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Abstract 
A unified European roadmap for PWBs does not exist today. It is also most unlikely that a unified roadmap will available in a 
foreseeable future time. However, the EIPC has worked together with many European companies and association to define 
trends in technology based on the future needs of the industry. This paper will report on some of the trends that are included 
in European company roadmaps and the HotCar project. More details have been documented in the European Technology 
and Trend Report that has been put together by the German GMM VDE/VDI, the DGO, FED, ZVEI, the EITI as well as the 
European Institute of Printed Circuit Boards. Leading companies involved in design of electronic equipment supported this 
report. Also PCB fabricators, PCB assemblers as well as materials suppliers for PWBs and companies that develop latest 
fabrication methods used to manufacture state-of-the-art electronic equipment. This paper will provide a snap shot on 
developments that will impact the European Roadmap for PCBs and will help to guide electronic engineers to select the new 
PCB technologies for advanced electronic devices. 
 
Overview 
The paper will contain the following elements: 
- Objective of the paper 
- Introduction 
- Hot Car Project 
- Trend to Higher Data Transmission Rates 
- Materials  
- Additional Materials Options 
- Summary 
- Acknowledgement 
 
Objective  
The aim of this presentation is to describe some of the issues when trying to influence the road map of the leading PWB 
fabricators (Figure 1).  

 
 

Figure 1 – Roadmap for material/Technology needed for Electronic Equipment 
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Putting a roadmap together is very much an issue of input information. Based on this and the knowledge base of the person or 
the group of people working on such a roadmap will very much define the output and the usefulness of such documents. 
Changes in environmental regulation or component developments can make a strong impact on the influence that a roadmap 
will have on future manufacturing technologies and devices that are produced. Designers of different fields shall be aware of 
the changes that will take place in technology. (See Figure 2: PCB Requirements for Future Electronics.) An updated 
roadmap is a good source of information that will help to make the right recession for selecting comments, materials and 
manufacturing technology. Also managers that have to invest in new technology shall be aware of the technologies that are 
coming and have to decide if such new technologies will result in new business and could help to improve the profitability of 
their company in future. 
 

 
 

Figure 2 – PCB Technology Requirements for Future Electronics 
 
Introduction 
Europe has a strong position in developing professional Industrial Electronics as well as Automotive, Medical, Mobile Phone, 
Base station and avionic, space / military systems. Large market segments are like mobile phones and base station have its 
Original Equipment Manufacturing (OEM) base in Europe. However, for cost reason, large quantities are manufactured in 
low cost countries like China and other mainly Asian countries. As a result of this, the designs made by OEMs and ODMs 
have to take into consideration the manufacturing capabilities in the prototype stage as well as the large quantity production. 
As Europe also is very strong export oriented, and many European companies have their factories also in Asia, the “local 
content” rules that have been established by some countries have to be considered. As a result of this, a new technology can 
only be implemented if second sources are available in such countries. Any fancy solution, that needs a lot of know how in 
fabrication, will therefore not being adopted. 
 
Roadmap by market segments 
The European Car industry (Table 1 and Table 2) is a key driver for new technology. However, at the same time, high 
performance and low cost are major requirements. Also multiple sources for the electronic devices in Europe, USA and Asia 
are major needs for adopting new technology. (See tables 1 and 2 of the paper “Automotive engine control and dash board”) 
Permanent design changes to place the electronics where it is needed are challenging the component fabricators as well as the 
material suppliers and the PWB fabricators to meet future needs. In the automotive industry, 3 to 5 years are normal times for 
the introduction of new technologies. Often long-term Multi Company projects are conducted to find the most cost-effective 
way that meets the future technology requirements. The “HotCar” was such a project that teamed up with experts from multi 
companies. The goal of this work group was to define the requirements for PWBs used in different places of the car. As a 
major part was also related to design new functionality on silicon a close cooperation with the “HotCar” work group was 
needed. 
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Table 1 – Airbag Control Electronics 
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Table 2 – Typical Requirements for Engine Control Unit 

 
 
“HotCar” Project 
In this HotCar project, a large number of new features have been defined for future car electronics. Parts like “Steer by wire” 
or “ by wire” have their own reliability requirements. As such, material suppliers and technologists are forced to come up 
with materials and fabrication solution that will meet future requirements. The HotCar project was finished in November 
2004. The final report is available also on the public domain. (See Figure 3) 
 

 
Figure 3 – “HotCar” Project for Advanced Technology and Material Developments  
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Trend to Higher Data Transmission Rates 
The signal-processing rate increases within all fields of electronics. Examples of changes in PCBs for communications are 
shown in Table 3.  
 

Table 3 – Requirements for Mobile Phone Base Station 
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Table 4 – Trends in processor and Signal Speed  

 
 
These changes also mean increasing clock frequencies in digital technique. (Table 4.) Even in consumer products such as PC, 
at present bus clock frequencies of approx. 500 MHz are already in use. This corresponds to a cycle time of 5 ns 
(nanoseconds), requiring impulse rise times (tR) of approx. 1 - 2 ns. For the undisturbed transmission of fast impulses on 
PCB lines the traces must be able to transfer frequencies (harmonic waves) up to 1/tR , i.e. 1/1ns = 1 GHz, indicating thus 
transverse electromagnetic wave characteris tics. Due to the small wavelengths of these frequencies (below 30cm, starting 
from 500 MHz and er = 4) radiation by the bus lines is an increasing problem. Keeping the radiation below the limit values 
(EMC law) becomes more and more difficult. The traces of printed circuit boards become wave conductors (transmission 
lines). (Remarks: Using optical transmission lines can avoid this problem. With reduced impulse rise time also undesired 
signal copy effects (cross talk) between different lines increase steadily. Since the crosstalk in detail is depending on the so-
called Slew-rate (du/dt), which is the relation between voltage increase and impulse rise time, the copy effect (and the 
thermal losses as well) can be compensated by lowering the operating voltage. The necessary consequences for the conductor 
structures and the layer stack-up of printed circuit boards, are important and must been considered by the electronic designers 
at the early stage of design. 
 
Materials 
Like everything that is mass-produced also state of the art multilayer boards with micro via holes are subject to the search for 
the penny to spare. The standard FR4 has been ruled out several times but it has survived every attack so far. The special 
materials like BT and others have found their niches and wait for the wider success when FR4 fall short. A general 
comparison of materials is shown in Table 5.  
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Table 5 – Comparison of Material for 
PCBS

 
 
One exception to the rule is the aramid fiber based laminate that has been used in large quantities in Japan (Figure 5). The 
advantages of aramid are mainly its dimensional stability and the fact that the fibers are easy to laser drill unlike glass. 

 
Figure 5 – Comparison of Reinforcements used in PCBs – woven Inorganic Glass Cloth in Comparison with Non-

woven Aramid 100% Organic Reinforcement 
 
One of the improvements to FR4 is LDP (Laser Drillable Prepreg) with its finer glass threads and flatter weaving. The resin 
rich areas of FR4 LDP are much smaller and this aids the laser drilling to a better quality. To set up the laser to drill equal in 
almost pure resin or glass bundles, as is the case in standard FR4, is simply not possible with current laser technology. 
However, this material is based on inorganic glass that has a reduced adhesion to the organic epoxy resin. Under mechanical 
and/or thermal stress condition, this can lead to conductive anodic filaments or metal migration shorts in PCBs. 
 
Advanced material options 
In Europe, many new designs are also manufactured locally. These types of PWBs are needed in larger quantities after its 
evaluation phase which is often 12 to 24 month after prototyping the electronic devices. A good knowledge about materials, 
processes and PWB fabrication technologies is needed to predict what technology will be used in the future. Also a good 
knowledge of individual roadmaps is needed as well as latest know how on materials and processes. As indicated in the 
earlier part of the paper, finer lines and spaces as well as smaller holes, and micro-via -holes, will be needed to meet future 
routing density and cost-effective design requirements. Standard FR4 laminates may reach its limits in terms of conductive 
anodic filament (CAF) resistance and dielectric properties. This is due to the inorganic glass materials and its capabilities to 
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adhere to the resin. Resin recession may result in CAF and metal migration that create shorts between narrow insulation 
distances in micro -via-holes or in “layer to layer” areas. The International Business Machine Corporation has developed 
systems with very thin dielectric materials that did not exhibit CAF or migration. This may be used for multilayer printed 
circuit boards and for electronic device package like ball grid array package, multi chip module, and memory chip. The INT 
BUSINESS MACHINES CORP filed a Patent No: US5981880 for chip packages that indicated new reinforcements. The 
NOVELTY was the substrate - The substrate that has prepreg comprising glass fabric impregnated with epoxy resin, is 
provided with power planes. The power planes are encapsulated within the non-conductive layers (156,158) made up of 
dielectric material free of continuous glass fibers. The use of aramid Kevlar® fiber paper is disclosed. The USE describes it 
as follows: - For electronic device package like BGA package, organic chip carrier package, multi chip module, and memory 
chip. ADVANTAGE - Prevents short circuit of power plane carried by migration of conductive material along continuous 
glass fibers. Eliminates conductive anodic filaments shorts in PCB. Reduces cost of package by optimizing number of 
conductive planes. Based on the knowledge of new materials, roadmaps describe functionality and it is up to the PWB 
designer to define and specify the new materials that meet the needs of future electronic devices. It has been demonstrated 
that organic reinforced laminates provide CAF resistance and do not exhibit resin recession even under stringent solder float 
test condition of 288°C for 20 seconds or several times at 288°C for 10 seconds. 
 
New environmental requirements are putting a ban on lead for soldering as well as on halogen as a flame retardant. Although 
lead free is used for some time, a final answer on reliability could not being made. This is because of the thicker intermetallic 
layers between the solder lands of the materials at the component or the printed circuit board solder lands. (Figure 6.) 

 
Figure 6 – Intermetallic Layer at the Interphase of the Chip and the PWB 

 
Cost reduction through miniaturization is also one of the major challenges for the future. To apply a solderable surface to a 
silicon chip is not difficult anymore. Also the cost for the distribution layer on Silicon has become substantially lower 
compared to 3 years ago. Reliability questions, however, could not fully be answered. The major reason for this are the 
coefficient of thermal expansion between the individual materials that are used. 
 
As a packaging solution, Flip Chip will become very attractive in the near future. However, before this technology can be 
adopted in large volume, the reliability issues must be clarified. Here, the CTE mismatch between the silicon of the 
component distribution layer and the PCB should be compensated.  (Figure 7.) This will then reduce the stress created by the 
different CTE levels of materials used in PCBs as well as the stress coming from the soldering process. In addition, the lead 
free soldering process will provide a stronger solder filled. As lead is removed from the solder, the cold flow characteristics 
of the solder filled are nearly eliminated. As a result of this changes, the stress between components and PCB, which was 
created during the high soldering temperature of the lead free soldering process will remain in the electronics device during 
its lifetime. Additional thermal stress during operation of the device will continually stress and strain the solder connection at 
the component and the PCB. Depending on the life cycle expectation of the electronic device defects may happen earlier 
compared to today’s electronic with standard FR4 and solder that contain lead.  
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Figure 7 – A Comparison of Different CTE Levels of Materials used in PCBs 
 
 
The SSD technology uses flux adhesive to assemble fine pitch BGAs without applying solder paste to the PWB lands. By 
controlling the level of flux, a minimum on residues is guaranteed. Figure 8.) In addition NO shorts under the fine pitch 
components have been observed. It is also feasible that components are pre-fluxed and allow a placement to the PCB without 
any additional fluxing, gluing or solder past printing process. 
 

 
 

Figure 8 – Flip Chip Application soldered to the PCB using Lead Free Solder in Form of a Solid 
solder Depot (SSD Technology) 

 
Summary 
Smaller devices with finer lines and finer spaces are needed in future to meet the miniaturization requirements and reliability 
needs. Improved materials with lower tolerances will help to design and fabricate electronic interconnection that will meet 
the needs of the electronic designers in terms of propagation delay and signal speed. Lead free and halogen free is a must for 
the near future. Road maps of Printed Circuits are very much driven by the components that are used and the design 
techniques that are applied. This paper should draw the attention to the people that makes it best effort to predict what is 
needed in future based on the requirements of the electronics, the components that are used and the PWB fabrication, 
component and assembly technology that will be developed in the near future. (Figure 9.) 
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Figure 9 - Example of a Component Package 
(Silicon in the package will become larger. At the same time, the package will become smaller. In the near future NO 

packages may be used at all.) 
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