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Abstract
A new data line reduction driving method was 

developed for high pixel density LCoS microdisplays. 
Its pixel structures and its corresponding gate line 
waveform were proposed, too. This idea can fulfill the 
increasing demand for higher resolution LCoS. In this 
method, no additional AC power is dissipated, and no 
more horizontal line time is needed. So this method 
can be applied to the high resolution microdisplay 
devices. It prefers being applied to the reflective 
liquid crystal on silicon microdisplays because of the 
pixel structure asymmetry and PMOS transistor 
switches used. 
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1. Introduction 
Flat panel displays including TFT LCD based on the 
matrix addressing commonly form a pixel using a 
data line and a gate line. In the conventional matrix 
addressing scheme, the number of data lines and gate 
lines proportionally increase with the resolution 
format of the TFT LCDs. This clearly increase the 
number of driver ICs and make the pixel pitch narrow, 
both of which combine to raise the cost of the TFT 
LCDs and possibly cause the reliability problems. 

In LCoS microdisplays design and fabrication, one of 
the problems is the integrated data driver with pixel 
scale width. One method is to simplify the data driver 
which cost the data driver output voltage accuracy 
performance and can not be applied to high 
performance microdisplay devices with more gray 
levels. And it is another method to use the sharing 
column line methods to reduce the data line drivers. 
And in LCoS, devices operate at the reflective mode, 
so complex pixel structures don’t decrease the 
aperture ratio of LCoSs, and the asymmetry of pixel 
has no effect on the LCoS optical performance. 
Furthermore Crystal silicon backplane can provide 

excellent PMOS transistors as well as NMOS 
transistors.

There have been several reports on data line sharing 
schemes for TFT LCD [1-3]. Although these methods 
can reduce the data lines and their data drivers to half, 
many problems appear. Two or more pixels connected 
with one data line are selected simultaneously, and 
this lead to larger load capacitance, so the data line 
drivers must enhance their driving strength and this 
contributes the more power and longer charging time. 
And one pixel is selected more than one time, so its 
voltage can oscillate and this will lead to more AC 
power dissipation. Furthermore in the method [4] 
shown in Figure1, the gate line driving signal is 
divided into two parts, so the gate line delay increases 
and it can be not applied to the high resolution display. 
So we proposed a novel data line reduction method to 
eliminate the problems above. In this novel method, 
the gate line signal is only one pulse with only one 
rising-edge in one frame time. And it can be applied 
to the high density LCoS microdisplays. 

2. Novel Shared data line driving method 
One of the origin methods has been reported in [2, 4], 
called SCLD, as shown in figure 1 and figure 2. In 
this driving method, problems are shown below: 

(1) More than one pixel is selected simultaneously.  
(2) One pixel is selected more than one time.  
(3) The waveform of gate line is divided into two 

parts.
The gate line time includes three stages; the fist is 
separate from the last two. The first part overlaps with 
the last gate line pulse, and helps it to fulfill the left 
pixel data loading. However, these stages aren’t equal 
to each other. Why? In report [2, 4], the reason has 
been reported that the right pixel of the data line is 
pre-charged when the left pixel is load with its data. 
But the final data voltage relation between the right 
pixel and the left pixel connected with the same gate 
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line and data line is not known. So the pre-charge 
can’t be ensured and may be lead to voltage 
oscillation. The voltage oscillation is defined that one 
pixel suffers from several changes to the final state in 
one frame time herein. This voltage oscillation 
contributes to more AC power dissipation especially 
in the true dot inversion not the two dot inversion [4]. 
We also found by analysis, that the reason is the when 
the right pixel is selected, there are three pixels 
connected with the same data line are selected, and 
this leads to the prolonged charging time, more AC 
power dissipation and the enhanced data driver 
strength required for the larger capacitive load. Based 
on our new analysis, this method can’t deal with the 
gate line time shortage problem. Furthermore the gate 
line pulse is divided into two parts, so it has two 
rising edges and doubles the gate line delay.  
In order to deal with the problems aforementioned 
completely, we proposed a new pixel structure and its 
corresponding gate line driving waveform. In this 
method, only one pixel is selected connected with the 
same data line. One pixel is selected only once in one 
frame (or sub-frame). The gate line is only one pulse 
and adjacent gate line pulse is overlapped. The 
primitive idea of novel data line reduction method is 
illustrated below. And the pixel structure of novel 
driving scheme is shown in figure3 which 
corresponding gate line driving waveform is shown in 
figure4.
Take for pixels connected with the Gate1 and Data-N. 
The left pixel of data line include two NMOS 
transistors M11 and M12 while the right pixel include 
three MOS transistors which include two PMOS 
transistors, M14 and M15, and one NMOS, M13. 
Two PMOS is controlled by the adjacent two gate 
lines, Gate0 and Gate2. And one row pixels are 
controlled by the adjacent three gate lines except the 
first row line pixel. M rows pixels need (M+1) rows 
gate lines. 
For example, when gate lines, Gate1 and Gate2, are 
both high level, the switches, M11 and M12, are 
turned on, and so only P11 is selected and loaded with 
its data, and when Gate0 and Gate2 are both low level 
and Gate1 is high level, the switches M13, M14 and 
M15 are turned on, and so only P12 is selected and 
loaded with its data. The two pixels, connected to the 
same data line and gate line, are divided completely. 
So each pixel has no voltage oscillation, and it need 
not to increase the data driver drive strength because 
only one pixel is connected to one data line driver 

simultaneously. Furthermore, the charge time is 
shortened by reduced load capacitance due to only 
one pixel selected simultaneously compared with the 
SCLD method.  
SCLD gate line waveform nearly doubles the gate line 
delay due to its twice rising and falling edges. In this 
new method, the gate line waveform is regularized to 
the only one pulse in order to decrease the gate line 
delay. This new driving scheme can provide longer 
available ON time by the same gate pulse width 
compared with the SCLD method. So this driving 
scheme can be applied to high resolution LCD. And 
then this new pixel structure was developed which can 
applied to true dot inversion with regular gate line 
driving waveform. It will mainly be used in reflective 
liquid crystal on silicon microdisplays, because 
reflective mode is non-sensitive to its pixel structure 
asymmetry, and crystal-silicon technologies can offer 
high performance NMOS and PMOS transistors. 
In brief, this novel driving method can obtain higher 
power efficiency; and can shorten line delay time, and 
no requirement for the more data line drivers driving 
strength compared with the SCLD method. 
3. Conclusion 
In this paper, a new data line sharing driving method 
was developed. Its pixel structures and the 
corresponding gate line waveform were proposed. 
This method can fulfill the increasing demand for 
higher resolution LCoS. In this method, no additional 
AC power is dissipated caused by voltage oscillation, 
and no more horizontal line time is needed because of 
the reduced load capacitance and less horizontal line 
delay. So this method can be applied to the high 
resolution microdisplay devices. It prefers being 
applied to the reflective liquid crystal on silicon 
microdisplays because of the pixel structure 
asymmetry and PMOS transistor switches used. 
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Figure1 Pixel structure of SCLD method 
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Figure2 waveform of gate line for SCLD 
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Figure3 Pixel structure of NSCL method 
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Figure4 Gate line waveform for NSCL method
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