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Abstract 
A touch screen panel embedded 12.1-inch TFT LCD 
employing a standard a-Si:H TFT process has been 
successfully developed. Compared with conventional 
external touch screen panels, the new internal TSP 
exhibits a clearer image and improved touch feeling. 
Our new internal proposed TSP can be fabricated with 
low cost. 

1. Introduction

Demands on LCD displays have increased with 
ever-higher expectations for display quality and ever-
lower cost requirements. Although excellent visual 
price and performance have been achieved with LCDs, 
there is a new demand for these displays to also serve 
as an input device in many applications. For this 
reason, touch screen panel (TSP) technology has 
gained a great deal of attention for value added 
displays [1]. 

Recently, touch screen panel displays have been 
developed as input devices for PDAs (Personal Digital 
Assistants), hand-held phones, and tablet PCs [1-5]. 
The conventional TSP, which needs additional 
components to detect touch events, causes reduced 
contrast ratio and brightness and has resulted in thick 
modules. Therefore, various approaches to integrate 
the touch screen function into the LCD panel have 
been reported, using an optical [2-4], capacitive and 
resistive sensor array [5]. Most of the previous reports 
focus on optical sensor array based low temperature 
poly Si (LTPS) thin film transistors (TFTs), which 
uses the difference of the photo-current between 
touching and no touching. However, this approach is 
expensive as it requires extra process steps compared 
to conventional a-Si:H TFT LCDs. 

The purpose of our work is to report our 
development of a TSP-embedded 12.1-inch LCD 

fabricated by a standard a-Si:H TFT process. When
the touch event occurs in our TSP, an internal 
electrical short between the upper and lower glass
sends an electrical positional signal to a readout IC
such that additional components to detect the touch
event are not required. Compared with conventional
external TSP, our proposed TSP shows a clearer image
and higher display performance with low cost. 

2. New Internal Touch Screen Panel  

Conventionally, TSP components are attached to
the exterior of the LCD panel. On the other hand, the
new display has a TSP function embedded inside the
LCD panel cell. These are called external and internal 
TSP, respectively, and Fig. 1 shows images displayed
on these LCD panels with external (a) and internal
TSPs (b).  

(a) External TSP      (b) Internal TSP 
Figure 1.  Comparison of display performance

As shown in Fig. 1(a), the internal TSP has clearer
images because additional external components, 
which can cause loss of contrast, are not required.

2.1 New proposed TSP structure 
Fig. 2 shows a comparison of external and internal

TSP structures. The resistive-type external TSP shown
in Fig. 2(a) results in added cost and suffers loss of
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contrast ratio due to the additional components for 
touch sensing. Our new internal TSP structure is 
shown in Figure 2(b).

      
(a) External TSP          (b) Internal TSP 

Figure 2. Comparison of TSP structures 

Our new internal TSP structure is shown in Fig. 
2(b). This new approach uses a digital switching 
method. It detects the touch event by an electrical 
short between the indium-tin-oxide (ITO) layers on 
the upper color filter glass and the lower TFT glass. 
Using this structure, it is possible to fabricate the new 
sensor using a standard a-Si:H TFT process. The new 
structure does not result in any loss of contrast ratio or 
brightness. 
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Figure 3. Schematic view of internal TSP  

Fig. 3 explains the basic principle of the proposed
internal TSP. In this structure, the conductive column
spacer (C-CS) formed on the color filter (CF) glass
acts as a sensor switch which connects the common
electrode voltage (VCOM) of the upper CF glass to the
ITO sensor block on the lower TFT glass. When touch
events occur, the gap between the C-CS and contact 
area (sensor block) is reduced so as to make
mechanical contact, as shown in Fig. 3(a). The contact 
areas with C-CS are located in each blue pixel which
has the lowest contribution to overall brightness. As
shown in Fig. 3(b), the transferred signals from C-CS
can be delivered through X and Y sensing lines to the
read-out IC through TCP (tape carrier package) or
COF (chip on film) connections. 

This proposed TSP pixel structure consists of two
sensor lines (X, Y sensor lines) and sensor electrodes
fabricated in the blue pixels.  Two separated sensor
lines can increase the sensing speed for faster
scanning so that handwriting and other high speed
functions can be easily achieved. 

2.2 TSP sensitivity  
The most important factors for the sensitivity of

this internal TSP are thickness of the upper glass and
density of the main column spacer (CS). There are
many other factors affecting sensitivity of the TSP, 
such as height of the CS and the contact layer design.
The upper glass should be able to be bent easily. The
gap between C-CS and the contact area is around
0.5µm.  
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Figure 4. Relationship between touch sensitivity
and density of main column spacer 

Fig. 4 shows the change of TSP sensing force as a 
function of main CS density and upper color filter
glass thickness. Reduced main CS density makes it
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possible to easily bend the upper panel glass, which 
lowers the force need for mechanical touch contact. In 
order to increase sensitivity in the TSP, it is essential 
to reduce the main CS density.  

As glass thickness and density of the main CS are 
decreased, the required touch force is also decreased. 
However, LCD display quality can be adversely 
affected if density of the main CS is too low. 
Therefore, mechanical reliability tests were also 
conducted in order to guarantee long-term stability. In 
general, the TSP was operated in a repeated touching / 
handwriting environment. We were able to achieve 
consistent touch performance with reliable display 
operation.  

The proposed internal TSP showed good 
performance in pitting (sharp object depression) and 
smear (blunt object depression) tests. With respect to 
the sliding (object stroke) test, which is important for 
tablet PC applications, further improvement is still 
needed.

2.3 Internal digital switching TSP driving  
The internal touch screen consists of four major blocks. 

As shown in Fig. 5, when there is a touch event on the 
LCD screen, the sensor’s matrix signals are sent from the 
internal TSP LCD to the embedded gate and source readout 
circuits. Then, the gate and source drivers transform the 
received sensor signal to Y and X axis positional data, 
respectively.  
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Figure 5. Block diagram of internal TSP driving 
system 

These one dimensional separated X, Y positional data are
combined and converted into a single set of two
dimensional coordinates in a touch controller circuit, which
in turn is embedded within the panel’s timing controller. 
This coordinate data is then sent to a microcontroller
(MCU) via I2C protocol for use in the PC interface.
Eventually, the positional information is provided to the
personal computer (PC) via the MCU over a USB interface
and is processed as mouse action such as movement,
clicking and dragging.

Figures 6(a) and (b) show the equivalent circuit
and. timing diagram for detection, respectively. When
the panel is touched, C-CS connects VCOM on the
upper color filter glass to the X and Y sensor lines, 
which are formed on the lower TFT glass. Each of the
X and Y sensor lines has naturally occurring
capacitance which is depicted in Fig. 6(a) as CX and
CY. The connection during the touch event charges
each of the CX and CY parasitic capacitors up to VCOM.
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Figure 6. Internal digital switching TSP

equivalent circuit 

These charge levels are fed to the source and gate
driver readout ICs through the X, Y axis sensor lines, 
respectively. Each X and Y sensor line has a front end
comparator in the readout IC.  

As shown in Fig. 6(b), when the select switch
(SELX/Y) turns on during TSEL, the front end
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comparator reads out the touch signal including 
positional data. After reading sensing data, in order to 
discharge the residual charge from the previous touch 
input, during TRST the reset switch (RSTX/Y) is 
successively pulsed before readout of the next touch 
input.  

2.4  12.1” TFT LCD with embedded TSP
Figure 7 shows a photograph of the 12.1-inch internal 

TSP prototype LCD, which shows that handwriting 
capability is supported by high speed scanning. Incremental 
cost of the integrated touch screen is minimized by 
integrating the readout circuits into the source and gate 
driver ICs, and by integrating the touch controller functions 
into the panel’s timing controller. 

Figure 7. Photograph of 12.1-inch internal 
digital switching TSP 

Table 1. Key characteristics of 12.1” WXGA  

Table 1 shows the characteristics of the internal TSP. 
The panel has 200nits of luminance and contrast ratio
is 500:1. Compared with the external TSP, our internal 
TSP has increased the contrast ratio by 24% and has
dramatically decreased weight and thickness reduced
by 53% and 39%, respectively.  Clearly the
integrated TSP enables higher display quality, reduced
weight, and decreased thickness compared to the
conventional touch sensor which uses additional 
components

3. Summary

A 12.1-inch internal digital switching touch screen
panel LCD for notebook PC applications, fabricated
by using standard a-Si:H TFT-LCD processes, has
been successfully developed. Compared with
conventional external TSPs, the embedded TSP LCD
shows a clearer image, reduced weight, and decreased
thickness. Cost is also reduced due to the integration.
The LCD module provides sensing data through read-
out circuits which have been integrated into the gate 
and source drivers.  We have increased sensing speed
using discrete sensing lines to enable higher speed
sensing functions including handwriting.  The new
proposed internal TSP offers promise for broad
application in notebook and other mobile applications, 
with potential for use in larger screens for purposes
such as kiosks and other touch input applications..
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Items. Value 

Size 12.1-inch diagonal 

Display 
Resolution 

1280 x RGB x 800 (WXGA) 

Sensor Resolution 1280 x 800 

Brightness 200 nits 

C/R 500:1 

Color Gamut 45% 


