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In accordance with one embodiment of the present invention,
a first pixel of an LCD panel is driven via a first scan line to a
first pixel voltage during a first scan period and to a second
pixel voltage during a second scan period. Also, a second
pixel is driven via the first scan line and a second scan line to
the first pixel voltage during the first scan period.
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TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY PANEL AND LIQUID CRYSTAL
DISPLAY PANEL MODULE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Pursuant to 35 U.S.C. §119, this application claims
priority to Taiwan Application Serial No. 96108823, filed
Mar. 14, 2007, the subject matter of which is incorporated
herein by reference.

BACKGROUND

[0002] The invention relates in general to a liquid crystal
display (LCD) panel, and more particularly to a transflective
LCD panel.

[0003] One type of conventional transflective liquid crystal
display (LCD) has a dual liquid crystal cell gap. The manu-
facturing processes for an LCD with a dual liquid crystal cell
gap are complicated and the process variations can be hard to
control. In contrast, another type of conventional transflective
LCD having a single cell gap may have process variations that
may be more easily controlled as compared to a transflective
LCD having a dual liquid crystal cell gap.

[0004] Ina transflective LCD having a single liquid crystal
cell gap, the length of the optical path of the reflective pixel
may be twice that of the optical path of the transmissive pixel.
Ifthe reflective pixel and the transmissive pixel are to display
the same luminance simultaneously, the effective refractivity
of the liquid crystal molecule of the reflective pixel is con-
ventionally one half of the effective refractivity of the liquid
crystal molecule of the transmissive pixel. Thus, in a trans-
flective LCD having a single liquid crystal cell gap, the trans-
missive pixel and the reflective pixel are conventionally
driven according to two independent voltage-transmittance
curves (V-T curves), respectively.

[0005]  Accordingly, the transmissive pixel and the reflec-
tive pixel may have to be individually driven by two transis-
tors to display the same luminance in the same pixel unit in a
transflective LCD having a single liquid crystal cell gap.
Consequently, the number of data lines or scan lines, the
number of data drivers or scan drivers, the pixel voltages
output from the data drivers or scan drivers, and the frequency
of the scan signal may have to be correspondingly increased.
As a result, the area and the complexity of the driving circuit
are greatly increased.

[0006] FIG. 1A (Prior Art) is a block diagram showing a
pixel driving circuit of conventional transflective LCD 100.
Referring to FIG. 1A, transflective LCD 100 includes two
scan drivers 110 and 120, data driver 130 and several pixel
units. Fach pixel unit includes a transmissive pixel and a
reflective pixel. FIG. 1B (Prior Art) shows a detailed circuit of
pixel unit 140 of transflective LCD 100 of FIG. 1A. Referring
to FIG. 1B, pixel unit 140 includes a transmissive pixel and a
reflective pixel, which are respectively driven by transistors
141 and 142. Transistors 141 and 142 of pixel unit 140 receive
scan signals transmitted from scan drivers 110 and 120 via
two scan lines, and a pixel voltage transmitted from data
driver 130 through one data line. Data driver 130 outputs the
respective different pixel voltages to transistors 141 and 142
at different respective times. As mentioned above, each pixel
unit in transflective LCD 100 has two transistors for respec-
tively driving the transmissive pixel and the reflective pixel.
Each pixel unit needs two scan drivers and two scan lines to
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provide two scan signals. Consequently, the circuit complex-
ity of the pixel driving circuit is increased.

[0007] FIG. 2A (Prior Art) is a block diagram showing a
pixel driving circuit of another conventional transflective
LCD 200. Referring to FIG. 2A, transflective LCD 200
includes two data drivers 210 and 220, scan driver 230 and
several pixel units. Similar to the pixel units of FIG. 1A, each
pixel unit in FIG. 2A includes a transmissive pixel and a
reflective pixel. FIG. 2B (Prior Art) shows a detailed circuit of
pixel unit 240 of transflective LCD 200 of FIG. 2A. Referring
to FIG. 2B, pixel unit 240 includes a transmissive pixel and a
reflective pixel. The transmissive pixel and the reflective pixel
are respectively driven by transistors 241 and 242. Transistors
241 and 242 of pixel unit 240 each receive a scan signal
transmitted from scan driver 230 via the same scan line, and
pixel voltages transmitted from data drivers 210 and 220 via
tworespective data lines. As mentioned above, two transistors
in each pixel unit of transflective LCD 200 need two data
drivers and two data lines to provide two pixel voltages.
Consequently, the circuit complexity of the pixel driving cir-
cuit is increased.

[0008] FIG. 3A (Prior Art) is a block diagram showing a
pixel driving circuit of another conventional transflective
LCD 300. Referring to FIG. 3A, transflective LCD 300
includes two data drivers 310 and 320, two scan drivers 330
and 340 and several pixel units. Similar to the pixel units of
FIG. 1A, each pixel unit of FIG. 3A includes a transmissive
pixel and a reflective pixel. FIG. 3B (Prior Art) shows a
detailed circuit of a pixel unit 350 of the transflective LCD
300 of FIG. 3A. Referring to FIG. 3B, the pixel unit 350
includes a transmissive pixel and a reflective pixel. The trans-
missive pixel and the reflective pixel are respectively driven
by transistors 351 and 352. Transistors 351 and 352 of the
pixel unit 350 receive scan signals transmitted from scan
drivers 330 and 340 via two respective scan lines, and pixel
voltages transmitted from data drivers 310 and 320 via two
respective data lines. As mentioned above, two transistors in
each pixel unit of transflective LCD 300 need two data drivers
and two data lines to provide two pixel voltages, and two scan
drivers and two scan lines to provide two scan signals. Con-
sequently, the circuit complexity of the pixel driving circuit is
further increased.

[0009] Although a conventional transflective LCD having a
single liquid crystal cell gap has process variations that may
be more easily controlled as compared to a transflective LCD
having a dual liquid crystal cell gap, two pixel voltages may
have to be independently and respectively supplied to the
transmissive pixel and the reflective pixel in each pixel unit.
Consequently, as discussed above, each pixel unit needs two
scan drivers and/or two data drivers to provide the scan sig-
nals and the pixel voltages, and two scan lines or two data
lines to transmit the scan signals and the pixel voltages. Thus,
the area and the complexity of the pixel driving circuit in the
transflective LCD are greatly increased so that the aperture
ratio of the LCD panel is decreased and the manufacturing
cost is also greatly increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, incorporated in and
constituting a part of this specification, may illustrate one or
more implementations consistent with the principles of the
invention and, together with the description of the invention,
explain such implementations. The drawings are not neces-
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sarily to scale, the emphasis instead being placed upon illus-
trating the principles of the invention.

[0011] FIG. 1A (Prior Art) is a block diagram showing a
pixel driving circuit of a conventional transflective LCD.
[0012] FIG. 1B (Prior Art) shows a detailed circuit of a
pixel unit of the transflective LCD of FIG. 1A.

[0013] FIG. 2A (Prior Art) is a block diagram showing a
pixel driving circuit of another conventional transflective
LCD.

[0014] FIG. 2B (Prior Art) shows a detailed circuit of a
pixel unit of the transflective LCD of FIG. 2A.

[0015] FIG. 3A (Prior Art) is a block diagram showing a
pixel driving circuit of another conventional transflective
LCD.

[0016] FIG. 3B (Prior Art) shows a detailed circuit of a
pixel unit of the transflective LCD of FIG. 3A.

[0017] FIG.4isaschematic diagram of a portion of a pixel
driving circuit of an LCD panel according to an embodiment
of the invention.

[0018] FIG.5isaschematic diagram of a portion of a pixel
driving circuit of a transflective LCD panel according to an
embodiment of the invention.

[0019] FIG. 6A is a graph of an example of a voltage-
reflectance curve according to an embodiment of the inven-
tion.

[0020] FIG. 6B is a graph of an example of a voltage-
transmittance curve according to an embodiment of the
invention.

[0021] FIG. 7 shows an example of timing charts of scan
signals and a pixel voltage from the scan lines and the data
line of FIG. 5 according to an embodiment of the invention.
[0022] FIG. 8isa cross-sectional view showing a transflec-
tive LCD panel of FIG. 5§ according to an embodiment of the
invention.

[0023] FIG.9isaschematic diagram of a portion of a pixel
driving circuit according to an embodiment of the invention.
[0024] FIG. 10 is a schematic diagram of a portion of the
pixel driving circuit according to the transflective LCD panel
900 according to an embodiment of the invention.

[0025] FIG. 11 shows an example of timing charts of scan
signals and a pixel voltage outputted from the scan lines and
the data lines of FIG. 10 according to an embodiment of the
invention.

[0026] FIG. 12 is a schematic diagram of an LCD panel
module according to an embodiment of the invention.

DETAILED DESCRIPTION

[0027] The following description refers to the accompany-
ing drawings. Among the various drawings the same refer-
ence numbers may be used to identify the same or similar
elements. While the following description provides a thor-
ough understanding of the various aspects of the claimed
invention by setting forth specific details such as particular
structures, architectures, interfaces, and techniques, such
details are provided for purposes of explanation and should
not be viewed as limiting. Moreover, those of skill in the art
will, in light of the present disclosure, appreciate that various
aspects of the invention claimed may be practiced in other
examples or implementations that depart from these specific
details. At certain junctures in the following disclosure
descriptions of well known devices, circuits, and methods
have been omitted to avoid clouding the description of the
present invention with unnecessary detail.
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[0028] FIG. 4 is a diagram showing a portion of a pixel
driving circuit of an LCD panel according to an embodiment
of the invention. Referring to F1G. 4, the LCD panel includes
scan lines 411,412 and 413, data line 421, pixels 432 and 433
(of a first pixel unit) and an associated transistor 431 and
pixels 442 and 443 (of a second pixel unit) and an associated
transistor 441. Note that an array of pixel units is provided,
with each pixel unit having a corresponding pair of pixels. To
drive pixels 432, 433 of the LCD panel according to an
embodiment of the invention, pixels 432 and 433 respectively
receive pixel voltage D2 and pixel voltage D1 transmitted
from data line 421 respectively during scan period T1 and
scan period T2. Scan line 411 and scan line 412 transmit the
scan signals S1 and S2, respectively. Pixel 432 and transistor
431 may be controlled by scan signal S1. When transistor 431
is enabled, scan signal S2 is transmitted to pixel 433 via
transistor 431 to control enabling of pixel 433.

[0029] During scan period T1, scan signal S1 is enabled
such that pixel 432 and transistor 431 are enabled. Scan signal
S2 can thus be transmitted to pixel 433 via transistor 431.
During scan period T1, scan signal S2 is also enabled such
that pixel 442 is enabled. After pixel 432 and pixel 433 are
enabled, they can receive pixel voltage D1 transmitted from
data line 421. Thus, both pixels 432 and 433 store pixel
voltage D1 during scan period T1.

[0030] During scan period T2, scan signal S1 still enables
pixel 432 and transistor 431. Similarly, scan signal S2 can
thus be transmitted to pixel 433 via transistor 431. However,
scan signal S2 changes to be disabled during scan period T2
so that pixel 433 is disabled in accordance with one embodi-
ment of the present invention. Thus, pixel 432 is enabled
during scan period T2 and can receive pixel voltage D2 trans-
mitted from data line 421. Pixel 433, however, is disabled and
cannot receive pixel voltage D2. Thus, pixel 432 stores pixel
voltage D2 and pixel 433 stores pixel voltage D1 during scan
period T2. Consequently, pixels 432 and 433 respectively
store pixel voltages D2 and D1 respectively transmitted from
data line 421 during scan periods T1 and T2 to display the
corresponding luminance levels.

[0031] The pixel driving circuit of the LCD panel may be
applied to a transflective LCD panel. In a transflective LCD
panel, each pixel unit may have a transmissive pixel and a
reflective pixel.

[0032] FIG. 5 is a diagram showing a portion of a pixel
driving circuit of a transflective LCD panel in accordance
with one embodiment of the present invention. Pixel 540
includes transistor 541 and storage capacitor 542. Pixel 550
includes transistor 551 and storage capacitor 552. In this
example, pixels 540 and 550 are respectively a transmissive
pixel and a reflective pixel. Pixels 540 and 550 respectively
receive pixel voltage DA2 and pixel voltage DA1 respectively
transmitted from data line 521 during scan period T1 and scan
period T2. Pixel voltages DA1 and DAZ2 are respectively the
reflective pixel voltage and the transmissive pixel voltage
output according to voltage-transmittance curves (V-T
curves) and voltage-reflectance curves (V-R curves), such as
the V-R curve of the reflective pixel of FIG. 6A and the V-T
curve of the transmissive pixel of FIG. 6B. The display device
in this example is normally in black mode in accordance with
one embodiment of the present invention.

[0033] Scan lines 511, 512 and 513 respectively transmit
scan signals S1, S2 and S3. Transistor 530 and transistor 541
of pixel 540 are controlled by scan signal S1. When transistor
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530 turns on, scan signal S2 is transmitted to transistor 551
via transistor 530 to control transistor 551 of pixel 550 to turn
on or not.

[0034] FIG. 7 shows anexample of timing charts of the scan
signals and the pixel voltage respectively output, in accor-
dance with an inversion driving protocol (e.g., row inversion),
from scan lines 511, 512 and 513 and data line 521 of FIG. 5.
InFIG. 7, curve 610 corresponds to the inverting voltage level
on data line 521; curve 620 corresponds to the voltage level of
scan signal S1; curve 630 corresponds to the voltage level of
scan signal S2; and curve 640 corresponds to the voltage level
of scan signal S3.

[0035] The following refers to FIGS. 5 and 7 together.
During scan period T1, scan signal S1 is at a high level such
that transistors 530 and 541 turn on and scan signal S2 can be
transmitted to transistor 551 of pixel 550 via transistor 530.
During scan period T1, scan signal S2 is also at a high level
such that transistor 551 turns on. After transistors 541 and 551
turn on, storage capacitors 542 and 552 can thus receive and
store pixel voltage DA1 transmitted from data line 521. Thus,
both storage capacitors 542 and 552 store pixel voltage DA1
transmitted from data line 521 during scan period T1.

[0036] During scan period T2, scan signal S1 is still at a
high level such that transistors 530 and 541 turn on. Similarly,
scan signal S2 can thus be transmitted to transistor 551 of
pixel 550 via transistor 530. During scan period T2, however,
scan signal S2 has transitioned to a low level such that tran-
sistor 551 turns off. Thus, transistor 551 turns off and tran-
sistor 541 turns on during scan period T2 such that storage
capacitor 542 can receive pixel voltage DA2 transmitted from
data line 521 and storage capacitor 552 cannot receive pixel
voltage DA2.

[0037] Thus, storage capacitor 542 stores pixel voltage
DA2 and storage capacitor 552 stores pixel voltage DAl
during scan period T2. Consequently, in accordance with one
embodiment of the present invention, pixels 540 and 550
respectively store pixel voltage DA2 and pixel voltage DA1
respectively transmitted from data line 521 during scan
period T1 and scan period T2 to display the corresponding
luminance levels. Pixels 540 and 550 may retain this state for
a desired period of time until, for example, the pixels are
driven with different pixel voltage levels.

[0038] Similarly, dataline 521 then transmits pixel voltages
DA3 and DA4 to pixels 580 and 570 during scan periods T3
and T4, respectively. Pixels 570 and 580 are respectively a
transmissive pixel and a reflective pixel in accordance with
one embodiment of the present invention. Pixel voltages DA3
and DA4 are the reflective pixel voltage and the transmissive
pixel voltage respectively output according to different V-R
and V-T curves. In this particular example, pixel voltage
levels DA3 and DA4 are driven in accordance with a row
inversion driving technique. However, the invention is not
limited to this driving technique.

[0039] Still referring to FIGS. 5 and 7, during scan period
T3 scan signal S2 is at a high level such that transistor 560 and
transistor 571 of pixel 570 turn on. Scan signal S3 transmitted
from scan line 513 can thus be transmitted to transistor 581 of
pixel 580 via transistor 560. During scan period T3, scan
signal S3 is at the high level such that transistor 581 turns on.
After transistors 571 and 581 turn on, both storage capacitors
572 and 582 receive and store pixel voltage DA3 transmitted
from data line 521. Thus, both storage capacitors 572 and 582
store pixel voltage DA3 during scan period T3.
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[0040] Thereafter, scan signal S2 is still at the high level
during scan period T4 such that transistors 560 and 571 turn
on. Scan signal 83 can thus be transmitted to transistor 581
via transistor 560. During scan period T4, however, scan
signal S3 has transitioned to the low level such that transistor
581 turns off. Thus, transistor 571 turns on during scan period
T4 such that storage capacitor 572 can receive pixel voltage
DAA4 transmitted from data line 521. Transistor 581 turns off
such that storage capacitor 582 cannot receive pixel voltage
DA4.

[0041] Therefore, storage capacitor 572 stores pixel volt-
age DA4 and storage capacitor 582 stores pixel voltage DA3
during scan period T4. Thus, pixels 570 and 580 respectively
store pixel voltages DA4 and DA3J respectively transmitted
from data line 521 during scan periods T3 and T4 to display
the corresponding luminance levels.

[0042] In accordance with one embodiment of the present
invention, the method of driving other pixels of the transflec-
tive LCD panel 500 is the same as that of driving pixels 540,
550, 570 and 580.

[0043] The advantages of the transflective LCD panel 500
having the single liquid crystal cell gap will be described by
taking pixels 540 and 550 as an example. During two scan
periods, on/off states of transistors 541 and 551 are controlled
or driven according to transistor 530 and two scan signals
outputted from scan lines 511 and 512 such that pixels 550
and 540 may respectively receive a reflective pixel voltage
and a transmissive pixel voltage. Two scan lines 511 and 512
are shared with transmissive pixel 540 and reflective pixel
550 being positioned adjacent to each other.

[0044] In other words, in one embodiment of the invention
scan line 512 is coupled to pixel 570 and pixel 550 and scan
line 513 is coupled to an additional pixel (not numbered) and
pixel 580. A first scan signal on scan line 512 may drive pixel
570 to a first pixel voltage DA1 from data line 521 during scan
period T1. A third scan signal on scan line 512 may also drive
pixel 570 to a second pixel voltage DA2 from data line 521
during a second scan period T2. Also, the first scan signal on
scan line 512 and a second scan signal on scan line 513 may
collectively drive pixel 580 to the first pixel voltage DA1 from
data line 521 during the first scan period T1. In one embodi-
ment of the invention, the first scan signal and third scan
signal on the first scan line are continuous with one another in
that they may seamlessly form a single pulse of equal ampli-
tude. For example, as indicated above regarding FIG. 7, the
scan signal on scan line 512 is “high” during time periods T3
and T4, thus forming a single pulse of substantially constant
amplitude that continues through time periods T3 and T4.
[0045] Thus, in accordance with one embodiment of the
present invention one transmissive pixel and one reflective
pixel only has to use one scan line and one data line to receive
the corrected average pixel voltage in the transflective LCD
panel 500. Meanwhile, the transflective LCD panel 500 only
has to use one scan driver and one data driver to drive the
pixels without adding additional scan drivers and data drivers.
Consequently, the area and the circuit complexity of the pixel
driving circuit of the transflective LCD panel 500 can be
greatly reduced and manufacturing costs can also be saved.
[0046] In transflective LCD panel 500 mentioned above,
pixels 540 and 570 are transmissive pixels, and pixels 550 and
580 are reflective pixels. In practice, pixels 540 and 570 may
also be reflective pixels, and pixels 550 and 580 may be
transmissive pixels. Data line 521 may transmit the transmis-
sive pixel voltage to transistors 541, 551, 571 and 581 during
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scan periods T1 and T3, and data line 521 may transmit the
reflective pixel voltage to transistors 541 and 571 during scan
periods T2 and T4.

[0047] However, when the reflective pixel and the transmis-
sive pixel are requested to display the same luminance, the
required reflective pixel voltage may be lower than the
required transmissive pixel voltage. Thus, if pixels 550 and
580 are the reflective pixels and pixels 540 and 570 are the
transmissive pixels, it may be more power-efficient to provide
the reflective pixel voltage to all the transistors 541, 551, 571
and 581 during scan periods T1 and T3. By comparison, if
pixels 550 and 580 are the transmissive pixels and pixels 540
and 570 are the reflective pixels, it may be less power-efficient
to provide the transmissive pixel voltage to all the transistors
541, 551, 571 and 581 during scan periods T1 and T3.
[0048] FIG. 8 is a cross-sectional view showing transflec-
tive LCD panel 500 of FIG. 5 taken along the direction A1-A2
in accordance with one embodiment of the present invention.
As shown in FIG. 8, transflective LCD panel 500 has a single
liquid crystal cell gap 549.

[0049] FIG. 9 is a diagram showing a portion of a pixel
driving circuit in accordance with another embodiment of the
present invention. Pixel 840 includes transistor 841 and stor-
age capacitor 842. Pixel 850 includes transistor 851 and stor-
age capacitor 852. In FIG. 9, pixels 840 and 850 are respec-
tively the transmissive pixel and the reflective pixel, for
example. Pixels 840 and 850 respectively receive pixel volt-
age DT2 and pixel voltage DT1 respectively transmitted from
data line 821 during scan period TM1 and scan period TM2.
Pixel voltages DT1 and DT2 are the reflective pixel voltage
and the transmissive pixel voltage output according to V-R
curves and V-T curves.

[0050] Scan lines 811 and 812 respectively transmit scan
signals G1 and G2. Transistor 830 and transistor 841 of pixel
840 are controlled by scan signal G1. When transistor 830
turns on, scan signal G2 is transmitted to transistor 851 via
transistor 830 to control transistor 851 of pixel 850 to turn on
or not.

[0051] During scan period TM1, transistors 841 and 851
turn on such that both storage capacitors 842 and 852 store
pixel voltage DT1. During scan period TM2, transistor 841
turns on such that storage capacitor 842 can receive pixel
voltage DT2. However, transistor 851 turns off such that
storage capacitor 852 cannot receive pixel voltage DT2. The
operations of the circuit are similar to those of the transflec-
tive LCD panel of FIG. 5 in accordance with one embodiment
of the present invention. As mentioned above, pixels 840 and
850 respectively store pixel voltage DT2 and pixel voltage
DT1 transmitted from data line 821 during scan periods TM1
and TM2 to display the corresponding luminance levels.
[0052] FIG. 10 is a diagram showing a portion of the pixel
driving circuit according to transflective LCD panel 900 in
accordance with one example of the present invention. Pixel
940 includes transistor 941 and storage capacitor 942. Pixel
950 includes transistor 951 and storage capacitor 952. Pixel
970 includes transistor 971 and storage capacitor 972. Pixel
980 includes transistor 981 and storage capacitor 982. In this
example, pixels 940 and 950 are reflective pixels, and pixels
970 and 980 are transmissive pixels.

[0053] In accordance with one embodiment of the present
invention, pixels 940 and 950 respectively receive pixel volt-
age P2 and pixel voltage P1 respectively transmitted from
data line 921 during scan period K1 and scan period K2.
Pixels 970 and 980 respectively receive pixel voltage P4 and
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pixel voltage P3 respectively transmitted from data line 922
during scan periods K1 and K2.

[0054] Pixel voltages P1 and P2 are the reflective pixel
voltages outputted according to a first V-R curve. Pixel volt-
ages P3 and P4 are the transmissive pixel voltages outputted
according to a second V-T curve.

[0055] Scan lines 911 and 912 respectively transmit scan
signals SN1 and SN2. Transistor 930, transistor 941 of pixel
940, transistor 960 and transistor 971 of pixel 970 are con-
trolled by scan signal SN1. When transistor 930 turns on, scan
signal SN2 is transmitted to transistor 951 via transistor 930
to control transistor 951 of pixel 950 to turn on or not. When
transistor 960 turns on, scan signal SN2 is transmitted to
transistor 981 via transistor 960 to control transistor 981 of
pixel 980 to turn on or not.

[0056] FIG. 11 shows an example of timing charts of the
scan signals and the pixel voltage outputted from scan lines
911 and 912 and datalines 921 and 922 of FIG. 10. In FIG. 11,
curve 111 corresponds to the voltage level on data line 921,
curve 112 corresponds to the voltage level on data line 922,
curve 113 corresponds to the voltage level of scan signal SN1,
and curve 114 corresponds to the voltage level of scan signal
SN2. The voltage level of curve 111 may be selected such that
the voltage levels of curves 111 and 112 have the same polar-
ity in accordance with one embodiment of the present inven-
tion or opposite polarities in alternative embodiments. In FIG.
11, the voltage levels of curves 111 and 112 have the same
polarity.

[0057] The following refers to FIGS. 10 and 11 together.
During scan period K1, scan signal SN1 has a high level such
that transistors 930 and 941 turn on. Scan signal SN2 can thus
be transmitted to transistor 951 of pixel 950 via transistor 930.
During scan period K1, scan signal SN2 may also have a high
level such that transistor 951 turns on. After transistors 941
and 951 turn on, storage capacitors 942 and 952 start to
receive and store pixel voltage P1 transmitted from data line
921.

[0058] Meanwhile, in accordance with one embodiment of
the present invention high-level scan signal SN1 may also
make transistors 960 and 971 turn on during scan period K1.
Scan signal SN2 can thus be transmitted to transistor 981 of
pixel 980 via transistor 960. During scan period K1, high-
level scan signal SN2 also makes transistor 981 turn on. After
transistors 971 and 981 turn on, storage capacitors 972 and
982 can thus receive and store pixel voltage P3 transmitted
from data line 922.

[0059] Thus, both storage capacitors 942 and 952 store
pixel voltage P1 transmitted from data line 921 during scan
period K1. and both storage capacitors 972 and 982 store
pixel voltage P3 transmitted from data line 922.

[0060] Next, scan signal SN1 is still at the high level during
scan period K2 such that transistors 930 and 941 turn on.
Similarly, scan signal SN2 can thus be transmitted to transis-
tor 951 of pixel 950 via transistor 930. During scan period K2,
however, scan signal SN2 is at the low level to make transistor
951 turn off.

[0061] Meanwhile, high-level scan signal SN1 also makes
transistors 960 and 971 turn on during scan period K2. Simi-
larly, scan signal SN2 can thus be transmitted to transistor 981
of pixel 980 via transistor 960. At scan period K2, low-level
scan signal SN2 also makes transistor 981 turn off.

[0062] Thus, transistors 941 and 971 turn on during scan
period K2 such that storage capacitor 942 can receive pixel
voltage P2 transmitted from data line 921, and storage capaci-
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tor 972 can receive pixel voltage P4 transmitted from data line
922. In addition, transistors 951 and 981 turn off so that
storage capacitor 982 does not receive pixel voltage P2, and
storage capacitor 952 does not receive pixel voltage P4.
[0063] Thus, storage capacitor 942 stores pixel voltage P2
and storage capacitor 952 stores pixel voltage P1 during scan
period K2. Storage capacitor 972 stores pixel voltage P4, and
storage capacitor 982 stores pixel voltage P3.

[0064] Therefore, reflective pixels 940 and 950 respec-
tively store pixel voltages P2 and P1 respectively transmitted
from data line 921 during scan period K1 and scan period K2
to display the corresponding luminance levels. Transmissive
pixels 970 and 980 respectively store pixel voltages P4 and P3
transmitted from data line 922 during scan periods K1 and K2
to display the corresponding luminance levels.

[0065] The way of driving other pixels of the transflective
LCD panel 900 is the same as that of driving pixels 940, 950,
970 and 980, so detailed descriptions thereof will be omitted.
[0066] Pixels 940 and 950 may be reflective pixels and
pixels 970 and 980 may be transmissive pixels in accordance
with one embodiment of the present invention. In practice,
pixels 940 and 950 may also be the transmissive pixels and
pixels 970 and 980 may also be reflective pixels.

[0067] In accordance with one embodiment of the present
invention, a difference between transflective LCD panels 900
(FIG. 10) and 500 (FIG. 5) concerns, for example only, the
positional relationships between the transmissive pixels and
the reflective pixels. In transflective LCD panel 500, pixels
540 and 550 are substantially adjacent to one another and are
respectively the transmissive pixel and the reflective pixel that
receive the pixel voltages transmitted from the same data line.
In transflective LCD panel 900, pixels 940 and 950 are reflec-
tive pixels that receive the pixel voltages transmitted from the
data line 921. Also, pixels 940 and 950 are not adjacent. For
example, pixels 940 and 950 are separated by data line 921.
Thus, transflective LCD panel 900 has an enhanced image
display quality due to, for example, its use of a staggered
arrangement of transmissive pixels and reflective pixels. For
example only, reflective pixel 940 is staggered from transmis-
sive pixel 970.

[0068] Adopting transflective LCD panel 900 with the
single liquid crystal cell gap may reduce the area and the
complexity of the pixel driving circuit. Similar to transflective
LCD panel 500, one transmissive pixel and one reflective
pixel each only need one scan line and one data line to receive
the correct average pixel voltage in the transflective LCD
panel 900. Meanwhile, transflective LCD panel 900 may only
need one scan driver and one data driver to drive the pixels
without adding additional scan drivers and data drivers. Con-
sequently, the area and circuit complexity of the pixel driving
circuit of transflective LCD panel 900 are greatly reduced
resulting in lower manufacturing costs.

[0069] FIG. 12 shows an LCD panel module according to
an embodiment of the invention. Referring to FIG. 12, the
LCD panel module may include scan driver 150, data driver
160 and LCD panel 170, which is the same as or similar to the
LCD panel of FIG. 4. LCD panel 170 may include scan lines
171 and 172, data line 173, transistor 174 and pixels 175 and
176. In this embodiment, the LCD panel module according to
this embodiment of the invention will be described according
to the method of driving pixels 175 and 176 in LCD panel
170.

[0070] Data driver 160 outputs pixel voltages V1 and V2 to
data line 173 during scan period C1 and scan period C2,
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respectively. During scan period C1, scan driver 150 enables
scan signals S1 and S2. Scan signals S1 and S2 are transmit-
ted to transistor 174 and pixel 175 via scan lines 171 and 172,
respectively, such that pixels 175 and 176 store pixel voltage
V1. During scan period C2, the scan driver enables scan
signal S1 and disables scan signal S2 such that pixel 175
receives pixel voltage V2 transmitted from data line 173, and
pixel 176 cannot receive pixel voltage V2. Pixels 175 and 176
respectively store pixel voltages V2 and V1 transmitted from
data line 173 during scan periods C1 and C2 to display the
corresponding luminance levels. The driving method of pix-
els 175 and 176 during scan periods C1 and C2 is the same as
that of pixels 432 and 433 of FIG. 4 in accordance with one
embodiment of the present invention.

[0071] Every two pixels in the LCD panel according to an
embodiment of the invention are controlled to be enabled or
not through one transistor and two scan signals in two scan
periods such that two pixel voltages transmitted from the
same data line are received. In an LCD panel according to an
embodiment of the invention, two pixels only need one data
line and one scan line to receive the two pixel voltages trans-
mitted from the data line to obtain an average voltage. Thus,
when the LCD panel according to the embodiment of the
invention is applied to the transflective LCD panel, the num-
bers of the scan drivers and the data drivers, and the numbers
of the scan lines and the data lines may be reduced.

[0072] Thus, as mentioned above the manufacturing pro-
cesses for an LCD panel with a single liquid crystal cell gap
are simpler than those for an LCD panel with a dual liquid
crystal cell gap, and the process variations also can be con-
trolled more easily. However, the LCD panel according to the
various embodiments of the invention may be more easily
manufactured and have a less complex pixel driving circuit
than associated with conventional dual liquid crystal cell
groups.

[0073] While the invention has been described by way of
examples and in terms of preferred embodiments, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

What is claimed is:

1. A liquid crystal display (LCD) panel comprising:

a plurality of pixels including a first pixel, a second pixel,
a third pixel, and a fourth pixel;

a plurality of scan lines including a first scan line coupled
to the first pixel and the second pixel and a second scan
line coupled to the third pixel and the fourth pixel, and

a plurality of data lines including a first data line;

wherein (1) a first scan signal on the first scan line is to drive
the first pixel to a first pixel voltage of a first polarity
from the first data line during a first scan period, (i) a
third scan signal on the first scan line is to drive the first
pixel to a second pixel voltage of the first polarity from
the first data line during a second scan period, and (iii)
the first scan signal on the first scan line and a second
scan signal on the second scan line are to collectively
drive the fourth pixel to the first pixel voltage from the
first data line during the first scan period.

2. The apparatus of claim 1, wherein the LCD panel

includes a single liquid crystal cell gap.
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3. The apparatus of claim 1, wherein a first pixel unit
includes the first pixel and the fourth pixel, the first pixel
including a transmissive pixel and the fourth pixel including
a reflective pixel.

4. The apparatus of claim 2, wherein the first pixel includes
a transmissive pixel, the second pixel includes a reflective
pixel, the third pixel includes a transmissive pixel, and the
fourth pixel includes a reflective pixel.

5. The apparatus of claim 1, further comprising a first
transistor coupled to the first scan line, the second scan line,
and the fourth pixel; wherein the first scan line couples to a
control node of the first transistor, the second scan line
couples to a first additional node of the first transistor, and the
fourth pixel couples to a second additional node of the first
transistor, the second scan signal on the second scan line to
control the fourth pixel when the first scan signal enables the
first transistor.

6. The apparatus of claim 1, wherein the first pixel voltage
is less than the second pixel voltage.

7. The apparatus of claim 1, wherein the first pixel is not
directly adjacent to the second pixel.

8. The apparatus of claim 1, wherein the first scan line and
the second scan line are each coupled to a first scan driver but
not a second scan driver and the first data line is coupled to a
first data driver but not a second data driver.

9. The apparatus of claim 1, wherein:

the second scan signal on the second scan line is to drive the
third pixel to the first pixel voltage from the first data line
during the first scan period,;

a fourth scan signal on the second scan line is to drive the
third pixel to a third pixel voltage from the first data line
during a third scan period; and

a fifth scan signal on the second scan line is to drive the
third pixel to a fourth pixel voltage from the first data line
during a fourth scan period.

10. The apparatus of claim 1, wherein the third scan signal
on the first scan line is continuous with and of equal amplitude
to the first scan signal on the first scan line.

11. A method including:

driving, via a first scan line, a first pixel to a first pixel
voltage of a first polarity during a first scan period and to
a second pixel voltage of the first polarity during a sec-
ond scan period; and

driving, via the first scan line and a second scan line, a
second pixel to the first pixel voltage during the first scan
period;

wherein the first pixel voltage is not equal to the second
pixel voltage.

12. The method of claim 11, further comprising:

maintaining a first scan signal on the first scan line during
both the first and second scan period; and

activating a second scan signal on the second scan line
during the first scan period but deactivating the second
scan signal during the second scan period.

13. The method of claim 11, further comprising driving the
first scan line and the second scan line with a single scan
driver.

14. The method of claim 13, further comprising supplying
the first pixel voltage and the second pixel voltage with a
single data driver.

15. The method of claim 14, further comprising receiving
the first pixel voltage and the second pixel voltage from a first
data line.
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16. The method of claim 15, further comprising:

driving, via the first scan line, a third pixel to a third pixel
voltage during a third scan period and to a fourth pixel
voltage during a fourth scan period; and

driving, via the first scan line and the second scan line, a
fourth pixel to the third pixel voltage during the third
scan period.

17. The method of claim 16, wherein the first pixel and the
second pixel are each reflective pixels and the third pixel and
the fourth pixel are each transmissive pixels.

18. The method of claim 16, further comprising receiving
the first pixel voltage and the second pixel voltage from a first
data line and third pixel voltage and the fourth pixel voltage
from a second data line.

19. A liquid crystal display (LCD) panel, comprising:

a first data line for transmitting a first pixel voltage of a first
polarity during a first scan period and a second pixel
voltage of the first polarity during a second scan period;

a first scan line for transmitting a first scan signal,

a second scan line for transmitting a second scan signal;

a first pixel coupled to the first scan line;

afirst transistor coupled to the first scan line and the second
scan line; and

a second pixel coupled to the second scan line;

wherein during the first scan period the first scan signal
enables the first pixel and the first transistor, the second
scan signal is transmitted to the second pixel via the first
transistor to enable the second pixel, and the first pixel
and the second pixel each receive the first pixel voltage
transmitted from the first data line, and further wherein
during the second scan period the first scan signal
enables the first pixel and the first transistor, the second
scan signal is transmitted to the second pixel via the first
transistor to disable the second pixel and the first pixel
receives the second pixel voltage transmitted from the
first data line.

20. The LCD panel according to claim 19, wherein:

the first transistor includes a controlterminal coupled to the
first scan line and a first terminal coupled to the second
scan line;

the first pixel includes:

a second transistor having a control terminal coupled to
the first scan line and a first terminal coupled to the
first data line; and

a first storage capacitor coupled to the second terminal
of the second transistor;

the second pixel includes:
athird transistor having a control terminal coupled to the

second terminal of the first transistor and a first ter-
minal coupled to the first data line; and

a second storage capacitor coupled to a second terminal
of the third transistor;

wherein during the first scan period the first scan signal
enables the first transistor and the second transistor and
the second scan signal is transmitted to the third transis-
tor via the first transistor to enable the third transistor
such that the first storage capacitor and the second stor-
age capacitor each receive and store the first pixel volt-
age, and further wherein during the second scan period
the first scan signal enables the first transistor and the
second transistor and the second scan signal is transmit-
ted to the third transistor via the first transistor to disable
the third transistor such that the first storage capacitor
receives and stores the second pixel voltage.
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21. The LCD panel according to claim 19, wherein the
LCD panel is a transflective LCD panel, one of the first pixel
and the second pixel includes a transmissive pixel, and the
other one of the first pixel and the second pixel includes a
reflective pixel.

22. The LCD panel according to claim 21, wherein the first
pixel includes the transmissive pixel and the second pixel
includes the reflective pixel.

23. The LCD panel according to claim 19, further compris-
ing:

a second data line;

a third pixel controlled by the first scan signal;

a second transistor controlled by the first scan signal;

a fourth pixel coupled to the second scan line;

wherein during the first scan period the first scan signal

enables the third pixel and the second transistor and the
second scan signal is transmitted to the fourth pixel via
the second transistor to enable the fourth pixel such that
the third pixel and the fourth pixel each receive a third
pixel voltage transmitted from the second data line, and
further wherein during the second scan period the first
scan signal enables the third pixel and the fourth tran-
sistor and the second scan signal is transmitted to the
fourth pixel via the fourth transistor to disable the fourth
pixel such that the third pixel receives a fourth pixel
voltage transmitted from the second data line.

24. The LCD panel according to claim 23, wherein the
LCD panel is a transflective LCD panel, the first pixel and the
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second pixel each include transmissive pixels, and the third
pixel and the fourth pixel each include reflective pixels.

25. The LCD panel according to claim 23, wherein the
LCD panel is a transflective LCD panel, the first pixel and the
second pixel each include reflective pixels, and the third pixel
and the fourth pixel each include transmissive pixels.

26. A liquid crystal display (LCD) panel comprising:

a plurality of pixels;

a plurality of scan lines and data lines, wherein a first of the
scan lines is to control a first of the pixels, and a second
of the scan lines is to control a second of the pixels in
response to the first scan line being activated; and

ascan driver to activate both the first and second scan lines
during a first scan period to write a first voltage of a first
polarity on a first of the data lines to the first and second
pixels;

wherein the scan driver is to maintain the first scan line
activated and deactivate the second scan line during a
second scan period to write a second voltage of the first
polarity on the first data line to the first pixel and main-
tain the second pixel at the first voltage.

27. The apparatus of claim 26, wherein the first pixel
includes a transmissive pixel and the second pixel includes a
reflective pixel.

28. The apparatus of claim 27, wherein the LCD panel
includes a single liquid crystal cell gap.
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