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Abbreviations 

AM Additive Manufacturing 

CVD Chemical Vapour Deposition 

FLEX Flexenable Limited – beneficiary company of HiperLAM 

KPIs Key Performance Indicators 

LIFT Laser Induced Forward Transfer 

NRE Non-recurring engineering (costs) 

ORB Orbotech – coordinator and beneficiary company of HiperLAM 

OL Oxford Lasers - beneficiary company of HiperLAM 

OLED Organic Light Emitting Diode 

OEMs Original Equipment Manufacturers 

oTFT Optical Thin-Film Transistor 

PRAG PragmatIC Printing Limited – beneficiary company of HiperLAM 

PVN PV Nanocell – beneficiary company of HiperLAM 

RFID Radio Frequency Identification 

R2R Roll-to-Roll 

SLS Selective Laser Sintering 
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1 Version History 

 

Ver. Summary of Change Written By Approver Date 

0.01 Initial Draft Derek 
McKenzie 

 20.03.19 

0.02 Draft Derek 
McKenzie 

 01.05.19 

1.0 Final Derek 
McKenzie 

Alon 
Melamed 

09.05.19 

 

2 Scope 
 

The aim of the HiperLAM project is to demonstrate superior cost and speed performance by the 
deployment of additive manufacturing approaches based on LIFT technology and Selective Laser Sintering 
(SLS) in two printed electronics application areas, namely RFID antenna and Fingerprint sensors.  
 
This document set outs the requirements for resources and initiatives to support the adoption of 
HiperLAM technology and proposes the provision of a range of training resources to satisfy those 
requirements. 
 

3 Introduction:  
 

The HiperLAM Consortium believes that it is on the cusp of great success in demonstrating the applicability 
of LIFT printing and SLS as Additive Manufacturing methods in Flexible and 3D Printed Electronics.  
 
Much of the commercial impact is expected to flow from the business activity of the end-users in the 
project (FLEX and PRAG) and the key technology enablers, namely PVN (conductive inks), ORB (flexible 
electronic manufacture) and OL (SLS). Each of these organisations is poised to exploit the results of the 
project in the market segment in which they are focused.  
 
This document has been prepared as a specification of the requirements for resources and initiatives to 
support the adoption of HiperLAM technology. It sets out the case for the development of resources that 
will aid end-users, specifiers, and influencers in determining the suitability of existing processes to the 
introduction of LIFT and SLS technology. The research into the needs of the manufacturers is based upon 
the business intelligence gathering and knowledge of the individual beneficiaries in the project as well as 
the experience of set-piece events, notably the participation of the project in the IDTechEx Show, Berlin 
April 10th & 11th, 2019 and previously at LASYS, Stuttgart, June 2018. 
 
The HiperLAM project has two technology demonstrators through which the benefits of LIFT and SLS can 
be promoted. The anticipated achievement of the Key Performance Indicators (KPIs) for both technology 
demonstrators constitutes an ideal platform from which a dialogue with potential users, specifiers and 
influencers can materialize. But the question that this document seeks to answer is what else can be cost 
effectively prepared in the way of training or educational resources that will help convert potential users 
more readily to undertake the feasibility work necessary to underpin a potential investment in new AM 
technology for 3D printing and flexible electronics. 
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This report has been prepared by MODUS Research & Innovation Limited, with the support and input from 
the Project Partners. Any feedback about this report should be sent to the following people: 
 
Alon Melamed (ORBX) – Alon.Melamed@orbotech.com  
Derek McKenzie (MODUS) – hiperlam@modus.ltd 
  

mailto:Alon.Melamed@orbotech.com
mailto:hiperlam@modus.ltd


        

HORIZON 2020 
 FOF-13-2016 

HiperLAM 
GA No. 723879 

D6.6 – Training Plan Public V1.0 

 

Page 5 of 14 Version: 1.0 Status: Final 

4 Needs Analysis 

This section of the report reviews the knowledge gained in the process of Communicating and Disseminating the 
HiperLAM project objectives, and intermediate results, in order to draw conclusions about the barriers to 
adoption and the means of accelerating uptake through the lens of training and education. 

 Laser-based Additive Manufacturing (AM) 

As anyone involved in the materials processing or printing industry will testify there is a potentially bewildering 
array of technology choices available to manufacturers. 

The 3D printing sector alone covers a wide variety of processes in which material is joined or solidified under 
computer control to create a 3D object with material being added together (such as liquid molecules or powder 
grains being fused together), typically layer by layer.  A few of the processes are laser-based and amongst these is 

the relatively recent addition of LIFT, a form of laser direct writing using a thin layer of matter transferred from 

its support structure onto the substrate below it by using laser energy.  

Laser-based AM is growing fast in some high-profile sectors, fuelling interest from a much wider spectrum of 
potential manufacturing users. The opportunity to capitalise on the interest that is being generated, and to harness 
it for the benefit of HiperLAM’s beneficiaries, is a powerful motivating force to find the best ways of communicating 
the benefits to a new audience. 

 Barriers to the adoption of laser-based AM including LIFT and SLS 

The first challenge of any new technology is the relative lack of awareness of its existence. LIFT is not well known 
and clearly HiperLAM has sought to overcome the lack of awareness of LIFT through the Communication activities 
of the project. Measures of success in this respect are somewhat crude in terms of web-site hits, YouTube views, 
LinkedIn and Twitter followers etc. but significant progress has been made (see Deliverable D6.4 and section 4.3 
on engagement with end-users) and awareness of LIFT is growing. 

Arguably, the biggest barrier to the adoption of LIFT in Printed Electronics is the immaturity of the process in the 
eyes of the PCB manufacturers. Current electronics production relies on traditional processes, supported by 
standards. The LIFT technology is a new process and is perceived to be too far away from the known ones; as a 
result, OEM’s are suspicious of its applicability, reliability, etc. The normal way of addressing this sort of barrier is 
to find “early-adopter” customers who will proceed to take managed risks in the hope of securing benefits such as 
first-mover advantage. HiperLAM benefits from the inclusion of two such early-adopter companies in the project, 
namely PragmatIC and Flexenable.  

To the non-expert, it can be a significant challenge to understand the strengths and weaknesses of any given 
printing or AM technology for electronics. There are trade-offs in terms of cost, speed, resolution, uniformity, 
adhesion, long-term reliability etc that will determine which technology is best suited to an application. The main 
rival to LIFT is Ink Jet technology, but its slow speed is likely to hamper its adoption in many production processes 
where high speed and throughput are essential. But often, before getting to the point of discussing trade-off 
possibilities between an existing printing or AM technology (mechanical or electonics),  preconceptions come into 
play, often based upon historical origins of a technology, or terminological conventions, and may act as a barrier to 
progress; some examples are as follows; 

• Differences between 2D, 2.5D and 3D printing are not universally understood; LIFT is pitched as a 3D 
printing (or Electronics AM) technology but when described as “LIFT printing” can become subsumed into 
debates between its merits and more prosaic printing technologies. Clarity of presentation is always 
important in marketing and LIFT 3D printing needs to be pitched correctly to create and capitalise upon its 
distinctive proposition as an Electronics AM technology. 

• Additive Manufacturing (AM) is mainly attributed to mechanical printing, and not intuitively associated with 
electronics printing. This can inadvertently invite novices, with little or no experience of additive 
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manufacturing to make enquiries about LIFT as a replacement for mechanical subtractive processes. 3D 
Printing and AM technology are terms that are increasingly interchangeable but depending on one’s 
perspective, the emphasis can be slightly different; Additive manufacturing” (AM) is a big picture term more 
at home in the boardroom than the factory floor or garage. Naturally, AM separates itself from older, 
subtractive technologies like etching. Otherwise, the term is less about the 3D printer itself, and more 
about the manufacturing process transformed by 3D printing. One summary of the difference is that 
additive manufacturing is “the industrial version of 3D printing”.  

• Based upon the results of HiperLAM and supported by published literature1, LIFT 3D Printing offers 
significant potential as an enabling technology for Printed Flexible Electronics. Technologies for enabling 
Printed Flexible Electronics can be divided into contact (e.g. screen printing, flexography, gravure printing 
and soft lithography) in which the printing plate is in direct contact with the substrate; and non-contact 
techniques (e.g. laser direct writing, aerosol printing, inkjet printing) where only the deposition material 
get into contact with the substrate. LIFT is clearly a non-contact form of laser direct writing. The level of 
expertise required to differentiate between the different printing technologies, assess the process and 
application requirements, understand the materials and their critical limitations, is considerable. Given the 
complexity, the natural conservatism of manufacturers, who may have relied successfully upon an existing 
technology for many years, is a hurdle to a switch in strategy recognisable to many observers of industry 
developments in the field. A compelling proposition must be presented. 

• As any marketeer will know, segmentation of the market is the key to devising and promoting a proposition 
which matches the needs (expressed or latent) of the potential buyers in the targeted market segment. The 
experience of soliciting user engagement in the HiperLAM project (see D6.4 and section 4.3) has reinforced 
the necessity of refining the segmentation to a very focused level for the presentation of LIFT 3D printing 
as a solution for Flexible Electronics.  

 Engagement with users, specifiers and influencers 

The Communication and Dissemination activities of the project have sought to promote the benefits of LIFT and 

SLS and invite engagement and dialogue from interested parties wishing to understand more about the 

technologies. Two particularly notable events have yielded a significant number of recorded interactions, namely: 

• LASYS Exhibition and Conference, Stuttgart, June 2018 

• IDTechEx Show, Berlin, April 2019 

The dialogue that has been generated through these events, and other interactions, has been notable for the 

sheer variety of interest shown in the technologies, including from those seeking opportunities to become part of 

the LIFT & SLS supply chain. 

No Organisation Name 
 

Interest/Comment 

1 LPKF Bernd 

Lange 

bernd.lange@lpkf.

com 

Interested in LIFT. Owner of a commercial 

system currently used for printing on glass. 

2 LZH Gerrit 

Hohenhoff 

g.hohenhoff@lzh.

de 

General interest in LIFT 

3 Huawei Dusseldorf 

GmbH 

Qiangguo 

Zhou 

zhouqiangguo@h

uawei.com 

Interested in the LIFT process and laser 

sintering. 

                                                           
1 Silva Manuela Ferreira Cruz, Luis A. Rocha and Julio C. Viana 
Printing Technologies on Flexible Substrates for Printed Electronics DOI:10.5772/intechopen.76161 

mailto:bernd.lange@lpkf.com
mailto:bernd.lange@lpkf.com
mailto:g.hohenhoff@lzh.de
mailto:g.hohenhoff@lzh.de
mailto:zhouqiangguo@huawei.com
mailto:zhouqiangguo@huawei.com
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4 SYNDICATE Rajiv 

Aggarwal 

rajiv@syndicategr

oup.net 

Ag inks, currently screen-printing RFID in 

high volume on R2R 

5 SABIC Constantin 

Demetriou 

constantine.deme

triou@sabic.com 

Interested in supplying substrates to 

PragmatIC 

6 EVR Adrian 

Kowollik 

ak@eastvalue 

research.com 

Analyst who wants to know if XTPL ink 

technology is good or not 

7 DELO Noel 

Clarke 

noel.clarke@delo.

de 

Adhesive supplier - concerned about the 

disruptive potential of LIFT 

8 BOE Andy 

Young 

yangyafeng@boe.

com.cn 

Printing OLEDs 

9 Domicro Marcel 

Grooten 

m.grooten@domi

cro.nl 

Start-up company basd in Eindhoven 

interested in Holst (TNO) centre 

10 National University of 

Singapore 

Dr Denis 

Le Goff 

eledfmlg@nus.ed

u.sg 

General interest in LIFT 

11 Resodyn Andrew de 

Padey 

info@resodynmix

ers.com 

Acoustic Mixing/Supplying PVN 

12 PMO - Israeli Defence 

Industry 

Not 

Disclosed 

 
General interest in LIFT 

13 Silub Dr Amor 

Blum 

 
CVD v LIFT 

14 BASF Dr 

Nikolaus 

Nestle 

 
General interest in LIFT 

15 UNI STAR INKS Not 

Disclosed 

 
High volume manufacturing with LIFT 

16 Worls Textile 

Information Network 

WTIN 

Kelly 

Cochrane 

kcochrane@wtin.c

om 

Flexenable and PragmatIC as potential 

members of the WTIN 

17 CVT Corp Not 

Disclosed 

 
Automotive R & D Centre/Looking for new 

ideas 

18 Weir Group Dr Douglas 

Watson 

douglas.watson@

mail.weir 

General interest in LIFT 

19 Sencio BV Dr Oliver 

Maiwaid 

oliver.maiwaid@s

encio.nl 

Sensors, RFID devices, lower cost 

manufacture using LIFT 

20 Nanorbital Advanced 

Materials 

Mr 

Chinmay 

Bhuta 

chinmay.bhuta@n

anorbital.com 

Indian based company supplying Ag 

nanowires for bonding. 

mailto:rajiv@syndicategroup.net
mailto:rajiv@syndicategroup.net
mailto:constantine.demetriou@sabic.com
mailto:constantine.demetriou@sabic.com
mailto:ak@eastvalue%20research.com
mailto:ak@eastvalue%20research.com
mailto:noel.clarke@delo.de
mailto:noel.clarke@delo.de
mailto:yangyafeng@boe.com.cn
mailto:yangyafeng@boe.com.cn
mailto:m.grooten@domicro.nl
mailto:m.grooten@domicro.nl
mailto:eledfmlg@nus.edu.sg
mailto:eledfmlg@nus.edu.sg
mailto:info@resodynmixers.com
mailto:info@resodynmixers.com
mailto:kcochrane@wtin.com
mailto:kcochrane@wtin.com
mailto:douglas.watson@mail.weir
mailto:douglas.watson@mail.weir
mailto:oliver.maiwaid@sencio.nl
mailto:oliver.maiwaid@sencio.nl
mailto:chinmay.bhuta@nanorbital.com
mailto:chinmay.bhuta@nanorbital.com
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21 TDK Electronics Not Known 
 

R & D Centre/Looking for new ideas 

22 MCX Gayatri 

Keskar 

gkeskar@material

connexion.com 

Consulting Company 

23 Fraunhofer IKTS Dr Mykola Vinnichenko General interest in LIFT 

24 VTT Antti 

Kemppain

en 

antti.kemppainen

@vtt.ti 

General interest in LIFT 

 

An analysis of the interests is contained in the chart below: 

 

Visit reports also captured useful comments, again illustrating the range of interest in the LIFT and SLS 

technologies. A selection of these are included below: 

• The IDTechEx participants who came to our booth, were surprised about the speed of the LIFT process. 

Most of the IDTechEx participants never heard of such process before. They were also impressed with the 

potential cost savings in NRE cost using this additive manufacturing process. But there were also some 

concerns about the maturity and reliability/uniformity of LIFT process.  

• IDTechEx participants were also asking about LIFT services and cost. It may be worth having a matrix table 

splitting HIPERLAM partners in areas of expertise to send customer leads/questions directly to the right 

HIPERLAM partner based on their area of expertise.   

• It may be worth doing a similar event at a different conference towards the end of the project when 

HIPERLAM generates more results with working demos to exemplify the benefits of LIFT. 

• A number of good contacts were made with printed electronics users (RFID antennas, conductive lines on 

TCOs) or researchers unfamiliar with laser technology capabilities. 

• These included Printed electronics equipment manufacturers that use laser technology (OET technologies, 

SYSKO) and a Finnish consortium of printed electronics organisations (Printocent Oy) interested in LIFT 

printing for connecting to chip on flexible medical device. 

• Fraunhofer Institute are developing diode laser sintering (kW power with specialist beam shaping for 

homogenising intensity supplied by LIMO optics)- sintering metallic lines on ceramics, plastics, etc by 

scanning 30mm focussed line; non-selective process. 

0 5 10 15 20

Low-cost RFID

Fingerprint sensors

LCD Displays

LIFT Printing

Inks (Ag)

Inks (Cu)

SLS for LIFT

SLP

SLS - Printed Electronics

Substrates

Other Applications

Industry Enagement - Interests

mailto:gkeskar@materialconnexion.com
mailto:gkeskar@materialconnexion.com
mailto:antti.kemppainen@vtt.ti
mailto:antti.kemppainen@vtt.ti
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• TDK; interested in adding functionality (printing conductive lines) on 3D printed structures 

 Principle Stakeholders (Target Groups) 

In the light of the results of the industry engagement strategy, the target groups can be segmented as follows: 

Group Message Means 

Potential Supply Chain 

partners 

HiperLAM is open to the possibilities that new 

collaborations with innovative supply chain 

partners can bring 

General Publicity on 

HiperLAM. Specific publicity 

on individual parts of the 

value chain (inks, substrates, 

LIFT, and SLS). Exhibitions 

featuring AM and Printed 

Electronics 

R&D Centres scanning for 

new, efficient laser-based 

printed electronics 

manufacturing 

technologies 

LIFT and SLS deliver high resolution, low cost 

printed flexible electronics 

Targeted approach. 

Identification of suitable 

targets (contact-based 

printing, expanding portfolio 

in printed electronics) 

Expert end-users in the 

printed electronics sector 

looking for improvements 

in Performance, Quality, 

Cost and Delivery (lead-

time). 

LIFT offers superior resolution to other laser-based 

non-contact technologies (e.g. inkjet). 

Targeted approach. 

Reference the Early-adopter 

sites in RFID tags and 

Fingerprint sensors 

Expert end-users in the 

Fingerprint sensor market 

HiperLAM delivers improved oTFT device 

performance using LIFT, featuring suitable ink 

compatible with oTFT device and uniform large 

area (3cmx4cm) LIFT process for fingerprint 

application. HiperLAM through Maskless process 

will enable cost reduction by 50% and improve 

processing speed by 5 times. Some challenges 

remain in high density (12.5µm gap) processing 

using LIFT and patterning using laser. 

Marketing Communications 

of Flexenable 

Expert end-users in RFID 

tag market 

HiperLAM offers advantages of direct printing 

onto selected substratess to simplify assembly and 

supply-chains. Initially this could be applied to 

antenna for certain types of RFID. In the longer-

term, there is potential to create digitally unique 

circuits in other applications areas connecting 

sensors and other components, such as batteries, 

as part of the IoT. 

Market Analysis of 

PragmatIC 
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 User Needs 

For each of the target groups, the information needed by them to make informed decisions about investing in 

HiperLAM technology or partnering with individual beneficiaries to progress their interest, constitutes a set of 

needs that we need to consider how best to service. Viewed through the lens of training and education, we can 

devise strategies to support adoption of HiperLAM technology.  

 Meeting those needs 

The matrix table below is proposed as a holistic and coordinated plan to address the needs of the target groups 

with self-help resources, training courses and the promotional activities necessary to support their 

implementation. On the left of the matrix are the Target Users and across the top are the specific means of 

addressing their needs. The centre of the matrix identifies the relationship (Strong or Supporting) between the 

Target Users and the proposed actions to address their needs. 

 

 

 

 

5 Training Provision 
 

This section of the report outlines proposals for the provision of the identified training courses, namely: 

• HiperLAM Training Course for Printed Electronics Manufacturers – Awareness 

• HiperLAM Training Course for Printed Electronics Manufacturers – Advanced 
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efficient laser-based printed 

electronics manufacturing 

technologies

* * o * o * o o

3

Expert end-users in the printed 

electronics sector looking for 

improvements in Performance, 

Quality, Cost and Delivery 

(lead-time).

o o * o o o

4

Expert end-users in the 

Fingerprint sensor market
o o * o o o

5

Expert end-users in RFID tag 

market
o o * o o o

*    Strong  
o  Supporting

TA
R

G
ET

G
R

O
U

P
S

Self-Help Resources Training Courses Promotional Activity
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 HiperLAM Training Course for Printed 

Electronics Manufacturers – 

Awareness 

HiperLAM Training Course for Printed 

Electronics Manufacturers – 

Advanced 

Training Objectives Deliver an understanding of: 

• Conductive inks, their 

properties and why high 

viscous inks are needed for 

LIFT 

• The basics of the LIFT process 

and the characterization of the 

jetting etc. 

• LIFT printing process 

performance 

• The Selective Laser Sintering 

(SLS) of LIFT printed lines 

• HiperLAM applications in RFID 

and  

Awareness course content covered in 

short introduction followed by: 

• Introduction to the HiperLAM 

process cost model and 

evaluation of participants own 

process against HiperLAM 

technology 

• Cost of acquisition and life-

cycle costing analysis 

• Detailed Q & A session 

• Customised Report following 

the Training Course on 

opportunities to adopt LIFT 

and SLS 

Pre-Training Preparation  Basic details only acquired of 

participants 

Pre-Training Questionnaire to establish 

where in the adoption cycle of 

advanced printed electronics the 

participant has reached. 

Duration 0.5 day Full day 

 

  



       

 

HORIZON 2020 
 FOF-13-2016 

HiperLAM 
GA No. 723879 

Document Owner: MODUS 

Author: Derek McKenzie 

HiperLAM Deliverable Report   Version 0.02 

 

6 Conclusions 

 Accelerating the adoption of HiperLAM technologies 

Based upon the industry engagement to date, there is a great deal of interest in LIFT and SLS 

technology despite LIFT being still relatively unknown in terms of its speed, large area coverage and 

resolution capability. The Printed electronics eco-system in which HiperLAM is operating is evolving 

rapidly and offers significant opportunity for the exploitation partners to work collectively and 

individually to further commercial objectives. 

One such area of potential post-project collaboration is in the provision of training courses and self-

learning resources to help educate and inform manufacturers and end-users regarding the 

applicability of HiperLAM technology to replace their existing process or access a new disruptive 

market. 
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 Open Access 

Each beneficiary must ensure open access (free of charge online access for any user) to all 

peer-reviewed scientific publications relating to its results. It must: 
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• as soon as possible and at the latest on publication, deposit a machine-readable 

electronic copy of the published version or final peer-reviewed manuscript accepted 

for publication in a repository for scientific publications;  

• Moreover, the beneficiary must aim to deposit at the same time the research data 

needed to validate the results presented in the deposited scientific publications.  

• ensure open access to the deposited publication - via the repository - at the latest:  

o on publication, if an electronic version is available for free via the publisher, or  

o Within six months of publication (twelve months for publications in the social 

sciences and humanities) in any other case.  

o Ensure open access - via the repository - to the bibliographic metadata that 

identify the deposited publication.  

The bibliographic metadata must be in a standard format and must include all of the 

following:  

• the terms "European Union (EU)" and "Horizon 2020";  

• the name of the action, acronym and grant number;  

• the publication date, and length of embargo period if applicable, and  

• A persistent identifier.  

The HiperLAM Plan is intended as a “living” document and as such will continue to evolve 

through the final months of the project. 
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