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LIQUID CRYSTAL DISPLAY PANEL AND
ELECTRONIC DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The subject matter of application Ser. No. 12/634,
462, is incorporated herein by reference. The present appli-
cation is a Continuation of U.S. Ser. No. 12/634,462, filed
Dec. 9, 2009, which claims priority to Japanese Patent Appli-
cation JP 2008-321652 filed in the Japanese Patent Office on
Dec. 17, 2008, the entire contents of which is hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a liquid crystal display
panel having a pixel structure meeting both an analog display
mode and a memory display mode. The invention further
relates to an electronic device mounted with the liquid crystal
display panel.

[0004] 2. Description of the Related Art

[0005] Recently, some liquid crystal display panel may
meet both of display in an analog display mode and display in
a memory display mode (for example, see Japanese Patent
Application Unexamined Publication No. H09-243995). The
analog display mode means a display mode in which a pixel
gray-scale may be analogously expressed with multiple gray-
scales in a minimum display unit (called “sub pixel” in the
specification). The memory display mode means a display
mode in which a pixel gray-scale may be expressed with two
gray-scales of white and black based on binary information
(H level or L level) stored in a memory.

[0006] In the memory display mode, operation of writing
gray-scale potential need not be performed with a frame
period. Therefore, power consumption can be reduced in the
memory display mode compared with in the analog display
mode.

SUMMARY OF THE INVENTION

[0007] FIGS. 1 and 2 show pixel circuit examples of a
liquid crystal display panel meeting both the analog display
mode and the memory display mode, respectively. The pixel
circuits of FIGS. 1 and 2 show a case where SRAM is used for
a memory within a sub pixel respectively. FIG. 1 shows a
pixel circuit example when one SRAM is disposed for one
sub pixel. FIG. 2 shows a pixel circuit example when one
SRAM is disposed for three sub pixels.

[0008] In FIG. 1, LC shows a liquid crystal corresponding
to the sub pixel. However, in FIG. 2, LC is omitted to be
shown for convenience of drawing.

[0009] InFIG. 1, Csis a holding capacitance holding gray-
scale potential. In FIG. 2, three holding capacitances are
shown as Cs(B), Cs(G) and Cs(R). B in the parenthesis shows
a holding capacitance used for a sub pixel corresponding to
blue. G in the parenthesis shows a holding capacitance used
for a sub pixel corresponding to green. R in the parenthesis
shows a holding capacitance used for a sub pixel correspond-
ing to red.

[0010] Each of thin film transistors N1, N1(B), N1(G) and
N1(R) is an active element that is controlled to be ON during
a period of writing gray-scale potential to a corresponding
holding capacitance Cs, and controlled to be OFF during
other periods. Control lines CTL1, CTL1(B), CTL1(G) and
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CTLI(R) are used for the thin film transistors N1, N1(B),
N1(G) and N1(R) respectively. In FIG. 2, ON petiods of the
thin film transistors N1, N1(B), N1(G) and N1(R) are time-
sequentially arranged.

[0011] In FIG. 1, the thin film transistor N2 is an active
element that is controlled to be ON during a period of writing
gray-scale potential to corresponding, one sub pixel. In FIG.
2, the thin film transistor N2 is an active element that is
controlled to be ON during a period of writing gray-scale
potential to one of corresponding, three sub pixels. In FIG. 2,
gray-scale potential is finally written to the sub pixel corre-
sponding to blue.

[0012] The thin film transistor N3 is an active element that
is controlled to be ON when gray-scale potential is written in
the analog display mode, or when electric potential VXCS
different from that of a counter electrode is written in the
memory display mode. Holding potential of SRAM (P1, P2,
N6 and N7) is used for such control. In the case of the circuit
example, when the transistor N3 is ON, the transistor N4 is
OFF, and when the transistor N3 is OFF, the transistor N4 is
ON.

[0013] The thin film transistor N4 is an active element that
is controlled to be ON when the same potential as that of the
counter electrode is written to the holding capacitance in the
memory display mode.

[0014] The thin film transistor N5 is an active element that
is controlled to be ON when control potential is written to the
SRAM (P1, P2, N6 and N7). A control line CTL2 is used for
controlling the thin film transistor N5. The thin film transistor
N5 is controlled to be ON or OFF such that the thin film
transistor N3 may be controlled to be ON when gray-scale
potential is written in the analog display mode, or when
electric potential VXCS different from that of the counter
electrode is written in the memory display mode.

[0015] Some difficulties still exist in the pixel circuits of
FIGS. 1 and 2. One of the difficulties is a fact that large area
1s required for forming the SRAM. It is particularly pointed
out that when one SRAM is arranged for one sub pixel,
transmissive aperture ratio is reduced.

[0016] Inaddition, when high display resolutionis required
for a liquid crystal display panel, it is technically difficult to
dispose one SRAM within one sub pixel. This leads to a
difficulty that the resolution is limited when the circuit con-
figuration of FIG. 1 or 2 is employed.

[0017] Tt is desirable to provide a liquid crystal display
panel having a memory display mode and an electronic
device, capable of avoiding reduction in transmissive apet-
ture ratio and achieving high resolution.

[0018] A liquid crystal display panel according to an
embodiment of the invention includes: a capacitive element
holding pixel potential representing a gray-scale level and
provided in each of pixels; a first switch element having a first
terminal connected to one electrode of the capacitive element
and to a drive electrode in a liquid crystal element, and having
a second terminal connected to a signal line, the first switch
element being controlled to be ON during a first operation
period where pixel potential is written from the signal line to
the capacitive element, and controlled to be OFF during a
second operation period where readout of the pixel potential
from the capacitive element, inversion and amplification of
the read out pixel potential, and rewriting of the inverted-
amplified pixel potential to the capacitive element are sequen-
tially performed; a second switch element having a first ter-
minal connected to afirst terminal of the first switch element,
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the second switch element being controlled to be OFF during
the first operation period, and controlled to be ON during a
readout period where pixel potential stored in the capacitive
element is read out, the readout period being one part of the
second operation period; a third switch element having a first
terminal connected to the first terminal of the first switch
element, the third switch element being controlled to be OFF
during the first operation period, and controlled to be ON
during a write period where the pixel potential is written into
the capacitive element, the write period being another part of
the second operation period; and a circuit restoring a logic
level of pixel potential read out from the capacitive element
through the second switch element during the readout period,
and then writing logically-inverted output having the restored
logic level to the capacitive element through the third switch
element during the write period.

[0019] An electronic device according to an embodiment of
the invention includes the liquid crystal display panel
described above.

[0020] Inthe liquid crystal display panel and the electronic
device according to the embodiments of the invention, the
second switch element and the third switch element are con-
trolled to be OFF during the first operation period, and the
pixel potential of the signal line is written to the capacitive
element at the timing when the first switch element is con-
trolled to be ON. On the other hand, the first switch element
is controlled to be OFF, and in this state, the second switch
element is controlled to be ON and the third switch element is
controlled to be OFF during the second operation period.
Thereby, the pixel potential held by the capacitive element is
read by the circuit, and a logic level of the read pixel potential
is restored. That is, a self-refresh function is performed. Then,
the second switch element is controlled to be OFF, and the
third switch element is controlled to be ON. Thereby, the
logically-inverted output of the restored logic level is written
by the circuit to the capacitive element through the third
switch element. That is, a self-inverting function is per-
formed.

[0021] According to the liquid crystal display panel and the
electronic device of the embodiments of the invention, the
capacitive element in each pixel is used as DRAM and refresh
operation is completed within the circuit. Therefore, it is
possible to avoid reduction in transmissive aperture ratio and
to achieve high resolution. Also, the signal line having a large
load capacity need not be charged or discharged during the
refresh operation. Therefore, it is possible to reduce power
consumption associated with the refresh operation.

[0022] Other and further objects, features and advantages
of the invention will appear more fully from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a diagram showing a pixel structure
example of a liquid crystal display panel.

[0024] FIG. 2 is a diagram showing a pixel structure
example of a liquid crystal display panel.

[0025] FIG. 3 is a diagram showing a pixel structure
example of a liquid crystal display panel according to an
embodiment of the invention.

[0026] FIG. 4 is a diagram showing an example of outside
appearance of a liquid crystal display panel.

[0027] FIG. 5 is a diagram showing a sectional structure
example of the liquid crystal display panel.
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[0028] FIG. 6 is a diagram showing a system configuration
example of the liquid crystal display panel.

[0029] FIG. 7 is a diagram showing an arrangement
example of sub pixels.

[0030] FIG. 8 is a diagram showing a configuration
example of a pixel circuit according to a first embodiment.
[0031] FIG. 9 is a diagram showing a drive operation
example in an analog display mode.

[0032] FIG. 10 is a diagram showing a connection condi-
tion within a pixel circuit in the analog display mode.
[0033] FIG. 11 is a diagram showing a general drive opera-
tion example in a memory display mode.

[0034] FIG. 12is adiagram showing a detailed drive opera-
tion example in the memory display mode.

[0035] FIG. 13 is a diagram showing a connection condi-
tion within a pixel circuit when gray-scale potential is read
from a holding capacitance.

[0036] FIG. 14 is a diagram showing a connection condi-
tion within a pixel circuit during latch operation.

[0037] FIG. 15 is a diagram showing a connection condi-
tion within a pixel circuit in a transient period.

[0038] FIG. 16 is a diagram showing a connection condi-
tion within a pixel circuit when gray-scale potential inverted
in logic is written to the holding capacitance.

[0039] FIG. 17 is a diagram showing a configuration
example of a pixel circuit according to a second embodiment.
[0040] FIG. 18 is a diagram showing a drive operation
example in an analog display mode.

[0041] FIG. 19 is a diagram showing a general drive opera-
tion example in a memory display mode.

[0042] FIG. 20 is adiagram showing a detailed drive opera-
tion example in the memory display mode.

[0043] FIG. 21 is a diagram showing a configuration
example of a pixel circuit according to a third embodiment.
[0044] FIG. 22 is a diagram showing a drive operation
example in an analog display mode.

[0045] FIG. 23 is a diagram showing a general drive opera-
tion example in a memory display mode.

[0046] FIG. 24 is a diagram showing another configuration
example of a pixel circuit.

[0047] FIG. 25 is adiagram showing a detailed drive opera-
tion example in a memory display mode.

[0048] FIG. 26 is a diagram showing a functional configu-
ration example of an electronic device.

[0049] FIG. 27 is a diagram showing a product example of
an electronic device.

[0050] FIGS. 28A and 28B are diagrams showing a product
example of the electronic device.

[0051] FIG. 29 is a diagram showing a product example of
the electronic device.

[0052] FIGS. 30A and 30B are diagrams showing a product
example of the electronic device.

[0053] FIG. 31 is a diagram showing a product example of
the electronic device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0054] Hereinafter, embodiments of the invention will be
described with reference to accompanied drawings.

[0055] A liquid crystal display panel according to one
embodiment of the invention employs a pixel circuit utilizing
a capacitive element holding gray-scale potential as DRAM,
and includes the following elements (1) to (5) illustrated in
FIG. 3.
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[0056] (1) A capacitive element Cs holding pixel potential
representing a gray-scale level and provided in each of pixels.

[0057] (2) A first switch SW1 having a first terminal con-
nected to one electrode of the capacitive element and to a
drive electrode in a liquid crystal element, and having a sec-
ond terminal connected to a signal line. The first switch is
controlled to be ON during a first operation period where
pixel potential is written from the signal line to the capacitive
element, and controlled to be OFF during a second operation
period where readout of the pixel potential from the capaci-
tive element, inversion and amplification of the read out pixel
potential, and rewriting of the inverted-amplified pixel poten-
tial to the capacitive element are sequentially performed.

[0058] (3) A second switch SW2 having a first terminal
connected to a first terminal of the first switch. The second
switch is controlled to be OFF during the first operation
period, and controlled to be ON during a readout period
where pixel potential stored in the capacitive element is read
out. The readout period is one part of the second operation
period.

[0059] (4) A third switch SW3 having a first terminal con-
nected to the first terminal of the first switch element. The
third switch is controlled to be OFF during the first operation
period, and controlled to be ON during a write period where
the pixel potential is written into the capacitive element. The
write period is another part of the second operation period.
[0060] (5) A circuit 1 restoring a logic level of pixel poten-
tial read out from the capacitive element through the second
switch during the readout period, and then writing logically-
inverted output having the restored logic level to the capaci-
tive element through the third switch during the write period.
[0061] Inthe following, embodiments of the invention will
be described with reference to FIG. 4 to FIG. 31. The descrip-
tion will be given in the following order.

(A) Basic Structure of Liquid Crystal Display Panel

(B) First Embodiment: One Circuit 1 Per Sub Pixel

[0062] (B-1) System Configuration Example
[0063] (B-2) Configuration of Pixel Circuit
[0064] (B-3) Drive Operation Example
[0065] (B-4) Conclusion

(C) Second Embodiment: One Circuit 1 Per Three Sub Pixels

[0066] (C-1) Configuration of Pixel Circuit
[0067] (C-2) Drive Operation Example
[0068] (C-3) Conclusion

(D) Third Embodiment: One Circuit 1 Per Six Sub Pixels

[0069] (D-1) Configuration of Pixel Circuit

[0070] (D-2) Drive Operation Example

[0071] (D-3) Conclusion

(E) Other Embodiments

[0072] Itwill beappreciated that the invention is not limited

to embodiments.
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(A) BASIC STRUCTURE OF LIQUID CRYSTAL
DISPLAY PANEL

(A-1) Outside Structure

[0073] First, an example of outside appearance of a liquid
crystal display panel is described. As used herein, the term
“liquid crystal display panel” refers not only to a panel mod-
ule where a pixel array section and a drive circuit are formed
using the same process, but also to a panel module where a
drive circuit configured as an integrated circuit is mounted on
a panel provided with a pixel array section. The integrated
circuit here corresponds to “semiconductor device”.

[0074] FIG. 4 shows the example of outside appearance of
the liquid crystal display panel. The liquid crystal display
panel 11 has a structure where a support substrate 13 is
attached with a counter substrate 15.

[0075] The support substrate 13 includes glass, plastic or
another transmissive material. The counter substrate 15 also
includes glass, plastic or another transmissive material. The
counter substrate 15 is a member sealing a surface of the
support substrate 13 with a seal material in between.

[0076] In addition, FPC (Flexible Printed Circuit) 7 is dis-
posed on the liquid crystal display panel 11 for inputting an
external signal or drive power as necessary.

(A-2) Sectional Structure

[0077] FIG. 5 shows a sectional structure example of the
liquid crystal display panel. The liquid crystal display panel
11 of FIG. 5 includes two glass substrates 13 and 15, and a
liquid crystal layer 19 enclosed in a manner of being sand-
wiched by the substrates. A polarizing plate 21 is disposed on
an outer surface of each substrate, and an alignment film 23 is
disposed on an inner surface thereof. The alignment film 23 is
used for arranging liquid crystal molecules of the liquid crys-
tallayer 19 in a certain direction. A polyimide film is typically
used for the film 23.

[0078] Pixel electrodes 25 and counter electrodes 27 are
formed on the glass substrate 15, the electrodes 25 and 27
being formed of a transparent conductive film respectively. In
FIG. 5, pixel electrodes 25 have a structure where five elec-
trode branches 25A formed into a comb shape are connected
at either ends via connections.

[0079] In contrast, the counter electrodes 27 are formed on
alower layer side (glass substrate 15 side) with respect to the
electrode branches 25A in a manner of covering the whole
pixel area. This electrode structure induces a parabolic elec-
tric field between the electrode branches 25A and the counter
electrodes 27. That is, even regions on tops of the electrode
branches 25A may be affected by the electric field. Therefore,
a liquid crystal in the whole pixel area may be directed to a
desired orientation direction.

(B) FIRST EMBODIMENT

(B-1) System Configuration Example

[0080] First, description is made on a system configuration
of a liquid crystal display panel 31 having a pixel structure
according to the present embodiment.

[0081] FIG. 6 shows a system configuration example of the
liquid crystal display panel module 31. The module 31 has a
configuration where a pixel array section 33, a signal line
drive section 35, a control line drive section 37, and a drive
timing generation section 39 are arranged on a lower glass
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substrate (corresponding to the glass substrate 15 in FIG. 5).
Inthe embodiment, a drive circuit of the pixel array section 33
is formed as one or plural semiconductor integrated circuit/
circuits, and mounted on the glass substrate.

[0082] The pixel array section 33 has a matrix structure
where white units, each unit configuring one pixel of display,
are arranged in M rows and N columns. As used herein, the
term “row” refers to a pixel line configured of 3*N sub pixels
41 arranged in an X axis direction in the figure. The term
“column” refers to a pixel line configured of M sub pixels 41
arranged in a'Y axis direction in the figure. Note that a value
of M and a value of N are determined according to display
resolution in a vertical direction and display resolution in a
horizontal direction respectively.

[0083] FIG. 7 shows an arrangement example of the sub
pixels 41 configuring white units. The example of FIG. 7 is an
arrangement example when a white unit is configured of sub
pixels 41 corresponding to three primary colors. Note that a
configuration of a white unit is not limited to this.

[0084] The signal line drive section 35 is a circuit driving
signal lines DTL. In the present embodiment, the signal lines
DTL are wired extending in the Y axis direction in the figure.
For example, in the analog display mode, the signal line drive
section 35 operates so that optional gray-scale potential (ana-
log potential Vsig) in accordance with pixel gray-scale is
applied to a corresponding signal line DTL. For example,
even in the memory display mode, when a logic level of
gray-scale potential to be stored in a sub pixel 41 is changed,
the section 35 operates so that necessary pixel gray-scale is
applied to a corresponding signal line DTL.

[0085] The control line drive section 37 is a circuit driving
control lines CTL 21 to 25. In the present embodiment, the
control lines CTL 21 to 25 are wired extending in the X axis
direction in the figure. For example, in the analog display
mode, the section 37 controls operation of writing gray-scale
potential applied to a signal line DTL to a sub pixel 41. For
example, in the memory display mode, the section 37 controls
refresh operation of gray-scale potential stored in a sub pixel
41, and rewriting operation.

[0086] The drive timing generation section 39 is a circuit
device supplying a drive pulse to the signal line drive section
35 and to the control line drive section 37.

(B-2) Configuration of Pixel Circuit

[0087] FIG. 8 shows a configuration example of a pixel
circuit corresponding to the sub pixel 41 according to the
present embodiment. FIG. 8 shows a circuit configuration as
a circuit configuration example when the circuit 1 (FIG. 3)
having a self-refresh function and a self-inverting function is
disposed in one-to-one correspondence to the sub pixel 41.
[0088] Hereinafter, each of elements configuring the pixel
circuit is described.

[0089] In FIG. 8, LC shows a liquid crystal corresponding
to the sub pixel 41.

[0090] InFIG.8,“Cs”shows aholding capacitance holding
gray-scale potential. In the present embodiment, the holding
capacitance Cs is used as DRAM in the memory display
mode.

[0091] A thinfilm transistor N11 is an active element that is
controlled to be ON during writing gray-scale potential to the
holding capacitance Cs, and controlled to be OFF during
other periods. A control line CTL.21 s used for controlling the
thin film transistor N11. One main electrode of the transistor
N11 is connected to wiring connected to a pixel electrode, and
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the other main electrode is connected to one main electrode of
a thin film transistor N12 through wiring.

[0092] The thin film transistor N12 is an active element that
is controlled to be ON when gray-scale potential is written
from the signal line DTL. A control line CTL.22 is used for
controlling the thin film transistor N12. The thin film transis-
tor N12 corresponds to the first switch SW1 in FIG. 3. One
main electrode of the transistor N12 is connected to the signal
line DTL, and the other main electrode thereofis connected to
the one main electrode of'the thin film transistor N11 through
wiring.

[0093] A thin film transistor N13 is an active element that is
controlled to be OFF when pixel potential is written from the
signal line to the holding capacitance. The transistor N13 is
controlled to be ON only for a certain period immediately
before end of each frame during performing internal refresh
operation of the memory display mode. Gray-scale potential
held by the holding capacitance Cs acting as DRAM is read
by the circuit 1 (FIG. 3) during a period where the thin film
transistor N13 is controlled to be ON. A control line CTL.23 is
used for controlling the thin film transistor N13. The thin film
transistor N13 corresponds to the second switch SW2 in FIG.
3.

[0094] A thin film transistor N14 is also an active element
that is controlled to be OFF when pixel potential is written
from the signal line to the holding capacitance. The transistor
N14 is controlled to be ON only for a certain period imme-
diately after start of each frame during performing internal
refresh operation of the memory display mode. Gray-scale
potential, which has been inverted in logic within the circuit 1
(FIG. 3), is written to the holding capacitance Cs during a
period where the thin film transistor N14 is controlled to be
ON. A control line CTL.24 is used for controlling the thin film
transistor N14. The thin film transistor N14 corresponds to
the third switch SW3 in FIG. 3.

[0095] Thin film transistors P11, P12, N15, N16 and N17
configure the circuit 1 in FIG. 3.

[0096] The thin film transistors P11 and N15 configure an
inverter circuit (amplifier circuit). In addition, the thin film
transistors P12 and N16 configure an inverter circuit (ampli-
fier circuit). Drive power of the inverter circuits includes
high-level power of VDD and low-level power of VSS.
[0097] An input side of the inverter circuit including the
thin film transistors P11 and N15 is connected to one main
electrode of the thin film transistor N13. The inverter circuit
may input gray-scale potential of the holding capacitance Cs
when the transistor N13 is ON.

[0098] An input side of the inverter circuit including the
thin film transistors P12 and N16 is connected to one main
electrode of the thin film transistor N14. The inverter circuit
may write gray-scale potential inverted in logic to the holding
capacitance Cs when the transistor N14 is ON.

[0099] An output side of the inverter circuit including the
thin film transistors P11 and N15 is connected to an input side
of the inverter circuit including the thin film transistors P12
and N16. An output side of the inverter circuit including the
thin film transistors P12 and N16 is connected to the input
side of the inverter circuit including the thin film transistors
P11 and N15 through a thin film transistor N17. The thin film
transistor N17 controls operation of the circuit 1 (FIG. 3). A
control line CTL.25 is used for controlling the thin film tran-
sistor N17.

[0100] For example, when the thin film transistor N17 is
ON, the two inverter circuits operate as a latch circuit. When
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the inverter circuits operate as the latch circuit, a self-refresh
function is enabled. That is, operation of restoring a logic
level is performed so as to have logic amplitude of VDD to
VSS. Logically-inverted output of gray-scale potential read
from the holding capacitance Cs is provided on the output
side of the inverter circuit including the thin film transistors
P11 and N15.

[0101] Inaddition, for example, when the thin film transis-
tor N17 is OFF, the two inverter circuits operate as indepen-
dent amplifier circuits.

(B-3) Drive Operation Example

[0102] Hereinafter, drive operation examples of the pixel
circuit configuring the sub pixel 41 are described for each
display mode.

(1) Analog Display Mode

[0103] FIG. 9 shows specific control operation of the con-
trol line drive section 37 for a certain scan line in the analog
display mode. In FIG. 9, (A) shows a waveform of gray-scale
potential applied to the signal line DTL. In the present
embodiment, polarity of voltage applied between a pixel elec-
trode and a counter electrode is inverted on a horizontal-
period cycle (1H cycle). That is, line inversion drive is pet-
formed. Therefore, in (A), the waveform of gray-scale
potential applied to the signal line DTL is drawn such that a
potential level is inverted on a 1H cycle. High-level potential
of the gray-scale potential applied to the signal line DTL is
VDD1, and low-level potential thereof is VSS. While (A)
shows an example of a case of the largest amplitude, a poten-
tial level between VDD1 and VSS is actually used depending
on pixel gray-scale.

[0104] InFIG.9, (B)shows adrive waveform of each of the
control lines CTL.21 and CTL22. High-level potential of drive
amplitude is VDD2, and low-level potential thereof is VSS2.
As shown in the figure, drive potential is controlled to the
high-level potential VDD2 only at the timing of writing gray-
scale potential from the signal line DTL.

[0105] (C) shows a drive waveform of each of the control
lines CTL.23 and CTL24. High-level potential of drive ampli-
tude is VDD?2, and low-level potential thereof is VSS2. How-
ever, the control lines CTL23 and CTL24 are continuously
controlled at the low-level potential VSS2 in the analog dis-
play mode.

[0106] (D) shows a drive waveform of the control line
CTL25. High-level potential of drive amplitude is VDD2, and
low-level potential thereof is VSS2. However, the control line
CTL25 is continuously controlled at the high-level potential
VDD2 in the analog display mode.

[0107] FIG.10 shows aconnection condition within a pixel
circuit when gray-scale potential is written from the signal
line DTL in the analog display mode. A writing path of the
gray-scale potential is shown by an arrow.

[0108] Inthis case, only the thin film transistor N12 corre-
sponding to the first switch SW1 is controlled to be ON as
shown in FIG. 10. In contrast, both of the thin film transistor
N13 corresponding to the second switch SW2 and the thin
film transistor N14 corresponding to the third switch SW3 are
controlled to be OFF over the whole period. That is, a portion
of the pixel circuit including the holding capacitance Cs and
a pixel electrode is electrically perfectly isolated from the
circuit 1 (FIG. 3).
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[0109] The thin film transistor N17 in the circuit 1 is con-
tinuously controlled to be ON, and thus continuously operates
as a latch circuit.

(2) Memory Display Mode

[0110] The memory display mode includes operation of
writing gray-scale potential from the signal line DTL to the
holding capacitance Cs, and operation of refreshing gray-
scale potential stored in the holding capacitance Cs within a
sub pixel. The operation of writing gray-scale potential from
the signal line DTL to the holding capacitance Cs is per-
formed, for example, when display contents are changed.
When gray-scale potential is written from the signal line DTL
to the holding capacitance Cs, operation of the pixel circuit is
the same as operation in the analog display mode. Therefore,
description of the operation is omitted.

[0111] FIG. 11 shows a content of control operation of the
control line drive section 37 in the case of refreshing gray-
scale potential stored in the holding capacitance Cs within a
sub pixel. FIG. 11 shows a relationship in drive operation in
frames.

[0112] In FIG. 11, (A) shows a drive waveform of the
control line CTL21. (B) shows a drive waveform of each of
the control lines CTL23 and CTL.24. The two control lines are
applied with high-level potential in a pulsed manner on a
one-frame cycle. (C) shows a drive waveform of the control
line CTL25. The control line CTL25 is applied with low-level
potential in a pulsed manner on a one-frame cycle.

[0113] In FIG. 11, (D) shows a drive waveform of counter
electrode potential VCS. As shown in the figure, high-level
potential and low-level potential are alternately outputted on
a one-frame cycle.

[0114] (E) shows a waveform of showing change in gray-
scale potential (PIX) to be written to the holding capacitance
Cs. As shown in the figure, the gray-scale potential (PIX) is
alternately changed in order to keep a light emitting state of
the sub pixel 41 in the memory display mode.

[0115] In the memory display mode, the control line
CTL22 is continuously controlled at low-level potential.

[0116] Next, drive operation within one frame is described
in detail.
[0117] FIG. 12 shows a content of control operation of the

control line drive section 37 for a certain scan line in the
memory display mode. FIG. 12 shows a boundary portion
between frames of FIG. 11 in an expanded manner. In FIG.
12, a preceding frame is shown as frame N, and a following
frame is shown as frame N+1.

[0118] In FIG. 12, (A) shows a drive waveform of the
control line CTL.21. As shown in the figure, the control line
CTL21 is controlled at the high-level potential VDD2 for a
certain period from a point immediately before end of the
frame N to a point immediately after start of the frame N+1.
[0119] (B) shows a drive waveform of the control line
CTL23. As shown in the figure, the control line CTL23 is
controlled at the high-level potential VDD?2 only for a certain
period immediately before end of each frame.

[0120] (C) shows a drive waveform of the control line
CTL24. As shown in the figure, the control line CTL24 is
controlled at the high-level potential VDD2 only for a certain
period immediately after start of each frame.

[0121] (D) shows a drive waveform of the control line
CTL25. As shown in the figure, the control line CTL25 is
basically controlled at the high-level potential VDD2, but
controlled at the low-level potential VSS2 immediately
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before starting read of gray-scale potential from the holding
capacitance Cs to the circuit 1 (FIG. 3).

[0122] Then, when certain time has passed, the control line
CTL25 is controlled at the high-level potential VDD2 again.
Such application of the high-level potential VDD2 is per-
formed for a certain period before the frame N is finished. A
latch function of the circuit 1 (FIG. 3) is enabled during
applying the high-level potential VDD2, and gray-scale
potential (PIX) read from the holding capacitance is returned
to original potential. That is, self-refresh operation is per-
formed. In this way, self-refresh operation is performed with-
out charging or discharging the signal line DTL.

[0123] When the self-refresh operation is finished, the con-
trol line CTL.25 is controlled at the low-level potential VSS2
again, and such a potential state is kept until a certain period
has passed from start of a following frame. Then, after a
certain time has passed from start of ON control of the thin
film transistor N14 acting as the third switch SW3, the control
line CTL25 is controlled to be ON again, and such a potential
state is kept.

[0124] In FIG. 12, (E) shows a waveform showing change
in counter electrode potential VCS. As shown in the figure, a
potential level is inverted with a frame period.

[0125] FIG. 13 shows a state within the pixel circuit when
gray-scale potential (PIX) is read from the holding capaci-
tance Cs in the memory display mode.

[0126] At thattime, the thin film transistor N11 and the thin
film transistor N13 (second switch SW2) are controlled to be
ON. Thus, gray-scale potential held by the holding capaci-
tance Cs acting as DRAM is read by the inverter circuit
including the thin film transistor P11 and the thin film tran-
sistor N15 through an input end of the inverter circuit.
[0127] When the thin film transistor N17 is controlled to be
ON in this state, the circuit 1 (FIG. 3) operates as a latch
circuit as shown in FIG. 14, and logic amplitude of the gray-
scale potential read from the holding capacitance Cs is
restored.

[0128] Then, the thin film transistor N17 is controlled to be
OFF, and then the thin film transistor N13 is also controlled to
be OFF. This state is a connection state as shown in FIG. 15.
Thus, gray-scale potential inverted in logic is provided on an
input side of each of the thin film transistors P12 and N16
while restoring logic amplitude of gray-scale potential read
from the holding capacitance Cs during a period of the frame
N.

[0129] Then, the thin film transistor N14 is first controlled
to be ON, and then the thin film transistor N17 is controlled to
be ON. This state is a connection state as shown in FIG. 16.
Thus, gray-scale potential is newly written to the holding
capacitance Cs, the gray-scale potential being inverted in
logic after gray-scale potential of the frame N is refreshed.
[0130] The above operation is repeated during a period of
the memory display mode.

(B-4) Conclusion

[0131] The pixel structure according to the present embodi-
ment is used, so that a liquid crystal display panel may be
achieved, which may meet both the analog display mode and
the memory display mode.

[0132] Inaddition, since the holding capacitance Cs is used
as DRAM in the memory display mode, capacitance area can
be small, and thus an aperture ratio may be designed to be
high.
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[0133] Moreover, in the case of the pixel structure accord-
ing to the present embodiment, the sub pixel 41 is basically
unnecessary to be connected to the signal line DTL in the
memory display mode. That is, even if the signal line DTL is
not charged or discharged, gray-scale potential of the holding
capacitance Cs, which is allowed to act as DRAM, may be
refreshed. This enables further reduction in power consump-
tion in the memory display mode.

(C) SECOND EMBODIMENT

[0134] Next, a second embodiment is described. In the
present embodiment, description is made on a case where one
circuit 1 (FIG. 3) is disposed for three sub pixels 41 config-
uring a white unit.

(C-1) Configuration of Pixel Circuit

[0135] FIG. 17 shows a configuration example of a pixel
circuit corresponding to sub pixels 41 according to the second
embodiment. In FIG. 17, portions corresponding to those in
FIG. 8 are marked with the same reference numerals or signs.
Even in FI1G. 17, LC is omitted to be shown for convenience
of drawing as in FIG. 2.

[0136] FIG. 17 is different from FIG. 8 in that thin film
transistors N11 are prepared to the number of three sub pixels
41 configuring a white unit. That is, three thin film transistors
N11(B), N11(G) and N11(R) are prepared. “B” in the paren-
thesis shows a thin film transistor used for a sub pixel corre-
sponding to blue. “G” in the parenthesis shows a thin film
transistor used for a sub pixel corresponding to green. “R” in
the parenthesis shows a thin film transistor used for a sub pixel
corresponding to red.

[0137] Therefore, a holding capacitance Cs(B) shows a
holding capacitance Cs of the sub pixel 41 corresponding to
blue display. Similarly, a holding capacitance Cs(G) shows a
holding capacitance Cs of the sub pixel 41 corresponding to
green display. Similarly, a holding capacitance Cs(R) shows a
holding capacitance Cs of the sub pixel 41 corresponding to
red display.

[0138] A control line CTL21(B) is used for controlling the
thin film transistor N11(B). A control line CTL21(G) is used
for controlling the thin film transistor N11(G). A control line
CTL21(R) is used for controlling the thin film transistor N11

R).
(C-2) Drive Operation Example

[0139] Hereinafter, drive operation examples of the pixel
circuit according to the present embodiment are described for
each display mode.

(1) Analog Display Mode

[0140] FIG. 18 shows a content of control operation of the
control line drive section 37 for a certain scan line in the
analog display mode. In FIG. 18, (A) shows a waveform of
gray-scale potential applied to the signal line DTL. In the
present embodiment, polarity of voltage applied between a
pixel electrode and a counter electrode is inverted on a hori-
zontal-period cycle (1H cycle). That s, line inversion drive is
performed. Therefore, in (A), the waveform of gray-scale
potential applied to the signal line DTL is drawn such that a
potential level is inverted on a 1H cycle. High-level potential
of the gray-scale potential applied to the signal line DTL is
VDD1, and low-level potential thereof is VSS. While (A)



US 2014/0327853 Al

shows an example of a case of the largest amplitude, a poten-
tial level between VDDI and VSS is actually used depending
on pixel gray-scale.

[0141] InFIG. 18, (B) shows a drive waveform of the con-
trol line CTL22. High-level potential of drive amplitude is
VDD2, and low-level potential thereof'is VSS2. As shown in
the figure, drive potential is controlled to the high-level poten-
tial VDD2 only at the timing of writing gray-scale potential
from the signal line DTL.

[0142] (C1) to (C3) show drive waveforms of the control
lines CTL21(R), CTL21(G) and CTL21(B) respectively. As
shown in the figure, the control lines CTL21(R), CTL21(G)
and CTL21(B) are sequentially controlled at high-level
potential VDD2 in order of R, G and B. Periods where the
respective control lines CTL21(R), CTL21(G) and CTL21
(B) are at the high-level potential VDD2 are set to be not
overlapped with one another. During the period where each of
the control lines CTL21(R), CTL21(G) and CTL21(B) is at
the high-level potential VDD?2, corresponding signal poten-
tial Vsig is applied to the signal line DTL. High-level poten-
tial of drive amplitude is VDD2, and low-level potential
thereof is VSS2.

[0143] In FIG. 18, (D) shows a drive waveform of each of
the control lines CTL23 and CTL.24. High-level potential of
drive amplitude is VDD?2, and low-level potential thereof is
VSS2. However, the control lines CTL23 and CTL24 are
continuously controlled at the low-level potential VSS2 in the
case of the analog display mode.

[0144] (E) shows a drive waveform of the control line
CTL25. High-level potential of drive amplitude is VDD2, and
low-level potential thereof is VSS2. However, the control line
CTL25 is continuously controlled at the high-level potential
VDD2 in the analog display mode.

(2) Memory Display Mode

[0145] The memory display mode includes operation of
writing gray-scale potential from the signal line DTL to the
holding capacitance Cs, and operation of refreshing gray-
scale potential stored in the holding capacitance Cs within a
sub pixel. The operation of writing gray-scale potential from
the signal line DTL to the holding capacitance Cs is pet-
formed, for example, when display contents are changed.
When gray-scale potential is written from the signal line DTL
to the holding capacitance Cs, the pixel circuit performs the
same operation as operation in the analog display mode.
Therefore, description of the operation is omitted.

[0146] FIG. 19 shows a content of control operation of the
control line drive section 37 in the case of refreshing gray-
scale potential stored in the holding capacitance Cs within a
sub pixel. FIG. 19 shows a relationship in drive operation in
frames.

[0147] In FIG. 19, (A1) to (A3) show drive waveforms of
the control lines CTL21(R), CTL21(G) and CTL21(B)
respectively. In the present embodiment, the control lines
CTL21(R), CTL21(G) and CTL21(B) are applied with high-
level potential in a pulsed manner on a three-frame cycle.

[0148] InFIG. 19, (B) shows a drive waveform of each of
the control lines CTL.23 and CTL.24. The two control lines are
applied with high-level potential in a pulsed manner on a
one-frame cycle. (C) shows a drive waveform of the control
line CTL25. The control line CTL25 is applied with low-level
potential in a pulsed manner on a one-frame cycle.
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[0149] 1In FIG. 19, (D) shows a drive waveform of counter
electrode potential VCS. As shown in the figure, high-level
potential and low-level potential are alternately outputted on
a one-frame cycle.

[0150] (E1) to (E3) show waveforms showing change in
gray-scale potential (PIXR, PIXG and PIXB) to be written to
the holding capacitance Cs respectively. In the figure, a wave-
form shown by a broken line is a drive waveform of counter
electrode potential VCS. A waveform shown by a solid line is
a waveform of gray-scale potential stored in each sub pixel
41.

[0151] As shown in the figure, gray-scale potential is
changed with change in counter electrode potential, and a
potential relationship between the counter electrode potential
VCS and the gray-scale potential (PIXR, PIXG and PIXB)
held by the holding capacitance Cs is changed on a three-
frame cycle. That is, self-refresh/self-inverting operation for
each color is performed on a three-frame cycle. Note that a
potential relationship within the sub pixel 41 is kept from
preceding self-refresh/self-inverting operation to following
self-refresh/self-inverting operation. Therefore, in the present
embodiment, the holding capacitance Cs has sufficient
capacitance to keep certain gray-scale potential even if a
refresh rate is a three-frame cycle. In the memory display
mode, the control line CTL.22 is continuously controlled at
low-level potential.

[0152] Next, drive operation within one frame is described
in detail.
[0153] FIG. 20 shows a content of control operation of the

control line drive section 37 for a certain scan line in the
memory display mode. FIG. 20 shows a boundary portion
between frames of FIG. 19 in an expanded manner. In FIG.
20, a preceding frame is shown as frame N, and a following
frame is shown as frame N+1.

[0154] In FIG. 20, (A) shows a drive waveform of each of
the control lines CTL21(R), CTL21(G) and CTL.21(B). That
is, (A) shows operation at a time point of each pulse output in
(A1) to (A3) of FIG. 19. Hereinafter, description is made on
the control line CTL21(R).

[0155] Asshown in the figure, the control line CTL21(R) is
controlled at the high-level potential VDD2 for a certain
period from a point immediately before end of the frame N to
a point immediately after start of the frame N+1.

[0156] (B) shows a drive waveform of the control line
CTL23. As shown in the figure, the control line CTL23 is
controlled at the high-level potential VDD?2 only for a certain
period immediately before end of each frame.

[0157] (C) shows a drive waveform of the control line
CTL24. As shown in the figure, the control line CTL24 is
controlled at the high-level potential VDD?2 only for a certain
period immediately after start of each frame.

[0158] (D) shows a drive waveform of the control line
CTL25. As shown in the figure, the control line CTL25 is
basically controlled at the high-level potential VDD2, but
controlled at the low-level potential VSS2 immediately
before starting read of gray-scale potential from the holding
capacitance Cs to the circuit 1 (FIG. 3).

[0159] Then, when certain time has passed, the control line
CTL25 is controlled at the high-level potential VDD2 again.
Such application of the high-level potential VDD2 is per-
formed for a certain period before the frame N is finished. A
latch function of the circuit 1 (FIG. 3) is enabled during
applying the high-level potential VDD2, and gray-scale
potential (PIX) read from the holding capacitance is returned
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to original potential. That is, self-refresh operation is per-
formed. In this way, self-refresh operation is performed with-
out charging or discharging the signal line DTL.

[0160] When the self-refresh operation is finished, the con-
trol line CTL.25 is controlled at the low-level potential VSS2
again, and such a potential state is kept until a certain period
has passed from start of a following frame. Then, after a
certain time has passed from start of ON control of the thin
film transistor N14 acting as the third switch SW3, the control
line CTL25 is controlled to be ON again, and such a potential
state is kept.

[0161] In FIG. 20, (E) shows a waveform showing change
in counter electrode potential VCS. As shown in the figure, a
potential level is inverted with a frame period.

[0162] The above operation is sequentially performed in
frames for the sub pixel 41 corresponding to red display, the
sub pixel 41 corresponding to green display, and the sub pixel
41 corresponding to blue display.

(C-3) Conclusion

[0163] Even in the present embodiment, the liquid crystal
display panel, which may meet both the analog display mode
and the memory display mode, may be achieved.

[0164] In addition, in the present embodiment, a single
circuit 1 (FIG. 3) may be sequentially used for three sub pixels
41. That is, the number of circuits 1 (FIG. 3) formed within
one white unit may be decreased from three to one. As a
result, the number of elements configuring a white unit within
a pixel area may be reduced. Also, when the number of
elements configuring a liquid crystal display panel is reduced,
a yield may be correspondingly improved.

(D) THIRD EMBODIMENT

[0165] Next, a third embodiment is described. In the
present embodiment, description is made on a case where one
circuit 1 (FIG. 3) is disposed for six sub pixels 41 configuring
two white units.

(D-1) Configuration of Pixel Circuit

[0166] FIG. 21 shows a configuration example of a pixel
circuit corresponding to the sub pixels 41 according to the
third embodiment. In FIG. 21, portions corresponding to
those in FIG. 17 are marked with the same reference numerals
or signs. Even in FIG. 21, LC is omitted to be shown for
convenience of drawing as in the case of FIG. 2 or 17.
[0167] FIG. 21 is different from FIGS. 2 and 17 in that thin
film transistors N11 are prepared to the number of six sub
pixels 41 configuring two white units. That is, six thin film
transistors N11(B1), N11(G1), N11(R1), N11(B2), N11(G2)
and N11(R2) are prepared.

[0168] EveninFIG.21,*“B”inthe parenthesis shows a thin
film transistor used for a sub pixel corresponding to blue. “G”
in the parenthesis shows a thin film transistor used for a sub
pixel corresponding to green. “R” in the parenthesis shows a
thin film transistor used for a sub pixel corresponding to red.
[0169] “1” in the parenthesis shows a thin film transistor
used for a sub pixel configuring a first white unit, and “2” in
the parenthesis shows athin film transistor used fora sub pixel
configuring a second white unit.

[0170] Therefore, a holding capacitance Cs(B1) shows a
holding capacitance Cs of the sub pixel 41 corresponding to
blue display configuring the first white unit. Similarly, a hold-
ing capacitance Cs((G1) shows a holding capacitance Cs of the
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sub pixel 41 corresponding to green display configuring the
first white unit. Similarly, a holding capacitance Cs(R1)
shows a holding capacitance Cs of the sub pixel 41 corre-
sponding to red display configuring the first white unit.
[0171] A holding capacitance Cs(B2) shows a holding
capacitance Cs of the sub pixel 41 corresponding to blue
display configuring the second white unit. Similarly, a hold-
ing capacitance Cs((G2) shows aholding capacitance Cs of the
sub pixel 41 corresponding to green display configuring the
second white unit. Similarly, a holding capacitance Cs(R2)
shows a holding capacitance Cs of the sub pixel 41 corre-
sponding to red display configuring the second white unit.
[0172] A controlline CTL.21(B1)is used for controlling the
thin film transistor N11(B1). A control line CTL21(G1) is
used for controlling the thin film transistor N11(G1). A con-
trol line CTL21(R1) is used for controlling the thin film
transistor N11(R1).

[0173] A controlline CTL.21(B2)is used for controlling the
thin film transistor N11(B2). A control line CTL21(G2) is
used for controlling the thin film transistor N11(G2). A con-
trol line CTL21(R2) is used for controlling the thin film
transistor N11(R2).

(D-2) Drive Operation Example

[0174] Hereinafter, drive operation examples of the pixel
circuit according to the present embodiment are described for
each display mode.

(1) Analog Display Mode

[0175] FIG. 22 shows a content of control operation of the
control line drive section 37 for a certain scan line in the
analog display mode. In FIG. 22, (A) shows a waveform of
gray-scale potential applied to the signal line DTL. Even in
the present embodiment, polarity of voltage applied between
a pixel electrode and a counter electrode is inverted on one
horizontal-period cycle (1H cycle). That is, line inversion
drive is performed. Therefore, in (A), the waveform of gray-
scale potential applied to the signal line DTL is drawn such
that a potential level is inverted on a 1H cycle. High-level
potential of the gray-scale potential applied to the signal line
DTL is VDDI1, and low-level potential thereof is VSS. While
(A) shows an example of a case of the largest amplitude, a
potential level between VDDI1 and VSS is actually used
depending on pixel gray-scale.

[0176] InFIG. 22, (B) shows a drive waveform of the con-
trol line CTL.22. High-level potential of drive amplitude is
VDD2, and low-level potential thereof is VSS2. As shown in
the figure, drive potential is controlled to the high-level poten-
tial VDD2 only at the timing of writing gray-scale potential
from the signal line DTL.

[0177] (C1) to (C6) show drive waveforms of the control
lines CTL21(R1), CTL21(G1), CTL21(B1), CTL21(R2),
CTL21(G2) and CTL21(B2) respectively. The control lines
CTL21(B1), CTL21(R2) and CTL21(G2) are omitted to be
shown.

[0178] As shown in the figure, the control lines CTL21
(R1), CTL21(G1), CTL21(B1), CTL21(R2), CTL21(G2)
and CTL21(B2) are sequentially controlled at high-level
potential VDD?2 in order of R1, G1, B1, R2, G2 and B2.
Periods where the respective control lines CTL21(R1),
CTL21(G1), CTL21(B1), CTL21(R2), CTL21(G2) and
CTL21(B2) are at the high-level potential VDD2 are set to be
not overlapped with one another. During the period where
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each of the control lines CTL21(R1), CTL21(G1), CTL21
(B1),CTL21(R2), CTL21(G2) and CTL.21(B2) s at the high-
level potential VDD?2, corresponding signal potential Vsig is
applied to the signal line DTL. High-level potential of drive
amplitude is VDD2, and low-level potential thereof is VSS2.
[0179] In FIG. 22, (D) shows a drive waveform of each of
the control lines CTL.23 and CTI.24. High-level potential of
drive anplitude is VDD?2, and low-level potential thereof is
VSS2. However, the control lines CTL23 and CTL24 are
continuously controlled at the low-level potential VSS2 in the
analog display mode.

[0180] (E) shows a drive waveform of the control line
CTL25. High-level potential of drive amplitude is VDD2, and
low-level potential thereof is VSS2. However, the control line
CTL25 is continuously controlled at the high-level potential
VDD2 in the analog display mode.

(2) Memory Display Mode

[0181] The memory display mode includes operation of
writing gray-scale potential from the signal line DTL to the
holding capacitance Cs, and operation of refreshing gray-
scale potential stored in the holding capacitance Cs within a
sub pixel. The operation of writing gray-scale potential from
the signal line DTL to the holding capacitance Cs is pet-
formed, for example, when display contents are changed.
When gray-scale potential is written from the signal line DTL
to the holding capacitance Cs, the pixel circuit performs the
same operation as operation in the analog display mode.
Therefore, description of the operation is omitted.

[0182] FIG. 23 shows a content of control operation of the
control line drive section 37 in the case of refreshing gray-
scale potential stored in the holding capacitance Cs within a
sub pixel. FIG. 23 shows a relationship in drive operation in
frames.

[0183] In FIG. 23, (A1) to (A6) show drive waveforms of
the control lines CTL21(R1), CTL21(G1), CTL21(B 1),
CTL21(R2), CTL21(G2) and CTL21(B2) respectively. In the
present embodiment, the control lines CTL21(R1), CTL21
(G1), CTL21(B1), CTL21(R2), CTL21(G2) and CTL21(B2)
are applied with high-level potential in a pulsed manner on a
six-frame cycle.

[0184] In FIG. 23, (B) shows a drive waveform of each of
the control lines CTL.23 and CTL.24. The two control lines are
applied with high-level potential in a pulsed manner on a
one-frame cycle. (C) shows a drive waveform of the control
line CTL25. The control line CTL25 is applied with low-level
potential in a pulsed manner on a one-frame cycle.

[0185] In FIG. 23, (D) shows a drive waveform of counter
electrode potential VCS. As shown in the figure, high-level
potential and low-level potential are alternately outputted on
a one-frame cycle.

[0186] (E1) to (E6) show waveforms showing change in
gray-scale potential (PIXR1, PIXG1, PIXB1, PIXR2, PIXG2
and PIXB2) to be written to the holding capacitance Cs
respectively. In the figure, a waveform shown by a broken line
is a drive waveform of counter electrode potential VCS. A
waveform shown by a solid line is a waveform of gray-scale
potential stored in each sub pixel 41.

[0187] As shown in the figure, gray-scale potential is
changed with change in counter electrode potential, and a
potential relationship between the counter electrode potential
VCS and the gray-scale potential (PIXR1, PIXG1, PIXBI,
PIXR2, PIXG2 and PIXB2) held by the holding capacitance
Cs is changed on a six-frame cycle. That is, self-refresh/self-
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inverting operation for each color is performed on a six-frame
cycle. Note that a potential relationship within the sub pixel
41 is kept from preceding self-refresh/self-inverting opera-
tion to following self-refresh/self-inverting operation. There-
fore, in the present embodiment, the holding capacitance Cs
has sufficient capacitance to keep certain gray-scale potential
even if a refresh rate is a six-frame cycle. In the memory
display mode, the control line CTL22 is continuously con-
trolled at low-level potential.

[0188] Even in this case, detailed drive operation within
one frame is the same as that in each of the described, two
embodiments. Specifically, drive operation similar to drive
operation of FIG. 20 is performed. The drive operation is
different from that of FIG. 20 only in that drive waveforms
similar to those of A of FIG. 20 correspond to the control lines
CTL21(R1), CTL21(G1), CTL21(B1), CTL21(R2), CTL21
(G2) and CTL21(B2).

(D-3) Conclusion

[0189] Even in the present embodiment, the liquid crystal
display panel, which may meet both the analog display mode
and the memory display mode, may be achieved.

[0190] In addition, in the present embodiment, a single
circuit 1 (FIG. 3) may be sequentially used for six sub pixels
41. That is, the number of circuits 1 (FIG. 3) formed within
two white units may be decreased from six to one. As a result,
the number of elements configuring two white units within a
pixel area may be further reduced. Also, when the number of
elements configuring a liquid crystal display panel is reduced,
a yield may be correspondingly improved.

(E) OTHER EMBODIMENTS

(E-1) Another Pixel Configuration Example

[0191] In the embodiments described above, description
has been made on a case where the pixel structure as shown in
FIG. 8 is used as a basic configuration. That is, description is
made on a case where a thin film transistor N17 was disposed
on one of paths connecting input/output ends of two inverter
circuits to one another, and latch operation of the circuit 1 was
controlled through ON/OFF control of the thin film transistor
N17.

[0192] However, the drive operation may be achieved even
by a pixel circuit shown in FIG. 24.

[0193] InFIG. 24, .C shows a liquid crystal corresponding
to a sub pixel 41.

[0194] InFIG. 24, Cs shows a holding capacitance holding
gray-scale potential. In the present embodiment, the holding
capacitance Cs is used as DRAM in the memory display
mode.

[0195] A thin film transistor N11 is an active element that is
controlled to be ON during writing gray-scale potential to the
holding capacitance Cs, and controlled to be OFF during
other periods. A control line CTL.211s used for controlling the
thin film transistor N11. One main electrode of the transistor
N11 is connected to wiring connected to a pixel electrode, and
the other main electrode is connected to one main electrode of
a thin film transistor N12 through wiring.

[0196] The thin film transistor N12 is an active element that
is controlled to be ON when gray-scale potential is written
from a signal line DTL. A control line CTL22 is used for
controlling the thin film transistor N12. The thin film transis-
tor N12 corresponds to the first switch SW1 in FIG. 3. One
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main electrode of the transistor N12 is connected to the signal
line DTL, and the other main electrode thereofis connected to
the one main electrode of the thin film transistor N11 through
wiring.

[0197] A thinfilm transistor N13 is an active element that is
controlled to be OFF when pixel potential is written from the
signal line to the holding capacitance. The transistor N13 is
controlled to be ON only for a certain period immediately
before end of each frame during performing internal refresh
operation of the memory display mode. Gray-scale potential
held by the holding capacitance Cs acting as DRAM is read
by the circuit 1 (FIG. 3) during a period where the thin film
transistor N13 is controlled to be ON. A control line CTL.23 is
used for controlling the thin film transistor N13. The thin film
transistor N13 corresponds to the second switch SW2 in FIG.
3.

[0198] A thin film transistor N14 is also an active element
that is controlled to be OFF when pixel potential is written
from the signal line to the holding capacitance. The transistor
N14 is controlled to be ON only for a certain period imme-
diately after start of each frame during performing internal
refresh operation of the memory display mode. Gray-scale
potential, which has been inverted in logic within the circuit 1
(FIG. 3), is written to the holding capacitance Cs during a
period where the thin film transistor N14 is controlled to be
ON. A control line CTL.24 is used for controlling the thin film
transistor N14. The thin film transistor N14 corresponds to
the third switch SW3 in FIG. 3.

[0199] Thin film transistors P11 and N15, and a capacitance
C configure the circuit 1 in FIG. 3.

[0200] The thin film transistors P11 and N15 configure an
inverter circuit (amplifier circuit). An input side of the inverter
circuit including the thin film transistors P11 and N15 is
connected to one main electrode of the thin film transistor
N13. The inverter circuit may input gray-scale potential of the
holding capacitance Cs when the transistor N13 is ON. Gray-
scale potential of the holding capacitance Cs is stored in the
capacitance C. While the capacitance C is explicitly disposed
in FIG. 24, wiring capacitance may be used.

[0201] An output side of the inverter circuit including the
thin film transistors P11 and N15 is connected to one main
electrode of the thin film transistor N14.

[0202] In this circuit configuration, a single inverter circuit
is used to achieve a refresh function and a logic inverting
function. In this circuit configuration, the three thin-film tran-
sistors P12, N16 and N17 being used in FIG. 8 may be
eliminated. Circuit area may be correspondingly reduced.
[0203] Even in the pixel structure shown in FIG. 24, when
pixel potential is written from the signal line to the capacitive
element, the thin film transistors N13 and N14 can be con-
trolled to be OFF.

[0204] When internal refresh operation of the memory dis-
play mode is performed, drive control can be performed as
shown in FIG. 25.

[0205] FIG. 25 shows a content of control operation of the
control line drive section 37 for a certain scan line when
internal refresh operation of the memory display mode is
performed.

[0206] InFIG. 25, a preceding frame is shown as frame N,
and a following frame is shown as frame N+1.

[0207] In FIG. 25, (A) shows a drive waveform of the
control line CTL.21. As shown in the figure, the control line
CTL21 is controlled at high-level potential VDD?2 for a cer-
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tain period from a point immediately before end of the frame
N to a point immediately after start of the frame N+1.

[0208] (B) shows a drive waveform of the control line
CTL23. As shown in the figure, the control line CTL23 is
controlled at the high-level potential VDD?2 only for a certain
period immediately before end of each frame. Gray-scale
potential (PIX) read from the holding capacitance Cs is stored
into the capacitance C within the circuit 1 (FIG. 3) during
applying the high-level potential VDD2.

[0209] Inverted output of the gray-scale potential (PIX) is
provided at an output end of the inverter circuit, and the
gray-scale potential is inverted in logic at that time. Moreover,
output amplitude of the gray-scale potential is changed into
high-level potential VDD or low-level potential VSS. That is,
self-refresh operation and self-inverting operation are per-
formed. Again, the self-refresh operation is performed with-
out charging or discharging the signal line DTL.

[0210] InFIG. 25, (C) shows a drive waveform of the con-
trol line CTL24. As shown in the figure, the control line
CTL24 is controlled at the high-level potential VDD2 only for
a certain period immediately after start of each frame. An
output end of the inverter circuit is electrically connected to
the holding capacitance Cs during applying the high-level
potential VDD?2, so that the gray-scale potential (PIX)
inverted in logic is written to the holding capacitance.

[0211] (D) shows a waveform showing change in counter
electrode potential VCS. As shown in the figure, a potential
level is inverted in frames.

(E-2) Product Example (Electronic Device)

[0212] Thedescribed technique of applying drive voltage is
distributed not only in a form of a liquid crystal panel, but also
in a form of a product in which the liquid crystal panel is
mounted on each of electronic devices. Hereinafter, an
example where the liquid crystal panel is mounted on an
electronic device is shown.

[0213] FIG. 26 shows a conceptual configuration example
of an electronic device 51. The electronic device 51 includes
aliquid crystal panel 53 using the technique of applying drive
voltage, a system control section 55, and an operation input
section 57. A content of processing executed in the system
control section 55 is different depending on a product form of
the electronic device 51. The operation input section 57 is a
device receiving operation input to the system control section
55. For example, a switch, a button or another mechanical
interface, or a graphic interface is used for the operation input
section 57.

[0214] Theelectronic device 51 is not limited to a device in
a particular field as long as the device has a function of
displaying a picture or a video image being generated within
the device or being externally inputted.

[0215] FIG. 27 shows an example of outside appearance
when another electronic device is a television receiver. A
display screen 67 including a front panel 63, a filter glass 65
and the like is disposed in front of a housing of a television
receiver 61.

[0216] This type of electronic device 51, for example, may
be a digital camera. FIGS. 28A and 28B show an example of
outside appearance of a digital camera 71 respectively. FIG.
28A shows an outside example of the camera 71 on a front
side (object side), and FIG. 28B shows an outside example of
the camera 71 on a back side (photographer side). The digital
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camera 71 includes a protective cover 73, an imaging lens
section 75, a display screen 77, a control switch 79, and a
shutter button 81.

[0217] Moreover, this type of electronic device 51, for
example, may be a video camera. FIG. 29 shows an example
of outside appearance of a video camera 91.

[0218] The video camera 91 includes an imaging lens 95
forming an image of an object in front of a body 93, a pho-
tographing start/stop switch 97, and a display screen 99.
[0219] Moreover, this type of electronic device 51, for
example, may be a mobile terminal device. FIGS. 30A and
30B show an example of outside appearance of a mobile
phone 101 as the mobile terminal device. The mobile phone
101 shown in FIGS. 30A and 30B is of folding type. FIG. 30A
shows an outside example of the mobile phone where a hous-
ing is opened, and FIG. 30B shows an outside example of the
mobile phone where a housing is closed.

[0220] The mobile phone 101 includes an upper housing
103, a lower housing 105, a connection (hinge in this
example) 107, a display screen 109, an auxiliary display
screen 111, a picture light 113, and an imaging lens 115.
[0221] Moreover, this type of electronic device 51, for
example, may be a computer. FIG. 31 shows an example of
outside appearance of a notebook computer 121.

[0222] The notebook computer 121 includes a lower hous-
ing 123, an upper housing 125, a keyboard 127, and a display
screen 129.

[0223] In addition, this type of electronic device 51 may
also be an audio player, a game machine, an electronic book,
an electronic dictionary and the like.

(E-3) Others

[0224] Various modifications or alterations of the embodi-
ments described above may be considered within a scope of
the gist of the invention. Moreover, various modifications and
applications of the embodiments are considered to be created
based on the description of the specification, or various com-
binations of them may be considered.

[0225] Therefore, it should be understood by those skilled
in the art that various modifications, combinations, sub-com-
binations and alterations may occur depending on design
requirements and other factors insofar as they are within the
scope of the appended claims or the equivalents thereof.
[0226] The present application contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2008-321652 filed in the Japan Patent Office on Dec.
17, 2008, the entire content of which is hereby incorporated
by reference.

1-6. (canceled)

7. A liquid crystal display panel, comprising:

a capacitive element holding a pixel potential representing
a gray-scale level and provided in each of a plurality of
pixels of the liquid crystal display;

a first switch element having a first terminal, and having a
second terminal connected to a signal line, the first
switch element being controlled to be ON during a first
operation period where pixel potential is written from
the signal line to the capacitive element, and controlled
to be OFF during a second operation period including
readout of the pixel potential from the capacitive ele-
ment, inversion and amplification of the read out pixel
potential, and rewriting of the inverted-amplified pixel
potential to the capacitive element which are sequen-
tially performed,
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a second switch element having a first terminal connected
to the first terminal of the first switch element, the sec-
ond switch element being controlled to be OFF during
thefirst operation period, and controlled to be ON during
a readout period where pixel potential stored in the
capacitive element is read out, the readout period being
one part of the second operation period,

a third switch element having a first terminal connected to
the first terminal of the first switch element, the third
switch element being controlled to be OFF during the
first operation period, and controlled to be ON during a
write period where the pixel potential is written into the
capacitive element, the write period being another part
of the second operation period;

a fourth switch element having a first terminal connected to
one electrode of the capacitive element and a drive elec-
trode of a liquid crystal element, and having a second
terminal connected to the first terminal of the first switch
element, the first terminal of the second switch element,
and the first terminal of the third switch element; and

a circuit restoring a logic level of pixel potential read out
from the capacitive element through the second switch
element during the readout period, and then writing a
logically-inverted output of the restored logic level to the
capacitive element through the third switch element dur-
ing the write period,

wherein the first terminal of the first switch element is
connected to the one electrode of the capacitive element
and the drive electrode of the liquid crystal element
through the fourth switch element, and

the circuit is provided between the first switch element and
the fourth switch element, reads out the logic level of
pixel potential from the capacitive element through the
fourth switch element and the second switch element
during the readout period, and writes the logically-in-
verted output to the capacitive element through the third
switch element and the fourth switch element during the
write period.

8. The liquid crystal display panel according to claim 7,

wherein the circuit includes:

a first inverter circuit having an input terminal connected to
a second terminal of the second switch element,

a second inverter circuit having an input terminal con-
nected to a second terminal of the third switch element
and to an output end of the first inverter circuit, and

a switch having a first terminal connected to the input
terminal of the first inverter circuit, and having a second
terminal connected to an output terminal of the second
inverter circuit, and being controlled to be ON at least
during the readout period and the write period.

9. The liquid crystal display panel according to claim 7,

wherein the
circuit is provided, one per one pixel.

10. The liquid crystal display panel according to claim 7,

wherein the circuit is provided, one per a plurality of pixels.

11. The liquid crystal display panel according to claim 7,

wherein the circuit has an inverter circuit having an input
terminal connected to a second terminal of the second switch
element, and having an output end connected to a second
terminal of the third switch element.

12. The liquid crystal display panel according to claim 7,

wherein an electronic device includes the liquid crystal dis-
play and further comprising:
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a system control section controlling the electronic device;
and

an input operation section performing input operation to
the system control section.

13. A liquid crystal display panel, comprising:

a plurality of capacitive elements being respectively pro-
vided corresponding to a plurality of sub-pixels pro-
vided in each of a plurality of pixels of the liquid crystal
display, each of the plurality of capacitive elements
holding a pixel potential representing a corresponding
gray-scale level;

a first switch element having a first terminal, and having a
second terminal connected to a signal line, the first
switch element being controlled to be ON during a first
operation period where pixel potential is written from
the signal line to any one of the plurality of capacitive
elements, and controlled to be OFF during a second
operation period including readout of the pixel potential
from any one of the plurality of capacitive elements,
inversion and amplification of the read out pixel poten-
tial, and rewriting of the inverted-amplified pixel poten-
tial to any one of the plurality of capacitive elements
which are sequentially performed,

a second switch element having a first terminal connected
to the first terminal of the first switch element, the sec-
ond switch element being controlled to be OFF during
the first operation period, and controlled to be ON during
a readout period where pixel potential stored in any one
of the plurality of capacitive elements is read out, the
readout period being one part of the second operation
period;

a third switch element having a first terminal connected to
the first terminal of the first switch element, the third
switch element being controlled to be OFF during the
first operation period, and controlled to be ON during a
write period where the pixel potential is written into any
one of the plurality of capacitive elements, the write
period being another part of the second operation period,

a plurality of fourth switch elements corresponding to the
plurality of capacitive elements respectively, the plural-
ity of fourth switch elements each having a first terminal
and a second terminal, the first terminal of each of the

12
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plurality of fourth switch elements being connected to
one electrode of a corresponding one of the plurality of
capacitive elements and a drive electrode of a corre-
sponding one of a plurality of liquid crystal elements, the
second terminal of each of the plurality of fourth switch
elements being connected to the first terminal of the first
switch element,

the first terminal of the second switch element, and the first

terminal of the third switch element; and

a circuit that is shared among the plurality of capacitive

elements,

the circuit restoring a logic level of pixel potential read out

from any one of the plurality of capacitive elements
through the second switch element during the readout
period, the circuit writing logically-inverted output of
the restored logic level to any one of the plurality of
capacitive elements through the third switch element
during the write period,

wherein the first terminal of the first switch element is

connected to each one electrode of the plurality of the
capacitive elements and to each drive electrode of the
plurality of liquid crystal elements through the plurality
of fourth switch elements, and

the circuit is provided between the first switch element and

the plurality of fourth switch elements, reads out the
logic level of pixel potential from any one of the plurality
of capacitive elements through a corresponding one of
the plurality of fourth switch elements and the second
switch element during the readout period, and writes the
logically-inverted output to any one of the plurality of
capacitive elements through the third switch element
and a corresponding one of the plurality of fourth switch
elements during the write period.

14. The liquid crystal display panel according to claim 13,
wherein an electronic device includes the liquid crystal dis-
play and further comprising:

a system control section controlling the electronic device;

and

an input operation section performing input operation to

the system control section.
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