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SUMMARY 

This presentation is about a 100 Gbit/s demonstrator project in its early stage. Our focus is to present 
our project activities, and – at the oral presentation – highlight with a few examples from different 
subprojects. The project consists of activities in the following areas: high-speed electronics, assembly 
technology, optical components, and fibre-optical transmission. The project is a joint project with 
industry, where Optillion is the industrial- and Chalmers is the academic partner. A corresponding 
project exists also at KTH, which focus on optical modulators.  

We are inspired by internet and Ethernet, especially by cost-effective and user-friendly TDM products 
like Xenpak and other industrial multi-source agreements (MSA). In common for such MSA solutions 
are small physical size, low power consumption, plug-and-play installation, and compliance with a 
winning standard like Ethernet. Our ultimate goal: a demonstrator system, is challenging in three 
aspects: academic, industrial- and, especially in these days – in economical terms.  

Figure 1: A  hot-pluggable Xenpak transceiver from Optillion for the 10 Gbit/s Ethernet market (1310 and 1550 
nm single-mode fibre). The success of Ethernet and the need for cost-effective bandwidth for a mass-market is the 
motivation for the OptCom project. 

 

 

INTRODUCTION 

Fibre optical communication is of fundamental importance in our information society. Networks are 
today built for various purposes and transmission distances, e.g. local- (LAN), metropolitan- (MAN), 
regional- or wide-area- (WAN) networks, and networks for data storage (SAN). Necessary to create 
profitability for companies and operators during a continued expansion are compact, cost-effective and 
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simple to use (“plug-and-play”) products. This is also the most successful trend today, best exemplified 
by the success of internet and Ethernet. Ethernet is the dominating standard, and recently 10 Gbit/s 
Ethernet products were released on the market. Ethernet have traditionally increased its speed 
performance in steps of ten, simultaneously – as a rule of thumb – the cost for a volume product only 
increases by a factor of three.  

To proceed to the next step in such a development, we need to solve a number of technical problems in 
a cost-effective way. We focus on time-domain multiplexed systems (TDM), which requires that the 
bandwidth of the electronics corresponds to the full data bandwidth. Today, there are only a few 
publications on high-speed electronics for up to 100 Gbit/s (electrical TDM, ETDM). No commercial 
equipment exists and no matured foundry process exists (although alternatives are about to appear). 
Concerning optical components, PIN photo diodes are available commercially with a bandwidth of 80 – 
120 GHz (IPAG), but – to our knowledge – only the results on absorption modulators from KTH have 
the potential to operate at 100 Gbit/s TDM; no such commercial modulator products exists.  

The overall goal is to build and test a demonstrator system, which consist of a transmitter and a receiver 
unit. We aim to transmit and receive 100 Gbit/s data over an optical fibre, targeting transmission 
distances up to a few tens of a km, using only one optical wavelength.  

 

 

SUBPROJECTS 

In the OptCom demonstrator project, we focus our efforts in the fields of high-speed and high-frequency 
electronic circuit design, assembly technology, optical components and fibre-optical transmission. In 
parallel with this, we also form test strategies and a test bench for 100 Gbit/s.  
 
 

Circuit design subproject  
To be able to reach 100 Gbit/s electrical TDM (ETDM) performance, we need a technology with not 
only fT and fmax values high enough, but which also allows an integration level of at least a few hundred 
active devices (LSI, large scale integrated circuit). Our first design round in such a technology is about 
to finish at September 30, 2003, and estimated time for hardware delivery will be 13-16 weeks later. 
The technology of our choice is the VIP-2 InP DHBT technology from Vitesse, with fT and fmax equal to 
300 GHz. In this first design round, we will evaluate some key circuit building blocks: multiplexer2:1, 
demultiplexer1:2, static divider, transimpedance amplifier (TIA) etc. At the very start of the project, 
when the OptCom team was formed, we got the opportunity to join an on-going design round at 
Chalmers in OMMIC's D01MH process. This is a GaInAlAs metamorphic HEMT process, and we 
designed a single-ended input to differential output buffer amplifier.  
 
 

Assembly technology subproject  

The assembly technology subproject is joint with the European Union frame program HiMicro, where 
assembly technology is developed for high-speed and high frequency applications in general. In 
addition to our 100 Gbit/s transceiver demonstrator application, 60 GHz WLAN, 23 GHz microwave 
link, and 24 GHz automotive applications are evaluated. In OptCom, we have assembled a commercial 
TIA with a commercial amplifier to form an optical front-end system. We will also compare traditional 
wire bonding of a 50 Gbit/s 1:4 demultiplexer with flip-chip mounting (using identical circuits). In both 
cases we have simulated and designed alumina substrates, and we will use GPPO-contacts with a 
bandwidth of 67 GHz. Activities in the field of assembly technology for 100 Gbit/s are costly, and due 
to our projects limited economy, our primary goal for the future, which is to develop a suitable package 
together with a commercial volume supplier, might not be possible to reach.  
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Optical components subproject 
Design of absorption modulators is carried out at KTH and Optillion. Such a modulator is a key 
component for a 100 Gbit/s transmitter, and very promising results are at hand. Clear eye openings at 50 
Gbit/s have been demonstrated and published. Extrapolation of the bandwidth using a realistic model 
gives 95 GHz, which is a very good indicator that this technology has a potential for 100 Gbit/s 
operation. The required drive voltage is in the range from 2 to 3 volts today but is expected to decrease.  

 

 

Fibre-optical transmission and testability subproject  
The fibre-optical subproject addresses the fundamental dispersion limitations at very high bit-rates at 
1310 and 1550 nm. Our goal is transmission distances up to 100 km kilometres using compact and 
economically feasible solutions.  

Using optical methods, we have developed a sampling oscilloscope capable of analysing data patterns 
up to 500 Gbit/s (which to our knowledge is the highest figure reported). Since state-of-the-art 
commercial test equipment have an upper bandwidth of 50 – 80 Gbit/s, we need to develop our own test 
and measurement schemes, for various parts of the demonstrator. In addition, we have access to optical 
data generators and optical receivers up to 160 Gbit/s, including bit-error-ratio measurement equipment. 
The ability to generate optical data at 100 Gbit/s or higher rates gives us the opportunity to use 
commercial high-bandwidth photo detectors to convert to an electrical signal, and thus facilitate test of 
the electrical parts of the receiver, and to assemble a 100 Gbit/s receiver. The receiver could later be 
used to test the corresponding transmitter.  

As an important intermediate step, we plan to verify 100 Gbit/s electrical – electrical performances of 
the transmitter and receiver electronics. So far, only a few results are published on electronics at 100 
Gbit/s or above, so this is an important step on its own. 

 

 

 
Figure 2: Examples of optical eye-diagram from the sampling oscilloscope at 320 Gbit/s (left)and 500 Gbit/s 
(right).  
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PROJECT SPONSORS AND BRIEF HISTORY 

OptCom started in November 2002 as a project within the Vinnova competence centre CHACH in 
Göteborg (CHACH = Chalmers Competence Centre for High Speed Technology). At that time 
OptCom’s core team was transferred from Optillion to Chalmers. Current project sponsors are Vinnova 
(through the Photonics programme) and Optillion AB. A corresponding project exists also at the Royal 
Institute of Technology in Stockholm.  
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