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'ELECTRO-OPTICAL PANEL AND ELECTRONIC DEVICE 

[0001] 

Technical ·field of the Invention 

The present invention relates to an electro-optical panel having two 

transistor elements per pixel, and to an electronic device using the electro­

optical panel. 

[0002] 

Description of the Related Art 

A conventional liquid-crystal display panel comprises a component 

substrate, an opposing substrate, and a liquid crystal held between these 

substrates. A plurality of data lines and a plurality of scanning lines are 

formed in an image display area of the component substrate, and a thin­

film transistor (hereinafter referred to as a "TFT") is provided in each of 

the pixels arranged in a matrix in such a manner as to correspond to the 

intersections thereof. 

[0003] 

Various types of pixel circuit construction have been proposed, and 

in one such pixel construction, a P-channel TFT and an N-channel TFT are 

used in combination. Fig. 26 is a circuit diagram showing a circuit 

corresponding to one pixel of a component substrate used in a conventional 

liquid-crystal <!_evjce. In this figure, the source electrodes of a P-channel 
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TFT 1 and an N-channel TFT 2 are connected to a data line 6, whereas the 

gate electrode of the P-channel TFT 1 is connected to a scanning line Sa 

and the gate electrode of the N-channel TFT 2 is connected to a scanning 

line Sb. 

[0004] 

Also, the drain electrodes of the P-channel TFT 1 and the N-channel 

TFT2 are connected to a pixel electrode 3, and the drain electrode of the N­

channel TFT 2 is connected to a holding capacitor 4. Here, the pixel 

electrode 3, the common electrode formed on the opposing substrate, and 

the liquid crystal forms a liquid-crystal capacitor. 

[0005] 

In such a pixel construction, an image signal supplied to the data 

line 6 is written into a liquid-crystal capacitor 7 and the holding capacitor 

4 when the P-channel TFT 1 and the N-channel TFT 2 are turned on. Then, 

when the P-channel TFT 1 and the N-channel TFT 2 are turned off, the 

voltage written into the liquid-crystal capacitor 7 and the holding capacitor 

4 is held. Since the transmittance of the liquid crystal varies according to 

the applied voltage, a gray-scale display becomes possible. 

[0006] 

Here, the reason the holding capacitor 4 is provided in addition to 

the liquid-crystal capacitor 7 is that a decrease in the applied voltage to the 

liquid crystal due to off-leakage of the P-channel TFT 1 and the N-channel 

TFT 2 is prevented and crosstalk in the vertical direction is prevent. 

[0007] 
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transistor (hereinafter referred to as a "TFr") is provided in each of the pixels arranged in a matrix in 

such a manner a.s to correspond to the intersections thereof. 

[0003] 

Various types of pixel circuit construction have been proposed, and in one such pixel 

construction, a P-channel TFT and an N-channel TFT are used in combination. Fig. 26 is a circuit 

diagram showing a circuit corresponding to one pixel of a component substrate used in a conventional 

liquid-crystal device. ln this figure, the source electrodes of a P-channel TFf 1 and an N-channel TFT 

2 are connected to a data line 6, whereas the gate electrode of the P-channel TFT 1 is connected to a 

scanning line Sa and the gate electrode of the N-channel TFr 2 is connected to a scanning line Sb. 

(0004] 

Also> the drain electrodes of the P-channel TFr 1 and the N-channel TFT2 are connected to a 

pixel electrode 3, and the drain electrode of the N-channel TFT 2 is connected to a holding capacitor 4. 

Here, the pixel electrode 3, the common electrode formed on the opposing substrate, and the liquid 

crystal forms a liquid-crystal capacitor. 

[OOOSJ 

In such a pixel constmction, an image signal supplied to the data line 6 is written into a liquid-

crystal capacitor 7 and the holding capacitor 4 when the P-channel TFf 1 and the N-channel TFT 2 are 

turned on. Then, when the P-channel TFT 1 and the N-channel TFf 2 are turned off, the voltage 

written into the liquid-crystal capacitor 7 and the holding capacitor 4 is held. Since the transmittance of 

the liquid crystal varies according to the applied voltage, a gray-scale display becomes possible. 

[0006] 

Here, the reason the holding capacitor 4 is provided in addition to the liquid-crystal capacitor 7 

is that a decrease in the applied voltage to the liquid crystal due to off-leakage of the P-channel TFr 1 

and the N-channel TFI'2 is prevented and crosstalk in the vertical direction is prevented. 

[00071 



r . ,--

4 

{Problems to be Solved by the Invention] 

-In the above-described pixel construction, the writing path of the image signal with res~ect to 

the holding capacitor 4 differs between a case in which the image signal passes through the P-channel 

TFT 1 and a case in which the image signal passes through the N-channel TFf 2. That is, as shown in 

Figs. 27 and 28, when the image signal passes through the P-channel TFT 1, the image signal is written 

into the holding capacitor 4 via the pixel electrode 3, whereas when the image signal passes through the 

N-channel TFI'2, the image signal is directly written into the holding capacitor 4 without passing 

through the pixel electrode 3. 

[0008] 

Fig. 27 is a circuit diagram showing an equivalent circuit for the case in which an image signal 

is written into the holding capacitor 4 via the N-channel TFT 2. Fig. 28 is a circuit diagram showing an 

equivalent circuit for the case in which an image signal is written into the holding capacitor 4 via the P-

channel 1FT 1. In these figures, reference character Ron denotes an ON resistance of the P-channel 

'IFT 1 and the N-channel TFT2. Reference character Rito denotes the equivalent resistance of the 

pixel electrode 3. Reference character Ch denotes the capacitance value of the holding capacitor 4. 

(0009] 

As is clear from these figures, the time constant when the image signal passes through the N-

channel TFT 2 is "Ron Ch", whereas the time constant when the image signal passes through the P-

channel TFT 1 is "(Ron+ Riot)Ch11
• Here, the equivalent resistance Riot of a pixel electrode 8 is 

greater than the ON resistance Ron. 

(0010] 

Therefore, when the image signal is written from the P-channel TFr 1, the time constant 

becomes greater than in the case in which the image signal is written from the N-channel TFf2. For 

this reason, when the difference between the voltage of the holding capacitor 4 and the voltage of the 

image signal is.large, the image signal cannot be sufficiently written when it passes through the P-
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channel TFT 1, presenting the problem that a large contrast ratio cannot be obtained. 

[0011] 

In particular, when a high-resolution image is to be displayed, the number of the scanning lines 

Sa and Sb, and the data lines 6 is increased. The more the number of the scanning lines Sa and Sb and 

the data lines 6 is increased, the shorter the selection period of the scanning lines Sa and Sb and the data 

lines 6 becomes. As a result, insufficient writing due to the difference in the time constants becomes a 

serious problem. 

(00121 

The present invention has been made in view of the above-described circumstances. An object 

of the present invention is to provide an electro-optical panel which is capable of effectively exhibiting 

the features of the co~truction in which two transistor elements are used per pixel, and an electronic 

device using the electro-optical panel. 

[0013] 

[Means for Solving the Problems] 

To achieve the above-mentioned object, the electro-optical panel of the present invention has a 

component substrate, an opposing substrate, and an electro-optical material held between the 

component substrate and the opposing substrate, the component substrate comprising: a plurality of 

scanning lines which are provided as pairs; a plurality of data lines; pixel electrodes which are arranged 

in a matrix in such a manner as to correspond to the intersections of the scanning lines and the data 

lines and which are each arranged between one of the scanning lines and the other of the scanning lines 

which are provided as a pair; a first transistor element in which the gate electrode is connected to one 

of the scanning lines which are provided as a pair, the data lines are connected to the source electrode, 

and the pixel electrode is connected to the drain electrode; a second transistor element in which the 

other one of the scanning lines in the pair is connected to the gate electrode, the data lines are 

connected to the source electrode, and the pixel electrode is connected to the drain electrode; a 
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capacitance element which is connected to the drain electrode of the second transistor element; and 

"wiring which connects the drain· electrode of the :first transistor element to the drain electrode of the 

second transistor element. 

(0014] 

According to the present invention, since wiring for connecting the drain electrode of the first 

transistor element to the drain electrode of the second transistor element is provided, the drain electrode 

of the first transistor element is connected to the drain electrode of the second transistor element 

through a different path from the pixel electrode. Therefore, since the equivalent resistance between 

the two drain electrodes is smaller than that in the case where wiring is not provided, the time constant 

when a signal is written into the holding capacitor via the first transistor element can be decreased. 

[0015] 

Here, the resistance of the wiring is preferably smaller than the equivalent resistance of the 

pixel electrode which connects the drain electrode of the first transistor element to the drain electrode 

of the second transistor element. Furthermore, from the viewpoint of a lower resistance, it is preferable 

for the wiring that a high-melting point material, such as aluminum, silver, or chromium, be used. By 

decreasing the resistance of the wiring in this manner, the time constant when a signal is written into 

the holding capacitor via the first transistor element can be decreased even more. When the selection 

period of the scanning lines and the data lines is short, the image signal supplied to the data lines must 

be written into the holding capacitor in a short time. If wiring which causes the section between drain 

electrodes to be short-circuited is provided in the manner described above, it is possible to decrease the 

time constant when the image signal is written into the holding capacitor via the first transistor element. 

[0016) 

As a result, since the image signal can be sufficiently written into the holding capacitor in a 

short time, a high contrast ratio can be obtained, and a vivid image can be displayed. Also, even if the 

number of scanning lines and data lines is increased and the selection period becomes shorter, since the 
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image signal can be reliably written into the holding capacitor in such a selection period, it becomes 

possible to display a high-resolution image with high quality. 

[0017] 

Furthermore, display variations which occur due to the difference in time constants can be 

greatly reduced. As a result of the writing into the holding capacitor becoming easier, the signal 

amplitude of the image signal to be supplied to the data lines can be decreased. Also, as a consequence 

of this, the amplitude of the image signal can be decreased. As a result, the power-supply voltage of 

the driving circuit can be decreased, allowing the power consumption to be reduced. 

[0018} 

Also, a common electrode and a lattice-shaped black matrix may be formed on the opposing 

substrate, and the wiring may be arranged in such a manner as to overlap with the black matrix. Since 

light is not transmitted through the wiring portion, if the wiring is provided simply, the aperture ratio 

will be decreased. If the wiring is arranged so as to overlap with the black matrix as in the present 

invention, the writing time constant can be decreased without reducing the aperture ratio. 

[0019J 

Next, the electro-optical panel of the present invention has a component substrate, an opposing 

substrate, and an electro-optical material held between the component substrate and the opposing 

substrate, the component substrate comprising: a plurality of scanning lines which are provided as 

pairs; a plurality of data lines; pixel electrodes which are arranged in a matrix in such a manner as to 

correspond to the intersections of the scanning Jines and the data lines and which are each arranged 

between one of the scanning lines which are provided as a pair and the other of the scanning lines; a 

first transistor element in which one of the scanning lines in the pair is connected to the gate electrode, 

and the data lines are connected to the source electrode; a second transistor element in which the other 

of the scanning lines provided in the pair is connected to the gate electrode, and the data lines are 

connected to the source electrode; and wiring which connects the drain electrode of the first transistor 
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element to the drain electrode of the second transistor element, wherein either one of the drain 

electrode of the first transistor element and the drain electrode of the second transistor element is 

connected to the pixel electrode. 

[00201 

According to the present invention, the drain electrode of either one of the first transistor 

element and the second transistor element is connected to a pixel electrode. Since wiring for 

connecting each drain electrode is provided separately, it becomes possible to apply a voltage 

corresponding to an image signal to the pixel electrode. Furthermore, the connection between the drain 

electrode and the pixel electrode is required at only one place. 

[0021] 

Here, the component substrate may comprise a capacitance element which is connected to the 

drain electrode of the second transistor element. In this case, the image signal is written into the 

holding capacitor via the wiring. 

[0022) 

In the above-descn"bed electro-optical panel of the present invention, preferably, the first and 

second transistor elements comprise a polysilicon layer formed of a source region, a gate region, and a 

drain region, and a gate insulating film formed on the polysilicon layer, the drain electrode is connected 

to the drain region via a first contact hole formed in the gate insulating film, the pixel electrode and the 

drain electrode are connected to each other via a second contact hole, and the resistance of the wiring is 

smaller than the equivalent resistance of the first contact hole or the equivalent resistance of the second 

contact bole. According to the present invention, by decreasing the resistance of the wiring, the time 

constant when a signal is written into the holding capacitor via the first transistor element can be 

decreased even more. 

[0023] 

Preferably, the first and second transistor elements comprise a polysilicon layer formed of a 
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source region, a gate region, and a drain region, and a gate insulating fiim formed on the polysilicon 

layer, the drain electrode is connected to the drain region via a first contact hole formed in the gate 

insulating film, the pixel electrode and the drain electrode are connected to each other via a second 

contact· hole, a common electrode and a lattice-shaped black matrix are formed on the opposing 

substrate, and the second contact hole is provided in such a manner as to overlap with the black .matrix. 

Since the contact stl!te of the second contact hole with the electro-optical material differs from that of 

the pixel electr~de, for the region concerned, the state of the electric field applied to the electro-optical 

material differs from that of the pixel electrode. However, according to the present invention, since the 

second contact hole is covered with the black matrix, the region concerned, having a different 

brightness, can be concealed from the view. 

[0024] 

The first transistor element may comprise a P-type thin-film transistor element:. and the second 

transistor element may comprise an N-type thin-film transistor element. Conversely, the first transistor 

element may comprise an N-type thin-film transistor element, and the second transistor element may 

comprise a P-type thin-film transistor element. 

[002SJ · 

Furthermore, preferably,.the capacitance element is formed between a capacitor line formed in 

proximity to the other scanning tine and the drain region of the second transistor element. 

[0026] 

In order to construct a holding capacitor, two opposing electrodes are required. In this example, 

since one of the electrodes is also used for the drain region of the second transistor element, there is no 

need to provide a contact for connecting one of the electrodes to the drain region. Consequently, the 

manufacturing process can be simplified, and an area for providing the holding capacitor can be 

reduced to improve the aperture ratio. 

[0027] 
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In the present invention, the pixel electrode is formed of a light-transmitting conductive film, 

for example. 

[0028] 

Also, in the present invention, the pixel electrode may be formed of a light-transmitting 

conductive film, may have the electro-optical material side positioned on one of the sides thereof, and 

may comprise a reflection layer which reflects incident light on the other side. In this case, the wiring 

is formed on the side opposite to the pixel electrode with respect to the reflection layer. Incident light 

is not transmitted through the space on the side opposite to the pixel electrode of the reflection layer, 

and by providing wiring in this space, the writing time constant of the image signal can be decreased 

without decreasing the aperture ratio. 

(0029} 

Here., in a case where an opening through which light is transmitted is provided in a portion of 

the reflection layer, the wiring is preferably arranged in such a manner as not to overlap with the 

opening. Since the opening causes light to be transmitted therethrough, if wiring is provided in this 

region, the aperture ratio is decreased. However, according to the present invention, the aperture ratio 

is not decreased. 

[0030] 

In the present invention, the pixel electrode may be formed of a light-reflecting conductive film. 

[0031] 

Furthermore, the electro-optical panel of the present invention may be such that a scanning-line 

driving circuit for selecting the scanning lines, which form a pair, in sequence, and a data-line driving 

circuit for supplying an image signal to each of the data lines are formed on the component substrate. 

(0032] 

Next, the electronic device of the present invention comprises the above-described electro­

optical panel, and examples thereof include a viewfinder used in a video camera, a portable phone, a 
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notebook-sized computer, and a video projector. 

(0033) 

[Descrlptio!l of the Embodiments] 

The embodiments of the present invention will now be described below with reference to the 

drawings. 

(0034] 

<1: Construction of Liquid-Crystal Device> 

<1-1: Overall Construction of Liquid-Crystal Device> 

First, a transmission-type liquid-crystal device will be described as an example of an electro­

optical device. 

[0035) 

Fig. 1 is a block diagram showing the electrical construction of a liquid-crystal device. As 

shown in this figure, the liquid-crystal device comprises a liquid-crystal display panel 100, a timing 

generator 200, and an image signal processing circuit 300. Furthermore, the liquid-crystal device 

comprises a bacldight (not shown) on the side opposite to the display surface of the liquid-crystal 

display panel 100, so that light from the backlight is modulated by the liquid-crystal display panel 100 

and is made to exit from the display surface. 

(0036) 

The timing generator 200 outputs a timing signal (to be described later as necessary) used in 

each section. Furthermore, a phase development circuit 302 inside the image signal processing circuit 

300 develops an image signal VID of one system, when that image signal is input, into image signals of 

N phases (N = 6 in the figure) and outputs them in parallel, and corresponds ~o a serial-to-parallel 

conversion circuit for converting an image signal into N parallel signals. Here, the reason the image 

signal is developed into N phases is that the applied time of the image signal in the source electrode of 

a TFr which functions as a switching element is increased by a sampling circuit (to be described later), 
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so that a sufficient writing time with respect to the wiring capacitance of a data line is secured. 

(0037] 

Meanwhile, among the image signals which have been phase-developed, an 

amplification/inversion ciicuit 304 inverts image signals which need to be inverted and, thereafter, 

appropriately amplifies them and supplies them as image signals VIDl to VID6 in a parallel manner to 

the liquid-crystal display panel 100. Whether or not the image signal should be inverted is generally 

determined according to whether the application method for a data signal is (1) polarity inversion in 

units of scanning lines, (2) polarity inversion in units of data signal lines, (3) polarity inversion in units 

of pixels, or ( 4) polarity inversion in units of frames, and the inversion cycle thereof is set to one 

horizontal scanning period or one vertical scanning period. 

[0038) 

Furthermore, the timings at which the phase-developed image signals VIDl to VID6 are 

supplied to the liquid-crystal display panel 100 are set to be the same in the liquid-crystal device shown 

in Fig. 1, but may be shifted in sequence in synchronization with the dot-clock. In this case, the image 

signals of N phases may be sampled in sequence by the sampling circuit (to be described later). 

(0039) 

<1-2: Construction of Liquid-Crystal Display Panel> 

Nex4 the overall construction of the liquid-crystal display panel 100 will be described with 

reference to Figs. 2 and 3. Here, Fig. 2 is a perspective view illustrating the construction of the liquid­

crystal display panel 100, and Fig. 3 is a partial sectional view illustrating the construction of the 

liquid-crystal display panel 100. As shown in these figures, the liquid-crystal display panel 100 is 

constructed in such a way that a component substrate 101, such as glass or semiconductor, on which a 

pixel electrode 118, etc., is formed, and a transparent opposing substrate 102, such as glass, on which a 

common electrode 108 etc., is formed. are laminated together, with a fixed spacing maintained 

therebetween by a sealing material I OS into which a spacer Sis mixed, so that their electrode-formed 
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surfaces oppose each other, and a liquid crystal 106 is sealed in this spacing. 

[0040] 

On the outside of the sealing material 105, which is the side that the component substrate 101 

opposes, a group of driving circuits 120 including a scanning-line driving circuit 130, a sampling 

circuit 140, and a data-lirie driving circuit 150, etc., are formed. Furthermore, an external connection 

electrode (not shown) is formed therein, so that various signals from the timing generator 200 and the 

image signal processing circuit 300 are input thereto. The common electrode 108 of the opposing 

substrate 102 is electrically connected to the wiring which extends from the external connection 

electrode of the component substrate 101 by a conducting material provided at at least one place among 

. four corners in the laminated portion with the component substrate 101. 

[0041] 

In addition, firstly, color filters which are arranged, for example, in a stripe shape, in a mosaic 

shape, in a triangle shape, etc., are provided on the opposing substrate 102 according to the application 

of the Jiquid-crystal display panel 100. Secondly, a black matrix, such as a resin black, in which, for 

example, a metal material such as chromium or nickel, carbon, or titanium is dispersed in a photoresist, 

is provided on the opposing substrate 102. Thirdly, a backlight which illuminates light onto the liquid-

crystal display panel 100 is provided on the opposing substrate 102. In particular, in the case of the 

application of color light modulation, a color fmer is not formed, and a black matrix is provided on the 

opposing substrate 102. 

[0042] 

In addition, on each opposing surface of the component substrate 101 and the opposing 

substrate 102, an orientation film which is subjected to a rubbing process in a predetermined direction 

is provided, whereas, on each rear side thereof, polarizers 103 and 104 corresponding to the orieniation 

direction are provided by laminating or with a spacing. However, if a polymer-dispersed-type liquid 

crystal which is dispersed as fine particles into a polymer is used as the liquid crystal 106, since the 
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above-mentioned orientation film and polarizers are unnecessary. the light efficien<?y is increased, and 

this is advantageous from the viewpoint of higher luminance and lower power consumption. 

[00431 

Referring back to Fig. 1, the electrical construction of the liquid-crystal display panel 100 will 

be descn'bed. On the component substrate 101 of the liquic;krystal display panel 100, an image display 

area AA is formed. A plurality of pairs of scanning lines are arranged and formed therein in parallel 

along the X direction in the figure. In the following description, in order that a pair of scanning lines is 

identified, one of the scanning lines is referred to as a scanning line 112a, and the other is referred to as 

a scanning line 112b. Also, a plurality (6n) of.data lines 114 are formed in parallel along the Y 

directiOn intersecting at right angles to the scanning lines 112a and 112b. 

[00441 

Then, a portion surrounded by these scanning line 112a and 112b and the data lines 114 

becomes one pixel. Therefore, each pixel is arranged in a matrix in such a manner as to correspond to 

each intersection of the scanning lines 112a and 112b and the data lines 114. 

(0045] 

Each pixel comprises a P-channel TFT 116p, an N-channel TFr 116n, a liquid-crystal capacitor 

LC, a holding capacitor HC, and a wiring line L. The gate electrode of the P-channel TFr 116p is 

connected to the scanning line 112a, the source electrode thereof is connected to the data line 114, and 

the drain electrode thereof is connected to a pixel electrode 118. Meanwhile, the gate electrode of the 

N-channel 1Ff 116n is connected to the scanning line 112b, the source electrode thereof is connected 

to the data line 114, and the drain electrode thereof is connected to the pixel electrode 118. 

(0046) 

Furthermore, one end of the holding capacitor HC is connected to the drain electrode of the N-

channel TFT 116n, and a common electrode voltage V com is supplied to the other end of the holding 

capacitor HC so that the same electrical potential as that of the common electrode 108 is reached. 
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(0047] 

In addition, the wiring line L connects the drain electrode of the P-channel TFI' 116p to the 

drain electrode of the N-channel TFI' 116n. 

[0048] 

In such a pixel construction, in a period in which a concerned pixel is selected, a scanning-line 

signal at an L level is supplied to the scanning line 112a, a scanning-line signal at an H level is supplied 

to the scanning line 112b, and an image signal is supplied to the data line 114. In the concerned period, 

both the P-channel 1FT 116p and the N-channel TFr 116n are turned on, and the image signal is 

written into the-liquid-crystal capacitor LC and the holding capacitor HC. _ 

[0049] 

Next, the driving circuit group 120 comprises the scanning-line driving circuit 130, the 

sampling circuit 140, and the data-line driving circuit 150, and is formed on the component substrate 

101 in the m.ailner descnoed above. These circuits are formed by using the manufacturing process 

common to the 1FI's of the pixels. As a result, this is advantageous in terms of integration, 

manufacturing cost, etc. Although in this example, a description is given by assuming that the data-line 

driving circuit 150 and the sampling circuit 140 are separate bodies, it is a matter of course that the two 

may be considered as one body so as to be considered as a data-line driving circuit for driving the data 

line 114. 

[0050] 

The scanning-line driving circuit 130 has a shift register and sequentially outputs, to each 

scanning line 112, scanning-line signals Yla, Ylb, Y2a, Y2b, ... , Yma, Ymb (selection signals) on the 

basis of a Y clock signal YCK, an inverted Y clock signal YCKB thereof, a Y transfer start pulse DY, 

etc., from the timing generator 200. 

[00511 

Meanwhile, the sampling circuit 140 is such that 6 data lines 114 are formed as one group, and 
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that the image signals VIDl to VID6 are sampled and supplied to the data line 114 belonging to these 

groups, respectively, in accordance with sampling signals SRl to SRn. In the sampling circuit 140, a 

switch 141 formed of a 1FI' is provided at one end of each data line 114, the source electrode of each 

switch 141 is connected to a signal line to which one of the image signals VIDl to VID6 is supplied, 

and the drain electrode of each switch 141 is connected to one data line 114. Furthermore, the gate 

electrode of each switch 141 connected to the data line 114 belonging to each group is connected to one 

of the signal lines to which the sampling signals SR1 to SRn are supplied in such a manner as to 

correspond to that group. Since the image signals VIDl to VID6 are supplied simultaneously in the 

manner described above, the signals are sampled simultaneously in accordance with the sampling 

signal SR1. 

[0052] 

Also, the data-line driving circuit 150 sequentially outputs the sampling signals SR1 to SRn 

(selection signals) in accordance with an X clock signal XCK, an inverted X clock signal XCKB 

thereof, an X transfer start pulse DX, etc., from the timing generator 200. 

[0053]-

<1-3: Pixel Construction> 

Next, the construction of a pixel will be descn"bed. Fig. 4 is a plan view showing the 

mechanical construction of a pixel. Fig. 5 is a sectional view showing the cross section of A-A' in Fig. 

4. 

[0054] 

The scanning lines 112a and 112b have a protruding shape (see Fig. 4), and each protruding 

section is formed as the gate electrode of the P-channel TFr 116p and the N-channel 1FT 116n. 

(OOSS] 

Also, in the P-channel 1Ff 116p, a source region 23 within a high-concentration impurity area 

20 is connected to the data line 114 via a source electrode 25 formed in the contact hole CHl (see Fig. 
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S). Meanwhile, a drain electrode 21 of the P-channel TFf 116p is connected to a drain electrode 24 via 

a oontact hole CH2 and is further connected to the pixel electrode 118 via a contact hole CH3 formed in 

a second interlayer insulating film 33. The high-concentration impurity area 20 of the P-channel 1FT 

116p is formed by doping dopants of the group ID elements, such as Al (aluminum) or B (boron), by 

ion implantation, etc., from above a polysilicon film. 

[0056] 

Similarly to the P-channel TFT 116p, in the N-channel TFT 116n, a source region 11 within a 

high-concentration impurity area 10 is connected to the data line 114 via a source electrode 15 formed 

in a contact hole CH4. Meanwhile, a drain region 13 of the N-channel TFf 116n is connected to a 

drain electrode 16 via a contact hole CHS and is further connected to the pixel electrode 118 via a 

contact hole CH6. The high-concentration impurity area 10 is formed by doping dopants of the group 

V elements, such as Sb (antimony), As (arsenic), or P (phosphorus), by ion implantation, etc., from 

above a polysilicon film. 

[0057) 

Here, for the P-channel 1FI' 116p and the N-channel TFf 116n, it is preferable that the balance 

ofl-V characteristics of the both be adjusted by increasing the channel width in the P-cbannel 1FT 

116p or by increasing the channel length in the N-channel TFT 116n. 

[0058] 

Also, the P-channel TFT 116p and the N-channel TFT 116n may be of any one of the self­

alignment structure, the offset gate structure, and the LDD structure. 

[0059] 

Next, a capacitor line 160 is disposed in proximity to the scanning line 112b. A portion of the 

region 14 which follows the drain region 13 in the high-concentration impurity area 10 of the N­

channel TFT 116n opposes the capacitor line 160 via a gate insulating film 31. This region 14 may be 

considered as a part of the drain region 13. The holding capacitor HC is formed in this overlapping 
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region. Since a portion of the drain region 14 which follows the drain region 13 is formed as the 

holding capacitor HCin this manner, the drain region 16 of the N-channel TFT116n is directly 

connected to the holding capacitor HC. The capacitance element is formed by two opposing electrodes 

and a dielectric held between them. In this example, since one of the electrodes and the drain region (a 

portion of the drain region 14) are shared, it is not necessary to separately provide one of the electrodes, 

and the construction and the manufacturing process of the liquid-crystal display panel 100 can be 

simplified • 

. [0060} 

Next, the wiring line L, in which a high-melting point metal, such as aluminum or silver, is 

used as a material, connects the drain electrode 24 of the P-channel TFr 116p to the drain electrode 16 

of the N-channel TFI' 116n. Also, the drain electrodes 24and16 are formed in such a way that contact 

holes CH2 and CHS are formed in a first interlayer insulating film 32 and an aluminum electrode is 

wired therein. That is, the wiring line L is formed in the same interlayer at the same time as the source 

electrodes 15 and 25 and the drain electrodes 16 and 24. There are cases in which the wiring line L has 

a multilayered structure in which a titanium layer, an aluminum alloy layer, and a titanium nitride layer, 

etc., are laminated in this order from the lower layer side . 

. {0061] 

Also, the wiring line Lis arranged in such a way that, when the liquid-crystal display panel 100 

is seen from the opposing substrate 102 side, a part or the whole of the wiring line L overlaps with the 

lattice-shaped black matrix provided therein. The black matrix is used to display an image clearly by 

sunounding each pixel by a black frame, and that portion does not allow light to pass therethrough. 

Meanwhile, although the wiring line L does not allow light to pass therethrough either, a decrease in 

the aperture ratio can be prevented by arranging the wiring line L in such a manner as to overlap with a 

portion or the whole of the black matrix. 

[00621 
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The pixel electrode 118 of this example is formed of a transparent conductive film, such as ITO 

(lrulinm 1in Oxide). For the wiring line L, since a high-melting point metal is used as the material, the 

resistance per unit area is very small in comparison with ITO. Therefore, the wiring line L allows the 

value of the equivalent resistance which occurs between the drain electrode 24 of the P-channel TFf 

116p and the holding capacitor HC to be very small. 

[0063) 

Since the contact holes CHS and CH2 which connect the drain electrodes 16 and 24 to the drain 

regions 13 and 21 are connected to the polysilicon layers 10 and 20 firstly. these are generally .called 
• 

"first contact holes". Also, the contact holes CH6 and CH3 which connect the drain electrodes 16 and 

24 to the pixel electrode 118 are generally called "second contact holes". In the first and second 

contact holes, since different types of materials contact with each other so as to achieve electrical 

conduction, the resistance becomes larger at the contact surface. 

[0064) 

In comparison, the wiring line Lis formed integrally by the same process as that of the drain 

electrodes 16 and 24, and moreover, a low-resistance material is used. Therefore, the equivalent 

resistance of the wiring line Lis smaller than the resistances of the first contact hole and the second 

contact hole. When the wiring line Lis not provided, the equivalent resistance of the second contact 

hole causes the time constant when an image signal is written into the holding capacitor HC to become 

larger. However, by providing the wiring line 4 the time constant can be decreased. 

[0065] 

Fig. 6 is a circuit diagram showing the equivalent circuit of the pixel in a manner 

corresponding to the pixel construction shown in Fig. 4. In this figure, contact points Zl to Z6 

correspond to the above-described contact holes CHl to CH6, respectively. 

[0066) 

<2: Operation of Liquid-Crystal Device> 
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Next, the operation of a liquid-crystal device will be described. Fig. 7 is a timing chart 

showing the operation of the liquid-crystal device. As shown in this figure, the Y transfer start pulse 

DY is a pulse in which one field period lF is one cycle. The scanning-line driving circuit 130 

sequentially shifts the Y transfer start pulse DY in synchronization with the Y clock signal YCK and 

the inverted Y clock signal YCKB in order to generate scanning-line signals Yla, Ylb, Y2a, 

Y2b, .•. ,Yma, Ymb. The scanning-line signals Yla, Y2a, ... , Yma are supplied to the respective 

scanning lines 112a, whereas the scanning-line signals Ylb, Y2b, ... , Ymb are supplied to the respective 

scanning lines 112b. 

[0067] 

Meanwhile, the X transfer start pulse DX is a pulse in which one horizontal scanning period 1H 

in which each Scanning-line signal becomes active is. one cycle. The data-line dr.iving circuit 150 

sequentially shifts the X transfer start pulse DX in synchronization with the X clock signal XCK and 

the inverted X clock signal XCKB in order to generate sampling signals SR1, SR2, ... , SRn in sequence. 

[0068] 

A case is considered in which, for example, an image signal is written into the pixel 

corresponding to the intersection of the i-th scanning lines 112a and 112b and the data line 114 

belonging to the j-th block. In this case, scanning-line signals Yia and Yib become active, and both the 

P-chanriel TFf 116p and the N-channel TFT 116n of the concerned pixel are turned on. In this state, 

when the j-th sampling signal SRj is made to be active, the sampling switch 141 corresponding to the j­

th block is turned on, the image signals VIDl to VID6 are supplied to the respective data lines 114, and 

the image signal is written into the liquid-crystal capacitor LC and the holding capacitor HC of the 

concerned pixeL 

[0069J 

If it is assumed that the wiring line L shown in Fig. 5 is not provided as described in the 

"Desctlption of the Related Art 11
, the writing of the image signal into the holding capacitor HC is as 
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follows. 'First, when the image signal passes through the N-channel TFT 116n, the path is: the data line 

114, the source electrode 15 (contact hole CH4), the source region 11, the channel region 12, the drain 

region 13, and the holding capacitor. On the other hand, when the image signal passes through the P­

channel TFT116p, the path is: the data line 114, the source electrode 25 (contact hole CH1), the source 

region 23, the channel region 22, the drain region 21, the drain electrode 24 (contact hole CH2), the 

contact hole CH3, the pixel electrode 118, the contact hole CH6, the drain electrode 16 (contact hole 

CHS), the drain region 13, and the holding capacitor HC. 

[0070) 

More specifically, the writing path from the P-channel TFT 116p is lengthened by the amount 

corresponding to "the drain electrode 24 (contact hole CH2), the contact hole CH3, the pixel electrode 

118, the contact hole CH6, and the drain electrode 16 (contact hole CHS)" in comparison with the 

writing path from the N-channel TFT 116n. The one having the largest resistance within this writing 

path is the pixel electrode 118. 

[0071} 

In comparison, if the wiring line Lis provided as in this embodiment, when the image signal 

passes through the N-channel TFI' 1160, the path is the same as the above-described path. However, 

when the image signal passes through the P-channel TFT 116p, the path is: the data line 114, the source 

electrode 25 (contact hole CH1), the source region 23, the channel region 22, the drain region 21, the 

drain electrode 24 (contact hole CH2), the wiring line L, the drain electrode 16, the drain region 13, and 

the holding capacitor HC. 

(0072] 

More specifically, the writing path from the P-channel TFT 116p is lengthened by the amount 

corresponding to "the drain electrode 24 (contact hole CH2), the wiring line L, and the drain electrode 

16 (contact hole CHS),. in comparison with the writing path from the N-channel 1FT 116n. 

[0073) 
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lloW'ever, for the wiring line L, a low-resistance material, such as aluminum or silver, is used. 

Since the ~esistance of the wiring line Lis very small in comparison with the resista.nee of the pixel 

electrode 118 or the contact resistance in the manner described above, according to this embodiment, 

the time _constant when the image signal is written via the P-channel 1FT 116p can be greatly decreased. 

[0074] 

_The image signal needs to be written into the holding capacitor HC in the period in which the 

data line is selected. However, since the time constant can be greatly decreased, even if the length of 

the selection period is short, the image signal can be sufficiently written into the holding capacitor HC. 

Therefore, a large contrast ratio can be obtained, and a vivid image display becomes possible. Also, 

even if the number of data lines and the number of scanning lines are increased and the length of the 

selection period becomes shorter, the contrast ratio is not decreased, and a high-resolution image can be 

displayed with high quality. 

(0075] 

Furthermore, the difference in the time constants between \?!hen the image signal is written via 

the N-channel TFI' 116n and when the image signal is written via the P-channel 1FT 116p can be 

decreased. Therefore, display variations which occur due to the difference in time constants can be 

greatly reduced. 

[0076] 

In addition, since the writing into the holding capacitor HC becomes easier, the signal 

amplitude of the image signal supplied to the data line 114 can be de~eased. Also, as a consequence of 

this, the amplitude of the scanning-line signals Yla, Ylb, Y2a, Y2b, ... ,Yma, Ymb can be decreased, 

and the amplitude of the sampling signals SR1, SR2, ... , SRn can be decreased. As a result, the power­

supply voltage of the amplification/inversion circuit 304, the scanning-line driving circuit 130, and the 

data-line driving circuit 150 can be decreased, allowing the power consumption to be reduced. 

{0077] 
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<3: Modifications> 

Next, modifications of this embodiment will be described. 

[0078] 

<3-1: Another Pixel Construction> 

In the above-described embodiment, a capacitor line is provided adjacent to the N-channel 1Ff 

116n, and the holding capacitor HC is formed between the region adjacent to the drain region of the N­

channel TFT 116n and the capacitor line. However, the present invention is not limited to this, and a 

capacitor line may be provided adjacent to the P-channel TFr 116p, so that the holding capacitor HC is 

formed therein. Fig. 8 is a plan view showing another example of the mechanical construction of the 

pixel Fig. 9 is a sectional view showing the cross section of B-B' in Fig. 8. 

[0079) 

As shown in Fig. 8, the capacitor line 160 is arranged in proximity to the scanning line 112a. 

Then, as shown in Fig. 9, a part of the region 24 which follows the drain electrode 21 in the high­

concentrationimpurity area 20 of the P-channel TFf 116p opposes the capacitor line 160 via the gate 

insulating f:llm 31. A dop~t of the group m elements, such as B (boron), is doped in the region 24 by 

ion implantation. The holding capacitor HC is formed in this overlapping region. The drain electrode 

24 of the P-channel TFI' 116p is connected to the holding capacitor HC. 

[0080) 

Next, the wiring line L, in which a high-melting point metal, such as aluminum or silver, is 

used as a material in a manner similar to the above-described embodiment, connects the drain electrode 

24 of the P-channel TFT116p to the drain electrode 16 of the N-channel TFI' 116n. That is, the source 

electrodes lS and 25, the drain electrodes 16 and 24, and the wiring line Lare formed at the same time 

in the same interlayer. Therefore, the drain electrode 16 of the N-channel TFT 116n can be connected 

to the holding capacitor HC with a low resistance. 

[0081] 
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According to this example, the writing of an image signal into the holding capacitor HC is as 

follows. First, when the image signal passes through the P-channeJ 1Ff 116p, the path is: the data line 

114, the source electrode 25 (contact hole CH1), the source region 23, the channel region 22, the drain 

electrode 21, and the holding capacitor HC. On the other hand, when the image signal passes through 

the N-cbannel TFT 116n, the path is: the data line 114. the source electrode 15 (contact hole CHl), the 

source region 23, the channel region 22, the drain electrode 21, the drain electrode 24 (contact hole 

CH2), the contact hole CH3, the pixel electrode 118, the contact hole CH6, the drain electrode 16 

(con.tact hole CHS), the drain region 13, and the holding capacitor HC. 

[0082] 

That is, in the writing path from the P-channel 1Ff 116p, the image signal is directly written 

into the holding capacitor HC, whereas, in the writing path from the N-channel 1FI' 116n, the image 

signal is directly written into the holding capacitor HC via the wiring line L. 

[0083] 

However, since a low resistance material is used for the wiring line L, the resistance thereof is 

very small in comparison with the resistance of the pixel electrode 118. Therefore, similarly to the case 

where the image signal is written via the P-channel 1FI' 116p in the above-described embodiment, the 

time con.Stant when the image signal is written via the N-channel TFf 116n can be greatly decreased. 

As a result, also in the application example, a large contrast ratio can be obtaiti.ed, and a vivid image 

display becomes possible. Also, even if the number of data lines and the number of scanning lines are 

increased and the length of the selection period becomes shorter, the contrast ratio is not decreased, and 

a high-resolution image can be displayed with high quality. 

(0084] 

<3-2: Reflection-Type/Semi-Transmitting-Reflecting-Type Liquid-Crystal Device> 

Although in the above-described embodiment, a transmitting-type liquid-crystal device is 

described, the present invention is not limited thereto, and can be applied to a reflection-type liquid-
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crystal device and a semi-transmitting-reflecting-type liquid-crystal device. 

'[0085] 

Fig.10 is a plan view showing an example of the mechanical construction of a pixel in a 

reflection-type liquid-crystal device. Fig. 11 is a plan view showing an example of the mechanical 

construction of a pixel in a semi-transmitting-reflecting-type liquid-crystal device. Fig. 12 is a 

sectional view showing the cross section of C-C' of Fig. 10 and the cross section ofD-Dt of Fig. 11. 

[0086] 

First, in the reflection-type liquid-crystal device, a reflection layer 119, in which aluminum, 

silver, etc., is used as the material, is formed on the second interlayer insulating film 33, and a pixel 

electrode 118 made of an ITO film (transparent conductive film) is formed so as to cover the reflection 

layer 119. The illustration of the reflection layer 119 and the pixel electrode 118 is omitted in the plan 

view of Fig. 11, etc., and these are not planar as in the above-described embodiment, rather they are 

made to have unevenness. As a result, incident light can be subjected to diffuse reflection, and uniform 

display light can be obtained. Such unevenness can be formed in such a way that, at the lower-layer 

side, after a predetermined uneven pattern is formed in a photosensitive resin layer, the surface thereof 

is covered with an upper-layer-side photosensitive resin layer. 

(0087} 

In order to increase the aperture ratio, it is necessary to increase the area of the reflection layer 

119 as much as possible. Therefore, in this example, wiring line Lis formed under the reflection layer 

119. The underside of the reflection layer 119 becomes a dead space where incident light does not 

reach. By providing the wiring line Lin such a space, the time constant when an image signal is 

written into the holding capacitor can be decreased without reducing the aperture ratio. 

[0088] 

Next, in the semi-transmitting-reflecting-type liquid-crystal device, an opening 1191 is formed 

in a portion of the reflection layer 119, as shown in Fig. 11. The opening 119' is provided to cause the 
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light of the backlight to pass therethrough. Since the wiring line L does not allow light to pass 

therethrough, if the wiring line Lis formed in such a manner as to move across the opening 119~ the 

usage efficiency of the display light is decreased. Therefore, in this example, the wiring line Lis 

arranged so as to avoid the opening 119'. As a result, the time constant when an image signal is written 

into the holding capacitor can be decreased without reducing the aperture ratio. 

[0089] 

Fig. 13 is a plan view showing an example of the mechanical construction of a pixel in a case 

where a reflecting plate and a pixel electrode are shared in a reflection-type liquid-crystal device. Fig. 

14 is a ,sectional view showing the cross section of Cl-Cl' of Fig. 13. 

[0090} 

In a total-reflection-type liquid-crystal device, as shown in Figs. 13 and 14, a reflection layer 

119 itself formed on the second interlayer insulating film 33 by using a light-re.fleeting conductive film 

such as aluminum or silver may be used as a reflecting pixel electrode. Also, if the reflection layer 119 

is formed to be uneven, it becomes possible to cause incident light to undergo diffuse reflection in order 

to obtain uniform display light. Also, in the case of such a construction, by providing the wiring line L 

under the reflection layer 119, the time constant when the image signal is written into the holding 

capacitor can be decreased without reducing the aperture ratio. 

[0091] 

In the total-reflection-type or semi-transmitting-reflecting-type liquid-crystal device, in those 

devices shown in Figs. 10 to 14, a gap is present between the pixel electrode 118 or the reflection layer 

119 and the data line. In addition, the arrangement may be such that the end portion of the pixel 

electrode overlaps in plan view with the data line. 

[0092] 

<3-3: Omission of Contact Holes> 

In the above-described transmission-type, reflection-type, or semi-transmitting-reflecting-type 
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liquid-crystal device, either one of the contact holes CH3 and CH6 may be omitted. Fig. 15 is a plan 

view showing an example of the mechanical construction of a pixel in a case where the contact hole 

CH3 is omitted in the reflection-type liquid-crystal device. Fig. 16 is a sectional view showing the 

cross section of E-E' of Fig. 15. Fig. 17 is a circtiit diagram showing an equivalent circuit of a pixel in 

a manner corresponding to the pixel construction shown in Fig. 15. 

(0093] 

The contact holes CH3 and CH6 are provided to connect the drain electrode 16 of the N­

channel TFT 116n and the drain electrode 24 of the P-channel 1FT 116p to the pixel electrode 118. If 

either one of the drain electrodes 16 and 24 is connected to the pixel electrode 118, it is possible to 

write the image signal into the liquid-crystal capacitor LC. 

[0094) 

Since the shapes of the contact holes CH3 and CH6 are different from that of the pixel 

electrode 118, in the region where these are formed, the state of the electric field applied to the liquid 

crystal differs from that of the region of the pixel electrode 118. For this reason, since the region where 

the contact holes CH3 and CH6 are formed must be covered with a black matrix, the aperture ratio is 

decre~d. 

[0095] 

In this example, since the contact hole CH3 is omitted, the aperture ratio can be improved. In 

this case, when the contact hole CH3 is omitted, the drain electrode 16 of the N-channel TFT 116n is 

not connected to the drain electrode 24 of the P-channel TFf 116p via the pixel electrode 118. 

However, since the drain electrodes 16 and 24 are connected to each other by the wiring line L formed 

of a low resistance material, even if the contact hole CH3 is omitted, the time constant when the image 

signal is written into the holding capacitor HC is hardly increased. 

[0096) 

Fig. 18 is a plan view showing an example of the mechanical construction of a pixel in a case 
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where a reflection plate and a pixel electrode are shared and the contact hole CH3 is omitted in a 

reflection-type liquid-crystal device. Fig. 19 is a sectional view showing the cross section of El-El' of 

Fig.18. 

(0097} 

In a total-reflection-type liquid-crystal device, as shown in Figs. 18 and 19, the reflection layer 

119 itself formed on the second interlayer insulating film 33 by using a light-reflecting-type conductive 

film such as aluminum or silver may be used as a reflecting-type pixel electrode. Also, if the reflection 

layer 119 is formed to be uneven, it becomes possible to cause incident light to undergo diffuse 

reflection in order to obtain uniform display light. Also, in the case of such a construction, by 

providing the wiring line Lin the underside of the reflection layer 119, the time constant when the 

image signal written into the holding capacitor can be decreased without reducing the aperture ratio. 

[0098] 

Also when the construction is formed in this manner, if the contact hole CID is omitted, it is 

possible to improve the aperture 1atio. In this case, the drain electrode 16 of the N-channel TFf 116n is 

not connected to the drain electrode 24 of the P-channel TFI' 116p via the pixel electrode 118. 

However, since the drain electrodes 16 and 24 are connected to each other by the wiring line L formed 

of a low-resistance material, even if the contact hole CH3 is omitted, the time constant when the image 

signal is written into the holding capacitor HC is hardly increased . . 
[0099] 

<3-4: Omission of Contact Hole and Holding Capacitor> 

Furthermore, when either one of the contact holes CH3 and CH6 is omitted, the holding 

capacitor may be omitted. Fig. 20 is a plan view showing an example of the mechanical construction 

of a pixel in a case where the contact hole CH3 and the holding capacitor HC are omitted in a 

reflection-type liquid-crystal device. Fig. 21 is a sectional view showing the cross section of F-F' of 

Fig. 20. Fig. 22 is a circuit diagram showing an equivalent circuit of a pixel in a manner corresponding 
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In this example, since the holding capacitor HC is not provided, there is no advantage from the 

viewpoint of writing the image signal into the holding capacitor HC. However, since the drain 

electrodes 16 and 24 are connected to each other using the wiring line 4 either one of the contact holes 

CH3 and CH6 can be omitted. 

(0101] 

For the region where the contact holes CH3 and CH6 are formed as described above, since the 

state of the electric field applied to the liquid crystal differs from that of the pixel electrode 118, that 

region must be covered with a black matrix. In this example, since the contact hole CH3 is omitted, it 

is possible to improve the aperture ratio. 

[0102] 

<4: Electronic Device> 

Next, a description is given of a case in which the above·described liquid-crystal device is 

applied to various types of electronic devices. 

[0103] 

<4· 1: Projector> 

·First, a projector in which this liquid-crystal device is used as a light valve is described. Fig. 

23 is a sectional view showing an example of the construction of a projector. 

(0104] 

As shown in this figure, a projector 1100 is internally provided with a lamp unit 1102 formed 

of a white light source, such as a halogen lamp. The projected light emitted from this lamp unit 1102 is 

separated into the three primary colors of ROB by four mirrors 1106 and two dichroic mirrors 1108 

which ate arranged inside a light guide 1104, and these primary colors are made to enter the liquid­

crystal panels 1110R, 11100, and 1110B as light valves corresponding to the primary colors, 
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The construction of the liquid-crystal panels 1110R,_ 1110G, and 1110B is the same as that of 

the above-described liquid-crystal panel 100, and the liquid-crystal panels are driven in accordance 

with the primary color signals of R, G, and B supplied from an image signal processing circuit (not 

shown), respectively. The light which is modulated by these liquid-crystal panels enters a dichroic 

prism 1112 from three directions. In this dichroic prism 1112, the Rand Blight is refracted by 90 

degrees, whereas the G light travels straight. AJJ a result of images of each color being combined, a 

color image is projected onto a screen, etc., via a projection lens 1114. 

[0106] 

Here, when the display images by the respective liquid-crystal panels 1110R, 11100, and 

1110B are considered, the display image by the liquid-crystal panel 11100 needs to be bilaterally 

inverted with respect to the display images by the liquid-crystal panels lllOR and lllOB. 

[0107] 

Since light corresponding to each primary color of RGB enters the liquid-crystal panels 1110R, 

11100, and 1110B by means of the dichroic mirrors 1108, there is no need to provide color filters 

therein. 

[0108] 

<4-2: Mobile Computer> 

Next, a description is given of an example in which this liquid-crystal panel is applied to a 

mobile personal computer. Fig. 24 is a perspective view showing the construction of this personal 

computer. In the figure, a computer 1200 comprises a main-unit section 1204 including a keyboard 

1202, and a liquid-crystal unit 1206. This liquid-crystal unit 1206 is constructed by adding a backlight 

in the rear of the above-described liquid-crystal display panel 100. 

[0109} 
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<4-3: Portable Phone> 

Furthermor~ a description is given of an example in which this liquid-crystal display panel 100 

is applied to a portable phone. Fig. 25 is a perspective view showing the construction of this portable 

phone. In the figur~ a portable phone 1300 comprises a plurality of operation buttons 1302, and a 

transmission-type liquid-crystal display panel 1005. In this transmission-type liquid-crystal display 

panel 1005, a front light is provided as necessary on the front side thereof. 

£0110] 

In addition to the electronic devices described with reference to Figs. 23 to 25, examples of the 

electronic devices include a liquid-crystal television, a viewfinder-type/monitor-direct-view-type video 

tape recorder, a car navigation apparatus, a pager, an electronic notebook, an electronic calculator, a 

word processor, a work station, a television phone, a POS terminal, and a device having a touch panel. 

J.t is a matter of course that the present invention t:an be applied to these various types of electronic 

devices. 

[0111) 

[Advantages] 

As has thus been described, according to the electro-optical panel of the present invention, 

since a wiring for causing the drain electrodes of a first transistor element and a second transistor 

element to be short-circuited, the time constant when an image signal is written into a holding capacitor 

can be decreased, and a large contrast ratio can be obtained. 

[Brief Description of the Drawings] 

[Fig. 1} 

Fig. 1 is a block diagram showing the overall construction of a liquid-crystal device according 

to the present invention. 

[Fig. 2] 

Fig. 2 is a perspective view illustrating the construction of a liquid-crystal display panel. 
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[Fig. 3} 

Fig. 3 is a partial sectional view illustrating the construction of the liquid-crystal display panel. 

[Fig. 4] 

Fig. 4 is a plan view showing an example of the mechanical construction of a pixel in the panel. 

[Fig. SJ 

Fig. 5 is a sectional view showing the cross section of A-N in Fig. 4. 

[Fig. 6) 

Fig. 6 is a circuit diagram showing an equivalent circuit of a pixel in a manner corresponding to 

the pixel construction shown in Fig. 4. 

[Fig. 7] 

Fig. 7 is a timing chart showing the operation of the liquid-crystal device. 

[Fig. SJ 

Fig. 8 is a plan view showing another example of the mechanical construction of a pixel 

according to an application example. 

{Fig. 9] 

Fig. 9 is a sectional view showing the cross section of B-B1 in Fig. 8. 

[Fig.10) 

Fig. 10 is a plan view showing an example of the mechanical construction of a pixel in a 

re.flection-type liquid-crystal device. 

(Fig.11] 

Fig. 11 is a plan view showing an example of the mechanical construction of a pixel in a semi­

transmitting-reflecting-type liquid-crystal device. 

[Fig. 12] 

Fig. 12 is a sectional view showing the cross section of C-ci of Fig. 10 and the cross section of 

D-D' of Fig. 11. 
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{Fig.13] 

Fig. 13 is a plan view showing an example of the mechanical construction of a pixel in a case 

where a reflecting plate and a pixel electrode are shared in a reflection-type liquid-crystal device. 

{Fig.14] 

Fig. 14 is a sectional view showing the cross section of Cl-Cl 1 of Fig. 13. 

[Fig. !SJ 

Fig. 15 is a plan view showing an example of the mechanical construction of a pixel in a case 

where one contact hole is omitted in a reflection-type liquid-crystal device. 

[Fig.16) 

Fig. 16 is a sectional view showing the cross section of E-E' of Fig. 15. 

(Fig.17) 

Fig. 17 is a circuit diagram showing an equivalent circuit of a pixel in a manner corresponding 

to the pixel construction shown in Fig. 15. 

[Fig. 18] 

Fig. 18 is a plan view showing an example of the mechanical construction of a pixel in a case 

where a reflecting plate and a pixel electrode are shared and one contact hole is omitted in the 

reflection-type liquid-crystal device. 

[Fig. 19) 

Fig. 19 is a sectional view showing the cross section of El-El' of Fig. 18. 

{Fig. 20J 

Fig. 20 is a plan view showing an example of the mechanical construction of a pixel in a case 

where a contact hole and a holding capacitor are omitted in a reflection-type liquid-crystal device. 

(Fig. 21] 

Fig. 21 is a sectional view showing the cross section of F-F' of Fig. 20. 

(Fig. 22] 
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Fig. 22 is a circuit diagram showing an equivalent circuit in a manner corresponding to the 

pixel construction shown in Fig. 20. 

(Fig. 23] 

Fig. 23 is a sectional view of a video projector, which is an example of an electronic device to 

which the liquid-crystal device is applied. 

(Fig. 24J 

Fig. 24 is a perspective view showing the construction of a personal computer to which the 

liquid-crystal device is applied. 

(Fig. 25} 

Fig. 25 is a perspective view showing the constmction of a portable phone to which the liquid­

crystal device is applied. 

(Fig. 26} 

Fig. 26 is a circuit diagram showing a circuit corresponding to one pixel of a component 

substrate used in a conventional liquid-crystal deVice. 

(Fig.27] 

Fig. 27 is a circuit diagram showing an equivalent circuit for the case in which, in the pixel, an 

image signal is written into a holding capacitor via an N-channel TFr 2. 

[Fig. 28] 

Fig. 28 is a circuit diagram showing an equivalent circuit for the case in which, in the pixel, an 

image signal is written into a holding capacitor via a P-channel TFf 1. 

[Reference Numerals] 

112a and 112b ... scanning lines 

114 ... data line 

118 ... pixel electrode 

116p and 116n .•. 'IFTs (first transistor element and second transistor element) 



L ... wiring 

HC ... holding capacitor 

160 and 160 .•. capacitor lines 

150 ... data-line driving circuit 
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[Claims] 

[Claim 1] An electro-optical panel having a component substrate, an opposing substrate, and 

an electr<roptical material held between said component substrate and said opposing substrate, said 

component substrate comprising: 

a plurality of scanning lines which are provided as pairs; 

a plurality of data lines; 

pixel electrodes which are arranged in a matrix in such a manner as to correspond to the 

intersections of said scanning lines and said data lines and which are each arranged between one of said 

scanning lines and the other of said scanning lines which are provided as a pair; 

a first transistor element in which the gate electrode is connected to one of said scanning lines 

which m provided as a pair, said data lines are connected to the source electrode, and said pixel 

electrode is connected to the drain electrode; 

a second transistor element in which the other one of said scanning lines in the pair is 

connected to the gate electrode, said data lines are connected lo the source electrode, and said pixel 

electrode is connected to the drain electrode; 

a capacitance element which is connected to the drain electrode of said second transistor 

element; and 

wiring which connects the drain electrode of said first transistor element to the drain electrode 

of said second transistor element. 

[Claim 2] An electro-optical panel according to Claim i, wherein the resistance of said wiring 

is smaller than the equivalent resistance of said pixel electrode which connects the drain electrode of 

said first transistor element to the drain electrode of said second transistor element. 

[Claim 3] An electro-optical panel according' to Claim 1, wherein a common electrode and a 
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lattice-shaped black matrix are formed on said opposing substrate, and said wiring is arranged in such a 

manner as to overlap with said black matrix. 

[Claim 4] An electro-optical panel having a component substrate, an opposing substrate, and 

an electro-optical material held between said component substrate and said opposing substrate, said 

component substrate comprising: 

a plurality of scanning lines which are provided as pairs; 

a plurality of data lines; 

pixel electrodes which are arranged in a matrix in such a manner as to correspond to the 

intersections of said scanning lines and said data lines and which are each arranged between one of said 

scanning lines which are provided as a pair and the other of said scanning lines; 

a first transistor element in which one of said scanning lines in the pair is connected to the gate 

electrode, and said data lines are connected to the source electrode; 

a second transistor element in which the other of said scanning lines provided in the pair is 

connected to the gate electrode, and said data lines are connected to the source electrode; and 

wiring which connects the drain electrode of said first transistor element to the drain electrode 

of said second transistor element, 

wherein either one of the drain electrode of said first transistor element and the drain electrode 

of said second transistor element is connected to said pixel electrode. 

[Claim SJ An electro-optical panel according to Claim 4, wherein there is provided a 

capacitance element which is connected to the drain electrode of said second transistor element. 

[Claim 6) An electro-optical panel according to one of claims 1 and 4, wherein said first and 

second transistor elements comprise a polysilicon layer formed of a source region, a gate region, and a 

drain region, and a gate insulating ftlm formed on said poly.silicon layer, 

said drain electrode is connected to said drain region via a first contact hole formed in said gate 

insulating film, 
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said pixel electrode and said drain electrode are connected to each other via a second contact 

hole, and 

the resistance of said wiring is smaller than the equivalent resistance of said first contact hole 

or the equivalent resistance of said second contact hole. 

(Claim 7) An electro-optical panel according to Claim 4, wherein said first and second 

transistor elements comprise a polysilicon layer formed of a source region, a gate region, and a drain 

region, and a gate insulating film formed on said polysilicon layer, 

said drain electrode is connected to said drain region via a first contact bole formed in said gate 

insulating film, 

said pixel electrode and said drain electrode are connected to each other via a second contact 

hole, 

a common electrode and a lattice-shaped black matrix are formed on said opposing substrate, 

and 

said second contact hole is provided in such a manner as to overlap with said black matrix. 

[Claim 8) An electro-optical panel according to one of Claims 1 and 5, wherein said first 

transistor element comprises a P-type thin-film transistor element, and said second transistor element 

comprises an N-type thin-film transistor element. 

[Claim 9] An electro-optical panel according to one of Claims 1 and S, wherein said first 

transistor element comprises an N-type thin-film transistor element, and said second transistor element 

comprises a P-type thin-film transistor element. 

(Claim 10) An electro-optical panel according to one of Claims 8 and 9, wherein said 

capacitance element is formed between a capacitor line formed in proximity to said other scanning line 

and the drain region of said second transistor element. 

[Claim 11 J An electro-optical panel according to one of Claims 1 and 4, wherein said pixel 

electrode is formed of a light-transmitting conductive film. 
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[Claim 12] An electro-optical panel according to one of Claims 1 and 4, wherein said pixel 

electrode is formed of a light-transmitting conductive film, has said electro-optical. material side 

positioned on one of the sides thereo~ and has a reflection layer which reflects incident light on the 

other side, and 

said wiring is formed on the side opposite to said pixel electrode with respect to said reflection 

layer. 

(Claim 13] An electro--optical panel according to Claim 12, wherein an opening through which 

light is transmitted is provided i~ a portion of said reflection layer, and 

said wiring is arranged in such a manner as not to overlap with said opening. 

(Oaim 14) An electro-optical panel according to one of Claims 1 and 4, wherein said pixel 

electrode is formed of a light-reflecting conductive film. 

[Claim 15] An electro-optical panel according to one of Claims 1 to 14, wherein a scanning-

line driving circuit for selecting said ~canning lines in a pair in sequence, and a data-line driving circuit 

for supplying an image signal to each of said data lines are formed on said component substrate. 

(Claim 16] An electronic device comprising an electro-optical panel according to Claim lS. 

(Detailed Description of the Invention] 
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