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 Scope of Document 

HiperLAM is an SME driven Research and Innovation Action (RIA) well-aligned to the Factories of the 

Future (FoF) Initiative with a strong emphasis upon demonstrating superior cost and speed 

performance in end-to-end processes featuring laser-based additive manufacturing in two key 

applications requiring high resolution printed conductive metallic lines. Application 1  laser printed 

on-chip coil antennas. Application 2 - laser printed Fingerprint sensors. The promise of HiperLAM’s 

high resolution laser based additive manufacturing solutions is to transform the manufacturing 

processing speed by 10x for laser printed on-chip coil antennasand 5x in the case of the lead-time for 

laser printed fingerprint sensor design. Similarly, HiperLAM promises to reduce costs by 20x and 50% 

respectively for Application 1 and Application 2.  

The purpose of this document is to provide an overview of Laser Induced Forward Transfer (LIFT) 
printed structures that were produced for demonstration purposes during the HiperLAM project. 
These structures are the result of optimization of the printing parameters to address specifications set 
by the two end-users for their aforementioned applications. The study was conducted using materials 
fine-tuned through iterative material optimization process by the material developer of the 
consortium, PV Nano Cell. The partners defined two focus groups addressing respective applications, 
with on-chip antenna case from PragmatIC led by TNO, while fingerprint sensors application from 
FlexEnable was led by Orbotech.  Both applications’ printed patterns were Laser sintered by Oxford 
Lasers. 
 
Feedback on this document should be sent to Merijn Giesbers: merijn.giesbers@tno.nl or to Alon 
Melamed: alon.melamed@orbotech.com.  

 

 List of abbreviations  

LIFT   Laser Induced Forward Transfer 

np-ink  nanoparticle ink 

WP   Work Package 

PET   Polyethylene terephthalate 

GDL                              Gate dielectric layer 

RFID   Radio Frequency Identification 

 
As an outcome of work performed in the frame of project’s Task 3.1, within the second round of 

material optimization cycle, two np-inks were selected. Laser parameters and printing strategies have 

been separately optimized for both of these np-inks and using these optimized printing parameters 

an array of continuous lines was printed on a dummy PET substrate to demonstrate reliable printing 

performance. Subsequently, optimization of printing strategies on actual end user substrates has been 

performed, aiming to meet the end-users requirements. This deliverable focuses on the resulting LIFT 

printed structures. 

mailto:merijn.giesbers@tno.nl
mailto:alon.melamed@orbotech.com
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 Printing of an on-chip antenna (Application 1) 

Upon confirming feasibility of printing continuous lines with good edge definition (less than 5% in 

linewidth variation) on a dummy substrate, TNO has focused on optimizing printing strategies to 

reproducibly print with this ink straight lines matching specification set by PragmatIC on actual end 

user carriers. Figure 1 illustrates a process step towards fine tuning printing strategy to achieve circa 

100um-wide lines on the substrates.  

 

Figure 1: LIFT printed (a) an array of dots deposited at a range of different laser pulse (b) lines with varied 50-130 µm 

dot-to-dot spacing deposited on a PragmatIC substrate. 

Using the optimized parameters, the reproducibility of the donor layer quality, layer-to-layer and 

printing reproducibility was assessed by printing sets of 150 lines of 3cm in length for the different 

donor layers. Although very good reproducibility with line height and width variation below 5% has 

been achieved comparing lines printed from two separate donor layers (Figure 2a), poor printing 

reproducibility has been observed across both sets of 150 lines (Figure 2b). Multiple voids appearing 

across the whole printed area were attributed to mismatch between surface energies of receiving 

substrate and the ink. Based on this finding, PV Nano Cell suggested to prepare a new ink with similar 

rheological properties, however suspended with a different solvent.  
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Figure 2: Sets of 150 3cm-long lines LIFT printed from two different donor layers under identical printing conditions (a) 

line profiles measured with confocal microscope illustrating very good reproducibility with average line height and 

width variation below 5% between two sets (b) poor line reproducibility across the sets with large number of voids. 

Using a newly designed np-ink and a corresponding optimized printing strategy (see Task 3.4), a total 

of 240 lines (20 sets of 12 lines) of 1.2cm-long lines were printed on PragmatIC substrates and shipped 

to Oxford Lasers for further laser sintering optimization studies (Figure 3a). Another set of lines was 

LIFT printed on specially designed PragmatIC substrate (Figure 3b) with an array of metal contact pad 

pairs identical to the pads on a PragmatIC RFID substrate. The given sample was also shipped to Oxford 

Lasers for further laser sintering, aiming to assess both the ability with LIFT printing to bridge a step 

from the substrate surface to the chip contact pads as well as measuring contact resistance of LIFT 

printing lines over metal contact pads. 

 

Figure 3: (a) A set of 1.2cm-long lines printed on PRAG substrates with H44 np-ink; (b) A set of lines LIFT printed on 
specially designed PragmatIC substrate with an array of metal contact pad pairs identical to the pads on a PragmatIC 

RFID substrate. 

 

Upon confirming the capability of reproducible LIFT printing of long straight lines on PragmatIC 

substrates matching the line definitions set by the end user, the efforts were directed to optimize 

printing strategy to deposit coil structures with multiple routings. Various printing strategies were 

tried to obtain sharp corners and good line edge definition, leading to promising preliminary results 

(Figure 4).  
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Figure 4: A set of LIFT printed coil structures on PragmatIC substrates with np-ink. 
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Figure 5: Reproducibility improvement: 95% yield in over 800 samples printed. 

As a next step, the yield of the process has been assessed. This was determined by counting the 

number of continuous coils without shorts and comparing them to the total number printed. In first 

instance a yield of 80% was achieved. Further improvements were done on the reproducibility of the 

donor layer preparation process and the laser pattern was optimized. This resulted in an improved 

yield of 95%.  

Subsequently the lines were laser sintered by Oxford Lasers. Selective laser sintering is preferred 

compared to conventional oven sintering because of the higher processing speed and the higher 

electrical conductivity that is reached. Sintering of these coils has two goals. One is to produce a 

resistance of lower than 50and the second to have an adhesion to steel value of greater than 

1.5N/cm. To test the adhesion of our sintered lines we used a tape from Scotch No. 810 Magic™ 

Tape with an adhesion to steel of 2.5N/cm. This was used to test two different sintering recipes at 2 

different speeds 100mm/s and 500mm/s. The results of this can be seen in figure 6 where there is 

no structural damage to the sintered lines after the tape test.   
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Speed Sintered After Magic Tape Test 

100mm/s 

  

500mm/s 

  

Figure 6: Results of sintering coils before and after adhesion testing. 

The resulting resistance for the coils sintered at 100mm/s and 500mm/s were 24 and 40 

respectively. 

 

 

 Printing electrodes on a Fingerprint biosensor’s gate dielectric layer 

(Application 2) 

Following a similar approach described in section 3, Orbotech performed a study on the optimization 

of laser parameters for printing electrodes of the gate dielectric layer (GDL) for Application 2 from 

FlexEnable. The first step of this work involved tuning the viscosity of the ink in order to obtain lines 
with the desired height and the required width. The laser parameters were optimized to enable LIFT 

printing of dots with the desired dimensions in a reproducible manner (Figure 7). 
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Figure 7: Printing evaluation of  dot printing at different pulse energies and printing reproducibility. 

Firstly, upon LIFT printing dot height and diameter and line height were measured. By varying dot-to-

dot spacing, line printing parameters were optimized to tune both the line height of the line to match 

the end users’ specification.  (Figure 8). 

 

Figure 8: Printing evaluation with different dot spacings and reproducibility of optimized process settings for printing of 
71.5 µm wide lines. 

Upon optimizing line height and width, the second step of this study involved optimizing the pattern 

for the end-users’ requirements. For this, the process settings for a narrow spacing between the lines 

have been optimized. Since the gap between the lines is so small here, it is of significant importance 

to make sure the lines do not touch. By tweaking material properties, in collaboration with PV Nano 

Cell, Orbotech focussed on optimizing the process for reproducible lines with narrow spacing, while 

avoiding flowing together of the lines. This optimization was done by printing of the pattern on the 

end users’ dummy substrate. The result can be seen in Figure 9. 
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Figure 9: Printed structure on end-user’s substrate. 

Now that the printed structure complies with the requirements of the end users’ application in 

terms of line dimensions, edge roughness and reproducibility, a next step towards a functional 

demonstrator was to print this structure on a substrate with the active layers needed for actual 

manufacturing of the finger print sensor. An example of this can be seen in Figure 10.  

 

Figure 10: LIFT printed Ag ink on top of an active structure, which will be used for creating a functional demonstrator. 

For this application, the reproducibility has been further improved by Orbotech. This resulted in a 

total print length of 8m per sample, consisting of 200 individual lines, each 400mm long and no 

opens or shorts, while keeping a line width of 100 µm, a line height of 0.6 µm and a spacing between 

the lines of only 35 µm. 
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The material stack for application 2 can be seen in Figure 11.  

 

Figure 11: Material Stack for Application 2. 

The requirement for the via drilling is to drill a via through the LIFT printed lines to the dielectric 

without damaging underlying metal layer. This is a very challenging requirement, however it was 

achieved using a femtosecond laser method. The results of this can been seen in Figure 12, where 

the metal track that runs underneath the LIFT line can be seen through the LIFT line.  

 

Figure 12: Result of Via drilling of LIFT lines on functioning substrate. 

Additionally, the ability to laser pattern lines was required. The purpose of this was to be able to trim 

LIFT printed lines to reduce their dimensions or to remove shorts. Using a mask imaging technique to 

insure straight edges. Figure 13, shows results where lines were trimmed to widths of 5um and 

13um. 
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Figure 13: A) small pitch experiment at low speed (5 µm line width achieved @ 5.4mm/s). B) High speed standard pitch 
run (12.5 µm line width @ 216 mm/s). 

 

 Printing using copper based ink 

In order to further reduce the costs for each application, a copper based ink has been developed by 

PV Nano Cell, in collaboration with Orbotech and the National Technical University of Athens. The 

rheological properties of the ink have been optimized for good printing quality on the end-users’ 

substrates in an iterative process. The resulting ink shows good printing quality on end-users’ 

substrates after optimization of the laser parameters.  

Concerning the antenna application, the first results with the copper ink are very promising. High 

quality printing can be achieved with the ability to print a variety of different line’s width (80 – 350 

μm), by using single printing scan or multiple printing scans procedures (Figure 15). With these 

different printing approaches, a variety of different, in geometry, coil designs can be realized which, 

combined with the fairly low specific resistance (~2x bulk= 3.3 μΩ*cm) that can be achieved, make the 

use of copper based ink a possible alternative to silver based inks. 

A 

 

B 
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Using the above mentioned printing procedures, different coil designs were fabricated. In Figure 16, 

examples of LIFT printed and laser sintered coil structures with copper based inks are presented. For 

the coil structures presented in Figure 16a, the four consecutive printing scans approach applied for 

the additive manufacturing of a 5 loop conductive spiral trace fitting within an area of 3.6 mm x 3.6 

mm. After the laser sintering procedure, the displayed spiral structure shows an overall series 

resistance of <50 Ohms, a line width of 200 µm, line spacing 150 µm, and clean, sharp corner definition 

within these tolerances. This meets the design rule requirements for design and fabrication of a loop 

antenna, dedicated for a Near Field RFID system. In addition to meeting conductivity and pattern 

definition requirements, the ability to modify the printed pattern shape digitally via the laser-based 

process allows for a rapidly customizable on-chip antenna to meet varying market demands for low 

cost consumable tracking and other applications. 

In Figure 16b, a 9 loop conductive spiral tracing fitting an area of 10 mm x 10 mm is presented. This 

design is targeted at a closed loop RFID system and its total line length is 235 μm, its line width is 350 

μm with a line spacing at 70 μm. Here the six consecutive printing scans approach was used. The 

resulted printed structures were of very high quality with some of the devices with no voids or short 

circuits and everywhere these appear can be attributed mainly to donor’s imperfections. For this case 

of coil design there is a need of improvement for the laser sintering process, in order to meet the end 

user’s requirements concerning the conductivity of the device, which is expected to be accomplished 

with the use of the final fully optimized copper based inks which are fabricated by PV Nanocell after 

the feedback from the printing partners (NTUA, Orbotech, TNO). 

 

 

Figure 15 a) Printing droplet analysis of copper based inks with increasing laser fluencies and printed lines with different 
scanning speeds. b) and c) Printed lines with multiple consecutive printing scans (four and six respectively) for achieving 
wider and uniform lines. 
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Figure 16 Schematic illustration and optical microscopy photos of copper based ink LIFT printed and laser sintered 
structures consisting of a 5 loop conductive spiral trace fitting within an area of 3.6 mm x 3.6 mm a) four consecutive 
printing scans and b) six consecutive scans.  

 

 

 Conclusions 

The content of this report provides an overview of the iterative process optimization for printing of 
end-users’ patterns on end-users’ substrates for the two use cases of this project. For both cases, inks 
were developed and optimized as part of the project. Subsequently, printing parameters were 
optimized for both cases to match the requirements for the end application, showing: 

• The partners in the project have proven their ability to reliably LIFT print patterns with of 
optimized NP inks, for two distinctive applications, and with two different metal NP inks.  

• Selective sintering and shaping of the pattern is more challenging due to the tight balance 
between required adhesion of the conductors to the substrate and the requirement not to 
overheat and damage the substrate and inner layers, but was also demonstrated and proved 
to be feasible. 
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