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ABSTRACT 

Formation of single-crystalline silicon CMOSFETs on 
PET  has been achieved by meniscus force mediated layer 
transfer (MLT) with a high yield of 99.97% and N-channel 
transistors show typical mobility of 529 cm2V-1s-1. A novel 
application of MLT technology to a virus detection device 
based on micro-chamber matrix is addressed. 

1 Introduction 
Fabrication of high-performance devices on plastics is 

the key technology for highly functional flexible electronics 
and various semiconductor materials such as organics, 
oxides and their compound have been proposed. Still, 
silicon CMOS is the ideal device in terms of circuit 
operation with high frequency, low power consumption 
and high reliability. We have proposed meniscus force 
mediated layer transfer (MLT) to form single crystalline 
silicon channels on polyethylene terephthalate (PET) and 
glass substrates and successfully operated transistors 
based on a process steps described in Fig. 1[1-3]. N- and 
p-channel transistors show typical mobility of 529 (n) and 
191 (p) cm2V-1s-1, respectively, and subthreshold swings 
of 78.3 (n) and 72.3 (p) mV/dec, respectively. By an 
optimization of the microstructure for layer transfer, a high 
transfer yield of 99.97% over 16380 transistors has been 
achieved. CMOS inverter showed a clear reversal of input 
signal and a 5-stage ring oscillator was successfully 

operated with 14.3 MHz as shown in Fig. 2 [4]. In addition, 
a floating gate memory operation and a hybrid 
integration of silicon CMOS and perovskite photovoltaic 
cells have been achieved [5]. 

Based on the MLT technology, a new virus detection 
device has been proposed. In this work, the principle of 
virus detection and a micro chamber matrix concept will 
be addressed. 

2 Virus Detection Device 

2.1 Principle of Virus Detection 
The virus detection method most widely used under 

COVID-19 pandemic is reverse transcription polymerase 
chain reaction (RT-PCR). This requires thermal cycles to 
repeat replication of DNA and final detection is done by 
measuring the intensity of fluorescence. In order to 
realize virus detection device, electrical screening is 
required and we have introduced a method called 
RNaseH-assisted rolling cycle amplification (RHa-RCA) 
[6]. Based on the present method, virus can be detected 
with proton (H+) generation induced by RCA reaction. 
Generation of H+ affects pH of the solution, which can be 
detected by ion-sensitive field effect transistors (ISFETs) 
by their shift in threshold voltage (Vth). 

2.2 High Sensitivity Detection by micro-chamber 
RHa-RCA is an amplification method without thermal 

cycles and H+ are generated continuously by the reaction. 
However, to achieve a high sensitivity comparable or 

Fig. 1 Process steps to fabricate silicon 
CMOS on PET substrate based on MLT. 

Fig. 2 Id-Vg characteristics of n- and p-channel 
transistors (left) and operation waveform of a CMOS 
ring oscillator on PET (right). 
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even higher than that of conventional PCR, the authors 
introduced a micro structure called micro-chamber matrix 
(MCM) as shown in Fig. 3. MCM is composed of a huge 
number of small chambers (~20 m in diameter) which 
divides sample solution to small amount individuals in 
micro-chamber.  Sample solution (saliva) is mixed with 
RHa-RCA solution and when the RCA reaction takes place 
with a virus in a chamber, the concentration of H+ 
increases abruptly in the specific chambers where viruses 
exist. ISFETs located in each micro-chamber detect the 
change in pH by their shifts in Vth.  

2.3 Virus Detection Circuit 
The change in Vth of ISFETs in each micro-chamber is 

detected by raster scan of ISFET matrix based on the 

similar operation with active matrix for displays. Figure 4 
schematically show the diagram. A specific detection of 
individual chamber corresponds to counting the number 
of virus in the sample, which gives very sensitive 
detection of virus density. Since the time for raster scan 
of the MCM will be less than 1s, the sensitivity is RCA 
reaction limited and the size of the micro-chamber 
should be designed to detect individual RCA reaction 
with one virus. 

3 Conclusions 
In this study, a new application of single-crystalline 

silicon CMOS on plastic to virus detection device has 
been addressed. This will be a new field of flexible 
electronics for the preparation of future coming new virus 
pandemic. 
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Fig. 3 A schematic diagram of virus detection device 
based on silicon micro chamber matrix (MCM). 

Fig. 4 A schematic diagram of electrical virus 
detection by raster scan of MCM composed of 
ISFETs at the cross point.. 
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