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Abstract 
A new hybrid-type touch screen panel (TSP) has been 
developed based on a-Si:H TFT which can detect the 
change of both CLC and photo-current. This TSP can 
detect the difference of CLC between touch and no-touch 
states in unfavorable conditions such as dark ambient 
light and shadows. The hybrid TSP sensor consists of a 
detection area which includes one TFT for photo sensing 
and two TFTs for amplification. Compared to a single 
internal capacitive TSP or an optical sensing TSP, this 
new proposed hybrid-type TSP enables larger sensing 
margin due to embedding of both optical and capacitive 
sensors. 

 

1. Introduction 
Commercial LCD products have been broadly adopted 

due to their competitive price and excellent visual 
performance. Recently, the touch function has gained a 
great deal of attention due to its convenient user interface. 
Displays with touch panels make it easy to operate 
information terminals such as PDAs (Personal Digital 
Assistants) and tablet PCs [1]. Therefore, TSPs are being 
integrated into displays for use as an input device. 

TSP technology can be classified into two categories, 
namely external and embedded (in-cell or internal) types. 
The external TSP has been widely adopted for use in 
handheld phones. However, the external TSP results in 
additional cost and thickness of the display module, and 
this problem is more severe with increasing display size. 
The embedded TSP can solve these issues, and for this 
reason embedded TSP technology has gained significant 
consideration for value added displays [2, 3]. 

In this paper, we present a new approach for embedding 
the hybrid TSP into the LCD based on existing a-Si:H TFT 
processes. The new TSP makes considerable improvement 
over the drawbacks of prior in-cell TSPs.   

2. In-Cell TSP Technology  
External touch screen technology employs resistive, 

capacitive, surface acoustic wave and infrared methods, and 
requires an extra assembly with additional components, 
which cause higher cost, thicker size and a heavier module. 
Moreover, external TSPs reduce display brightness and 
result in extra internal light reflections which result in the 
degradation of image quality. 

 

 
 

 
Figure 1. Equivalent circuit and timing diagram of 

sensor pixel with lateral PIN photodiode 

In order to improve on the drawbacks of external type 
TSP technology, various approaches to integrate the touch 
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screen function to the LCD display have been proposed. 
Most of the previous reports focus on an optical sensor 
array for the TSP based on low temperature poly Si (LTPS) 
TFTs. This type of TSP works by detecting the difference of 
current due to light intensity between touch and no-touch 
states [4, 5]. Figure 1 shows that the equivalent circuit of 
the optical sensor consists of a photo diode (PD) and one 
amplifier (M1) [4]. 

At SID’08, another approach was reported [5]. This in-
cell capacitive type touch sensor, which is based on LTPS 
process, can detect a change of liquid crystal capacitance. 
The capacitive type sensor employs an active matrix 
sensing system which consists of a capacitive sensor and 
amplifier circuit in the active area. Although this method 
has relatively higher sensitivity and noise margin compared 
to a passive capacitive TSP based on a liquid crystal line 
sensor array, it may still suffer from lack of sensitivity [6]. 

3.  New Proposed TSP Technology 

3.1 Concept of Hybrid TSP 

In order to increase the sensing margin of conventional 
in-cell type TSPs, we have developed a new hybrid-type 
TSP, which can detect the change of both CLC and photo-
current at the same time. Figure 2 shows a cross sectional 
view of the LCD with the new proposed hybrid-type TSP. 
The new TSP contains both optical and capacitive sensors 
shown in figs. 2(a) and (b), respectively. 
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(a) Optical photo sensor of hybrid TSP 
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(b) Liquid crystal capacitive sensor of hybrid TSP 

Figure 2. Cross section views of the new TSP 

Because of the sensitivity characteristics of the photo-
sensor, in a conventional optical type TSP, soft finger touch 
detection for multi touch applications is available. However, 
this TSP suffers from a shadow effect, which is an 
unfavorable dark state such that desired touch detection 
may be hindered. The new proposed TSP, which can detect 
changes in CLC between touch and non-touch states, can 
successfully recognize touch events even under unfavorable 
environmental conditions such as shadows. 
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Figure 3. Sensing voltage properties of hybrid TSP 

 
As shown in Figure 3, the capacitive sensing method 

augments the existing photo detection method with a wider 
sensitivity range. This extra range enables the TSP to 
function in shadow conditions by detecting higher force 
events. A high sensing voltage level of approximately 4V 
has been obtained as shown in figure 3. 

Up to 2.5V, the sensing voltage level is determined by 
photo detection, and the remaining 1.5V of range results 
from sensing of the liquid crystal capacitance. As a result, 
compared with conventional photo type TSPs, by way of 
more voltage margin, this hybrid-type can make precise 
decisions between undesired shadows versus actual touch 
events. 
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Figure 4. Top view of display pixel and sensor block 
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Figure 4 shows the structure of the LCD with the dual 
type (LC capacitive and optical) touch screen sensor. The 
unit sensor block is vertically located every two RGB pixels. 
The sensor area consists of the optical sensor, LC capacitive 
sensor, an amplifier block and two additional lines for 
readout. 

 

3.2 Driving System of Hybrid TSP 

In the gate scan direction, the sensor switches (SWN-1, 
SWN, SWN+1, SWN+2, •••••) are sequentially turned on and 
off. The sensing current from sensor and amplifier is routed 
through the sensing signal line, which is vertically located 
next to the display pixel.  
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Figure 5. Block diagram of hybrid TSP driving system 

 
Figure 5 shows a block diagram of the hybrid TSP 

driving system. First, the sensing current is converted to an 
analog voltage signal via an integrator block. Then, this 
voltage signal is converted to a digital value through an 
analog to digital converter (ADC). The touch controller IC 
receives the digital signal which contains spatial and 
sequential touch coordinate information. Then the touch 
controller determines the touch location.  

Finally, this positional information from the touch 
controller is provided to a personal computer (PC) via a 
micro-controller unit (MCU) using I2C and USB interface, 
and is processed as mouse action. 

 

3.3 Advanced Driving for Hybrid TSP 

Figures 6 and 7 show the embedded touch sensor 
equivalent circuit and timing diagram, respectively. The 
sensor block, which is located every 2 RGB pixels, consists 
of two capacitors for capacitive sensing, one TFT for photo 
sensing and two TFTs for amplification and switching. As 

shown in figure 7, the Nth gate pulse (GN) and VRND signal 
go to a high level at the same time during a reset (T1) 
period. Then, node A, which is the gate node of TFT1 (the 
amplifying TFT), is charged up to the voltage level of RND 
(VRND-on) when the photo TFT is turned on.  
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Figure 6. Equivalent circuit of sensor block for hybrid 
TSP  
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Figure 7. Timing diagram for hybrid TSP driving   

When the Nth gate and VRND signals go to a low level, GN 
is below VRND, therefore the photo TFT is off and node A is 
coupled with the Nth gate signal, and the amount of its 
coupling is determined by ratio of the liquid crystal 
capacitance (CLC) to the reference capacitance (CREF).  

CLC varies depending on change of the cell gap by 
mechanical touching. When the panel is pressed by the user, 
the value of CLC increases as the cell gap is reduced. 

The voltage level of node A changes depending on the 
value of CLC. When a touch event occurs, the voltage level 
of node A is given by: 
 

(1))
C(touch)C

C(dVV(touch)V
REFLC

REF
GonRNDA +
×−= −

 
where VA is the voltage of node A, VRND-on is the highest 
voltage of VRND, dVG is the difference between the 
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maximum and minimum level of the gate voltage, and 
CLC(touch) is the LC capacitance when the panel is touched. 
 When the panel is not touched, the voltage level of node A 
is given by: 
 

(2))
Ctouch)(noC

C
(dVVtouch)(noV

REFLC

REF
GonRNDA +
×−= −

 
where CLC(no touch) means the LC capacitance when the 

panel is not pushed.  
Therefore, the voltage level of node A has a dependence 

on whether the touch event has occurred. In case of no-
touch, the channel of the photo TFT is exposed to ambient 
light during the integration period (T2). When the touch 
event occurs, the photo TFT is blocked by the finger or pen 
from ambient light, and if there is no object that blocks the 
light on the panel, a large amount of the leakage current is 
generated.  

As a result, the difference of this leakage current makes 
the voltage of the node A change. When TFT2 is turned on 
by the N-1th gate pulse, reading action starts and the sensing 
current is passed out through the sensing line. The touch 
controller determines whether a touch event occurred.  

 

4. 16-inch Hybrid-type TSP 
Figure 8 shows a photograph of our 16-inch internal 

hybrid touch sensor prototype, which can support finger 
touch sensing. Sensing readout circuits, which include an 
integrator, an ADC and a touch controller, are shown as the 
extra circuit on the lower PCB. 

 

 
Figure 8. Photograph of 16-inch internal hybrid TSP 

Table 1 shows characteristics of the internal hybrid TSP. 
The display panel area is a quarter 32-inch display, in other 
word, a 16-inch panel. The display resolution is quarter HD, 

in other words, 684 x 384 with a sensor resolution of 684 x 
192. 

 

Table 1. Key characteristics of 16 inch qHD hybrid TSP 
LCD 

Items. Value 

Size q32” (16”) diagonal 

Display Resolution 684 x 384 x RGB (qHD) 

Sensor Resolution 684 x 192 

Brightness 400 nits 

C/R 2000:1 

Color Gamut 72% 

5.  Conclusion 
We have developed a 16-inches new hybrid type TSP for 
larger size LCD applications which can detect the change of 
both CLC and photo-current at the same time. The sensor 
block consists of two capacitors for capacitive sensing, one 
TFT for photo sensing and two TFTs for amplification. 
Compared to a single internal capacitive or optical-type TSP, 
this new hybrid-type TSP provides larger sensing margin 
due to use of both optical and capacitive sensors. 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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