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ABSTRACT: Lack of functional integration and high manufacturing costs have been identified as major challenges in com-
mercialization of point-of-care devices. In this study, roll-to-roll (R2R) fabrication process was developed for large-scale 
manufacturing of disposable microfluidic devices. The integrated, user-friendly device included plasma separation mem-
brane for simple blood filtration, immobilised antibodies for specific immunodetection, microfluidics for plasma transport 
and reagent mixing, and a blister for actuation and waste storage. These functionalities were designed to be compatible 
with R2R processing, which was demonstrated using pilot scale printing lines producing 60 devices in an hour. The pro-
duced sensors enabled rapid (10 min) and sensitive (2 µg/ml) fluorescence based immunodetection of C-reactive protein 
from 20 µl of whole blood. 
KEYWORDS: Roll-to-roll manufacturing, point-of-care, cyclic olefin copolymer, immunoassay, microfluidics, blood filtration 

Roll-to-roll (R2R) manufacturing includes variety of foil-
based processes in which additive and subtractive tech-
niques are implemented to build functional structures on 
a continuous substrate, called a web. 1 A wide range of in-
termediate and final products are to date already manufac-
tured by R2R processes, such as print media, labels, tex-
tiles, tapes, films and filters. 1 These examples illustrate the 
benefits of R2R fabrication as a technology supporting pro-
duction in large volumes at low cost. Research in the field 
has lately focused on development of integrated R2R prod-
ucts such as smart packaging, flexible electronics e.g. solar 
cells and lighting elements, as well as sensors for 
healthcare applications. 2-7 

Point-of-care (PoC) diagnostic tests are used at, or near 
the site of patient care. Ideal PoC devices should be afford-
able, sensitive, specific, user-friendly, rapid and robust, 
equipment-free and deliverable to end user.8,9 PoC devices 
are deceivingly simple to operate but in fact contain variety 
of innovations that enable miniaturization of complex la-
boratory protocols onto a small chip.  One key technology 
is microfluidics, which enables controlled handling of 
small (nl-µL) liquid volumes and a pipette-free sample 
preparation. 10, 11 Despite of the advantages enabled by mi-
crofluidics and extensive research effort invested in it, sur-
prisingly few microfluidic devices have been commercial-
ized to date.12,13 Besides to the non-technical reasons (fund-
ing and regulatory issues), lack of functional integration 
and high manufacturing costs have been identified as ma-
jor challenges in introducing PoC devices to the price sen-
sitive consumer markets. 11-13 

There are several methods and materials available for 
commercial scale manufacturing of microfluidic devices. 

Glass, silicon, and quartz devices are fabricated using pho-
tolithographic or wet-etching procedures followed by 
bonding with adhesive or acid in high temperatures. 14 The 
unit price of these devices is high for several PoC applica-
tions where the test devices often need to be disposable. 
Therefore, microfabrication of polymers has gained popu-
larity. Injection molding is the leading technology for the 
fabrication of polymer microfluidics in a larger scale. 15 An-
other cost-effective methods are R2R hot embossing 15-18, 
R2R thermal imprinting7 and R2R UV nanoimprint lithog-
raphy 19 which can achieve similar production throughput 
as injection molding. From the perspective of system inte-
gration, R2R manufacturing offers several advantages to 
sensor field e.g. in-line integration of functional compo-
nents such as printed electronics, power and light sources, 
and printed biomolecules. 

Immunoassays have been widely implemented in vari-
ous test formats including optical, electrical and mechani-
cal sensors. 20 ELISA (enzyme-linked immunosorbent as-
say) tests are a standard, although laborious and time con-
suming method used in several laboratories. In compari-
son, point-of-care market applying immunoassays is dom-
inated by lateral flow test strips where the analysed sample 
is transported by capillary action in a fibrous cellulose 
based material. Lateral flow assays have been criticized for 
lack of repeatability that arise from the materials as well as 
from inconsistent manufacturing processes involving man-
ual assembly.21 R2R fabrication can be fully-automated 
which despite of high initial equipment investment cost 
produces sensors in a very competitive unit price. R2R 
methods are being adopted to LFA production as well e.g. 
R2R dispensing is commonly used. In this study, we have 
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developed a process flow combining several R2R tech-
niques to fabricate fully-integrated, low-cost microfluidic 
immunosensors for detection of C-reactive protein from 
whole blood. CRP is a biomarker that indicates infection, 
inflammation and tissue damage. 22 

RESULTS AND DISCUSSION 

Roll-to-roll manufacturing of polymer microfluidics. A 
multistep, R2R manufacturing process for high-volume fabri-
cation of integrated immunoassay devices (Fig. 1) was devel-
oped and demonstrated using pilot scale roll-to-roll printing 
lines (supplementary video 1, R2R manufacturing). COC was 
chosen as the base substrate due to its optical clarity, suitable 
thermoplastic properties (Tg =78 ℃), assay compatibility, and 
availability in large quantities in a roll format.23, 24 

R2R hot embossing is a large area patterning technique that 
was used to replicate microfluidic channels. The critical pa-
rameters affecting channel profile and dimensions are a com-
bination of roller temperature, pressure and web speed. 25-28 

Our optimised parameters for the microfluidic design (Fig. 
2A) were: embossing temperature close to the Topas COC 
glass transition temperature Tg (78 °C), 63 kN/m nip line pres-
sure and 0.3 m/min roller speed. These values do not corre-
spond to the values reported in literature. Other studies that 
simulate R2R embossing by feeding a web or polymer sheet 
through pressurised rollers have used temperatures much 
higher than the glass transition temperatures which has re-
sulted in higher replication fidelity between the mold and the 
channel. 27-29 Our study however takes into consideration ten-
sion control which is an important factor in all R2R processes. 
Due to the tension, increasing the temperatures above Tg 
would stretch and break the web. By increasing the speed, 
higher temperatures could be used but the replication fidelity 
suffered as a consequence. The most challenging structure in 
the design was the meandering channel (Fig. 3A, microfluidic 
mixer) where polymer had limited space to flow away from the 
mold during embossing. The structure had tendency to buckle 
upwards which is why higher pressures than typical emboss-
ing pressures were used (500 N/ cm, 15). Based on our experi-
ments, the complexity of the microfluidics has a critical influ-
ence on the selection of embossing parameters i.e. tempera-
ture, pressure and speed which are conditional from each 
other. Furthermore, tension control is an important parame-
ter in R2R processes that should be considered in future stud-
ies. 

Encapsulation of microfluidics is often the yield limiting step 
in device fabrication and thus a critical step in high volume 
production. 15 In this study, R2R solvent lamination of chan-
nels was demonstrated. A blank COC web (lid layer) was 
coated with mesitylene using gravure coating in the flexo 
printing unit. An anilox roll containing evenly sized little cups 
spread a controlled layer of solvent onto the web. 8 cm3/m2 of 
solvent was calculated to be transferred on web. Mesitylene 
dissolved the interphase of COC, which became consequently 
sticky, forming an adhesive COC. The sticky lid layer was then 
bonded with the COC web carrying the microfluidic struc-
tures by running the two webs through a moderately heated 
nip. Lamination step was preceded by an antibody dispensing 

step (Fig. 1A) and a major concern was that the printed anti-
bodies would not survive the contact with solvent. However, 
as discussed later, the bioanalytical results show that antibod-
ies could bind target analyte after the bonding. Partial dena-
turation of antibodies may have however occurred, and it was 
not tested whether other antibodies are equally resistant as 
the anti-CRP antibodies. Sheet level lamination of COC mi-
crofluidics with solvents has been described and found to be a 
good option for devices that need to tolerate high burst pres-
sure or heat cycling required in PCR amplification. 26, 28, 30 In-
dustrial scale R2R solvent based lamination machinery is how-
ever commercially available and used to bond multilayer 
films. As an alternative to liquid lamination solvent deposition 
from vapour phase was reported but the process is slow and 
requires very precise control of conditions 30,31 which might be 
difficult to achieve in a R2R process. We are not aware of other 
studies reporting R2R solvent bonding of microfluidics, alt-
hough a hexadecane soaked elastomeric roller as inkpad for 
controlled solvent spreading was suggested previously.28 

As a final process step, commercial blood filtration mem-
branes were assembled onto the web using a pick-and place 
hybrid assembly process. Hybrid assembly of components is 
commonly used in electronic industry. Hybrid assembly pilot 
line allowed very accurate positioning of membranes in rela-
tion to the microfluidic channel inlet with alignment accuracy 
of ± 20 µm. The blisters providing the fluid actuation mecha-
nism for the microfluidics were attached manually, a step 
which could also be automated. Blister could be part of the 
packaging e.g. adhesive with printed graphics that define the 
appearance of the device. 

There are several reports describing high volume microfabri-
cation of microfluidics, but the following steps required to cre-
ate functional devices are typically performed manually piece-
by-piece. Yet, back-end processing can amount for 80% of the 
manufacturing costs. 15 The merit of this study is the demon-
stration of an entire roll-to-roll fabrication process in manu-
facturing of integrated microfluidic devices on a single, flexi-
ble substrate (Fig.1C). Hybrid assembly of blood filters was the 
rate limiting process step. It took about 1 minute to dispense 
glue and UV cure one membrane, allowing fabrication speed 
of 60 devices per hour. 

Characterization of the microfluidic devices. The micro-
fluidic devices were characterized after the replication step 
and after the lamination step. Profile and dimensions of the 
hot embossed microfluidic channels were measured with a 
surface profilometer. Channel depths of 45 µm were achieved 
for 400 µm wide channels which represents 50% of the mold 
height (Fig. 2B,C). Other studies report 85% 27, 28 or even 100% 
29 replication fidelity with 100 µm channel width but as dis-
cussed previously these studies used temperatures much 
above polymer Tg without controlled web tension. The re-
peatability of the embossing depth was determined by taking 
profilometric measurements from beginning, middle and in 
the end of 35 meter long web. The variation was found to be 
2.5 %, similar as reported previously 17. The R2R hot embossing 
process was thus found to be very repeatable and stable over 
time. 
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Figure 1. Roll-to-roll fabrication process for integrated microfluidic devices on COC. The consecutive R2R process steps (A) in-
clude hot embossing of microfluidics, die-cutting of vias, antibody dispensing to the microfluidic channel, lidding of the micro-
fluidic layer with blank COC layer using solvent lamination, and finally hybrid assembly of blood filtration membranes above the 
inlet (supplementary video 1, R2R manufacturing). Blister integration and cutting were done manually but these steps can be 
automatized as well. The layer structure of the device is presented in (B) illustrating that microfluidic layer with cut through holes 
and integrated antibodies is phasing the blank lid layer, whereas filter and blister are assembled on the back side of the microfluidic 
layer. R2R processing resulted in functional microfluidic devices in a web format (C) which can be cut into flexible, disposable 
point-of-care devices (D). 

Solvent lamination with another COC layer was used for lid-
ding. The critical aspect in solvent lamination is the preven-
tion of structural damage by melting of the microstructures. 
As seen in the microscope image Fig. 2E, the channel sides 
were sealed but the channels remained open. Further SEM in-
vestigation from a slit channel showed that the two COC lay-
ers had bonded together seamlessly (Fig. 2F). The sidewalls of 
the mold (Fig. 2B) as well as of the channels (Fig. 2C) were 
slightly slanted. This helps in the detachment of the mold 
from the polymer during embossing but negatively affects the 
bonding. The solvent dissolves the slanting in part but further 
calendaring i.e. running the web through a nip is required. 
Solvent bonding makes the channel edges rounded (Fig. 2F). 

Self-contained microfluidic device. One of the challenges 
that all PoC devices face is how to make the devices user-
friendly. Broad adaptation of microfluidic devices is limited by 
necessity of bulky, expensive off-chip instruments for liquid 
transport such as peristaltic, syringe and pneumatic pumps. 
On a low-cost, easy-to-use PoC device, the liquid flow is ide-
ally achieved by capillary flow so that no external equipment 
is needed. This can be achieved for example with fine micro-
fluidic structures that create high capillary pressure within the 
channel. 32 However, required limit values < 50 µm in width 
and > 100 µm in depth are difficult to fabricate with roll-to-roll 
embossing. Short embossing time and the thickness of the 
polymer web (375 µm) limit the R2R achievable channel depth 

3 

whereas width of parallel structures is limited by the polymer 
flow around the mold during embossing, opposed to removal 
techniques such as etching. 

Figure 2. Microfluidics (A) was replicated using a steel tool 
which had a relief height of 90 µm (B). The embossed channel 
had height of 45 µm (C). Channels were imaged with micro-
scope before (D) and after solvent (E) lidding. The cross-cut 
of the channel was further imaged with SEM showing tight 
seal between two COC layers (F). 
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Figure 3. Fully-integrated microfluidic immunoassay chip included microfluidics for sample transport and mixing, blister for fluid 
actuation, printed anti-CRP capture antibodies (cAb) and mouse Immunoglobulin G (IgG) as negative control, and labelled detec-
tion antibody (CRP dAb) under the plasma separation membrane (A). 20 µl whole blood spiked with 2 µg/ml of CRP was added 
on the membrane. Blister assisted actuation enabled hemolysis free plasma separation through the filter and flow through the 
microfluidic channel (B). White paper was placed under the device for better colour visualisation. Plasma flow 10 minutes (± 1 
min) through the channel after which the results of the two-site CRP immunoassay (illustration in 3C) was analysed with a fluo-
rescence scanner. Fluorescence scan image shows successful CRP detection at the detection zone where CRP cAb was immobilised 
whereas no signal was generated at the negative control line where IgG was immobilised (C). The same blood sample was tested 
without added CRP antigen to ensure that the donor blood did not contain detectable amount of CRP (D). Filter and blister were 
removed prior to scanning. 

plasma separation membrane was assembled on top of micro-If the structures are very close to each other channels become 
fluidic inlet to enable removal of blood cells (Fig. 3A, B). Blood very shallow and the channel shape deforms. To circumvent 
cells are often a source of variability in bioanalytics 35 which is these design restrictions and allow simple fluidic transport, a 
why increased costs due to a specialized filter material and ad-finger-actuated blister pump was attached to the outlet (Fig. 
ditional manufacturing step is justified. An air gap formed be-3A). Pushing the blister down and letting it return created 
tween the microfluidic surface and the membrane (Fig. 1B) negative pressure within the channel which pulled the sample 
which prevented plasma flow to the channel by gravity alone. through the channel until the sample and some additional air 
The strong pull generated by the blister allowed plasma to en-filled the blister chamber (see Supplementary video 2, device 
ter the channel and flow through it. It is important to note operation). Similar “finger-powered” pumping elements have 
that the blister properties had to be optimized taken into ac-been reported previously for droplet microfluidic applica-
count the properties of the blood filter, sample volume and tions. 33, 34 The reported pump fabrication methods however 
microfluidic design to guarantee hemolysis free filtration (Fig. require complex and expensive lithographic and CNC milling. 
3B). The diameter and the wall thickness of the blister deter-Here, we applied commercial touch screen membrane 
mine force of the negative pressure generated in the channel. switches as blisters that were hot embossed on PET sealed 
If too weak, the blister was not able to pull plasma completely with a pressure sensitive adhesive, and integrated to the mi-
into the device. If too strong, hemolysis occurred and bio-crofluidic devices by simply pressing them against the devices. 
molecular binding was not kinetically favorable resulting in Furthermore, the blister dome serves as a convenient waste 
weak signal. Furthermore, meandering channels were added storage after actuation since the plasma does not come in con-
to the microfluidic design to increase the flow resistance. We tact with fingers or an instrument that could be used to push 
concluded that a blister diameter of 13 mm, height of 2.6 mm the blister down. 
and thickness of 0.125 mm resulted in good assay performance 
as well as removed plasma and unbound label remains from The blister assisted actuation was vital for blood filtration suc-
the channel. cess of the presented microfluidic device. A commercial 
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The device performance was demonstrated using CRP immu-
noassay as a model. A two-site, non-competitive immunoas-
say 36 using a fluorescence labelled secondary antibody was 
applied in the detection of CRP. The CRP capture antibody 
was passively immobilized using isopropanol containing ink 
on the detection area to enable binding of the antigen in a spe-
cific location. A detection antibody labelled with green fluo-
rescence dye was reversibly immobilized at the inlet of the 
channel, under the blood filter, with a help of sucrose contain-
ing ink (Fig. 1B). Integration of reagents on-chip enabled add-
just-a sample type of device operation. The assay was per-
formed (Supplementary video 2, device operation) by first 
pushing the blister down for 30 seconds to remove the air from 
channel after which 20 µl of whole blood spiked with 2 µg/ml 
of CRP was sampled on top of the membrane.  Plasma was al-
lowed to filter along the asymmetric membrane for 1 min be-
fore the blister was released. Plasma entered the channel and 
solubilized the detection antibody after which the labelled an-
tibody were mixing and binding CRP in a passive micromixer 
(Fig.3A). CRP bound to the detection antibody was captured 
on the detection zone by the capture antibody forming the 
two-site immunocomplex (illustration in Fig.3C). Excess label 
and plasma were pulled within blister chamber after which the 
fluorescence signal was measured (Fig. 3C). As Figures 3C, 3D 
show, the device would further benefit from surface pas-
sivation to prevent unspecific attachment of the label to the 
channel which should be addressed in future development. 
Duration of the analysis was approximately 10±1 min since 
manually operated blister caused some variability in the flow 
speed. Therefore, to increase the assay repeatability and po-
tentially to perform quantitative analysis, integration of me-
chanical actuator to a reader instrument would be beneficial. 

CONCLUSION 

This study demonstrates that R2R processing is a viable option 
for high-volume fabrication of integrated microfluidic sen-
sors. Automation increases the reproducibility and through-
put of sensor fabrication. However, technology has limitations 
that may affect the choice of materials and microfluidic design 
freedom, compared to the lithographic methods which are 
commonly used at the prototyping phase. We anticipate that 
this technology enables development of novel diagnostic plat-
forms which utilize the system integration potential of the 
R2R techniques. Disposable, low-cost microfluidic devices 
could be integrated with other printed functionalities such as 
printed electronics, optical structures, printed power sources, 
electrochromic displays and hybrid assembled MEMS compo-
nents. 

EXPERIMENTAL SECTION

 R2R hot embossing of microfluidics. To prepare a repli-
cation mold, microfluidic designs were first drawn with a com-
mercial CAD software (Rhino3D from McNeel, Spain). The 
mold included six copies of the microfluidic channel and sym-
bols needed for accurate alignment in different process steps 
(Fig. 4). The large area steel mold (300 mm x 410 mm) was 
fabricated by wet etching with a feature height of 80 µm as 
described in 17. The etched alignment marks were further ab-

lated with Nd:YAG laser (JK-100-FL, GSI, UK) to increase sur-
face roughness of these patterns resulting in higher optical 
contrast of the patterns on the embossed web. For laser pro-
cessing a power of 2 W, wavelength of 1064 nm, speed of 3000 
mm/min and recol/focus lens 76/76 mm were chosen. The 
steel shim was laser welded into a shape of a closed cylinder. 
Finally, the cylinder was installed to the hot embossing unit of 
the roll-to-roll pilot line (Coatema, Germany, Fig. 5). 

Cyclic olefin copolymer COC (Tekniflex COC 240, prepared 
from TOPAS 8007-04, Tekni-Plex Europe N.V) was chosen as 
substrate material. The thickness of the commercial COC was 
240 µm and width 300 mm. The web was guided along the em-
bossing cylinder prior to the nip, resulting in a short (12 s) pre-
heating step. The web path in the pilot line was 10 meters 
which was kept under constant tension during the embossing. 
The optimized hot embossing parameters were as follows: The 
temperature on the surface of the hot embossing cylinder was 
78-82°C and on the surface of the counter pressure cylinder 
75°C. The channel profile was found to be best with a nip line 
pressure of 63 kN/m and the web speed of 0.3 m/min. 

Figure 4. The embossing tool (A) consisted of 6 copies of the 
microfluidic device (B) as well as alignment marks for R2R dis-
penser (+ sign) and pick-and -place hybrid assembly line (□ 
sign). 

Figure 5. R2R replication of microfluidics was performed with 
a pilot printing line (A) using a hot embossing unit (B). A COC 
web was guided between oil heated embossing cylinder and 
counter pressure cylinder.

  Rotary die cutting of vias. The backside of the hot em-
bossed COC web was laminated with a liner (Nitto LensGuard 
SPV756TR_22 adhesive tape). The steel tool for die cutting 
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(Electro-Optic Gold line with 0.48 mm air gap) was prepared 
by wet etching and grinding with computer numerical con-
trolled (CNC) milling. The rotary die cutting process was per-
formed with Delta ModTech Rotary Converting System (Fig. 
6) with a web speed of 1 m/min. More specifically, the cutting 
step was performed by kiss cutting 37, in such a way that the 
COC web was cut through, but the backing liner was left in-
tact. By unpeeling the adhesive liner, the cut waste was simul-
taneously removed from the web. The vertical movement of 
the web was adjusted with automated web control, however 
horizontal alignment of vias with the microfluidic channels 
was performed manually. The measured alignment accuracy 
was 500 µm with a repeat length of 409.575 mm. 

Figure 6. R2R cutting of vias was performed with a pilot scale 
converting line (A) using a die-cut unit in registry (B). Repli-
cated COC web was bonded with an aligner foil prior cutting 
to allow controlled waste removal after cutting.

 R2R Dispensing of antibodies. CRP capture antibody 
(hCRP monoclonal antibody, clone 6404, Medix Biochemica, 
Finland), and mouse IgG (Jackson Immunoresearch Europe 
Ltd) which was used as a negative control, were dispensed to 
the microfluidic channel with R2R dispenser (Delilah, Ginolis, 
Finland, Fig. 7). The instrument had only one dispensing head 
and pump so the two antibodies were dispensed in separate 
R2R runs. Antibodies were dispensed directly to the detection 
zone (Fig. 4B) as 3 x 2.5 nl droplets, with 300 µm drop spacing. 
Both CRP antibody and mouse IgG containing inks composed 
of 0.5 mg/mL of antibody, 1% isopropanol, 0.1% Tween20 in 12 
mM PBS buffer pH 7.4. 

Figure 7. Roll-to-roll dispenser (A) was used to print antibody 
inks to the microfluidic channels (B). Web was held in place 
during dispensing by anchoring the web with a vacuum.

 R2R Solvent lamination. R2R solvent lamination was per-
formed using R2R flexo-printing technique, 38 (Fig. 8B). As 
anilox roll (Sächsische Walzengravur GmbH) the following 
measured engraving parameters were chosen: 41 lines/cm, sty-
lus angle 110° and cell volume 24,7 cm3/m2. The anilox cylinder 
was used to transfer solvent (mesitylene, Sigma Aldrich) from 
an ink tray onto the cover layer web with the speed of 0.5 
m/min. Solvent dissolved the upper most surface of the COC 
web transforming it to a sticky state. The channel layer was 

brought in contact with the solvent treated cover layer in a nip 
which was formed between flexo sleeve (full coverage rubber 
sleeve) and impression cylinder made of steel (Fig. 8B). After 
the first lamination step, the combined foils were guided 
through a second heated nip (upper cylinder 60°C and lower 
cylinder 42°C) in order to finalize the bonding. The web was 
then rewound to a core with inner diameter of 6 inches. A 
larger than typically used core was selected in order to reduce 
curvature and bending radius of the laminated web, and hence 
reduce environmental stress cracking of COC that residual 
mesitylene in the laminated film might induce. 

Figure 8. R2R solvent lamination (A) and illustration of the 
process (B).

  R2R Hybrid assembly of blood filtration membranes. 
Datacon EVO 2200 (BE Semiconductor Industries, Nether-
lands) R2R pick-and-place system was used to stop-and-go as-
semble blood filtration membranes on the laminated COC 
web (Fig.9). Vivid plasma separation membranes GX (PALL 
Corporation, NY, USA) were cut with a biopsy puncher (Inte-
gra Miltex, France) into 8 mm diameter discs and placed onto 
a tray (Fig. 9B). A suction tool (Fig. 9C) picked the membranes 
and placed them on top of the inlet using the inlet hole for 
alignment positioning. Machine vision software used the 
square like alignment marks (illustrated in Fig.4A) for recog-
nition of web position and wound the web to the correct posi-
tion after each stop-and-go step. UV-curable glue (Loctite 
3525, Henkel adhesives, USA) was dispensed using a syringe 
needle with pattern spindle speed 100%, 1 mm/s from a height 
of 0.125 mm above the web. After the glue was dispensed and 
the filter patch placed on top, UV curing was applied for 22 s. 
An actuation blister with diameter of 13 mm, 6.2 (±0.2) mm 
height and 125 µm thickness (hot embossed on PET attached 
to 3M adhesive tape, Screentec Ltd, Finland) was attached 
manually on top of the outlet hole. Two kinds of alignment 
marks were needed for accurate positioning. A rectangular 
symbol embossed on the web (Fig.4A) was used for winding 
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the web in correct position inside the hybrid assembly line. 
Secondly, for controlling the dispensing of the glue around the 
inlet hole the outlines of the inlet were used for alignment. 
After the filter assembly the web was rewinded to a roll. Blister 
assembly and cutting to individual devices were done in this 
study manually (Fig. 1A). 

Figure 9. Hybrid assembly of blood filtration membranes was 
performed with Datacon pick-and-place line (A). Filters were 
picked up from a tray (B) with a vacuum tool (B) and placed 
in correct position after which UV-curable glue was dispensed 
around the membrane and cured with UV light (C).

 CRP Immunoassay. Anti-CRP monoclonal antibody, clone 
6405 (Medix Biochemica, Finland) was labelled with Alexa 546 
fluorophore according to manufacturer’s instruction (Molec-
ular Probes, Thermo Fisher Scientific). 50 µg/ml (1 µl) of la-
belled antibody suspended in 15% sucrose, 0.1% Tween20 in 12 
mM PBS with pH of 7.4 was pipetted to the inlet prior to the 
attachment of the blood filter membrane. 2 µg/ml of CRP an-
tigen (BBI solutions, UK) was spiked to 20µl whole blood. Ve-
nous blood samples were obtained from healthy male and fe-
male donors from Finnish Red Cross blood service. The test 
set included a sample without added CRP to ensure that do-
nated blood did not contain measurable amount of internal 
CRP. The microfluidic chip was operated as follows (supple-
mentary video 2, device operation): The blister was pressed 
down either with a finger or with the blunt end of a pen. After 
30 seconds, 20 µl of CRP spiked blood was added with a pipet 
or a disposable capillary tube (MICROSAFE, SAFE-TEC Clini-
cal Products LLC, USA) on the blood filtration membrane. The 
blister was kept pressed down for an additional 1min to allow 
time for plasma separation through the membrane, after 
which the blister was allowed to return to the original shape. 
Negative pressure within the microfluidic channel pulled the 
filtered serum through the microfluidic channel until the 
chamber of the blister. The blister actuation pulled air after 
the sample had entered the chamber which assisted removal 
of plasma and label residues within microfluidic channel. The 
immunoassay device was scanned with a fluorescence scanner 
(Typhoon Trio, GE Healthcare) after the assay performance. 
Scan parameters were 450 PTM, 50 res. Blister and filter mem-
brane were removed prior scanning.

  Characterization. Profile measurements of the hot em-
bossed microfluidic channels were performed with a stylus 
profilometer (Dektak, Veeco Instruments Inc, USA) with 
measurement length of 2000 µm and time of 15 s. After the 
lamination, the cross section of the channel was imaged with 
a scanning electron microscope (SEM) (Neoscope JCM-5000, 
JEOL, Japan), with voltage of 10 kV and zoom of 170. A channel 
sample cut for SEM imaging was prepared by dipping it into 
liquid nitrogen and bending it when the plastic laminate 
cracked smoothly. Before imaging, a thin gold layer was de-
posited on top of the sample by using a sputter coater (SC502 
Sputter Coater, Quorum Technologies, Ltd, UK) with current 
of 10 mA and deposition time of 120s. 
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ing of the integrated sensor and sensor operation. 
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