US 20130107152A1
a9 United States

12y Patent Application Publication (o) Pub. No.: US 2013/0107152 A1

Okumura (43) Pub. Date: May 2, 2013
(54) LIQUID CRYSTAL DISPLAY DEVICE (52) US.CL
CPC .o GO2F 1/13306 (2013.01)
(75) Inventor: Hiroshi Okumura, Osaka-shi (JP) USPC e 349/41; 349/33
(73) Assignee: Sharp Kabushiki Kaisha, Osaka-shi,
Osaka (JP) (57) ABSTRACT
(21)  Appl. No.: 13/807,405 A liquid crystal display device (1) includes: a plurality of
a1 groups of scanning lines (Gia) and (Gib) via which gate
(22)  PCT Filed: Apr. 20,2011 signals are outputted to a plurality of pixels (PIX); and scan-
(86) PCT No.: PCT/IP2011/059739 ning line driving circuits (5a) and (54) which generate the
gate signals and which are disposed for each separate one of
§ 371 (0)(D), a plurality of groups of scanning lines (Gia) and (Gib), the
(2), (4) Date:  Dec. 28,2012 liquid crystal display device (1) further including potential
. Lo L. control circuits (15a) and (155), placed in front of the scan-
(30) Foreign Application Priority Data ning line driving circuits (Sa) and (5b), respectively which
incline, for each separate one of the groups of scanning lines
Jul. 8’ 2010 (JP) ................................. 2010'155759 (Gia) and (Gib)’ falling edges Of high_potential Signals
Publication Classification (VGH1) and (VGH2) in accordance with which the gate
signals are generated and which are composed of pulse
(51) Imt.CL waves. This prevents luminance unevenness from occurring
GO2F 1/133 (2006.01) in each display region.
4
b J
------ CONTROL QIRGUIT
(
! SIGNAL LINE BRIVING CIRCUIT
' 3 ' 8d-1 54
- ~1G1a
. ]
= = lapa
20y R HEET |2
= - ( ‘ ]
gl {2 it i 5
3 E g
“ b =
“iGia =
%
s B p
R . . e
- irj T FJ “““ H 2
& va T o 2
-~ ?i RN m g iﬁr {:}iﬁ
E # bty hedd Pl
b = S
3l |2 ik
& ais TGslk
is.t;ff?“ ﬁ.uii:?" gty ’"‘Cf‘.?




Patent Application Publication May 2, 2013 Sheet 1 of 12 US 2013/0107152 A1

FiG. 1

CONTROL GIRCUIT
SICNAL LINE DRIVING CIRGUIT |
; s g 52 Su-1 54 ,
~ty pe6ia '

LR ’"{Efv%mi

L

Beed
-

i2a

Ve

SLOPE ADJUSTHENT CIRGUIT
¥

sl

SCAMNING LINE DRIVING SIRCBIT
i
) O s g |
]
o of
8|
]
3
I
1
SR

Gia

= > ——
15 ba

Glb

RUXILIARY CAPACITOR LINE BRIVIfG CIRCULT

& ,
- i ,wwf“:} SR J i "} ¢ if.?i—)‘i
g2 2 ; i R
= o G-
< 4
% Va2 :‘; Gob Csl k-1
e : T e
iﬁg i e J “L,‘ii """ } 2 [H’}
IR - e
E = R i s 3 8
. = s
& = L8
2 “alk

Gib

o
T3

i
#

"~




Patent Application Publication May 2, 2013 Sheet 2 of 12 US 2013/0107152 A1

FIG. 2
gi7] Va1 ouTRUT _5a
VaH Q 9 SCANNING
LINE
DCP DRIVING
(DIGITAL POTENTIOMETER) CIRCUIT
CONSTANT~CURRENT
_GIRCUIT=RESISTOR |
>—€€ a1
OPAMP1 51
ﬁﬁ!i ES E §1\153
VRI |
— e
GS SWITCH «— ) (FET1
ON/OFF —
VGH2 OUTPUT
__5b
vee VGH -

Q@ SCANNING
LINE

DRIVING

CIRCUIT

e 2
(DIGITAL POTENTIOMETER)

| CONSTANT—CURRENT

Ri2 | T
iz ao -CIRCUIT=RESISTOR. | __
R22 —
RL2$——o—— i
R-DCP2
R23

GS SWITCH
ON/OFF



US 2013/0107152 A1l

May 2, 2013 Sheet 3 of 12

Patent Application Publication

e - A9L AL L=2Y¥A
i< AOZ A9 "0=2VA
AVZ AL 0=2YA

ASE CETHCHOA

................................... AL0 2VA
IIIIIIIIIIIIIIIIIIIIII 19°0 2vA
........................................... e

....... oA

y~2WA -, e ASL ALTL=1YA
Q Ko (o — — — — A0Z A9 0=LVA
RS uintainiale AYT AL O=1¥A

ASE CEFHLHDA

A0°0 Sd
[ N S L I
B — =TT ASTE Sd

|

INJNLSnray
WAOJIAYM
41

(EVE

(#)

(®)

(P)

(®)

(9

(e)

€ Old



US 2013/0107152 A1l

May 2,2013 Sheet 4 of 12

Patent Application Publication

05:LE:61
200Z Inlg

At

ANTYA WONININ ¥UO

it

ANVA FOVYIAY €YD

A08 €

ANVA WNWINTIN 240

A06 6
INTVA WOWINTI

1ud

[ %00 08/m

AD0'S [pUD AQDS [EUD
A0'SE £ 1ud ¢ [sHooziw  A00'S zudl  Ap0's W

| Naaud Yal,

¥ Old



Patent Application Publication

FIG. 5

May 2,2013 Sheet S of 12

US 2013/0107152 A1

(a)

(b)

(e¢)




Patent Application Publication

May 2,2013 Sheet 6 of 12 US 2013/0107152 A1l

FIG. 6
EXAWPLES OF DEFECT|VE EXAWPLES OF DEFEGT|VE
DISPLAYS IN CASE OF DISPLAYS IN GASE OF
UP-AND-DOWN DIVISION RIGHT-AND-LEFT DIVISION
NORMAL

DEFECT 1

DEFECT 5

DEFECT 1

DEFECT 2

DEFECT 3

DEFECT 4

DEFECT 5




Patent Application Publication May 2, 2013 Sheet 7 of 12 US 2013/0107152 A1

FIG. 7
100
/
G'l
N3 REGION A $
Gm
GIr'n+1
N REGION B §
GZm
ci2m+‘l
= REGION C S
— GSm
SGANNING SIGNAL
DRIVER DRIVER
~

120 130



Patent Application Publication May 2, 2013 Sheet 8 of 12

FIG. 8

v

US 2013/0107152 A1l

AN

h
A

REGION A §

Wa
G MR

Wb

REGION B $

Wcr]

REGIONC < ¢

. Wc—-»l—«q—



Patent Application Publication May 2, 2013 Sheet 9 of 12 US 2013/0107152 A1

FIG. 9

REGION A T
(G,~G,) R

REGION B
(Gm+1 NGEm)

REGION G N —
! <
(G2m+1 NGEmj B



Patent Application Publication May 2, 2013 Sheet 10 of 12 US 2013/0107152 A1

e ;
. ¥ __200-1 $ 2002
e
B (= o =
o) ST S
N | | | S 5 N
38| G s
e
y ] Yl i s
i sl
N LS|

401



Patent Application Publication May 2, 2013 Sheet 11 of 12 US 2013/0107152 A1

FIG. 11
coeoo[ | [ [ L] 1 L. 1
|
Sto400 | | | L] _l | | B
—7|—F—— Tslope
Vct400 /1 /1 1 VL 1 7 :t:vcth
VYM400 | Vgh
\l \} i\ \, _‘_\-,: \E/slope
N~ ]:vﬁi?,e
M —
VGAOD — — —— — — e e — SR N VT

——————— Eae— —— — — — Vg



Patent Application Publication May 2, 2013 Sheet 12 of 12 US 2013/0107152 A1

FIG. 12

300~1 L f ot

Veh INTERNAL |
Vel —¢ MODULAT [ON
Ste ] SECTION

VM100

10 315-1 ,
51 1 SCANNING S]GNAL ! G(0)
- LINE DRIVING

SECTION ‘ G

H' 310-2
INTERNAL ,_f

MODULAT ION
SECTION

300-2 -

VM200

315-2|
w\ SCANNING S]GNAL | ¢l()]

~ LINE DRIVING |
SEGT I ON Gim)

300‘3 -]

L - | 310-3
1 [ INTERNAL Af

MODULATION
SECTION

VM300

315-3 —_ |
W\ SCANNING SI1GNAL ] G(n)
— LINE DRIVING

SECTION L e




US 2013/0107152 Al

LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device capable of controlling the inclination of a falling
edge of a scanning signal.

BACKGROUND ART

[0002] In recent years, large-sized liquid crystal display
panels have been under development. A large-sized liquid
crystal display panel may exhibit symptoms of a partial dif-
ference in luminance within the liquid crystal display panel
when, in an inspecting step at a manufacturing stage, the
liquid crystal display panel displays a screen image for
inspection (so-called “solid screen image”) of the same low-
tone color (hereinafter such symptoms being referred to as
“luminance unevenness”).

[0003] The occurrence of such luminance unevenness in a
large-sized panel is due to the fact that production tolerance
within a liquid crystal display panel, such as variations in line
width and film thickness within a TFT substrate, tends to
occur in a plane of a single liquid crystal display panel and
variations in gradation due to TFT characteristics and/or para-
sitic capacitances on wires occur with an in-plane distribu-
tion. In particular, a panel based on divisional driving may
prominently exhibit luminance unevenness.

[0004] Patent Literature 1 discloses dividing a display
panel into a plurality of regions and controlling a gate pulse
width for each of the regions divided from each other, in order
that the display panel is prevented from exhibiting luminance
unevenness.

[0005] FIG. 7 is a diagram schematically showing the loca-
tions of a display panel 100, a scanning driver 120, and a
signal driver 130 as described in Patent Literature 1.

[0006] The display panel 100 has its display region divided
into three regions A, B, and C arranged in the order of decreas-
ing distance from the scanning driver 120 along a column-
wise direction. The scanning driver 120 applies scanning
signals G, to G,, to scanning lines of the region A, applies
scanning signals G,,,, to G, to scanning lines of the region
B, and applies scanning signals G to G, to scanning
lines of the region C.

[0007] FIG. 8 is a diagram showing the waveforms of the
scanning signals G that are applied to the scanning lines of the
display panel 100.

[0008] As shown in FIG. 8, the pulse width Wb of each of
the scanning signals G,,, , to G, that are applied to the scan-
ning lines of the region B is smaller than the pulse width Wa
ofeach of the scanning signals G, to G,, that are applied to the
scanning lines of the region A. Furthermore, the pulse width
Wec of each of the scanning signals G,,,,; to G; that are
applied to the scanning lines of the region C is smaller than the
pulse width Wb of each of the scanning signals G,,,, to G,
that are applied to the scanning lines of the region B.

[0009] FIG.9isadiagram showing examples of waveforms
of the scanning signals G that are applied to each separate
pixel of the display panel 100.

[0010] FIG. 9 shows the waveform of a signal that is
applied to each scanning line Lg of the region A, the wave-
form of a signal that is applied to each scanning line L.g of the
region B, and the waveform of a signal that is applied to each
scanning line Lg of the region C, starting from the top. It
should be noted that each of the dotted lines indicates the

2m+1
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waveform of a scanning signal G at the point in time where the
scanning signal G was outputted from the scanning driver
120.

[0011] By thus setting, for each of the regions A, B, and C
into which the display panel 100 has been divided, the pulse
width Wa, Wb, or Wc of each of the scanning signals G that
are applied to the scanning lines of that region, periods of time
ta, tb, and tc during which the TFT of each separate display
pixel of the display panel 100 carries out an ON operation are
made substantially equal.

[0012] This causes display signal voltages to be applied to
each separate display pixel for substantially uniform periods
of time, thus preventing deterioration in image quality of a
display image from occurring due to a biased wiring load.
[0013] Patent Literature 2 discloses a liquid crystal display
device which forms, in at least either of a rising or a falling
edge portion of a pulse wave that drives a signal line or a
scanning line, a region of a level value that is lower than a
peak value of the pulse wave. This prevents display uneven-
ness from occurring due to a distortion of a pulse wave along
with inversion or the like.

[0014] Patent Literature 3 discloses a liquid crystal display
device which, by inclining the waveform of a falling edge
portion of a scanning signal, makes it harder for the waveform
of the falling edge portion of the scanning signal to be dis-
torted.

[0015] FIG. 10 is a diagram showing a configuration of the
liquid crystal display device of Patent Literature 3.

[0016] As shown in FIG. 10, the liquid crystal display
device 400 includes a liquid crystal display panel 401, picture
signal lines 5400, scanning signal lines G400, picture signal
line driving circuits 200-1 and 200-2, scanning signal line
driving circuits 300-1 to 300-3, and a control circuit 600.
[0017] FIG. 11 is a diagram showing the waveforms of
signals that are outputted from the picture signal line driving
circuits 200-1 and 200-2, the scanning signal line driving
circuits 300-1 to 300-3, and the control circuit 600.

[0018] FIG. 12 is a diagram showing a configuration of the
scanning signal line driving circuits 300-1 to 300-3.

[0019] The control circuit 600 generates a clock signal
GCK 400 and a periodic signal Stc400 in accordance with
which the picture signal line driving circuits 200-1 and 200-2
and the scanning signal line driving circuits 300-1 to 300-3
operate.

[0020] Each of the picture signal line driving circuits 200-1
and 200-2 uses the clock signal GCK400 to apply, to the
picture signal lines 5400, a picture signal supplied from an
outside source. Each of the scanning signal line driving cir-
cuits 300-1 to 300-3 uses the clock signal GCK400 and the
periodic signal Stc400 to generate a scanning signal VG400
and apply it to the scanning signal lines G400.

[0021] The scanning signal line driving circuit 300-1
includes an internal modulation section 310-1 and a scanning
signal line driving section 315-1. The internal modulation
section 310-1 generates a driving signal VM100 in accor-
dance with a potential Vgh and an intermediate signal Vct400.
The scanning signal line driving section 315-1 generates a
scanning signal VG400 in accordance with the driving signal
VM400 generated by the internal modulation section 310-1.
[0022] Theinclination of a falling edge portion of the scan-
ning signal VG400 makes it harder for a falling edge of the
scanning signal VG400 to be distorted, thus preventing dete-
rioration in display quality.
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[0023] Furthermore, the scanning signal line driving cir-
cuits 300-1 to 300-3 have their internal wires connected to
one another via a signal wire 305. This allows averaging of the
waveforms of the driving signals VM100 to 300 that are
applied to the internal wires, respectively. That is, this allows
the driving signals VM100 to VM300 to have their respective
sloping parts to be substantially equal in inclination to one
another. This prevents display quality from varying from one
display area to another.

CITATION LIST

Patent Literature 1

[0024] Japanese Patent Application Publication, Tokukai,
No. 2007-156080 A (Publication Date: Jun. 21, 2007)
[0025] Patent Literature 2

[0026] Japanese Patent Application Publication, Toku-
kaihei, No. 5-46128 A (Publication Date: Feb. 26, 1993)
[0027] Patent Literature 3

[0028] International Publication No. WO 2007/052408 Al
(Publication Date: May 10, 2007)

SUMMARY OF INVENTION

Technical Problem

[0029] However, Patent Literature 1 is intended to change a
gate pulse width per se, but cannot make it possible to adjust
a falling edge of a gate signal (scanning signal).

[0030] Patent Literature 2 cannot make it possible to adjust
a distortion of a pulse wave for each region of the display
panel, and therefore cannot make it possible to prevent lumi-
nance unevenness for each region of the display panel.
[0031] By connecting the plurality of scanning signal line
driving circuits 300-1 to 300-3 to one another via the signal
wire 305, Patent Literature 3 can make it possible to suppress
variations among the driving signals VM100 to VM300 gen-
erated by the respective driving circuits. However, Patent
Literature 3 cannot make it possible to prevent luminance
unevenness from occurring due to in-plane variations such as
parasitic capacitances in the liquid crystal display panel 401.
[0032] Especially, inthe case ofa large-sized display panel,
production tolerance within a liquid crystal display panel
occurs in a plane of a single liquid crystal display panel, so
that variations in gradation may occur with an in-plane dis-
tribution. Especially, in the case of a panel based on divisional
driving, such variations in gradation tend to be seen as lumi-
nance unevenness at an end face of the panel.

[0033] In this case, since the panel characteristics of varia-
tions in gradation have an in-plane distribution, such a prob-
lem arises that even adjustment of the inclination of a falling
edge portion of the scanning signal VG400 by the liquid
crystal display device 400 merely results in a shift in the
inclination of the falling edge portion of the scanning signal
VG400 in the liquid crystal display panel 401 as a whole and
cannot lead to a reduction in variations in gradation (i.e.,
luminance unevenness) in a plane of the liquid crystal display
panel 401.

[0034] The present invention has been made in order to
solve the foregoing problems, and it is an object of the present
invention to prevent the occurrence of luminance unevenness
in each display region by adjusting a falling edge of a scan-
ning signal for each group of scanning lines.
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Solution to Problem

[0035] In order to solve the foregoing problems, a liquid
crystal display device of the present invention includes: scan-
ning line driving sections which generate scanning signals;
and a plurality of scanning lines via which the scanning
signals generated by the scanning line driving sections are
outputted to a plurality of pixels, the scanning line driving
sections being disposed for each separate one of a plurality of
groups of scanning lines which constitute the plurality of
scanning lines, the liquid crystal display device further com-
prising potential control circuits which incline, for each sepa-
rate one of the groups of scanning lines, falling edges of
scanning signal generating signals in accordance with which
the scanning signals are generated, the potential control cir-
cuits being placed in front of the scanning line driving sec-
tions, respectively, the scanning signal generating signals
being composed of pulse waves.

[0036] According to the foregoing configuration, the scan-
ning line driving sections are disposed for each separate one
ofa plurality of groups of scanning lines which constitute the
plurality of scanning lines. This makes it possible to reduce
the number of scanning lines that are driven by a single
scanning line driving section, thus making it possible to pre-
vent distortion of falling edges of gate signals that are output-
ted to the scanning lines.

[0037] According to the foregoing configuration, the liquid
crystal display device includes potential control circuits
which incline falling edges of scanning signal generating
signals in accordance with which the scanning signals are
generated, the potential control circuits being placed in front
of the scanning line driving sections, respectively, the scan-
ning signal generating signals being composed of pulse
waves.

[0038] This allows the scanning line driving sections to
acquire the scanning signal generating signals composed of
pulse waves whose falling edges have been inclined by the
slope adjustment circuits. Then, the scanning line driving
sections generate scanning signals from the scanning signal
generating signals thus acquired. For this reason, the shapes
of pulse waves of the scanning signals generated by the scan-
ning line driving sections are also shapes having inclined
falling edges. Thus, the scanning signals generated by the
scanning line driving sections have the shapes of pulse waves
whose falling edges are inclined, and as such, can make it
harder for the falling edges to be distorted.

[0039] Further, the slope adjustment circuits incline the
falling edges of the scanning signal generating signals for the
groups of scanning lines, respectively. For this reason, the
slopes of the falling edges of the scanning signal generating
signals can be optimized in accordance with parasitic capaci-
tors and the like that are formed in each of the plurality of
groups of scanning lines. This makes it possible to prevent a
sloping part of a falling edge of a gate signal that is outputted
to each scanning line from varying between the groups of
scanning lines.

[0040] Thus, aliquid crystal display device can be provided
which prevents the occurrence of luminance unevenness in
each display region by adjusting a falling edge of a scanning
signal for each group of scanning lines.

Advantageous Effects of Invention

[0041] A liquid crystal display device of the present inven-
tion includes: scanning line driving sections which generate
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scanning signals; and a plurality of scanning lines via which
the scanning signals generated by the scanning line driving
sections are outputted to a plurality of pixels, the scanning
line driving sections being disposed for each separate one of
a plurality of groups of scanning lines which constitute the
plurality of scanning lines, the liquid crystal display device
further comprising potential control circuits which incline,
for each separate one of the groups of scanning lines, falling
edges of scanning signal generating signals in accordance
with which the scanning signals are generated, the potential
control circuits being placed in front of the scanning line
driving sections, respectively, the scanning signal generating
signals being composed of pulse waves.

[0042] This brings about an effect of making it possible to
provide a liquid crystal display device which prevents the
occurrence of luminance unevenness in each display region
by adjusting a falling edge of a scanning signal for each group
of scanning lines.

BRIEF DESCRIPTION OF DRAWINGS

[0043] FIG. 1 is a diagram showing a configuration of a
liquid crystal display device of the present invention.

[0044] FIG. 2 is a circuit diagram showing a configuration
of slope adjustment circuits of the liquid crystal display
device of the present invention.

[0045] FIG. 3 is adiagram showing signals that are inputted
to and outputted from the slope adjustment circuits and scan-
ning line driving circuits of the liquid crystal display device of
the present invention.

[0046] FIG. 4is a diagram showing the waveforms of high-
potential signals outputted from the slope adjustment circuits.
[0047] FIG. S is a diagram showing the appearance of
screen images for inspection of the same low-tone color as
displayed in the step of inspecting a liquid crystal display
panel.

[0048] FIG. 6 is a diagram showing display screen images
on liquid crystal panels exhibiting luminance unevenness.
[0049] FIG. 7 is a diagram schematically showing the loca-
tions of a conventional display panel, its scanning driver, and
its signal driver.

[0050] FIG. 8is a diagram showing the waveforms of scan-
ning signals that are applied to scanning lines of the conven-
tional display panel.

[0051] FIG.9isadiagram showing examples of waveforms
of the scanning signals that are applied to each separate pixel
of the conventional display panel.

[0052] FIG. 10 is a diagram showing a configuration of a
conventional liquid crystal display device.

[0053] FIG. 11 is a diagram showing the waveforms of
signals that are outputted from picture signal line driving
circuits, scanning signal line driving circuits, and a control
circuit of the conventional liquid crystal display device.
[0054] FIG. 12 is a diagram showing a configuration of the
scanning signal line driving circuits of the conventional liquid
crystal display device.

DESCRIPTION OF EMBODIMENTS

[0055] An embodiment of the present invention is
described in detail below.

[0056] (Configuration of a Liquid Crystal Display Device)
[0057] FIG. 1 shows a configuration of a liquid crystal
display device 1 according to the present embodiment.
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[0058] Theliquid crystal display device 1 includes: a liquid
crystal display panel 2; and a control circuit 8, which outputs
signals to each circuit formed in the liquid crystal panel 2 and
which controls driving of pixels of the liquid crystal display
panel 2.
[0059] The liquid crystal display panel 2 includes a display
region 3, scanning line (gate line) driving circuits (scanning
line driving sections) 5a and 54, a signal line (source line)
driving circuit 6, and an auxiliary capacitor line driving cir-
cuit 7.
[0060] The liquid crystal display panel 2 is a display panel
including: an active-matrix substrate on which the display
region 3, a plurality of scanning lines (gate bus lines) Gla,
G1b,G2a,G2b, .. .,Gia,and Gib (where 1 is a natural number
of'1 to 1), a plurality of signal lines (source bus lines) S1, S2,
., and Sj (j is an natural number of 1 to J), auxiliary
capacitor lines (Cs bus lines) CsH1, CsLL1, CsH2, CsL2, . . .,
CsHk, and CsLk (k is a natural number of 1 to K), the scan-
ning line driving circuits Sa and 5b, the signal line driving
circuit 6, and the auxiliary capacitor line driving circuit 7 have
been fabricated; a liquid crystal layer; and a counter substrate
placed opposite the active-matrix substrate with the liquid
crystal layer sandwiched therebetween.
[0061] Thedisplay region 3 is a region having a plurality of
pixels PIX arranged in rows and columns. Each of the pixels
PIX includes: a TFT element 11, which is a selection element
of the pixel PIX; a liquid crystal capacitor; and an auxiliary
capacitor 12.
[0062] It should be noted here that in the present embodi-
ment, those ones of the scanning lines Gla, G1b, G2a, G2b,
..., Gia, and Gib each of which is connected its correspond-
ing ones of the pixels disposed in the upper half of the drawing
are referred to as “group of scanning lines Gia”, and those
ones of the scanning lines Gla, G1b, G2a, G2b, . . ., Gia, and
Gib each of which is connected its corresponding ones of the
pixels disposed in the lower half of the drawing are referred to
as “group of scanning lines Gib”.
[0063] Assuming that the direction along which the signal
lines Sj extend is a vertical direction, the group of scanning
lines Gia and the group of scanning lines Gib are arranged in
the order of increasing distance from the signal line driving
circuit 6 along the vertical direction.

[0064] The TFT element 11 has its gate electrode g con-
nected to the group of scanning lines Gia or the group of
scanning lines Gib, and has its source electrode s connected to
a signal line Sj. The TFT element 11 has its drain electrode d
connected to the liquid crystal capacitor and the auxiliary
capacitor 12, which is connected to an auxiliary capacitor line
CsHk and an auxiliary capacitor line CsLk.

[0065] The counter substrate has counter electrodes placed
thereon in such a way as to face each separate auxiliary
capacitor 12 with the liquid crystal layer sandwiched therebe-
tween.

[0066] The scanning line driving circuits Sa and 54, the
signal line driving circuit 6, and the auxiliary capacitor line
driving circuit 7 are controlled in accordance with signals that
are outputted from the control circuit 8.

[0067] The signal line driving circuit 6 is provided in a
region adjacent to one side of the display region 3 along the
direction along which the signal lines Sj extend. The liquid
crystal display panel 2 is provided with a single signal line
driving circuit, namely the signal line driving circuit 6, with
the signal lines Sj connected to the signal line driving circuit
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6. The signal line driving circuit 6 supplies data signals to the
signal lines Sj in accordance with a control signal from the
control circuit 8.

[0068] Each of the signal lines Sj is not divided halfway
through, and is connected in such a way as to extend to the
pixel PIX placed in the farthest location from the signal line
driving circuit 6. Thus, in the liquid crystal display device 1,
the single signal line driving circuit 6 formed in the liquid
crystal display panel 2 controls driving of the pixel PIX
formed in the farthest location from the signal line driving
circuit 6.

[0069] The auxiliary capacitor line driving circuit 7 is pro-
vided in a region adjacent to one side of the display region 3
along the direction along which the auxiliary capacitor lines
CsHk and CsLk extend. The liquid crystal display panel 2 is
provided with a single auxiliary capacitor line driving circuit
7, namely the auxiliary capacitor line driving circuit 7, which
is placed opposite the scanning line driving circuits 5a and 556
with the display region 3 interposed therebetween, with the
auxiliary capacitor lines CsHk and CsLk connected to the
auxiliary capacitor line driving circuit 7. The auxiliary
capacitor line driving circuit 7 supplies auxiliary capacitor
driving signals to the auxiliary capacitor lines CsHk and CsLk
in accordance with a control signal from the control circuit 8.

[0070] The auxiliary capacitor lines CsHk are wires
through which high-voltage signals are supplied to the aux-
iliary capacitors 12. The auxiliary capacitor lines CsLk are
wires through which low-voltage signals are supplied to the
auxiliary capacitors 12.

[0071] Each ofthe auxiliary capacitor lines CsHk and CsLk
is not divided halfway through, and is connected in such a
way as to extend to the pixel PIX placed in the farthest
location from the auxiliary capacitor line driving circuit 7.
Thus, in the liquid crystal display device 1, the single auxil-
iary capacitor line driving circuit 7 formed in the liquid crys-
tal display panel 2 controls driving of the pixel PIX formed in
the farthest location from the auxiliary capacitor line driving
circuit 7.

[0072] It should be noted that the liquid crystal display
panel 2, in which the single signal line driving circuit 6 and
the single auxiliary capacitor line driving circuit 7 controls
driving of all the pixels PIX formed in the display region 3, is
sometimes referred to as “liquid crystal display panel not
based on divisional driving”.

[0073] The scanning line driving circuits 5a and 56 serve to
generate gate signals (scanning signals). In the liquid crystal
display device 1, the liquid crystal display panel 2 is provided
with a total of two scanning line driving circuits, namely the
scanning line driving circuit 5a and scanning line driving
circuit 55, which are placed opposite the auxiliary capacitor
line driving circuit 7 with the display region 3 interposed
therebetween.

[0074] The scanning line driving circuit Sa is provided in a
region adjacent to one side of the display region 3 along the
direction along which the group of scanning lines Gia extend.
The scanning line driving circuit 54 is provided in a region
adjacent to one side of the display region 3 along the direction
along which the group of scanning lines Gib extend.

[0075] The scanning line driving circuits 5a and 54, placed
in such a way as to be able to drive the pixels PIX with the
pixels PIX divided into a plurality of groups, are disposed for
the groups of scanning lines Gia and Gib, respectively. The
group of scanning lines Gia are connected to the scanning line
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driving circuit Sa, and the group of scanning lines Gib are
connected to the scanning line driving circuit 5.

[0076] Thescanning line driving circuit 5a serves to control
driving of upper-half ones of the pixels PIX formed in the
display region 3. The scanning line driving circuit 55 serves to
control driving of lower-half ones of the pixels PIX formed in
the display region 3.

[0077] The groups of scanning lines Gia and Gib are not
divided halfway through, and are connected in such a way as
to extend to the pixels PIX placed in the farthest locations
from the scanning line driving circuits 5a and 54. Thus, in the
liquid crystal display device 1, the scanning line driving cir-
cuits 5a and 54 formed in the liquid crystal display panel 2
control the gate electrodes d of the pixels PIX formed in the
farthest locations from the scanning line driving circuits 5a
and 5b.

[0078] The scanning line driving circuit 5a supplies a gate
signal to each scanning line in the group of scanning lines Gia
in accordance with a control signal from the control circuit 8.
That is, the scanning line driving circuit 5a outputs gate
signals via the group of scanning lines Gia to the upper-half
ones of the pixels PIX formed in the display region 3.
[0079] The scanning line driving circuit 55 supplies a gate
signal to each scanning line in the group of scanning lines
[0080] Gib in accordance with a control signal from the
control circuit 8. That is, the scanning line driving circuit 56
outputs gate signals via the group of scanning lines Gib to the
lower-halfones of the pixels PIX formed in the display region
3.

[0081] Itshould be noted here that the scanning line driving
circuits 5a and 5b output gate signals composed of pulse
waves having inclined falling edges (slopes) to the groups of
scanning lines Gia and Gib, respectively.

[0082] Of the pulse waveforms of gate signals or high-
potential signals (scanning signal generating signals) VGH1
and VGH2 in accordance with which gate signals are gener-
ated, a pulse waveform whose falling edge slopes are
inclined, i.e. whose falling edge potentials decrease by lin-
early sloping is referred to as a gate slope (sloping part of a
falling edge). Further, a waveform having a gate slope is
referred to as “gate slope waveform”.

[0083] The scanning line driving circuits 5a and 55 acquire
high potentials (scanning signal generating signals) VGH1
from the slope adjustment circuits 15a and 155, respectively,
and generate gate signals from the high-potential signals
VGH1 thus acquired. Then, the scanning line driving circuits
5a and 56 output the gate signals thus generated to the groups
of'scanning lines Gia and Gib connected to the scanning line
driving circuits 5a and 55, respectively.

[0084] The high-potential signals VGH1 and VGH2 that
the scanning line driving circuits 5a and 56 acquire from the
slope adjustment circuits 15a and 155 take gate slope wave-
forms. Since the scanning line driving circuits Sa and 56
generate gate signals from the high-potential signals VGH1
and VGH2, the gate signals thus generated take gate slope
waveforms.

[0085] The slope adjustment circuits (potential control cir-
cuits) 15a and 156 are placed in front of the scanning line
driving circuits 5a and 55, respectively. That is, the slope
adjustment circuit 15a is placed between the control circuit 8
and the scanning line driving circuit 5a, and the slope adjust-
ment circuit 155 is placed between the control circuit 8 and
the scanning line driving circuit 54.
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[0086] The slope adjustment circuits (potential control cir-
cuits) 15a and 155 acquire high potentials (scanning signal
generating signals) VGH, composed of pulse waves, in accor-
dance with which gate signals are generated, and incline
falling edges of the acquired high potentials (scanning signal
generating signals) VGH1 and VGH2 for the groups of scan-
ning lines Gia and Gib, respectively. Then, the slope adjust-
ment circuits 15a and 155 output, to the subsequent scanning
line driving circuits 5a and 54, the high potentials VGH1 and
VGH2 inclined for the groups of scanning lines Gia and Gib,
respectively.

[0087] The slope adjustment circuits 15a and 155 are con-
figured such that the voltage waveform of either of the slope
adjustment circuits 15a and 155 can be adjusted with refer-
ence to the voltage waveform of the other one of the slope
adjustment circuits 15a and 155. That is, the slope adjustment
circuits 15a and 154 are configured such that the waveform of
a voltage that is outputted from the slope adjustment circuit
156 can be adjusted with reference to the waveform of a
voltage that is outputted from the slope adjustment circuit 15a
(scanning line driving circuit 5a) or that the waveform of a
voltage that is outputted from the slope adjustment circuit 15a
can be adjusted with reference to the waveform of a voltage
that is outputted from the slope adjustment circuit 15a (scan-
ning line driving circuit 55). The slope adjustment circuits
15a and 155 will be described in detail below.

[0088] Thus, in the liquid crystal display device 1, the scan-
ning line driving circuits 5a and 54 are disposed for the
groups of scanning lines Gia and Gib, respectively. This
makes it possible to reduce the number of scanning lines that
are driven by a single scanning line driving circuit 5a or 54,
thus making it possible to prevent distortion of a falling edge
of a gate signal that is outputted to a scanning line.

[0089] Further, in the liquid crystal display device 1, the
slope adjustment circuits 15a and 154, which incline falling
edges of high potentials VGH1 and VGH2, composed of
pulse waves, in accordance with which gate signals (scanning
signals) are generated, are placed in front of the scanning line
driving circuits 5a and 55, respectively. This allows the scan-
ning line driving circuits 5a and 56 to acquire the high-
potential signals VGH1 and VGH2 composed of pulse waves
whose falling edges have been inclined by the slope adjust-
ment circuits 15a and 155, i.e., composed of gate slope wave-
forms.

[0090] Then, the scanning line driving circuits Sa and 54
generate gate signals from the high-potential signals VGH1
and VGH2 thus acquired. For this reason, the shapes of pulse
waves of the gate signals generated by the scanning line
driving circuits 5a and 55 are also shapes having inclined
falling edges, i.e., gate slope waveforms.

[0091] Thus, the gate signals generated by the scanning line
driving circuits Sa and 56 have gate slope waveforms whose
falling edges are inclined, and as such, can make it harder for
the falling edges to be distorted.

[0092] Further, the slope adjustment circuits 15a and 154
incline the falling edges of the high-potential signals VGH1
and VGH2 for the groups of scanning lines Gia and Gib,
respectively. For this reason, the slopes of the falling edges of
the high-potential signals VGH1 and VGH2 can be optimized
in accordance with parasitic capacitors and the like that are
formed in each of the plurality of groups of scanning lines Gia
and Gib. This makes it possible to prevent a sloping part of a
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falling edge of a gate signal that is outputted to each scanning
line from varying between the groups of scanning lines Gia
and Gib.

[0093] Thus, in the liquid crystal display device 1, varia-
tions in gradation with an in-plane distribution are reduced by
preparing the plurality of scanning line driving circuits Sa and
56 and the plurality of slope adjustment circuits 15a and 155,
dividing the plane of the liquid crystal display panel 2 into
several regions, and adjusting each gate slope waveform.

[0094] Alternatively, variations in gradation (i.e., lumi-
nance unevenness) can also be reduced by adjusting a gate
slope waveform by adjusting another gate slope waveform
with reference to the voltage waveform of any one of the
plurality of regions.

[0095] Therefore, the liquid crystal display device 1 makes
it possible to prevent the occurrence of luminance unevenness
in each display region by adjusting sloping parts of falling
edges of gate signals for each of the groups of scanning lines
Gia and Gib.

[0096] Further, the plurality of slope adjustment circuits
15a and 155 incline falling edges of the high-potential signals
VGH1 and VGH2 and output, to the scanning line driving
circuits Sa and 5b, the high-potential signals whose falling
edges have been inclined, respectively. This allows the scan-
ning line driving circuits 5a and 56 to incline falling edges of
gate signals for each of the groups of scanning lines Gia and
Gib. This makes it possible to equalize sloping parts of falling
edges of gate signals that are outputted to each separate scan-
ning line.

[0097] Thus, according to the liquid crystal display device
1, the ON time of a gate signal can be changed by causing the
gate signal to take a gate slope waveform with inclined falling
edges.

[0098] In Patent Literature 1, as shown in FIG. 9, the ON
time of a scanning signal G is changed by adjusting the width
of'the scanning signal G. For this reason, in Patent Literature
1, waveforms of scanning signals G vary among the regions
A, B, and C. Therefore, in Patent Literature 1, an in-plane
distribution occurs in counter voltage set at an optimum volt-
age, so that flickers tend to take place.

[0099] On the other hand, the liquid crystal display device
1, as mentioned above, makes it possible to adjust falling
edges of gate signals for each of the groups of scanning lines
Gia and Gib, and therefore makes it possible to prevent varia-
tions in the waveforms of the gate signals. For this reason, the
liquid crystal display device 1 makes it possible to prevent the
occurrence of an in-plane distribution in counter voltage set at
an optimum voltage, and therefore makes it possible to pre-
vent the occurrence of flickers.

[0100] Thus, in comparison with such a case as in Patent
Literature 1 where the widths of the scanning signals G vary
from one display region to another, the liquid crystal display
device can improve display quality because it can equalize the
waveforms of the gate signals for each display region.
[0101] (Slope Adjustment Circuits for Adjusting the Slopes
of Gate Waveforms)

[0102] Next, a circuit configuration of the slope adjustment
circuits (potential control circuits) 15a and 1556 provided in
front on the scanning line driving circuits 5a and 55, respec-
tively, is described with reference to FIG. 2.

[0103] FIG. 2 is a circuit diagram showing a configuration
of the slope adjustment circuits 15¢ and 155.
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[0104] Since the slope adjustment circuits 154 and 1556 are
identical in circuit configuration to each other, the corre-
sponding members are collectively described.

[0105] The slope adjustment circuit 154 includes: a plural-
ity of resistors, a digital potentiometer (variable resistor)
R-DCP1, which is a DCP (digital potentiometer) that is a
variable resistor; a constant-current circuit VR1, which func-
tions as a resistor; a transistor (switch) FET1, which is a
field-effect transistor; an NPN transistor Q11; and a diode D1.
The slope adjustment circuit 155 includes: a plurality of resis-
tors, a digital potentiometer (variable resistor) R-DCP2,
which is a DCP (digital potentiometer) that is a variable
resistor; a constant-current circuit VR2, which functions as a
resistor; a transistor (switch) FET2, which is a field-effect
transistor; an NPN transistor Q12; and a diode D2.

[0106] The constant-current circuits VR1 and VR2 include
operational amplifiers OP1 and OP2, which are operational
amplifiers, NPN transistors Q12 and Q22, and resistors R15
and R25, respectively.

[0107] The slope adjustment circuit 15« has three transis-
tors connected in series, namely resistors R11, R12, and R13,
and the slope adjustment circuit 156 has three transistors
connected in series, namely resistors R21, R22, and R23.
Each of the resistors R11 and R21 has one terminal connected
to the control circuit 8 so that a power supply voltage Vcce is
applied to the one terminal. The resistors R13 has one termi-
nal connected to the resistor R12, with the other terminal
being grounded. The resistors R23 has one terminal con-
nected to the resistor R22, with the other terminal being
grounded. It should be noted that the resistor R12 may be a
resistor whose value of resistance is fixed or, as will be
described later, may be a variable resistor whose value of
resistance is able to be changed.

[0108] The digital potentiometers (variable resistors)
R-DCP1 and R-DCP2 serve to adjust the ON resistances of
the transistors Q12 and Q22, respectively. The ON resistances
of the transistors Q12 and Q22 serve as values of gate slope
resistance. The digital potentiometers R-DCP1 and R-DCP2
make it possible to determine the angles of inclination of
falling edges of the high-potential signals VGH1 and VGH2
(i.e., the degrees of inclination of falling edges of the high-
potential signals VGH1 and VGH2), respectively.

[0109] The angles of inclination of falling edges of the
high-potential signals VGH1 and VGH2 can be determined
by changing the values of resistance of the digital potentiom-
eters R-DCP1 and R-DCP2, respectively. This makes it pos-
sible to easily equalize the inclination of falling edges of gate
signals that are outputted to each separate scanning line.
[0110] The digital potentiometers R-DCP1 and R-DCP2
include resistors and steps RW1 and RW2 for adjusting the
values of resistance of the resistors, respectively. The digital
potentiometers R-DCP1 and R-DCP2 are semifixed resistors
such as electronic variable resistors.

[0111] Asin the case ofthe digital potentiometers R-DCP1
and R-DCP2, the resistors that are provided for determining
the angles of inclination of falling edges of the high-potential
signals VGH1 and VGH2 need only be variable resistors and
are not limited to digital potentiometers. For example, the
resistors may not be digital variable resistors but analog vari-
able resistors.

[0112] The digital potentiometers R-DCP1 and R-DCP2
have their internal resistors connected in parallel with the
resistors R12 and R22, respectively. The steps RW1 and
RW?2, which serve to change the resistances of the digital
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potentiometers R-DCP1 and R-DCP2, are connected to non-
inverting (+) input terminals of operational amplifiers OP1
and OP2 constituting the constant-current circuits VR1 and
VR2, respectively. The steps RW1 and RW2 are connected to
the noninverting input terminals of the operational amplifiers
OP1 and OP2 via wires A1 and A2 to which voltages VA1 and
VA2 are applied, respectively.

[0113] The ranges of adjustment of the voltages VA1 and
VA2 are determined by the values of resistance of the resistors
R11and R21, theresistors R12 and R22, the resistors R13 and
R23, and the digital potentiometers R-DCP1 and R-DCP2,
respectively. Normally, the values of resistance of the resis-
tors R-DCP1 and R-DCP2 are set to take on sufficiently
greater values than the values of resistance of the resistors
R11 and R21, theresistors R12 and R22, and the resistors R13
and R23.

[0114] The variable resistor serving as the digital potenti-
ometer R-DCP1 has one terminal connected to the other
terminal of the resistor R11 and one terminal of the resistor
R12, and the variable resistor serving as the digital potenti-
ometer R-DCP2 has one terminal connected to the other
terminal of the resistor R21 and one terminal of the resistor
R22. A voltage RH1 is a voltage at a point of contact between
the other terminal of the resistor R11 and the one terminal of
the resistor R12, and a voltage RH2 is a voltage at a point of
contact between the other terminal of the resistor R21 and the
one terminal of the resistor R22.

[0115] The variable resistor serving as the digital potenti-
ometer R-DCP1 has the other terminal connected to a wire via
which the other terminal of the resistor R12 and one terminal
of'the resistor R13 are connected to an noninverting (=) input
terminal of the operational amplifier OP1, and the variable
resistor serving as the digital potentiometer R-DCP2 has the
other terminal connected to a wire via which the other termi-
nal of the resistor R22 and one terminal of the resistor R23 are
connected to an noninverting (-) input terminal of the opera-
tional amplifier OP2. A voltage RL1 is a voltage at a point of
contact between the other terminal of the resistor R12 and the
one terminal of the resistor R13, and a voltage RL2 is a
voltage at a point of contact between the other terminal of the
resistor R22 and the one terminal of the resistor R23.

[0116] The values of the voltages VA1 and VA2 can be
controlled between the voltages RH1 and RH2 and the volt-
ages RL1 and RL2 by controlling the steps RW1 and RW2 of
the variable resistors serving as the digital potentiometers
R-DCP1 and R-DCP2, respectively.

[0117] The constant-current circuits VR1 and VR2 serve to
reduce the potential of a high-potential signal VGH. The
constant-current circuits VR1 and VR2 function as resistors
for pulling out the high-potential signal VGH being applied to
the scanning line driving circuits Sa and 5, thereby inclining
the falling edges of the high-potential signals VGH1 and
VGH2, respectively.

[0118] The high-potential signal VGH is a high-potential-
side signal in accordance with which gate signals are gener-
ated, and takes a pulse waveform. Upon receiving the high-
potential signal VGH, the slope adjustment circuits 15a and
15b generate the high-potential signals VGH1 and VGH2,
which take gate slope waveforms, from the pulse waveform of
the high-potential signal VGH, and then output them to the
scanning line driving circuits Sa and 55, respectively.

[0119] In the constant-current circuits VR1 and VR2, the
operational amplifiers OP1 and OP2 and the transistors Q12
and Q22 are connected in series by connecting output termi-
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nals of the operational amplifiers OP1 and OP2 to base ter-
minals of the transistors Q12 and Q22, respectively.

[0120] The transistor Q12 has its emitter connected to one
terminal of a resistor R15 and connected to a wire via which
an inverting input terminal of the operational amplifier OP1 is
connected to the other terminal of the resistor R12 and the one
terminal of the resistor R13, and the transistor Q22 has its
emitter connected to one terminal of a resistor R25 and con-
nected to a wire via which an inverting input terminal of the
operational amplifier OP2 is connected to the other terminal
of the resistor R22 and the one terminal of the resistor R23.
The transistor Q12 has its emitter connected to the one ter-
minal of the resistors R15 via a wire B1 to which a voltage
VB1 is applied, and the transistor Q22 has its emitter con-
nected to the one terminal of the resistors R25 via a wire B2
to which a voltage VB2 is applied.

[0121] The transistors FET1 and FET2 are n-channel field-
effect transistors. The transistors FET1 and FET2 function as
switches to switch between an ON state (operating state) and
an OFF state (nonoperating state) of the constant-current
circuits VR1 and VR2, respectively. Whether or not to reduce
the potential of the high-potential signal VGH can be selected
by switching between the ON state and the OFF state of the
transistors FET1 and FET2. This makes it possible to control
the potentials of the high-potential signals VGH1 and VGH2.

[0122] In the following description, the transistors FET1
and FET2 are sometimes referred to as “GS switches”.

[0123] The transistor FET1 has its gate terminal connected
to the control circuit 8, its source terminal grounded, and its
drain terminal connected to the other terminal of the resistor
R15, and the transistor FET?2 has its gate terminal connected
to the control circuit 8, its source terminal grounded, and its
drain terminal connected to the other terminal of the resistor
R25.

[0124] A resistor R14, the transistor Q11, and a diode D1
are connected in parallel to one another, and a resistor R24,
the transistor Q21, and a diode D2 are connected in parallel to
one another.

[0125] The resistor R14 has one terminal connected to the
control circuit 8 and connected to a collector terminal of the
transistor Q11, and the resistor R24 has one terminal con-
nected to the control circuit 8 and connected to a collector
terminal of the transistor Q21. The high-potential signal VGH
is applied from the control circuit 8 to the one terminal of the
resistor R14 and the one terminal of the resistor R24.

[0126] The resistor R14 has its other terminal connected to
the base terminal of the transistor Q11 and the cathode of the
diode D1 and also connected to the collector terminal of the
transistor Q12, and the resistor R24 has its other terminal
connected to the base terminal of the transistor Q21 and the
cathode of the diode D2 and also connected to the collector
terminal of the transistor Q22.

[0127] The transistors Q11 and Q12 have their emitter ter-
minals connected to the anodes of the diodes D1 and D2 and
connected to the scanning line driving circuits 5a and 55,
respectively.

[0128] Theslope adjustment circuits 15a and 155 thus con-
figured receive a scanning line high potential VGH from the
control circuit 8, generate gate slope waveforms from the
scanning line high potential VGH, and sends the gate slope
waveforms thus generated to the scanning line driving cir-
cuits Sa and 55, respectively.
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[0129] (Description of Operation of the Slope Adjustment
Circuits)
[0130] Next, the operation of the slope adjustment circuits

15a and 155 is described with reference to FIGS. 2 and 3.

[0131] FIG. 3isadiagram showing signals that are inputted
to and outputted from the slope adjustment circuits 15a and
155 and the scanning line driving circuits 5a and 55.

[0132] First, the operation of the slope adjustment circuit
15a is described. Since the slope adjustment circuit 1556 oper-
ates in a similar manner, the operation of the slope adjustment
circuit 156 alone is not described.

[0133] Either a gate slope waveform outputted from the
slope adjustment circuit 154 or a gate slope waveform out-
putted from the slope adjustment circuit 155 may be adjusted.
A caseis described here where a gate slope outputted from the
slope adjustment circuit 15« is fixed and a gate slope output-
ted from the slope adjustment circuit 155 is adjusted.

[0134] (a) of FIG. 3 shows a pulse signal Ps that is inputted
to the transistor FET1.

[0135] First, as shown in (a) of FIG. 3, the transistor FET1,
which is a Gs switch, receives via its gate terminal the pulse
signal Ps matched with the horizontal synchronizing signal
from the control circuit 8. It is assumed that the amplitude of
the pulse signal Ps received by the transistor FET1 has its L
(low)level at GND and its H (high) level at a sufficient voltage
to turn on (drive) the transistor FET1.

[0136] It is assumed in the present embodiment that the
voltage of the pulse signal Ps at the H level is 3.3 V and the
voltage of the pulse signal Ps at the L level is 0.0 V.

[0137] While the transistor FET1 is receiving the pulse
signal Ps at the L level via its gate terminal, the transistor
FET1 functions as a switch OFF, and the constant-current
circuit VR1 is also in a nonoperating state. With this, the
high-potential signal VGH applied to one terminal of the
resistor R14 is passed through the transistor Q11 from the
collector terminal to the emitter terminal without change to be
supplied to the scanning line driving circuit 5a as the high-
potential signal VGHI1.

[0138] When the transistor FET1 receives the pulse signal
Ps atthe H level via its gate terminal, the transistor FET1 gets
its drain and source terminals placed in a conducting state.
That is, the transistor FE1 functions as a switch ON, and the
constant-current circuit VR1 is also in an operating state. The
constant-current circuit VR1, which is now in an operating
state, causes the charge of the high-potential signal VGH
being supplied to the scanning line driving circuit 5a to be
pulled out though the diode D1, the transistor Q12, and the
resistor R15.

[0139] The value of a combination of the value of ON
resistance of the transistor Q12 and the value of resistance of
the resistor R15 is here referred to as “value of gate slope
resistance”. By adjusting the value of gate slope resistance,
the inclination of a gate slope of the high-potential signal
VGHI can be adjusted.

[0140] Next, the operation of the constant-current circuit
VR1 is described. When the step RW1 of the digital potenti-
ometer R-DCP1 is fixed at such a position as to take on the
value of intermediate resistance of the variable resistor, the
voltage VA1 of the wire Al becomes fixed. The range of the
voltage VA1 is determined by the resistors R11, R12, and R13
and the digital potentiometer R-DCP1.
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[0141] (b) of FIG. 3 shows the waveform of the voltage VA1
of the wire Al.

[0142] As shown in (b) of FIG. 3, it is assumed in the
present embodiment that the voltage VA1 can be set at a value
in the range of 0.1 V to 1.7 V by adjusting the value of
resistance of the digital potentiometer R-DCP1 and is fixed at
0.6 V. The voltage VA1 is determined by thus changing the
step RW1 of the digital potentiometer R-DCP1.

[0143] Itshould be noted that although the present embodi-
ment uses the digital potentiometer R-DCP1, the digital
potentiometer R-DCP1 may be omitted and the resistor R12
may be constituted by a resistor composed of a mechanical
semifixed volume. That is, the present embodiment may be
configured such that the digital potentiometer R-DCP1 may
be omitted and the value of resistance of the resistor R12 is
adjustable.

[0144] When the drain and source terminals of the transis-
tor FET1 become conductive with the voltage VA1 of the wire
Al fixed, the ON resistance of the transistor Q12 changes.
This causes the voltage of the resistor R15 to move so that the
voltage VA1 equals the voltage VB1. That is, the voltage VA2
is at 0.6 V, as with the voltage VA1.

[0145] When the voltage VB1 of the wire B1 takes on a
steady value by the voltage VB1 becoming equal to the volt-
age VA1, the ON resistance of the transistor Q12 is held at a
steady value.

[0146] Thus, since the operational amplifier OP1, the tran-
sistor Q12, and the resistor R15 operate as the constant-
current circuit VR1 and the ON resistor of the transistor Q12
operates as a fixed resistor, the inclination of a gate slope of
the high-potential signal VGH can be adjusted.

[0147] (c) of FIG. 3 shows the high-potential signal VGH1
outputted from the slope adjustment circuit 15a.

[0148] As shown in (c) of FIG. 3, the voltage of the high-
potential signal VGH1 when the power is turned on is 35 V.
Input of the pulse signal Ps at the H level to FET1 causes the
high-potential signal VGH1 to start falling and linearly
decrease in potential. Then, input of the pulse signal Ps at the
L level to FET1 causes the high-potential signal VGH1 to
finish falling and rise in potential from 20 V to 35 V.

[0149] Thus, a pulse signal Ps (rectangular wave) at suffi-
cient voltages to turn ON/OFF the transistor FET1, e.g., volt-
ages of OV (OFF) and 3.3 V (ON), is inputted to the transistor
FET1, which is a GS switch, via its gate terminal. When the
transistor FET1 is ON, the charge of the high-potential signal
VGH is pulled out through a path constituted by the diode D1,
the transistor Q12, the resistor R15, and the transistor FET1.
This causes a gate slope of the high-potential signal VGH1 to
be adjusted. Further, at this point in time, the transistor Q11 is
turned OFF.

[0150] On the other hand, when the transistor FET1 is OFF,
the transistor Q11 is turned ON by an electric current output-
ted from the diode D1 via its cathode and flowing through the
resistor R14. This causes the high-potential signal VGHI,
whose falling edges are inclined, to be outputted to the scan-
ning line driving circuit 5a.

[0151] The inclination of discharge is determined accord-
ing to a load of the liquid crystal display panel 2 with respect
to the high-potential signal VGH1 and the ON resistance of
the entire path constituted by the diode D1, the transistor Q12,
the resistor R15, and the transistor FET1, and this inclination
serves as the inclination of a gate slope.
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[0152] Inthisway, thelength oftime from the start to end of
a falling edge of the high-potential signal VGH1 can be con-
trolled in accordance with the pulse width of the pulse signal
Ps.

[0153] Further, the angle of inclination of a falling edge of
the high-potential signal VGH1 can be controlled in accor-
dance with the value of the voltage VA 1.

[0154] Forexample, when the voltage VA1 is fixed at 1.7V,
the high-potential signal VGH1 drops in potential to 16 V
over the same length of time that the high-potential signal
VGHI falls, and is outputted to the scanning line driving
circuit Sa. Alternatively, when the voltage VA1 is fixed at 0.1
V, the high-potential signal VGH1 drops in potential to 24 V
over the same length of time that the high-potential signal
VGHI falls, and is outputted to the scanning line driving
circuit 5a.

[0155] Thus, the constant-current circuits VR1 and VR2
vary the amounts of decrease in potential of the high-potential
signals VGH 1 in accordance with the values of resistance of
the digital potentiometers R-DCP1 and R-DCP2, respec-
tively. This makes it possible to vary the amounts of decrease
in potential of the high-potential signals VGH1 by changing
the values of resistance of the digital potentiometers R-DCP1
and R-DCP2, respectively.

[0156] Thus, since the falling edges of the high-potential
signals VGH1 can be inclined by changing the values of
resistance of the digital potentiometers R-DCP1 and
R-DCP2, respectively, the inclination of falling edges of gate
signals that are outputted to each separate scanning line can
be easily equalized.

[0157] The transistor Q11 outputs the high-potential signal
VGHI, the inclination of whose falling edges has been
adjusted, via its emitter to the slope adjustment circuit 15a.
[0158] Uponreceiving the high-potential signal VGH1, the
inclination of whose falling edges has been adjusted, the
slope adjustment circuit 15a generates a gate signal from the
high-potential signal VGH1 and a low-potential signal VGL
inputted from the control circuit 8.

[0159] (d) of FIG. 3 shows a gate signal Gt generated by the
slope adjustment circuit 15a.

[0160] Then, the slope adjustment circuit 15a outputs a
generated gate signal to each of the groups of scanning lines
Gia and Gib, whereby the driving of each pixel PIX is con-
trolled.

[0161] In the slope adjustment circuit 155, normally, the
value of resistance of the digital potentiometer R-CDP2 is
adjusted by the step RW2 to be equal to the value of resistance
of the digital potentiometer R-CDP1 of the slope adjustment
circuit 15a.

[0162] However, there are often variations in parasitic
capacitance or the like on wires among liquid crystal display
panels 2 produced.

[0163] Insuch a case, the value of resistance of the digital
potentiometer R-CDP2 can be adjusted by adjusting the step
RW?2. This causes the voltage VA2 of the wire A2 to change.
[0164] (e) of FIG. 3 shows the voltage VA2 of the wire A2.
As shownin (e) of FIG. 3, it is assumed in the present embodi-
ment that as with the voltage VA 1, the voltage VA2 can be set
atavalue in the range 0 0.1 V to 1.7 V by adjusting the value
of resistance of the digital potentiometer R-DCP2. The value
of the voltage VA2 is adjusted so that the minimum value of
the high-potential signal VGH2 is equal to the minimum
value of the high-potential signal VGH1.
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[0165] Sinceachange in the voltage VA2 leads to a change
in the voltage VB2 of the wire B2 accordingly, the value of
ON resistance of the transistor Q22, i.e., the value of gate
slope resistance of the slope adjustment circuit 156 (value of
a combination of the value of ON resistance of the transistor
Q22 and the value of resistance of the resistor R25) changes.
[0166] Thus, adjustment of the step RW2 causes a change
in the value of gate slope resistance of the slope adjustment
circuit 155. This makes it possible to adjust the inclination of
a gate slope of the high-potential signal VGH2. This makes it
possible to make a slight adjustment to the quantity of electric
charge for charging the liquid crystal display panel 2.

[0167] (D) of FIG. 3 shows the high-potential signal VGH2
outputted from the slope adjustment circuit 155.

[0168] As shown in (f) of FIG. 3, the voltage of the high-
potential signal VGH2 when the power is turned on is 35 V.
Input of the pulse signal Ps at the H level to the transistor
FET2 causes the high-potential signal VGH2 to start falling
and linearly decrease in potential. Then, input of the pulse
signal Ps at the L level to the transistor FET2 causes the
high-potential signal VGH2 to finish falling and rise in poten-
tial from 20V to 35 V.

[0169] Itshould be noted here thatin a case where the liquid
crystal display panel 2 has a large area, for example, there
may be an in-plane distribution of wiring capacity, wiring
resistance, etc. within the liquid crystal display panel 2. Fur-
ther, those circuits constituting the slope adjustment circuits
15a and 155 vary from one circuit to another. For this reason,
there is a case where the minimum value of a falling edge of
the high-potential signal VGH2 cannot be made equal to the
minimum value of a falling edge of the high-potential signal
VGHI1 even by setting the value of resistance of the digital
potentiometer R-DCP2 to be equal to the value of resistance
of the digital potentiometer R-DCP1.

[0170] FIG. 4 is a diagram showing the waveforms of the
high-potential signals VGH1 and VGH2. FIG. 4 shows that
the minimum value of the voltage of the high-potential signal
VGH2 is smaller than the minimum value of the voltage of the
high-potential signal VGH1.

[0171] This is because the value of gate slope resistance of
the slope adjustment circuit 155 is lower than the value of gate
slope resistance of the slope adjustment circuit 15a.

[0172] FIG. 5 is a diagram showing the appearance of
screen images for inspection of the same low-tone color as
displayed in the step of inspecting the liquid crystal display
panel 2.

[0173] (a) of FIG. 5 shows a normal display screen image.
(b) and (c) of FIG. 5 show display screen images on liquid
crystal panels exhibiting partial luminance unevenness.
[0174] Such luminance unevenness as that shownin (b) and
(c) of FIG. 5 is found in approximately 30% of liquid crystal
panels, although there is a certain degree of difference of
symptoms depending on the position of imposition within a
mother glass from which the TFT substrate and the counter
substrate of each liquid crystal display panel were cut out and
on the production lot.

[0175] As mentioned above, the liquid crystal display
device 1 makes it possible to adjust the values of resistance of
the digital potentiometers R-DCP1 and R-DCP2 and thereby
adjust gate slope waveforms so that the effective values (i.e.,
the voltages VB1 and VB2) of charging are uniformed.
[0176] This makes it possible to equalize the minimum
values of potential of falling edges of the high-potential sig-
nals VGH1 and VGH2 respectively outputted from the plu-
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rality of slope adjustment circuits 15a and 155. This makes it
possible to equalize the minimum values of gate slopes of
gate signals that are separately outputted to the groups of
scanning lines Gia and Gib.

[0177] This makes it possible to output, for each of the
groups of scanning lines Gia and Gib, a gate signal whose
falling edge is less distorted, i.e., to adjust the gate slope
waveforms of gate signals that are outputted to the groups of
scanning lines Gia and Gib for which the slope adjustment
circuits 15a and 155 are respectively responsible.

[0178] For this reason, the luminance of a display region
containing pixels PIX whose driving is controlled by each
separate one of the groups of scanning lines Gia and Gib is
controlled with that region considered as a whole. This makes
it possible to prevent the occurrence of luminance unevenness
in each display region.

[0179] In the case of occurrence of luminance unevenness
in the inspecting step, there are two types of luminance
unevenness, depending on how the groups of scanning lines
Gia and Gib of the liquid crystal display panel 2 are divided
from each other, namely (i) luminance unevenness that is
conspicuous in the part where the groups of scanning lines
Gia and Gib are divided from each other and (ii) luminance
unevenness that is conspicuous in a part remote from the part
where the groups of scanning lines Gia and Gib are divided
from each other.

[0180] Even in such a case, by shifting the luminance of a
display region exhibiting luminance unevenness, of those
display regions in the display region 3 in which the groups of
scanning lines Gia and Gib are respectively responsible for
driving, a defective display due to luminance unevenness can
be eliminated from the display region 3 as a whole.

[0181] Thus, in the liquid crystal display device 1, lumi-
nance unevenness can be alleviated, and display properties
can be improved. That is, a normal display screen image can
be displayed as shown in (a) of FIG. 5.

[0182] In the present embodiment, only the value of the
digital potentiometer R-DCP2 is adjusted while the value of
resistance of the digital potentiometer R-DCP1 is fixed. How-
ever, the value of the digital potentiometer R-DCP1 may be
adjusted while the value of resistance of the digital potenti-
ometer R-DCP2 is fixed. Alternatively, both the values of
resistance of the digital potentiometers R-DCP1 and R-DCP2
may be adjusted. In any of these ways, the gate slope wave-
forms of the high-potential signals VGH1 and VGH2 can be
adjusted.

[0183] The liquid crystal display device 1 has been
described by taking, as an example, a case where the two
groups of scanning lines Gia and Gib are divided from each
other and arranged one above the other (along a vertical
direction). However, more precise adjustments can be made
by providing three or more groups of scanning lines Gia and
Gib divided from one another, providing each of them with a
scanning line driving circuit and a slope adjustment circuit,
and adjusting a gate slope waveform that is outputted from the
slope adjustment circuit.

[0184] For example, the adjustment of gate slope wave-
forms of a large-sized liquid crystal display panel is facili-
tated by dividing the display region 3 into three regions,
namely an upper region, a middle region, and a lower region,
and adjusting the upper and lower regions with reference to
the middle region.

[0185] Alternatively, the liquid crystal display panel may
be divided into a left region and a right region (along the
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direction along which the group of scanning lines Gib extend;
horizontal direction), and while fixing the value of resistance
the digital potentiometer of the slope adjustment circuit cor-
responding to either of the left and right regions, the value of
resistance of the digital potentiometer of the slope adjustment
circuit corresponding to the other region may be adjusted.
[0186] Alternatively, the liquid crystal display panel may
be divided into four quadrant regions, and while fixing the
value of resistance of the digital potentiometer of the slope
adjustment circuit corresponding to the upper left region, the
values of resistance of the digital potentiometers of the slope
adjustment circuits corresponding the three remaining
regions may be adjusted.

[0187] FIG. 6 is a diagram showing display screen images
on liquid crystal panels exhibiting luminance unevenness. As
shown in FIG. 6, the liquid crystal display device 1 exhibits
various types of luminance unevenness, depending on how
the groups of scanning lines Gia and Gib are divided from
each other.

[0188] InFIG.6,the leftdisplay screen image represents an
example of a normal display screenimage, the middle column
of display screen images represents examples of defective
displays in the case of up-and-down division, and the right
column of display screen images represents examples of
defective displays in the case of right-and-left division.
[0189] (Way of Thinking in Terms of Designing the Slope
Adjustment Circuits)

[0190] Next, a way of thinking in terms of designing the
slope adjustment circuits is described with reference to FIG.
2.

[0191] First, the slope adjustment circuit 15a is described.
[0192] First, therange of adjustment of the sum of the value
ofresistance (which is denoted as R14) ofthe resistor R14 and
the value of resistance (i.e., the value of gate slope resistance,
which is denoted as VR1) is determined according to the
design value of the liquid crystal display panel 2.

[0193] Once the range of adjustment of VR1 is determined,
the range of adjustment of the voltage VBI1 is determined
according to VR1 =(ON resistance of the transistor Q12)+
Value of resistance (which is denoted as R15) of the resistor
R15.

[0194] Further, the range of adjustment of the voltage VB1
and the range of adjustment of the voltage VA1 take on the
same values.

[0195] The value of resistance (which is denoted as R11) of
the resistor R11, the value of resistance (which is denoted as
R12) of the resistor R12, and the value of resistance (which is
denoted as R13) of the resistor R13 are determined according
to the range of adjustment of the voltage VA1 and the value of
the power supply voltage Vce (which is denoted as Vcee).
[0196] It should be noted that the resistor R11, the resistor
R12, the resistor R13, the digital potentiometer R-DCP1 are
circuits for generating the voltage VA1 of the wire Al.
[0197] If RH1 is the value of the voltage RH1, RL1 is the
value of the voltage RL1, and (R-CDP1) is the value of
resistance of the digital potentiometer R-DCP1, the following
expressions hold:

RH1=Vcox(RM1+R13)/(R11+RM1+R13)
RL1=Vcex(R13)/(R11+RM1+R13)
RM1=R12x(R-DCP1)/(R12+(R-DCP1))

If R12<<(R-DCP1), RM1=R12,
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RH1=Vcex(R12+R13)/(R11+R12+R13)

RL1=Veex(R13)/(R11+R12+R13).

[0198] This is how each circuit of the slope adjustment
circuit 15a can be designed.

[0199] As described below, the design of the slope adjust-
ment circuit 155 can be considered in the same manner.
[0200] The resistor R21, the resistor R22, the resistor R23,
the digital potentiometer R-DCP2 are circuits for generating
the voltage VA2 of the wire A2.

[0201] If RH2 is the value of the voltage RH2, RL2 is the
value of the voltage RL2, and (R-CDP2) is the value of
resistance of the digital potentiometer R-DCP2, the following
expressions hold:

RH2=Vcex(RM2+R23)/(R21+RM2-+R23)
RL2=Vcex(R23)/(R21+RM2+R23)
RM2=R22x(R-DCP2)/(R22+(R-DCP2))
If R22<<(R-DCP2), RM2=R22,
RH2=Veex(R22+R23)/(R21+R22+R23)

RL2=Vcex(R23)/(R21+R22+R23).

[0202] This is how each circuit of the slope adjustment
circuit 156 can be designed. The present invention is not
limited to the description of the embodiments above, but may
be altered by a skilled person within the scope of the claims.
An embodiment based on a proper combination of technical
means disclosed in different embodiments is encompassed in
the technical scope of the present invention.

[0203] As described above, a liquid crystal display device
of the present invention includes: scanning line driving sec-
tions which generate scanning signals; and a plurality of
scanning lines via which the scanning signals generated by
the scanning line driving sections are outputted to a plurality
of pixels, the scanning line driving sections being disposed
for each separate one of a plurality of groups of scanning lines
which constitute the plurality of scanning lines, the liquid
crystal display device further comprising potential control
circuits which incline, for each separate one of the groups of
scanning lines, falling edges of scanning signal generating
signals in accordance with which the scanning signals are
generated, the potential control circuits being placed in front
of the scanning line driving sections, respectively, the scan-
ning signal generating signals being composed of pulse
waves.

[0204] According to the foregoing configuration, the scan-
ning line driving sections are disposed for each separate one
of'a plurality of groups of scanning lines which constitute the
plurality of scanning lines. This makes it possible to reduce
the number of scanning lines that are driven by a single
scanning line driving section, thus making it possible to pre-
vent distortion of falling edges of gate signals that are output-
ted to the scanning lines.

[0205] According to the foregoing configuration, the liquid
crystal display device includes potential control circuits
which incline falling edges of scanning signal generating
signals in accordance with which the scanning signals are
generated, the potential control circuits being placed in front
of the scanning line driving sections, respectively, the scan-
ning signal generating signals being composed of pulse
waves.
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[0206] This allows the scanning line driving sections to
acquire the scanning signal generating signals composed of
pulse waves whose falling edges are inclined by the slope
adjustment circuits. Then, the scanning line driving sections
generate scanning signals from the scanning signal generat-
ing signals thus acquired. For this reason, the shapes of pulse
waves of the scanning signals generated by the scanning line
driving sections are also shapes having inclined falling edges.
Thus, the scanning signals generated by the scanning line
driving sections have the shapes of pulse waves whose falling
edges are inclined, and as such, can make it harder for the
falling edges to be distorted.

[0207] Further, the slope adjustment circuits incline the
falling edges of the scanning signal generating signals for the
groups of scanning lines, respectively. For this reason, the
slopes of the falling edges of the scanning signal generating
signals can be optimized in accordance with parasitic capaci-
tors and the like that are formed in each of the plurality of
groups of scanning lines. This makes it possible to prevent a
sloping part of a falling edge of a gate signal that is outputted
to each scanning line from varying between the groups of
scanning lines.

[0208] Thus, aliquid crystal display device can be provided
which prevents the occurrence of luminance unevenness in
each display region by adjusting a falling edge of a scanning
signal for each group of scanning lines.

[0209] The liquid crystal display device of the present
invention is preferably configured such that the plurality of
potential control circuits incline the falling edges of the scan-
ning signal generating signals and output, to the scanning line
driving sections, the scanning signal generating signals
whose falling edges have been inclined, respectively. The
foregoing configuration allows the scanning line driving sec-
tions to inline falling edges of the scanning signals for each of
the groups of scanning lines. This makes it possible to equal-
ize sloping parts of falling edges of gate signals that are
outputted to each separate scanning line.

[0210] The liquid crystal display device of the present
invention is preferably configured such that the potential con-
trol circuits include variable resistors for determining angles
of inclination of the falling edges of the scanning signal
generating signals, respectively. According to the foregoing
configuration, the angles of inclination of the falling edges of
the scanning signal generating signals can be determined by
changing the values of resistance of the variable resistors.
This makes it possible to equalize sloping parts of falling
edges of gate signals that are outputted to each separate scan-
ning line.

[0211] The liquid crystal display device of the present
invention is preferably configured such that the potential con-
trol circuits include constant-current circuits for reducing
potentials of the scanning signal generating signals, respec-
tively. According to the foregoing configuration, the falling
edges of the scanning signal generating signals can be
inclined by the current-constant circuits.

[0212] The liquid crystal display device of the present
invention is preferably configured such that the constant-
current circuits vary amounts of decrease in potential of the
scanning signal generating signals in accordance with values
of resistance of the variable resistors, respectively. According
to the foregoing configuration, the amounts of decrease in
potential of the scanning signal generating signals can be
varied by changing the values of resistance of the variable
resistor. Thus, the falling edges of the scanning signal gener-
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ating signals can be inclined by changing the values of resis-
tance of the variable resistors. This makes it possible to equal-
ize sloping parts of falling edges of gate signals that are
outputted to each separate scanning line.

[0213] The liquid crystal display device of the present
invention is preferably configured such that the constant-
current circuits include switches which switch between an
operating state and a nonoperating state of the constant-cur-
rent circuits, respectively. According to the foregoing con-
figuration, whether or not to reduce potentials of the scanning
signal generating signals can be selected by switching the
switches. This makes it possible to control the potentials of
the scanning signal generating signals.

[0214] The liquid crystal display device of the present
invention is preferably configured such that the scanning
signal generating signals respectively outputted from the plu-
rality of potential control circuits are equal in terms of mini-
mum values of potential of falling edges. This makes it pos-
sible to equalize the minimum values of sloping parts of
scanning signals that are separately outputted to the groups of
scanning lines. This makes it possible to output, for each of
the groups of scanning lines, a scanning signal whose falling
edge is less distorted. This makes it possible to prevent lumi-
nance unevenness.

INDUSTRIAL APPLICABILITY

[0215] The present invention makes it possible to adjust, for
each group of scanning lines, the inclination of a falling edge
of'a gate signal that is outputted to the group of scanning lines,
and as such, is suitably applicable, in particular, to a large-
screen liquid crystal display device.

REFERENCE SIGNS LIST
[0216] 1 Liquid crystal display device
[0217] 2 Liquid crystal display panel
[0218] 3 Display region
[0219] FET1, FET2 Transistor (switch)
[0220] VGH1, VGH2 High-potential signal (scanning sig-

nal generating signal)

[0221] R-DCP1, R-DCP1 Digital potentiometer (variable
resistor)
[0222] 5a, 56 Scanning line driving circuit (scanning line

driving section)

[0223] 15a, 155 Slope adjustment circuit (potential control
circuit)

[0224] Gia, Gib Group of scanning lines

[0225] Gt Gate signal (scanning signal)

[0226] R12 Resistor (variable resistor)

[0227] VRI1, VR2 Constant-current circuit

1. A liquid crystal display device comprising:

scanning line driving sections which generate scanning
signals; and

a plurality of scanning lines via which the scanning signals
generated by the scanning line driving sections are out-
putted to a plurality of pixels,

the scanning line driving sections being disposed for each
separate one of a plurality of groups of scanning lines
which constitute the plurality of scanning lines,

the liquid crystal display device further comprising poten-
tial control circuits which incline, for each separate one
of the groups of scanning lines, falling edges of scanning
signal generating signals in accordance with which the
scanning signals are generated, the potential control cir-
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cuits being placed in front of the scanning line driving
sections, respectively, the scanning signal generating
signals being composed of pulse waves.

2. The liquid crystal display device as set forth in claim 1,
wherein the plurality of potential control circuits incline the
falling edges of the scanning signal generating signals and
output, to the scanning line driving sections, the scanning
signal generating signals whose falling edges have been
inclined, respectively.

3. The liquid crystal display device as set forth in claim 1,
wherein the potential control circuits include variable resis-
tors for determining angles of inclination of the falling edges
of the scanning signal generating signals, respectively.

4. The liquid crystal display device as set forth in claim 3,
wherein the potential control circuits include constant-cur-
rent circuits for reducing potentials of the scanning signal
generating signals, respectively.

5. The liquid crystal display device as set forth in claim 4,
wherein the constant-current circuits vary amounts of
decrease in potential of the scanning signal generating signals
in accordance with values of resistance of the variable resis-
tors, respectively.

6. The liquid crystal display device as set forth in claim 4,
wherein the constant-current circuits include switches which
switch between an operating state and a nonoperating state of
the constant-current circuits, respectively.

7. The liquid crystal display device as set forth in claim 1,
wherein the scanning signal generating signals respectively
outputted from the plurality of potential control circuits are
equal in terms of minimum values of potential of falling
edges.
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