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TIST METHOD OF ELECTRO-OPTICAL DEVICE, TEST CIRCUIT OF 

ELECTRO-OPTICAL DEVICE~ ELECTRO-OPTICAL DEVICE, AND 

ELECTRONIC EQUIPMENT 

Technical Field of the Invention 

The present invention relates to a test method of an electro-optical 

device, a test circuit of the electro-optical device, the electro-optical device, 

and electronic equipment. 

Description of the Related Art 

Electrooptical devices such as liquid-crystal devices are being 

currently widely used as a display device for a diversity of electronic 

equipment. The electro-optical device of this sort typically includes an 

element substrate having a plurality of scanning lines and a plurality of data 

·tines formed thereon, a counter substrate facing the element substrate, an 

~lectro-optical material sandwiched between the two substrates. and pixels, 

e'ach arranged at an intersection of each of the scanning lines and each of the 

data lines. 

It is extremely difficult to completely remove an open circuit ·or a 

'short circuit of wirings of the scanning line or the data line, and defects in 

a pixel or a switching element (hereinafter these are collectively and 

simply referred to as a "defect") in a manufacturing process of the electro-
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optical device. Defects inevitably occur with a certain probability. Manufactured electro-

-()p1ieal devices thus must be tested for the presence or absence of any defect In a known test 

metltod, for example, a test pattern, displayed on an electro-optical device to be tested, is observed 

with the naked eyes or by using a CCD camera to determine whether each pixel normally lights. 

[odo4] 

(P;roblems to be Solved by the Invention] 

When the area of each pixel is very small on a high-definition display, it is difficult to 

·precisely recognize each of the pixels with the naked eyes or by·using a CCD camera. When a 

· &tect;in a pixel causes a difference betWeen a voltage supplied to the pixel and an intended 

'·'foiiale, a density difference on the screen due to the voltage difference is difficult to recognize. 

-sn&..~- defect in the pixel cannot be found with ease. The conventional test method is thus 

~-to an accuracy limit 

(0005] 

The present invention has been developed in view of the above problem, and it is an object 

~f i& present invention to provide a test method and test cireuit of an electro-optical deVice, the 

'ei--optical device, and electronic equipment for allowing wirings and electrodes to be 

:~ly t~ted to check for the presence or absence of defects there-within. 

(0006] 

[Means for Solving the Problems] 

To resolve the above problem, the present invention relates to a test method for testing an 

·electro-optical device using a test circuit which operates in response to an-action command signal 

periodically changing the level thereof, wherein the electro-optical device includes a pixel 

elecirode which is arranged at an intersection of each of scanning lines and each of data lines and 

serves as one electrode of"a capacitor, and a pixel switching element connected between the pixel 

electrode and the data line. The test method includes a first step of supplying the pixel electrode 
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with a data signal by turning on the pixel switching element, a second step of turning on a test 

· SwitChin.g element at a ~ming delayed from a timing of a level change of the action command 

': Sign'at. in the course of outputting a voltage supplied to the pixel electrode to a reading signal-line 

· uy USing the test circuit, and a third step of determining whether the voltage output to the reading 

· sigUI-line corresponds to a voltage responsive to the data signal supplied to tli.e pixel electrode. 

[0007] 

Since the test method feeds the voltage applied to the pixel electrode to the reading signal­

, line ·and determines whether the fed voltage corresponds to the voltage responsive to the data 

-sigiOO supplied to the pixel electrode, the presence or absence of a defect in any of the pixel 

. "elecli'ode, a pixel switching element, a seanning line and a data line in the electro-optical device is 

c:eorrectly detected. Even when a noise, taking place in response to a change in level of the action 

'oom.bDind signal, is superimposed on the voltage supplied to the reading signal-line, the voltage 

a~ supplied to the pixel electrode ~s accurately detected because the timing of turning on the 

t~~~hing element is different from the timing of the level change of the action command 

~:~. Without being intl.uenced by the noise, accurate testing is performed. 

(0008) 

To resolve the above-referenced problem, the present invention relates to a test circuit for 

'~dg._an electro-optical device including a pixel electrode which serves as one electrode of a 

.:~acltor and is arranged at an intersection of each of scanning lines and each of data lines, and a 

· J'jxel switching element connected between the pixel electrode and the data line, wherein the test 

·circuit ouiputs a voltage, supplied to the pixel electrode, to a reading signal-line after supplying the 

dabi signal to the pixel electrode by turning on ·the pixel switching element, in order to determine 

whether the voltage supplied to the pixel electrode corresponds to a voltage responsive to the data 

signal. The test circuit includes a test switching element connected between the data line and the 

reading signal-line, and a control circuit which operates in response to the action command signal 
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periodically changing the level thereof, and which turns on the test switching element at a timing 

del;tyed from a timing of a level change of the action command signal. 

[0009] 

Since the test cireuit determines whether the voltage fed to the reading signal-line 

coiresponds to the voltage responsive to the data signal supplied tO the pixel electrode, the 

presence or absence of a defect in the electro-optical device is correctly detected in the same way 

as described in connection with the above-referenced teSt method. Furthermore, even when a 

nome takes place at the timing of the level change of the action command signal, the test circuit 

accurately detects the voltage supplied to the pixel electrode because the timing of outputting the 

volt8ge, supplied to the pixel ele.ctrode, to the reading signal-line is different from the timing of the 

level change of the action command signal. The use of the test circuit allows testing to be 

accurately carried out without being influenced by the noise. The test circuit may be manged on 

the dbsttate of the electro-optical device, as part of the electro-optical device, or may be a device 

separate from the electro-optical device. 

[0010) 
. . 

Preferably, in the test circuit, the control circuit turns on the test switching element at a 
'· 
tiniittg· delayed from the timing of the level change of the action command signal by a duration of 

tinie;falling within a range from one-eighth to one-quarter the period of the action command signal. 

When the timing of turning on the test switching element is delayed by a duration of time equal 

to half the period of the action command signal, the no.ise is superimpo~ed on the voltage supplied 

to the reading signal-line, and the voltage supplied to the pixel electrode is not accurately detected. 

The noise has a predetermined width along the time axis. In view of these points, the timing of 

turning on the test switching element is preferably set to within the above-mentioned range to 

exclude the effect of the noise and to accurately detect the voltage supplied to the pixel electrode. 

[0011] 



5 

In the test circui~ an input terminal for inputting the action command signal to the control 

circuit and an ~tput terminal of the reading signal-line are preferably arranged on opposed ends of 

the control circuit This arrangement shortens a portion of the reading signal-line routed out 

to'Mttd the input terminal, thereby reducing noise that is caused by a capacitive coupling between 

the reading signal-line and the wiring for feeding the action command signal. 

[0012) 

The control circuit preferably includes output means for outputting a control signal that 

changes the level thereof in response to the action command signal, and timing modification 

~for delaying the~ of the level change of the control signal from the timing of the level 

change of the action command signal. The output means can be a shift register operating in 

response to a clock signal as the action command signal, or an address decoder operating in 

response to an address signal as the action command signal. The timing modification means can 

be delay means for delaying the control signal, for example. 

[0013) 

To resolve the previously mentioned problem, the present invention relates to a test circuit 

for testing an electro-optical device including a pixel electrode which is arranged at an intersection 

of each of scanning lines ~d each of data lines and serves as one electrode of a capacitor, and a 

pixel Switching element connected between the pixel electrode and the data line, wherein the test 

circuit. outputs a voltage, supplied to the pixel electrode, to a reading signal-line after supplying a 

data signal to the pixel electrode by turning on the pixel switching element, in order to determine 
. 

whether the voltage supplied to the pixel electrode corresponds to a voltage responsive to the data 

signal. The test circuit includes a test switching element connected between the data line and the 

reading signal-line, and a control circuit which turns on the test switching element in response to 

an action command signal periodically changing the level thereof, an input terminal for inputting 

the action command signal to the control circuit, and an output terminal, arranged on the end of the 
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control circuit opposite to the input terminal, for o~utting a voltage of the reading signal-line. 

Since the input terminal and the output tenninal are arranged on opposite ends of the control 

circuit, the generation of noise arising from capacitive coupling is controlled. 

[0014] 

The test ~ircuit can be implemented into the electro-optical device. Specifically, the 

present invention relates to an electro-optical device and includes a pixel electrode, manged at an 

intersection of each of ~g lines and each of data lines and serving as one electrode of a 

capacitor, a pixel switching element connected between the pixel electrode and the data line, and a 

test circuit which outputs a voltage, supplied to the pixel electrode, to a reading signal-line after 

supplying a data signal to the pixel electrode by turning on the pixel switching element, in order to 

determine whether the voltage supplied to the pixel electrode corresponds to a voltage responsive 

to the data signal. The test circuit includes a test switching element connected between the data 

line and the reading signal-line, and a control circuit which operates in response to the ac~on 

command signal periodically changing the level thereof, and which turns on the test switching 

element at a timing delayed from a timing of a level change of the action command signal. 

[0015] 

As in the above-referen«;ed test circuit, the control circuit in the electro-opticitl device may 

have a structure that allows the test switching element to tum on at a timing delayed from the 

timing of the level change of the action c<>mmand signal by a duration of time falling within a 

range from one-eighth to one-quarter the period of the action command signal, or may have a 

structure which includes an input terminal for inputting the action command signal to the control 

circuit and an output terminal, manged on the end of the control cireuit opposite to the input 

terminal, for outputting a voltage of the reading signal-line. In this way, accurate testing is 

performed. 

[0016] 
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The capacitor in the above electro-optical device may be formed of the pixel electrode 

serving as one electrode, a counter electrode serving as the other electrode, and an electro-optical 

material sandwiched between the one electrode and the other electrode. In this case, testing is 

performed when an electro-optical capacitor is formed of an electro-optical material sandwiched 

between a pixel electrode and a counter electrode in the electro-optical device. AB a capacitor for 

storing charge responsive to the voltage supplied to the pixel electrode, the electro-opti~ device 

may include a storage capaCitor having one electrode thereof connected to the pixel electrode and 

the other electrode thereof connected to a capacitive line. In tb:is anangement, testing can be 

peiformed prior to the production of the electro-optical device, in other words~ at.a prior phase of 

the production of the electro-optical device in which the el~ctro-optical material is just sandwiched 

between the pixel electrode and the counter electrode. The form of the capacitor is not important 

as long as a charge responsive to the vo.ltage is stored in the capacitor with the pixel electrode as 

one electrode thereof as a result of appl~ the voltage responsive to the data signal to the pixel 

electrode ev.~ if neither electro-optical capacitor nor storage capacitor is formed. 

[0017] 

Electronic equipment may include the above-referenced electro-optical device. Since 

accurate testing is performed on the electro-optical devi~e,· the electronic equipment incorporating 

the electro-optical device becomes highly reliable. 

[0018] 

[Description of the Embodiments) 

The electro-optical device in accordance with the embodiments of the present invention 

will now be discussed, referring to the drawings. The embodiments of the present invention are 

discussed for illustrative purposes only, and are not intended to limit the scope of the present 

invention. The present invention may be modified within the scope thereof. The electro-optical 

device to be discussed here, employing a liquid crystal as the electro-optical material, is a liquid-
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crystal device that presents a display taking advantage of an electro-optical change. 

[0019] 

<A: Construction of the Embodiments> 

FIG. 1 is a perspective view showing the construction of the electro-optical deviee in 

accordance with the presentembodiment FIG. 2 is a cr0$-sectional view of the electro-optical 

device taken along line A-A' in FIG. 1. . As shown in these figures, the electro-optical device 100 

includes an element substrate 101, and a counter substrate 102, both of which are bonded to each 

other with a sealing member 104 including a spacer 103 therewithin. A liquid crystal 105 as an 

electro-optical material is encapsulated between the two substrates. In this embodimen~ the 

element substrate 101 and the counter substrate 102 are manufactured of a material having light 

transmissivity, such as glass, quartz, or semiconductor. A transmissive-type display is formed by 
. \ . 

allowing light from the back side to be em!tted toward an observing side. Alternatively, a 

reflective-type display may be formed by allowing light incident from the observing side to be 

reflected by an opaque substrate. 

[0020] 

Referring to FIG. 2, a 'YaQety of elements and the pixel electrodes 106 are formed in the 

internal area of the element substrate 101 (facing the liquid crystal 105) internal to the sealing 

member 104. A portion of the element substrate 101 extending beyond the edge of the counter 

substrate 102 bears a scanning line driving circuit 1, a data line driving circuit 2, a test circuit 3, 

and terminals (not shown) for inputting various signals to each of these circuits from an external 

device. The test circuit 3 is used to check the presence or absence of a defect in a pixel in the 

electro-optical device 100. 

[OQ21] 

The counter substrate 102 has, on the entire inner sur.face thereof, a counter electrode 107. 

Also arranged on the inner surface of the counter substrate 102 are a color layer (a color filter) 
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facing the pixel electrodes 106 and a light-shielding film facing the gap surrounding each pixel 

electrode 106. But these are not directly related to the present invention, and the discussion 

thereof is skipped. The inner smfaces of the element substrate 101 and the counter substrate 102 

are respectively covered with alignment layers that have been subjected to a rubbing process so 

that the major axis directions of the molecules of the liquid crystal 105 are continuously twisted 

between the two substrates. Polarizers (not shown) in accordance with the rubbing process are 

respectively arranged on the outer surfaces of the two substrates. As shown in FIG. 2, ~e pixel 

electrodes 106 and the counter electrode 107 are thick, but actually are extremely thin compared 

with the thickness of each substrate. 

[0022] 

The electrical construction of the electro-optical device 100 in accordance with this 

embodiment will now be discussed, refetting to FIG. 3. 

As shown in the figure, the electro-optical device 100 includes m number of scanning lines 

4-1, 4-2, ... , 4-m extending in the X (row) direction, and n number of data lines 5-1, 5-2, ... , 5-n 

extending in the Y (column) direction. One end of each scanning line 4-i (l::si:s:m) is connected to 

the scanning line driving circuit 1. One end of each data line S-j (l=itj:s;n) is connected to the data 

line driving circuit 2, and the other end of each data lme is connected to the test circuit 3. A pixel 

6 is arranged ai an intersection of each of the scanning lines 4-i and each of the data lines 5-j. 

The pixels 6 in this embodiment are manged in a matrix of m rows by n columns. 

[0023] 

The scanning line driving circuit 1 is a so-called Y shift register. The scanning line 

driving circuit 1 shifts a pulse signal in response to a predetermined clock signal, thereby 

successively outpu!'ini scanning signals Gl, G2, ... , Gm which respectively and successively select 

the m number of scanning lines 4-1, 4-2, .. ., 4-m for every horizontal scanning period 

[0024] 
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The data line driving circuit 2 supplies the data lines S-1, S-2, ..• , S-n with a data signal DT 

in response to a clock signal CU{, an inverted clock signal CLK.B, a start pulse SP, video data 

VID, and a latch pulse LP supplied from the external device. The data line driving circuit 2 

includes a shift register 21, a :first latch c~t 22, and a second latch circuit 23. The data line 

driving circuit 2 in accordance with this embodiment drives n number of pixels 6 (pixels 6 in one 

row) lined in the X direction on a line at a time basis in which the data signal DT responsive to the 

video data VID is fed at a time for one horizontal scanning period. 

[0025] 

Ea.ch pixel 6 includes a pixel switching element 61 and a capacitor 62 In this 

embodiment, a TFr (Thin-Film Transistor) is used as the pixel switching element 61. The pixel 

switching element 61 is connected between the data line S-j and the pixel electrode 106. The 

pixel switching element 61 is turned on when the scanning line 4-i, to which the gate of the pixel 

switching element 61 is connected, is selected, specifically, when a scanning signal Gi supplied to 

the scanning 4-i remains at an active level (at a high level). 

[0026] 

The capacitor 62 of each pixel 6 is composed of a liquid-crystal capacitor 621 and a 

storage capacitor 622 The liquid-crystal capacitor 621 is formed of the liquid crystal 105 

sandwiched between the pixel electrodes 106 and the counter electrode 107. The storage 

capacitor 622 has one electrode thereof connected to the pi:X:el electrode 106, and the other 

electrode connected to a capacitive line 108 (connected to a low-voltage side of a power source, 

for example) supplied with a constant voltage. The storage capacitor 622 prevents the charge 

stored in the liquid-crystal capacitor 621 from being leaked. 

[0027) 

When the data line driving circuit 2 outputs the data signal DT to the data line 5-j with the 

pixel switching element _61 turned on, the voltage of the data signal DT is fed to the pixel 
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electrodes 106, and a charge responsive to the voltage is stored in th«: liquid-crystal capacitor 621 

and the storage capacitor 622. when the pixel switching element 61 is turned on with the charge 

responsive to the data signal DT stored in the capacitor 62, a voltage responsive to the charge 

stored in the liquid-crystal capacitor 621 of the pixel 6 and the storage capacitor 622 is output to 

the data line 5-j. 

[0028] 

The test circuit 3 outputs the voltage responsive to the charge stored in each capacitor 62 

to the external device, and includes a shift register 32 having n 11Umber of stages corresponding to 

the n number of data lines 5-1, 5-2, ... , S-n, n number of delay circuits 33-j corresponding to then 

number of data lines 5-1, 5-2, .•. , S-n, n number of test switching elements 34-j (lsj:sn), and a 

reading signal-line 35. 

[0029] 

The shift register 32 shifts a test start pulse TSP, which is supplied from the unshown 

external device via an input terminal 31, in response to a test clock pulse. TCK. and an inverted test 

· clock pulse TC.KB,. which is an inverted _version of the test clock pulse TCK. The shift register 

32 respectively outputs signals Tai,. Ta2, ... , Tan with the active levels thereof not overlapping each 

other, to the delay circuits 33-1, 33-2, ... , 33-n. The shift register 32 has two cloek feeder lines 

321 extending ~m the input terminal 31 in the X direction, as the wires for the test clock pulse 

TCK and the inverted test clock pulse TCKB respectively fed thereto. 

[0030] 

Each delay circuit 33-j delays the respective signal Taj so that the timing of the rising edge 

of the signal Taj output from the shift register 32 is different from the timing of a level change of 

the test clock pulse TCK or the inverted test clock pulse TCKB (i.e., the timing of the rising edge 

or the falling edge of the test clock pulse TCK or the inverted test clock pulse TCKB), and then 

outputs the delayed signal Taj as Thj to the test switching element 34-j. In this embodiment, the 
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delay circuit 33-j delays the signal Taj output from the shift register 37 by a duration of time D 

equal to one-eighth the period of the test clock pulse TCK (or the inverted test clock pulse TCKB). 

(0031) 

Each test switching element 34-j is configured with one end thereof connected to the data 

line 5-j and the other end thereof connected to the reading signal-line 35, and is turned on or off in 

response to a signal Tbj output from the delay circuit 33-j. Specifically, when the signal Tbj 

from the delay circuit 33-j is at an active level, the test switching element 34-j is turned on. 

When the test switching element 34-j is turned on, the voltage at the data line 5-j is output to the 

reading signal-line 35 through the test Switching element 34-j. 

[0032) 

The reading signal-line 35, extending in the X direction, is connected to one end of each of 

the test switching elements 34-1, 34-2, ... , 34-n. Referring to F'.IG. 3, one end of the reading 

signal-line 35 is shaped into an output terminal 3$1. The output tenninal 351 serves as a tenninal 

for outputting a read signal RS, responsive to the voltage of the reading signal-line 35, to the 

external device. The output terminal 351 is placed on the end of the test circuit 3 opposite to the 

input terminal 31. Referring to FIG. 3, the output terminal 351 is placed on the left-hand side of 

. the test circuit 3, while the input terminal 31 is placed on the right-hand side of the test circuit 3. 

In this arrangement as shown in FIG. 3, there is no need for extending the end of the reading 

signal-line 35 (the right-hand end thereof in FIG. 3), opposite to the output terminal 351,. to the 

vicinity of the input terminal 31. 

[0033) 

<B: Operation of the Embodiments> 

The operation of the elec1ro-optiail device 100 during testing will now be discussed. In 

the testing method, the pixel electrodes 106 is supplied with the voltage of the <:f.ata signal DT 

responsive to the video data VID, and the charge responsive to the voltage is stored in both the 
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liquid-crystal capacitor 621 and the storage capacitor 622. For simplicity of explanation, all 

pixels 6 are supplied with the same data signal DT in this embodiment (in other words, the same 

amount of charge is stored in all capacitors 62). From each pixel 6, the voltage responsive to the 

charge stored in the capacitor 62 is output to the reading signal~line 35, and the read signal RS 

responsive to the voltage is output to the external device through the output terminal 351. In 

response to the read signal RS, the electro-optical device 100 detects the presence or absence of 

any defect in the pixels 6, the scannirig lines 4-1, 4-2, ... , 4-m, and the data lines S-1, 5-2, .•• , S-n. 

The process of this operation will now be discussed. 

[0034] 

FIG. 4 is a timing chart showing the operation of the electro-optical device 100 in which 

the voltage of th~ data signal DT responsive to the vid~ data VID is applied to the pixel electrode 

106 of each pixel 6. As shown in the figure, the start pulse SP is supplied to the shift register 21 

in the data line driving circuit 2 at the start timing of one horizontal scanning period HaO. The 

shift register 21 shifts the start pulse SP in response to the clock signal CLK and the inverted clock 

signal CLKB, thereby outputting signals Sal, Sa2, ... , San with the active levels thereof not 

overlapping with each other within the horizontal scanning period HaO. The first latch circuit 22 

successively latches the video data VID supplied from the external device at the falling edges of 

the signals Sal, Sa2, ... , San supplied from the shift register 21. At the end of the horizontal 
. . 

scanning period HaO, the video data VID to be supplied to the pixels 6 on one row is output to the 

second latch circuit 23 as the signals Sbl, Sb2,. .. , Sbn. 

[0035] 

When a scanning signal Gl supplied to the first scanning line 4-1 in FIG. 3 becomes active 

in the next horizontal scanning period Hal, the pixel switchin~ elements 61 of the pixels 6 on one 

row connected to the scanning line 4-1 are all turned on. At the start timing of the horizontal 

scanning period Hal, the latch pulse LP is fed to the second latch circuit 23 in the data line driving 
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circuit 2. At the falling edge of the latch pulse LP, the second latch circuit 23 concwrently 

outputs the signals Sbl, Sb2, .. ., Sbn, which have been successively latched on a point at a time 

basis by the first latch circuit 22, to the data lines S-1, 5-2, ... , 5-n as the data signal DT. In 

parallel with the outputting of the data signal DT, the first latch circuit 221.atches the video data 

VID, to be supplied to the pixels 6 on one row corresponding to the second scanning line 4-2 from 

top in_ FIG. 3, on a point at a time basis. 

[0036] 

As described above, a duration of time during which the data signal DT responsive to the 

video data VID is concurrently output, the pixel switching elements 61 of the fiISt row pixels 6 are 

~ed on. As a result, at this moment, the pixel electrodes 106 of the n number of pixels 6 are 

supplied with the voltage of the data signal DT output from the data line driving circuit 2. The 

charge corresponding to the voltage of the data signal DT output from the data line 5-j is thus 

stored in the capacitor 62 of each pixel 6. 

(0037] 

These steps of operation are repeated until a scanning signal Gm for am-th row scanning 

line 4-m is output As a result, the capacitors 62 of the matrix of pixels 6 of m rows by n 

columns store charges responsive to the voltage· of the data signal DT. 

[0038] 

Thereafter, the process for outputting the voltage responsive to the charge stored in the 

capacitor 62 to the reading signal-line 35 is executed for each pixel 6. Referring to FIG. 5, this 

process will now be discussed 

[0039] 

For a horizontal scanning period Hbl subsequent to the storage of charges, responsive to 

the data signal DT, in the capacitors 62 in all pixels 6, the scanning signal Gl to be ou1pUt to the 

scanning line 4-1 is driven to an active level, and the pixel switching elements 61 of the pixels 6 of 
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one row connected to the scanning line 4-1 are all turned on. 

[0040] 

Referring to FIG. 5, the test start pulse TSP is fed to the shift register 32 in the test circuit 

3 at the start timing of the horizontal scanning period Hbl. The shift register 32 shifts the test 

start pulse TSP in response to the test clock pulse TCK and the inverted test clock pulse TCKB, 

thereby outputting signals Tal, Ta2,. .. , Tan, with the active levels thereof not overlapping each 

other within the horizontal scanning period Hb1 respectively to the delay circuits 33-1, 33-2, ..• , 33-

n. 

[0041] 

Referring to FIG. 5, the delay circuits 33-1, 33-2, ... , 33-n respectively delay the signals 

Tal; Ta2, ... , Tan output from the shift register 32 by a duration of time D equal to one-eighth the 

period of the test ~ock pulse TCK or the inverted test clock pulse TC.KB. The resulting signals 

Thl, 1b2,. .. , Thn are respectively output to the test switching elements 34-1, 34-2, ... , 34-n. 

Within one horizontal scanning period Hbl as shown in FIG. 5, the test switching elements 34-1, 

34-2, ... , 34-n are selectively successively turned on with a delay time of D subsequent to the level 

change of the test clock pulse TCK or ~e inverted test clock pulse TCKB. 

[0042) 

As already discussed, the pixel switching elements 61 of the first row pixels 6 are turned 

on within the horizontal scanning period Bbl. With the signal lbj driven to an active level, the 

test switching element 34-j is turned on. Output to the reading signal-line 35 via the data line 5-j 

and the test switching element 34-j is the voltage responsive to the charge stored in the Iiquid­

crystal capacitor 621 and the storage capacitor 622 for the pixel 6 at the intersection of the data 

line 5-j connected to the test switching element 34-j and the first row scanning line 4-1. This 

operation is repeated each time that each of the test switching elements 34-1, 34-2, .. ., 34-n is 

turned on within the horizontal scanning perii'.>d Hbl. As a result, each time that each test 
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switching. element 34-j is turned on, the voltage of the read signal RS becomes a voltage 

responsive to the charge stored in the capacitor 62 of the pixel 6 located at an intersection of the 

scanning line 4-1 and the data line 5-j. Ideally, a read signal RS' is output from the output 

terminal 351 to the external device. However, the waveform of the read signal RS' shown in FIG. 

5 is idealized. An actual waveform of the read signal RS output from the ouqrut terminal 351 

contains noise N as shown in FIG. 5. Due to capacitive coupling between eaeh of the clock 

feeder dnes 321 in the shift register 32, to which the test clock pulse TC.K and the inverted test 

clock pulse TCKB are supplied, and the reading signal-line 35, the read signal RS output from the 

output terminal 351 may contain the noise N generated close to the timing of the level change of 

the test clock pulse TCK and the inverted test clock pulse TCKB. 

[0043] 

When the horizontal scanning period Hb1 ends, a similar operation is repeated in each of 

the successive horizontal scanning periods Bb2, Hb3,. .. , Hbm. Specifically, for the horizontal 

scanning period Hbi throughout which the scanning signal Gi remains at an active level, the 

voltage responsive to the charge stored in the i-th row capacitors 62 corresponding to the scanning 

line 4i (i.e., the voltage applied to the pixel electrodes 106) are successively output to reading 

signal-line 35 with a delay time D subsequent to the level change of the test clock pulse TC.K. As 

a result, the read signal RS, not only reflecting the voltage output to each pixel 6, but also 

containing the noise, is output through the ou1put terminal 351. 

[0044] 

When this process ends for all capacitors 62, the presence or absence of any defect is 

checked in the electro-optical device based on the resulting read signal RS. Specifically, the 

voltage of the read signal RS for the duration of time during which each of the test switching 

elements 34-1, 34-2, .•. , 34-n is turned on is detected. The voltage thus detected is responsive to 

the charge stored in the capacitor 62 of each of the pixels 6 of m rows by n columns. The 



17 

presence or absence of any defect in the pixels 6. the scanning lines 4-1, 4-2, ... , 4-m; and the data 

line~ 5-1, 5-2, ... , S-n is thus detected by comparing the voltage responsive to the charge stored in 

the capacitor 62 of the pixel 6 with the voltage of the data signal DT supplied to the pixel 6. For 

example, when the voltage responsive to the charge stored in the capa~tor 62 of a given pixel 6 is 

substantially smaller than the voltage of the data signal DT, it can be determined that the pixel 6 

suffers from some form of defect When the voltage responsive to the charge stored in the 

capacitors 62 of the pixels 6 of one row are substantially smaller than the voltage of the data signal 

DT given to each of the pixels 6, the scannµig line 4-i connected to these pixels 6 may be defective, 

for example, with an open circuit. When the voltage responsive to the charge stored in all 

capacitors 62 of the pixels 6 in one column is compared with the voltage of the data signal DT for 

these pixels 6, any data line S-j suffering from a defect can be identified. An electro-optical 

device 100 identified as being defective is treated as a faulty product, while an electro-optical 

device 100 free from any defect is treated as a good product. 

(0045] 

Since the presence or absence of a defect is determined based on the voltage responsive to 

the charge stored in the capacitor 62 of each pixel 6 in th.is embodiment, the pixels 6, the scanning 

lines 4-1, 4-2,..,, 4-m, and the data lines 5-1, 5-2, •. ., S-n in the electro-optical device 100 are 

accurately tested for defects. Since the voltage responsive to the charge stored in the capacitor 62 

of each pixel 6 is output to the reading signal-line 35 on a per pixel basis, any pixel 6 suffering 

from a defect is specified out of many pixels 6. Similarly, any scanning line 4-i or any data line 

5-j, suffering from a defect, is specified respectively out of many scanning lines 4-1, 4-2,. .. , 4-m or 

out of many data lines S-1, S-2, ... , 5-n. 

[0046] 

As desmbed above, the read signal RS contains the noise N synchronized with the level 

change of the test clock pulse TCK and the inverted test clock pulse TCKB. This embodiment of 
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the present invention allows the electro-optical device 100 to accurately be tested without being 

influenced by the noise. The advantages of the present invention will now be discussed. 

[0047] 

The use of a test circuit 31 shown in FIG. 6 is contemplated to perform the same test 

method descn'bed above. The test circuit 3' shown in FIG. 6 is different from the test circuit 3 of 

this embodiment in that the test ci:i'cuit 31 is not provided with the delay circuit 33-j shown in FIG. 

3, that the ou1put signals Tal, Ta2, •.. , Tan from the shift register 32 are respectively directly fed to 

the test switching elements 34-1, 34-2, ... , 34-n, and that the output terminal 351 and the input 

'terminal 31 of the shift register 32 are placed on the same side of the test circuit 3 1 (see FIG. 3). 

[0048) 

When the voltage responsive to the charge stored.in the capacitor 62 is output to the 

reading signal-line 35 by using the test circuit 31
, the waveform of each signal is shown in FIG. 7. 

Since a signal Ta-j directly supplied by the shift register 32 controls the test switching element 34-j 

for the on and off operation in the test circuit 3', the timing that the test switching element 34-j 

switches from the off state to the on state (i.e., at the timing that the signal Ta-j is transitioned to 

an active level) approximately coincides with the timing of the level change of the test clock pulse 

TCK. Specifically, the timing of outputting the voltage from the capacitor 62 to the reading 

signal-line 35 becomes close to the timing of the level change of the test clock pulse TCK. As a 

result, the voltage output from the capacitor 62 overlaps the noise N in the signal RS" output to the 

ou1put terminal 351. This arrangement presents difficulty in accurately detecting the voltage 

responsive to the charge stored in each capacitor 62, thereby impeding accurate testing. 

[0049] 

In the test circuit 3 of this embodiment, the delay circuit 33-j connected beiween the shift 

register 32 and the test switching element 34-j differentiates the timing that the test switching 

element 34-j is turned on and the timing of the level change of the test clock pulse TCK. 



19 

Referring to FIG. S, the voltage output from each capacitor 62 does not overlap the noise Nin the 

read signal RS. The voltage ~onsive to the charge stored in the capacitor 62 is accurately 

detected. The test circuit 3 permits more accurate testing than the test circuit 3' shown in FIG. 6. 

[0050] 

Since the output temrinal 351 and the input terminal 31 are placed on the same side of the 

shift register 32 in the test circuit 3' shown in FIG. 6, the reading signal-line 35 needs to extend 

close to the input term~ 31. The reading signal-line 35 and each of the clock feeder lines 321 

are forced to run in parallel with each other for a relatively long distance, and the noise N caused 

by capacitive coupling in this area increases. 

[0051] 

In this embodiment, the output terminal 351 is arranged on the side of the test circuit 3 

opposite to the input terminal 31. Referring to FIG. 3, the extended portion of the reading signal­

line 35 running toward the input terminal 31 can thus be shortened. In other words, the portion 

that contributes to capacitive coupling is shortened. In comparison with the arrangement shown 

in FIG. 6, the noise in the read signal RS is low, and accurate testing is thus performed. 

(0052] 

<C: Modifications> 

The one embodiment of the present invention has been discussed as illustrative only, and 

various modifications of the present invention are possible without departing from the scope of the 

present invention. The following modifications are contemplated, for example. 

[0053] 

(1) In the above-referenced embodiment, the test method is intended to test the electro­

optical device 100 in which the element substrate 101 and the counter substrate 102 are bonded 

with the sealing member 104 inteiposed therebetween, and the liquid crystal 105 is encapsulated 

between the two substrates. The test method may be applied to a electro-optical device 100 (the 
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element substrate 101) pri?r to the step of bonding the two substrates. Jn this case, however, the 

liquid-crystal capacitor 621 is not yet produced (i.e., only the pixel electrodes 106 is formed), the 

storage capacitor 622 of each pixel 6 is used in the test Specifically, the data signal DT is output 

to the pixel 6 from the data line driving circuit 2 so that the voltage responsive to the data signal 

DT is applied to the pixel electrodes 106 of the pixel 6. The charge responsive to the voltage is 

thus stored in the storage capacitor 622. The voltage responsive to the charge stored in the 

storage capacitor 622 (i.e., the voltage applied to the pixel electrodes 106) is output to the reading 

signal-line 35 on a pixel by pixel basis, and is then output from the output terminal 351 as the read 

signal RS. The same advantages as tb.Ose of the above embodiment are also provided in this . 

modification. Since the presence or absence of a defect in the pixels 6 is detected prior to the 

step of bonding the two substrates and the encapsulation of the liquid ci:ystal 105 in accordance 

with this modification, manufacturing costs are reduced. 

[0054] 

Jn accordance with the present invention, it is not a requirement that a chatte responsive 

to the data signal DT be stored in the capacitor 62 composed of both liquid-crystal capacitor 621 

and the storage capacitor 622. It is important that the voltage responsive to the data signal DT is 

applied to the pixel electrodes 106 and that this voltage is output to the reading signal-line 35. 

[0055] 

(2) In the electro-optical device 100 of the above-referenced embodiment, the data line 

driving circuit 2 is connected to the one end of each data line 5-j. Alternatively, the present 

invention is applied to a electro-optical device 100 in which a first data line driving circuit 2a is 

connected to one end of each data line 5-j while a second data line driving circuit 2b is connected 

to the other end of each data line 5-j as shown in FIG. 8. As sho~ the test circuit 3 of the 

above-referenced embodiment is arranged between the second data line driving circuit 2b and 

pixels 6 of one row closest to the second data line driving circuit 2b. Alternatively, the test 
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circuit 3 may be arranged between the first data line driving circuit 2a and the pixels 6 of one row 

closest to the first data line driving circuit 2a. 

[0056] 

When the test circuit 3 is manged straddling a plurality of data lines 5-1, 5-2, ... , 5-n as 

shown in FIG. 8, each clock feeder line 321 in the shift register 32 in the test circuit 3 crosses each 

data line 5-j. In this arrangement, capacitive coupling takes place not only between the clock 

feeder lines 321 and the reading signal-line 35 but also between the clock feeder lines 321 and 

each data line S-j. Noise contained in the read signal RS in the·amm.gement shown in FIG. s· 

becomes greater than that in the arrangement shown in FIG. 3. Even when noise level is high as 

in this example, the present invention permits accurate testing because the timing of outputting the 

voltage to the reading signal-line 35 from the capacitor 62 of the pixel 6 is set to be different from 

the timing of the level change of the test clock pulse TCK or the inverted test clock pulse TCKB. 

Furthermore, the present invention may be applied to an electro-optical device in which a pair of 

scanning line driving circuits is arranged on both sides of each scanning line 4-i, or an electro-

optical device which employs a data line driving circuit working on a point at a time driving 

method. 

[0057] 

(3) In the above-referenced embodiment, the test circuit 3 is manged on the element 

substrate 101. Alternatively, a test circuit 3 arranged separately from the electro-optical device 

100 is contemplated. Referring to FIG. 9, the test circuit 3 is not mounted on an electro-optical 

device 100, and testing is performed by using a test device 7 incorporating the test circuit 3 shown 

in the above-referenced embodiment The test device 7 includes a body 71 housing the test 

circuit 3, and probes 72, each probe electrically connected to one end of each test switching 
. . 

element 34-j of the test circuit 3. To perform testing by using the test device 7, the test switching 

elements 321-j are successively turned on with the probes 72 respectively connected to test points 
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73 which are respective portions of the data lines 5-j. The voltage responsive to the charge stored 

in the ~apacitor 62 of the pixel 6 is ou1put to the reading signal-line 35. This modification allows 

testing to be performed in the same way as with the above-referenced embodiment, and provides 

the same advantages as those of the above-referenced embodiment This modification eliminates 

the need for building the test circuit 3 into each electro-optical device 100, and a common test 

device 7 is used to test a plurality of electro-optical devices 100. Manufacturing costs are' thus 

reduced. The electro-optical device 100 thus becomes more compact for the space of the: test 

circuit 3 saved. 

[0058] 

(4) In the above-referenced embodiment, the test circuit 3 employs a single reading signal­

line 35. The number of reading signal-lines 35 and the number of output terminals 351 are not 

limited to those used in the above-referenced .embodiment Also contemplated is an arrangement 

as shown in FIG. 10 whicll includes two reading signal-lines 35a and 3Sbt an output terminal 3Sla 

for outputting a read signal RSl from the reading signal-line 3Sa, and an output terminal 351b for 

ou1putting a read signal RS2 from the reading signal-line 35b. In this arrangement, the reading 

signal-line 3Sa may be connected to one end of an odd-numbered test switching element 34-j from 

the left-hand side thereof. while the reading signal-line 3Sb may be connected to one end of an 

even-numbered test switching element 34-j+l from the left-hand side thereof. 

[0059] 

(S) In the above-referenced embodiment, the output terminal 351 of the reading signal-line 

35 is set to be placed on the end of the shift register 32 opposite to the input terminal 31, and the 

timing of outputting the voltage from each capacitor 62 to the reading signal-line 35 is set to be 

different from the timing ·of the level change of the test clock pulse TCK. Adopting only one of 

these two settings is also acceptable. Specifically, if sufficiently accurate testing is performed 

with the effect of noise controlled only by setting the timing of outputting the voltage to the 
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reading signal-line 35 to be different from the timing of the level change of the test clock pulse 

TCK, there is no need for placing the ouq>ut terminal 351 opposite to the input terminal 31. The 

converse is· also true. 

[0060] 

(6) In the above-referenced embodiment, the shift register 32 is used to successively tum 

on the test switching elements 34-j in the test circuit 3 on a point at a time basis. Alternatively, 

an address decoder may be used instead of the shift register 32. Specifically, the address decoder 

outputs an active level signal to the test switching element 34-j in response to an address signal fed 

to one of a plurality of data lines 5-1, 5-2, ... , S-n. The address decoder thus aibitrarily selects any 

of the test switching elements 34-j. In this case, the level change timing of the address signal that 

repeatedly changes the level thereof in response to a read address designating one of the test 

switching elements 34-j is set to be different from the timing of outputting the voltage from the 

capacitor 62 (i.e., the timing at which the test switching element 34-j is turned on). The "action 

command signal" in the context of the present invention is not limited to a clock signal that 
. . .. 

repeatedly changes the level thereof with a constant period, and refers to a concept that includes 

the above-referenced address signal. Specifically, the "action command signal" refers to a signal 

which repeatedly changes the level thereof, and defines the operation of the test circuit 

[~61] 

In the above-referenced embodiment, the delay ciICuit 33-j is used to set the timing of 

turning on the test switching element 34-j to be different from the timing of the level change of the 

test clock pulse TCK. Means to perform such a function is not limited to the delay circuit 33-j. 

[0062] 

The construction of the test circuit 3 is not limited to the above-referenced embodiment 

and the above-referenced modifications. The "test circuW of the_ present invention may have any 

construction as long as the test cireuit operates in response to the action command signal, and 
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ou1puts the voltage responsive to the charge stored in the capacitor 62 of the pixel 6 to the reading 

signal-line 35 at a timing different from the timing of the level change of the action command . 

signal. 

(0063] 

(7) In the above-referenced embodiment, the delay time D caused by the delay circuit 33-j 

is set to be a duration of time equal to one-eighth the period of the test clock pulse TCK The 

delay time D may be set to a diff~rent time length. It is important that the timing of outputting 

the voltage from each capacitor 62 be set to be different from the timing of the level change of the 

test clock pulse TCK so that the voltage responsive to the charge stored in the capacitor 62 of each 

pix~l 6 is picked up from the read signal RS containing noise. Any time difference between the 

two timings will do. 

[0064] 

When the delay time D is set to be half the period of the test clock pulse TCK, the timing 

of outputting the voltage from the caj,acitor 62 coincides with the timing of the level change of the 

test clock pulie TCK (i.e., the timing of noise generation) as shown in FIG. 7. Referring to FIG. 

5 and FIG. 7, the noise N has a predetermined width along the time axis. In view of thesepoints, 

the delay time D preferably falls within a range from one-eighth to one-quarter the period of the 

test clock pulse TCK to assure testing accuracy without being influenCC?d by the noise. 

[0065] 

In the above-referenced embodimen~ the charge responsive to the data signal DT is stored 

in the capacitors 62 of all pixels 6 of m rows by n columns. Alternatively, charge may be stored 

in S<>me pixels 6 only. Alternatively, different voltages of the data signal DT may be fed to 

different pixels 6 so that different charges are stored in different capacitors 62. 

[0066] 

(8) In the above-referenced embodiment, the electro-optical device 100 is a liquid-crystal 
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device. The present invention is not limited to the liquid-crystal device. Besides the liquid­

crystal device, the present invention may be applied to an electroluminescent (EL) device, or any 

of a diversity of other electro-optical devices that present a display using the electro-optical effect, 

for example, using phosphorescence by plasma emission or electron emission. The electro­

optical material may include the EL, a mirror device, gas, and phosphor, for instance. When the 

EL is used as the electro-optical device, the EL is interposed between the pixel electrodes 106 on 

the element substrate 101 and the counter electrode 107, and the counter substrate 102, which is 

required in the liquid-crystal device, is dispensed with. 

[0067] 

<I>: E.ectronic Equipment> 

Several pieces of electronic equipment incorporating the electro-optical device of the 

above-referenced embodiment will now be discussed. 

[0068) 

<1: Mobile Computer> 

FIG. 11 shows an example in which the above-referenced electro-optical device 100 is 

incoipOrated in a mobile personal computer 400. As shown, the mobile pers0nal computer 400 

includes a main unit 402 with a keyboard 401, and the electro-optical device 100 as a display unit. 

A backlight unit (not shown) is ananged behind the electro-optical device 100 to enhance 

visibility of an image. 

[0069] 

<2: Mobile Telephone> 

FIG. 12 shows a mobile telephone in which the electro-optical device 100 is incorporated 

as a display unit. As shown, the mobile telephone 410 includes a plurality of control buttons 411, 

an ear piece 412, a mouth piece 413, and the electro-optical device 100. 

(0070] 
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Since accurate testing is performed to detect presence or absence of a defect in each pixel, 

the scanning lines, and the data lines in the electro-optical device of the present invention, the 

electronic equipment incorporating the electro-optical device provides high reliability. Besides 

the mobile computer and the mobile telephone, the electronic equipment to which the present 

invention is applicable may include a liquid-crystal display television, a viewfinder type or direct 

monitoring type video cassette recorder, a car navigation system, a pager, an electronic 

pocketboo~ an electronic tabletop calculator, a word processor, a workstation, a video phone, a 

POS terminal, a digital still camera, an apparatus having a touch panel, and a projector having the 

electto-optical device as a light valve. 

[0071] 

(Advantages] 

As described above, in accordance with the present invention, accurate testing is 

performed to detect presence or absence of a defect in the wiring and the electrodes in the electro­

optical device. 

[Brief Description of the Drawings] 

[FIG.1] 

FIG. 1 is a plan view showing the construction of the electro-optical device in accordalice 

with one embodiment of the present invention. 

1. 

[FIG. 2] 

FIG. 2 is a cross-sectional view of the electro-optieal device 1aken along line A-A' in FIG. 

(FIG. 3] 

FIG. 3 is a block diagram showing the electrical construction of the eiectro-optical device. 

(FIG.4] 

FIG. 4 is a timing chart showing the operation of the electro-optical device in which a 
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charge is stored in capacitor in each pixel. 

[FIG. SJ 

FIG. 5 is a timing chart showing the operation of the electro-optical device in which a 

voltage responsive to a charge stored in a capacitor of each pixel is detected. 

[FIG. 6] 

FIG. 6 is a block diagram showing another electro-optical device having a construction 

different from that of the above-mentioned electro-optical device. 

[FIG. 7] 

FIG. 7 is a timing chart showing the waveform of the voltage responsive to a charge stored 

in the capacitor of each pixel detected in the above-mentioned electro-optical device. 

[FIG. 8] 

FIG. 8 is a block diagram showing the electrical construction of the electro-optical device 
•, 

in accordance with a modification of the embodiment of the present invention. 

[FIG. 9] 

FIG. 9 is a block diagram showing the construction of a test circuit in the electro-optical 

device in accordance with a modification of the embodiment. 

[FIG.10} 

FIG. 10 is a block dia~ showing the electrical construction of the electro-optical device 

in accordance with a modification of the embodiment 

[FIG.11] 

FIG. 11 is a perspective view sh.owing a personal computer as an example of electronic 

equipment in which the electro~optical device of the present invention is incorporated. 

[FIG.12] 

FIG. 12 is a perspective view showing a mobile telephone as an example of electronic 

equipment in which the electro-optical device of the present invention is incorporated. 
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(Reference Numerals] 

1 ...•.. scanning line driving circuit, 2 .•.... data line driving circUit, 21 .•.... shift register, 22 .....• first 

latch circuit, 23 ...... second l~tch circuit, 3 ...... test circuit, 31 ....•. input terminal, 32 ...... shift register 

(output means), 321 ...... clock feeder line, 33-j(ls;j:sn) ...... delay circuit (timing modification means), 

34-j j(l=s:j:s:n) •....• test switching element, 35 ..••. .reading signal-line, 351 ...... output terminal, 4-i 

(l:S:ism ) ..•... scanning line, S-j(l~sn) ... -.data line, 6 .....• pixel, 61 ...... pixel switching element, 

62. ..... capacitor, 621 .....• liquid-crystal capacitor, 622 .•.... storage capacitor, 7 ...•.. test device, 

71.. .... bo"-y, 72 ....•. probe, 100 .....• electro-optical device, 101 .....• efement substrate, 102. ..... counter 

substrate, 103 ...•.. spacer, 104 ...... sealing member, 105 ...•. .liquid crystal (electro-optical material), 

106 ...... pixel electrode, 107 ...... counter electrode, 108 •..... capacitive line 
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[Oaims] 

[Qaim 1 J A test method for testing an electro-optical device using a test circuit which 

operates in response to an actiOn command signal periodically changing the level thereof, the 

electro-optical device including a pixel electrode which is arranged at an intersection of each of 

scanning lines and each of data lines and serves a8 one electrode of a capacitor, and a pixel 

switching element connected between the pixel electrode arid the data line, the method comprising: 

a first step of supplying the pixel electrode with a data signal by twning on the pixel 

switching element; 

a second step of turning on a test switching element connected between the pixel electrode 

and the data line at a timing delayed from a·timi:q.g of a level change of the action command signal 

in the course of outputting a voltage supplied to the pixel electrode to a reading signal-line by 

using the test circuit; and 

a third step of determining whether the voltage output to the reading signal-line 

corresponds to a voltage responsive to the data signal supplied to the pixel electrode. 

(Qaim 2] A test circuit for testing an electro-optical device including a pixel electrode 

Which is arranged at an intersection of e{leh of scanning lines and each of data lines and serves as 

one electrode of a capacitor, and a pixel switching element connected between the pixel electrode 

~d the data line, wherein the test circuit outputs a voltage supplied to the pixel electrode to a 

· reading signal-line after supplying a data signal to the pixel electrode by twning on the pixel 

switching element, in order to determine whether the voltage supplied to the pixel electrode 

corresponds to a voltage responsive to the data signal, the test circuit comprising: 

JllllllHlf 111 lllf J JJlf I 111111' 
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a test switching element connected between the data line and the reading signal-line; and 

a control circuit which operates in response to an action command signal periodically 

changing the level thereof, and which turns on the test switching element at a timing delayed from 

a timing of a level change of the action command signal. 

[Claim 3] A test circuit for testing an electro-optical device according to claim 2, 

wherein the control circuit turns on the test switching element at a timing delayed from the timing 

of the level change of the action command signal by a duration of time falling within a range from 

one-eighth to one-quarter the period of the action command signal. 

[Claim 4] A test circuit for testing an electro-optical device according to one of claims 2 

and 3,_ wherein an input terminal for inputting the action command signal to the control circuit and 

an output tenninal of the reading signal-line are arranged on opposed ends of the control cireuit 

[Claim S] A test circuit for testing an electro-optical device according to _one of claims 2 . 

through 4, wh~rein the control circuit comprises output means for outputting a control signal that 

·changes the level thereof in response to the action command signal, and timing modification 

means for delaying a timing of a level change of the control signal from the timing of the level 

change of the action command signal. 

[Claim 6] A test circuit for testing an electro-optical device according to claim S, 

wherein the timing modification means ls delay means. 

[Claim 7] A test circuit for testing an electro-optical device including a pixel electrode 

which" is arranged at an intersection of each of scanning lines and each of data lines and serves as 

one electrode of a capacitor, and a pixel switching element connected between the pixel electrode 

and the data line, wherein the t~t circuit outputs a voltage supplied to the pixel electrode to a 

reading signal-line after supplying a data signal to the pixel electrode by turning on the pixel 

switching element, in order to determine whether the voltage supplied to the pixel electrode 

corresponds to a voltage responsive to the data signal, and test circuit comprising: 

I fllllll llf fil 1111111111111111 
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a test switching element connected between the data line and the reading signal-line; 

a control circuit which turns on the test switching element in response to an action 

command signal periodically changing the level thereof; 

an input terminal for inputting the action command signal to the control circuit; and 
. .J 

an ou1put terminal, manged on the end of the control circuit opposite to the input tenninal, 

for outputting a voltage of the reading signal-line. 

[Caim 8] An electro-optical device comprising: 

a pixel electrode which is manged at an intersection of each of scanning lines and each of 

data lines, and seives as one electrode of a capacitor; 

a pixel switching element connected between the pixel electrode and the data line; and 

a test circuit which ou1puts a voltage, supplied to the pixel electrode, to a reading signal­

line after supplying a data signal to the pixel electrode by turning on the pixel switching element, 

in order to determine whether the voltage supplied to the pixel electrode coaesponds to a voltage 

responsive to the data signal, 

wherein the test circuit comprises: 

a test switching element connected between the data line and the reading signal-line; and 

a control circuit which operates in response to an action command signal periodically 

changing the level thereof, and which turns on the tf$t switching element at a timing delayed from 

a timing of a level change of the action command signal. 

[Oaim 9] An electro-optical device according to claim 8, wherein the control circuit 
.... 

turns on the test switching element at a timing delayed from the timing of the level change of the 

action command signal by a duration of time falling within a range from one-eighth to one-quarter 

the period of the action command signal. 

[Caim 10] An electro-optical device according to one of claims 8 and 9~ comprising an 

input terminal for inputting the action comm.and signal to the control circuit and an output terminal, 

l:lllllllllllll lllJI If 111111111: 
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manged on the end of the control circuit opposite to the input terminal, for outputting a voltage of 

the reading signal-line. 

[Oaim 11] An electro-optical device according to one of claims 8 through 10, wherein 

the capacitor is formed of the pixel electrode serving as one electrode, a counter electrode serving 

as the other electrode, and an electro-optical material sandwiched between the one electrode and 

the other electrode. 

[Oaim 12] An electro-optical device according to one of claims 8 through 11, 

comprising a storage capacitor having one electrode thereof connected to the pixel electrode and 

the other electrode thereof connected to a capacitive line. 

[Qaim 13] An electro-optical device according to one of claims 8through12, wherein 

the control circuit comprises output means for outputting a Cdntrol signal that changes the level 

thereof in response to the action command signal, and timing modification means for delaying the 

timing of the level change of the control signal from the timing of the level change of the action 

command signal. 

[Oaim 14] An electro-optical device according to claim 13, wherein the timing 

modification means is delay means. 

[Oaim 15] An electro-optical device comprising: 

a pixel electrode manged at an intersection of each of scanning lines and each of data 

lines, and serving as one electrode of a capacitor; 

a pixel switching element connected between the pixel electrode and the data line; and 

a test circuit which outputs a voltage supplied to the pixel electrode to a reading signal-line 

after supplying a data signal to the pixel electrode by turning on the pixel switching element, in 

order to determine whether the voltage supplied to the pixel electrode corresponds to a voltage 

responsive to the data signal, 

wherein the test circuit comprises: 

I Jllllll liJlfl lllff 1111 JJ lllJ 
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a test switching element connected between the data line and the reading signal-line; and a 

control circuit which turns on the test switching element in response to an action command signal 

periodically changing the level thereof; 

an input terminal for inputting the action command signal to the control circuit; and 

an output terminal, arranged on the end of the control circuit opposite to the input terminal, 

for outputting a voltage of the reading signal-line. 

[Claim 16] Electronic equipment comprising an electro-optical device according to 

one of claims 8 through 15. 

11111111111111 111111111111111 ' 
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