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ABSTRACT      
We present a novel method to easily and reliably transfer 
highly porous, large area, thin microfabricated 
Polydimethylsiloxane (PDMS) porous membranes on 
Lab-on-Chip (LOC) and Organ-on-Chip (OOC) devices. 
The use of silicon as carrier substrate and a water-soluble 
sacrificial layer allows a simple and reproducible transfer 
of the membranes to any PDMS-based OOC and LOC 
device. The use of IC and MEMS compatible techniques 
reduces significantly the fabrication time and the need of 
manual handling. Our method is suitable for automatic 
assembling systems, such as pick-and-place, crucial to 
significantly increase the throughput of OOC and LOC 
devices assembling. Membranes with 8 pore size and 
as thin as 4 are successfully transferred. The viability 
and biocompatibility of the transfer was assessed by 
culturing two different cell lines on an OOC with 
transferred porous PDMS membranes.        
 
INTRODUCTION   

During the past three decades microfluidic 
technologies have enabled the manipulation and control of 
very small fluid volumes (100 nL-10 L) using 
microfabricated structures. This has consequently made 
possible the maintenance and growth of cells within 
integrated and robust microenvironments known as Lab-
on-Chip (LOC) devices.  

Advances in tissue engineering on one side and 
microfabrication on the other, have brought cell biology 
studies to a significantly higher level, reinforced by the 
capability to realize microstructures that better 
recapitulate the intricate in vivo conditions of the human 
body [1]. Lately, such advances have opened up a new 
field, the so-called Organ-on-Chip (OOC) devices [2]. 
These devices are becoming a strong candidate to replace 
conventional static cell cultures and animal testing in drug 
development [3].  

These customized microenvironments generally 
consist of an assembly of 3D structures fabricated by soft 
lithography. They often comprise a top and a bottom thick 
PDMS layers, hosting microfluidic channels interfaced by 
a porous polymeric membrane (Fig. 1) [4].  

 The porous polymeric membrane can play different 
roles in such devices. They can function as support for 
tissue differentiation, tissue organization and further 
allowing the recapitulation of tissue-tissue interfaces with 
co-cultures.  

 

 
Figure 1: Typical LOC and OOC structure: A top and bottom 
PDMS layer hosting microchannels interfaced by a porous 
membrane.   

 
Currently, these porous membranes for OOC devices 

are created either using PDMS, polyethylene terephthalate 
(PET) or polycarbonate (PC) [5,6]. However, the 
prevailing fabrication processes used to realize porous 
membranes with such materials intrinsically limit their 
applicability and impede the upscaling of the fabrication 
for the entire drug development cycle. In fact, porous 
PDMS membranes are often developed by replica 
molding, relying on manual fabrication procedures that 
are time-consuming and often causes peeling off (Fig. 2a). 
Moreover, features such as minimum pore size, thickness 
and porosity are limited and hard to tune with such a 
fabrication approach [7].  

On the other hand, porous PET and PC membranes 
do not offer control on the distribution of the pores, the 
porosity range is limited and are cumbersome to attach to 
PDMS-based devices as they rely strongly on manual 
handling. Consequently, the required proper alignment 
and the resulting flat surface needed (Fig. 2b) are not 
easily assured.  

Manual handling hampers high throughput and 
affects alignment and flatness, which might negatively 
influence the biological findings. Additionally, some of 
these materials are not as transparent and mechanically 
flexible when compared to PDMS. 
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Figure 2: The shortcomings of a) replica molding and b) manual 
attachment, the currently available methods for assembling of 
LOC and OOC devices with porous membranes. 

Here, we propose a simple and reproducible method 
to transfer microfabricated porous PDMS membranes into 
LOC and OOC devices. It allows circumventing the 
limitation imposed by the manual handling of the 
conventional assembling methods to create porous 
membranes for such devices, while keeping the well-
known mechanical and optical advantages PDMS offers 
over other materials. Our method can be adapted to 
automated assembling techniques, such as pick-and-place, 
for high throughput, accurate alignment and reproducible 
assembling of LOC and OOC devices.  

MEMBRANES FABRICATION AND 
TRANSFER METHOD 
Fabrication of the porous PDMS 

The fabrication process of the PDMS porous 
membranes is fully compatible with IC and MEMS 

technology. The porous membranes are fabricated at 
wafer level to subsequently transfer them to LOC and 
OOC devices (Fig. 2a).  

The fabrication process uses Poly-acrylic acid (PAA) 
as sacrificial layer. PAA is known for its high solubility in 
water and has previously been demonstrated as sacrificial 
layer in 2D micromachining [8]. The process flow to 
pattern the porous PDMS membranes is illustrated in 
Figure 3. Briefly, a 1 μm thick PAA layer is initially 
deposited on a 100 mm diameter silicon (Si) wafer (Fig. 
3a-b) by spin coating. Then, a PDMS layer is deposited 
(Fig. 3c) and patterned through a customized lithography 
process and dry etching. The thickness of such PDMS 
layer can be tuned between 2 m and 50  with 97.8% 
uniformity.  y

Figure 3: The main steps of the process flow developed to 
fabricate the porous PDMS membranes for LOC and OOC 
devices. (a-c) deposition of PAA, PDMS on Si substrate and (d) 
lithographic patterning of the pore arrays. 

Transferring of the porous PDMS 
Our method proposes a simple and reproducible way 

to transfer the microfabricated porous PDMS layer as 
membranes for LOC and OOC devices. The main steps of 
the transfer process are depicted in Figure 4. Firstly, both 
the thick PDMS bottom part of the PDMS device and the 
porous PDMS surface on the Si (carrier) wafer are treated 
with oxygen plasma to activate their surface and 
guarantee a successful mechanical bonding (Fig. 4a). 
Then, the carrier and the thick PDMS bottom part of the 
device are bonded together by applying a constant 
pressure (73 kPa) for 2 hours (Fig. 4b). Thanks to the 
lithography based fabrication approach, localized porous 

Figure 4: Main steps of the developed transfer method of porous PDMS membranes for LOC and OOC devices: 
(a) PDMS surface treatment, (b) Mechanical bonding, (c) Chip dicing and (d) Releasing.
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and non-porous regions can be specifically defined on the 
carrier substrate for any device size to enhance the 
mechanical bonding accordingly. The carrier containing 
the porous layer can therefore be diced to match the 
dimensions of different targeted LOC or OOC devices 
(Fig. 4c). To release the porous PDMS membrane from 
the carrier and keep them suspended on the bottom PDMS 
part, the assembled die is dipped in water using an 
ultrasonic bath. After approximately 15 min, the PAA is 
dissolved and the PDMS detaches from the carrier (Fig.  
4d) completing the transfer of the porous membrane. The 
final device is finalized by the placement of the top 
PDMS part. To do so, both the bottom part and the top 
part with the porous membrane are treated with oxygen 
plasma and bonded as previously described, completing 
the device assembly.  
 
RESULTS AND DISCUSSION 

The fabricated bottom part of one of the OOC device 
used in our experiments can be observed in Figure 5a.  
The device pictured is still attached to the silicon carrier, 
the stage prior to its release. This device was previously 
used by van der Helm [9] to directly measure 
transepithelial electrical resistance (TEER) to study 
cellular barrier tightness. In Figure 5b, a Scanning 
Electron Microscope (SEM) image the porous membranes 
transferred to this OOC device is shown. A 4 μm-thick 
membrane with well-defined pores of 8 μm-diameter was 
successfully transferred demonstrating the applicability of 
the method to thin PDMS porous membranes (<10μm). 
Membranes of different thicknesses can be also 
transferred according to the application requirements.  

By relying on a bulk carrier substrate compatible with 
IC and MEMS fabrication techniques, our process 
guarantees a good reproducibility and flat transferred 
membranes. This method can be considered suitable for 
automated assembling techniques, such as pick-and-place, 
since for several steps we only need to bring surfaces in 
close contact, an operation that is achievable with robotic 
technologies available in automated assembling systems. 
Therefore, our method enables the envisioned high-
throughput and reproducible assembling of PDMS-based 
OOC and LOC devices.   

 

 
Figure 5: Optical and SEM images of the fabricated porous 
PDMS and the OOC device. (a) The silicon carrier containing 
the 4-μm thick porous PDMS bonded to the OOC device. (b) A 
SEM image of the fabricated porous membranes with 8 μm-
diameter pore size. 

To evaluate the validity and biocompatibility of the 
process and transfer method, both Human Umbilical Vein 
Endothelial cells (HUVECs) and Vascular Interstitial cells 
(VICs) were cultured on the transferred membranes.  In 
Figure 6a, a complete OOC device after transferring the 
membranes and prior to cell seeding is shown. In this 
specific case, a chip with a 25% porosity membrane is 
shown. As clearly shown in Figure 6b, flat and clean 
membranes were successfully transferred.  

Once the transfer was completed, prior to cell seeding 
in one of the microchannels, the surface of the 
microchannel was functionalized with APTES and 
glutaraldehyde and rinsed with PBS and coated with 0.1 
mg/ml collagen. Subsequently, cells were attached by 
incubating the chips for 30 min. In Figure 6c, a 
fluorescence microscopy image of the cells cultured on 
the porous membranes, is reported. The morphology of 
the cells, for such incubating time, suggested a healthy 
environment for cell growth with no risks of infection 
imposed by the porous membranes or any possible residue 
from the transfer process. 

 

Figure 6: Optical images of: (a) the fully assembled OOC 
device; (b) a close-up of the microchannel area with the 
transferred porous membrane and (c) a fluorescent image of 
HUVECs cultures on the PDMS membranes. 
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Similarly, to demonstrate the viability of culturing 
more than one cell line, porous membranes were 
transferred and both HUVECs and VICs were co-cultured 
in a same device (Fig. 7b). VICs were cultured on the 
bottom microchannel, and similarly as the previous 
experiment; HUVECs were cultured on the top channel. 
The porous membranes create an artificial interface 
between both cell types. In Figure 7c, a florescence 
microscopy image obtained through confocal microscope 
show the cells on both sides of the porous membranes 
seeded in the corresponding microchannels. Both, the 
HUVECs and VICs in contact with the membranes 
showed healthy morphology, demonstrating once again 
the validity of the method to develop and transfer 
biocompatible PDMS porous membranes on OOC 
devices. 

 
Figure 7: Conceptual drawing and microscope images of the 
OOC device, and HUVECs and VICs seeded on an OOC device. 
(a) Top view of the device, (b) Cross section of the device, (c) 
fluorescence confocal images of the cells cultured on a 
membrane transferred to a OOC device. 

CONCLUSION   
We demonstrated a novel method to easily and 

reliably transfer porous PDMS membranes into OOC 
devices. The porous PDMS membranes are fully 
fabricated at silicon wafer scale, which in combination 
with the water-soluble polymer PAA allows to 
significantly simplify the assembly of LOC and OOC 
devices, while providing a high yield and high 
reproducibility. The compatibility with IC and MEMS 
techniques allows to adapt the process to automated 
assembling techniques, to bring the assembly of OOC and 
LOC devices a step further towards reproducible and high 
throughput manufacturing.  

Finally, it was proven that our novel method does not 
disturb the viability of cell culturing. This was 
demonstrated by two different cell lines cultured on OOC 
devices with transferred thin porous PDMS membranes 
which showed healthy morphology. 
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