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Abstract: To measure the ion activities of cells, an easy-access and fully-integrated system is 
necessary in culture room with high cleanness and easy maintenance. A new sensor structure 
integrated with readout system based on light-addressable potentiometric sensor (LAPS) to 
quantitatively monitor real-time cell activity with the advantages of label free and 2D image ability 
is proposed. The difference of cell number and acidification could be easily observed by 2D images 
by means of this proposed methodology. 
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1. Introduction 

The ion activities of cells are important in cell interactions with drugs and toxicity [1]. An 
easyaccess and fully-integrated system is necessary to establish in culture room with high cleanness 
and easy maintenance. Compare to the ability of conventional microscope, the ion activity of living 
cells should be also monitored [2]. Light-addressable potentiometric sensor (LAPS) could be a 
potential solution to provide this possibility with advantages of biosensor abilities [3]. Many LAPS 
scanning measurement systems were proposed including DLP [4], OLED [5], multi light fibers [6] 
and analog micro mirror [7]. Until now, no commercial instrument is available. We proposed a new 
device structure integrated with readout system based on LAPS to quantitatively monitor real-time 
cell activity with the advantages of label free and 2D image ability. 

2. Materials and Methods 

A new LAPS device structure is fabricated as shown in schematic and SEM picture in Figure 1a,b 
by the detail process flow shown in previous literature [8]. A double-side polished P-type silicon 
wafer is started with thickness of 300 μm. Thermal growth SiO2 and Si3N4 by low-pressure chemical 
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vapor deposition (LPCVD) both with thickness of 50 nm were deposited on the both side of Si wafer. 
Then back side of Si was selectively etched by a sequence of dry and wet etching to the thickness of 
90 μm by the patterns transferred from standard photolithography process. Si3N4 layers are used as 
the sensing membrane on the top side and the hard mask layer on the back side during KOH wet 
etching. To test the multi-well monitor, a special PDMS container is fabricated as the design shown 
in Figure 1c. Finally, this container could be fixed on Si3N4 surface of LAPS after O2 plasma treatment. 
4 wells in the bottom layer and 1 big well in the top layer are used for cell culture and for LAPS 
measurement, respectively. An epithelium cell line in proximal tubule of pig’s kidney, LLCPK1, is 
cultured directly on LAPS. As shown in Figure 2, a portable system of FPGA-based LAPS embedded 
with self-designed incubator is used to perform experiments. Temperature and humidity could be 
controlled by PID controller, which is similar to commercial incubator. To avoid contamination 
during cell culture, FPGA-based LAPS system is fully sealed and fixed in this self-design incubator. 

 
Figure 1. (a) Cross-sectional schematic plot, (b) SEM picture, (c) schematic 3D plot and (d) picture of 
real LAPS sample. 

 
Figure 2. Self-designed incubator to embedded LAPS measurement system and sensor chip. 
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3. Results & Discussion 

In Figure 3a, OM pictures of 4 wells with different cell concentration are shown. Culture status 
quite matched the cell numbers in the seeding process. Cell acidification could be easily checked by 
the color of measured photocurrent by FPGA-based LAPS. More cell growth induces more negative 
charges and less photocurrent as shown in blue color as shown in Figure 3b. Then more acidification 
after changed medium to HBSS for 30 min can be observed with a high photocurrent presented in 
red color as shown in Figure 3c. This developed device and readout system is proven to monitor the 
ion activity of epithelium cells easily and efficiently 

 
Figure 3. (a) OM images, (b) cultured for 24 h and (c) acidification for 30 min in HBSS solution of cell 
directly culture on Si3N4 LAPS surface with different cell number. 

4. Conclusions 

With the proper device fabrication and measurement system embedded with a self-designed 
incubator, the success rate of directly cell cultured LAPS chip is clearly increased. In current setting, 
photocurrent decreases with cell numbers due to the negative charges provided by cells. However, 
cell acidification could be also observed by changing medium to HBSS for 30 min. More cells make 
more acidification and following higher photocurrent. The platform could be applied in the cell 
relative ion activity and mechanism study. 
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