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Abstract
An Optical type fingerprint scanning/touch-input flat panel is
designed. The driving system is based on the passive pixel sensor
(PPS) array with amorphous silicon (a-Si) TFT technology. The
embedded sensing structure of the optical sensor is using the aSi TFT phototransistor and four-mask process architecture
technology. The pixel density is over 500 PPI and the a-Si TFT
phototransistor sensor is high reliability by using Multi-N+ layer
in the a-Si TFT structure.
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1. Introduction
Flat panel displays with an optical input function have received
considerable attention recently for applications to small portable
electronic devices [1-3]. Optical sensors on thin-film-transistor
liquid-crystal displays (TFT-LCDs) are primarily for optical
touch panel, backlight control, and image acquisition [4-7].
Biometrics identification has been investigated for a few
decades [8-9]. Different technologies such as fingerprint [1011], vein [12], iris [13], and face recognition [14] are developed.
Due to the mature technologies, fingerprint identifications have
been widely used in security, immigrations or even financial
authentication applications. The mainstreams of fingerprint
sensing methods are the capacitive type and the optical type.
Capacitive type sensing technologies use the capacitance
difference to discern the ridge and the valley of the fingerprint.
Due to the sensing principle, the cross talk and electrical noise
issues disturb the signals severely and result in poor image
quality. For the camera systems, conventional optical type
sensing technologies usually provide better image quality.
However, the bulky module volume due to the prism and optical
components limit them apply to some applications.
In the TFT-LCDs, high yield rate and low manufacturing cost
management strategies have become the tendency of great
efforts for mass production by most companies. Reduction of the
production cost, enhancement the production yield rate are
critical for the mass production. A-Si:H TFT manufactured by
using 4-mask process [15-17] instead of normal 5-mask process
to improve the low manufacturing cost and high yield rate is a
good solution. By reducing the photolithography steps, the
production capacity as well as the production yield rate is
increased, and the process time is reduced. One of the
importance technology is prefer to four-PEP process substitutes
for five-PEP process. The four-PEP technology is simplify the
manufacturing process architecture by integrating two-wet and
two-dry etching process for the active-island and source/drain
data-line pattern formation.
In this work, a slim, compact and large sensing area flat panel
fingerprint/image scan is proposed. We introduce the pixel design
and the theory of operation. A PPS structure is adopted to achieve
high resolution applications, large sensor fill factor, and simple
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panel design. The electrical characteristics of the sensor device are
given. Signal (photo-current) to noise (dark current) ratio (SNR)
over 100.
Advanced four-mask process a-Si TFT array manufacturing
method and good TFT stability is also presented. In this paper,
4-mask TFT array process using halftone photolithography
technology is produced. Various kinds of the designs for
halftone mask (HTM) transmittance, pixel TFT layout, halftone
photoresist (PR) and the exposures conditions have been
experimentally optimized. The embedded sensing structure of
the optical sensor is using the a-Si TFT phototransistor and fourmask process architecture technology. The pixel density is over
500 PPI and the a-Si TFT phototransistor sensor is high
reliability by using Multi-N+ layer in the a-Si TFT structure.

2. Results and discussion
By reducing the photolithography steps, the production capacity
as well as the production yield rate is increased, and the process
time is reduced. One of the importance technology is prefer to
four-PEP process substitutes for five-PEP process. The four-PEP
technology is simplify the manufacturing process architecture by
integrating two-wet and two-dry etching process for the activeisland (PEP-2) and source/drain data-line (PEP-3) pattern
formation (for 5-mask process) as shown in Fig.1.

Figure 1. Compare to the differences for five-mask & fourmask process.
In figure 2, the 4-mask TFT-array fabrication process is as follow. After
the gate-line (M1) is patterned, the tri-layer of gate insulator (GI), a-Si:H
(AS), n+-aSi (N+), and data-line second metal layer (M2) are deposited
sequentially. The whole multi-layer structure was patterned by a
halftone photolithography and simultaneous etching process. The dataline and TFT source/drain are patterned next using the halftone mask
(HTM) while the TFT channel is partially patterned. In the halftone
photolithography process, as the halftone photoresist (PR) coating, the
data-line and the TFT channel region are exposed by using the same
HTM mask. However, the TFT channel region is halftone patterned, the
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data-line is normally exposed whereas the TFT channel region is
partially exposed. The photoresist thickness at the TFT channel region is
relatively thinner than that of the normal photoresist patterned. The fourPEP technology is simplify the manufacturing process architecture by
integrating two-wet and two-dry etching process for the active-island
and source/drain data-line pattern formation.
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Figure 2. The process flow for 4-mask array architecture.
With the photoresist pattern and using the metal etching process, the
data-line is patterned (by 1st wet). The partially exposed photoresist
pattern at channel region well protects the channel during the data line
etching process. The n+-aSi/ a-Si layers are patterned by dry etching
process (1st Dry) with the same photoresist pattern. The partially
exposed photoresist at the TFT channel region is removed by using the
photoresist etch-back process (by PR ashing) that is shown in Fig.2.
After the TFT channel is defined by the PR etch back process, the source
and drain electrodes of TFT are finally patterned by removing the metal
layer at the channel region.

Figure 4. (a) Schematic circuit of the pixel and the
integrator in PPS array, (b) Operation timing diagram of
the pixel and the integrator.

Figure 3. Top-view of the pixels with the read-out TFT and
the a-Si TFT phototransistor sensor.

To achieve optical fingerprint sensing mechanism, the PPS array with aSi TFT technology is adopted for high resolution image sensor
application. Figure 5 (b) and 5(c) show the cross-section of the pixels
with the read-out TFTs and the photo-transistor sensors. When the
fingers touch on the panel, the ridge and the valley of the fingerprint
construct different optical paths of the backlight in the pixels. At the
ridge areas (in Fig. 5a), most of the backlight is reflected at the surface
and then absorbed by the a-Si photo-sensing layer. On the contrary, most
of the backlight is transmitted into the air at the valley areas as shown in
fig. 5a. Thus, the ridge and valley areas of the fingerprint reflected
different amounts of light to the optical sensors, respectively. Figure 3
shows the top-view of the pixels. The size of the photo-transistor sensor
is about 500~1000 um2. In each pixel, the photo-transistor sensor is
connected to a storage capacitor in parallel, and a TFT switch connected
to a storage capacitor in parallel, and a switch based on a-Si TFT
technology is also connected to photo-transistor sensor. Figure 4(a)
shows the corresponding schematic circuits, G[n] is the TFT switch
signal controlled the operation phase (exposure phase and sensing phase)
of the pixels. IntRst is the reset switch of integrator. Cst and Cfb are the
storage capacitor and feedback capacitor, respectively. The operation
timing diagram of the pixel and the integrator as shown in Fig. 4 (b).
During the exposure phase, G[n] is turned off, then the IntRst is turned
on. The ridge and the valley of the fingerprint cause different reflection
light into the sensor, and generated different photo-currents. The Cst
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accumulates the electron generated by the photo-current and causes the
decrease of Vdiode. During the sensing phase, G[n] turns on and the
IntRst turns off. The integrator collects the electrons in pixel and
accumulates the electrons on Cfb, and the integrator output voltage Vout
varies with the accumulated electrons on Cfb, which is dependent on the
incident light irradiance. Meanwhile, the voltage level of Vdiode is reset
to Vref during the sensing phase. By repeating the sequence of exposure
and sensing phases, the optical information in each pixel is captured.
One of the most important factors to affect the image quality is the
electronic characteristics of the photo-transistor sensor. By tunning the
n-doping concentration of the a-Si layer n-doping layer (N+ layer) and
using multi-N+ layer structure, the photo-response can be controllable
easily. Figure 6 shows the I-V curves of the photo-transistor sensor with
photo-current and dark-current, respectively.
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Figure 5. A-Si TFT photo-transistor sensor structure by
four-mask process technology.

Figure 6. I-V curves of the a-Si TFT phototransistor
sensor under dark and different light intensity.

3. Conclusions
An Optical type fingerprint scanning/touch-input flat panel is
designed. The driving system is based on the passive pixel
sensor (PPS) array with amorphous silicon (a-Si) TFT
technology. The embedded sensing structure of the optical
sensor is using the a-Si TFT phototransistor and four-mask
process architecture technology. The pixel density is over 500
PPI and the a-Si TFT phototransistor sensor is high reliability by
using Multi-N+ layer in the a-Si TFT structure.
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