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Final publishable summary report for GigaWaM 

1 Introduction 
The need for higher data transfer speed is a never ceasing requirement for 

broadband access. The historic evolution of bandwidth shows a doubling of data 

rates every 12 months from the early 1990s and 1 Gbps is expected around 2016. 

The convergence of telephony, TV and internet into triple-play service and 

applications such as HDTV are the latest drivers for higher bandwidth. Online 

gaming and cloud computing with ever increasing amount of data stored “in the 

sky” in centralised data centres also adds to this constant increase in data 

transfer speed downstream as well as upstream to ensure proper quality of 

service for the users. 

 

The GigaWaM project was started April 1st 2008 to address this increasing data 

speed challenge with the purpose to develop technology for next generation high 

speed FTTx access networks. The goal has been to be able to deliver minimum 

1.25Gbps upstream as well as downstream traffic on each of 64 independent 
channels using a single 20km fiber. The concept developed under the GigaWaM 

project is based on Wavelength Division Multiplexing in the C-band for upstream 

traffic and L-band for downstream traffic. Each of the 64 channels is allocated to 
a specific wavelength. Because of this the channels can be multiplexed / 

demultiplexed to and from the transport fiber using passive optical selective 
filters implemented on silicon wafers. An important aspect of GigaWaM has been 
to develop a concept that is price competitive with competing technologies. For 

this to be possible low cost optoelectronic components like lasers chips are 
needed, as well as design for manufacturing with focus on highly automated 
assembly technology. 

The technological objective for GigaWaM has been to develop low cost lasers and 

finding methods to integrate these with the optical filters on the silicon chips in a 

manufacturing friendly way using a minimum of optical components targeting a 

competitive cost per subscriber channel in the access network shown below 
  
 

 

 

 
 

 

 
 

 

This report describes the 

work done to achieve the 

goals and objectives set for 
GigaWaM and the results 

created. 
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2 Executive summary  
The GigaWaM project has been focusing on and successfully developed the key 

components with performance features and cost targets required to build an 

access network with minimum 20km reach on a single fiber carrying 64ch with a 

1.25Gbps or higher symmetric data transfer speed. Therefore GigaWaM project 

focused on successfully developing all the new components with optimized 

features needed to implement a next generation DWDM PON based fiber access 

system. Not only have the components been developed with success. Also design 

for volume manufacturing by development of new hybridization technologies has 

been an important objective for GigaWaM and demonstrated with success at the 

completion of the project. Automated assembly rather than manual labour has 

been on the radar screen throughout the project. Here follows a summary of our 

developed components. 

     

 
 

• The passive optical components developed by Ignis Photonyx A/S (now 

Finisar) are based on Planar Light Circuits (PLCs) which are built on 

silicon wafers with optical waveguides. These waveguides are designed as 
arrayed waveguides (AWGs) with 64 channels and with 50 GHz channel 

spacing in the L-band and C-band ITU-grid, or as L/C-band filter 
functions. The PLC’s has been designed to be used as integration platform 
for the optoelectronic components using direct coupling without use of 

extra lenses etc.  

• For subscriber units a tuneable laser has been designed by Syntune 

(now Finisar Stockholm). The laser is designed for flip chip soldering and 
direct coupling to a PLC for C-band upstream transmission and is 
operating within specifications from 50°C to 70°C. Therefore no peltier 

cooler is needed for precise temperature control of the laser. Also no 

isolator, wavelength locker or lenses are required. The tuneable laser 

developed is the main contributor to realisation of a low cost colourless 

subscriber unit. Ignis Photonyx A/S  has developed PLC based L/C band 
filters as well as hybridization platforms for eutectic soldering including 

deep etch structures and pedestals in Silica for precise vertical laser 
alignment of the laser output to the PLC waveguide.    

• For the Central Office (CO) transmitters, Vertilas have developed single 

mode VCSEL arrays covering the L-Band wavelength range. The lasers 

meet or exceed all required GigaWaM target specifications. These long 

wavelength VCSEL arrays are based on a single substrate InP concept 
allowing to realize wavelengths from 1.27 µm to over 1.6 µm. An optimized 

design concept and advanced manufacturing methodologies enable high 

performing single mode VCSELs. The lasers feature a high quality active 

region, buried tunnel junction and heat management concept. This results 
in lasers that provide high optical power, fast data rates, excellent single 

mode behaviour and require only very low electrical power consumption. 
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Depending on the operating conditions, the VCSELs provide up to 5 mW 

optical output power per channel and achieve a high bandwidth of > 

10GHz (S21) at low operating bias current. Furthermore, these VCSEL 

arrays can be continuously tuned over more than 9 AWG channels with 

only one tuning parameter. The VCSELs are realized as a monolithic array 

of 8 channels (optional 4 channels) with a pitch of 250 µm. The array chip 

size for 8 channels is < 1960µm x 230µm and consumes less than 20 mW 

per channel, The small form factor and excellent optical characteristics 

allow for a high coupling efficiency with photonic lightwave circuits (PLC) 

and high optical module integration density, enabling small form factor 

sub-systems with 64 channels and more. Within GigaWaM, a novel 

photonic integration concept has been developed and it was possible to 

demonstrate that direct butt-coupling to the CO PLC waveguides is 

possible with <2dB coupling loss.  

• The newly developed Photonic Integration Concept aims to integrate a 

large number of active as well as passive components, totalling more than 

128 individual components for interface. The concept allows to efficiently 

assemble lasers, photo detectors, PLCs and AWGs with highly automated 
and high volume manufacturing and assembly techniques. At the core of 

this concept is an effective optical coupling design, components that 

support automated assembly, advanced die bonding and electrical 
contacting technologies. For example, a Chip Scale Packaging (CSP) 

technology has been adapted for the VCSEL arrays, encapsulating the 
VCSEL array die and as such greatly facilitating the handling by 

automated assembly equipment to optically couple the VCSEL’s beam into 

the PLC’s waveguides. This is a major achievement, and a key factor in 
realizing low loss direct butt-coupling of VCSELs to the PLC waveguides 
without use of additional optical components, such as mirrors or lenses. 

Automated die bonding is supported by alignment marks on the VCSELs 

chips that are visible despite an almost full encapsulation of the VCSEL 
array die. Together with further benefits of the CSP technology, it 

significantly reduces the packaging cost of the CO optical engine and 

therefore plays an important role in achieving the cost targets set for 

GigaWaM. The CSP concept is a low cost wafer based manufacturing 

process suitable for high volume production, and the resulting VCSEL 
array components are well suited for automatic assembly in a high volume 

manufacturing environment where passive or active alignment can be used 
as applicable. 

• For the Central Office receiver section, Ignis Photonyx A/S (100% 

owned by Finisar Corp) has designed a compact flattop 64 channel AWG 

with 200 pm 1dB BW, integrated with an L/C band filter in each channel 
as well as mirrors reflecting C-band upstream light from the waveguides to 

the PD’s This is an important achievement as it enables the receivers to be 

placed on top of the CO PLC rather than on the end facet where the 

VCSEL arrays are located. It has been demonstrated that the mirrors have 
a consistent low insertion loss around 2.5dB. This is a major achievement 

and a key driver for achieving a very high level of integration and reduced 
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form factor for a multichannel transceiver system.  More than 100 times 

volume reduction compared to standard diplexer modules has been 

achieved. Due to the mirrors in the PLC, PD receivers can be coupled to 

the PLC waveguides via these mirrors without use of extra lens arrays etc. 

which is a major contributor to assembly cost reduction. Prototype PD 

receiver modules with 4 receivers per module in a small form factor have 

been built using standard TIA amplifiers and PD’s. It has been 

demonstrated that such modules can achieve <-29dBm sensitivity with 27- 

1 NRZ PRBS modulation. This is more than sufficient to meet the end to 

end power budget estimated for GigaWaM. It has further been shown that 

use of 3D electronic encapsulation process – like the CSP process used for 

the VCSEL – for the PD receiver modules significantly contributes to the 

production cost savings.  

• The Remote Node is a 64 channel passive demultiplexer developed by 

Ignis DK based on a Gaussian shaped AWG. The AWG channels are 

aligned to the ITU grid for C-band and L-band to match the expected 

coming standards for DWDM PON wavelength plan. Athermalization over 

an extended temperature range from -40°C to +85°C has been achieved by 
combining the AWG with a dual slope temperature compensation unit. 

Excellent Centre Wave Length (CWL) tracking within a +/-25pm band has 
been demonstrated over the full temperature range.   

• End to end demonstration tests done by DTU (Danish Technical 

University/Fotonik) on a GigaWaM test setup as well as results from 
subsystem tests have shown that a realistic end to end power loss from 
lasers to PDs is in the level of 20dB. This is >6dB better than the power 

budget initially estimated in the system specifications /requirements set 
for GigaWaM. This is achieved by better than expected power loss 
parameters in AWGs and filters etc. throughout the system. Cross 

coupling between channels as well as cross coupling between up and 

downstream signals in the same channel has been investigated and 
measured to be “non-existent”. All optical channels in a GigaWaM system 

can be considered completely isolated from each other with no risk of 

coupling. 

 

It can be concluded, that components developed under GigaWaM are meeting or 
exceeding the design specifications and requirements set for this project, and 

innovative hybridization technologies have been researched and successfully 

demonstrated. It has been justified also that the GigaWaM concept is directly 

scalable to 2.5Gbps. It has been justified that a cost per subscriber around 120€ 

can be realized. A design proposal for a Central Office module has been presented 
to show the potential for further industrialisation of GigaWaM.  
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3 Description of project context and objectives  
 

3.1 The project idea  

The description below is direct copy of the Description of Work (DoW) since 

project start April 1st 2008.  

 

This project aims to develop the essential components of an optical sub-system 

for a future-proof broadband access system based on optical fibers and WDM-

PON. The aim is to develop the components for an optical subsystem from 

Central Office (CO) to the home providing each end user with up to 1 Gbit/s at a 

lower cost than 70 Mbps with TDM based access. We will achieve this through 

the development of a low cost tuneable laser, an athermal demultiplexer and 

highly integrated system components. Today a tuneable communications 

laser costs at least € 550 It is a high end product sold in moderate volumes 

with low degree of integration. By use of new materials, reduced components 

cost, efficient manufacturing and increased degree of integration, we assume to 
reduce cost by a factor of 20. The project goals will be achieved by developing 

components optimized in cost and performance for scalable, future-proof and 

economic broadband access with 1 Gbps per subscriber. We will use 
WDM-PON and see it as the viable path for bandwidth increases beyond existing 

TDM based PON standards. We will save cost by hybridization of optical 
components for home and Central Office and will reduce time for assembly and 

test with automatic alignment and reduced and/or automated testing. The 

tuneable laser that is the core component in the home unit will undergo a strict 
cost cutting exercise to remove expensive parts such as cooler, circulator, 
hermetic package, etalon reference and calibration, partly enabled by the 

introduction of new materials to reduce cost from more than € 550 to € 50. 
While current standards for broadband access based on Fiber To The Home 
(FTTH) promise up to 10 Gbps per fiber up to 10 km, maybe 20 km, our WDM-
PON system will provide 64 Gbps on one fibre up to 20 km from the Central 

Office. This is a more than six fold increase in capacity that assures future-

proof broadband access with 1 Gbps per subscriber. The project will focus 

also on the scalability options to higher speeds. 

 

The project is developing all the components for the optical system of a WDM 

PON broadband access network. We believe that each component development fit 

into the target outcomes desired by the EC as described in the call text and by 

developing components for a complete sub-system we make sure that the impact 

will be maximized. By developing components that cover the complete subsystem 

we are free to make the best trade-offs between the components for the system 
parameters. 
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3.2 Scientific and Technical objectives 

The Technical work done in the GigaWaM project has been divided in specific 

work packages (WP’s) as described below.  

 

WP1 Deals with setting the overall system specifications 

WP2 Deals with the development of tuneable laser for colorless 
operation and direct modulation at 1Gbps 

WP3 Deals with research regarding fixed lasers arrays, performance and 

suitability for integration on OLT chip in Central Office 

WP4 Deals with development of Athermal AWG (AAWG) for Remote 

Nodes operating in an extended temperature range from -40°C to 

+85°C 

WP5 Deals with Hybridisation of photonic components. This WP will 
develop and test prototypes based on integration of different materials 
with high precision and stability on a common PLC platform. Research in 

cost effective and rugged assembly processes for tuneable laser, diode 
arrays for integration on a silicon bench to find baseline solution for 
prototypes will be performed. Both OLT and ONT hybrids will be 
designed, developed and tested. 

WP6 Deals with validation and test of the components developed in 
WP2, WP3 and WP4 integrated into subsystems for the OLT, RN and 
ONT. We will validate its performance compliance with the set 
specification in WP1. Among the main issues focused on during testing of 
individual modules are their temperature stability, wavelength accuracy 

and controllability. Moreover, this WP will assess the performance in 
terms of bit-error rate, power budget and dynamic range operation of a 
WDM-PON system integrating the developed 
Subsystems 

 
The tables below list the scientific and technological objectives of the project as 
stated in the DoW for each of the defined work packages  
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4 Scientific and Technology results 
 / foregrounds (not exceeding 25 pages) 

4.1.1 WP1 Final System specifications 

These are described in detail in the GigaWaM Deliverable D1.2 (document # 92310902) 

The specification lists system architecture as well as the power budget and the wavelength 

plan. The wavelength plan has been aligned to match the ITU-Grid and the expected coming 

standard for DWDM-PON systems.  

4.1.2 WP2 Tunable lasers 

������� ����	
����	����������	���

The detailed description can be found in the GigaWaM Deliverable D2.6 (document 

#923105800) 

 

The purpose of this task is to achieve laser operation and wavelength tuning across the 

upstream band in the laser temperature interval between 50°C and 70°C. This task was started 

during year 3. In order to accommodate for the higher temperature interval the PL-wavelength 

of the active – gain – material was shifted towards shorter wavelengths and the Bragg mirrors 

were re-designed. The previous Bragg grating design used in iterations 1 through 3 was made 

following the design of Syntune’s buried hetero-structure laser, which is meant to cover the 

entire C-band at a fixed laser temperature. In this design the modulated Bragg gratings have 

nine reflective peaks each. The new modulated Bragg mirrors where optimized for the 

GigaWaM specification which on the one hand has a more limited frequency span, but on the 

other it has a very large operation temperature interval.  The new Bragg mirror design has 

only seven reflective peaks. By reducing the number of peaks it is possible to increase the 

distance between peaks which reduces the overlap between non-selected peaks. The 

advantage of this approach is exemplified in Figure 1, where the compound reflectivity of left 

and right reflectors multiplied by the gain of the laser at two different temperatures is 

calculated. The red trace reflects the case when the peak of the gain matches the super mode 

located at around 400 GHz (normalized frequency) whereas the blue trace is the case when 

the gain has shifted, due to temperature change, to the vicinity of 150GHz. Baring in mind 

that side mode suppression ratio is determined by the difference in height between the 

compound reflectivity peaks, it can be concluded that the most seriously competing modes in 

the blue case are the ones located in vicinity of 150GHz. This is obviously because the gain 

peak is centred in that region. Thanks to the larger pitch difference between the two reflectors, 

there is poor overlap between spurious reflector peaks and stable single mode operation can 

be sustained even in a very disadvantageous case.  
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Figure 1 Calculation of the compound reflectivity of left and right reflectors multiplied by the gain of the 

laser at two different temperatures.  

 

Four wafers were fabricated and three were tested (one was damaged during the fabrication 

process). Figure 2 shows frequency mode planes (frequency mapping) measured by scanning 

the left and right reflector currents. In these graphs different colours represent different lasing 

frequencies, as indicated in the scale to the right. A simultaneous increase (or decrease) of the 

two reflector currents gives a quasi-continuous, gradual change of the frequency. Tuning the 

currents in opposite directions gives large frequency jumps. The figure on the left side 

corresponds to a laser with the old reflector design and the one on the right is one with the 

new reflector design. The dashed lines are a help for the eye to distinguish the centre of some 

of the used tuning super-modes. As can be observed the old reflectors render more tuning 

super-modes and wider frequency coverage than the new ones. However, the super-modes of 

the new reflectors are wider, which will render better side-mode suppression ratio and higher 

operation point reliability. The frequency span covered with the new mirror design is 

sufficient to comply with the Gigawam requirements for the home unit.  
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Figure 2 Frequency mode planes for lasers with old reflector design (left figure) and new design (right 

figure) 

 
 

Figure 3 shows the number of ITU channels found within the C-band vs. laser temperature. 

As can be observed there is a clear trend of an increasing number of channels up to 70°C. For 

temperatures above 40°C the number of channels exceeds with good margin the number of 

channels required in Gigawam. 
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Figure 3. Number of ITU channels vs. laser temperature 

 
 

Figure 4 shows the max and min frequencies that could be achieved with each laser, the 

dashed lines being the Gigawam specification for the upstream channels. It can be observed 

that for temperatures ranging from 40°C to 70°C, the tuning effectively covers the frequency 

interval required for the low cost ONU tuneable laser. It should be underlined that since the 

laser will be partially heated the requirement is that the lasers operate within 50°C to 70°C. 

 

 
 

Figure 4. Maximum and minimum frequency coverage vs. laser temperature 
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Finally, transmission measurements performed at 70°C showed more than 5dBm fiber-coupled modulated 

power with extinction ratio larger than 6dB and error free transmission, as can be seen in  

Figure 5. This power is equivalent to more than 9dBm modulated power at the laser facet, 

thus rendering more than 1.5dB margin to the specification developed in WP1 

 

 

Figure 5. BER measurements at 70°C measured at 192.2 THz (blue traces) and 195.5THz (red traces) 

back to bach and after 16km 
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The purpose of WP2 is to develop a tuneable laser to use a building block in a low cost 

colourless ONU.  describes the approximate costs involved in the packaging of a state of the 

art telecom tuneable laser. Gigawam has set the goal to reduce these costs by using alternative 

packaging methods. The strategy has been to avoid using the expensive hermetic package, to 

use hybrid assembly on silicon carriers, and to remove the Peltier cooler, isolator, wavelength 

locker and lenses. In order for this approach to work extra requirements have been posed on 

the tuneable laser, the system configuration and the system specifications.  
Table 1 

Cost items Telecom 

tunable (€) 

Gigawam 

tunable (€) 

Comment 

Isolator 15  Not needed 

Wavelength locker 29  Lock onto AWG 

TEC 23  Un-cooled laser 

Hermetic package 45  
Un-cooled and pre-heated, thus no 

hermeticity needed 

Lenses 13  Butt coupling to PLC 

Fiber assembly 29    

Assembly cost 28 1 
Many alignment steps and epoxy 

curing cycles eliminated 

Gigawam cut costs  -183   

Yield  >85% Due to large margins to spec limits  

Calibration equipment 
2
 1 560 000  

”Plug and Play” = Calibration done 

using AWG in the network 

 

For example, in order to remove the hermetic box and the Peltier cooler without the risk of 

having condense, the laser needs to be operated at temperatures equal to or higher than the 

temperature of its environment. Therefore the laser was designed to operate in a semi-heated 

regime in the interval 50°C to 70°C. This premise requires a chip design that gives 

sufficiently high power and renders long term reliability in spite of the relatively high 

operation temperature. To this end Syntune and Svedice (now Finisar Stockholm) developed a 

ridge based tuneable MGY-SOA laser. The ridge structure has a lower power density within 

the chip than a buried hetero-structure which is (or was) Syntune’s standard chip. For this 

reason it is known to render high output power and excellent aging properties in spite of the 

high operating temperature (for more detailed explanations of please refer to Gigawam 

DOW). 

 

Since the wavelength locker was removed from the laser package it was necessary to find an 

alternative wavelength reference. Within Gigawam, the AWG used in the network has been 

used as the absolute wavelength reference for both the ONU and the central office. Since the 

tuneable laser is not temperature stabilized it was necessary to develop algorithms that 

calibrate the tuneable laser wavelength and lock the laser wavelength to the AWG, 

independently of the laser temperature. In addition by doing the calibration in the field, costs 

for specialized calibration equipment can be avoided. 

 

By removing the above mentioned components form the package many alignment steps and 

curing steps are eliminated which also reduce the manufacturing costs. Finally, reducing the 

channel span and the requirement on side-mode suppression very high chip yields can be 

achieved.  

                                                 
2
 Cost for equipment needed to calibrate 60 000 tunable lasers per year  
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Objectives and 

goals 

Status 

WP2 #1 Wavelength stability with Feedback within +/-15 pm successfully 

demonstrated under WP6 

WP2 #2 Completed as planned. Minimum output power has been measured by 

Syntune to be more than 9dbm modulated , which is more than 6dB 

higher than the objective  as specified in the DOW and more than 

1.5dB higher than required according spec developed in WP1 

 

Two patents has been granted for the work done under WP2 

• SE1051045-1 Calibration of a colourless ONU in a WDM-PON system 

• SE1051047-7 Calibration and tuning of a widely tuneable laser in a WDM-PON system   
 

������� &�''��� �������������

One thing learned during the course of the project is that standard silica on silicon benches are 

not always suitable as a base for hybridization of active components, especially if heat needs 

to be dissipated/transported through the substrate. This is because silica, which is used as a 

cladding layer, is thermally isolating. Methods have been found to avoid this be a simple heat 

spreader mounted on a silica free area on the PLC. By simulation this has been shown to solve 

the problem, but needs to be tested in more detail. 

The Optical coupling to the waveguides are highly dependent on precise alignment during the 

eutectic soldering process. Implementation of a spot size converter in the laser output could be 

a solution to improve the coupling efficiency. This needs to be investigated in more detail. 

 

 

4.1.3 WP3 VCSEL lasers  

GigaWaM requires very high density, low power consumption and cost effective sub-systems 

for the OLT of the Central Office. These sub-systems need to integrate 64 DWDM channels 

that are being transmitted over one fiber. To achieve this challenging concept, VERTILAS 

developed monolithically integrated 8-channel tuneable long wavelength VCSEL arrays in the 

L-Band wavelength range for this purpose. Key requirements for the laser components were 

excellent single mode performance, a low cost and continuous wavelength tuning capability, 

very low power consumption, high bandwidth and a cost effective implementation supporting 

high volume automated assembly with PLCs. Based on these demanding targets, Vertilas 

have developed single mode VCSEL arrays that meet or exceed all required GigaWaM 

target specifications.  
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These long wavelength VCSEL arrays are based on a single substrate InP concept allowing to 

realize wavelengths from 1.27 µm to over 1.6 µm. An optimized design concept and advanced 

manufacturing methodologies enable high performing single mode VCSELs. The lasers 

feature a high quality active region, buried tunnel junction and heat management concept. The 

design concept of the VCSEL design is shown in the following Figure 6.  

 

  

 

Besides the unique benefits of the laser design, Vertilas has implemented a monolithic 

VCSEL array layout for 8 channels that allows to electrically contact the VCSEL from the top 

(both cathode and anode) and features alignment marks for automated high accuracy die 

bonding. 

 

 

 

 

 

 
 

 

This laser design results in VCSEL arrays that provide 8 DWDM channels in one single die, 

high optical power, fast data rates, excellent single mode behaviour and require only very low 

electrical power consumption. Depending on the operating conditions, the VCSELs provide 

up to 5 mW optical output power per channel and achieve a high bandwidth of > 10GHz 

(S21) at low operating bias current. To support a wide range of channels and optimized tuning 

by adapting the bias current, Vertilas has developed a robust VCSEL design that can operate 

over a larger bias current range of up to 20 mA and more.  

 

Figure 6 Cross section of Vertilas InP BTJ long wavelength VCSEL design 

Figure 7 Layout drawing for a 1x8 VCSEL array with 250 um pich, photo of VCSEL top view 
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At the same time, the laser wall plug efficiency is very good and the operating voltage stays 

between 1V and 1.8V (max.). The array chip size for 8 channels is < 1960µm x 230µm and 

consumes less than 20 mW per channel, 

 

Furthermore, these VCSEL arrays can be continuously tuned over more than 9 AWG 

channels with only one tuning parameter.  

 

 

The lasers have a very high performance, showing a bandwidth exceeding 10 GHZ and as 

such greatly exceeding the system requirements. They therefore allow a flexible concept to 

scale the system in the future for higher data rates as shown below in Figure 10 

Figure 9 L-band VCSEL arrays can be continuously tuned over 8 DWDM channels 

Figure 8     8-channel array, typical output power as a function of the Bias Current 
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  Figure 10 S21 bandwidth data (10 Gbps performance at low operating current) 
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The following figures show the excellent high speed operation of the VCSEL’s at various data 

rates from 1.25 Gbps to 10 Gbps:  

 

 

10 Gbps data rate operation: 

 

 

 

 

2.5 Gbps data rate operation: 

 

 
 

 

 

1.25 Gbps eye diagram:  

 

 

 

  

Figure 11 10 Gbps data rate operation, ER > 5 dB 

Figure 12 2.5 Gbps data rate operation, ER > 9 dB 

Figure 13 1.25 Gbps data rate, ER > 9dB 
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The VCSELs are realized as a monolithic array of 8 channels (optional 4 channels) with a 

pitch of  

250µm. The small form factor and excellent optical characteristics allow for a high coupling 

efficiency with photonic lightwave circuits (PLC) and high optical module integration 

density, enabling small form factor sub-systems with 64 channels and more. Within 

GigaWaM, a novel photonic integration concept has been developed and it was possible to 

demonstrate that direct butt-coupling to the CO PLC waveguides is possible with <2dB 

coupling loss.  

 

The VCSEL lasers are designed to operate at 20°C which will be maintained using a peltier 

cooler in the Central office design.  

Thermal cross coupling has been shown to be very small and are eliminated by the overall 

sub-system concept. A system wide feedback loop will ensure the VCSELs are always 

automatically tuned to the Centre wavelength of the AWG channel.     

 

�������������$!#���������������
%�������

The VCSEL lasers designed and manufactured are meeting all the objectives for WP3 with 

good margin. 
 

 

 

 

Key target specifications of the VCSEL arrays: 

 

 

 

Within the GigaWaM project, L-Band VCSEL arrays have been developed for the OLT 
unit. 
The performance data vs. the target specification has been reviewed in the report of 
Deliverable 3.2. The data shows that the VCSEL performance and wavelengths are 
meeting or exceeding the requested parameters per the DoW. 
 
To support the build of chip scale packaged (CSP) VCSEL arrays, assembly tests and 
system performance tests, Vertilas delivered a large number of both mechanical as well 
as functional VCSEL arrays and single VCSELs to the project partners. 

  

Target spec Achieved

8-channel DWDM tuning 8 channels 8-10 channels

Average optical power > 2mW 2mW - 5mW

Bandwidth 2-5 GHz > 10 GHz

Operating voltage < 2.5 V < 1.8 V

Operating current < 30 mA 8 to 17 mA

Beam divergence FWHM <  15 degree < 13 degree

SMSR 30 - 40 dB > 40 dB

Wavelength L-Band yes

Figure 14 Target specification VCSEL performance 
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4.1.4 WP4 Athermal AWG for Remote Node 

The GigaWaM “Remote Node” athermal AWG provides one half of the 

multiplexer/demultiplexer function in a complete WDM-PON system. The other 

multiplexer/demultiplexer is embedded in the “Central Office”  

The remote node AWG is designed to have a Gaussian pass band response and be 

compatible with the Ignis Athermalization method using a Compensation Unit 

block (CU block) which physically moves the transport fiber as a function of the 

temperature in front of the AWG input. The physical movement of the fiber can 

be used to compensate for the intrinsic temperature dependence of AWG. As the 

AWG temperature dependence is slightly nonlinear due to a 2nd order component 

on top of a linear function a linear compensation only will create a rather large 

Centre Wave Length error (CWL error). In this project an improved tracking 

performance has been by achieved by designing a CU-block with a dual slope 

expansion function vs. temperature. In doing so, the CWL error can be reduced 

relative to a linear CU-Block. 

 

The AWG channel space in this project is 50GHz only. Each channel must have a 
an adequately wide 1 dB and 3 dB pass bands over all polarisation states while 
maintaining low insertion loss and good adjacent channel isolation 

 
The detailed description of the development done and the prototypes produced are 

documented in the following GigaWaM document: 

• 923104901  GigaWaM D4 4 Final AAWG design and test report 20120327 
 

Below is a summary of graphs and pictures from these reports 

 

For the 64 ch/50GHz AWG the following design specs were established 

 

Parameters 

Chip 

specification 

Expected module 

performance 

System 

requirement 

to the 

module 

  

Min Max Min Max Max 

1dB Bandwidth 0.11   0.1     nm 

3dB Bandwidth 0.21   0.2     nm 

20 dB bandwidth   0.7   0.75   nm 

Insertion Loss   4.0   5.5 5.5 dB 

Ripple   1       dB 

Insertion Loss 
Uniformity   1.5   2   dB 

Adjacent Channel 
Isolation 25   19     dB 

Non-Adjacent Channel 

Isolation 30   30    dB 

Polarisation 
Dependent Loss (PDL)   0.5   0.78   dB 
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Measurements done on prototypes based on the final AWG design is shown below 

  

Parameters 

Average 

Measured 

Chip 

Performance 

Chip 

specification 

Margin 

Margin 

with 

fiber 

input 

  

Min Max 

1dB Bandwidth 0.13 0.11   0.02 0.03 nm 

3dB Bandwidth 0.226 0.21   0.016 0.031 nm 

20 dB bandwidth 0.56   0.7 0.14 0.116 nm 

Insertion Loss 3.2   4.0 1.8   dB 

Ripple 0.74   1 0.26 0.36 dB 

Insertion Loss 

Uniformity 
0.84   1.5 0.66   dB 

Adjacent Channel 
Isolation 

29.9 25   4.9 0 dB 

Non-Adjacent 
Channel Isolation 

38.5 30   8.5 5.5 dB 

Polarisation 
Dependent Loss 
(PDL) 

0.28   0.5 0.22 0.21 dB 

   

Compared with the chip specifications the average performence of all the chips 

are better than the spec, which meanse that the final design is capable for 
processing AWG chips with reasonable yield. 10 chips were chosen for module 

packaging with CU blocks  All of these 10 chips complied with the specifications. 
 

To reduce the cost of AWG chips, these have been nested very closely on the wafers as shown 

below. Curved dicing has been used to separate each AWG from the wafer.   

 

  

Figure 22 Section of a wafer showing the AWG layout 



P7-ICT-2007-2  

project no. 224409  
 

Below figure demonstrates the differences in CWL error for an Athermal AWG (AAWG) 

compensated with a linear expansion CU

 

Figure 23 Left shows CWL error when using a linear CU Block. The graph to the right 

shows the expected CWL error when a dual slope 

material with different CTE.

 
In GigaWaM a two stage CU blocks are designed and build using two different 
metals. The CU block dimensions has been designed /optimized based on 

simulations done on a model taking all releva

material parameters etc. into account.  CU block dimensions in the simulator 

have been adjusted to zero CWL error at 25

 

 
Figure 24 Simulation of the CU Block expansion above 2

temperature compensation 

 

Based on the simulations the dual slope CU block has been designed and 

prototyped to be used together with the AWG’s listed above. 
 
                  

 

Below figure demonstrates the differences in CWL error for an Athermal AWG (AAWG) 

inear expansion CU-block vs. a CU-block with dual slope expansion. 

Left shows CWL error when using a linear CU Block. The graph to the right 

shows the expected CWL error when a dual slope compensation is used combining two 

material with different CTE. 

wo stage CU blocks are designed and build using two different 
The CU block dimensions has been designed /optimized based on 

simulations done on a model taking all relevant parameters of the AWG, CU 

material parameters etc. into account.  CU block dimensions in the simulator 

have been adjusted to zero CWL error at 25!C, -40!C and +85!C. 

Simulation of the CU Block expansion above 25����C showing the effect of the two stage 

Based on the simulations the dual slope CU block has been designed and 

prototyped to be used together with the AWG’s listed above.  

24/44 

Below figure demonstrates the differences in CWL error for an Athermal AWG (AAWG) 

block with dual slope expansion.  

 
Left shows CWL error when using a linear CU Block. The graph to the right 

compensation is used combining two 

wo stage CU blocks are designed and build using two different 
The CU block dimensions has been designed /optimized based on 

nt parameters of the AWG, CU 

material parameters etc. into account.  CU block dimensions in the simulator 

C.  

C showing the effect of the two stage 

Based on the simulations the dual slope CU block has been designed and 
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               Figure 25  CWL error over full temperature range on 4 out of 10 samples  

 

Ideally all CWL errors should have been zero at 25 °C as this is the temperature at which the 

assembly is done. This offset can be explained by other random variations in the packaging 

process than the CU block. If we correct for these offsets, it can be seen that the tracking for 

these samples are within a CWL error band of +/-25 to 30 pm.  This is a significant 

improvement over the normal linear compensation and proves that dual slope compensation 

can be successfully implemented to reduce the CWL error over an extended temperature 

range from -40 °C to +85 °C.     

 
 

������� �������������$!��(($)����������������
%�������

 

Objectives and goals Status 

WP4 #1 Insertion loss < 4dB is achieved  

with a 1.8dB margin demonstrated  

WP4 #2 Cross talk <-30dB achieved with margin of 4.9dB 

For an assembled RN with Fiber margin is 0dB. But still within specs 

WP4 #3 CWL-error within +/-15 pm has not been achieved and is not a 

realistic target as it is the theoretical best case. 

+/-25pm has been demonstrated and +/-50pm is estimated to be a 

realistic production specification.  

WP4 #4 90% yield in high volume production. Cannot be quantified at this 

prototype stage. But 10 out of 10 prototypes assembled all worked. 

Only one were significantly different from the other 9 in CWL error 

performance.  
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It can be concluded that the AAWG’s designed and built under this project complies with the 

requirements for GigaWaM, and significantly has improved our knowledge about the 

packaging processes and how to compensate the AWG so CWL errors are significantly 

reduced over the extended temperature range. Additional improvements can be done only 

together with the manufacturing site selected for volume production of the AAWG modules.   

 

 

 

 

 
 

 

  

Figure 26 Pictures of an AAWG prototypes built 
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4.1.5 WP5 Hybridization Central Office 

The Central Office is based on a 64 channel AWG multiplexer/Demultiplexer, 64 

L/C band filters 64 VCSEL transmitters and 64 PD receivers. As shown in the 

previous section under WP4 the counterpart to this is the Remote Node (RN) 

located at the end of a transport fiber, supporting 64 subscriber units.  

In line with the original objectives for GigaWaM the Central Office (CO) 

hybridization strategy has been to use a single PLC platform, containing all 

passive optical functions for a 64ch transceiver system, for integration of the 

optoelectronic components like lasers for transmission and PD’s for receivers. The 

two main challenges since start of GigaWaM has been to find a way to couple 

light in and out of the PLC waveguides with low loss and with as few components 

as possible. As assembly/packaging cost is important for GigaWaM to be 

successful and adopted by system integrators, full focus has been to develop 

components and features of these components so the optical hybrids can be 

assembled in an automated manufacturing environment - preferably in Europe - 

which is possible only if manual operations can be significantly reduced.  

 
As shown below significant achievement has been reached and new technologies 
developed and tested. All the objectives have been met or even exceeded. The key 

results of the hybridization strategy developed are a significantly higher level of 
integration than foreseen at project start combined with unprecedented 
simplicity. Due to this, very high production yield for the hybrid is possible 

because the number of integration points between the PLC and the optoelectronic 
components has been reduced to as few as eight times 8-channel VCSEL arrays 

(only 8 components for 64 channels).  

 
There are two key technologies developed which has enabled this. 

1. The Chip Scale Packaging (CSP) technology used to encapsulate the 

VCSEL’s so these can be butt-coupled directly without any optics to the CO 

PLC waveguides.  
2. A new process creating arrays of 45 degree mirrors for the PD receivers. 

 
The detailed description of the development done and the prototypes produced are 

documented in the following (confidential) GigaWaM document: 

     “923105601 D5.5 OLT prototype Development Report” 
 

Below is a summary of development  
 

 

 �
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In Figure 27 below the PLC is shown. The Fiber shown is pigtailed to the AWG on the PLC, 

and used to connect to the transport fiber directly.  

 

 

 

The VCSEL arrays are mounted on the end facet of the PLC where the CO transmitter 

waveguides are available for direct butt-coupling. The dimensions are very small as the 

VCSEL pitch is 250 micron only. 

 

����*�� +�&�������'�	������

 The Lasers used for transmission from the CO are single mode long wavelength VCSEL’s. 

Each VCSEL has a dimension of 250x250 µm. Due to the VCSEL manufacturing process, the 

Optical output as well as the electrodes used for connection to the VCSEL are on the front 

side of the VCSEL where the VCSEL cathode pad also forms the aperture as shown in .Figure 

28 below 

  

 

 

 

 

The backside of the VCSEL is a gold substrate which is also connected to the anode.  

  

Figure 27 CO PLC pigtailed with Fibers ready for 

integration 

Figure 28 Single VCSEL showing the cathode contact pad with the 

aperture and 2 smaller pads for frontside Anode connection 
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For GigaWaM the VCSELs are diced out in arrays of 1x8 as shown in Figure 29 

 

 

In order to achieve low insertion loss for the coupling between the VCSEL and the PLC 

waveguides two possibilities exists.  

• To use an array of lenses between the VCSEL apertures and the Waveguides 

Or 

• Butt-couple the array directly to the end facet of a PLC lounging the optical power 

directly into the waveguides. 

 

The problem with the lens arrangement is that it is costly, and requires several high 

precision alignment steps. The only advantage of such a solution is that it provides space for 

making electrical contact to the VCSEL cathodes by standard wire bonding techniques. 

 

The advantages of the Butt-coupling are, that low loss optical contact can be achieved. No 

extra lenses or precision alignment steps are needed – it is the simplest possible hybridization 

solution possible.  

But the problem is that the cathode pads are not accessible as they are hidden in the VCSEL 

/PLC end facet junction.  

 

During this project several designs and prototypes with lens arrays, 45 degree mirrors and 

mechanical structures has been built. It has become obvious though, such complex 

arrangements are way too expensive in component and assembly cost and not suited for 

automatic assembly. 

 

During the course of GigaWaM a solution for this dilemma has been found. The 

fundamental idea is the change of the terminal features of the VCSEL arrays in such a way 

that the electrical contacts are routed 90 degree “around the corner”. This is not possible to 

implement on the VCSEL dies directly, but can be achieved by encapsulation of the VCSEL 

die in a package where electrical signals can be routed away from the VCSEL front side 

without taking more space than 10-20 µm.  

 

Our solution to this has been to use Chip Scale Packaging (CSP) technology from 

microTEC in Duisburg/Germany. This technology is a wafer based technology where thin 

layers of polymer are cured by UV through a mask. With repeated exposures and use of 

different mask, mechanical structures with high resolution and precision can be formed. 

Additional to this, it is possible to make electrical connections by vapour deposition of copper 

or other metals at any layer during the CSP process.  

The CSP process is ideal to build complex 3D electronic circuits consisting of electronics 

chips (dies) etc. and embed these into an electrical multilayer structure. Compared to 

multilayer PCB technology and interconnects used in the electronics industry the CSP 

technology is operating with much smaller physical dimensions,  and Cu traces , via’s, blind 

via’s , power and ground planes etc. are built successive along the CSP manufacturing 

Figure 29  Image of a precision diced 1x8 array 2000x 250 µm 



P7-ICT-2007-2  

project no. 224409  

 30/44 

 

process. The CSP process is superior for packaging of simple as well as complex electronic 

circuits in 3D in small form factors. Due to the flexibility with electrical interconnects and 

embedded metal shielding this technology is well suited for RF applications as well.  

The CSP technology can create via diameters and trace widths down to 10-20 µm and Cu 

layer thickness of 3 to 6µm and therefore well suited for encapsulation of microchips like the 

VCSELs.  

 

The CSP process itself is very specialized. Therefor Ignis contracted the development work 

for the VCSEL CSP encapsulation to http://www.microtec-d.com/ . This development has 

been more complicated than foreseen, but the outcome is that it has been shown in this 

project, that it is possible to use the CSP process to pack the VCSELs and route the cathode 

and anode signals around the corner so the VCSELs can be connected to driver electronics 

after they have been butt-coupled to the end facet of a PLC. The 3D model Figure 30 shows 

the concept.  

  

    

 

 

 

 

The rear side of the VCSEL array has an open window as well in the polymer material in 

order to be able to establish good electrical and thermal contact to the VCSEL’s,  

The picture in Figure 31 shows the first CSP prototype  

 

 

 

 

  

Figure 30 3D Model showing a VCSEL CSP with a large open window in front 

of the VCSEL apertures, 8 Cathode contact and a Vcc contact in each end. The 

yellow contact pads on the side wall are for wire bonding The blue colour 

indicates the polymer structure. 

Figure 31 First sample of a VCSEL CSP module. 
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In Figure 33 below, a test setup with the first test hybrid with a VCSEL- CSP module butt-

coupled to the waveguides in the test PLC. The CSP module is wire bonded to the test PCB 

supplying the bias current as well as modulation signals. The optical outputs are monitored on 

the Fiber arrays shown in the picture to the right.  

 

 

 

 

 

 

With this simple setup <2dB insertion loss was measured, and >4 Gbps modulation achieved 

(limited by the PCB, not the VCSELs, as these has a BW >10Gbps. 

 

This was a major achievement, as it prooves that the concept chosen is the correct solution. 

With this it has been demonstrated that it is possible to align the VCSEL apertures precisely 

to the 6x6µm waveguides and achieve a better than expected insertion loss. This hybrid was 

assembled at Aifotec using active alignment by probing the CSP contact pads during the 

gluing and curing process.  

   

Figure 33 First CSP hybrid assembled and tested. Coupling loss < 2dB has 

been achieved. 

Figure 32 A test assembly with 4 VCSEL CSP arrays butt-

coupled to the end facet of a PLC mounted with a glass 

capping. the total thickness of the test PLC with glass 

capping is 1.2 mm 
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Conclusion: CSP encapsulation of VCSELs has been proven to enable a VCSEL butt-

coupling strategy for the Central Office hybrid.  A coupling loss <2dB has been measured, 

and a production loss of 2.5 dB is expected to be a safe estimate. No additional components or 

assembly steps are required and therefor a very low assembly cost can be achieved. 

Additional to this the assembly and test in a production environment can be highly automated 

with special designed assembly equipment. 

The additional cost of the CSP process is quite low, as the process is wafer based. 

����*�# �������������'�	������

The receiver function in GigaWaM is based on std. PD’s and a TIA amplifier with high 

sensitivity.  

The PD’s and amplifiers are integrated in small 4 channel modules ( QUAD TIA-PD 

modules) and placed on the topside of the PLC. By implementation of 45° mirrors the 

upstream signals for the receivers are diverted into the PD’s.  

 

In Figure 34 below two QUAD TIA modules are shown mounted on the topside of a PLC. 

The PD’s are facing down capturing the receiver signal via mirrors. As the amplifiers are 

dissipating 150mW each, heat will be generated. Therefore  the topside of the modules are 

formed as a Copper heat spreader so proper thermal contact can be ensured to remove the heat 

when 16 modules in a 64 ch system is mounted close to each other on a PLC area of 20x 26 

mm  only.  

 

 

 

 

 

These modules are prototype modules only build to demonstrate the concept for compact 

receivers for a multichannel system with small form factor. The receiver sensitivity has been 

measured to       <-28dBm with a VCSEL transmitter having an extinction ratio = 5dB only. 

This is a very good result and close to the theoretical sensitivity for the TIA amplifier chosen.  

 

This design is not suitable for volume production directly, as both component cost and 

assembly cost would be very high, due to the very dense design as shown below 

 

 

 

 

 

 

 

Figure 34 Two prototype QUAD TIA modules mounted on a PLC. each 

module is 2.4x10mm with 4 TIA amplifiers integrated in each module on the 

PCB. Differential outputs and temperature monitoring via the contact pads 

on the PCB 
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Based on the experience and knowledge gained from the VCSEL CSP process, it is obvious to 

use the CSP technology for these modules as well. This is not part of the GigaWaM research 

project, and should be developed in an industrialisation phase for GigaWaM. But it justifies 

that the QUAD receiver modules can be built in a wafer based process well suited for low cost 

automated assembly and test.  

In Figure 36 below an assembly with two modules with temporary cable interfaces can be 

seen mounted on a CO PLC. From the picture it is obvious that it is a challenge in itself to get 

1.25Gbps differential signal connections established to the very small receiver modules. 

 

  

Figure 35 A QUAD TIA module with 4 TIA amplifiers glued and wire bonded to a 

PCB. 4 PD's are mounted on a small PCB sub mount to avoid noise from the 

amplifiers to be induced into the receiver signals. 

Figure 36 Two QUAD TIA modules mounted on the topside of a CO PLC. Special cable interface PCB’s are 

wire bonded to the modules  for power and signal cabling. 
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In order to justify that a CO module can be designed and built, an implementation proposal 

has been designed to show that the optical hybrid and the interface connections needed to 

operate the hybrid can be organized into a complete 64Ch CO transceiver module.  

 

 

 

The details of this implementation is described in the GigaWaM Document “923105601 D5.5 

OLT prototype Development Report” 

����*�� �,�-.
�� �/	���������������

New technologies and processes has been developed and successfully tested. Based on this it 

is justified to state, that very compact multichannel transceiver hybrids can be designed and 

built in an automated volume production environment in line with the Objectives of 

GigaWaM. This has been achieved by introducing the Chip Scale Packaging process for 

VCSEL arrays. This process is well suited for the receiver modules as well. Consequently a 

very modular concept has been developed. The hybridization strategy developed is designed 

for manufacturing with very high production yield important to achieve a cost competitive 

product. The different technologies listed above has been tested individually, and verified to 

meet or exceed the expectations.  A proposal for a system level 64ch DWDM module in line 

with the objective for GigaWaM has been designed, to show the potential for the developed 

technology.  

 

 

 �

Figure 37 Model of a 64 channel/ 1.25 Gbps Central Office  module  
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4.1.6 WP5 Hybridization Subscriber Unit 

The Subscriber unit or Home unit (ONU) is based on a direct modulated C-band 

Tuneable Laser (TL) from Syntune. The TL is design with the specific purpose to 

have a low cost laser for flip chip mounting and direct coupling to a PLC 

waveguide. In order to save cost the laser has been designed also to be operating 

in normal room temperature environment without local temperature control of 

the laser. The laser is therefore designed to operate in a temperature range 

between 50°C to 70°C which can be maintained with a simple resistive heater 

close to the laser die.  

 

Since beginning of the project the idea has been to build the ONU hybrid on a 

PLC with precision etched pedestals and Au/Sn patterns suitable for electrical 

interconnects to the laser as well as eutectic soldering of the Laser to the PLC.  

During the Eutectic soldering process the Au/Sn layer stack up collapses and the 

Laser change its position. The fundamental idea has been to control the level 

change of the laser as shown on the two pictures below, by using the pedestals to 

define the Laser height. After the soldering process the laser output is aligned in 
height with the waveguide. 
 

The pedestal features in the PLC is formed by using deep etch in the Silica 
surface on the Si wafer, and  the Au/Sn layers are deposited on the PLC by 
multiple vapour deposition process steps.   

 

 

 
 

In particular two challenges exists for this to be successful 

• The precision of the height  after soldering 

• The optical coupling loss with a simple butt-coupling to a waveguide 

 
 

 �

Figure 38 The tuneable laser is resting on the PLC 

pedestal after reflow 
 

Figure 39 The tuneable laser is resting on the Au/Sn 

pattern before reflow 
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In order to test the eutectic soldering process a batch of test PLC’s has been developed and 

manufactured by Ignis. These platforms, named EASEL, contained no waveguides for optical 

coupling as they were produced for process development only.  

 

 

 

 
The Eutectic soldering process has been shown to work as expected. 
 

One specific problem seen during test of these EASEL based hybrids was higher 
than expected temperature of the chip. The root cause for this is the high thermal 
resistance of the silica layer on the PLC. This layer is approximately 20 micron in 

thickness, but the electrical Au/Sn pattern is created on top of the Silica. Due to 

this the heat generated in the laser is not effectively removed via the Si based 

substrate of the PLC.  

 
Several solutions have been investigated, but a solution with a simple heat 

spreader from the laser to the PLC seems to work. By simulation it has been 

shown that a 5K/W thermal resistance between the laser and the Si base of the 
PLC can be achieved if the Silica is removed under the heat spreader landing 

zone on the PLC.  This has not been verified experimentally yet as it requires a 

new run of test PLC.  A few dummy samples have been assembled, as shown in 
Figure 41 and Figure 422 below.  

 

 

 

Figure 40 EASEL chip layout for eutectic soldering test. The 

pedestals for laser height control is indicated with green color. 
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In order to test the optical coupling between the laser and a waveguide, a batch of test PLC’s 

has  

been developed and manufactured by Ignis. This platform, named ARFURA is identical to the 

EASEL PLC’s except they have a section with a waveguide as shown in the picture below in 

Figure 43 
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Figure 42 Cu Heat spreader side view 

mounted with Indium soldering on the laser 

topside and the PLC surface 

Figure 41 Cu Heat spreader top view 

Figure 43 ARAFURA chip with a tuneable laser  mounted and 

coupled to the waveguide in the PLC for optical coupling test�
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More assembly tests needs to be done in order to make sure the alignment is optimal. When 

optimal alignment has been achieved, the expectation is to reach a coupling loss of about 6dB 

which was the target. If this is not achievable next step would be to improve the coupling 

efficiency by introducing a spot size converter directly in the Tuneable laser chip.  

����0�� !����2��
	� ������������,�1�

In order to separate L band downstream and C-Band upstream signals the ONU hybrid must 

have a L/C band filter on the PLC. Such filters has been developed by Ignis, and proven to 

work with an insertion loss of only 0.8dB to 0.85 dB. This is  > 1dB better than the design 

specification. 
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The overall GigaWaM system overview 

 

 

 

The different components and assemblies designed and built 

shown has all been tested at DTU. At DTU a 

In order to be able to simultaneously 

control room has been implemented on a PC. From this 

all the laser currents, laser temperatures, receiver levels etc. can be controlled

interface electronics with microcontrollers d

With this centralized PC application individual parameter settings as well as automatic se

functions like laser tuning to an AWG channel 

temperatures, receiver levels etc. can be 

 

 

Figure 45 Test laboratory. ONU's to the left,  CO to the right  and centralized 

computer control in the 
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he overall GigaWaM system overview is shown below 

nt components and assemblies designed and built to fit into the GigaWaM 

at DTU. At DTU a dedicated test laboratory has been setup for this

simultaneously control all functions of the devices being tested, 

control room has been implemented on a PC. From this comprehensive application program 

urrents, laser temperatures, receiver levels etc. can be controlled

interface electronics with microcontrollers developed for GigaWaM.  

h this centralized PC application individual parameter settings as well as automatic se

functions like laser tuning to an AWG channel are controlled, and parameter readings like 

, receiver levels etc. can be followed as well. 

Test laboratory. ONU's to the left,  CO to the right  and centralized 

computer control in the centre. 
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Figure 44 GigaWaM System overview 
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GigaWaM system 

test laboratory has been setup for this. 

es being tested, a virtual 

comprehensive application program 

urrents, laser temperatures, receiver levels etc. can be controlled via dedicated 

h this centralized PC application individual parameter settings as well as automatic servo 

are controlled, and parameter readings like 

Test laboratory. ONU's to the left,  CO to the right  and centralized 
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Additionally the test laboratory has been equipped with test generators, high speed scopes, 

optical spectrum analyser’s etc. as well as various standard laboratory equipment such as 

power meters, high speed receivers etc. 

 

The important GigaWaM functions from end to end tested against the GigaWaM objectives 

and system specifications are:  

• 1.25Gbps up stream as well as downstream over 20+km fiber  

• End to end power loss compared to the GigaWaM specification  

• Cross coupling between neighbour channels 

• Cross coupling between up and downstream signals in the same AWG channel 

• Neighbour channel Interference during laser channel search and tuning. 

• Laser tuning and wavelength stability. 
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In the pictures in Figure 46 below the test setup for an ONU subscriber unit is shown.  

 

 

 

 

  

Figure 46 ONU test setup connected via the L/C band filter to a Remote Node 
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The CO test setup for VCSEL’s butt
below, the PCB’s shown are the 
control room. 
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The 64ch/50GHz Remote node 
units as well as to the 20km s

 
 
 �

Figure 47 CO AWG L/C band filters  and  VCSELs butt

Figure 48 The 64 ch/50 Ghz  Remote Node developed under GigaWaM

 

VCSEL’s butt -coupled to the PLC is shown in 
below, the PCB’s shown are the interface electronics controlled from the PC 

The 64ch/50GHz Remote node in Figure 48 below is used to connect to the ONU Subscriber 
single mode transport fiber.  

�

CO AWG L/C band filters  and  VCSELs butt-coupled to the to the PLC

The 64 ch/50 Ghz  Remote Node developed under GigaWaM 
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coupled to the PLC is shown in Figure 47 
interface electronics controlled from the PC 

to the ONU Subscriber 

coupled to the to the PLC 

 


