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LIQUID CRYSTAL DISPLAY APPARATUS AND
TESTING METHOD FOR LIQUID CRYSTAL
DISPLAY APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention contains subject matter
related to Japanese Patent Application JP 2005-162991 filed
in the Japan Patent Office on Jun. 13, 2006, the entire
contents of which being incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] This invention relates to a liquid crystal display
apparatus and a testing method for a liquid crystal display
apparatus.

[0004] 2. Description of the Related Art

[0005] In recent years, reduction of the thickness of appa-
ratus has and is being proceeded rapidly in the field of
display apparatus. As thin display apparatus, typically a
liquid crystal display (LLCD) apparatus has spread widely.
The liquid crystal display apparatus is advantageous in that
it is thin in thickness, light in weight and low in power
consumption, and therefore is frequently used particularly in
mobile apparatus such as personal digital assistants (PDA),
notebook type personal computers (PC) and portable tele-
vision receivers. The liquid crystal display apparatus is
utilized not only in such mobile apparatus but also in home
use television receivers, projectors and so forth.

[0006] While an active matrix type and a passive matrix
type are available as driving types for a liquid crystal display
apparatus, a liquid crystal display apparatus of the active
matrix type has become the mainstream in recent years. A
liquid crystal display apparatus of the active matrix type has
a panel structure wherein two substrates are disposed in an
opposing relationship to each other and liquid crystal is
filled between the substrates. One of the two substrates has
transparent pixel electrodes and thin film transistors (TFTs)
formed thereon and is hereinafter referred to as TFT sub-
strate. The other substrate has a single transparent electrode
formed on an overall display area thereof and is hereinafter
referred to as opposing substrate.

[0007] In the active matrix liquid crystal display appara-
tus, a TFT serving as a switching element is controlled for
switching between on and off states for each of pixels
disposed two-dimensionally in a matrix to apply a voltage
(hereinafter referred to as “gradation voltage™) in accor-
dance with a gradation to the pixel electrode. As a result, a
potential difference is produced between the pixel electrode
and the electrode on the opposing substrate thereby to vary
the transmission factor of the liquid crystal. This is the
principle of the liquid crystal display.

[0008] On the TFT substrate, a plurality of data lines for
supplying a gradation voltage to the pixel electrodes and a
plurality of gate lines for applying a control signal for
switching the TFTs to the gate of the TFTs are wired in a
matrix. Within one frame period of image display, the pixels
arranged in a matrix are successively selected in a unit of a
column through the gate lines, and a gradation voltage is
applied to the pixel electrodes selected in this manner

1. Field of the Invention
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through the data lines thereby to display an image. A
gradation voltage applied to each pixel electrode is retained
by a capacitive element connected to the output electrode of
the TFT until a next gradation voltage is applied.

[0009] A liquid crystal display apparatus is frequently
formed as a transmission type liquid crystal display appa-
ratus wherein a backlight disposed on the rear side of a
liquid crystal panel is used as a light source to irradiate light
on the liquid crystal panel from the back side to display an
image. On the other hand, a reflection type liquid crystal
display apparatus such as an LCOS (Liquid Crystal On
Silicon) liquid crystal display apparatus has begun to be
placed into the market recently. Since the LCOS liquid
crystal display apparatus allows use of a silicon wafer as a
substrate, it is advantageous in that transistors having higher
performances can be used when compared with transmission
type liquid crystal display apparatus wherein circuits are
formed from polycrystalline silicon on a glass substrate.

[0010] Incidentally, at a stage of fabrication of such liquid
crystal display apparatus as described above, a large number
of pixels disposed two-dimensionally in a matrix sometimes
include a pixel which is rendered defective by some factor.
If the number of such defective pixels is excessively great,
then normal image display is disturbed. Accordingly, before
shipment of a liquid crystal display apparatus, it should be
tested in regard to defective pixels. In the testing of pixels,
the liquid crystal panel is actually driven, and a display
image then is analyzed using an image processing apparatus
or is observed by direct visual inspection to decide whether
or not the pixels are defective.

SUMMARY OF THE INVENTION

[0011] However, such testing methods require much time
because the decision regarding the pixels is performed after
the liquid crystal panel is actually driven to display an
image. Further, the testing methods do not allow the testing
regarding pixels to be performed before liquid crystal is
filled into the gap between the TFT substrate and the
opposing substrate.

[0012] Also a method is applied wherein an LSI tester is
used to measure leak current to decide whether or not pixels
are defective. The method permits measurement of leak
current down to the level of pA. However, in reflection type
liquid crystal display apparatus such as LCOS liquid crystal
display apparatus, the capacitance value of the capacitive
element connected to the output terminal of a TFT is
approximately several tens fF (femto-farad). Thus, for
example, where the specification is such that a signal of 10
V is retained for 10 msec by a capacitive element of 50 FF,
it is necessary to measure leak current less than 50 pA.
Accordingly, the method of measuring leak current using an
LSI tester fails to test pixels to decide whether the pixels are
defective or non-defective.

[0013] Therefore, the following method is disclosed, for
example, in Japanese Patent Laid-Open No. 2004-226551
(hereinafter referred to as Patent Document 1). In particular,
different voltages are written into pixels paired with each
other, and the same voltage is applied as a reference voltage
to all data lines to precharge the pixels. Thereafter, the
voltages retained in the paired pixels are read out to the data
lines and compared with each other to decide whether or not
the pixels are defective.
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[0014] However, in the method disclosed in Patent Docu-
ment 1, when a reference voltage is precharged into the data
lines, if the reference voltage is merely precharged, the
potentials at two data lines corresponding to paired pixels
cannot be made equal to each other from an influence of the
parasitic capacitance of the data lines and so forth although
the same voltage is applied as the reference voltage. There-
fore, the method has a problem in that, when the voltages
retained in paired pixels are read out to two data lines and
compared with each other, the comparison operation and
hence the decision of the pixels in regard to whether they are
defective or non-defective cannot be performed accurately.

[0015] Therefore, it is demanded to provide a liquid crys-
tal display apparatus and a testing method for a liquid crystal
display apparatus wherein, when voltages retained in paired
pixels are read out to two data lines and compared with each
other, the comparison operation of the voltages can be
performed accurately.

[0016] According to an embodiment of the present inven-
tion, there is provided a liquid crystal display apparatus
including a pixel array section including a plurality of unit
pixels disposed in a matrix and each including a pixel
transistor, a capacitive element connected to an output
electrode of the pixel transistor and a liquid crystal cell
configured to display a gradation in accordance with a
voltage retained in the capacitive element, a first data line
connected to an input electrode of each unit pixel of first
pixel group in a unit of a pixel column from among the unit
pixels of the pixel array section, a second data line con-
nected to an input electrode of each unit pixel of second
pixel group in a unit of a pixel column from among the unit
pixels of the pixel array section, a writing unit for writing a
first measurement signal into the unit pixels of the first pixel
groups through the first data lines and writing a second
measurement signal into the unit pixels of the second pixel
groups through the second data lines, a voltage supply
control unit for selectively supplying a predetermined dc
voltage to the first and second data lines, a data line
short-circuiting unit for short-circuiting the first data lines
and the second data lines after the voltage supply by the
voltage supply control unit, a reading out unit for reading out
the first and second measurement signals from the unit
pixels of the first and second pixel groups into the first and
second data lines, respectively, after the first and second data
lines are short-circuited to each other by the data line
short-circuiting unit, and a testing unit for comparing the
potentials at the first data lines and the potentials at the
second data lines with each other after the reading out by the
reading out unit and performing a test of the pixel array
section based on a result of the comparison.

[0017] According to another embodiment of the present
invention, there is provided a testing method for a liquid
crystal display apparatus which includes a pixel array sec-
tion including a plurality of unit pixels disposed in a matrix
and each including a pixel transistor, a capacitive element
connected to an output electrode of the pixel transistor and
a liquid crystal cell configured to display a gradation in
accordance with a voltage retained in the capacitive element,
a first data line connected to an input electrode of each unit
pixel of first pixel group in a unit of a pixel column from
among the unit pixels of the pixel array section, and a second
data line connected to an input electrode of each unit pixel
of second pixel group in a unit of a pixel column from
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among the unit pixels of the pixel array section including the
steps of, writing a first measurement signal into the unit
pixels of the first pixel groups through the first data lines and
writing a second measurement signal into the unit pixels of
the second pixel groups through the second data lines,
selectively supplying a predetermined dc voltage to the first
and second data lines after the first and second measurement
signals are written at the writing step, short-circuiting the
first data lines and the second data lines after the voltage
supply at the voltage supply control step, reading out the first
and second measurement signals from the unit pixels of the
first and second pixel groups into the first and second data
lines, respectively, after the first and second data lines are
short-circuited to each other at the short-circuiting step, and
testing by comparing the potentials at the first data lines and
the potentials at the second data lines with each other after
the reading out at the reading out step and performing a test
of the pixel array section based on a result of the compari-
son.

[0018] With the liquid crystal display apparatus and the
testing method for a liquid crystal display apparatus, while
the potentials at the first and second data lines are set equal
to each other, first and second measurement signals are read
out from the unit pixels of the first and second pixel groups
into the first and second data lines, respectively. Then, the
potentials at the data lines paired with each other are
compared with each other. Consequently, the comparison
operation can be performed with certainty.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG.1is a block diagram showing a general system
configuration of a liquid crystal display apparatus to which
an embodiment of the present invention is applied,

[0020] FIG. 2 is a circuit diagram showing an example of
a circuit configuration of a unit pixel in the liquid crystal
display apparatus;

[0021] FIG. 3 is a circuit diagram showing a particular
example of a first sense amplifier and a corresponding circuit
portion of a decoder in the liquid crystal display apparatus;

[0022] FIG. 4 is a block diagram showing a connection
scheme between the liquid crystal display apparatus and an
LSI tester;

[0023] FIG. 5 is a timing chart illustrating a series of
measuring operations for the testing of the liquid crystal
display apparatus; and

[0024] FIG. 6 is a circuit diagram illustrating the series of
measuring operations for the testing of the liquid crystal
display apparatus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0025] Referring first to FIG. 1, there is shown a configu-
ration of a liquid crystal display apparatus to which an
embodiment of the present invention is applied. The liquid
crystal display apparatus 1 shown adopts the active matrix
type drive system and includes a pixel array section 10, a
gate line drive circuit 20, a data line drive circuit 30, and a
testing circuit 40. The liquid crystal display apparatus 1 has
an ordinary operation mode in which it performs ordinary
image display and a test mode in which testing of unit pixels,
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gate lines and data lines in regard to whether they are
defective or non-defective can be performed.

[0026] Though not shown, the liquid crystal display appa-
ratus 1 is structured such that two substrates at least one of
which is transparent are disposed in an opposing relationship
to each other and liquid crystal is filled between the two
substrates. Unit pixels divided in a matrix are provided on
the surface of at least one of the substrates, and an electrode
(pixel electrode) is disposed for each of the unit pixels.

<Pixel Array Section>

[0027] The pixel array section 10 includes a large number
of unit pixels 50 arranged two-dimensionally in a matrix of
m rows and n columns. Each of the unit pixels 50 includes
a pixel transistor 51, a capacitive element 52 connected to an
output electrode of the pixel transistor 51, and a liquid
crystal cell 53 for performing gradation display in response
to a voltage retained by the capacitive element 52. For the
pixel array of m rows and n columns of the pixel array
section 10, gate lines 54-1 to 54-m are wired for the
individual pixel rows, and data lines 55-1 to 55-» are wired
for the individual pixel columns.

<Unit Pixel>

[0028] FIG. 2 shows an example of a circuit configuration
of the unit pixel 50. Referring to FIG. 2, the pixel transistor
51 of the unit pixel 50 is connected at the control electrode
(gate electrode) thereof to a gate line 54 (54-1 to 54-m) and
at the input electrode thereof to a data line 55 (55-1 10 55-n).
The pixel transistor 51 may be formed, for example, from a
thin film transistor (TFT) The capacitive element 52 is
connected at a terminal thereof to the output terminal of the
pixel transistor 51 and is grounded at the other terminal
thereof. The liquid crystal cell 53 signifies liquid crystal
capacitance produced between a pixel electrode and an
opposing electrode formed in an opposing relationship to the
pixel electrode, and is connected at the pixel electrode
thereof to the output electrode of the pixel transistor 51. The
opposing electrode of the liquid crystal cell 53 is formed
from a single transparent electrode which covers the overall
display area of the liquid crystal display apparatus 1. A
common potential Veom common to all pixels is applied to
the opposing electrode.

[0029] Inthe unit pixel 50, when a voltage is applied to the
pixel electrode of the capacitive element 52 from the data
line 55 (55-1 to 55-n) through the pixel transistor 51, the
polarization characteristic of the liquid crystal varies in
response to the applied voltage. Consequently, gradation
display in accordance with the applied voltage is performed
by the capacitive element 52. The applied voltage is retained
by the capacitive element 52. Accordingly, also after the
pixel transistor 51 is turned off, the reflection amount of the
liquid crystal is maintained continuously by the applied
voltage retained in the capacitive element 52.

[0030] Referring back to FIG. 1, it is assumed that the unit
pixels 50 in the odd-numbered pixel columns from among
the unit pixels 50 of the pixel array section 10 correspond to
a first pixel group while the unit pixels 50 in the even-
numbered pixel columns correspond to a second pixel
group. Correspondingly, it is assumed that the data lines
55-1, 55-3. . . . connected to the input electrodes of the unit
pixels 50 of the first pixel group in the odd-numbered pixel
columns correspond to first data lines while the data lines
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55-2,55-4, . . . connected to the input electrodes of the unit
pixels 50 of the second pixel group in the even-numbered
pixel columns correspond to second data lines.

<Gate Line Drive Circuit>

[0031] The gate line drive circuit 20 includes a vertical
driver 21. The vertical driver 21 is formed typically from a
shift register circuit and successively outputs a vertical
scanning signal GATE for selecting the unit pixels 50 of the
pixel array section 10 in a unit of a row through the gate lines
54-1 to 54-m.

<Data Line Drive Circuit>

[0032] The data line drive circuit 30 includes a horizontal
driver 31, horizontal selection switches 32-1 to 32-n, display
signal supplying transistors 33-1 and 33-2, measurement
signal supplying transistors 34-1 and 34-2, voltage supply
control transistors 35-1 to 35-n, and an inverter 36.

[0033] The horizontal driver 31 includes, for example, a
shift register circuit and a testing logic circuit. When a test
signal TEST has a low level which is the ground level, that
is, when the liquid crystal display apparatus 1 is in an
ordinary operation mode, the shift register operates to suc-
cessively output first horizontal switch drive signals DSW1
to DSWn for selectively driving the horizontal selection
switches 32-1 to 32-n. On the other hand, when the test
signal TEST has a high level, that is, when the liquid crystal
display apparatus 1 is in a test mode, the testing logic circuit
operates to output a second horizontal switch drive signal
DSW for selectively driving the horizontal selection
switches 32-1 to 32-z in a unit of a pixel column.

[0034] In the ordinary operation mode, the horizontal
selection switches 32-1, 32-3, . . . corresponding to the
odd-numbered pixel columns from among the horizontal
selection switches 32-1 to 32-n are connected between the
data lines 55-1, 55-3, . . . of the odd-numbered pixel columns
and a first signal supply line 37-1. Meanwhile, the horizontal
selection switches 32-2, 32-4, . . . corresponding to the
even-numbered pixel groups are connected between the data
lines 55-2, 55-4, . . . of the even-numbered pixel columns
and the second signal supply line 37-2. Then, the horizontal
selection switches 32-1, 32-3, . . . and the horizontal
selection switches 32-2, 324, . . . are placed into an on state
in response to the first and second horizontal scanning
signals outputted from the horizontal driver 31, respectively.

[0035] In the ordinary operation mode, an image display-
ing signal SIG is supplied commonly to the first and second
signal supply lines 37-1 and 37-2 through the display signal
supplying transistors 33-1 and 33-2. The display signal
supplying transistors 33-1 and 33-2 are placed into an on
state when the test signal TEST of the “L” level is applied
to the gate electrode thereof through the inverter 36, and
supply the image displaying signal SIG commonly to the
first and second signal supply lines 37-1 and 37-2.

[0036] Meanwhile, in the test mode, a first measurement
signal TSIG1 is selectively supplied to the first signal supply
line 37-1 through the measurement signal supplying tran-
sistor 34-1, and a second measurement signal TSIG2 is
selectively supplied to the second signal supply line 37-2
through the measurement signal supplying transistor 34-2.
The measurement signal supplying transistors 34-1 and 34-2
are placed into an on state when the test signal TEST of the
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“H” level is supplied to the gate electrode thereof, and
supplies the first and second measurement signals TSIG1
and TSIG2 to the first and second signal supply lines 37-1
and 37-2, respectively.

[0037] The voltage supply control transistors 35-1 to 35-n
are connected between the data lines 55-1 to 55-» and a
voltage supply line 38, respectively. A predetermined dc
voltage Vguard is applied to the voltage supply line 38. The
voltage supply control transistors 35-1 to 35-p are connected
at the gate electrode thereof commonly to a control line 39
and are placed into an on state when a voltage supply control
signal TOFF of the “H” level is applied to the gate electrode
thereof through the control line 39 to apply the dc voltage
Vguard to the data lines 55-1 to 55-n.

<Testing Circuit>

[0038] The testing circuit 40 includes switch circuits 41-1
to 41-p, sense amplifiers 42-1 to 42-p, and a decoder 43.

[0039] The switch circuits 41-1 to 41-p are disposed such
that two adjacent ones such as the two data lines 55-1 and
55-2, 55-3 and 55-4, . . . are paired with each other.
Accordingly, the number p of the switch circuits 41-1 to
41-p is one half the number n of the data lines 55-1 to 55-n.
Since the switch circuits 41-1 to 41-p have the same circuit
configuration, a particular circuit configuration thereof is
described taking the first switch circuit 41-1 as an example.

[0040] The switch circuit 41-1 includes switches 44 and
45 connected at one contact thereof to one end of the data
lines 55-1 and 55-2, respectively, and a further switch 46
connected between the other contacts of the switches 44 and
45. The switches 44 and 45 are placed into an on (closed)
state when a switch control signal SWA of the “H” level is
applied thereto to connect the negated input terminal and the
non-negated terminal of the sensor amplifier 42-1 with low
impedance to the data lines 55-1 and 55-2, respectively.

[0041] The switch 46 has a function as data line tank
means for being placed, when a switch control signal SWB
of the “H” level is applied thereto, into an on (closed) state
to short-circuit the data lines 55-1 and 55-2 with low
impedance. When the data lines 55-1 and 55-2 are short-
circuited by the switch 46, where there is a potential
difference between the data lines 55-1 and 55-2, the poten-
tials at the data lines 55-1 and 55-2, that is, the potentials at
the negated input terminal and the non-negated input termi-
nal of the sensor amplifier 42-1, becomes an equal potential,
more particularly, becomes a middle potential between the
potentials at the data lines 55-1 and 55-2 prior to the
short-circuiting.

[0042] Since the switch 46 acts to short-circuit the data
lines 55-1 and 55-2 in this manner, the location of the switch
46 is not limited to that between the switches 44 and 45 and
the sensor amplifier 42-1. However, where the switch 46 is
disposed at a position nearer to the sensor amplifier 42-1,
there is an advantage that the potentials at the negated input
terminal and the non-negated input terminal of the sensor
amplifier 42-1 can be made equal to each other without
being influenced by the parasitic capacitance and wiring line
resistance of the data lines 55-1 and 55-2.

[0043] The sensor amplifier 42-1 compares the potentials
at the data lines 55-1 and 55-2 with each other in synchro-
nism with an enable signal EN when the switches 44 and 45
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of the switch circuit 41-1 are in an on state to detect the
potential difference and amplifies and outputs the potential
difference. Also the sense amplifiers 42-2 to 42-p perform
operation similar to that of the sensor amplifier 42-1. The
sense amplifiers 42-1 to 42-p are a comparison circuit for
comparing the potentials at the odd-numbered data lines
55-1, 55-3, . . . which are the first data lines and the
potentials at the even-numbered data lines 55-2, 554, . . .
which are the second data lines with each other. However,
the comparison circuit is not limited to the sense amplifiers
42-1 to 42-p but may be any comparison circuit if it can
compare the potentials at the first data lines and the poten-
tials at the second data lines with each other.

[0044] A detection signal of the “H” level or the “L” level
is outputted from each of the sense amplifiers 42-1 to 42-p
and inputted to the decoder 43. The decoder 43 retains the
detection signals supplied from the sense amplifiers 42-1 to
42-p once and compares the retained detection signals with
an expected value. Then, the decoder 43 outputs a test result
signal TOUT which indicates that the test result is good or
non-defective (OK) when the retained detection signals
satisfy the expected value but indicates that the test result is
not good or is defective (NG) when the regained detection
signals do not satisfy the expected value.

<Sensor Amplifier and Decoder>

[0045] FIG. 3 shows a particular example of, for example,
the first sensor amplifier 42-1 and a corresponding circuit
portion of the decoder 43.

[0046] As seen in FIG. 3, the sensor amplifier 42-1
includes a pair of N-channel differential pair transistors Q1
and Q2 having the source electrodes connected commonly to
perform a differential operation, and a pair of P-channel load
transistors Q3 and Q4 having the drain electrodes connected
to the drain electrodes of the differential pair transistors Q1
and Q2, respectively. The sensor amplifier 42-1 further
includes an N-channel current source transistor Q5 con-
nected the node of the common connection of the source
electrodes of the differential pair transistors Q1 and Q2 and
the ground, and a P-channel current source transistor Q6
connected between the node of the common connection of
the source electrodes of the load transistors Q3 and Q4 and
a power supply Vdd.

[0047] The gate electrodes of the transistors Q1 and Q3
are connected commonly to each other and also to the drain
common connection node of the transistors Q2 and Q4. The
gate electrodes of the transistors Q2 and Q4 are connected
commonly to each other and also to the drain common
connection node of the transistors Q1 and Q3. The drain
common connection node of the transistors Q1 and Q3 is
connected to the other contact of the switch 44 while the
drain common connection node of the transistors Q2 and Q4
is connected to the other contact of the switch 45. The enable
signal EN is applied to the gate electrode of the current
source transistor Q5. An inverted signal of the enable signal
EN is applied to the gate electrode of the current source
transistor Q6.

[0048] The circuit portion 43-1 of the decoder 43 corre-
sponding to the sensor amplifier 42-1 includes a flip-flop
(FF) 47 and a 2-input AND gate 48. The flip-flop 47
temporarily retains a detection signal of the “H” level (logic
“1”) or the “L” level (logic “0”) supplied thereto from the
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sensor amplifier 42-1. The 2-input AND gate 48 compares
the logic “1” or “0” which is the stored contents of the
flip-flop 47 with an expected value “1” (or “0”). Then, the
2-input AND gate 48 outputs a test result signal TOUT of a
binary value (“H” level/“L” level) in accordance with a
result of the comparison. In particular, if the logic values of
the two inputs coincide with each other, that is, if the stored
contents of the flip-flop 47 are equal to the expected value,
then the test result signal TOUT representing that the test
result is good (OK) is outputted. However, if the logic values
of the two inputs do not coincide with each other, that is, if
the stored contents of the flip-flop 47 are not equal to the
expected value, then the test result signal TOUT represent-
ing the test result is not good (NG) is outputted.

[Test of the Liquid Crystal Display Apparatus]

[0049] A testing method for the pixel array section 10 of
the liquid crystal display apparatus 1 according to the
embodiment of the present invention having the configura-
tion described above, particularly testing of the quality of the
unit pixels 50 and of the gate lines 54-1 to 54-m and data
lines 55-1 to 55-» in regard to short-circuiting, disconnec-
tion and so forth, is particularly described below. It is to be
noted that testing of the unit pixels 50 in regard to the
quality, that is, in regard to whether or not they are defective,
includes testing of the quality of the capacitance elements 52
and testing of the quality of the liquid crystal cells 53. The
tests are performed using a well-known LSI tester.

[0050] FIG. 4 illustrates a relationship between the liquid
crystal display apparatus 1 and an LSI tester 70. In the
present embodiment, various control signals are inputted
from the LSI tester 70 to the liquid crystal display apparatus
1. The control signals include a test signal TEST, first and
second measurement signals TSIG1 and TSIG2 and a volt-
age supply control signal TOFF which are used in the data
line drive circuit 30 and switch control signals SWA and
SWB and an enable signal EN which are used in the testing
circuit 40. Meanwhile, a test result signal TOUT is inputted
from the liquid crystal display apparatus 1 to the LSI tester
70. Thus, the LSI tester 70 decides, based on the test result
signal TOUT, whether or not the unit pixel 50 is good and
whether or not there exists short-circuiting, disconnection or
the like in the gate lines 54-1 to 54-m and the data lines 55-1
to 55-n.

[0051] The LSI tester 70 includes a CPU (Central Pro-
cessing Unit) 71, a storage section 72 and so forth provided
therein. The CPU 71 reads out and executes a test program
stored in the storage section 72 or the like to execute a
function described below, that is, a function of testing the
unit pixels 50 in regard to the quality and the gate lines 54-1
to 54-m and the data lines 55-1 to 55-r in regard to
short-circuiting, disconnection and so forth.

[0052] Here, it is presupposed that the test program is
stored in advance in the storage section 72 or the like.
However, it is otherwise possible to provide the test program
through a communication unit so that the test program is
read into the storage section 72 or to record the test program
in a recording medium such as a CD-ROM such that it is
read into the storage section 72 through a recording medium
driver (not shown) of the LSI tester 70.

[0053] Ttis to be noted that the test of the unit pixels 50 in
regard to the quality or of the gate lines 54-1 to 54-m and the
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data lines 55-1 to 55-% in regard to short-circuiting, discon-
nection and so forth is performed at a stage before liquid
crystal is filled in the fabrication process. However, the test
of the liquid crystal cell 53 in regard to the quality is
performed at a stage after liquid crystal is filled. In both
cases, the process of testing is basically same.

[0054] In the following, a series of measuring operations
executed under the control of the CPU 71 of the LSI tester
70 for testing the unit pixels 50 in regard to the quality or
testing the gate lines 54-1 to 54-m and the data lines 55-1 to
55-r in regard to short-circuiting, disconnection and so forth
is described with reference to FIGS. 5 and 6.

[0055] Tt is to be noted that the series of measuring
operations by the CPU 71 is executed for a pair of adjacent
pixel columns in a unit of a pixel row in synchronism with
vertical scanning by the vertical driver 21. Here, in order to
facilitate understandings, the series of measuring operations
is described taking a case wherein it is performed for a pair
of unit pixels 50i-1 and 50i-2 in the first and second columns
in a certain pixel row i as an example.

[0056] In the timing chart of FIG. 5, a timing relationship
among the test signal TEST, horizontal switch drive signal
DSW, voltage supply control signal TOFF, vertical scanning
signal GATE, switch control signals SWA and SWB and
enable signal EN. The signals mentioned are all in the “L”
level state before the measurement is started.

[0057] First, the LSI tester 70 sets the test signal TEST to
the “H” level and supplies the first and second measurement
signals TSIG1 and TSIG2 to the liquid crystal display
apparatus 1 at time t11. When the test signal TEST changes
over to the “H” level, the measurement signal supplying
transistors 34-1 and 34-2 are placed into an on state so that
the first and second measurement signals TSIG1 and TSIG2
are supplied to the first and second signal supply lines 37-1
and 37-2, respectively.

[0058] Further, when the test signal TEST changes over to
the “H” level, the horizontal driver 31 changes over the
second horizontal switch drive signal DSW common to the
horizontal selection switches 32-1 and 32-2 to the “H” level
to place the horizontal selection switches 32-1 and 32-2 into
an on state. Consequently, the first and second measurement
signals TSIG1 and TSIG2 are applied from the first and
second signal supply lines 37-1 and 37-2 to the data lines
55-1 and 55-2 through the horizontal selection switches 32-1
and 32-2, respectively.

[0059] Simultaneously with the application of the first and
second measurement signals TSIG1 and TSIG2 to the data
lines 55-1 and 55-2 (time t11), the vertical scanning signal
GATE of the “H” level is applied from the vertical driver 21
to the gate line 54-i of the pixel row i by vertical scanning
by the vertical driver 21. Consequently, the pixel transistors
51 of the unit pixels 50i-1 and 50i-2 are placed into an on
state, and as a result, the first and second measurement
signals TSIG1 and TSIG2 are applied to the respective
capacitance elements 52 through the pixel transistors 51.

[0060] Tt is assumed that the voltage level of the first
measurement signal TSIG1 is, for example, 5.0 V and the
voltage level of the second measurement signal TSIG2 is,
for example, 4.0 V. It is to be noted that the voltage levels
mentioned are a mere example and are not restrictive values.
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Further, the first and second measurement signals TSIG1
and TSIG2 are analog signals of dc voltages.

[0061] When the first and second measurement signals
TSIG1 and TSIG2 are applied to the capacitance elements
52 of the unit pixels 50i-1 and 50i-2, respectively, the unit
pixels 50i-1 and 50i-2 are charged in accordance with the
first and second measurement signals TSIG1 and TSIG2,
respectively. Then, the voltage levels of the first and second
measurement signals TSIG1 and TSIG2 are retained in the
capacitance elements 52. The voltage levels of the first and
second measurement signals TSIG1 and TSIG2 are written
into the unit pixels 50i-1 and 50i-2 in this manner.

[0062] After the voltage levels of the first and second
measurement signals TSIG1 and TSIG2 are written into the
unit pixels 50i-1 and 50i-2, respectively, the vertical scan-
ning signal GATE to be outputted from the vertical driver 21
to the ith pixel row is changed over from the “H” level to the
“L” level at time t12. In response to the changeover of the
vertical scanning signal GATE, the pixel transistors 51 of the
unit pixels 50i-1 and 50i-2 are placed into an off state and the
charge amounts stored in the capacitance elements 52 are
settled.

[0063] Thereafter, the horizontal driver 31 changes over
the second horizontal switch drive signal DSW to the “L”
level at time t13 to place the horizontal selection switches
32-1 and 32-2 into an off state thereby to stop the application
of the first and second measurement signals TSIG1 and
TSIG2 to the data lines 55-1 and 55-2.

[0064] Simultaneously at time t13, the LSI tester 70
changes over the voltage supply control signal TOFF and the
switch control signals SWA and SWB to the “H” level.
Consequently, the voltage supply control transistors 35-1 to
35-r are placed into an on state. As a result, the predeter-
mined dc voltage Vguard is applied to the data lines 55-1
and 55-2, and the switches 44 and 45 of the switch circuit
41-1 are placed into an on state so that the dc voltage Vguard
is applied to the negated input terminal and the non-negated
input terminal of the sensor amplifier 42-1. Here, the dc
voltage Vguard is, for example, 3.0 V.

[0065] Further, the switch 46 is placed into an off state to
short-circuit the data lines 55-1 and 55-2 and hence short-
circuit the negated input terminal and the non-negated input
terminal of the sensor amplifier 42-1 thereby to petform an
equalization operation of equalizing the potentials at the data
lines 55-1 and 55-2 and the potentials at the negated input
terminal and the non-negated input terminal of the sensor
amplifier 42-1 to the same potential, that is, to the same dc
voltage Vguard.

[0066] At time t14 afier the potentials at the different
portions of the circuit, that is, the potentials at the data lines
55-1 and 55-2 and the negated input terminal and the
non-negated input terminal of the sensor amplifier 42-1, are
substantially fixed (equalized) by the equalization operation
just described, the LSI tester 70 changes over the voltage
supply control signal TOFF to the “L” level to place the
voltage supply control transistors 35-1 to 35-» into an off
state. Consequently, the application of the dc voltage Vguard
to the data lines 55-1 and 55-2 is stopped, and in this state,
a more accurate equalization operation of the potentials in
the circuit is performed by an action of the switch 46.

[0067] As a result of such an equalization operation as
described above, the potentials at the negated input terminal
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and the non-negated input terminal of the sensor amplifier
42-1 become equal to each other. Therefore, when the
potentials at the data lines 55-1 and 55-2 are to be compared
subsequently by the sensor amplifier 42-1, the comparison
operation can be performed accurately.

[0068] At time t15 after the equalization operation is
completed, the LSI tester 70 changes over the switch control
signal SWB to the “L” level to place the switch 46 of the
switch circuit 41-1 into an off state. Consequently, the data
line 55-1 and the data line 55-2 are electrically isolated from
each other, and the negated input terminal and the non-
negated input terminal of the sensor amplifier 42-1 are
electrically isolated from each other.

[0069] Then at time t16, the vertical scanning signal
GATE of the “H” level is applied to the gate line 54-i of the
pixel row 1 from the vertical driver 21 by second time
vertical scanning by the vertical driver 21. Consequently, the
pixel transistors 51 of the unit pixels 50i-1 and 50i-2 are
placed into an on state, and as a result, the retained voltages
of the capacitance elements 52 are applied to the two data
lines 55-1 and 55-2 paired with each other through the pixel
transistors 51.

[0070] The data lines 55-1 and 55-2 have a capacitance
component. It is assumed here that, in the present embodi-
ment, the capacitance value of the data line 55-1 and the
capacitance value of the data line 55-2 are equal to each
other and are represented by Cdata. Further, the capacitance
value Cdata of the data lines 55-1 and 55-2 is very high when
compared with the capacitance value Cs of the capacitive
element 52. As an example, Cs:Cdata=1:100. In other words,
the capacitance value Cdata of the data lines 55-1 and 55-2
is equal to 100 times the capacitance value Cs of the
capacitive element 52.

[0071] As a result of the equalization operation, 3.0 V
(Vguard) is retained in the capacitance components of the
data lines 55-1 and 55-2. If, in this state, the retained
voltages of the capacitance elements 52 of the unit pixels
50i-1 and 50i-2 are read out to the data lines 55-1 and 55-2,
then since the retained voltage of the capacitive element 52
of the unit pixel 50i-1 is 5.0 V and the retained voltage of the
capacitive element 52 of the unit pixel 50i-2 is 4.0 V, the
potential at the data line 55-1 changes to 3.05 V and the
potential at the data line 55-2 changes to 3.04 V from the
capacitance ratio between the capacitance value Cdata of the
data lines 55-1 and 55-2 and the capacitance value Cs of the
capacitive element 52 (from Q=C-V, the charge of the data
line 55-1 is given by 305-Cs and the charge of the data line
55-2 is given by 304-Cs).

[0072] Thereafter, at time t17 after the potentials at the two
data lines 55-1 and 55-2 paired with each other are settled,
the LSI tester 70 changes over the enable signal EN to the
“H” level to place the current source transistors Q5 and Q6
(refer to FIG. 3) in the sensor amplifier 42-1 into an on state.
As a result, the sensor amplifier 42-1 enters an activated
state and compares the potential at the data line 55-1 and the
potential at the data line 55-2 with each other.

[0073] 1In the example described above, the potential 3.05
V of the data line 55-1 is applied to the non-negated input
terminal of the sensor amplifier 42-1 while the potential 3.04
V of the data line 55-2 is applied to the negated input
terminal of the sensor amplifier 42-1. At this time, the
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potential difference 0.01 V between the potential 3.05 V of
the data line 55-1 and the potential 3.04 V of the data line
55-2 is amplified up to the power supply Vdd and then
applied as a comparison result of the logic “1” to the decoder
43, particularly to the circuit portion 43-1 corresponding to
the sensor amplifier 42-1.

[0074] The potential difference between the data lines
55-1 and 55-2 arises from the capacitance difference
between the capacitance value Cs of the capacitance ele-
ments 52 of the unit pixels 50i-1 and 50i-2 and the capaci-
tance value Cdata of the data lines 55-1 and 55-2, which
should originally be equal to each other. Then, if the
capacitive element 52 of the unit pixel 50i-1 becomes
defective and the capacitance value Cs becomes lower by
more than 20%, then the potential at the data line 55-1
becomes lower than 3.04 V, but if the capacitive element 52
of the unit pixel 50i-2 becomes defective and the capaci-
tance value Cs of the capacitive element 52 becomes higher
by more than 20%, then the potential at the unit pixel 50i-2
becomes higher than 3.05 V. In other words, the relationship
in magnitude between the potentials of the data lines 55-1
and 55-2 is reversed. At this time, the sensor amplifier 42-1
outputs the potential difference between the data lines 55-1
and 55-2 as a comparison result of the logic “0” to the circuit
portion 43-1 of the decoder 43.

[0075] The circuit portion 43-1 of the decoder 43 decides
whether or not the comparison result of the sensor amplifier
42-1 coincides with the expected value “1” which represents
that the capacitance elements 52 of the unit pixels 50i-1 and
50i-2 are normal. Then, the circuit portion 43-1 outputs a
result of the decision as a test result signal TOUT to the LSI
tester 70. When the capacitance elements 52 of the unit
pixels 50i-1 and 50i-2 are normal or non-defective, since the
comparison result of the sensor amplifier 42-1 exhibits the
logic “1”, the test result signal TOUT of the output of the
2-input AND gate 48 exhibits the “H” level (logic “17). On
the other hand, when one of the capacitance elements 52 of
the unit pixels 50i-1 and 50i-2 is abnormal or defective, the
comparison result of the sensor amplifier 42-1 exhibits the
logic “0”, and therefore, the test result signal TOUT exhibits
the “L” level (logic “0”).

[0076] The LSI tester 70 receives the test result signal
TOUT from the decoder 43 and can test the capacitive
element 52 in regard to the quality for each two unit pixels
adjacent each other in a unit of a pixel row with regard to all
of the unit pixels 50.

[0077] Tt is to be noted that, while, in the example
described above, the voltage level of the first measurement
signal TSIG1 is set higher than the voltage level of the
second measurement signal TSIG2, it is otherwise possible
to reversely set the relationship in magnitude between the
voltage levels of the first and second measurement signals
TSIG1 and TSIG2. In this instance, the expected value when
the capacitance elements 52 of the unit pixels 50i-1 and
50i-2 are normal is set to the logic “0” by the decoder 43. In
other words, the expected value “1”/“0” is determined from
the first and second measurement signals TSIG1 and TSIG2
to be applied to the data lines 55-1 and 55-2 paired with each
other.

[0078] Also it is possible to additionally provide a circuit
for changing over the voltage level of the first measurement
signal TSIG1 and the voltage level of the second measure-
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ment signal TSIG2. In this instance, two different tests can
be performed. In particular, one of the tests is performed by
supplying the voltage level of the first measurement signal
TSIG1 to the data line 55-1 while the voltage level of the
second measurement signal TSIG2 is supplied to the data
line 55-2. The other one of the tests is performed by
supplying the voltage level of the second measurement
signal TSIG2 to the data line 55-1 while the voltage level of
the first measurement signal TSIG1 is supplied to the data
line 55-2. Where the configuration just described is adopted,
it can be decided with a higher degree of certainty which one
of the unit pixels 50 of the unit pixels 50i-1 and 50i-2 is
defective.

[0079] By executing the series of measuring operations
described above as a test at a stage prior to filling of liquid
crystal, it is possible to test the capacitance elements 52 of
the unit pixels 50 in regard to the quality (normal/abnormal
or non-defective/defective) as described above.

[0080] Further, when, in a test at a stage prior to filling of
liquid crystal, the series of measuring operations is pet-
formed for each pixel row to write the voltage levels of the
first and second measurement signals TSIG1 and TSIG?2 into
two adjacent unit pixels in each pixel row, if a unit pixel into
which a corresponding voltage level cannot be written is
found, then it can be detected that the data line of the pixel
row including the unit pixel into which the voltage level
cannot be written suffers from short-circuiting or discon-
nection.

[0081] As regards the location where short-circuiting or
disconnection occurs with the data line, since the operation
of writing the voltage levels of the first and second mea-
surement signals TSIG1 and TSIG2 is performed in a unit of
a pixel row in synchronism with vertical scanning by the
vertical driver 21, the position of the pixel low in which the
unit pixel into which the voltage level cannot be written is
found can be detected as the location where short-circuiting
or disconnection occurs with the data line.

[0082] Further, in the test at the stage prior to the filling of
liquid crystal, while it is presupposed that the data lines 55-1
to 55-n are normal, the series of measuring operations
described above may be performed not for each pixel row
for each two adjacent pixel columns paired with each other
among all pixel columns but for each pixel row for each two
adjacent pixel columns paired with each other in a unit of
pixel columns in a group where all pixel rows are divided
into a plurality of groups. In this instance, if a unit pixel into
which a voltage level cannot be written is found when the
voltage levels of the first and second measurement signals
TSIG1 and TSIG2 are written into the unit pixels 50, then
since this signifies that the pixel transistor 51 cannot be
turned on by the vertical scanning signal GATE, it can be
detected that the gate line of the pixel row including the unit
pixel into which the voltage cannot be written suffers from
short-circuiting or disconnection.

[0083] As an example, it is assumed that the number of
pixel columns is 1,920, that is, the number of pixels in the
horizontal direction is 1,920 and the totaling 1,920 pixel
columns are divided in a unit of 48 pixel columns into 40
regions. In this instance, the series of measuring operations
is executed for each pixel row for each two adjacent pixel
columns paired with each other for each of the divisional
regions by totaling 40 times. By this, a location at which
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short-circuiting or disconnection occurs with the gate lines
54-1 to 54-m can be detected for each of the 40 regions.

[0084] On the other hand, where it is presupposed that the
capacitance elements 52 of all of the unit pixels 50, all of the
data lines 55-1 to 55-» and all of the gate lines 54-1 to 54-m
are normal, if the series of measuring operations described
above is performed for each pixel row in a test at a stage
after filling of liquid crystal, then it is possible to perform a
test regarding the quality of other elements than the capaci-
tance elements 42 of the unit pixels 50.

[0085] In particular, if liquid crystal is not filled in a
prescribed manner or some foreign article is mixed into
liquid crystal or else the pattern of a pixel electrode is
distorted, then the capacitance value Cs of the capacitive
element 52 varies. Accordingly, if some abnormality is
detected by the series of measuring operations described
above, then since the capacitive element 52 is normal, it is
decided that the unit pixel 50 is abnormal at some portion
thereof other than the capacitive element 52, that is, the unit
pixel 50 is abnormal in that the liquid crystal is not filled in
a prescribed manner or some foreign article is mixed in the
liquid crystal or the pattern of the pixel electrode is distorted.

[0086] As described above, before the first measurement
signal TSIG1 is read out from the unit pixels of the first pixel
group (in the example described above, the pixel group of
the first column) into the data line 55-1 and the second
measurement signal TSIG2 is read out from the unit pixels
50 of the second pixel group (in the example described
above, the pixel group of the second column) into the data
line 55-2, the predetermined dc voltage Vguard is supplied
to the first and second data lines 55-1 and 55-2 and besides
the first data line 55-1 and the second data line 55-2 are
short-circuited by the switch 46, the potentials at the data
lines 55-1 and 55-2 become equal to each other.

[0087] Since, in the state wherein the potentials at the data
lines 55-1 and 55-2 are equal to each other, the first and
second measurement signals TSIG1 and TSIG2 are read out
from the unit pixels 50 of the first and second pixel groups
into the data lines 55-1 and 55-2 and the potentials at the data
lines 55-1 and 55-2 paired with each other are compared
with each other, the comparison operation can be performed
accurately.

[0088] Particularly, the testing method according to the
present embodiment is different from the method of mea-
suring leak current in that, after the first and second mea-
surement signals TSIG1 and TSIG?2 having different voltage
values from each other are written into unit pixels paired
with each other, the predetermined dc voltage Vguard is
applied to the data lines 55-1 and 55-2 paired with each other
and the data lines 55-1 and 55-2 are short-circuited to each
other to perform an equalization operation, whereafter the
voltages retained in the paired unit pixels are read out into
the data lines 55-1 and 55-2 and compared with each other.
Therefore, even in a reflection type liquid crystal display
apparatus such as a LCOS liquid crystal apparatus wherein
the capacitance value Cs of the capacitive element 52 is
approximately several tens FF, the test can be performed
with certainty.

[0089] Further, since the switches 44 and 45 for selec-
tively cutting electric connection between the testing unit
and the data lines 55-1 and 55-2 are provided at the input
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stage of the testing circuit 40, a writing operation of the first
and second measurement signals TSIG1 and TSIG2 into the
unit pixels 50 and a testing operation by the testing circuit
40 can be performed concurrently. Therefore, the processing
time required for the test can be reduced.

[0090] Further, where the switch 46 serving as data line
short-circuiting means is interposed between the switches 44
and 45 and the switch circuit 41-1, since the location of the
switch 46 is comparatively near to the sensor amplifier 42-1,
the potentials at the negated input terminal and the non-
negated input terminal of the sensor amplifier 42-1 can be
made equal to each other without being influenced by the
parasitic capacitance and the wiring line resistance of the
data lines 55-1 and 55-2.

[0091] Tt should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof

What is claimed is:
1. A liquid crystal display apparatus, comprising:

a pixel array section including a plurality of unit pixels
disposed in a matrix and each including a pixel tran-
sistor, a capacitive element connected to an output
electrode of said pixel transistor and a liquid crystal cell
configured to display a gradation in accordance with a
voltage retained in said capacitive element;

a first data line connected to an input electrode of each
unit pixel of first pixel group in a unit of a pixel column
from among the unit pixels of said pixel array section;

a second data line connected to an input electrode of each
unit pixel of second pixel group in a unit of a pixel
column from among the unit pixels of said pixel array
section;

a writing unit configured to write a first measurement
signal into the unit pixels of the first pixel groups
through the first data lines and writing a second mea-
surement signal into the unit pixels of the second pixel
groups through the second data lines;

oo

voltage supply control unit configured to selectively
supply a predetermined dc voltage to the first and
second data lines;

a data line short-circuiting unit configured to short-circuit
the first data lines and the second data lines after the
voltage supply by said voltage supply control unit;

a reading out unit configured to read out the first and
second measurement signals from the unit pixels of the
first and second pixel groups into the first and second
data lines, respectively, after the first and second data
lines are short-circuited to each other by said data line
short-circuiting unit; and

a testing unit configured to compare the potentials at the
first data lines and the potentials at the second data lines
with each other after the reading out by said reading out
unit and performing a test of said pixel array section
based on a result of the comparison.

2. The liquid crystal display apparatus according to claim

1, further comprising a switch unit provided at an input stage
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of said testing unit configured to selectively cut the electric
connection between said testing unit and the first and second
data lines.

3. The liquid crystal display apparatus according to claim
2, wherein said data line short-circuiting unit is provided
between said switch unit and said testing unit.

4. The liquid crystal display apparatus according to claim
1, wherein said testing unit includes:

a comparison unit configured to compare the potential at
the first data lines and the potential at the second data
lines with each other after the reading out by said
reading out unit; and

a decision unit configured to decide whether or not a result
of the comparison by said comparison unit coincides
with an expected value estimated from the first and
second measurement signals.

5. A testing method for a liquid crystal display apparatus
which includes a pixel array section including a plurality of
unit pixels disposed in a matrix and each including a pixel
transistor, a capacitive element connected to an output
electrode of said pixel transistor and a liquid crystal cell
configured to display a gradation in accordance with a
voltage retained in said capacitive element, a first data line
connected to an input electrode of each unit pixel of first
pixel group in a unit of a pixel column from among the unit
pixels of said pixel array section, and a second data line
connected to an input electrode of each unit pixel of second
pixel group in a unit of a pixel column from among the unit
pixels of said pixel array section comprising the steps of:

writing a first measurement signal into the unit pixels of
the first pixel groups through the first data lines and
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writing a second measurement signal into the unit
pixels of the second pixel groups through the second
data lines;

selectively supplying a predetermined dec voltage to the
first and second data lines after the first and second
measurement signals are written at the writing step;

short-circuiting the first data lines and the second data
lines after the voltage supply at the voltage supply
control step;

reading out the first and second measurement signals from
the unit pixels of the first and second pixel groups into
the first and second data lines, respectively, after the
first and second data lines are short-circuited to each
other at the short-circuiting step; and

testing by comparing the potentials at the first data lines
and the potentials at the second data lines with each
other after the reading out at the reading out step and
performing a test of said pixel array section based on a
result of the comparison.

6. The testing method for a liquid crystal display appa-
ratus according to claim 5, wherein the series of operations
at the writing step, voltage supply step, short-circuiting step,
reading out step and testing step is performed for each pixel
row for each two adjacent pixel columns paired with each
other in a unit of a division where all of the pixel columns
of said pixel array section are divided into a plurality of
divisions.
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