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Abstract 
By placing a transparent conductive ITO layer atop a display 
driver thin-film transistor (TFT), a dual-gate photosensitive 
TFT is formed to integrate a fingerprint sensing function in a 
display pixel. An analytical model is proposed to elaborate its 
working principles in achieving both fingerprint imaging and 
display driving functions. 
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1. Introduction 
Current fingerprint-enabled smartphones unanimously rely on a 

separate sensor to perform fingerprint identification (ID). 

However, such a conventional design only provides static 

identification and limited authentication. For instance, today’s 

smart phones cannot continuously monitor user’s ID over time 

of usage. In other words, current fingerprint ID solutions are 

incapable of offering dynamic biometrics with improved 

security measure. The separate sensor design also incurs higher 

material and manufacturing cost. As the demand for a thinner, 

lighter, and more secure handset grows, mobile makers have 

been dedicated to integrating an image sensor in the display 

panel to capture fingerprint images. However, all integrative 

designs proposed to date still encompass a separate imaging 

sensor in the display pixel and therefore lead to reduced display 

brightness, aperture ratio, and spatial resolution in addition to 

increased cost of manufacture and process complexity. We aim 

to design an amorphous silicon (a-Si:H) dual-gate photosensitive 

TFT working in either fingerprint imaging mode or display 

driving mode. By adopting the dual-gate TFT, we expect that the 

driver TFT in an active-matrix liquid crystal display (AMLCD) 

can have additional photo-sensing function enabling a high-

resolution, high-fidelity, and dynamic fingerprint sensor. 

This paper proposes a novel concept of a photosensitive device 

embedded in the display pixel and detects the reflected light 

from the finger touch. Our approach differs from the existing 

optical imaging-based technologies in that it transforms the 

display driver TFT into a dual-gate photosensitive TFT instead 

of placing a separate imaging sensor unit in the display pixel [1]. 

This unique design not only greatly preserves aperture ratio and 

maintain spatial resolution, but also enables an active pixel 

sensor to improve signal-to-noise ratio (SNR) for imaging the 

fine details of a fingerprint by harnessing the amplification 

effect of a TFT. Analytical modeling and numerical simulation 

will be conducted to verify the device design and finally a 

single-pixel device will be fabricated and characterized to prove 

the device concept with consideration of process viability.  

2. Design and Modeling 
The device we hereby propose is only composed of a single 

dual-gate photosensitive TFT (Fig. 1), which allows for the 

construction of a completely in-pixel dual-mode device for both 

display driving and fingerprint imaging. The dual-gate 

photosensitive TFT consists of four terminals: Photo G, S, D, 

and Dark G), two gate dielectric layers, and an active amorphous 

a-Si:H layer. It can be regarded as a device with two back-to-

back TFTs. 

 

Fig. 1 Cross-sectional structure of an a-Si:H dual-gate 

photosensitive TFT  

In AMLCD, backlight travels across the liquid crystal (LC) and 

reaches the surface of the screen. When a finger touches the 

screen, the sensor collects the photons reflected from the finger 

and immediately captures its fingerprint as illustrated in Fig. 2 

(a). In the corresponding pixel circuit diagram shown in Fig. 2 

(b), the top TFT is manipulated by three terminals: Reset, Data, 

and Bias while the bottom TFT acts as a switch controlled by the 

Select. In the display-driving mode, the bottom TFT is turned on 

by the Select, the Bias, and the Data terminals. The top TFT 

instead is biased positively by the COM terminal and functions 

as a storage capacitor in parallel with the LC self capacitor. In 

the fingerprint-imaging mode, the light reflected from the finger 

passes through the Photo G (e.g. ITO) and gets absorbed in the 

a-Si:H layer where the electron-hole pairs are generated and 

stored temporarily in the top TFT capacitor. When the Select, 

Data, Reset, and Bias terminals are biased properly, the photo-

generated charges are transferred to the external charge 

amplifier. To reduce power consumption, fingerprint images 

will be only captured when the fingers touch the screen and the 
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