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(57) A frequency converting section (101), which is
included in a liquid crystal display apparatus, generates
an output video signal by inserting one non-image sig-
nal, which is to be concurrently written into pixels on L
(L is an integer equal to or greater than two) gate lines
of the liquid crystal panel, for one line, between image
signals composing an input video signal, for corre-
sponding L lines, and adjusting a number of horizontal
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scanning periods of the output video signal in a vertical
blanking period so that a number of horizontal scanning
periods composing one frame period is (L+1)X(2N+1)
(N is an integer). Thus, when anti-back-transition driving
is performed using a liquid crystal panel in OCB mode,
it is possible to minimize increase in a driving frequency,
prevent irregularity of brightness caused by AC driving
of the liquid crystal panel, and reduce a cost.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a liquid crystal
display apparatus and, particularly, relates to a liquid
crystal display apparatus suitable for display of moving
images using a liquid crystal panel, and suitable for a
case where a liquid crystal panel in Optically self-Com-
pensated Birefringence (OCB) mode is used.

BACKGROUND ART

[0002] Many liquid crystal display apparatuses are
used as display devices for computers, etc., and are ex-
pected to be widely used for TV in future years. Howev-
er, a liquid crystal display panel in Twisted Nematic (TN)
mode, which is now widely used, has some shortcom-
ings, namely, narrow viewing angles and inadequate re-
sponse speeds. Consequently, there are some major
problems to be solved, for example, reduction in a con-
trast due to parallax or blurred outlines at the time of
displaying moving images, in order to use the liquid crys-
tal panel in TN mode for TV.

[0003] Inrecentyears, research on OCB mode, which
is replacing the above-described TN mode, has been
conducted. The OCB mode of operation allows for wide
viewing angles and enhanced response speeds, there-
by being more suitable for displaying moving images
than the TN mode.

[0004] FIG. 26 shows the structure of a commonly-
used liquid crystal panel, which is common to the TN
mode and the OCB mode. In FIG. 26, X1 to Xn indicate
gate lines, and Y1 to Yn indicate source lines. Thin film
transistors 2604 (hereinafter, referred to as a TFT) are
provided as a switching element at intersection of the
gate lines X1 to Xn with the source lines Y1 to Yn. The
drain electrode of each TFT 2604 is connected to a pixel
electrode of each pixel 2605 of the liquid crystal panel.
In each pixel 2605, a liquid crystal is sandwiched be-
tween the pixel electrode and a counter electrode. A po-
larity of the counter electrode is controlled by a counter
driving section 2603.

[0005] 2602 indicates a gate driver for supplying a
gate pulse, which controls the ON/OFF states of the
TFTs 2604, to the gate lines X1 to Xn. The gate driver
2602 synchronizes with data supply to the source lines
Y1 to Yn, and sequentially applies a potential to the gate
lines X1 to Xn, which turns the states of the TFT 2604
ON. 2601 indicates a source driver for controlling a po-
tential of the pixel electrode. A difference between a po-
tential of the pixel electrode controlled by the source
driver 2601 and a potential of the counter electrode con-
trolled by the counter driving section 2603 is a voltage
to be applied to the liquid crystal, and transmittance of
each pixel 2605 is determined based on the above-de-
scribed voltage.

[0006] Now, in a case where the liquid crystal panel
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in OCB mode is used, special processing, which is not
performed for the TN mode, is required at the first stage
of commencing image display. A state of OCB cells can
be either a bend configuration or a splay configuration.
In order to display an image on the liquid crystal panel
in OCB mode, the OCB cells have to be in a bend con-
figuration state. However, in general, the OCB cells are
in a state of a splay configuration. Therefore, a state of
the OCB cells has to be changed from a splay configu-
ration to a bend configuration for displaying an image.
Hereinafter, the above-described state change from a
splay configuration to a bend configuration is referred to
as a "transition". In order to cause a transition of the
OCB cells, special processing, for example, applying a
high voltage for a predetermined period of time, is re-
quired. However, this processing is not directly related
to the present invention, and therefore not further de-
scribed herein.

[0007] After the above-described special processing
causes the state of OCB cells to make a transition to a
bend configuration, image display becomes possible.
However, if a voltage equal to or greater than a prede-
termined level is not applied to the OCB cells for a period
equal to or greater than a predetermined period of time,
the state of the OCB cells returns back from a bend con-
figuration to a splay configuration. Hereinafter, the
above-described state change from a bend configura-
tion to a splay configuration is referred to as a "back tran-
sition". Thus, in order to continue image display using
the liquid crystal panel in OCB mode, it is necessary to
prevent a back transition. A back transition can be pre-
vented by applying a high voltage to the OCB cells on
a regular basis, as disclosed in Japanese Patent Laid-
Open Publication No. H11-109921 and Japanese Liquid
Crystal Society Journal, April 25, 1999 (Vol. 3, No. 2) P.
99 (17) through P.106 (24). Hereinafter, such a driving
scheme of a liquid crystal panel, in which a high voltage
is applied to the OCB cells on a regular basis, is referred
to as "anti-back-transition driving".

[0008] Now, asis well known, in a commonly-used lig-
uid crystal panel typified by the OCB mode and the TN
mode, a direct voltage applied to liquid crystal cells
causes a problem such as burn-in. Therefore, when the
liquid crystal panel is driven, it is necessary to perform
so-called AC driving, in which polarity of the voltage ap-
plied to the liquid crystal cells is alternately inverted.
This is also applied to a case where the liquid crystal
panel is driven by the above-described anti-back-tran-
sition driving. However, in the above-described Japa-
nese Patent Laid-Open Publication No. H11-109921
and Japanese Liquid Crystal SocietyJournal, a structure
or an operation of a liquid crystal display apparatus in a
case where an AC driving scheme is used for the anti-
back-transition driving is not specifically described, and
the above-described documents do not reveal a con-
crete method to apply an AC driving scheme to the anti-
back-transition driving.

[0009] Now, the above-described documents dis-
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close a scheme in which source drivers are placed on
upper and under sides or a scheme in which driving fre-
quency is doubled, in order to alternately write an image
signal and a high voltage signal (a signal for periodically
applying a high voltage to OCB cells). However, those
schemes have a problem such as increase in cost be-
cause there is a need to use two source drivers, or in-
adequate writing of signal into OCB cells due to reduced
signal writing time caused by the doubled driving fre-
quency. Therefore, inventers of the presentinvention re-
alize anti-back-transition driving by which increase in
driving frequency is minimized. Hereinafter, as a related
art of the present invention, a liquid crystal display ap-
paratus to which anti-back-transition driving is applied
will be described.

[0010] In FIG. 27, the structure of the above-de-
scribed liquid crystal display apparatus according to the
related art is shown. In FIG. 27, 2701 indicates a fre-
quency converting section performing frequency con-
version for aninput video signal, 2702 indicates a driving
pulse generating section generating pulses for control-
ling a source driver and a gate driver, respectively, 2601
indicates the source driver, 2602 indicates the gate driv-
er, and 2703 indicates a liquid crystal panel in OCB
mode. Note that, for the sake of convenience, the
number of gate lines of the liquid crystal panel 2703 is
assumed to be 12 lines, and one frame period is as-
sumed to be composed of 12 horizontal scanning peri-
ods.

[0011] In this liquid crystal display apparatus, one im-
age signal included in an input video signal and one non-
image signal which is irrelevant to the input video signal
are written into each pixel on the liquid crystal panel
2703 during one frame period. Here, the non-image sig-
nal is a signal for applying a high voltage to OCB cells
in order to prevent a back transition. In order to realize
the above-described writing, it is necessary to insert the
non-image signal between the image signals compos-
ing the input video signal. Therefore, the frequency con-
verting section 2701 of this liquid crystal display appa-
ratus generates an output video signal by inserting one
non-image signal for every four image signals (image
signals corresponding to four lines) of an input video sig-
nal, and transfers it to the source driver 2601. At the
same time, the frequency converting section 2701 also
performs frequencyconversionbecausemere insertion
of the non-image signal could change a length of one
frame period. That is, in order to transfer five signals
including four image signals and one non-image signal
to the source driver within a time period in which four
image signals are input as an input video signal (that is,
within four horizontal scanning periods), 1.25 times fre-
quency conversion is performed.

[0012] InFIG. 28, a concrete structure of the frequen-
cy converting section 2701 is shown. A control signal
generating section 2801 generates a writing clock, a
reading clock, a read enable signal, an output switching
control signal, and an output synchronizing signal, re-

10

15

20

25

30

35

40

45

50

55

spectively, based on an input synchronizing signal. An
input video signal is synchronized with the writing clock,
and written into a line memory 2802. Then, the input vid-
eo signal written into the line memory 2802 is synchro-
nized with the reading clock whose frequency is 1.25
times higher than that of the writing clock, and read from
the line memory 2802. Based on the output switching
control signal, an output signal selecting section 2804
selects either an output of the line memory 2802 or an
output of a non-image signal generating section 2803,
and outputs it as an output video signal. A signal wave-
form related to the above-described processing is
shown in FIG. 29.

[0013] An input/output characteristic of the source
driver 2601 is shown in FIG. 30. The source driver 2601,
in which the output video signal output from the frequen-
cy converting section 2701 is input, alternately converts
a signal level of the output video signal so as to be a
level greater or smaller than a reference potential, in ac-
cordance with a polarity control signal output from the
driving pulse generating section 2702, and outputs it.
When a level of an output signal of the source driver
2601 is greater than the reference potential, a positive
voltage is applied to liquid crystal cells. On the other
hand, when a level of an output signal of the source driv-
er 2601 is smaller than the reference potential, a nega-
tive voltage is applied to the liquid crystal cells. Also, the
greater a signal level of the output video signal be-
comes, the closer a level of the output signal of the
source driver 2601 approaches the reference potential
(that is, a voltage applied to the liquid crystal cells be-
comes smaller).

[0014] InFIG. 31, gate pulses P1 to P12 respectively
select gate lines GL 1 to GL 12 on the liquid crystal panel
2703 during their respective HI periods. Note that "+",
"-"marked in the HI period of the respective gate pulses
P1to P12 indicate a polarity of a signal (that is, a polarity
of an applied voltage) written into a pixel on the gate line
selected by the gate pulse. During a period T0_O, the
gate pulses P5 to P8 becomes HI at the same time, and
a non-image signal in positive polarity is concurrently
written into pixels on the gate lines GL5 to GL8. During
a following period TO_1 through TO_4, the gate pulses
P1 to P4 sequentially become HI, and image signals S1
to S4 in positive polarity are sequentially written into pix-
els on the gate lines GL1 to GL4. During a period T0_5,
the gate pulses P9 to P12 become HI at the same time,
and a non-image signal in negative polarity is concur-
rently written into the gate lines GL9 to GL12. During a
following period TO_6 through TO_9, the gate pulses P5
to P8 sequentially become HI, and image signals S5 to
S8 in negative polarity are sequentially written into pix-
els on the gate lines GL5 to GL8, respectively. Here, the
respective pixels on the gate lines GL5 to GL8 hold the
non-image signal after the non-image signal is written
thereinto until an image signal is written thereinto, that
is, during the time periods TO_1 through TO_5, TO_1
through TO_6, TO_1 through TO_7, TO_1 through T0_S8,
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respectively. As such, all the gate lines on the liquid crys-
tal panel 107 are respectively selected twice during one
frame period, and one image signal and one non-image
signal are written into each pixel on the respective gate
lines during one frame period.

[0015] During a period T1_0 in a following frame pe-
riod, the gate pulses P5 to P8 become HI at the same
time, and the non-image signal in negative polarity (po-
larity opposite to that in the previous frame) is written
into pixels on the gate lines GL5 to GL8. During a fol-
lowing period T1_1 trough T1_4, the gate pulses P1 to
P4 sequentially become HI, and image signals S'1 to
S'4 in negative polarity (polarity opposite to that in the
previous frame) are sequentially written into the pixels
on the gate lines GL1 to GL4.

[0016] As described above, according to the liquid
crystal display apparatus shown in FIG. 27, it is possible
to alternately write an image signal and a non-image sig-
nal into each pixel on the liquid crystal panel 2703
whileminimizing increase in a driving frequency (Japa-
nese Patent Application No. 2001-131414).

[0017] Now,the anti-back-transition driving performed
by the above liquid crystal display apparatus (that s, an-
ti-back-transition driving by which increase in a driving
frequency is minimized by concurrently writing a non-
image signal into a plurality of gate lines) restricts the
number of horizontal scanning periods composing one
frame period.

[0018] For example, in a scheme typified by the
above-described liquid crystal display apparatus, in
which a non-image signal is concurrently written into
four gate lines, the number of horizontal scanning peri-
ods composing one frame period has to be an odd mul-
tiple of five at the time of completion of frequency con-
version (that is, in an output video signal). In the exam-
ple of FIG. 31, the number of horizontal scanning peri-
ods composing one frame period (period TO_0 through
TO_14) in the output video signal is 15 (an odd multiple
of five), thereby satisfying the condition. In general
terms, this condition is expressed such that, in a scheme
in which a non-image signal is concurrently written into
L gate lines, the number of horizontal scanning periods
composing one frame period has to be (L+1)X(2N+1)
at the time of completion of frequency conversion. If this
condition is not satisfied, there will appear irregularity of
brightness, that is, some lines are relatively bright and
some lines are relatively dark, on a display screen of the
liquid crystal panel 2703. Hereinafter, a cause thereof
will be briefly described.

[0019] FIG. 32 shows various signal waveforms in a
scheme in which a non-image signal is concurrently writ-
ten into three gate lines. In this example, the number of
horizontal scanning periods composing one frame peri-
od in the output video signal is 16, which is not an odd
multiple of four (=3+1), whereby the above-described
condition is not satisfied. In FIG. 32, a polarity change
of a signal written into pixels on each gate line shows
that an image signal whose polarity is opposite to a non-
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image signal is sure to be written into the gate lines GL1
to GL3 immediately before the non-image signal is writ-
ten thereinto. On the other hand, with respect to the gate
lines GL4 to GL12, an image signal having the same
polarity of a non-image signal is sure to be written there-
into immediately before the non-image signal is written
thereinto. Now, into a liquid crystal cell into which a sig-
nal having a given polarity has already been written, if
a signal whose polarity is opposite to that of the above-
described signal is written thereinto, there arises a prob-
lem of inadequate signal writing compared to a case
where a signal having the same polarity of the above-
described signal is written thereinto. For this reason, in
the example of FIG. 32, writing of a non-image signal
into pixels on the gate lines GL1 to GL3 is inadequate
compared to writing of a non-image signal into pixels on
the other gate lines GL4 to GL12, which results in a dif-
ference in brightness between a portion corresponding
to the gate lines GL1 to GL3 on the liquid crystal panel
107 and a portion corresponding to the gate lines GL4
to GL12. As such, irregularity of brightness is caused if
the aforementioned condition is not satisfied.

[0020] In order to prevent the above-described irreg-
ularity of brightness, the number of horizontal scanning
periods has to be adjusted. However, mere increase or
decrease of the number of horizontal scanning periods
causes a time lag between writing and reading of an im-
age signal into/from the line memory 2802 as shown in
FIG. 29, whereby the line memory 2802 for one line may
be insufficient for proper transfer of an image signal (that
is, the image signal may be lost). In order to reliably
avoid the above-described problem, it is necessary to
provide a memory such as a frame memory, for exam-
ple, capable of concurrently storing image signals for
two or more lines, which results in increase in cost of
the liquid crystal display apparatus.

[0021] Therefore, an object of the present invention is
to provide a low-cost liquid crystal display device capa-
ble of performing anti-back-transition driving by which
increase in a driving frequency is minimized and display
of a good-quality video by reducing the occurrence of
irregularity of brightness is possible.

DISCLOSURE OF THE INVENTION

[0022] To achieve the above objects, the present in-
vention has the following aspects. Note that notes in pa-
rentheses indicate exemplary elements which can be
found in the embodiments to follow, though such notes
are not intended to limit the scope of the invention.

[0023] A liquid crystal display apparatus of the
present invention displays video by driving a liquid crys-
tal panel based on an input video signal, comprising: a
liquid crystal panel (107) having a plurality of source
lines and a plurality of gate lines; a frequency converting
section (101) for generating an output video signal by
inserting one non-image signal, which is to be concur-
rently written into pixels on L (L is an integer equal to or
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greater than two) gate lines of the liquid crystal panel,
for one line, between image signals composing the input
video signal, for corresponding L lines, and adjusting the
number of horizontal scanning periods of the output vid-
eo signal so that a number of horizontal scanning peri-
ods composing one frame period is (L+1)X(2N+1) (N is
an integer); and a driver (105) for driving the liquid crys-
tal panel based on the output video signal generated by
the frequency converting section, and the frequency
converting section increases/decreases a number of
horizontal scanning periods included in a vertical blank-
ing period, thereby adjusting the number of horizontal
scanning periods composing one frame period. Thus,
the non-image signal is regularly inserted, and irregu-
larity of brightness does not occur even if AC driving is
performed for the liquid crystal panel. Furthermore, the
number of horizontal scanning periods is adjusted dur-
ing the vertical blanking period, whereby it is not neces-
sary to use a memory concurrently storing image signals
corresponding to two or more lines. Also, it is possible
to adjust the number of horizontal scanning periods
without affecting video displayed on the liquid crystal
panel. Note that "one frame period" is a period including
not only an active video period but also a following ver-
tical blanking period. Also, "the number of horizontal
scanning periods composing one frame period" trans-
lates to the number of periods chopped by horizontal
synchronizing signals in one frame period. Specifically,
in FIG. 6, it is 50 with respect to the input video signal,
and also it is 65 with respect to the output video signal.
[0024] Note that "a back-transition" in claims is a phe-
nomenon in which a state of OCB cells is changed from
a bend configuration to a splay configuration. Also, "an
adjusting period included in the vertical blanking period"
does not rule out a case where the vertical blanking pe-
riod coincides with the adjusting period.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

FIG. 1 is a block diagram showing the structure of
aliquid crystal display apparatus according to a first
embodiment of the present invention.

FIG. 2 is a block diagram showing the structure of
a frequency converting section.

FIG. 3 is an illustration showing an operation of the
frequency converting section during an active video
period.

FIG. 4 is an illustration showing an operation of the
frequency converting section during a vertical
blanking period.

FIG. 5 is an illustration showing an operation of the
frequency converting section during a vertical
blanking period.

FIG. 6 is an illustration showing a relation between
horizontal scanning periods before and after fre-
quency conversion.
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FIG. 7 is anillustration showing outputs of a source
driver and a gate driver.

FIG. 8 is an illustration showing a relation between
horizontal scanning periods before and after fre-
quency conversion.

FIG. 9 is a block diagram showing the structure of
a liquid crystal display apparatus according to a
second embodiment of the present invention.

FIG. 10 is an illustration for describing a principle of
the second embodiment.

FIG. 11 is an illustration showing a relation between
horizontal scanning periods before and after fre-
quency conversion.

FIG. 12 is a block diagram showing the structure of
an Hr calculating section.

FIG. 13 is anillustration showing a relation between
horizontal scanning periods before and after fre-
quency conversion.

FIG. 14 is a block diagram showing the structure of
a liquid crystal display apparatus according to a
third embodiment of the present invention.

FIG. 15 is a block diagram showing the structure of
a variant of the third embodiment.

FIG. 16 is anillustration showing a relation between
horizontal scanning periods before and after fre-
quency conversion.

FIG. 17 is an illustration for describing a cause of
irregularity of brightness.

FIG. 18 is an illustration showing irregularity of
brightness.

FIG. 19 is a block diagram showing the structure of
a liquid crystal display apparatus according to a
fourth embodiment of the present invention.

FIG. 20 is an illustration showing a relation between
horizontal scanning periods before and after fre-
quency conversion.

FIG. 21 is an illustration showing respective hori-
zontal scanning periods during a vertical blanking
period.

FIG. 22 is an illustration showing irregularity of
brightness.

FIG. 23 is a block diagram showing the structure of
a liquid crystal display apparatus according to a fifth
embodiment of the present invention.

FIG. 24 is a block diagram showing the structure of
a frequency converting section.

FIG. 25 is anillustration showing a relation between
horizontal scanningperiods before and afterfre-
quency conversion.

FIG. 26 is an illustration showing the structure of a
commonly-used liquid crystal panel.

FIG. 27 is a block diagram showing the structure of
a liquid crystal display apparatus according to the
related art.

FIG. 28 is a block diagram showing the structure of
a frequency converting section.

FIG. 29 is anillustration showing an operation of the
frequency converting section.
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FIG. 30 is anillustration showing a relation between
a polarity control signal and an output of the source
driver.

FIG. 31 is an illustration showing outputs of the
source driver and the gate driver.

FIG. 32 is an illustration showing outputs of the
source driver and the gate driver.

BEST MODE FOR CARRYING OUT THE INVENTION

[0026] Hereinafter, with reference to the drawings,
various embodiments of the present invention will be de-
scribed.

(first embodiment)

[0027] In FIG. 1, the structure of a liquid crystal dis-
play apparatus according to a first embodiment of the
present invention is shown. In FIG. 1, the liquid crystal
display apparatus includes a frequency converting sec-
tion 101, adriving pulse generating section 102, a period
determining section 103, a selector 104, a source driver
105, a gate driver 106, and a liquid crystal panel 107.
Here, the liquid crystal panel 107 operates in OCB
mode.

[0028] To the liquid crystal display apparatus, an input
video signal and a corresponding input synchronizing
signal (including a horizontal synchronizing signal and
a vertical synchronizing signal) are supplied. The period
determining section 103 determines a vertical blanking
period based on the input synchronizing signal. Based
on the determination results by the period determining
section 103, the selector 104 selects a dividing clock
number (a dividing clock number A for the vertical blank-
ing period or a dividing clock number B for other inter-
val), and supplies it to the frequency converting section
101. The frequency converting section 101 performs a
frequency converting process for the input video signal
and the input synchronizing signal, and further inserts,
at predetermined intervals, a non-image signal (a signal
for applying a high voltage to OCB cells in order to pre-
vent a back-transition) between image signals (video
signal corresponding to one line) included in the input
video signal. Note that, in the present embodiment, it is
assumed that the frequency converting section 101 per-
forms 1.25 times frequency conversion, and generates
an output video signal by inserting one non-image signal
foe every four image signals.

[0029] In FIG. 2, the structure of the frequency con-
verting section 101 is shown. A line memory 202 tem-
porarily stores an image signal corresponding to one
line. A control signal generating section 201 generates
various control signals based on the input synchronizing
signal and the dividing clock number selected by the se-
lector 104. Specifically, the control signal generating
section 201 generates a writing clock (WRITE CLK) for
controlling a timing of writing each image signal of the
input video signal into the line memory 202, a reading
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clock (READ CLK) for controlling a timing of reading the
image signal stored in the line memory 202, a read en-
able signal (READ ENA) allowing reading of data from
the line memory 202, an output switching control signal
for controlling a selecting operation of an output signal
selecting section 204, and an output synchronizing sig-
nal which is a synchronizing signal corresponding to a
video signal after frequency conversion (output video
signal). A non-image signal generating section 203 out-
puts a non-image signal. The output signal selecting
section 204 alternately selects an output of the line
memory 202 and an output of the non-image signal gen-
erating section 203, based on the output switching con-
trol signal from the control signal generating section
201, and outputs it as an output video signal. A writing
process and a reading process into/from the line mem-
ory 202 are similar to those shown in FIG. 29.

[0030] Hereinafter, for the sake of simplicity of the de-
scriptions, a specific operation of the liquid crystal dis-
play apparatus will be described, by taking an exempla-
ry case in which the number of horizontal scanning pe-
riods composing one frame period in an input video sig-
nal is 50 (among these, the number of horizontal scan-
ning periods in an active video period is 40, and the
number of horizontal scanning periods in a vertical
blanking period is 10). Note that it is assumed that one
frame period is 20ms.

[0031] Inthis case, if 1.25 times frequency conversion
is simply performed for the input video signal, the
number of horizontal scanning periods composing one
frame period in the output video signal becomes
50x1.25=62.5, which is not an odd multiple of (L+1)
(note that, in the present embodiment, L=4). As a result,
irregularity of brightness occurs. For that reason, during
the active video period, the frequency converting sec-
tion 101 changes the number of horizontal scanning pe-
riods in the active video period from 40 to 50, and chang-
es the number of horizontal scanning periods in the ver-
tical blanking period from 10 to 15. As a result, the
number of horizontal scanning periods composing one
frame period in the output video signal becomes
50+15=65, which is an odd multiple of (L+1).

[0032] In order to realize the above-described opera-
tion of the frequency converting section 101, in the
present embodiment, a different dividing clock number
is used in the active video period and in the vertical
blanking period.

[0033] Assume that a horizontal dot clock number of
the input video signal is 100, a frequency of the writing
clock of the line memory 202 becomes
100x50/0.02=250kHz. In the frequency converting sec-
tion 101, 1.25 times frequency conversion is performed,
and a frequency of the reading clock of the line memory
202 becomes 250x1.25=312.5kHz.

[0034] The active video period is 20x40/50=16ms,
and the number of horizontal scanning periods included
in the active video period in the output video signal is
50, whereby the necessary dividing clock number in the
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active video period is 312.5X16/50=100.

[0035] On the other hand, the vertical blanking period
is 20X10/50=4ms, and the number of horizontal scan-
ning periods included in the vertical blanking period in
the output video signal is 15, whereby the necessary di-
viding clock number in the vertical blanking period is
312.5X4/15=83 (fractional portion is truncated). Here,
for the sake of simplicity of the descriptions, it is as-
sumed that the fractional portion is truncated, but fre-
quency division may be performed while keeping deci-
mal precision (a method thereof is well-known, and
therefore is not further described).

[0036] Thatis, whatis needed is to previously set the
dividing clock number A and the dividing clock number
B, as shown in FIG. 1, at 100 and 83, respectively. The
selector 104 selects the dividing clock number A (100)
for the active video period, and selects the dividing clock
number B (83) for the vertical blanking period. The con-
trol signal generating section 201 of the frequency con-
verting section 101 generates an output synchronizing
signal and an output video signal, based on the dividing
clock number supplied from the selector 104, for output-
ting. Signal waveforms indicating such operation of the
frequency converting section 101 are shown in FIGS. 3
and 4. Especially, FIG. 3 shows an operation in the ac-
tive video period, and FIG. 4 shows an operation in the
vertical blanking period. Note that, in FIG. 4, the output
signal selecting section 204 always selects an output of
the non-image signal generating section 203, but may
alternately select an output of the line memory 202 and
an output of the non-image signal generating section
203, as shown in FIG. 5. The reason is that, in the
present embodiment, any portion other than the non-im-
age signal, which is included in the output video signal
as shown in FIG. 4, is not written into the pixels of the
liquid crystal panel 107, thereby having no effect on the
display.

[0037] In FIG. 6, a relation between horizontal scan-
ning periods before and after frequency conversion is
shown. During the active video period, the number of
horizontal scanning periods is changed from 40 to 50.
On the other hand, during the vertical blanking period,
the number of horizontal scanning periods is changed
from 10 to 15. As a result, the number of horizontal scan-
ning periods composing one frame period in the output
video signal becomes 65, which is an odd multiple of
five (a number obtained by adding one to four, which is
the number of lines into which a non-image signal is con-
currently written). The output video signal generated as
described above is supplied to the source driver 105,
and written into pixels on a predetermined gate line
based on the gate pulse output from the gate driver 106.
FIG. 7 shows an output signal of the source driver 105
and an output signal (gate pulse) of the gate driver 106
from an active video period of a given frame to an active
video period of the following frame through a vertical
blanking period. In the example of FIG. 7, a non-image
signal is written into each pixel before an image signal
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is written thereinto (before 16 through 19 horizontal
scanning periods), and the non-image signal is held dur-
ing 16 through 19 horizontal scanning periods (that is,
on the average, a period corresponding to 27% of one
frame period).

[0038] FIG. 8 shows, as another specific example, a
relation between horizontal scanning periods before
and after frequency conversion in a case where 1.2
times frequency conversion is performed for generating
an output video signal by inserting one non-image signal
for every five image signals (that is, a non-image signal
is concurrently written into pixels on five gate lines)
when the number of horizontal scanning periods com-
posing one frame period in an input video signal is 56
(among these, the number of horizontal scanning peri-
ods in the active video period is 45, and the number of
horizontal scanning periods in the vertical blanking pe-
riod is 11). In this case, in order to prevent irregularity of
brightness, the number of horizontal scanning periods
composing one frame period in an output video signal
has to be an odd multiple of six. In the example of FIG.
8, the number of horizontal scanning periods in the ac-
tive video period is changed from 45 to 54, and the
number of horizontal scanning periods in the vertical
blanking period is changed from 11 to 12, whereby the
number of horizontal scanning periods composing one
frame period becomes 66 (odd multiple of six). In this
case, what is needed is to previously set the dividing
clock number A and the dividing clock number B, as
showninFIG. 1, at 100 and 110, respectively, and cause
the selector 104 to select the dividing clock number A
(100) and the dividing clock number B (110) for the ac-
tive video period and the vertical blanking period, re-
spectively.

[0039] Assuch, according to the firstembodiment, the
frequency converting section 101 generates an output
video signal by inserting one non-image signal, which is
to be concurrently written into pixels on L gate lines of
the liquid crystal panel 107, for one line, between image
signals composing the input video signal, for corre-
sponding L lines, and adjusting the number of horizontal
scanning periods of the output video signal so that a
number of horizontal scanning periods composing one
frame period is (L+1)X(2N+1) (N is an integer). There-
fore, irregularity of brightness does not occur even in a
case where a non-image signal is regularly inserted and
AC driving is performed for the liquid crystal panel 107.
[0040] Note that, in the first embodiment, frequency
conversion is performed in the usual way during the ac-
tive video period, and the number of horizontal scanning
periods in the vertical blanking period is increased/de-
creased so that the number of horizontal scanning pe-
riods composing one frame period is adjusted to be
(L+1)X(2N+1). Now, in a case where the number of hor-
izontal scanning periods in the active video period is ad-
justed, there is a possibility that an increase of the
number of horizontal scanning periods in the active vid-
eo period causes a time lag between writing and reading
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of an image signal into/from the line memory 202 as
shown in FIG. 29. Therefore, the line memory 202 for
one line may be insufficient for proper transfer of an im-
age signal. However, as described in the present em-
bodiment, in a case where the number of horizontal
scanning periods in the vertical blanking period is in-
creased/decreased, writing and reading timing of an im-
age signal into/from the line memory 202 during the ac-
tive video period is not affected, whereby it is possible
to freely increase/decrease the number of horizontal
scanning periods without adding another line memory.
Note that, due to a non-image signal written into pixels
of the liquid crystal panel 107 during the vertical blanking
period as shown in FIG. 7, it is not recommended to in-
crease/decrease the number of horizontal scanning pe-
riods in the vertical blanking period more than neces-
sary. The reason is that a writing time of the non-image
signal loses its balance, which results in the occurrence
of irregularity of brightness. Thus, as long as a condition
that the number of horizontal scanning periods compos-
ing one frame period is (L+1)X(2N+1) (N is integer) is
satisfied, it is preferable to minimize arange of increase/
decrease of the number of horizontal scanning periods
in the vertical blanking period. Note that a third embod-
iment, which will be described below, prevents a bal-
ance of a writing time of the non-image signal from being
lost due to the above-described adjustment of the
number of horizontal scanning periods.

[0041] Note that, in the first embodiment, the descrip-
tions have been given on the assumption that the
number of horizontal scanning periods composing one
frame period in the input video signal is previously de-
termined. However, the number of horizontal scanning
periods composing one frame period can be determined
in accordance with a format of a video signal (for exam-
ple, 750P, 1125i, and NTSC). Therefore, the structure
shown in FIG. 1 cannot support a plurality of formats.
What is needed to support a plurality of formats is, for
example, to store a combination of the dividing clock
number A and the dividing clock number B in a table on
a format basis, and read the combination of the dividing
clock number A and the dividing clock number B from
the table, in accordance with the format of the input vid-
eo signal, for supplying it to the selector 104.

(second embodiment)

[0042] Now, the number of horizontal scanning peri-
ods composing one frame period in an input video signal
dynamically fluctuates in some cases. Research per-
formed by the inventors of the present invention reveals
that the number of horizontal scanning periods compos-
ing one frame period dynamically fluctuates in accord-
ance with a reproducing speed in a case where, for ex-
ample, a video signal of an analog VTR is reproduced
at high speed. Especially, a reproducing speed sharply
fluctuates on a frame basis during a transition period
from normal reproduction to high-speed reproduction,
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or a transition period from high-speed reproduction to
normal reproduction. Hereinafter, as a second embodi-
ment, a liquid crystal display apparatus capable of han-
dling such a case will be described.

[0043] InFIG. 9, the structure of the liquid crystal dis-
play apparatus according to the second embodiment of
the present invention is shown. In FIG. 9, the liquid crys-
tal display apparatus includes the frequency converting
section 101, the driving pulse generating section 102,
the selector 104, the source driver 105, the gate driver
106, the liquid crystal panel 107, a period determining
section 901, and an Hr calculating section 902. Note that
any component elements in FIG. 9 similar to those in
FIG. 1 are denoted by like numerals, with the descrip-
tions thereof omitted.

[0044] Inthe present embodiment, the number of hor-
izontal scanning periods is individually adjusted in real
time on a frame period basis by taking advantage of the
fact that a time period from input of a vertical synchro-
nizing pulse to start of the active video period is un-
changed even in a case where, like an analog VTR, the
number of horizontal scanning periods composing one
frame period dynamically fluctuates. First, with refer-
ence to FIG. 10, a process of the present embodiment
is described on a conceptual basis.

[0045] In order to perform real time adjustment for the
number of horizontal scanning periods of a video signal
whose number of horizontal scanning periods compos-
ing one frame period dynamically fluctuates, in the
present embodiment, as shown in FIG. 10, the number
of horizontal scanning periods existing during a period
from a start of the active video period to an input of the
vertical synchronizing pulse is counted. Then, in accord-
ance with the number, the number of horizontal scan-
ning periods included in a period (adjusting period in the
drawing) from completion of counting to a start of the
active video period is adjusted so that the number of hor-
izontal scanning periods composing one frame period
in the output video signal becomes an odd multiple of
(L+1). Note that a time from an input of the vertical syn-
chronizing pulse to a start of the active video period is
fixed on a video signal format basis, whereby it is pos-
sible to make a sufficiently accurate prediction about the
point of time. By repeatedly performing the above-de-
scribed process for each frame, it is possible to handle
a video signal whose number of horizontal scanning pe-
riods composing one frame period dynamically fluctu-
ates.

[0046] InFIG. 11, arelation between horizontal scan-
ning periods before and after frequency conversion, in
a case where 1.25 frequency conversion is performed
and one non-image signal is inserted for every four im-
age signals for generating an output video signal is
shown. In order to realize the above process, the
present embodiment supplies, to the frequency convert-
ing section 101, a dividing clock number in the adjusting
period, and a different clock number in other period. Es-
pecially, the dividing clock number corresponding to the
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adjusting period is calculated in real time based on the
above-described counting results of the number of hor-
izontal scanning periods. These processes are execut-
ed by the period determining section 901, the Hr calcu-
lating section, and the selector 104, which are shown in
FIG. 9. Hereinafter, operations thereof will be described.
[0047] The period determining section 901 deter-
mines, based on the input synchronizing signal, whether
or not a signal currently input into the frequency convert-
ing section 101 is one corresponding to the adjusting
period, and outputs the determination results to the se-
lector 104. Specifically, the determination is made that
a period from an input of the vertical synchronizing pulse
to a start of the active video period is the adjusting pe-
riod. Furthermore, the period determining section 901
counts the number Ve of horizontal scanning periods
during a period from a start of the active video period to
an input of the vertical synchronizing pulse (that is, from
a start of counting to an end of counting shown in FIG.
10) , and outpults it to the Hr counting section 902. Also,
the period determining section 901 obtains the number
Bp of horizontal scanning periods included in a period
from an input of the vertical synchronizing pulse to a
start of the active video period from the table or exter-
nally, and outputs it to the Hr counting section 902. Note
that, with respect to a portion of video signals such as
a high-speed reproducing signal of the analog VTR, the
number Bp of horizontal scanning periods in a period
from an input of the vertical synchronizing pulse to a
start of the active video period dynamically fluctuates
due to, for example, insertion of a pseudo-horizontal
synchronizing pulse. However, following descriptions
will reveal that the number of horizontal scanning peri-
ods can be properly adjusted by utilizing, as appropriate,
a predetermined set value of normal reproduction
thanks to a fixed length (length of time) of a back porch
period. Also, the period determining section 901 out-
puts, to the selector 104 and the Hr calculating section
902, a horizontal dot clock number of the input video
signal as a dividing clock number Ht. The above-de-
scribed functions of the period determining section 901
can be realized by, for example, a video signal proces-
sor.

[0048] The Hr calculating section 902 calculates a di-
viding clock number Hr used for the adjusting period
based on values of Ve, Bp, and Hr, which are supplied
from the period determining section 901. Assume that
a function F (x,n) is defined as a function returning a
value closest to x among values of odd multiple of n, Hr
is calculated as follows. Note that L is the number of
gate lines into which a non-image signal is concurrently
written.

Vr=F (Ve+Bp,L)

Hr=Bp/(Vr-Ve) x Ht
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[0049] As aresult, forinstance, Hr=75 in the example
of FIG. 11.
[0050] As hardware realizing the function F, various

structures are possible. In a case where n=4 (that is, in
a case where L=4) , the function F (x,4) can be repre-
sented as follows. Note that int (x) is a function returning
an integer which does not exceed x.

F (x,4)=int  (x/8)x8+4

[0051] Inthiscase, int (x/8)X8 can be easily realized
by truncating lower-order three bits, whereby it is pos-
sible to realize the Hr calculating section 902 using an
extremely simple structure as shown in FIG. 12. Note
that, in general, various structures are used as a divider,
and therefore an optimum structure has to be selected
in view of a calculating speed or the size of a circuit. In
the present embodiment, a structure in which subtrac-
tion is repeated is not suitable due to slow calculation,
and since calculation has to be ended in a time suffi-
ciently shorter than at least the adjusting period (prefer-
ably, in a time sufficiently shorter than one horizontal
scanning period). Therefore, a Newton-Raphson meth-
od, a written calculation procedure, and a table lookup
are preferable.

[0052] Based on the determination results of the pe-
riod determining section, the selector 104 selects the di-
viding clock number Hr output from the Hr calculating
section 902 and supplies it to the frequency converting
section 101 during the adjusting period, and selects the
dividing clock number Ht output from the period deter-
mining section 901 and supplies it to the frequency con-
verting section 101 during a period other than the ad-
justing period. The frequency converting section 101
generates an output video signal based on the dividing
clock number supplied from the selector 104.

[0053] Assuch, according to the second embodiment,
it is possible to perform real-time adjustment for the
number of horizontal scanning periods of the input video
signal, whereby irregularity of brightness does not oc-
cur, as is the case with the first embodiment, even in a
case of handling a video signal whose horizontal scan-
ning periods composing one frame period dynamically
fluctuates.

[0054] Note that, in the second embodiment, it is as-
sumed that the adjusting period is a period from an input
of the vertical synchronizing pulse to a start of the active
video period, but the present invention is not limited
thereto. For example, only a back porch may be the ad-
justing period. However, the shorter the adjusting period
becomes, the lower flexibility of adjustment becomes,
whereby the adjusting period is preferably the longest
possible period.

(third embodiment)

[0055] Asdescribed in the descriptions of the first em-
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bodiment, during the vertical blanking period, writing of
the image signal is not performed, but the non-image
signal is written into pixels of the liquid crystal panel 107
as shown in FIG. 7, whereby unnecessary increase/de-
crease of the number of horizontal scanning periods in
the vertical blanking period causes a balance of a writing
time of the non-image signal to be lost, which results in
the occurrence of irregularity of brightness. For in-
stance, in the example of FIG. 7, if the number of hori-
zontal scanning periods in the vertical blanking period
is increased, a length of one horizontal scanning period
is relatively shortened, thereby reducing a writing time
of the non-image signal. As a result, adequate writing of
the non-image signal may become impossible, which re-
sults in a difference in brightness between an area into
which the non-image signal is written during the vertical
blanking period (in the example of FIG. 7, an area on
the gate lines corresponding to the gate pulses P1 to
P12) and an area into which the non-image signal is writ-
ten during the active video period (an area on the gate
lines corresponding to the gate pulses P13 to P40). Fur-
thermore, a boundary of those areas always appears in
the same location, whereby even a slight difference of
brightness can be easily noticed. The third embodiment
is characterized in that fluctuations of the writing time of
the non-image signal are prevented by controlling a
length of the horizontal scanning period, into which the
non-image signal is written during the vertical blanking
period, so as to be the same length of the horizontal
scanning period of the active video period.

[0056] With reference to FIG. 13, an outline of an op-
eration of a liquid crystal display apparatus of the third
embodimentis described. In FIG. 13, the input video sig-
nal is the same as that shown in FIG. 6, and 1.25 times
frequency conversion is also performed, as is the case
with the example shown in FIG. 6. FIG. 13 differs from
FIG. 6 in the length of the horizontal scanning period in
the vertical blanking period of the output video signal.
Specifically, in the example of FIG. 13, in the vertical
blanking period, the horizontal scanning periods corre-
sponding to a timing at which the non-image signal is
actually written into the pixels on the liquid crystal panel
107 have a length which is the same as the length (in
this example, 320 us) of the horizontal scanning period
in the active video period. Considering that the length of
the horizontal scanning periods corresponding to a tim-
ing at which the non-image signal is actually written into
the pixels on the liquid crystal panel 107 are longer than
the example shown in FIG. 6 (265.6 us), other horizontal
scanning periods become shorter (252. 8 us), compared
to the example shown in FIG. 6. The horizontal scanning
periods corresponding to a timing at which the non-im-
age signal is actually written into the pixels on the liquid
crystal panel 107 are three horizontal scanning periods
among fifteen horizontal scanning periods included in
the vertical blanking period, as shown in FIG. 7. During
the first of the three horizontal scanning periods, the
non-image signal is concurrently written into the pixels
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on the gate lines corresponding to the gate pulses P1
to P4, during the second of the three horizontal scanning
periods, the non-image signal is concurrently written in-
to the pixels on the gate lines corresponding to the gate
pulses P5 to P8, and during the third of the three hori-
zontal scanning periods, the non-image signal is con-
currently written into the pixels on the gate lines corre-
sponding to the gate pulses P9 to P12.

[0057] In order to realize the above-described opera-
tion, what is needed is to increase a dividing clock
number of the horizontal scanning period corresponding
to a timing at which the non-image signal is actually writ-
ten into the pixels on the liquid crystal panel 107 during
the vertical blanking period from 83 (a dividing clock
number of the horizontal scanning period in the vertical
blanking period in the output video signal shown in FIG.
6) to 100, and evenly reduce, in accordance with the
above-described increase, the dividing clock number of
the other horizontal scanning periods by (100-83)/4=4
(fractional portion is truncated) so as to become
83-4=79.In FIG. 14, a concrete example of the structure
of the third embodiment is shown. In FIG. 14, in the ver-
tical blanking period, a period determining section 1401
outputs "1" during the periods other than the horizontal
scanning periods corresponding to a timing at which the
non-image signal is actually written into the pixels on
the liquid crystal panel 107, and outputs "0" during the
other periods. In the above-described example, what is
needed is to previously set 100 as the dividing clock
number A and 79 as the dividing clock number B, which
are to be supplied to the selector 104.

[0058] Note that, in the above-described example, as
is the case with the first embodiment, it is assumed that
the number of horizontal scanning periods composing
one frame period of the input video signal is unchanged,
but itis possible to apply the third embodiment to a case
where, as is the case with the second embodiment, the
number of horizontal scanning periods composing one
frame period of the input video signal dynamically fluc-
tuates. The structure in that case is shown in FIG. 15.
In FIG. 15, in the adjusting period, a period determining
section 1501 outputs "1" during the periods other than
the horizontal scanning periods corresponding to a tim-
ing at which the non-image signal is actually written into
the pixels on the liquid crystal panel 107, and outputs
"0" during the other periods. An Hr calculating section
1502 calculates Hr as follows. Note that the function F
(x,n) is a function returning a value closest to x among
values of odd multiple of n, and L is the number of gate
lines into which a non-image signal is concurrently writ-
ten.

Vr=F (Ve+Bp,L)

Hro=Bp/(Vr-Ve) X Ht
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Hr=Hro-(Ht-Hro)/L

[0059] In the above-described equations, Hro corre-
sponds to Hr in the second embodiment. In a case
where the input video signal is the same as that shown
in FIG. 10, and 1.25 times frequency conversion is also
performed (that is, in a case where L=4), Hr is 68 (frac-
tional portion is truncated).

[0060] The selector 104 selects, based on the deter-
mination results of the period determining section 1501,
either Ht or Hr, and outputs it to the frequency converting
section 101, and the frequency converting section 101
outputs, based on the dividing clock number supplied
from the selector 104, an output video signal as shown
in FIG. 16.

[0061] Note that, in the above descriptions, it is as-
sumed that a length of the horizontal scanning period
corresponding toa timing at which the non-image signal
is actually written into the pixels on the liquid crystal pan-
el 107 during the vertical blanking period is uncondition-
ally the same length of the horizontal scanning period
in the active video period. However, if consideration is
given only to prevention of inadequate writing of the non-
image signal in this period, Ht may be used as the di-
viding clock number of this period only when Hro<Ht.
For example, in a case as shown in FIG. 8 (Hro=110,
Ht=100) , there is enough writing time of the non-image
signal in the vertical blanking period, whereby Hro (110)
may be used as it is as the dividing clock number of the
horizontal scanning period corresponding to a timing at
which writing of the non-image signal is performed.
[0062] As such, according to the third embodiment, a
length of the horizontal scanning period into which the
non-image signal is written during the vertical blanking
period is controlled so as to be the same length of the
horizontal scanning period of the active video period,
whereby it is possible to prevent fluctuations of the writ-
ing time of the non-image signal, and preventirregularity
of brightness.

(fourth embodiment)

[0063] Now, in the aforementioned first embodiment,
the respective horizontal scanning periods included in
the vertical blanking period of the output video signal
have uniform lengths, but the number of horizontal scan-
ning periods in the vertical blanking period is increased/
decreased, whereby there is a possibility that a length
of the horizontal scanning period in the active video pe-
riod differs significantly from a length of the horizontal
scanning period in the vertical blanking period. The
greater the difference becomes, the higher the possibil-
ity of occurrence of irregularity of brightness becomes.
With reference to FIGS. 17 and 18, the principle thereof
will be described.

[0064] In the anti-back-transition driving, writing of
one image signal and one non-image signal is alternate-
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ly performed during one frame period. In FIG. 17, in each
line, an image signal holding period (a period from writ-
ing of the image signal to subsequent writing of the non-
image signal) and a non-image signal holding period (a
period from writing of the non-image signal to subse-
quent writing of the image signal) are shown. FIG. 18
shows a ratio between the image signal holding period
and the non-image signal holding period in one frame
period on a line basis. As shown in FIG. 18, the ratio
varies by line. This is because a length of the horizontal
scanning period of the vertical blanking period is differ-
ent from that of the active video period. A fourth embod-
iment is characterized in that the above-described irreg-
ularity in brightness is less noticeable.

[0065] In FIG. 19, the structure of a liquid crystal dis-
play apparatus according to the fourth embodiment of
the present invention is shown. In FIG. 19, the liquid
crystal display apparatus includes the frequency con-
verting section 101, the driving pulse generating section
102, the period determining section 103, the source driv-
er 105, the gate driver 106, the liquid crystal panel 107,
and a selector 1901. Note that any component elements
in FIG. 19 similar to those in FIG. 1 are denoted by like
numerals, with the descriptions thereof omitted.

[0066] The third embodiment is characterized in that
the dividing clock number is gradually changed, instead
of being changed in a binary manner, as described in
the first embodiment, between the active video period
and the vertical blanking period. Hereinafter, by taking
a case as an example, in which the input video signal is
a signal shown in FIG. 6, an operation of the third em-
bodiment will be described.

[0067] To the selector 1901, fifteen dividing clock
numbers are supplied. These dividing clock numbers
are sequentially set, for example, 95, 91, 86, 82, 78, 77,
77,77,77,77,78, 82, 86, 91, 96, and the selector 1901
switches these dividing clock numbers in a sequential
order, and supplies them to the frequency converting
section 101 during the vertical blanking period. The total
sum of the dividing clock numbers is determined in ac-
cordance with the length of the vertical blanking period.
For example, in the above-described example, the ver-
tical blanking period is 20x10/50=4ms, whereby each
dividing clock number is set so that the total sum of the
dividing clock numbers becomes 312.5kHzX4ms=
1250. In FIG. 20, a relation between horizontal scanning
periods before and after frequency conversion is shown.
Also, in FIG. 21, a relation of lengths of the respective
horizontal scanning periods during the vertical blanking
period is shown.

[0068] As a result of the above-described control, a
ratio between the image signal holding period and the
non-image signal holding period in one frame period on
a line basis is changed into one shown in FIG. 22,
whereby irregularity of brightness is further improved
compared to the example shown in FIG. 18.
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(fifth embodiment)

[0069] In the above-described first to fourth embodi-
ments, itis assumed that the number of horizontal scan-
ning periods is adjusted by controlling the dividing clock
number supplied to the frequency converting section
101, but the presentinvention, which is not limited there-
to, can achieve the same effects by switching a clock
while fixing the dividing clock number. Hereinafter, as a
fifth embodiment, a structure in which the clock to be
supplied to the frequency converting section is switched
between the active video period and the vertical blank-
ing period will be described.

[0070] InFIG. 23, the structure of a liquid crystal dis-
play apparatus according to the fifth embodiment of the
present invention is shown. In FIG. 23, the liquid crystal
display apparatus includes the driving pulse generating
section 102, the period determining section 103, the
source driver 105, the gate driver 106, the liquid crystal
panel 107, a frequency converting section 2301, and a
selector 2302. Note that any component elements in
FIG. 23 similar to those in FIG. 1 are denoted by like
numerals, with the descriptions thereof omitted.

[0071] To the selector 2302, a clock A (312.5kHz) and
a clock B (375kHz) , which have different frequencies,
are supplied, and the selector 2302 selects either of the
clocks in accordance with the determination results of
the period determining section 103, and supplies it to
the frequency converting section 2301. Specifically, dur-
ing the active video period, the clockA is output, and the
clock B is output during the vertical blanking period.
[0072] In FIG. 24, the structure of the frequency con-
verting section 2301 is shown. Note that any component
elements in FIG. 24 similar to those in FIG. 2 are denot-
edby like numerals, with the descriptions thereof omit-
ted. A control signal generating section 2401 uses the
clock supplied from the selector 2302 as a reading clock
of the line memory 202. That is, during the active video
period, data is read from the line memory 202 based on
the clock of 312.5kHz, and data is read from the line
memory 202 based on the clock of 375kHz during the
vertical blanking period. As a result, a relation between
horizontal scanning periods before and after frequency
conversion is shown in FIG. 25. Thus, the number of
horizontal scanning periods composing one frame peri-
od of the output video signal becomes an odd multiple
of (L+1), whereby it is possible to achieve the same ef-
fect as that of the first embodiment.

[0073] Note that it is assumed that the fifth embodi-
ment has the structure in which the clock is switched by
the selector 2302, but the present invention, which is not
limited thereto, may have the structure in which a fre-
quency of a single clock is changed, as appropriate, us-
ing a PLL, for example.

[0074] Now, it is known that applying of a black-level
non-image signal to the liquid crystal cells for only a time
period predetermined for each frame prevents blurring
of moving images, which is typical of a hold-type display
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element, and enhances a moving image display capa-
bility of the liquid crystal panel. The difference between
the above-described driving in which the black-level
non-image signal is applied to the liquid crystal cells for
only a time period predetermined for each frame and the
anti-back-transition driving is whether the non-image
signal is a black-level signal or a high-voltage signal.
Thus, even in a case where the black-level non-image
signal is applied to the liquid crystal cells for a time pe-
riod predetermined for each frame, irregularity of bright-
ness occurs on the same principle as that of the anti-
back-transition driving, but it is possible to prevent the
irregularity of brightness using the same methods de-
scribed in the above-described embodiments. Thus, the
present invention can be applied not only to driving of
the liquid crystal panel in OCB mode, but also to driving
of a liquid crystal panel in other modes (for example, TN
mode).

INDUSTRIAL APPLICABILITY

[0075] As described above, according to the present
invention, in a case, for example, where anti-back-tran-
sition driving is performed using a liquid crystal panel in
OCB mode, it is possible to minimize increase of a driv-
ing frequency, prevent irregularity of brightness caused
by AC driving of the liquid crystal panel, and reduce cost.

Claims

1. Aliquid crystal display apparatus for displaying vid-
eo by driving a liquid crystal panel based on an input
video signal, the liquid crystal display apparatus
comprising:

a liquid crystal panel having a plurality of source
lines and a plurality of gate lines;

a frequency converting section for generating
an output video signal by inserting one non-im-
age signal, which is to be concurrently written
into pixels on L (L is an integer equal to or great-
er than two) gate lines of the liquid crystal pan-
el, for one line, between image signals compos-
ing the input video signal, for corresponding L
lines, and adjusting a number of horizontal
scanning periods of the output video signal so
that a number of horizontal scanning periods
composing one frame period is (L+1)X(2N+1)
(N is an integer); and

adriver for driving the liquid crystal panel based
on the output video signal generated by the fre-
quency converting section, wherein

the frequency converting section increases/de-
creases a number of horizontal scanning peri-
ods included in a vertical blanking period,
thereby adjusting the number of horizontal
scanning periods composing one frame period.



23

The liquid crystal display apparatus according to
claim 1, wherein

the liquid crystal panel is a liquid crystal panel
in OCB mode, and

the non-image signal is a signal for applying
a predetermined high voltage to a liquid crystal of
the liquid crystal panel so as to prevent a back-tran-
sition.

The liquid crystal display apparatus according to
claim 1, wherein the non-image signal is a black-
level signal.

The liquid crystal display apparatus according to
claim 1, wherein the frequency converting section
generates the output video signal based on either
a dividing clock number for an adjusting period in a
vertical blanking period or a different dividing clock
number for periods other than the adjusting period
in one frame period.

The liquid crystal display apparatus according to
claim 4, further comprising:

a period determining section for determining
whether or not an image signal supplied to the
frequency converting section corresponds to
the adjusting period, based on a synchronizing
signal synchronized with the input video signal;
and

a selector for supplying, to the frequency con-
verting section, either a dividing clock number
for an adjusting period in a vertical blanking pe-
riod or a different dividing clock number for pe-
riods other than the adjusting period in one
frame period, based on results determined by
the period determining section.

The liquid crystal display apparatus according to
claim 4, wherein the adjusting period is a period
from an input of a vertical synchronizing pulse to an
end of a vertical blanking period, and

the liquid crystal display apparatus further
characterized by comprising a dividing clock
number calculating section for calculating, based
on a number of horizontal scanning periods includ-
ed in a period from a start of an active video period
to an input of a vertical synchronizing pulse, a di-
viding clock number corresponding to a following
adjusting period.

The liquid crystal display apparatus according to
claim 1, wherein the frequency converting section
increases/decreases a number of horizontal scan-
ning periods included in a period from an input of a
vertical synchronizing pulse to an end of a vertical
blanking period, based on a number of horizontal
scanning periods included in a period from a start
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of an active video period to an input of the vertical
synchronizing pulse.

The liquid crystal display apparatus according to
claim 1, wherein the frequency converting section
generates an output video signal whose length of
horizontal scanning period, which corresponds to a
timing at which the non-image signal is written into
pixels of the liquid crystal panel in an adjusting pe-
riod included in the vertical blanking period, is equal
to or greater than a length of a horizontal scanning
period included in periods other than the adjusting
period of one frame period.

The liquid crystal display apparatus according to
claim 1, wherein the frequency converting section
generates an output video signal whose lengths of
respective horizontal scanning periods are sub-
stantially uniform in an adjusting period included in
the vertical blanking period.

The liquid crystal display apparatus according to
claim 1, wherein the frequency converting section
generates an output video signal whose lengths of
respective horizontal scanning periods are gradu-
ally changed in an adjusting period included in the
vertical blanking period.

Aliquid crystal display apparatus driving method for
displaying video by driving a liquid crystal panel
having a plurality of source lines and a plurality of
gate lines, based on an input video signal, the meth-
od characterized by:

generating an output video signal by inserting
one non-image signal, which is to be concur-
rently written into pixels on L (L is an integer
equal to or greater than two) gate lines of the
liquid crystal panel, for one line, between image
signals composing the input video signal, for
corresponding L lines, and adjusting a number
of horizontal scanning periods of the output vid-
eo signal so that a number of horizontal scan-
ning periods composing one frame period is
(L+1)X(2N+1) (N is an integer);

driving the liquid crystal panel based on the out-
put video signal; and

increasing/decreasing a number of horizontal
scanning periods included in a vertical blanking
period, thereby adjusting a number of horizon-
tal scanning periods composing one frame pe-
riod.

The liquid crystal display apparatus driving method
according to claim 11, further characterized by
generating the output video signal based on either
a dividing clock number for an adjusting period in a
vertical blanking period or a different dividing clock
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number for periods other than the adjusting period
in one frame period.

The liquid crystal display apparatus driving method
according to claim 12, further characterized by:

making determination, based on a synchroniz-
ing signal synchronized with an input video sig-
nal, whether or not each image signal included
in the input video signal corresponds to the ad-
justing period;

selecting either a dividing clock number for an
adjusting period or a different dividing clock
number for periods other than the adjusting pe-
riod in one frame period, based on the determi-
nation results; and

generating the output video signal based on the
selected dividing clock number.

The liquid crystal display apparatus driving method
according to claim 12, wherein

the adjusting period is a period from an input
of a vertical synchronizing pulse to an end of a ver-
tical blanking period, and the method further char-
acterized by:

calculating a dividing clock number, based on
anumber of horizontal scanning periods includ-
ed in a period from a start of an active video
period to an input of a vertical synchronizing
pulse, the dividing clock number corresponding
to a following adjusting period.

The liquid crystal display apparatus driving method
according to claim 11, further characterized by in-
creasing/decreasing a number of horizontal scan-
ning periods included in a period from an input of a
vertical synchronizing pulse to an end of a vertical
blanking period, based on a number of horizontal
scanning periods included in a period from a start
of an active video period to an input of a vertical
synchronizing pulse.

The liquid crystal display apparatus driving method
according to claim 11, further characterized by
generating an output video signal whose length of
a horizontal scanning period corresponding to a tim-
ing at which the non-image signal is written into pix-
els of the liquid crystal panel in an adjusting period
included in the vertical blanking period is equal to
or greater than a length of a horizontal scanning pe-
riod in periods other than the adjusting period in one
frame period.

The liquid crystal display apparatus driving method
according to claim 11, further characterized by
generating an output video signal whose lengths of
respective horizontal scanning period are substan-
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18.

26

tially uniform in an adjusting period included in the
vertical blanking period.

The liquid crystal display apparatus driving method
according to claim 11, further characterized by
generating an output video signal whose lengths of
respective horizontal scanning period are gradually
changed in an adjusting period included in the ver-
tical blanking period.
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