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(54) [TITLE OF THE INVENTION] Electro-Optical Device
Driving Circuit and Electro-Optical Device Equipped
with the Same

(57) [ABSTRACT]
[PROBLEM]

A data line driving circuit for, for example, a liquid 
crystal device of an active matrix driving method that 
efficiently prevents degradation of display image quality 
accompanying high-frequency driving, using a relatively 
simple configuration.  
[MEANS FOR RESOLUTION]  

A liquid crystal device 200 comprising: a plurality of 
scan lines 31 and data lines 35, arranged in the form of a 
matrix; a data line driving circuit 101; a scan line driving 
circuit 104; and a sampling circuit 301. The data line 
driving circuit 101 comprises a shift register 500, and a 
plurality of enable circuits 502 that each outputs, as a 
sampling circuit driving signal, the logical product of an 
enable signal and a transfer signal from the shift register 
500. Each of the enable circuits 502 is configured from a
transmission gate 505.
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[PATENTS CLAIMS]  
[CLAIM 1]   

An electro-optical device driving circuit comprising a 
plurality of scan lines and a plurality of data lines, 
switching means connected to each of the scan lines and 
data lines, and a pixel electrode connected to the switching 
means, wherein:  

the driving circuit comprises:  
a plurality of sampling circuits for sampling, and for 

supplying to each of the plurality of data lines, an image 
signal of an image signal line in response to a sampling 
circuit driving signal;  

a shift register for outputting sequentially transfer signals 
from each stage based on a clock signal of a prescribed 
period, and for supplying a driving signal to the sampling 
circuit; and  

a plurality of enable circuits for outputting respectively, 
to the plurality of sampling switches, a logical product of 
the transfer signal and an enable clock signal, having a 
prescribed pulse width, as sampling circuit driving signals, 
wherein:  

each of the plurality of enable circuits is structured from 
a transmission gate wherein the enable clock signal is 
inputted into an input terminal when the transfer signal is 
supplied to a control terminal, and the enable clock signal 
is outputted, as the sampling circuit driving signal, from an 
output terminal in response to the input of the transfer 
signal into the control terminal.  
[CLAIM 2]  

The electro-optical device driving circuit set forth in 
claim 1, wherein:  

each of the plurality of enable circuits comprises a pair 
of control terminals, as the aforementioned control terminal, 
to which is supplied, respectively, the transfer signal and an 
inverted signal of the transfer signal.  
[CLAIM 3]  

The electro-optical device driving circuit set forth in 
claim 1 or 2, further comprising:   

a plurality of inverters for generating respective inverted 
signals of the transfer signals that are outputted sequentially 
from each of the stages of the shift register, provided for 
each of the plurality of transmission gates.  
[CLAIM 4]   

The electro-optical device driving circuit set forth in 
claim 1 or 2, wherein:   

the shift register also outputs sequentially an inverted 
signal of the transfer signal while outputting the transfer 
signal from each stage.  
[CLAIM 5]  

The electro-optical device driving circuit set forth in any 
one of claims 1 through 4, wherein:  

a prescribed pulse width of the enable clock signal is set 
to be shorter than a pulse width of the transfer signal.  
[CLAIM 6]  

The electro-optical device driving circuit set forth in any 
one of claims 1 through 5, wherein:  

the image signal is supplied to the sampling circuit 
through a single image signal line without undergoing 
phase expansion;  

the shift register sequentially outputs the transfer signal 
from each stage to each of the data lines; and  

the plurality of sampling switches sequentially samples 
one sample at a time in response to the transfer signal.  
[CLAIM 7]  

The electro-optical device driving circuit set forth in any 
one of claims 1 through 5, wherein:  

the image signal is supplied to the sampling circuit 
through n image signal lines after phase expansion into n 
phases (where n is a natural number no less than 2);   

the shift register outputs transfer signals sequentially 
from each of the stages, to each group comprising data 
lines of n adjacent phases; and  

the plurality of sampling switches carries out sampling 
simultaneously for each group in response to the transfer 
signal.  
[CLAIM 8]  

The electro-optical device driving circuit set forth in any 
one of claims 1 through 7, wherein:  

the scan line driving circuit and data line driving circuit 
are formed on the aforementioned substrate.  
[CLAIM 9]  

The electro-optical device driving circuit set forth in any 
one of claims 1 through 8, wherein:  

each of the plurality of enable circuits is configured from 
a thin film transistor, made from either P-type or the N-type, 
wherein the transfer signal is supplied to the control 
terminal and the enable clock signal is inputted into the 
input terminal, to output, from an output terminal, as the 
sampling circuit driving signal, the enable clock signal, in 
response to inputting of the transfer signal into the control 
terminal.  
[CLAIM 10]  

An electro-optical device comprising a data line driving 
circuit of the electro-optical device set forth in any one of 
claims 1 through 9.  
[DETAILED EXPLANATION OF THE INVENTION]  
[0001]  
[FIELD OF TECHNOLOGY OF THE PRESENT INVENTION]  

The present invention is included in the field of driving 
circuits for driving data lines in electro-optical devices such 
as liquid crystal devices of an active matrix driving type 
through thin film transistor (which may be termed "TFT" 
hereafter) driving, thin film diode (which may be termed 
"TFD" hereafter) driving, or the like, and to the technical 
field of electro-optical devices comprising such driving 
circuits.  
[0002]  
[PRIOR ART]  

In electro-optical devices such as liquid crystal devices 
of an active matrix driving type that are driven by such 
TFT driving or TFD driving, or the like, large numbers of 
scan lines and data lines, each laid out vertically or 
horizontally, and large numbers of pixel electrodes 
corresponding to each of the intersections therebetween, 
and the like, are provided on a TFT array substrate, or the 
like.  
[0003]  

The scan line driving circuitry is configured so as to 
supply scan signals sequentially to each of the scan lines.  
[0004]  

On the other hand, the data line driving circuitry is 
configured so as to supply, to sampling circuits for 
sampling for each data line the image signal on the image 
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signal line, a sampling circuit driving signal in parallel with 
the operation of supplying the scan signals sequentially. 
More specifically, the data line driving circuit comprises a 
X-side shift register, comprising a plurality of stages, for 
the X direction (the crosswise direction), which is the 
direction in which the data lines are laid out. The X-side 
shift register is configured so as to output transfer signals in 
each stage, as sampling circuit driving signals, to sampling 
switches that are connected respectively to corresponding 
scan lines, based on the period of the X-side clock signal 
CLX (and the inverted signal CLX' thereof) that serve as 
references for horizontal scanning, inputted from an 
external image signal processing circuit. The image signals 
sampled by each of the sampling switches upon receipt of 
the sampling circuit driving signal are supplied either 
sequentially by line, or simultaneously for a plurality of 
lines, to each of the data lines.  
[0005]  

Here, in the technical field of electro-optical devices, 
such as this type of liquid crystal device, the pixel pitches 
have been reduced accompanying demands for improved 
display image quality, and driving frequencies have also 
been increased, such as with the "XGA mode," "SXGA 
mode," and the like.  
[0006]  

However, because the driving circuitry has been enlarged 
while still using a method wherein the transfer signal 
outputted sequentially from the shift register, as described 
above, is used simply as the sampling circuit driving signal, 
the sampling time allocated to each sampling switch has 
become shorter. Because of this, this may result in an 
inadequate ability to sample at each of the sampling 
switches. In response, the requirements of the transistors, 
such as the TFTs that structure the sampling switches, 
themselves are being made more stringent, and the 
requirements for the interconnections, such as the 
resistances, time constants, and the like, for the various 
types of interconnections, themselves are also being made 
more stringent, which may lead to increased production 
costs and reduced yields.  
[0007]  

Given this, firstly, conventionally a technology known as 
"phase expansion" has been introduced first in order to 
handle high-frequency driving. This phase expansion refers 
to expanding a single serial image signal to n parallel image 
signals corresponding to n respective data lines (where n is 
a natural number no less than 2). More specifically, 
expansion is to image signals corresponding to the data 
lines at intervals of a prescribed number of lines, with 
image signals corresponding to the 1st, 1+nth, 1+2nth, 1+3nth, 
… data lines from the edge of the screen display region 
assigned to a first image signal line, image signals 
corresponding to the 2nd, 2+nth, 2+2nth, 2+3nth, … data lines 
from the edge of the screen display region assigned to a 
second image signal line, and image signals corresponding 
to the 3rd, 3+nth, 3+2nth, 3+3nth, … data lines from the edge 
of the screen display region assigned to a third image signal 
line. For example, in the case of three-phase expansion, 
image signals corresponding to the 1st, 4th, 7th, 10th, …, data 
lines are image signals sent on a first image signal line, 
image signals corresponding to the 2nd, 5th, 8h, 11th, … data 
lines are image signals sent on a second image signal line, 

and image signals corresponding to the 3rd, 6th, 9h, 12th, … 
data lines are image signals sent on a third image signal 
line. The use of such phase expansion makes it possible to 
prevent in advance the deleterious effects accompanying 
high-frequency driving, as described above, because the 
driving frequencies for the individual image signal lines are 
reduced commensurately with the number of phases of 
expansion. Moreover, if, in particular, the configuration is 
such that, together with carrying out phase expansion, a 
plurality of mutually adjacent sampling switches that are 
connected to each of the individual signal lines are driven 
as a group by the same sampling circuit driving signal, the 
sampling time at each individual sampling switch can be 
maximized, and a single sampling circuit driving signal can 
be used in common for a plurality of sampling switches, 
enabling the driving frequencies for the data line driving 
circuit and sampling circuits to be reduced.  
[0008]  

Furthermore, secondly, conventionally an enable circuit 
has been introduced for handling high-frequency driving. 
This enable circuit is a technology for narrowing the pulse 
width for each sampling circuit driving signal to the pulse 
width of the enable circuit through taking the logical 
product of each of the sampling circuit driving signals and 
the enable clock signal, known as the "enable signal," so 
that the sampling circuit driving signals of adjacent phases 
will not be partially overlapping on the time axis, with the 
sampling switches to carry out sampling in response thereto. 
Limiting the pulse width in this way provides a slight time 
margin between two sampling circuit driving signals of 
adjacent phases. This makes it possible to absorb the 
adverse effects partially or completely through the time 
margin described above, notwithstanding more adverse 
effects that accompany high-frequency driving such as in 
ON resistance, interconnection resistance, time constants, 
capacitance, time delays, and the like, in various types of 
interconnections and in active elements, such as TFTs that 
structure the sampling circuits, data line driving circuits, 
and the like. This makes it possible to prevent effectively 
the occurrence of crosstalk and ghosting between the data 
lines of adjacent phases when the image signal has not 
undergone phase expansion, or between the data lines that 
are connected to a given image signal and are driven in 
adjacent phases when the image signals have been 
subjected to phase expansion.  
[0009]  
[PROBLEM BY THE PRESENT INVENTION]  

In the technical field of electro-optical devices, such as 
liquid crystal devices, fundamentally there is a strong 
demand for improved image quality, and because of this, it 
has become necessary not only to further reduce the pixel 
pitches in order to achieve high-resolution images, but also 
to drive large numbers of scan lines and data lines at even 
higher frequencies.  
[0010] 

However, in order to carry out the conventional phase 
expansion, as described above, along with the increased 
signal processing loads on the external image signal 
processing circuit, there is the need to route a plurality of 
image signal lines on the substrate, and thus there is a 
problem in that this complicates, for example, 
interconnections of the sampling circuit driving signal lines 
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that must cross either over or under the image signals. 
Moreover, there is also a problem in that, accompanying an 
increase in frequency and in the number of phases for 
expansion, sampling circuit driving signals that are of 
adjacent phases end up partially overlapping each other on 
the time axis, sensitively reacting to even the slightest 
causes, due to supply through complex interconnections, 
and the like, after having been subjected to such complex 
signal processing.  
[0011]  

Moreover, in the technology that uses conventional 
enable circuits, as described above, the enable circuits that 
take the logical product of the sampling circuit driving 
signal and the enable clock signal are structured through 
connecting a NAND circuit and an inverter in series. 
Because of this, when the driving frequency is high this 
causes a relative increase in effects of, for example, the ON 
resistance, capacitance, time constant, and the like, in the 
plurality of circuit elements including the NAND circuit 
and inverter, and, according to the research of the present 
inventors in particular, the delay time in the plurality of 
gates included in the NAND circuits and inverters may 
reduce the accuracy of the sampling circuit driving signals 
that are outputted through these enable circuits. For 
example, in the current state of the art, the delay times are 
about 50 ns (nanoseconds) each for this type of NAND gate 
and inverter, and thus the delay time in an enable circuit 
that is structured through connecting these in series will be 
the total of both, increasing to about 100 ns. Given this, 
ultimately there is a problem in that the sampling 
operations in the sampling circuits are inaccurate, irregular, 
or unstable, and there is crosstalk and ghosting between 
adjacent data lines (when phase expansion is not carried 
out), or between data lines that are connected to given 
image signal lines and driven through sampling circuit 
driving signals of adjacent phases (when phase expansion is 
carried out).  
[0012]  

The present invention was created in contemplation of 
the problem areas set forth above, and the object is to 
provide a data line electro-optical device driving circuit that 
is able to prevent effectively degradation of display image 
quality accompanying high-frequency driving, doing so to 
the use of a relatively simple structure, and to provide an 
electro-optical device comprising such a data line driving 
circuit.  
[0013]  
[MEANS FOR SOLVING THE PROBLEM]  

In order to solve the issues set forth above, an electro-
optical device driving circuit according to the present 
invention is an electro-optical device driving circuit 
comprising a plurality of scan lines and a plurality of data 
lines, switching means connected to each of the scan lines 
and data lines, and a pixel electrode connected to the 
switching means, wherein: the driving circuit comprises: a 
plurality of sampling circuits for sampling, and for 
supplying to each of the plurality of data lines, an image 
signal of an image signal line in response to a sampling 
circuit driving signal; a shift register for outputting 
sequentially transfer signals from each stage based on a 
clock signal of a prescribed period, and for supplying a 
driving signal to the sampling circuit; and a plurality of 

enable circuits for outputting respectively, to the plurality 
of sampling switches, a logical product of the transfer 
signal and an enable clock circuit, having a prescribed 
pulse width, as sampling circuit driving signals, wherein: 
each of the plurality of enable circuits is structured from a 
transmission gate wherein the enable clock signal is 
inputted into an input terminal when the transfer signal is 
supplied to a control terminal, and the enable clock signal 
is outputted, as the sampling circuit driving signal, from an 
output terminal in response to the input of the transfer 
signal into the control terminal.  
[0014]  

Given the electro-optical device driving circuit according 
to the present invention, the driving signal first outputs 
transfer signals sequentially, based on clock signals, from 
each of the stages of the shift register. Given this, the 
logical product of the outputted transfer signal and enable 
clock signal are outputted from the enable circuit as a 
sampling circuit driving signal having a prescribed pulse 
width. In parallel with this, a plurality of scan lines is 
driven sequentially by the scan line driving circuit. 
Consequently, in a screen display region wherein scan lines 
and data lines are laid out in the form of a matrix, field 
scanning, frame scanning, and the like, can be carried out 
well based on the sequentially outputted sampling circuit 
driving signals and scan signals. Here, in the present 
invention, in particular the plurality of enable circuits are 
structured from respective transmission gates. In each of 
the transmission gates, transfer signals are supplied to 
control terminals (that is, TFT gates, or the like), and 
enable clock signals are inputted into input terminals (such 
as, for example, the source or the drain of a TFT). Given 
this, the enable clock signal from the output terminal (that 
is, the other one of the source or drain of the TFT) is 
outputted, as the sampling circuit driving signal, in 
response to the input of the transfer signal into the control 
terminal. Consequently, when compared to the 
conventional enable circuit wherein a NAND circuit and an 
inverter are arranged in series, the number of gates is 
reduced, reducing the capacitance and delay time as well. 
The result, when envisioning forming TFTs, 
interconnections, and the like, using the same thin film 
forming technologies, is the ability to reduce easily the 
delay time, which has been, for example, about 100 ns in a 
conventional enable circuit, by half, to about 50 ns. 
Because the scope of circuitry in the enable circuit is 
reduced, this is useful also when reducing the pixel pitch 
for a high resolution image display.  
[0015]  

The result of the above is the ability to supply high-
precision sampling circuit driving signals wherein the 
effects of ON resistance, capacitance, time constants, and 
the like in the enable circuit, comprising transmission gates, 
are relatively small, despite higher driving frequencies, thus 
enabling the sampling operations in the sampling circuit to 
be accurate and stabilized, enabling a reduction in the 
occurrence of crosstalk and ghosting between adjacent data 
lines (if phase expansion is not carried out), or between 
data lines that are connected to identical image signal lines 
and that are driven by sampling circuit driving signals of 
adjacent phases (when phase expansion is carried out).  
[0016]  
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In one aspect of the electro-optical device driving circuit 
according to the present invention, each of the plurality of 
enable circuits comprises a pair of control terminals, as the 
aforementioned control terminal, to which is supplied, 
respectively, the transfer signal and an inverted signal of 
the transfer signal.   
[0017]  

In this aspect, the transmission operation for the enable 
clock signal in the transmission gate is controlled with 
high-precision depending on the supply of the transfer 
signal and the inverted signal thereof to the pair of control 
terminals (that is, to a pair of gates in a pair of TFTs, or the 
like). The result is that field scanning, frame scanning, and 
the like, in the screen display region, is carried out well.  
[0018]  

In another aspect of the electro-optical device driving 
circuit according to the present invention, a plurality of 
inverters for generating respective inverted signals of the 
transfer signals that are outputted sequentially from each of 
the stages of the shift register is further provided, for each 
of the plurality of transmission gates.    
[0019]  

Given this aspect, the inverted signals are generated 
sequentially by an inverter in parallel with the transfer 
signals being outputted sequentially from the shift register. 
Thus the transmission operation for the enable clock signal 
in the transmission gate is controlled with high-precision in 
response to the supply of the transfer signal and of the 
inverted signal thereof to the control terminals. The result is 
that field scanning, frame scanning, and the like, in the 
screen display region, is carried out well.  
[0020]  

Conversely, in another aspect of the electro-optic device 
driving circuit according to the present invention, the shift 
register also outputs sequentially an inverted signal of the 
transfer signal while outputting the transfer signal from 
each stage.  
[0021]  

In this aspect, the inverted signal is also outputted 
sequentially, in parallel with the sequential outputting of 
the transfer signal, from the shift register. Thus the 
transmission operation in the transmission gate relating to 
the enable clock signal is controlled with high-precision in 
response to the supplying of the transfer signal and the 
inverted signal thereof to the control terminal. The result is 
that field scanning, frame scanning, and the like, in the 
screen display region, is carried out well.   
[0022]  

In another aspect of the electro-optical device driving 
circuit according to the present invention, a prescribed 
pulse width of the enable clock circuit is set to be shorter 
than a pulse width of the transfer signal.  
[0023]  

In this aspect, the sampling circuit driving signal is 
generated by the transmission gate based on an enable 
clock signal that is shorter than the pulse width of the 
transfer signals that are outputted sequentially. The result is 
that a slight time interval that corresponds to the shortness 
of the enable clock signal is placed, as a temporal margin, 
between each of the two sampling circuit driving signals 
that are outputted in adjacent phases from the plurality of 
enable circuits. This enables the adverse effects 

accompanying high-frequency driving to be absorbed 
partially or completely through the temporal margin, 
described above, despite a relative increase in adverse 
effects from, for example, ON resistance, interconnection 
resistance, time constants, capacitance, delay times, and the 
like, in various types of interconnections and active 
elements, such as TFTs, that structure the data line driving 
circuit and sampling circuit. The result of the above is the 
ability to prevent effectively the occurrence of crosstalk 
and ghosting, even when driving at high frequencies.  
[0024]  

In another aspect of the electro-optical device driving 
circuit according to the present invention, the image signal 
is supplied to the sampling circuit through a single image 
signal line without undergoing phase expansion, the shift 
register sequentially outputs the transfer signal from each 
stage to each of the data lines, and the plurality of sampling 
switches sequentially samples one sample at a time in 
response to the transfer signal.  
[0025]  

In this aspect, the image signal is supplied to the 
sampling circuit through a single image line, without 
having undergone phase expansion. On the other hand, the 
transfer signal is outputted sequentially to each data line 
from each of the stages of the shift register. Given this, the 
image signal, on the single image signal line, is sampled 
sequentially, one at a time, by the plurality of sampling 
switches in response to the transfer signal. Thus the field 
scan, frame scan, and the like in the screen display region is 
carried out well based on the high-precision sampling 
circuit driving signal that is outputted from the transmission 
gate despite the image signal having not undergone phase 
expansion.  
[0026]  

In another aspect of the electro-optical device driving 
circuit according to the present invention, the image signal 
is supplied to the sampling circuit through n image signal 
lines after phase expansion into n phases (where n is a 
natural number no less than 2), the shift register outputs 
transfer signals sequentially from each of the stages, to 
each group comprising data lines of n adjacent phases, and 
the plurality of sampling switches carries out sampling 
simultaneously for each group in response to the transfer 
signal.    
[0027]  

In this aspect, the image signal is subjected to phase 
expansion and supplied to sampling circuits through n 
image signal lines. On the other hand, transfer signals, from 
each phase of the shift register, are outputted sequentially 
to each group that comprises n data lines. Given this, the 
image signal on the n image signal lines is sampled 
simultaneously, by a group, by a plurality of sampling 
switches, in response to the transfer signal. The result is 
that field scanning, frame scanning, and the like, are carried 
out well in the screen display region, based on the high-
precision sampling circuit driving signal that is outputted 
from the transmission gate, even when the image signal has 
been subjected to phase expansion. Moreover, this aspect 
has the benefit that the driving frequency in the phase 
register and sampling circuit can also be reduced to 1/n 
through the phase expansion.  
[0028]  
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In another aspect of the electro-optical driving circuit 
according to the present invention, the scan line driving 
circuit and data line driving circuit are formed on the 
aforementioned substrate.   
[0029]  

In this aspect, the scan line driving circuit and data line 
driving circuit are formed on the substrate of the electro-
optical device, enabling achievement of an electro-optical 
device with built-in driving circuitry.  
[0030]  

In another aspect of an electro-optical device driving 
circuit according to the present invention, each of the 
plurality of enable circuits is configured from a (single 
channel-type) thin film transistor, made from either P-type 
or the N-type, wherein the transfer signal is supplied to the 
control terminal and the enable clock circuit is inputted into 
the input terminal, to output, from an output terminal, as 
the sampling circuit driving signal, the enable clock circuit, 
in response to inputting of the transfer signal into the 
control terminal.    
[0031]  

In this aspect, a plurality of enable circuits are 
configured from respective TFTs of channels that are either 
the P-type or N-type. Given this, enable clock signals are 
inputted into an input signal (which is either the source or 
drain) in each TFT with either a P-type or N-type channel, 
while the transfer signal is provided to the control terminal 
(that is, to the gate). Given this, the enable clock signal is 
outputted as the sampling circuit driving signal, in response 
to the input of the transfer signal to the control terminal, 
from the output terminal (which is the other of the source 
or drain). Consequently, when compared to a conventional 
enable circuit wherein a NAND circuit and an inverter are 
arranged in parallel, the number of gates is reduced 
substantially, reducing substantially the capacitance and 
delay time as well. The result is the ability to reduce easily 
the delay time, which is, for example, about 100 ns in a 
conventional enable circuit, to less than about 50 ns, when 
envisioning formation of TFTs, interconnections, and the 
like, when using an equivalent thin-film fabrication 
technology. Moreover, because only an extremely limited 
scope of circuitry is required in the enable circuit, this is 
beneficial also when reducing the pixel pitch for high-
resolution image displays.  
[0032]  

In order to solve the problems set forth above, an electro-
optical device according to the present invention includes 
the electro-optical device data line driving circuit according 
to the present invention, described above, or any of the 
aspects thereof.  
[0033]  

The electro-optical device according to the present 
invention includes the data line driving circuit according to 
the present invention, described above, thereby enabling 
various types of electro-optical devices, such as liquid 
crystal devices, EL (electroluminescence) devices, and the 
like, that are capable of displaying high-quality images, 
driven at high frequencies with high-resolution, using a 
relatively simple structure.  
[0034]  

These operations and other benefits of the present 
invention will become apparent from the embodiments 
explained next.  
[0035]  
[EMBODIMENTS OF THE INVENTION]  

Embodiments according to the present invention will be 
explained below based on the drawings.  
[0036]  
(FIRST EMBODIMENT)  

A first embodiment will be explained first in reference to 
FIG. 1 through FIG. 4. FIG. 1 is an overall block diagram 
of a liquid crystal device as an example of an electro-
optical device equipped with a data line driving circuit; FIG. 
2 is a circuit diagram of the data line driving circuit; FIG. 3 
is a circuit diagram depicting the enable circuit part of FIG. 
2 enlarged; and FIG. 4 is a timing chart of the various types 
of signals in the data line driving circuit. Note that in the 
present embodiment the present invention is applied to a 
liquid crystal device of an active matrix driving type 
through TFT driving.  
[0037]  

In FIG. 1, a liquid crystal device 200 is structured 
comprising a liquid crystal displaying portion 1a wherein a 
liquid crystal is filled between a pair of substrates, a data 
line driving circuit 101, a scan line driving circuit 104, and 
a sampling circuit 301.  
[0038]  

These driving circuits, and the like, are provided in a 
peripheral region positioned at the periphery of a TFT array 
substrate 10 comprising, for example, quartz glass, hard 
glass, a silicon substrate, or the like. A plurality of pixel 
electrodes 11, provided in the form of a matrix, respective 
data lines 35 (source electrode lines) laid out in a plurality 
in the X direction and extending in the Y direction, a 
plurality of scan lines 31 (gate electrode lines) laid out in a 
plurality in the Y direction and extending in the X direction, 
a plurality of TFTs 30, interposed between each of the data 
lines 35 and pixel electrodes 11, for controlling 
respectively, in response to scan signals supplied through 
the respective scan lines 31, the conductive state or 
nonconductive state between each of the data lines 35 and 
pixel electrodes 11, and a liquid crystal displaying portion 
1a are structured in a screen display region that is 
positioned in the center of the TFT array substrate 10. 
Additionally, capacitance lines 31' (power storage 
capacitance electrodes) that are interconnections for storage 
capacitors to maintain the voltages that are applied to the 
pixel electrodes 11 are formed in parallel with the scan 
lines 31 on the TFT array substrate 10.  
[0039]  

In response to a X-side clock signal CLX (and an 
inverted clock signal CLX' thereof), which are referenced 
clock signals for applying the data signals, the data line 
driving circuit 101 drives the sampling circuit 301 to 
sample the image signal Vi supplied from the image signal 
line 400, for application as data signals to the plurality of 
data lines 35.  
[0040]  

The scan line driving circuit 104 is configured so as to 
apply scan signals sequentially to the plurality of scan lines 
31, based on a Y-side clock signal CLY (and an inverted 
clock CLY' thereof), which is a reference clock for scan 
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signal application, so as to carry out vertical scanning in the 
Y direction, which is perpendicular to the scan lines 31, 
based on the data signal and the scan signal, in the liquid 
crystal displaying portion 1a that is configured from a 
plurality of pixel portions that are arranged in the form of a 
matrix.  
[0041]  

The sampling circuit 301 comprises a plurality of 
sampling switches 302 connected respectively to a plurality 
of data lines 35. Each sampling switch 302 is supplied an 
image signal Vi, where the individual sampling switches 
302 are closed sequentially through transfer signals from 
the shift register circuit, described below, which is included 
in the data line driving circuit 101. That is, the 
configuration is such that the image signal Vi is sampled in 
response to the transfer signal for each data line 35 and is 
applied respectively, as data signals, to a plurality of data 
lines 35.  
[0042]  

More specifically, the sampling switch 302 is structured 
from, for example, a P channel-type or N channel-type 
typed-channel-type TFT or a complementary TFT, where 
an image input signal line 400 is connected to the source 
electrode of a sampling switch 302, and a sampling circuit 
driving signal line 306 is connected to a gate electrode of 
the sampling switch 302. Given this, the configuration is 
such that, when a sampling circuit driving signal is inputted 
from the data line driving circuit 101 through the sampling 
circuit driving signal line 306 while the image signal Vi is 
inputted from the image input signal line 400, the image 
input Vi is sampled and applied to each data line 35.   
[0043]  

A configuration for the data line driving circuit 101 will 
be explained in detail next in reference to FIG. 2 through 
FIG. 4.  
[0044]  

In FIG. 2, the data line driving circuit 101 is equipped 
with a shift register circuit 500 that comprises multiple 
stages, and a plurality of enable circuits 502.  
[0045]  

The shift register circuit 500 is configured including 
three clocked inverters 501 each for transferring, to the 
subsequent stage, through returning the transfer signal with 
each change in the binary levels of the clock circuit CLX 
and the inverted signal CLX' thereof, which are of a 
prescribed period and are supplied from an external image 
signal processing device, so as to output sequentially 
transfer signals A1, A2, A3, …, from each stage, in the 
transfer direction corresponding to the direction from right 
to left, as illustrated in FIG. 2. Note that a shift register start 
signal DX, for starting the transfer of the transfer signal, is 
inputted from the left side in the figure into the shift 
register circuit 500, and the power supply, and the like, that 
is required for driving each clocked inverter 501 is 
connected so as to be supplied from the outside.  
[0046]  

Additionally, in the present embodiment, the plurality of 
enable circuits 502 is provided for each data line 35, 
because the image signal is not phase-expanded, and each 
is configured to calculate the logical product of the transfer 
signal A1, A2, A3, …, and an enable signal ENB, as an 
example of an enable clock signal, and so as to output them, 

as scan signals O1, O2, O3, …, respectively, to the 
sampling driving signal lines 306 (referencing FIG. 4). As a 
more specific circuit configuration, each enable circuit 502 
is structured from a transmission gate 505, for outputting 
the scan signal O1, O2, O3, …, with the timing with which 
the transfer signals A1, A2, A3, …, are inputted and the 
enable signal ENB is inputted, as illustrated in FIG. 2.  
[0047]  

Here an explanation for a specific configuration for the 
transmission gate 505 will be added in reference to FIG. 3.  
[0048]  

As depicted in FIG. 3 (a), the transmission gate 505 for 
structuring each of the plurality of enable circuits 502 is 
configured so that a transfer signal Ai, and the inverted 
signal Ai' thereof, will be supplied to each of the gates of a 
pair of TFTs (as examples of control terminals), and the 
enable signal ENB is inputted into each of the sources of 
the pair of TFTs (as examples of input circuits), and, in 
response to the transfer signal being Ai being inputted into 
the gate, the enable signal ENB is outputted, as a sampling 
circuit driving signal Oi, from the drains of the pair of 
TFTs (as examples of output terminals).  
[0049]  

Here, as depicted in FIG. 3 (b), the inverted signal Ai' 
may be generated through the provision of an inverter 506a 
within the enable circuit 502'. Conversely, as depicted in 
FIG. 3 (c), it may be generated through the provision of an 
inverter 506b within the shift register 500'. Preferably such 
an inverter 506a or 506b is formed in a region wherein 
there is surplus space on the substrate and wherein 
interconnection is easy in the design.  
[0050]  

As can be appreciated from the circuit diagram in FIG. 3 
(a), the transmission gate 505 for structuring the enable 
circuit 502 has fewer gates, and reduced capacitance and 
delay time, when compared to the conventional enable 
circuit wherein a NAND circuit and an inverter are laid out 
in series.  
[0051]  

The result is that the present embodiment enables the 
delay time of about 100 ns, for example, in a conventional 
enable circuit to be reduced easily by half, to about 50 ns, 
envisioning fabrication of TFTs and interconnections using 
the same thin film fabrication technology. Moreover, the 
scope of circuitry in the enable circuit 502 may be kept 
small, which is beneficial when reducing the pixel pitch for 
high-resolution image display.  
[0052]  

The operation of the shift register circuit 500 and enable 
circuit 502 will be explained here in reference to FIG. 4.  
[0053]  

In the timing chart depicted in FIG. 4, when the start 
signal DX, the clock signal CLX (and the inverted signal 
CLX' thereof), and the enable signal ENB are inputted, the 
transfer signals A1, A2, A3, … that are delayed 
sequentially with the period of the clock signal CLX, are 
outputted sequentially from the shift register circuit 500 
that is structured as described above. Given this, sampling 
circuit driving signals O1, O2, O3, wherein the pulse width 
of the transfer signals A1, A2, and A3 have been limited to 
the pulse width of the enable signal ENB, are supplied 
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sequentially to the sampling circuit 301 by the enable 
circuit 502.  
[0054]  

Note that because the pulse width of the enable signal 
ENB is set to be shorter than that of the transfer signals A1, 
A2, A3, …, as depicted in the timing chart of FIG. 4, slight 
time intervals ΔT, corresponding to the shortness of the 
enable signal ENB, are provided as a temporal margin 
between each of the two sample circuit driving signals Oi 
and Oi +1 that are outputted in adjacent phases from a 
plurality of enable circuits 502. Because of this, it is 
possible to absorb partially or perfectly the adverse effects, 
through the temporal margins (the time interval ΔT), 
described above, despite a relative increase in the adverse 
effects of the ON resistance, interconnection resistance, 
time constants, capacitance, delay times, and the like, in the 
various types of interconnections and active elements such 
as the TFTs, and the like, that structure the data line driving 
circuit 101 and the sampling circuit 301 accompanying 
high-frequency driving. The result of the above is the 
ability to prevent crosstalk and ghosting effectively, even 
when driving at a high frequency, through the effects of the 
enable circuit 502 in the present embodiment.  
[0055]  

The configuration as explained above enables field 
scanning, frame scanning, and the like, to be carried out 
well in the liquid crystal displaying portion 1a, depicted in 
FIG. 1, based on the data signal and scan signals O1, O2, 
O3, …, outputted sequentially from the scan line driving 
circuit 104, the data line driving circuit 101, and the 
sampling circuit 301. In particular, even if the driving 
frequency is high, the effects of the ON resistance, 
capacitance, time constant, and the like, in the enable 
circuit 502 made from the transmission dates 505 are 
relatively small, enabling high-precision supplying of the 
sampling circuit driving signals O1, O2, O3, …, thereby 
allowing the sampling operations in the various sampling 
switches 302 of the sampling circuit 301 to be accurate and 
stable, thereby reducing the occurrence of crosstalk and 
ghosting between adjacent data lines 31.  
[0056]  
(SECOND EMBODIMENT)  

A second embodiment will be explained next in 
reference to FIG. 5. Here FIG. 5 is a circuit diagram of a 
TFT configured to be P-type or N-type, for structuring the 
enable circuit of the second embodiment (hereinafter 
termed a "single channel-type TFT").  
[0057]  

When compared to the first embodiment, the second 
embodiment has the same overall structure as depicted in 
FIG. 1, but is configured from a single channel-type TFT 
507, depicted in FIG. 5, and the enable circuit 502 depicted 
in FIG. 2 differs in the point that it has no transmission gate 
505 and there is no need to generate an inverted signal Ai' 
of the transfer signal Ai (i = 1, 2, 3, …) from the shift 
register circuit in order to operate the single channel-type 
TFT 507, where the other structures are the same as in the 
first embodiment, so explanations thereof will be omitted.  
[0058]  

That is, in FIG. 5 the configuration is such that a 
plurality of enable circuits 502'' are each structured from a 
single channel type TFT 507, where, in the single channel 

type TFT 507, the transfer signal Ai is supplied to the gate 
of the TFT (an example of a control terminal), the enable 
signal ENB is inputted into the source of the TFT (an 
example of an input terminal), and the enable signal ENB is 
outputted from the drain of the TFT (an example of an 
output terminal), as the sampling circuit driving signal, in 
response to inputting of the transfer signal Ai into the gate.  
[0059]  

As can be appreciated from the circuit diagram in FIG. 5, 
the single channel type TFT 507 for structuring the enable 
circuit 502,'' when compared to the conventional enable 
circuit wherein a NAND circuit and an inverter are 
arranged in series, has substantially fewer gates and has 
substantially less capacitance and delay time.  
[0060]  

The result is that the present embodiment, when 
envisioning forming TFTs, interconnections, and the like, 
using the same thin film forming technologies, is the ability 
to reduce easily the delay time, which has been, for 
example, less than about 100 ns in a conventional enable 
circuit, by half, to about 50 ns. Because the scope of 
circuitry in the enable circuit 502'' is reduced, this is useful 
also when reducing the pixel pitch for a high resolution 
image display.   
[0061]  
(THIRD EMBODIMENT)  

A third embodiment will be explained next in reference 
to FIG. 6. Here FIG. 6 is an overall block diagram of a 
liquid crystal device, as an example of an electro-optical 
device, with the driving circuit provided on the same 
substrate.  
[0062]  

When compared to the first embodiment, the third 
embodiment differs in the point that a phase-expanded 
image signal is supplied through a plurality of image signal 
lines, and the point that individual sampling circuit driving 
signals are supplied simultaneously to a plurality of 
sampling switches, to accommodate the phase expanded 
image signal, where the other structures are similar to those 
in the first embodiment and explanations thereof will be 
omitted.  
[0063]  

Specifically, in FIG. 6 the image signals VID1 through 
VID6 are phase-expanded into six phases by an external 
image signal processing circuit, and are inputted into the 
sampling circuit 301 through six image signal lines 400'. 
The sampling circuit driving signals Si (i = 1, 2, 3, …) that 
have the pulse widths thereof limited by the enable circuit 
in the data line driving circuit 101 are inputted into six 
adjacent sampling switches 302 through sampling circuit 
driving signal lines 306' that are each branched into six 
branches. Consequently, the sampling circuit 301 is driven 
simultaneously for each group of six sampling switches 302.  
[0064]  

The number of phases for phase expansion of the image 
signal VID that is inputted into the sampling circuit 301 is 
determined by the sampling capability of the sampling 
circuit 301. For example, if the sampling capability in the 
sampling circuit 301 is increased, the configuration may be 
one such that the image signal VID that has not undergone 
phase expansion is supplied sequentially to a single data 
line 35, such as in the first embodiment, or the 
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configuration may be such that image signals VID that 
have undergone 3-phase expansion, 12-phase expansion, 
24-phase expansion, or the like, are inputted into 3, 12, 24, 
or the like, data lines. Note that a multiple of three is 
preferred in order to simplify control and circuitry given 
that the color image signal is structured from signals 
relating to three colors.  
[0065]  

The result of the above is that the third embodiment 
enables a reduction in the driving frequency of the shift 
register circuit 500 of the data line driving circuit 101 to 
about 1/6 that of the first embodiment (where the 
denominator is the number of lines that are driven 
simultaneously), depending on the number of sampling 
switches 302 that are driven simultaneously through the 
incorporation of phase expansion technology. Consequently, 
this enables a relaxation in the required specifications for 
circuit accuracy, circuit scope, interconnection resistance, 
time constant, capacitance, delay time, and the like, in the 
clocked inverter interconnections, and the like, in the shift 
register circuit 500.  
[0066]  
(OVERALL STRUCTURE OF LIQUID CRYSTAL DEVICE) 

Overall structures for various embodiments of a liquid 
crystal device configured as described above will be 
explained in reference to FIG. 7 and FIG. 8. Note that FIG. 
7 is a plan view of a TFT array substrate 10 and the various 
structural elements formed thereon when viewed from the 
opposing substrate 20 side, and FIG. 8 is a cross-sectional 
drawing along the section H-H' of FIG. 7, shown including 
the opposing substrate 20.  
[0067]  

In FIG. 7 and FIG. 8, a seal member 52 is provided on 
the edge of the TFT array substrate 10, along the edge 
thereof, in order to seal the liquid crystal 50, where a light 
blocking film 53, formed from a material such as metal that 
is able to occlude light, is formed as a peripheral margin for 
partitioning the screen display region and the peripheral 
region, provided in parallel with the seal member 52 toward 
the inside thereof. The data line driving circuit 101 and 
packaging terminals 102 are provided along one edge of the 
TFT array substrates 10 in a region to the outside of the 
seal member 52, and a scan line driving circuit 104 is 
provided along the two edges that are adjacent to this one 
edge, in the peripheral region. Insofar as there are no 
problems with delays of scan signals supplied to the scan 
lines 31, the scan line driving circuits 104 may instead be 
provided on only a single side, of course. Moreover, the 
data line driving circuits 101 may be arranged on both sides 
along the edges of the screen display region. For example, 
the configuration may be such that data lines of odd 
numbered columns are be supplied image signals from data 
line driving circuits that are disposed along one edge of the 
screen display region, and data lines of even numbered 
columns are be supplied image signals from data line 
driving circuits that are disposed along the edge on the 
opposite side of the screen display region. Moreover, a 
plurality of interconnections 105, for connecting between 
the scan line driving circuits 104 that are provided on both 
sides of the scan display region, may be provided on the 
remaining edge of the TFT array substrate 10. Moreover, a 
silver dot 106 made from a conductive material, for 

achieving electrical conductance between the TFT array 
substrate 10 and the opposing substrate 20, is provided at at 
least one location at a corner portion of the opposing 
substrate 20. The opposing substrate 20, which has a shape 
that is essentially identical to that of the seal member 52, is 
secured by the seal member 52 to the TFT substrate 10.  
[0068]  

Precharge circuits for writing precharge signals of a 
prescribed electropotential to each of the data lines 35 with 
a timing that precedes that of the image signals, for 
reducing the writing load of the image signals on the data 
lines 35, and testing circuits, and the like, for testing for 
quality, defects, and the like, of the liquid crystal device 
during manufacturing and at the time of shipping, may be 
formed on the TFT array substrate 10 of the liquid crystal 
device in any of the embodiments explained in reference to 
FIG. 1 through FIG. 8 Moreover, polarizing films, 
retardation films, polarizing plates, and the like, may be 
arranged, in prescribed directions, depending the operating 
mode such as, for example, TN (twist nematic) mode, STN 
(super TN) mode, DSTN (double-STN) mode, or the 
normally white mode/normally black mode, on the side of 
the opposing substrate 20 into which emitted light is 
incident, and the side of the TFT array substrate 10 from 
which the light is emitted.  
[0069]  

Note that in each of the embodiments explained above, 
the configuration may be one in which the scan line driving 
circuit 101 is be provided divided in half, into two sides, on 
the left and right of the screen display region, as depicted in 
FIG. 7, and a plurality of scan lines 31 are interconnected 
in the form of alternating the meshing comb teeth from the 
left and right sides of the screen display region. In such a 
structure, the scan lines 31 that are interconnected in the 
form of comb teeth are driven by the scan line driving 
circuit 101, which is divided into two parts, and driven 
from both the left and right sides of the screen display 
region, enabling the Y-direction circuit pitch of the shift 
register circuits for structuring the scan line driving circuit 
101 to be doubled. Note that driving the individual scan 
lines from both sides, as in FIG. 7, is beneficial from the 
perspective of reducing delay times of the scan signals.  
[0070]  

In each of the embodiments above, an example of a pixel 
portion was structured from a pixel electrode and a TFT 30. 
However, the pixel portion is not limited to this example. 
For example, the configuration may be one wherein the 
data line 35 or the scan line 31 may be provided on the 
opposing substrate as the opposing electrode, and two 
terminal-type nonlinear elements, such as TFD driving 
elements that have bidirectional diode characteristics, are 
interposed between the pixel electrode 11 and the other, of 
the data line 35 and scan line 31, that is formed on the TFT 
array substrate 10, as another example of a pixel portion, 
structured from the opposing electrode, the pixel electrode 
11, and a two terminal-type nonlinear element. The present 
embodiment can also be applied to various other types of 
switching elements, and also various types of liquid crystal 
materials (liquid crystal phases), operating modes, liquid 
crystal arrangements, driving methods, and the like.  
[0071]  
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Furthermore, in each of the embodiments set forth above, 
a liquid crystal device with built-in driving circuitry may be 
achieved through forming the scan line driving circuit and 
data line driving circuit on the substrate. The data line 
driving circuit (and scan line driving circuit), having the 
features as described above, may be structured through 
application to the substrate using a TAB (Tape Automated 
Bonding) packaging technology.  
[0072]  

The structure of a liquid crystal projector, as an example 
of an application using the present embodiment, will be 
explained using FIG. 9.  
[0073]  

A liquid crystal projector 1100 is structured as a 
projector that uses light valves 100R, 100G, and 100B, for 
RGB, respectively, through preparing three liquid crystal 
modules that include liquid crystal devices as electro-
optical devices as described above. In the liquid crystal 
projector 1100, when a projected beam is produced from a 
lamp unit 1102 that is a white light source, such as a metal 
halide lamp, it is split, by three mirrors 1106 and two 
dichroic mirrors 1108 into light components R, G, and B 
that correspond to the three primary colors RGB, and are 
guided respectively to the light valves 100R, 100G, and 
100B that correspond to the respective colors. At this time, 
in order to prevent optical loss of the B beam in particular 
due to a long optical path, the B beam is guided through a 
lens system 1121 comprising an incident lens 1122, a relay 
lens 1123, and an emission lens 1124. Additionally, the 
beam components corresponding to the three primary 
colors that are modulated respectively by the light valves 
100R, 100G, and 100B are recombined by a dichroic prism 
1112, to be projected, as a color image, onto a screen 1120 
through a projection lens 1114.  
[0074]  
[EFFECTS OF THE INVENTION]  

The driving circuit of the electro-optical device of the 
present invention, as explained in detail above, enables 
achievement of a data line driving circuit, for an electro-
optical device, able to prevent effectively degradation of 

quality of the display image accompanying high-frequency 
driving, doing so through a relatively simple structure.  
[BRIEF DESCRIPTIONS OF THE DRAWINGS]  

FIG. 1 is a block diagram depicting the overall structure 
of a first embodiment.  

FIG. 2 is a circuit diagram of a data line driving circuit 
according to the first embodiment.  

FIG. 3 is a circuit diagram of an enable circuit including 
the data line driving circuit of the first embodiment.  

FIG. 4 is a timing chart of a data line driving circuit of 
the first embodiment.  

FIG. 5 is a circuit diagram for a single channel-type TFT 
for structuring an enable circuit in a second embodiment.  

FIG. 6 is a block diagram depicting the overall structure 
of a third embodiment.  

FIG. 7 is a plan view of a TFT array substrate, and the 
various structural elements that are formed thereon, in 
liquid crystal devices of various embodiments, viewed from 
the opposing substrate side.  

FIG. 8 is a cross-sectional drawing along the section H-
H' in FIG. 7.  

FIG. 9 is a structural diagram of a liquid crystal projector 
that uses a liquid crystal device according to the present 
embodiment.  
[EXPLANATIONS OF REFERENCE SYMBOLS]  

1a: Liquid Crystal Displaying Portion  
10: TFT Array Substrate  
11: Pixel Electrode  
31: Scan Line (Gate Electrode)  
35: Data Line (Source Electrode)  
101: Data Line Driving Circuit  
104: Scan Line Driving Circuit  
200: Liquid Crystal Device  
301: Sampling Circuit  
302: Sampling Switch  
500: Shift Register Circuit  
501: Clocked Inverter  
502: Enable Circuit  
505: Transmission Gate  
507: Single Channel-Type TFT  
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[FIG. 3]  
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[FIG. 6]  

 
  

[FIG. 9]  
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Continued from front page. 
F terms 
(Reference) 

2H093 NA34 NC09 NC23 NC25 NC26 
NC34 ND15 ND39 ND49 ND50 
ND53 ND54 ND55 NG02  

5C006 AA01 AA16 AA22 AF44 AF72 
BB16 BB29 BC02 BC03 BC06 
BC13 BC16 BF03 BF11 BF26 
BF27 BF31 BF49 EA01 EC11 
FA14 FA23 FA24 FA36 FA43  

5C080 AA10 BB05 CC03 DD07 DD08 
DD10 DD22 EE30 FF11 JJ02  
JJ03 JJ04 JJ06 
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