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NEWS FROM THE EIPC 

EIPC WINTER CONFERENCE REVIEW 

 

The inestimable Pete Starkey has written his review of the recent EIPC Winter Conference 
held in Rotterdam.  If you were unable to attend yourself, then read this; you will be 
transported, and thus not deprived of participating in what was a truly effective and 
successful event.  Of such material are historians dreams made. 

Day 1 

http://pcb.iconnect007.com/index.php/article/122031/2020-eipc-winter-conference-day-
1/122034/?skin=pcb#122031   

Day 2 

http://pcb.iconnect007.com/index.php/article/122054/2020-eipc-winter-conference-day-
2/122057/?skin=pcb#122054 

 



CALL FOR PAPERS  
EIPC Summer Conference Örebro – June 16 & 17, 2020 

Topics 
Keynote / Trends 
-Business Outlook: Global Electronics Industry 
-5G requirements for PCBs - Business update and trends for 
5G, Antenna and filter applications, and High Rel application 
-Automotive, E-mobility, IoT, Medical Industrial Electronics, 
Aerospace, Avionics-G5 
-Disruptive supply chain: Supply chain risk management 
Roadmapping for 2020 and beyond 
-Roadmap by market segments 
-Technology Guidance through market needs 
-Adapting processes, materials, chemistry, equipment to future 
technology needs 
-Strategic Partnership and Planning for success through 
Networking 
New Technologies: Success through Evolution- or 
Disruptive Technologies? 
-Process technology development mSAP, SAP and full Additive 
Process 
-Photonics: optical solutions in component and board level 
-Packaging technologies 
-Embedded technology: Passives, actives, RFID tags 
-Nanotechnology and Printed electronics:  3D Electronics 
/conductive pattern/dielectric layers   
-Material Technology- Laminate technologies - Coating 
technologies 
-Ni free surface finishes 
-New technology, Innovations and Invention 
Equipment and process evolution to meet Technology 
Challenges 
-Equipment and process capabilities supporting controlled 
conductor design features for high frequencies 
-Etching technology for improved conductor control and copper 
thickness tolerances  
-Industry 4.0, Automation and AI in PCB manufacturing 
-Imaging and Printing Technology 
-Laser, Mechanical drilling 
-ML-Pressing for high frequency product, improving variation 
-Embedding components and Metal Core PCBs 
Materials, Reliability and Traceability requirements by 
Application 
-Cost effective embedded RFID tags 
-Responsibility and Standards for Product Reliability and Safety 
-In-house process control and conformation Testing 
-Material and finished product Safety and Testing 
-Advanced supply chain and Third party Testing 
Measurement methodology  
-Copper: thickness and roughness -How to measure and verify 
copper roughness against new requirements 
-Standardization and methodology  
-Measurement automation – in production controls 
-High frequency measurement and automaton 
-Tools for Testing and ensuring product safety and reliability 
Environmental responsibility 
-Sustainability development --Circular economy solutions 
through the whole supply chain- carbon footprint 
-Green manufacturing 
 
Notes for speakers 
The following guidelines are provided regarding the submittal of 
papers and how they are to be presented at the Conference: 

 Papers should supply new technical, management 
or statistical information and not be presented for 
commercial purpose 

 All presentations should be made in English. If the 
author has problems with presenting in English, he 
or she should inform EIPC about this situation. 

 Presentations should not make direct comparisons 
with competitors' products. 

 When the description of particular equipment is 
necessary for proper understanding of the process, 
it shall be confined to technical aspects. 

 Presentations will be required as a WRITTEN 
TEXT (Word/PDF) file 

 Illustrations, graphics, tables or pictures (including 
presenter’s photograph) have to be electronically 
delivered in standard format and in the appropriate 
resolution (75 dpi for electronic publication) 

 
The author or presenter of an oral presentation will be 
offered a complimentary one day conference registration, 
valid on the day the author is invited to present.  
 
Abstract guidelines 
Abstracts should include the following: 

 Title of Presentation 
 Author Listing; first/last name, affiliation, mailing 

address, telephone, fax, e-mail 
 Abstract text (max. 200 words) 
 Biography: brief background on the 

principal/presenting author (max. 100 words) 
 
Acceptance Criteria 
Abstracts will be reviewed by the Programme Committee, 
consisting of experts from within our industry. The official 
language of the Conference is English, NO simultaneous 
translations will be provided.  
Selections will be based on the following criteria: 

 Contribution to the industry. 
 The abstract should clearly describe the nature, 

content, key points, and significance of the proposed 
paper. 

 Presentations are to be strictly non-commercial and 
must focus on technical merits of described 
processes. 

 Proprietary and/or confidentiality issues as well as 
approvals should be determined at time of 
submission. 

 
Deadlines 

 1 page Abstract: March 27, 2020 
 Paper submission:    May 1, 2020 

 
Please send the abstract submission form to: 
Mrs. K. Smit-Westenberg email: kwestenberg@eipc.org  
 
Sponsors: 

                                  

                                    

                   
 
For more information about sponsor possibilities please 
have a look at the EIPC website www.eipc.org  
 
Enquiries 
Please send registration and / or sponsor enquiries to: 
Mrs. K. Smit-Westenberg, email: kwestenberg@eipc.org 
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ELECTRONIC INDUSTRY NEWS 

Shipments of Wearable Devices Reach 118.9 Million Units in the Fourth Quarter 
and 336.5 Million for 2019, According to IDC 
 
The worldwide market for wearable devices grew 82.3% in the fourth quarter of 2019 
(4Q19), reaching a new high of 118.9 million devices shipped according to new data from the 
International Data Corporation (IDC) Worldwide Quarterly Wearable Device Tracker. The 
stunning growth was largely due to the proliferation of hearables, which captured 55.3% of 
the entire market.  
 
Other popular categories that also experienced growth during the quarter include watches 
(15.3% year-over-year growth) and wrist bands (17.7% growth). Wrist-worn devices 
captured 43.8% of the total market, down from 68.6% last holiday season. Though the share 
for wrist-worn devices has declined, the category itself grew 16.3% over the same period. 
For the entire year, vendors shipped a total of 336.5 million wearable devices worldwide, 
resulting in an 89.0% increase from the 178.0 million units shipped in 2018. 

"2019 marked a strong step forward for the worldwide wearables market," said Ramon T. 
Llamas, research director for IDC's Wearables Team. "Hearables were the big story due to 
new product introductions and more smartphones cutting the cord with traditional 
earphones, practically driving users to purchase a hearable. Not to be overshadowed were 
smartwatches and fitness trackers, which both posted record annual volumes from an 
abundance of lower-cost models." 

"The market for wearables is also quickly becoming very top heavy as companies such as 
Apple and Samsung capture a greater share of the market," said Jitesh Ubrani, research 
manager for IDC Mobile Device Trackers. "While these giants put pressure on the rest of the 
market, there continues to be plenty of innovation and differentiation amongst the smaller 
brands and this long tail of the market will carry on for the foreseeable future." 

Wearables Company Highlights 

Apple led the market with 43.4 million units shipped in 4Q19 thanks to its refreshed AirPods, 
AirPods Pro, and Apple Watch as well as its Beats products spanning multiple price points. 
However, as the company's products did well overall during the quarter, Apple Watch 
shipments declined 5.2% year over year as the company experienced supply shortages. 



Xiaomi ranked second shipping 12.8 million wearables of which 73.3% (9.4 million) were 
wristbands. The share of wristbands within Xiaomi's overall wearables portfolio has declined 
from 4Q18 when they accounted for 81.8% of shipments, reflecting a growing trend towards 
hearables and, to a lesser extent, watches landing in China. 

Samsung finished in third place thanks to a strong portfolio of products as well as multiple 
brands under its belt, including JBL and Infinity. Key to its success was its Galaxy Active and 
Active 2 smartwatches, broadening its audience from multi-purpose device users to health 
and fitness-focused enthusiasts. Driving volumes forward was its strategy to bundle 
wearables with its smartphones, which further developed its distribution with carriers. 

Despite political pressure, Huawei grew its wearable device shipments 63.4% with overall. 
Wristbands accounted for the vast majority of its shipment volume but growing the most 
were its watches with several kids' watches and the GT2. Huawei also added several new 
hearables to its portfolio, keeping its selection aligned with the other market leaders. 

Fitbit rounded out the top five and saw its shipments rebound for the first time following 
two consecutive years of declining volume. The company still relied on its fitness trackers to 
drive volume, but its smartwatches nevertheless reached a new record with six million units 
shipped for the year thanks to the release of its Versa 2 and discounted Versa Lite and Ionic. 
 

Top 5 Wearables Companies by Shipment Volume, Market Share, and Year-Over-Year Growth, Q4 2019 (shipments in millions) 
Company 4Q19 Shipments 4Q19 Market Share 4Q18 Shipments 4Q18 Market Share 
1. Apple 43.4 36.5% 19.7 30.2% 
2. Xiaomi 12.8 10.8% 7.5 11.5% 
3. Samsung* 10.5 8.8% 4.6 7.0% 
3. Huawei* 9.3 7.8% 5.7 8.7% 
5. Fitbit 6.0 5.0% 5.5 8.5% 
Others 37.0 31.1% 22.2 34.0% 
Total 118.9 100.0% 65.3 100.0% 
Source: IDC Worldwide Quarterly Wearable Device Tracker, March 2020 

* IDC declares a statistical tie in the worldwide wearable device market when there is a 
difference of one percent or less in the unit shipment shares among two or more vendors. 
 
Top 5 Wearables Companies by Shipment Volume, Market Share, and Year-Over-Year Growth, Calendar Year 2019 (shipments in millions) 
Company 2019 Shipments 2019 Market Share 2018 Shipments 2018 Market Share Year
1. Apple 106.5 31.7% 48.0 27.0% 121.7%
2. Xiaomi 41.7 12.4% 23.3 13.1% 78.8%
3. Samsung 30.9 9.2% 12.2 6.9% 153.3%
4. Huawei 27.9 8.3% 11.2 6.3% 148.8%
5. Fitbit 15.9 4.7% 13.8 7.8% 14.8%
Others 113.5 33.7% 69.4 39.0% 63.7%
Total 336.5 100.0% 178.0 100.0% 89.0%
Source: IDC Worldwide Quarterly Wearable Device Tracker, March 2020 

2019 Product Highlights 

Earwear continued its strong march forward with 170.5 million units shipped worldwide for 
the year, resulting in an eye-popping 250.5% improvement from the 48.6 million units 
shipped in 2018. While the focus of hearables is on the audio experience, including rich 
quality audio and noise cancellation, the list of devices including other features, such as 
coaching, language translation, and smart assistants, underscores additional use cases 
beyond audio. 



Wristbands finished 2019 with 69.4 million units shipped worldwide, up 37.4% from the 50.5 
million units shipped in 2018. This is a notable improvement over the flat volumes hovering 
near 48 million units over the past several years. While the latest trend has been for 
wristbands to mimic smartwatches with notifications and messages, most of the volume 
came from simple step counters and heart rate trackers. 

Watches reached 92.4 million units shipped in 2019, up 22.7% from the 75.3 million units 
shipped in 2018. Here, Apple finished the year much in the same way it began the year – as 
the undisputed leader in the smartwatch market with 28.5% market share. This is the first 
time Apple's annual market share dipped below forty percent as companies like Huawei, 
Samsung, and multiple smaller vendors gained ground. 
 

Wearables Product Categories by Shipment Volume, Market Share, and Year-Over-Year Growth, Calendar Year 2019 (shipments in millions) 
Product 2019 Shipments 2019 Market Share 2018 Shipments 2018 Market Share 
Earwear/Hearables 170.5 50.7% 48.6 27.3% 
Wristband 69.4 20.6% 50.5 28.4% 
Watch 92.4 27.5% 75.3 42.3% 
Others 4.2 1.3% 3.5 2.0% 
Total 336.5 100.0% 178.0 100.0% 
Source: IDC Worldwide Quarterly Wearable Device Tracker, March 2020 

Note: IDC defines Earwear/Hearables as the wearables that hang on or plug into the ear. The 
device must operate wirelessly and provide stereo sound while also including at least one of 
the following features: 

 Track health/fitness 
 Modify audio, and not just noise reduction 
 Provide language translation on the device 
 Enable smart assistants at the touch of a button or through hot word detection even 

if the assistant is running on another device such as a smartphone 

About IDC Trackers 

IDC Tracker products provide accurate and timely market size, vendor share, and forecasts 
for hundreds of technology markets from more than 100 countries around the globe. Using 
proprietary tools and research processes, IDC's Trackers are updated on a semi-annual, 
quarterly, and monthly basis. Tracker results are delivered to clients in user-friendly excel 
deliverables and on-line query tools. To see more of IDC's worldwide wearables market data, 
go to https://www.idc.com/promo/wearablevendor. 

Click here to learn about IDC's full suite of data products and how you can leverage them to 
grow your business. 

About IDC 

International Data Corporation (IDC) is the premier global provider of market intelligence, 
advisory services, and events for the information technology, telecommunications, and 
consumer technology markets. With more than 1,100 analysts worldwide, IDC offers global, 
regional, and local expertise on technology and industry opportunities and trends in over 
110 countries. IDC's analysis and insight helps IT professionals, business executives, and the 
investment community to make fact-based technology decisions and to achieve their key 
business objectives. Founded in 1964, IDC is a wholly-owned subsidiary of International Data 
Group (IDG), the world's leading tech media, data and marketing services company. To learn 



more about IDC, please visit www.idc.com. Follow IDC on Twitter at @IDC and LinkedIn. 
Subscribe to the IDC Blog for industry news and insights: http://bit.ly/IDCBlog_Subscribe. 

Challenges in Printed and Disposable Chips 

MARCH 5TH, 2020 - BY: SUSAN RAMBO AND ED SPERLING 

Why new inks and printing approaches are opening new possibilities for electronics — and 
lots of new problems. 

Printing inexpensive chips using technology developed for newspapers and magazines is 
gaining traction across a wide range of applications, from photovoltaic cells to sensors on a 
flexible substrate. But it’s also adding a slew of new challenges that are unique to this 
approach. 

The world of flexible hybrid electronics (FHE) — printing integrated circuits on or attaching 
thin IC chips to a flexible substrate — is a long way from discussions about 3nm designs and 
manufacturing techniques, or even mixed-signal chips in a package. Printed chips probably 
will never replace a complex SoC or be able to handle the compute tasks that even older 
silicon process technology can handle with ease. But this also is no longer just a science 
experiment. Printed chips already are being used for everything from monitoring 
temperature and vibration in industrial operations to flexible sensors that can be applied on 
the skin, and they are being tested for applications where rigid chips don’t fit or where they 
are difficult to replace. 

Exactly how far along printed chip technology has progressed varies greatly depending upon 
market segment and the type of printing technology being used. The next challenge is to add 
the same kinds of processes and consistency that have enabled semiconductors to be used 
in mission- and safety-critical applications. 

“There is this whole idea that every object is going to have a sensor,” said Matthew Dyson, 
technology analyst at IDTechEX. “You’re going to have sensors in factories tracking 
temperature or whatever you want, and these will be quite cheap. Let’s say you have a box 
of drug tablets and you want to track their temperature or consumption, so you put a little 
sensor on the packaging and it will record the temperature and whether you’ve taken your 
medicine. Now the question is how much processing capability do you put on product and 
how much do you put somewhere else. There’s a trade-off, because if you do a lot of 
processing in the sensor, it costs more to make, but then you have to communicate less 
data. And if all you do is acquire data and don’t really do anything with it, you then have to 
send all the information via some antenna somewhere else. And every bit of information 
that you send requires energy and where are you getting the energy from?” 

Printed chips are an increasingly important element in that discussion, and work is underway 
across the globe to figure out the best trade-offs between localized processing versus 
processing at the edge or in the cloud. 

Technology innovation 

Many of these approaches rely on existing printing technologies. Inkjet is the most prevalent 
for low-volume applications, where it has been proven as a low-cost but relatively slow 
option. Alongside of that are technologies like offset and gravure printing, which have 



gained in popularity due to the ability to print precise layers in high volume. Gravure 
technology, which uses images etched into plates, dates back to 1800s, when it was used to 
make high-quality art prints. Offset printing has been used for newspapers for even longer. 
There also is some research into using existing chip lithography equipment for creating more 
complex structures on a flexible substrate. 

But the real innovation is less about the printing processes than the chemistry and stability 
of the inks and how they are bonded to a substrate. As with all semiconductors, the 
emphasis is on repeatability, consistency and economies of scale, and that effort extends 
well beyond just printing the inks. It’s also about how these chips can be diced, bonded to a 
substrate, and ultimately calibrated for accuracy and reliability. 

“Gravure and offset are fast and have excellent edge definition, and aerosol jet is good for 
prototyping,” said Nathan Pretorius, prototyping and automation engineer at NextFlex. 
“What we found, though, is that calibration must be done after die-bonding. If you print 
something, the printing itself may stress a device and keep it in that state, so you need to 
calibrate that chip. For an RF die, you have to re-characterize the transmission line, and you 
have to do that on an FHE (flexible hybrid electronics) substrate.” 

Oxidation poses another problem. “You need a material that will not form an oxide layer,” 
said Pretorius. “So you cannot have vias under the die.” 

All of this contributes to how these devices will be manufactured and ultimately where they 
will be used. For example, the Air Force Research Laboratory has been working with UES Inc. 
to develop sensors for monitoring gases on a continuous basis rather than just measuring 
the cumulative exposure, as many sensors do today. 

“The requirements were that this needed to be a metal oxide sensor that was flexible, with a 
conformal band,” said Michael Brothers, technical program manager at UES. “If you look at 
most sensors today, they’re large and power-hungry. There is a dire need for flexible, 
wearable sensors that are basically disposable sensors, where you can create a large batch 
of them in hours in disposable form factors. So these have to operate at about 100 millivolts, 
the dielectrics need to be robust, and they have to be able to detect organic solvents.” 

UES has lots of company in this space. Arm’s plastic armpit sensor, which has been in 
development for a couple years, is another example of just how small these devices can get. 
Arm has developed an organic FET that responds to organic compounds, such as body 
odour. “If you put an array of these devices and add machine learning, it can classify smell as 
one of the features,” said John Biggs, Arm co-founder and R&D consultant engineer. 

Just how small and thin this technology can get is only one of the myriad issues facing 
flexible technology. Another problem is how dense the lines and spaces can be printed. The 
more that can be packed onto a flexible substrate, the more useful these devices can 
become for a variety of applications, ranging from complex sensors with on-board 
processing to more disposable applications. 

“If you’re looking at a 32-bit microprocessor, that’s still challenging for printed electronics,” 
said Biggs. “Using thin films on a substrate is still three or four decades behind silicon. So 
think about 1 micron chips and 3 to 4 volts. Even if plastic electronics follows the pattern 
Moore’s Law, it will not track quite the same way.” 



For some applications, that doesn’t matter. “Right now you can put a physical tracker or a 
smart label on food or wine to sell by a certain date,” said Biggs. “And some food products 
go off more quickly, depending upon whether they are stored in the sun or shade.” 

Making sure these devices work 

That’s a much more complex measurement than just the date or price of a given product, 
which is what many of the chips are used for today. But it’s also a much less expensive way 
of ensuring quality over time. And that has ignited research into what are basically 
disposable chips. 

“We try to borrow as much as we can from the printed circuit board community,” said Will 
Stone, director of printed electronics integrations and operations at Brewer Science. “We do 
physical and environmental stresses. There are two main challenges. With a printed circuit 
board, you’re trying to make sure the joints—whether those are conductive epoxy solder or 
something else—can withstand the motion, because obviously those are not designed for 
that. And second is the traces themselves. Just by flexing you can get micro-cracking. We run 
those through the usual gamut of testing, like environmental chambers and stressing and 
flexing thousands or millions of cycles, just to ensure the integrity of the device.” 

Not everything needs to be flexible, though. Rather than printing everything onto a flexible 
substrate, chips can be made small enough and thin enough to achieve the same goals for 
many applications. This involves metal oxide lithography, and while the lines and spaces are 
relatively large compared to advanced silicon chips, that is good enough for many 
applications. 

“The attraction is that it’s cheap,” said IDTechEx’s Dyson. “You can just vapour deposit this 
stuff. And you can end up with things that are more flexible than silicon. You don’t have to 
go through the whole process of making a high-purity wafer. With normal silicon you first 
have to mine the silicon and then convert it to really high purity, make logs, then cut it up. 
With deposition, you don’t have to do any of that. You just have to have enough metal oxide 
transistors to make an RFID tag. It is not very much. So for RFID tags, they have tiny silicon 
chips on them. They are not flexible, but it doesn’t really matter.” 

This is already happening with MEMS devices. NextFlex’s Pretorius said that for high-G 
applications, thinning a device from 700 to 450 microns reduces the mass nearly in half, 
which makes it useful in applications where traditional chips are not. “They’re not exactly 
flex, but they are lighter weight,” he said. “What we’ve found, though, is the thinning cannot 
be a post-processing step for MEMS devices.” 

NextFlex also has been experimenting with different ways of dicing those chips, from self-
dicing to using lasers. There are problems with each of those. For a multi-layer device, lasers 
can be blocked by different metal layers. Other options include saw-dicing, which is not ideal 
for MEMS chips with vents, and laser ablation, which works but is not a clean solution. 

Thinned, semi-rigid chips also have the challenge of adhering to a flexible substrate. One 
option is stud-bumping, but getting a good interface between the FHE and the bump 
without causing damage isn’t easy. 

Brewer’s Stone has seen similar problems. “The inks are usually pretty stable once you get 
the process down,” he said. “It’s the epoxy solders that we use. A lot of these weren’t 



designed to flex at all, particularly the solders. We’re playing in a rigid world. We’re trying to 
make a rigid world flexible. At the end of the day, that’s the challenge there. Any of those 
joints are where you have the greatest areas of concern.” 

Standards, supply chain, testing 

FHE standards are being hashed out now by industry standards groups. “There are no 
explicit standards for FHEs,” said IDTechEx’s Dyson. “If you want to put this device in an 
aircraft, yes, there are standards. And if I want to put this device in a medical device, medical 
application, satellite, whatever, yes there are loads of standards. But that’s for the system 
level.” 

The FHE industry is just beginning, and it’s still in the VC/government funding stage. “The 
companies that make FHE don’t make any money. You can buy them, but they’re making 
tiny volumes as a showcase to eventually try and get it adopted. They’re all existing with VC 
money and grants and so on. The flexible ICs — you can’t just go and buy them. Will you be 
able to buy them in five years? Probably.” 

This also makes it hard to create a supply chain that is reliable and secure, with multiple 
vendors supplying the same quality materials. “If you’re the device maker, it means you 
can’t set up a supply chain because your supply chain may be one company,” said Dyson. 
“That company will say, ‘We made the product with X capability,’ and you say, ‘Great, we’ll 
optimize, we’ll set up our process for that.’ And then that company goes bankrupt. You’re 
stuck. Whereas, if you have standards, you say ‘Oh, no problem, I’ll just buy from somebody 
else.’ If you want to manufacture in volume, and you’re going to invest millions in a huge 
production line, you need to know that you can buy your stuff from everybody. You want 
standardized stuff.” 

Standards adjust by industry. “There are huge numbers of applications, and some will be 
very niche, some will be mass-produced,” said Dyson. “There’s a huge difference in putting 
that with sensors on my clothing or sensors on shelving. That’s a relatively low-value mass 
market with cheap little sensors. For some little flexible bit that’s going to go inside a 
weapon, the requirements are completely different.” 

Even for the military, which buys a relatively small number of specialized products, the lack 
of standards is a problem. “An FHE’s reliability is very limited. A lot of the stuff that is out 
there is proprietary. That makes it very difficult,” said James Zunino, materials engineer, 
Armaments Engineering Analysis & Manufacturing Directorate, U.S. Army Combat 
Capabilities Development Command Armaments Center (CCDC AC). “There’s a lot of 
information needed — the materials, the inks, the substrates, the coatings, the actual 
devices, and the environmental applications, as well as packaging and interconnects. For a 
lot of that information, we try to share it, but it’s not shared very well yet.” 

The U.S. Department of Defense likes to know where everything is coming from and who 
touches what. “For qualification and certifications, it is definitely lacking for flex hybrid 
electronics. But you have to qualify and certify the materials, the equipment, the process 
and the operator. And if any one of those isn’t trusted, repeatable and known, then your 
final component will never be at the quality that you need it to be at to be able to be used 
safely, reliably and repeatedly,” said Zunino. “As everyone here knows, DoD is these heavily 
investing in flex hybrid electronics, the manufacturing techniques and the systems. But 
again, the failure mechanism, failure rates, all the accelerated test protocols and all the data 



aren’t properly defined, so we’re not doing a good job of telling people what we really want 
because we’re not quite sure exactly what we want yet. This industry and these technologies 
haven’t been around as long as a lot of the other things we’ve been doing for the past 100, 
150 years. So reliability models for these FHE devices are not fully developed yet. And we 
keep developing new materials, new technologies and adding more variables to these 
problems and the models and the software, and the tools.” 

Of course the military has some tough requirements. “We have the extra military challenges 
in the DoD. The operating storage and transportation environments of the Department of 
Defense are significantly different to what industry is developing. We have extremely high G 
loads, so sometimes it’s 50,000 to 150,000 G shock. Now we’re bringing in a whole 
hypersonic world into our electronics, extreme temperature/humidity ranges. So we need 
stuff to work and -45°, -50° degrees and all the way up to where the soldiers have to operate 
which is 170° Fahrenheit. There are places our soldiers are operating where the daytime 
temperature is 174°F. And then you bring in the hypersonics, where you can now see 
temperatures up 3,500°F and all of electronics have to supply these environments at a high 
shock and vibration load. So if you are shooting something at like 50,000 Gs, and it hits 
something, that’s an extreme shock environment that’s very hard to test and predict any 
other way. And a lot of times we want our stuff to sit for 30 years before we then shoot it on 
to 50,000 Gs into something, and it has to work.” 

NextFlex, Georgia Tech’s George W. Woodruff School of Mechanical Engineering, Dupont 
and the U.S. Airforce Research Lab are working on testing standards. “It’s really important to 
have standards for how you qualify and quantify the reliability of these types of materials,” 
said Benjamin Stewart, a mechanical engineering doctoral candidate with Georgia Tech, who 
worked making testing standards for FHEs and helped create a new testing machine for flex 
circuits. 

“One person says, ‘We stretched this new productive ink to 30% and experienced this level 
of assistance increase.’ Another person could do other similar test and get wildly different 
results because the standards are really loose,’ said Stewart, noting loose standards are a 
sign of an immature field. “We’re in the early stage of maturity here. So one standard to talk 
and use in this space is called the IPC guideline on flexibility/stretchability testing. Right now 
this guideline says, ‘If you run a test, just tell us everything about your test. If possible, 
choose to describe, so what is your specimen look like? What was the size of your specimen? 
How many samples are in your study? What is the strain rate you used? Show us your 
electrical test data versus stretch percentage.’ So they just say, ‘Tell us everything because 
we don’t want to tell you what is important. So just say what you did, and we can take a look 
at it.’ What’s missing here, and what everybody’s trying to really understand — and this is 
part of the focus of our group — is we’re missing the actual recommended parameters for 
each of these things. So you want to be in this strain-rate range if you are interested in this 
realm of physics, if this is your application, to say you should use this strain rate, your 
sample should be this size, things like that.” 

Georgia Tech is working to define how to test and what standards are important to meet, 
including how to create test samples layouts and stretch tests that won’t be polluted by 
connector issues. The school developed a biaxial stretch test machine that creates standard 
stretch and measure conductivity/resistance results. 

Georgia Tech’s Benjamin Stewart (presenting at SEMI’s FLEX/MEMS & Sensors conference in 
San Jose, Calif. on Feb. 26, 2020) explains a new testing machine the university worked on 



with partners. The machine enables standardized testing flexible on uni- and bi-axial 
stretches of flexible circuits to measure the circuits’ conductivity while under stress. Georgia 
Tech found that uniaxial stretching did not reduce the conductivity so much as the biaxial 
stretching. Photo: Susan Rambo/Semiconductor Engineering 

And finally, just because chips are inexpensive doesn’t mean they are easily disposable. A big 
question is what to do with these devices once they have lived out their projected lifespan. 

“This is toward the idea of putting sensors on everything,” said IDTechEx’s Dyson. “If I put a 
sensor on my coffee cup, it basically needs to be compostable. I’m not going to spend the 
time disassembling it and putting my silicon in a separate box. Clearly that’s stupid. So 
you’ve got to just be able to recycle it. But how do you do that, because you’ve got all these 
different materials? It’s very hard to recycle stuff with a lot of different materials. Your 
silicon isn’t going to compost. Metal oxide is not really going to compost, either. You want 
this stuff to be so cheap that you can throw it away. And then you get the ethical 
sustainability issues. Is it ethically okay to throw away very small amounts of silicon? People 
are worrying about biodegradable substrates. They’re not worrying about biodegradable 
chips. That’s miles away.” 
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Ventec Re-Certified to AS9100 Revision D in UK 
 
Ventec International Group Co., Ltd. is pleased to announce that the company’s European 
headquarters in Leamington Spa, UK has successfully been re-certified with AS9100 Revision 
D in accordance with the Aerospace Supplier Quality System Certification Scheme EN 9104-
001:2103 by SGS.  
 
Ventec’s UK and China facilities are certified to AS9100 Revision D quality standard, 
providing OEM’s and PCB fabrication customers servicing the aviation, space and defense 
industries access to a fully accredited supply chain for high reliability laminates and 
prepregs. This standard includes ISO 9001:2015 quality management system requirements 
and specifies additional aviation, space and defense industry requirements, definitions and 
notes.  
 
To qualify and meet the strict certification criteria of the certification, Ventec’s material 
manufacturing & supply processes undergo a thorough assessment for stringent aerospace 
requirements. Attaining and maintaining certification is critical to Ventec’s mission to 
consistently offer aerospace- and automotive-grade materials to the market. 
 
Anthony Jackson, General Manager of the UK facility commented: “Achieving and 
maintaining highest quality standards is the key to our success and continued growth. I am 
delighted with our successful re-certification audit which reflects the hard work of the entire 
Ventec team in implementing and practicing the highest levels of process quality. Our 
commitment to managing delivered quality to the highest standards provides our customer 
with the reassurance of being their strategic partner of choice in their own safety critical 
supply chains.” 
 
From manufacture through fabrication and global delivery, Ventec's high quality product 
portfolio of polyimides, high reliability FR4, tec-speed range of high speed/low loss materials 
and tec-thermal range of IMS materials are all covered by the accreditation. 
 
For further information about Ventec’s solutions and the company’s wide variety of 
products, is available at www.venteclaminates.com and/or by downloading the Ventec APP.  
 
 



Join the UK and WNIE Pavilion at SMTconnect 
2020 
SCS Exhibitions and WNIE (What’s New in Electronics) would like to invite both our UK and 
International Colleagues the opportunity to join our pavilion at SMT Connect this year, 
taking place in Nuremburg from the 5th – 7th May. 
 
Occupying a prime location in Hall 4 participants can exhibit from as a little as £2,995. This 
Pavilion will offer companies an inclusive POD package and the opportunity to secure a 
discounted marketing package with the WNIE online platforms. The POD includes the 
following elements: 
  

 POD Space on the pavilion 

 Company branding on large overhead banners 

 Electrical Connection 

 Use of Hospitality Facilities on pavilion (free refreshments throughout the show) 

 Use of pavilion seating/meeting spaces 

 Listing on event website 

 Option of interview on WNIE TV 

 Exhibitor Badges 

 Post show networking opportunity 

For eligible UK businesses, there are a limited amount of DIT grants to the value of £1,000 
towards these costs.  
 
You can then upgrade your participation in the pavilion with a variety of discounted 
marketing packages via WNIE ( www.wnie.online) – the global industry hub. There are 4 
different packages available and all have limited opportunities: 
  

 Bronze Package – 3 x Tile Ads (one per week) on the weekly WNIE Wednesday 
Newsletter reaching over 80,000 people globally and priority posting of any press 
releases on the newsletter and out to our 18,000 + social media followers – you can vat 
– special pavilion rate = £455 + vat 

 Silver Package – 3 x Banner Ads (one per week) on the weekly WNIE Wednesday 
Newsletter reaching over 80,000 people globally and priority posting of any press 
releases on the newsletter and out to our 18,000 + social media followers – you can 
select the weeks either pre or post SMT Connect. Package price should be £1,485 + vat – 
special pavilion rate = £895 + vat 

 Gold Package – 1 Month Web Banner + 3 x Banner Ads (one per week) on the 
weekly WNIE Wednesday Newsletter reaching over 80,000 people globally and priority 
posting of any press releases on the newsletter and out to our 18,000 + social media 
followers – you can select the weeks either pre or post SMT Connect. Package price 
should be £2,235 + vat – special pavilion rate = £1,295 + vat 



 WNIE TV – Take the ultimate coverage on WNIE TV with your logo on the studio wall 
and on video interview intros/outros and guaranteed one to one interview at SMT 
Connect or the option to join one of the round table discussions. Regular Price = £2,500 
+ vat. Pavilion Participants Price = £2,000 + vat 

  select the weeks either pre or post SMT Connect. Package price should be £750 +  

 
We hope that we can increase and improve your company’s exposure through these great 
offers. 
  
The SCS Expo and WNIE Team.  
+44 (0)1428 609 382 
 
 



 

    

IMAPS-UK Microtech 2020 18-19 March 2020 

“X-Ray and SAM Inspection” Pre-Conference Workshop - 18 March  
Bring Your Own Samples for Inspection at Cupio Ltd, Basingstoke 

Book your place here: 
https://www.imaps.org.uk/events/microtech-2020-pre-conference-x-ray-inspection-

workshop/ 

Microtech 2020 Conference - 19 March 2020 

Advanced Packaging 

System in Package, 3D and wafer level assembly, advanced thermal 

management materials and plastic packaging for electronics and photonics. 

at Rutherford Appleton Laboratory, Harwell Campus, Didcot, Oxon 
Book your place here: 

https://www.imaps.org.uk/events/microtech-2020-advanced-packaging/ 

 

Pre-Conference Dinner - 18th March 2020 at Steventon House Hotel 

Informal Indian Buffet @£38.00 per head 

Choose Ticket MT20-10 

  

 

For any other details or information please contact: 

IMAPS-UK Secretariat 

125 High Street Chesterton 

Cambridge  CB4 1NL UK 

Tel: +44 0131 2029004 

e-mail: Office@imaps.org.uk 
 

 



 

EIPC SPEeDNEWS 
The Weekly On-Line Newsletter from the European Institute of Printed Circuits. 

Issue 7 – March 2020 

NEWS FROM THE USA 

HDP/EIPC AUTOMOTIVE WORKSHOP hosted by VENTEC 
POSTPONED 
 
March 10, 2020 
 
As you are aware, the recent Global Corona Virus outbreak has caused many restrictions on 
travel. It has caused companies to place restrictions on employee’s participation in 
conferences and external events. We have been in close consultation with our European 
meeting sponsors to assess the situation. Some countries in Europe have been hit especially 
hard with the virus. Cases in Germany have been increasing significantly.  The safety of our 
members is paramount, and the logistics requirements have made it difficult to hold a safe, 
successful meeting. As a result, HDP must cancel its 2020 European meeting and its HDP/ 
EIPC Automotive workshop that was planned for early May.  
 
HDP will move forward with an Automotive Webinar, date to be announced. The webinar 
will address key issues facing automotive electronics, unique reliability issues, and materials 
challenges. The webinar will also provide a safe non-travel alternative for our members.  
 
HDP will post the May project updates that would have been presented at our member 
meeting on our Web site. The updates will provide our members with a view of the progress 
made on our projects. 

HDP will hold its fall meeting on October 7-8 to be hosted by IBM in Rochester, Minnesota. 
Please see the HDP website for more details. 

Larry Marcanti, Marketing Director                              
HDP USER GROUP INTERNATIONAL, INC        
1363 Francie Way 
Allen, TX 75013 USA 
E-mail:  Larrym@hdpug.org 
Cell:   +1 214-621-7792  
Skype: LEM_TX 
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Revolutionising PCB production 

 
The method of printing PCBs has not changed for decades. In the early days of imaging 
circuit boards a substrate (copper laminate) was screen printed with a liquid etch resist; this 
was then oven cured. 

This enabled the resist to act as a mask during the etching process which followed. The 
screen both applied the coating and also created the exact image of the tracks required on 
the wiring board. 

In the 60’s and 70’s demand for PCBs grew exponentially and better ways of packing more 
components on to a board within less space. This led to double-sided boards and 
multilayered modules. The next step was to find a reliable method to connect boards side to 
side. Initially, this involved soldered wire links but eventually this gave way to the more 
reliable ‘plated through hole’ method which is prevalent method today for connecting one 
layer to another. 

Wet Resists 

Between the 70’s and early 2000’s track densities increased and circuits with more than 12 
interconnected layers became commonplace. Track widths became increasingly smaller with 
100 microns becoming achievable. 

Traditionally, wet resists are used and still used as the de facto method of printing in the 
industry. However, the method is not perfect and has a number of disadvantages. 



Wet resists are generally inexpensive but need pre curing before being printed and tend to 
be used in high volume production due to the capital cost of curing ovens. Handling also 
tends to be problematic as the wet resist cannot be touched. The partly cured resist can also 
attract dust particles due to its tacky surface. For these reasons, many in the industry are 
switching to the dry film method. 

Basically, dry film is a partly dried wet resist sandwiched between two layers of Mylar. Upon 
application, one of the layers of Mylar is removed on a purpose built laminator and the 
partly dried resist (dry to the touch) is laminated under heat and pressure on to the copper 
substrate. Despite dry film being more expensive than wet resist, the convenience of 
handling has made it the most popular material for imaging and etching PCBs. 

Dry film manufacturing 

The manufacture of dry films for PCB use is an exacting task and has to be carried out in 
strict cleanroom conditions using a purpose-built coating line. Such facilities have typically 
been dominated by a few large players such as DuPont, Morton Thiokol and Hitachi. 

After coating, and part drying, the master rolls are cut to sizes required by PCB 
manufacturers. To maximise usage, the PCB firm must order the exact width needed for the 
panel size. If a different panel size is required the roll needs to be changed leading to down 
time and loss of production. In warmer climates the film has to be stored in a controlled 
storage facility which is an added cost. 

The equipment used to laminate dry film (Cut Sheet Laminator) has become increasingly 
complex and is a significant cost to purchase and maintain. For example, CLS units can cost 
upwards of $200,000 and placement of the rubber laminating rollers after they become 
deformed can cost $600 every 6-8 weeks. 

Another issue with dry film is that the PCB manufacturer has to specify the exact widths of 
film to match the size of the copper panels being used. Changing rolls of film for different 
widths of panel causes costly downtime. 

However, perhaps one of the biggest drawbacks to thin dry film is the amount of adhesion to 
the copper panel. 

The copper panel may appear flat to the naked eye but closer examination shows a rough 
surface with a dendritic (tree like) structure. Everything appears fine until the printed panel 
is in the etching bath. Etching chemistry can get underneath the dry film (micro fissures) and 
effectively eat through the thin copper creating an open circuit. Normally this is only 
discovered after etching and cannot be inspected for as there are no visible signs. 

Over the past decade Rainbow has been working on chemistry and systems designed to 
overcome the issues with the wet film method. Rainbow’s proprietary liquid resist and 
coating system, launched at last year’s Productronica exhibition, addresses these issues 
giving PCB manufacturers complete control over handling and control of coating thickness. 
The liquid resist flows easily, adheres closely to the surface of the substrate and can be 
applied at ambient temperature. 

Moreover, the resist does not require drying before it is imaged. 

The panel can still be handled as the resist coating is protected by a layer of Mylar. The resist 
is first applied to a reel of polyester and then laminated directly to the copper panel, leaving 
the protective polyester carrier in place over the resist transfer coating. 

After lamination the panel is “singulated” separating it from the carrier web. The panel can 
then be exposed by any method, including DI/LDI. 



Hybrid coating 

To complement this new generation of resists, the company has now introduced its Hybrid 
Coating Unit (CL21 Hybrid Coating Laminator).The CL21 makes handling wet resists easy and 
puts the PCB manufacturer in complete control of the printing process. The resist is first 
applied to a reel of polyester and then laminated directly on to the copper panel, leaving the 
protective polyester sleeve in place over the resist-transfer coating. 

After lamination the panel is “singulated” separating it from the carrier web. The singulated 
panel can then be exposed by any method, including DI/LDI. 

The Coating thickness can be from 2-30 microns and thinner resists are ideal for fine line 
printing. Part numbers and thicknesses can be changed in as little as 2-3 minutes. The 
coating unit can be configured to coat panels, webs, single or double sided as both an etch 
or plating resist. 

When the proprietary liquid resist is combined with the CL Coater, the aim is to save PCB 
manufacturers considerable amounts of time and money as well as improving the quality of 
the end product and reducing defects. 

Author details: David Westwood, Sales and Marketing Manager, Rainbow Technology 
Systems. 
 

 

 

 

 

Seica S.p.A. will be participating at Amper 2020, Brno-Czech Republic, March 17 – 20 2020, 

Hall F, Booth 3.02, Brno Exhibition Centre  

 
Strambino, Italy, February 2020. Seica S.p.A. unique and unusual solutions will be displayed 
at Amper 2020.  
 
Seica will showcase their latest products again at Amper Fair in the Czech Republic, in PBT 
Rožnov Booth, Hall F 3.02, visitors could see the performance of the Pilot V8, the most 
extensive flying probe test platform on the market, and the versatility of the Compact RT, a 
fully automatic Rotary Table tester system. 
The two Seica NEXT> SERIES systems, the new generation of Seica systems are  featuring a 
renovated and sleek look thanks to the new materials of the chassis. 
 
The Pilot V8 is the most extensive flying probe test platform on the market, with up to 20 
mobile resources. The standard test probes can each apply up to 2 A current and the system 
can be configured with high-resolution cameras for automatic optical inspection, barcode 
and data matrix reading, laser sensors, capacitive probes, pyrometers, optical fiber sensors 
for LEDs, mini-fixtures for boundary scan and On Board Programming. Shown in its fully-



automated version, compatible with any standard assembly line, the Pilot V8 Next is 
engineered for medium/high volume production, and can be configured to satisfy the full 
range of different board test requirements. Other available features include the HR option, 
which extends the performance to probing of extremely miniaturized devices (down to 30 
µm), and the HF option with high-frequency probes, able to measure signals at frequencies 
over 1.5 GHz. The Pilot V8 XL version expands the standard work area of 610 x 540 mm to 
800 x 650 mm, to accommodate and test “extra-large” boards.  
 
The Compact RT is designed to provide the maximum productivity in any Robotic Process 
Automation (RPA) scenario. It is ideal for medium/high volume production, 450 mm wide 
and perfect to provide immediate in-line robot integration to reduce the impact of DUT 
loading/unloading times. The system can work in automatic mode (by robot/cobot) or 
manual mode (by operator). Due to its versatility and its modular design, different 
automated handling line concepts can be implemented; more systems can be aligned or can 
be placed in circle.  
Configurable for in-circuit, pre-functional, functional and combinational testing as well as on-
board programming, this solution has the modularity needed to provide tailor-made test 
performance for the specific requirement with all of the advantages of a standard platform. 
 
 
All of the solutions on display include Seica’s VIVA NEXT software platform, which is able to 
provide intelligent integration with all aspects of the customer’s manufacturing processes - 
data collection, traceability, interaction with MES, repair operations. All of the Next> series 
systems have Canavisia’s Industrial Monitoring solution on board, for remote monitoring of 
current and voltage consumption, mains supply, temperature, light indicators and other 
parameters useful to indicate correct operation. This solution provides information for 
predictive maintenance and, in general, to render the systems compatible with today’s 
Industry 4.0 standards. 
 
 
 
 
. www.seica.com  
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IPC Releases New Standards Revisions 

  

BANNOCKBURN, Ill., USA, March 5, 2020 — IPC announces the release of five newly 

revised standards covering several areas of the supply chain, IPC/WHMA-A-

620D, Requirements and Acceptance for Cable and Wire Harness Assemblies; IPC-

2223E, Sectional Design Standard for Flexible/Rigid-Flexible Printed Boards; IPC-

2591-Version 1.1, Connected Factory Exchange (CFX); IPC-1791A, Trusted Electronic 

Designer, Fabricator and Assembler Requirements; and IPC- 6012E, Qualification and 

Performance Specification for Rigid Printed Boards. 

For printed boards, IPC-2223E will provide designers of flexible/rigid-flexible 

designs with updated figures, new sections and comments on microvia stacking, 

back drilled holes and dual row zero insertion force (ZIF) connectors. 

IPC-6102E provides new acceptance criteria for back drilled holes, discussion 

on reliability issues for microvia structures in Class 3 products, and establishes new 

requirements for copper wrap plating of holes in new designs. 

For those involved with wire harness requirements and acceptance 

IPC/WHMA-A-620D provides some new acceptability criteria, figures and graphics on 

target conditions, solderless wrap section revisions, and a new section  added on 

over-molding of flexible flat ribbon. 

The connected factory exchange (CFX) standard, IPC-2591 V1.1 provides 

changes made to message sections and message structure sections. Appendix A was 

added with a short description of all changes from V1.0 and Appendix B provides 

acronyms and abbreviations. 



IPC-1791A provides a new Appendix D covering requirements for trust 

certification of non-U.S. electronic design, fabrication and assembly organizations. 

Several sections have been updated and added to 1 scope and 3.0 requirements. 

IPC would like to thank the many committee members for their participation 

in developing standards for the electronics industry to help build electronics better. 

For more information or to purchase these new releases, 

visit https://shop.ipc.org 

 
IPC Issues Call for Participation for IPC APEX EXPO 2021 

  

BANNOCKBURN, Ill., USA, March 3, 2020 — IPC invites engineers, 

researchers, academics, technical experts and industry leaders to submit 

technical conference abstracts and course proposals for IPC APEX EXPO 

2021 to be held at the San Diego Convention Center. Professional 

development courses will be held January 23-28, and the technical 

conference will take place January 26-28, 2021.                                         

  

The industry’s premier conference and exhibition for the electronics industry, 

IPC APEX EXPO provides presenters and their companies with a notable and 

cost-effective opportunity to promote their expertise and gain visibility with key 

engineers, managers and executives from all segments of the industry 

worldwide. To recognize exceptional achievement, awards will be presented 

for “Best Paper.”                                                

  

Topics for Technical Conference Papers and Professional Development 

Courses: 

 3D Printing in Electronics Manufacturing 

 Automation in Electronics Manufacturing 

 Adhesives 

 Advanced Technology 

 Area Array/Flip Chip/0201 Metric 

 Assembly and Rework Processes 

 BGA/CSP Packaging 

 Embedded Passive & Active Devices 

 Environmental Compliance 

 Electromigration 

 Electronics Manufacturing Services 

 Graphene in Electronics Manufacturing 

 Lean Six Sigma 

 LED Manufacturing 

 PCB Fabrication 

 PCB and Component Storage & 
Handling Performance 

 Quality & Reliability 

 Packaging & Components 

 Photovoltaics 

 PoP (Package-on-Package) 

 Printed Electronics 



 Black Pad and Other Board Related Defect 
Issues 

 BTC/QFN/LGA Components 

 Business & Supply Chain Issues 

 Cleaning 

 Conformal Coatings 

 Corrosion 

 Counterfeit Electronics 

 Design 

 E-textiles 

 Failure Analysis 

 Flexible Circuitry 

 HDI Technologies 

 Head-on-Pillow 

 Board and Component Warpage 

 High Speed, High Frequency & Signal 

 Industry 4.0 

 Integrity 

 Lead-Free Fabrication, Assembly & Reliability 

 Miniaturization 

 Nanotechnology 

 Optoelectronics 

 Reshoring 

 RFID Circuitry 

 Robotics 

 Soldering 

 Surface Finishes 

 Test, Inspection & AOI 

 Tin Whiskers 

 2.5-D/3-D Component Packaging

 Underfills 

 Via Plugging & Other Protection

 Wearables 
  

          

An approximate 300-word technical conference abstract summarizing original 

and previously unpublished work covering case histories, research and 

discoveries must be submitted. The submission should describe significant 

results from experiments and case studies, emphasize new techniques, 

discuss trends of interest and contain appropriate technical test results. 

          

In addition, course proposals are solicited from individuals interested in 

presenting half-day (three-hour) professional development courses on design, 

manufacturing processes and materials.                                                      

  

Technical conference paper abstracts are due June 20, 2020 and course 

proposals are due June 8, 2020. To submit an abstract or course proposal, 

visit www.ipcapexexpo.org/education/call-for-participation. 

          

For more information on technical conference or professional development 

course participation, contact Brook Sandy-Smith, IPC technical education 

program manager at BrookSandy@ipc.org. 
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INTERNATIONAL DIARY 

2020 
 
KPCA Exhibition 
22-24 April 
Korea 
 
EIPC @ SMT Hybrid Packaging 
5-7 May 
Nurnberg, DE 
 
HDP-EIPC Automotive Seminar hosted by Ventec 
12-14 May 
Frankfurt, DE 
 
JPCA Exhibition 
June 
Tokyo, Japan 
 
EIPC Summer Conference Örebro, SE 
Visit Ericsson 5G Test Centre  
16 & 17 June 
Örebro, SE 
 
FED Conference 
17-18 September 
Augsburg, Germany 
 
IPCA Expo 
23-25 September  
India 
 
TPCA Exhibition 
21-23 October 
Taipei, Taiwan 
 
EIPC @ Electronica 2020 
10-13 November, 
München, Germany 



ECWC15, WECC World Electronics Circuits Council 
30 November-2 December 
Shenzhen, China 
 
HKPCA Exhibition 
2-4 December 
Hong Kong, China 
 


