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Abstract 

This paper presents results on the investigation of 
Thin Film Transistors (TFT) substrates, coming from 
Liquid Cristal Display panels, for biological cells elec-
trical manipulation, sensing and studies. TFT technolo-
gy allows to fabricate very large and dense arrays of 
independent and transparent micro-electrodes on glass 
substrates. This dense array of micro-electrodes has 
been used for dielectrophoresis experiments, pH sensing 
and impedance measurements on yeast cells.  
 
1. Introduction 

Thin Film Transistors technology has long been the 
technology used for Liquid Cristal Displays panels. This 
technology knew a great improvement at the beginning of 
the 80’s thanks to the development of hydrogenated amor-
phous silicon (a-Si: H), which improved drastically its sta-
bility and characteristics, letting Active Matrix (AM) LCDs 
production becoming possible [1]. In AM LCD technology, 
or TFT LCD technology, each pixel is attached to one tran-
sistor which actively controls the pixel state, independently 
from the others. This technology allows fabrication on any 
kind of substrate, in particular on glass, which is a key sub-
strate for display application.  

Beyond LCD development other applications have been 
investigated since 20 years, in areas as different as: micro-
electronic devices (memory [2]), chemical sensing (pH [3], 
gas [4]) or bio-chemical sensing [5]. For this last field, Or-
ganic Thin Film Transistors, OTFT, have played an im-
portant role [6]. However, their fabrication, stability in air 
and large driving voltage make their use quite challenging.  

Each pixel in TFT LCD devices can be considered as 
one electrode controlled by one transistor. If the electrodes 
are made in Indium Tin Oxide (ITO), the system is almost 
completely transparent. Such structure is of great interest 
for biological research on cells, because of the transparency 
of the device (for observation with inverted microscope), 
the dimensions of the micro-electrodes, close to the one of 
cells, the possibility to activate individual electrodes any-
where on the device to electrically interact with cells any-
where wanted. Finally, the stability of the fabrication tech-
nology is no more to be demonstrated. 

TFT substrates can then be considered as advanced 
Multi-Electrode-Arrays with an additional advantage that 
sensors can also be integrated on the substrate. 

This article presents results from our group on the usage 
of TFT substrates for biological cells applications. 

 
2. TFT substrates. 

The TFT substrates used in this research are obtained 
by separating the upper glass of a TFT LCD panel for smart 
phone from the lower glass. This is the lower glass which is 
used here as a substrate, as it contains the array of mi-
cro-electrodes. The details of the structure has already been 
presented in [7]. To summarize, the TFT substrate consists 
in a dense array of transparent micro-electrodes, few 10 µm 
in width per more than 100 µm in height, each of them be-
ing controlled individually by one transistor. Figure 1 
shows a close view of the micro-electrodes array. 

Fig. 1: Close view of a TFT substrate. 
 

3. Electrical characterization of one TFT. 
Figure 2 presents the DC and AC electrical characteri-

zation of one TFT. For AC characterization, the graph 
shows that from 1 kHz, there is a clear attenuation of the 
signal amplitude with increasing frequency. 

 
4. TFT substrates used for cells biology culture and 
analyses. 

Experiments of bio-compatibility of the substrates was 
conducted, demonstrating the good bio-compatibility with 
fibroblast cells, primary brain neurons from chick, as well 
as liver cells. Adhesion of these cells on the substrate has to 
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be improved however. These results have been partially 
published in [7]. The possibility to attach a micro-fluidic 
device in PDMS on top of the surface as well as observa-
tion through the substrate with a fluorescent inverted mi-
croscope were also confirmed [7]. 

 
 
 
 
 
 
 
 
 
 

 
   a) 
 
 
 
 
 
 
 
 
 
 

 
b) 

Fig. 2: DC and AC characterization of one TFT. 
 
5. TFT substrates used for electrical manipulation of 
micro-beads and yeast cells. 

TFT substrates have been used for electrical manipula-
tion of micro-beads and yeast cells, using dielectrophoresis 
(DEP) technique. These experiments have been published 
in [7]. The experiments showed that micro-beads presented 
negative DEP, while yeast cells presented positive DEP, at 
100 kHz. Vg = 1 to 3V, Vs = 3 to 4V. Electroporation and 
electrofusion are under investigation. 

 
6. TFT substrates used as sensors. 

Investigation on the possibility to use TFT substrates as 
sensing areas have been conducted. 
pH sensing 

pH sensing has been performed by measuring the 
Id(Vg) curve at pH 7 and pH 9, with Vg = 5V and Vd = 
0.5V. A clear shift in the measured current can be observed 
on Fig. 3, demonstrating that the substrate could be used for 
pH sensing. 

 
Impedance Sensing 

Impedance measurement is an important parameter 
when working with biological cells, as the impedance of 
the cells depend on: their number, their size, their mor-
phology, their type, the condition of their membrane, etc.  

On Fig. 4, impedance in between two electrodes has 

been measured with only DIW and with a solution of 1% of 
yeast cells. Impedance clearly increases with the presence 
of yeast cells. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Id(Vg) graph of a transistor for pH 7 and pH 9 
showing that the characteristics is changing with the pH. 

 
The measurement is performed in AC. One electrode is 

put on ON state, with Vg = 10V and Vd = 1V. Impedance 
is measured between the electrode on ON state and the 
neighbor one with an LCR meter, Agilent E4980A. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4: Impedance measurement in between 2 electrodes  

 
6. Conclusions 
   This article presents the overall results which has been 
obtained until now with the investigation of TFT substrates 
coming from LCD panels, for biological cells electrical 
manipulation, study and analyses. Characterization of some 
transistors as well as first results of pH sensing and imped-
ance sensing on yeast cells are presented showing interest-
ing data to be further studied. 
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