
difference between TE and TM towards larger OSNR values is recognizable for 32GB. Further, we 
can recognize the existence of an error floor for 32GB QPSK (below SER of 1e-12, though). For PM-
16QAM we found that the achievable SER is limited by noise floors for all investigated cases. 
Additionally, significant differences between TE and TM are detectable. 
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SER versus OSNR for PM-QPSK for baud rates of 28GB 
and 32GB per polarization component using ideal 

transmitters and Mirthe dual-polarization receiver with 
DSP performing CPR

We also investigated the performance
transmitter developed in MIRTHE and ideal receivers. Again, the transmitter power has been set to 
approximately 0.5mW for all three formats. After noise loading, 100GHz optical filtering is applied. 
We simulated only the TE branch of the transmitter as the realization of the TM branch is identical. 
After detection and sampling, we applied at the DSP unit pre
post-slicing CPR algorithms. For PM
compared to the case when using ideal transmitter and MIRTHE receiver characteristics. 
OSNR results for PM-16QAM with 
performance is limited by error floors for both investigated cas
reached. More studies would be necessary to find 
improve the performance further.

Additionally, we investigated a possibility to raise the TX baud rate to 56GB. While the 
symbol rate could be increased without significant changes in system performance for BPSK and 
QPSK, this was not possible for the 16QAM cases. However, when reducing the optical filter 
bandwidth to 80GHz, and thus reducing the amount of optical noise reachi
increasing the electrical bandwidth of the filter after the photodiodes from 40 to 60GHz, SER values 
below 1e-3 could be achieved, confirming that the MIRTHE TX is able to produce 16QAM at 56GB 
providing OSNR in FEC limits. These resul
and point out that more improvements as to output power and linewidth are still necessary.

1.3 Final objective achievements and deviations
MIRTHE was motivated by 

components (100 Gb/s – 400 Gb/s on a single wavelength) as required for 
for next generation terabit networks
the all-monolithic  integration on InP 
having novel vector EAM-based sources

Therefore, we defined 5 

1. Demonstration and mastering of a monolithic integration technology of InP
RX chips suitable for handling 

2. Demonstration of a future
providing concepts up to 400 Gb/s o

3. Module packaging of the TX and RX PICs with drivin
4. Demonstration of PIC to PIC transmission at 100 and 200 Gb/s,
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for baud rates of 28GB 
and 32GB per polarization component using ideal 

polarization receiver with 
DSP performing CPR 

SER versus OSNR for PM-16QAM for baud rates of 28GB 
and 32GB per polarization component using Mirthe dual

polarization transmitter and ideal receiver
performing CFR and CPR

the performance of transmission scenarios using the dual
transmitter developed in MIRTHE and ideal receivers. Again, the transmitter power has been set to 
approximately 0.5mW for all three formats. After noise loading, 100GHz optical filtering is applied. 

ch of the transmitter as the realization of the TM branch is identical. 
After detection and sampling, we applied at the DSP unit pre-slicing carrier frequency recovery and 

slicing CPR algorithms. For PM-BPSK and QPSK, performance results are very simi
compared to the case when using ideal transmitter and MIRTHE receiver characteristics. 

16QAM with 28GB and 32GB symbol rates demonstrate
error floors for both investigated cases, even though the FEC limitation is 

More studies would be necessary to find better optimized DSP algorithms 
the performance further. 

Additionally, we investigated a possibility to raise the TX baud rate to 56GB. While the 
ymbol rate could be increased without significant changes in system performance for BPSK and 

QPSK, this was not possible for the 16QAM cases. However, when reducing the optical filter 
bandwidth to 80GHz, and thus reducing the amount of optical noise reaching the receiver, and 
increasing the electrical bandwidth of the filter after the photodiodes from 40 to 60GHz, SER values 

3 could be achieved, confirming that the MIRTHE TX is able to produce 16QAM at 56GB 
providing OSNR in FEC limits. These results emphasize however present limitations of the TX
and point out that more improvements as to output power and linewidth are still necessary.

achievements and deviations 
MIRTHE was motivated by a breakthrough to the cost, size and consu

400 Gb/s on a single wavelength) as required for future
for next generation terabit networks. To this aim we developed two major innovations introduced by 

on InP of RX with new polarization management elements
based sources. 

we defined 5 specific objectives: 

Demonstration and mastering of a monolithic integration technology of InP
RX chips suitable for handling QPSK-type modulation formats for 100Gb/s transmission,
Demonstration of a future-proof approach by enhancing the bit rate to 200 Gb/s and 
providing concepts up to 400 Gb/s on a single fiber and wavelength, 
Module packaging of the TX and RX PICs with driving electronics,  
Demonstration of PIC to PIC transmission at 100 and 200 Gb/s, 

mirthe 3rd publishable summary y3 v8.docx 

 

16QAM for baud rates of 28GB 
and 32GB per polarization component using Mirthe dual-

polarization transmitter and ideal receiver with DSP 
performing CFR and CPR 

using the dual-polarization 
transmitter developed in MIRTHE and ideal receivers. Again, the transmitter power has been set to 
approximately 0.5mW for all three formats. After noise loading, 100GHz optical filtering is applied. 

ch of the transmitter as the realization of the TM branch is identical. 
slicing carrier frequency recovery and 

BPSK and QPSK, performance results are very similar 
compared to the case when using ideal transmitter and MIRTHE receiver characteristics. SER versus 

demonstrate that the achievable 
, even though the FEC limitation is 

optimized DSP algorithms being able to 

Additionally, we investigated a possibility to raise the TX baud rate to 56GB. While the 
ymbol rate could be increased without significant changes in system performance for BPSK and 

QPSK, this was not possible for the 16QAM cases. However, when reducing the optical filter 
ng the receiver, and 

increasing the electrical bandwidth of the filter after the photodiodes from 40 to 60GHz, SER values 
3 could be achieved, confirming that the MIRTHE TX is able to produce 16QAM at 56GB 

ts emphasize however present limitations of the TX-PIC 
and point out that more improvements as to output power and linewidth are still necessary. 

a breakthrough to the cost, size and consumption of Terabit 
future-proof technologies 

. To this aim we developed two major innovations introduced by 
management elements and TX 

Demonstration and mastering of a monolithic integration technology of InP-based TX and 
type modulation formats for 100Gb/s transmission, 

proof approach by enhancing the bit rate to 200 Gb/s and 
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5. Simulations at the device and system levels to identify capabilities and limitations and to 
contribute to specifications. 

 

The table below resumes in a synthetic manner the main project achievements and provide 
comments on deviations. Exhaustive details are found in project documents listed there also. 

Objective Achievements Deviations Documents 

1 

BPSK, SP-QPSK, DP-QPSK TX 
photonic integrated circuits were 
realised and made compatible with 
industrially available packages.  

DP-QPSK TX integrates up 40 
photonic working functions and is 
the most complex monolithic single 
channel transmitter. 

Packaged SP-QPSK TX chip was 
used in state-of-the-art 32GB PDM 
PIC-to-PIC experiment. 

Lowest size and low consumption 
driving was demonstrated. 

BPSK TX at 28/56GB has similar 
performance as standard bulky 
LiNbO3 MZM 

32GB QPSK (130Gb/s) and 80Gb/s 
BPSK operations were 
demonstrated. 

 

Too low laser power and 
sensitivity to back reflections due 
to problems and breaks of 
technology equipments. 

QPSK erformance is yet below 
the competing LiNbO3 MZM 
modulators. 

D1.1, D1.2, 
D1.3, D1.4, 
D4.4, D4.6 

SP-RX and DP-RX including new 
polarization management were 
realised and made compatible with 
OIF standard packages 

Close-to-product performance was 
equivalent or better than that of 
discrete components. 

Two different DP-RX packages 
were used in state-of-the-art 32GB 
PDM PIC-to-PIC experiment 

DP-RX attained maximum 
operation speed up to 56GB QPSK 
and 16QAM (450Gb/s) 

No significant deviations. 

Initially desired passive PBS was 
replaced by efficient active ones 

Quad-TIA was not available in 
the project timeframe and could 
not be included in modules D2.1, D2.2, 

D2.3, D2.4 

2 

BPSK speed rise up to 80Gb/s with 
multilevel 40GB (320Gb/s 
potential) 
400Gb/s TX concept demonstrated 
by realistic simulations and 
multilevel modulation experiments 

Optional, direct 400Gb TX 
experiment was not done 

D1.6 

DP-RX attained maximum 
operation speed up to 56GB QPSK 
(225Gb/s) and 16QAM (450Gb/s) 

No deviation 
352Gb/s over FEC limited by 
equipment 

D3.7, D4.3 
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3 

3 SP-TX modules packaged in OIF 
standard boxes and 2 DP-TX in 
modified boxes with 8 modulation 
inputs. 

Dual SP-RX, 2DP-RX 28/56 and 1 
DP-RX 56GB modules were 
realised in OIF standard boxes 
(close to products). 

Photonic chip performance 
optimised  and excellent stability in 
time obtained for the packaging 
technology 

No deviation 

D3.4, D3.7, 
D4.3 

Universal (configurable) 1 or multi-
level power-DAC was realised. 
Voltage span os compatible with 
EAM switch requirements (1.5Vpp 
NRZ and 2Vpp 2-bit ASK). 

Maximum operation speed was 
40GB. Technology demonstration 
up to 56GB NRZ. 

Speed slightly limited for this first 
realisation due to a minor design 
issue. 

D3.6 

4 

Two PIC-to PIC experiments 
realised at 32GB (SP-TX with DP-
RX from U2T and then with DP-RX 
from HHI 

130Gb/s cumulated speed was 
limited by TX present 
performance 

D4.4 

5 

Efficient thermally tuned PBS 
designed under technology 
constraints. 

New mathematics included in 
commercial VPI software. 

Realistic models built for all actual 
RX and TX designs under VPI 
Component Maker 

Lot of simulations done to support 
TX/RX designs and to explains 
encountered issues 

No deviation 

D1.5, D1.6, 
D2.6, D3.4 

 

1.4 Dissemination activities 
MIRTHE website was set-up and can be found at URL http://www.ist-mirthe.eu/ It is hosted 

on a server at the facilities of the Grupo de Ingeniería de Comunicaciones, University of Málaga 
which is the leading partner of the dissemination task. The private area of MIRTHE website is 
maintained on a server at the coordinator’s laboratories (III-V Lab). 

The technical research and development activities planned in the corresponding WPs, an 
important dissemination of the project results has been carried out by means of several instruments.  

The project coordinator has presented the project at the Photonics Concertation Meeting in 
Brussels in October 2010 and a press release was delivered to inform of project approval.  A web page 
has been settled down which has the appropriate menus allowing dissemination of project results and 
main achievements in a continuum manner. 
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Besides, major scientific achievements have been submitted for publication in high standing 
technical journals (13, including 4 in 3rd year and one invited article) and conferences (32, including 5 
in the 3rd year), this including (4) invited presentations at major Optical Communication events as 
OFC, ECOC, Photonics West and Photonics North which, with no doubt, will have a great impact for 
project dissemination throughout the world. 

The publication status is reported in details at http://www.ist-mirthe.eu/ 

MIRTHE was one of the 20 EU funded projects on photonics invited to the exhibition area of 
Photonics Europe 2012 (the “European Village”), hold in Brussels last April (16-19). Our colleague 
Carlos A. Alonso (who was also awarded for the best paper presentation) was showing the different 
contributions reached in MIRTHE and delivering some leaflets. Prototypes of MIRTHE PIC 
components (packages, wafers and chips) were also exposed in this exhibition. 

During the last year, people from UMA have showed the fundamentals (and results) of 
MIRTHE in different secondary schools of the city of Málaga. Two events were especially 
interesting: 

- “Coffee with Science” (November 7th 2011). To disseminate science and technology research 
among secondary students.  

- Opening lecture − “The light and the internet”−  in the V Meeting on Research Experiences in 
Secondary School (April 24th 2012).     
 
In addition, MIRTHE partners have also contributed to standardization through their 

attendance to the Optical Internetworking Forum. A formative work is being carried out in the 
framework of the project where 3 master theses and two PhDs  (2)  have been advised by the project.  

1.5 Partners and WP leaders tables 
The names of all partners are on the Website at http://www.ist-mirthe.eu/ 
6 partners are included in the project see below 
 
Participant 

Number 
Participant name Participant 

short name 
Country 

1 ALCATEL THALES III V LAB 3-5Lab France 
2 FRAUNHOFER-GESELLSCHAFT ZUR FOERDERUNG 

DER 
ANGEWANDTEN FORSCHUNG E.V 

HHI Germany 

3 u2t Photonics AG U2T Germany 
4 ALCATEL - LUCENT BELL LABS FRANCE ALBLF France 
5 VPIPHOTONICS GMBH VPI Germany 
6 UNIVERSIDAD DE MALAGA UMA Spain 

 
The table below gives the organisation short name and the name of each WP leader.  
 

Workpackage WP leader 

WP 1 Transmitter PIC technology 3-5Lab Christophe KAZMIERSKI 
WP 2 Photoreceiver PIC Technology HHI Heinz-Gunter BACH 
WP3 Packaging & Specific Electronics U2T Andreas STEFFAN 
WP 4 Specifications, Modelling & Test ALBLF Oriol BERTRAN-PARDO 

WP 5 Management, Dissemination & Exploitation 
3-5Lab 
UMA 
VPI 

Christophe KAZMIERSKI 
Inigo MOLINA-FERNANDEZ 
Andre RICHTER 
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