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0. Abstract 

An overview on the development of process and manufacturing strategies for 
multilayer substrate systems is given in this document. The demonstrators are split 
into their functional layers as they are planned at the current state of the project. The 
layers are categorized and their main functions are defined. First preliminary 
multilayer bonding tests as well as test benches for the mechanical evaluation of the 
lamination are shown. Reliable test series on mechanical, optical and chemical 
characteristics will be performed within year two. 

1. Introduction and background 

Manufacturing precisely aligned multilayer substrate is the key ability which needs to 
be developed within in ML² project. The R&D activities regarding the multilayer 
concept have to be split in two major aspects: 

1. Enhancement and development of production machine equipment 

2. Research and development for process and manufacturing strategies 

Activities and concepts concerning aspect one are presented in deliverable »D2.2 – 
Concept for referencing system«. The lamination unit is sectioned in three different 
modules: feeding unit, laminator and output unit. They can be combined flexibly to 
enable the production line for multipurpose production (see Figure 1). Besides thin 
film substrates plates can be processed as base layers if stiff products are required.  

 

Figure 1: Modular lamination machine concept 

The demonstrators are analysed to define the number required layers. The layers 
are categorizes into 

¶ Cover 

¶ Electronic 

¶ Microfluidic 

¶ Optical 

For each layer the main functions are summarized. Depending on the layer functions 
the base material needs to be specified. At current state of the project all partners 
are trying to define which substrate suits best for their certain specification. The 
properties of each substrate film are given in »D4.1 – List of characterised substrate 
films«.  



 

1.1. Demonstrator 1 – Continuous flow polymerase-chain reaction chip 

Demonstrator 1 consists of five substrate layers (see Figure 2). Top and bottom 
layer are light shields to guarantee optimal results for the autofluorescence test. In 
addition to that they have through holes for fluidic and electronic interconnection 
which can be manufactured by laser machining. The electronic layers can be created 
by electronic printing and photonic sintering of the circuits and components. The 
microfluidic layer is produced by UV-lacquer based embossing. 

No. Category Function 

1 Cover ¶ Electronic interconnection 

¶ Fluidic interconnection 

¶ Light shield 

2 Electronic ¶ Optical sensing 

¶ Signal amplification 

¶ Electronic interconnection 

¶ Data processing interface 

3 Microfluidic ¶ Sample mixing 

¶ Sample transport 

¶ Sample storage 

4 Electronic ¶ Heating 

5 Cover ¶ Electronic interconnection 

¶ Light shield 

 

 

Figure 2: Layer structure PCR chip 

1.2. Demonstrator 2 – Environmental testing lab-on-a-chip 

Demonstrator 2 is the most challenging one to transfer to R2R processing. A 
preliminary draft of a multilayer structure is given below. Currently Fraunhofer IPT is 
working on solutions to replace the LED excitation light sources by OLED films with 
integrated light filter characteristics. Results and first test OLEDs will be available by 
the end of this year. Otherwise printed electronic layers will be equipped with 
conventional LEDs in pick-and-place operations. As the environmental testing is also 
based on autofluorescence measurement the inner layers have to be covered from 
ambient light, too. Excitation light collimation and light guiding are realised in 



 

structured films whether by laser machining or by embossing. Best solution will be 
defined in tests. The immobilisation of the reagents is done on functionalized spots. 
Those need to be produced by selectively dispensing biological reagents. Emission 
light filters can be produced in R2R process. The optical sensing is done using a 
PMT chip. CEA is trying to find a miniaturized PMT chip suitable for LOC application. 

No. Category Function 

1 Cover ¶ Electric interconnection 

¶ Light shield 

2 Electronic ¶ Excitation light source 

3 Optical ¶ Excitation light filtering 

4 Optical ¶ Light collimation 

5 Optical ¶ Fluorescence light guiding 

6 Microfluidic ¶ Sample transport 

¶ Immobilisation of reagents 

7 Optical ¶ Emission light filtering 

8 Electronic ¶ Optical sensing 

¶ Signal amplification 

¶ Electronic interconnection 

¶ Data processing interface 

9 Cover ¶ Fluidic interconnection 

¶ Light shield 

 

 

Figure 3: Layer structure environmental testing 

1.3. Demonstrator 3 – Digital immunodiagnostic rapid test 

Demonstrator 3 is built-up with only two layers. Later on polymer housing needs to 
be designed and produced by injection moulding for the final product. The 
microfluidic layer contains sample and absorption pad which will be inserted by pick-
and-place operation. The channel is filled with superparamagnetic particles 
conjugated with the detection antibodies in a sugar matrix. This has to be realized by 



 

selective dispensing. The second layer is an electronic layer R2R manufactured coils 
and circuits. The rest of the components is put onto the surface by pick&place 
operations. 

No. Category Function 

1 Microfluidic ¶ Sample collection 

¶ Sample transport 

¶ Sample storage 

¶ Distributing antibodies 

2 Electronic ¶ Antibody detection 

¶ Functional check 

¶ User feedback 

¶ Data processing 

¶ Power supply 

 

  

Figure 4: Layer structure immunodiagnostic rapid test 

2. Methods and approach 

The multilayer systems will be built-up manually first. Therefore a semi-automated 
laminator was purchased (see Figure 5). The commercial system is modified to 
ensure that lamination speed, lamination pressure and lamination gap (gap between 
upper and lower roller) can be adjusted reproducible.  

 

Figure 5: Laminator for semi-automated tests 

The gap between the upper and lower roller is controlled by dial gauges attached at 
the ends of the upper rollers (see Figure 6). Parallel or converging roller axis can be 



 

adjusted. The force applied to the multilayer is whether analytically calculated or 
measured with pressure sensitive foils.  

As additional parameter the feeding direction of the laminated multilayer can be 
varied. Depending on the geometry of the microfluidic or printed structures 
lamination defects could be detected. 

  

Lamination by controlled gap Lamination by controlled force 

Figure 6: Lamination principles 

For combining the different layer varying in function and substrate material two 
bonding technologies are planned. Liquid adhesives which are applied by slot die 
coating immediately before the lamination process and cured by UV light. Optically 
clear adhesives (OCAs) which are kind of double sided adhesive tapes with 
excellent optical characteristics.  

Liquid adhesives tend to clogging the microfluidic channels by capillary action 
depending on viscosity. On the other hand OCAs’ adhesive surfaces never harden 
but keep their jellylike rigidity. The exact behaviour of the adhesive are studied in 
several lamination test. 

Preliminary tests were performed with Panacol’s Vitralit VBB-N and Dymax’s 9702 
which were available at IPT stock. Panacol recommended three different adhesives 
that will be chosen for mechanical and optical tests, too. Those are optimized for 
different material combinations. Extended explanations are documented in »D4.2 – 
First and second set of lacquer variants«. The OCAs selected are 3M products 8172 
and 8262N and comparable products from TESA which are recommended for good 
performance even on outgassing substrates like PMMA. 

2.1. Mechanical testing 

The bonding strength is tested with two different methods. To verify the quality of 
lamination where plain, flexible substrates are combined the T-peel-test is applied. 
It’s the most common version of peel tests. Two bonded thin strips of flexible 
material are peeled away from each other. The angle between the peeled strips is 
180°. Because of the specimen’s geometry it is called T-peel-test (see Figure 7). The 
force applied to the divided substrate strips is equal. The force needed to peel the 
specimen is measured. To compare the results to test like the Mandrel-peel-test the 
energy release rate is calculated. 
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Schematic illustration of distribution 
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Testbench setup 

Figure 7: T-Peel-Mandrel-Test 

For testing the bonding strength different combinations of substrates and adhesives 
are tested according to the plan of experiments shown in Figure 8. The bonding area 
for these tests is about 52,5 x 140 mm². 

 

Figure 8: Plan of experiments/ specimen preparation 

The burst test (Figure 9) is the second experiment for testing bonding strength. This 
experiment is especially for verifying the quality of the microfluidic channel sealing. 
The channels are filled with an incompressible liquid (colored water). One end of the 
channel is clogged and from the other one pressure is applied to the medium till the 
sealing cover burst or peels off. By measuring time and pressure the quality of the 
bonding can be evaluated.  

The specimen are PMMA substrates with meandering microfluidic structures 
embossed into UV curable lacquer. The width of the channels is 250 µm. The 
adherend between the channels varies. There are four different specimen designs 
differing in that.  



 

 

Figure 9: Burst test 

2.2. Optical inspection 

The multilayer quality is also evaluable by optical inspection methods. One simple 
method is the flow test. A coloured liquid is pumped through the microfluidic 
channels. If the stream stops before reaching the targeted outlet the channels are 
clogged. Clogging could be caused by lamination errors or inaccurate moulding. To 
find out the reason for systematically clogged channels failure mode analysis are 
performed. 

Fringe projection and optical inspection of the peel strips provide simple results on 
shrinkage behaviour of the adhesive or the dominating bonding mechanism, 
adhesion or cohesion. 

3. Results 

First test for mechanical and optical evaluation of the multilayer quality have been 
performed. The test series need to be extended in terms of amount and parameter 
variation to generate statistically reliable results. The preliminary results are 
presented following. 

3.1. T-peel-test 

The peel tests have been performed according to the plan of experiments (see 
Figure 10, left). For each combination tested three specimens were prepared and 
peeled. The peel force maximum varies from 2,9 N to 18,0 N (shown Figure 10, 
right).  

 

 

Specimen tested Peel-force measurements 

Figure 10: Plan of experiments (left) and force measurement table (right) 



 

In general these results show that multilayers bonded with OCAs provide a better 
peel resistance than the ones glued with liquid adhesives. PET, PMMA and COC 
substrates were tested. Lumirror

®
 (PET with mirco roughness) and Hostaphan

®
 

provide best test results. The measured peel force with COC specimens is less than 
one fourth of their values. Due to the small amount of tests pretreated substrates 
aren’t included. It’s supposed that plasma as well as corona treatment will enhance 
the wetting of the substrates and the adhesion quality. 

Figure 11 lists the results by bonding method with mean values of all tests. The 
liquid adhesives Vitralit 4731 and Vitralit 7641 recommended by Panacol only fit for 
PET (4731) or PMMA (7641) material combinations. The selection and improvement 
of suitable adhesives is still ongoing. Further tests will be performed. 

  

Optically Clear Adhesives Liquid adhesives 

Figure 11: Peel test results 

The peeled specimens are inspected by vision, too. Depending on which mechanism 
dominates different specimen pollutions are detected. Figure 12 shows the 
distribution of adhesives on the peeled specimen strips. The dominating bonding 
mechanism – adhesion or cohesion – can be judged qualitatively. 

  

A2 with 3M A2 with 4731 

  

A3 with 3M D2 with Tesa 

Figure 12: Optical inspection of adhesion/cohesion characteristics 

A complete characterization of the peeled specimens is given in Figure 13.  

 



 

 

Figure 13: List of inspection results 

3.2. Flow and burst test 

The channel clogging was tested by flow test. None of the specimens showed 
clogged channels. Afterwards all specimens (4 different geometries, 2 specimens 
each) were tested in burst tests. Therefore the channel outlet is sealed with UV 
cured adhesive. The channels are filled with coloured water and 1.5*10

5
 N/m² 

pressure are applied for three minutes. The pressure value is assumed as a first 
guess and needs to be discussed with the project partners. Figure 14 shows the 
course of a typical burst test. Small lamination defects lead to reservoirs extending in 
the progress of the experiment. 

  

  

Figure 14: Burst test 

3.3. Fringe projection 

First results of laminating PET substrates on PMMA base plates are shown in Figure 
15. The fringe projection shows that the formulation of the adhesive and the 
thickness of the adhesive film influence the surface as well as the optical quality of 



 

the multilayer in a wide range. Optimal parameters are evaluated in further studies. 
The optimal adhesive coating thickness is discussed with Panacol’s experts. 

Panacol Vitralit VBB-N (thick film) Dymax 9702 (thick film) 

 

 

Panacol Vitralit VBB-N (thin film) 3M OCA 8172 

 

 

Figure 15: PMMA-PET laminates 

3.4. Multilayer inspection 

Polished micrograph sections showed that that OCAs are pressed into the 
microfluidic channels during lamination (see Figure 16). None of the tested channels 
was clogged. The channel filling is influenced by lamination pressure and thickness 
of the OCA. A reliable correlation couldn’t be figured out so far. 

   

Figure 16: Microfluidic channel sealed with OCA (microscope image) 

The polished micrograph sections for multilayers bonded with liquid adhesives are in 
progress. 



 

4. Discussion and conclusion 

The preliminary results already showed trends and effects which need to be 
discussed with the experts in the consortium. Especially the formulation of the 
optimal liquid adhesive and the application parameters (adhesive thickness, 
pretreatment etc.) require further research activities. Fraunhofer IPT will enlarge the 
amount of peel tests to generate reliable results. Protocols for burst test and 
characterization of the adhesion and cohesion effects will be setup the make results 
more comparable.  

In general the feasibility of creating multilayers via R2R lamination is demonstrated. 
The improvement of the process and its parameters will be ongoing.  


