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(54) Active-matrix display device with reduced number of electrodes

(57) An active-matrix display device in which a plu-
rality of pixel circuits (P11-Pnm) are arranged in a matrix
and positioned at intersections of data lines (DL1-DLm)
and scan lines (SL1-SLn) extending in respective direc-
tions perpendicular to each other, and one of the pixel
circuits is selected by one of the scan lines to store data

provided by one of the data lines, characterized in that
two electrodes for providing a power-supply potential
and a ground potential, respectively, are connected to a
given one (Pk1) of the pixel circuits, and one of the two
electrodes is one (SLk) of the scan lines.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention generally relates to dis-
play devices, and particularly relates to an active matrix
display device.

2. Description of the Related Art

[0002] As flat panel displays, liquid crystal displays
(LCDs) are widely used in many electrical devices. Now,
LED (light emitting diode) displays are considered to be
the technology that replaces the LCD technology as a
next generation of the flat panel display. LED displays
are brighter and thinner, and offer faster response time,
lighter weight, and more power efficiency. There are two
types of LED displays, i.e., an organic LED display
(OLED) and an inorganic LED display.
[0003] The inorganic LED display uses an inorganic
metal such as gallium arsenide, gallium nitride, etc., as
a light emitting material, whereas the OLED display is
based on an organic (i.e., carbon-based) material. Re-
cently, the OLED has been attracting more attention de-
spite the drawback of the lack of durability because it
appears to promise vibrancy in color, lighter weight, flex-
ible panels, cost advantage, etc.
[0004] An OLED is comprised of an organic light emit-
ting material sandwiched between a metallic electrode
and a transparent electrode. When a voltage is applied
between the electrodes, positive holes and electrons
are injected from the electrodes, and are recombined in
the organic material to create electro luminescent light.
[0005] Like other flat panel displays such as LCDs,
the OLED may be implemented as a passive matrix or
an active matrix. In both a passive matrix and an active
matrix, picture elements (pixels) are arranged in a matrix
of columns and rows, at each intersection of which is
provided an organic light emitting diode. In a passive
matrix, an electrical signal is applied to a particular col-
umn while rows are scanned line by line, thereby illumi-
nating a particular pixel at the intersection of the select-
ed column and the selected row.
[0006] In an active matrix, each pixel is provided with
a TFT (thin film transistor), which works as a switch and
stores information as to an on/off state of each pixel (or
how bright each pixel should shine). The information is
conveyed through column lines while rows are scanned
line by line, resulting in each pixel storing the information
in the TFT. The OLED of each pixel shines all the time
while a driving voltage is applied, thereby eliminating a
need for an instantaneous, large electric current flow ing
through an OLED as opposed to the necessity of such
current in the passive matrix. This contributes to the in-
creased durability of OLED materials.
[0007] In an active matrix, each pixel needs to have

four electrodes, i.e., two power-supply electrodes (i.e.,
for providing a power-supply potential and a ground po-
tential) that sandwich an organic light emitting material,
a scan electrode for scanning each row, and a data elec-
trode serving as a column line to provide data to be
stored in each pixel. These electrodes extend in the row
direction or the column direction throughout the active-
matrix OLED panel.
[0008] In order to ensure proper transparency, these
electrodes may need to be implemented by use of trans-
parent electrodes such as ITO (Indium Tin Oxide). Such
transparent electrodes have a drawback, however, in
that conductivity is not as high as conventional metal
electrodes. These transparent electrodes thus need to
be wider and thicker, which may undermine the optical
characteristics of OLED displays.
[0009] If the number of electrodes required for each
pixel circuit is reduced, the transparent electrodes can
be widened without compromising the optical character-
istics of the display. With the reduced number of elec-
trodes, also, metal electrodes made of Al, Cu, Ag, or the
like may become usable without obstructing emitted
light.
[0010] Accordingly, there is a need for an active-ma-
trix display device with a reduced number of electrodes.

SUMMARY OF THE INVENTION

[0011] It is a general object of the present invention
to provide an active-matrix display device that substan-
tially obviates one or more problems caused by the lim-
itations and disadvantages of the related art.
[0012] Features and advantages of the present inven-
tion will be presented in the description which follows,
and in part will become apparent from the description
and the accompanying drawings, or may be learned by
practice of the invention according to the teachings pro-
vided in the description. Objects as well as other fea-
tures and advantages of the present invention will be
realized and attained by an active-matrix display device
particularly pointed out in the specification in such full,
clear, concise, and exact terms as to enable a person
having ordinary skill in the art to practice the invention.
[0013] To achieve these and other advantages in ac-
cordance with the purpose of the invention, the invention
provides an active-matrix display device in which a plu-
rality of pixel circuits (P11-Pnm) are arranged in a matrix
and positioned at intersections of data lines (DL1-DLm)
and scan lines (SL1-SLn) extending in respective direc-
tions perpendicular to each other, and at least one (Pkl)
of said pixel circuits is selected by one (SLk+1) of the
scan lines to store data provided by one of the data lines,
and is powered by two lines that provide a power-supply
potential and a ground potential, respectively, charac-
terized in that one of said two lines is another one (SLk)
of the scan lines.
[0014] Preferably, any one (Pkl) of the pixel circuits
may be selected by one (SLk+1) of the scan lines to
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store data provided by one of the data lines, and is pow-
ered by two lines that provide a power-supply potential
and a ground potential, respectively, one of said two
lines being another one (SLk) of the scan lines.
[0015] In both cases above, the another one (SLk) of
the scan lines that is used to provide either a power-
supply potentail either a ground potential to said one
(PK1) of the pixel circuits is used also to select another
one P(k-1)1 of the pixel circuits.
[0016] In this manner, each of the scan lines has dual
functions so as to serve both as a power-supply or
ground electrode and as a scan electrode. This provi-
sion makes it possible to provide each pixel circuit with
a power-supply potential, a ground potential, a scan
electrode, and a data electrode, with only three types
(or three networks) of lines laid out through the active-
matrix structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Other objects and further features of the
present invention will be apparent from the following de-
tailed description when read in conjunction with the ac-
companying drawings, in which:

Fig. 1 is a block diagram showing an example of the
construction of an active-matrix display device ac-
cording to the invention;
Fig. 2 is an expanded view of a display panel of Fig.
1;
Fig. 3 is a signal waveform diagram for explaining
the operation of a pixel circuit of Fig. 2;
Fig. 4 is a circuit diagram showing an example of
the logic construction of the pixel circuit;
Fig. 5 is a circuit diagram showing another example
of the pixel circuit according to the invention;
Fig. 6 is a signal waveform diagram for explaining
the brightness control of light emission in the pixel
circuit of Fig. 5;
Fig. 7 is a signal waveform diagram showing a var-
iation of signals on scan-power lines;
Fig. 8 is a circuit diagram showing an example of
the construction of a pixel circuit that is specifically
designed for the scan-power line signals of Fig. 7;
Fig. 9 is a signal waveform diagram showing anoth-
er variation of signals on the scan-power lines;
Fig. 10 is a circuit diagram showing an example of
the construction of a pixel circuit that is specifically
designed for the scan-power line signals of Fig. 9;
Fig. 11 is a circuit diagram showing another exam-
ple of the construction of a pixel circuit that is spe-
cifically designed for the scan-power line signals of
Fig. 9;
Fig. 12 is a signal waveform diagram showing a
case in which an end of each scan-pulse period is
aligned with a start of a next scan-pulse period but
data pulses on a given data line are shorter than
corresponding scan-pulse periods;

Fig. 13 is a signal waveform diagram showing a var-
iation of the signal of a scan-power line and the sig-
nal of a data line;
Fig. 14 is a circuit diagram showing an example of
the construction of a pixel circuit that is used with
the signal arrangement of Fig. 13;
Fig. 15 is an illustrative drawing showing a variation
of the pixel circuit according to the invention;
Fig. 16 is a signal waveform diagram showing the
operation of the pixel circuit of Fig. 15;
Fig. 17 is a circuit diagram showing an example of
an actual implementation of the circuit of Fig. 15;
Fig. 18 is an illustrative drawing showing the con-
struction of a pixel circuit and relevant electrodes
according to a variation of the invention;
Fig. 19 is a signal waveform diagram for explaining
the operation of the pixel circuit of Fig. 18; and
Fig. 20 is a circuit diagram showing an example of
the pixel circuit according to the variation of the in-
vention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] In the following, embodiments of the present
invention will be described with reference to the accom-
panying drawings.
[0019] Fig. 1 is a block diagram showing an example
of the construction of an active-matrix display device ac-
cording to the invention. An active-matrix display device
10 of Fig. 1 includes an image data extractor 11, a syn-
chronizing signal converter 12, a synchronizing signal
generator 13, a pixel circuit driving power unit 14, an
image data memory 15, a data driver 16, a scan driver
17, a display panel 18, and switches SW1 and SW2.
The display panel 18 includes pixel circuits P11 through
Pnm, scan-power lines SL1 through SLn, and data lines
DL1 through DLm. Here, "n" and "m" are integers, and
represent the total number of scan lines (i.e., the number
of rows) and the total number of data lines (i.e., the
number of columns), respectively. For the sake of con-
venience of illustration, only P11, P12, and P21 are
shown for the pixel circuits, only SL1 and SL2 for the
scan-power lines, and only DL1 and DL2 for the data
lines.
[0020] The image data extractor 11 and the synchro-
nizing signal converter 12 receive image signals. The
image data extractor 11 extracts image data from the
received image signals. The synchronizing signal con-
verter 12 extracts synchronizing signals such as a ver-
tical synchronizing signal and a horizontal synchroniz-
ing signal from the received image signals.
[0021] If the switch SW1 couples the image data ex-
tractor 11 to the data driver 16, the image data extracted
by the image data extractor 11 is supplied to the data
driver 16. In this case, the switch SW2 couples the syn-
chronizing signals generated by the synchronizing sig-
nal converter 12 to the data driver 16 and to the scan
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driver 17. The data driver 16 operates in synchronization
with the supplied synchronizing signals to provide puls-
es to the data lines DL1 through DLm in accordance with
the image data supplied from the image data extractor
11. Concurrently with the operation of the data driver 16,
the scan driver 17 operates in synchronization with the
supplied synchronizing signals to scan and drive the
scan-power lines SL1 through SLn. The drive power is
supplied from the pixel circuit driving power unit 14.
[0022] The image data extracted by the image data
extractor 11 is also supplied to the image data memory
15 for storage therein. The image data memory 15 may
store a single image or a plurality of images. When the
switch SW1 is switched to couple the image data mem-
ory 15 to the data driver 16, the switch SW2 is set such
as to couple the synchronizing signal generator 13 to
the image data memory 15, the data driver 16, and the
scan driver 17. In this case, the image data stored in the
image data memory 15 is read in synchronization with
the synchronizing signals generated by the synchroniz-
ing signal generator 13 for provision to the data driver
16. The data driver 16 and the scan driver 17 operate
based on the synchronizing signals generated by the
synchronizing signal generator 13. This makes it possi-
ble to present an image or images stored in the image
data memory 15 on the screen of the display panel 18.
With this provision, an image shown on the screen may
be paused, or a video segment may be repeated as a
replay function.
[0023] Fig. 2 is an expanded view of the display panel
18. Fig. 2 illustrates a portion of the display panel 18 in
which the pixel circuits Pk1, Pk(1+1), and P(k+1)1 are
shown. Each pixel circuit includes a pixel control circuit
20 and an OLED (organic light emitting diode) 21. It
should be noted that an active-matrix OLED display is
shown as a non-limiting example in Fig. 2, and that the
present invention is equally applicable to an inorganic
LED display or even to a non-emission type display as
long as an active matrix configuration is employed.
[0024] In the present invention shown in Fig. 2, only
three types of lines, i.e., the scan-power lines, the data
lines, and the ground line (illustrated as a ground node)
are provided in the display panel 18. Each pixel circuit,
however, is connected to four lines, i.e., a corresponding
scan-power line, a next scan-power line, a correspond-
ing data line, and a ground line.
[0025] In any conventional active-matrix structure,
each pixel circuit still has four electrodes, i.e., two pow-
er-supply electrodes for providing a power-supply po-
tential and a ground potential, a scan electrode, and a
data electrode. But four types of lines are provided (in-
stead of three in the invention) in the display panel, i.e.,
the scan-power lines, the data lines to provide data to
be stored in each pixel, the power-supply lines and the
ground line.
[0026] In the active-matrix structure of the invention
as shown in Fig. 2, each pixel circuit is connected to the
different lines of the panel using four electrodes as in

the prior art, but only three types of lines (instead of four
in the prior art) that extend through the active-matrix
panel. This is made possible by connecting each pixel
circuit to a corresponding scan-power line and also to a
next scan-power line. That is, the pixel circuit Pkl, for
example, is connected to the corresponding scan-power
line SLk and also connected to the next scan-power line
SLk+1. The scan-power line SLk serves as a power-
supply line for providing a power-supply potential to this
circuit Pkl, whereas the next scan-power line SLk+1
serves as a scan line for scanning the corresponding
row to which this circuit Pkl belongs. Further, this scan-
power line SLk+1 serving as a scan line for the pixel
circuit Pkl serves as a power-supply line for the pixel
circuit P(k+1)1 provided on the next row. This pixel cir-
cuit P(k+1)1 uses the scan-power line SLk+2 as a scan
line.
[0027] In this manner, each of the scan-power lines
has dual functions so as to serve both as a power-supply
electrode and as a scan electrode. This provision makes
it possible to provide each pixel circuit with a power-sup-
ply potential, a ground potential, a scan signal, and a
data signal, with only three types of lines laid out through
the active-matrix structure.
[0028] Fig. 3 is a signal waveform diagram for explain-
ing the operation of the pixel circuit of Fig. 2. As shown
in Fig. 3, a signal of each scan-power line is comprised
of a scan-pulse period and a power period. In this ex-
ample, the scan-pulse period corresponds to a low sig-
nal level, and the power period corresponds to a high
signal level. The scan-pulse periods appear one after
another in successive scan-power lines for the purpose
of scanning successive rows.
[0029] The pixel circuit Pkl is driven during the power
period of the scan-power line SLk. While the pixel circuit
Pkl is driven, the next scan-power line SLk+1 enters into
a scan-pulse period. In response to this scan-pulse pe-
riod of the scan-power line SLk+1, the pixel circuit Pkl
reads data on the data line DL1 for storage therein. In
the example of Fig. 3, the data line DL1 has a data pulse
that is LOW at the timing corresponding to the scan-
pulse period of the scan-power line SLk+1. As a result,
the pixel control circuit 20 outputs a HIGH-level signal
for a duration corresponding to the power period of the
scan-power line SLk, resulting in the OLED 21 emitting
light during this time period.
[0030] Fig. 4 is a circuit diagram showing an example
of the logic construction of the pixel circuit. Fig. 4 illus-
trates a circuit that is implemented by use of logic gates.
While such a circuit provides a simple logic that is easy
to understand, the circuit size may be prohibitively large
for practical use.
[0031] The pixel circuit of Fig. 4 includes an AND gate
31, NOR gates 32 through 34, an NMOS transistor 35,
and the OLED 21. The NOR gates 33 and 34 have their
outputs coupled to each other's input, thereby forming
a latch. One input of the AND gate 31 is a negative logic
input, and is connected to the scan -power line SLk+1.
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As the scan-power line SLk+1 changes to LOW during
the scan-pulse period, data on the data line DL1 is input
into the latch. If the data is LOW as shown in Fig. 3, the
latch is set, so that the gate node of the NMOS transistor
35 becomes HIGH, resulting in an electric current run-
ning through the OLED 21. The OLED 21 thus emits light
during the power period of the scan-power line SLk as
shown in Fig. 3. If the data on the data line DL1 is HIGH,
on the other hand, the latch is reset, so that the gate
node of the NMOS transistor 35 becomes LOW, result-
ing in no electric current running through the OLED 21.
The OLED 21 thus does not produce light during the
power period of the scan-power line SLk.
[0032] As described above, while the circuit of Fig. 4
provides a simple logic that is easy to understand, the
circuit size may be prohibitively large for practical use.
Fig. 5 is a circuit diagram showing another example of
a pixel circuit according to the invention. The circuit con-
struction of Fig. 5 is simple and suitable for actual im-
plementation.
[0033] The pixel circuit of Fig. 5 includes NMOS tran-
sistors 41 through 43, a capacitor 44, a resistor 45, and
the OLED 21. The circuit construction of Fig. 5 achieves
the same logic as that of Fig. 4, except that the data line
DL1 is driven according to a positive logic in Fig. 5.
[0034] Signals on the scan-power lines are the same
as those shown in Fig. 3. The HIGH-level period of the
scan-power line SLk defines a power period during
which the pixel circuit of Fig. 5 is driven. As the scan-
power line SLk+1 changes to LOW during the scan-
pulse period, the NMOS transistor 43 becomes noncon-
ductive, thereby a positive voltage being applied to the
gate of the NMOS transistor 41. The NMOS transistor
41 becomes conductive to pass data on the data line
DL1 to the capacitor 44. The capacitor 44 serves as an
information storage, and is charged according to the
voltage level of the data line DL1. If the data is HIGH,
the gate node of the NMOS transistor 42 becomes
HIGH, resulting in an electric current running through
the OLED 21. The OLED 21 thus emits light during the
power period of the scan-power line SLk. If the data on
the data line DL1 is LOW, on the other hand, the gate
node of the NMOS transistor 42 becomes LOW, result-
ing in no electric current running through the OLED 21.
The OLED 21 thus does not produce light during the
power period of the scan-power line SLk.
[0035] In this manner, the simple circuit construction
shown in Fig. 5 achieves the same logic as that of Fig.
4, except for the difference between a positive logic and
a negative logic in respect of data values (the use of a
negative logic may require a more complex circuit than
that shown in Fig.5). The circuit of Fig. 5 is substantially
simple, and is suitable as an actual circuit construction
for practical use.
[0036] Further, in the circuit construction shown in Fig.
5, data stored in the capacitor 44 is not limited to binary
values, but may have a data value that is continuous
between "0" (LOW) and "1" (HIGH). Fig. 6 is a signal

waveform diagram for explaining the brightness control
of light emission in the pixel circuit of Fig. 5.
[0037] The HIGH-level period of the scan-power line
SLk is a power period during which the pixel circuit of
Fig. 5 is driven. As the scan-power line SLk+1 becomes
LOW a first time, data D1 on the data line DL1 is read
and stored in the capacitor 44, resulting in the OLED 21
shining with brightness responsive to D1. This level of
brightness continues for the duration of the power peri-
od, and the OLED 21 is turned off at the end of the power
period. As the scan-power line SLk+1 becomes LOW a
second time with the start of the next power period, data
D2 on the data line DL1 is read and stored in the capac-
itor 44, resulting in the OLED 21 shining with brightness
responsive to D2. This level of brightness continues for
the duration of the power period.
[0038] In this manner, the circuit of Fig. 5 can control
the brightness of the OLED 21 according to data on the
data line DL1. Alternatively, the brightness of the OLED
21 may be limited to binary levels (i.e., on/off), and gray-
scale representation is achieved by use of a sub-field
method which is typically used in plasma displays. In the
sub-field method, one second is divided into a plurality
of fields (e.g., 60 fields per second), and each field is
further divided into a plurality of sub-fields (typically 8
sub-fields). These sub-fields are configured to have re-
spective durations, ratios of which are typically 1:2:4:8:
16:32:64:128 in the case of 8 sub-fields. An on/off state
of a given pixel is controlled separately for each sub-
field, so that this pixel may shine during one or more
sub-fields for which it is directed to shine. With this pro-
vision, a total time length of light emission of this pixel
in one field period can be controlled, and can be set to
255 different time lengths in the case of 8 sub-fields.
Such different time lengths are perceived as different
brightness levels by human vision, thereby achieving
gray-scale representation by using only an on/off binary
state of the OLED 21.
[0039] Fig. 7 is a signal waveform diagram showing a
variation of signals on the scan-power lines. In Fig. 7,
signals on the scan-power lines SLk through SLk+2 be-
come LOW indicative of a scan-pulse period one after
another in successive scan -power lines, with a gap G
between adjacent scan-pulse periods.
[0040] The circuits of Fig. 4 and Fig. 5 properly work
even in the case of scan-power line signals as shown in
Fig. 7. If the shining of the OLED 21 is preferably sup-
pressed during the gap period G, a circuit construction
needs to be modified. Fig. 8 is a circuit diagram showing
an example of the construction of a pixel circuit that is
specifically designed for the scan-power line signals of
Fig. 7. In Fig. 8, the same elements as those of Fig. 4
are referred to by the same numerals, and a description
thereof will be omitted.
[0041] The pixel circuit of Fig. 8 differs from the pixel
circuit of Fig. 4 in that a circuit block 50 is additionally
provided. The circuit block 50 includes registers 51 and
52, a capacitor 53, and an NMOS transistor 54. As the
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scan-power line SLk is changed from LOW to HIGH, an
electric current flows through the register 51 to charge
the capacitor 53. As electric charge in the capacitor 53
builds up, a potential rises at the gate node of the NMOS
transistor 54. Sometime after the change from LOW to
HIGH of the scan-power line SLk, the NMOS transistor
54 turns on, thereby changing the output of the circuit
block 50 from HIGH to LOW, which allows the latch com-
prised of the NOR gates 33 and 34 to perform its latch
operation.
[0042] With proper selection of resistance and capac-
itance, the circuit block 50 provides a proper delay that
is equivalent to the length of the gap period G.
[0043] Fig. 9 is a signal waveform diagram showing
another variation of signals on the scan-power lines. In
Fig. 9, signals on the scan-power lines SLk through
SLk+2 become LOW indicative of a scan-pulse period
one after another in successive scan-power lines, with
an overlap "O" between adjacent scan-pulse periods.
[0044] It should be noted that the scan-pulse periods
of the scan-power lines should be accompanied by re-
spective data signals on a given data line. Although the
scan-pulse periods of adjacent scan-power lines are
overlapping in Fig. 9, data signals cannot overlap on a
given data line. As shown in Fig. 9. therefore, data puls-
es on the data line DL1 may only be valid during an early
period within the respective scan-pulse periods. Be-
cause of this, the circuits of Fig. 4 and Fig. 5 may not
properly work in the case of scan-power line signals as
shown in Fig. 9.
[0045] Fig. 10 is a circuit diagram showing an exam-
ple of the construction of a pixel circuit that is specifically
designed for the scan -power line signals of Fig. 9. In
Fig. 10, the same elements as those of Fig. 4 are re-
ferred to by the same numerals, and a description there-
of will be omitted.
[0046] The pixel circuit of Fig. 10 differs from the pixel
circuit of Fig. 4 in that a circuit block 60 is additionally
provided. The circuit block 60 is a one-shot circuit, and
includes a NAND gate 61, a capacitor 62, a resistor 63,
and an inverter 64. In response to a change of the data
line DL from HIGH to LOW, a potential at node A (i.e.,
input into the inverter 64) changes to HIGH, thereby sup-
plying a LOW output signal to the AND gate 31 and the
NOR gate 32. An electric current then flows through the
register 63 to charge the capacitor 62. As electric charge
in the capacitor 62 builds up, a potential drops at the
node A. Sometime after the change from HIGH to LOW
of the data line DL, the output of the inverter 64 changes
from LOW to HIGH. With this provision, the circuit block
60 outputs a shortened data pulse, thereby ensuring a
proper operation of the pixel circuit even when the scan-
power signals have overlaps as shown in Fig. 9.
[0047] Fig. 11 is a circuit diagram showing another ex-
ample of the construction of a pixel circuit that is specif-
ically designed for the scan-power line signals of Fig. 9.
In Fig. 11, the same elements as those of Fig. 5 are re-
ferred to by the same numerals, and a description there-

of will be omitted.
[0048] The pixel circuit of Fig. 11 differs from the pixel
circuit of Fig. 5 in that a circuit block 60A is additionally
provided. The circuit block 60A is a one-shot circuit, and
includes inverters 65 and 66, a capacitor 67, and a re-
sistor 68. In response to a change of the scan-power
line SLK+1 from HIGH to LOW, a potential at node B (i.
e., input into the inverter 66) changes to HIGH, thereby
supplying a LOW signal to the gate node of the NMOS
transistor 43. An electric current then flows through the
register 68 to charge the capacitor 67. As electric charge
in the capacitor 67 builds up, a potential drops at the
node B. Sometime after the change from HIGH to LOW
of the scan-power line SLk+1, the output of the inverter
66 changes from LOW to HIGH. With this provision, the
inverter 66 outputs a shortened data pulse, thereby en-
suring a proper operation of the pixel circuit even when
the scan-power signals have overlaps as shown in Fig.
9.
[0049] The one-shot circuit used in Fig. 10 and Fig.
11 may also be used even when an end of each scan-
pulse period is aligned with a start of a next scan-pulse
period. Fig. 12 is a signal waveform diagram showing a
case in which an end of each scan-pulse period is
aligned with a start of a next scan-pulse period but data
pulses on a given data line are shorter than correspond-
ing scan-pulse periods. In such a case, the one-shot cir-
cuit as described above may effectively be used to limit
the time period during which the pixel circuit reads data
on the data line.
[0050] Further, the circuit block used in Fig. 8 and the
one-shot circuit used in Fig. 10 and Fig. 11 may be com-
bined as such a need arises. For example, a data pulse
(data signal) on a given data line may be shorter than a
corresponding scan-pulse period, and successive scan-
pulse periods in adjacent scan-power lines may be
spaced apart with a gap as shown in Fig. 7. In such a
case, the circuit block as used in Fig. 8 may additionally
be provided to cope with the spaced-apart scan-pulse
periods, and the one-shot circuit used in Fig. 10 and Fig.
11 may also be provided to cope with the shorter data
pulse.
[0051] Fig. 13 is a signal waveform diagram showing
a variation of the signal of a scan-power line and the
signal of a data line. The signal of the scan-power line
SLk in this case includes a scan-pulse period defined
as a zero-potential period and a power period defined
as a negative-potential period. Also, the signal of the
data line is a positive logic in which "1" is represented
by a higher potential (zero potential) and "0" is repre-
sented by a lower potential (negative potential).
[0052] Fig. 14 is a circuit diagram showing an exam-
ple of the construction of a pixel circuit that is used with
the signal arrangement of Fig. 13. The pixel circuit of
Fig. 14 includes AND gates 71 and 72, NOR gates 73
and 74, an NMOS transistor 75, and the OLED 21. The
NOR gates 73 and 74 have their outputs coupled to each
other's input, thereby forming a latch. Logic on which
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the operation of this circuit is based is substantially the
same as that of Fig.4, and a description thereof will be
omitted.
[0053] Fig. 15 is an illustrative drawing showing a var-
iation of the pixel circuit according to the invention. In
Fig. 15, a circuit block 80 is inserted into the output of
the pixel control circuit 20, such that the output of the
circuit block 80 is supplied to the OLED 21. The circuit
block 80 includes a switch 81 and a capacitor 82. The
switch 81 is closed while power is supplied to the pixel
control circuit 20. If the pixel control circuit 20 has data
stored therein indicative of the emission of light, thus,
an electric current is supplied to the OLED 21 to turn it
on. The switch 81 is opened when power is not supplied
to the pixel control circuit 20. If the OLED 21 was on
before the opening of the switch 81, the OLED 21 con-
tinues to be on for a while as an electric current is sup-
plied from the capacitor 82 that is discharging.
[0054] Fig. 16 is a signal waveform diagram showing
the operation of the pixel circuit of Fig. 15. As shown in
Fig. 16, the OLED 21 continues emitting light even after
power is turned off at timing T1. This is because the ca-
pacitor 82 illustrated in Fig. 15 supplies power to the
OLED 21 while no power is supplied to the pixel control
circuit 20 from the scan-power line SLk. With this provi-
sion, sudden turning off of the OLED 21 is avoided, and
the emission of the OLED 21 slowly diminishes. This
may contribute to better appearance of images to hu-
man eyes.
[0055] Fig. 17 is a circuit diagram showing an exam-
ple of an actual implementation of the circuit of Fig. 15.
The NOR gates 33 and 34 and the NMOS transistor 35
are the same as those shown in Fig. 4. The switch 81 is
implemented by use of an NMOS transistor in this ex-
ample. When the scan-power line SLk is HIGH to pro-
vide power, the NMOS transistor 81 becomes conduc-
tive to couple the OLED 21 to the power-supply voltage
(assuming that the NMOS transistor 35 is conductive).
As the scan-power line SLk is changed to LOW, the
NMOS transistor 81 becomes nonconductive, resulting
in the capacitor 82 providing power to the OLED 21.
[0056] In the embodiments described above, the
scan-power lines are given dual functions, serving both
as a scan line and as a power-supply line. Alternatively,
a ground line may be given dual functions, serving both
as a scan line and a ground line. Such a variation will
be described in the following.
[0057] Fig. 18 is an illustrative drawing showing the
construction of a pixel circuit and relevant electrodes ac-
cording to a variation of the invention. Each pixel circuit
includes a pixel control circuit 120 and an OLED (organ-
ic light emitting diode) 121.
[0058] In the variation of the invention shown in Fig.
18, only three types of lines, i.e., a scan-ground line (two
of which are shown as SGk and SGk+1), a data line (one
of which is shown as DL1), and a power-supply line (il-
lustrated as a power-supply node VDD) are provided in
a display panel. Each pixel circuit, however, is connect-

ed to four lines, i.e., the corresponding scan-ground line
SGk, the next scan-ground line SGk+1, the correspond-
ing data line DL1, and the power-supply line VDD.
[0059] In any conventional active-matrix structure,
each pixel circuit needs to have four electrodes, i.e., two
power-supply electrodes for providing a power-supply
potential and a ground potential, a scan electrode for
scanning each row, and a data electrode serving as a
column line to provide data to be stored in each pixel.
These four electrodes extend in the row direction or the
column direction throughout the active-matrix panel.
[0060] In the active-matrix structure of the invention
as shown in Fig. 18, each pixel circuit is connected to
four electrodes, but only three types of lines extend
through the active-matrix panel. This is made possible
by connecting each pixel circuit to a corresponding
scan-ground line and also to a next scan-ground line.
That is, the pixel circuit of Fig. 18 is connected to the
corresponding scan-ground line SGk and also connect-
ed to the next scan-ground line SGk+1. The scan-
ground line SGk serves as a ground electrode for pro-
viding a ground potential, whereas the next scan-ground
line SGk+1 serves as a scan electrode for scanning the
corresponding row. Further, this scan-ground line
SGk+1 serving as a scan electrode for the pixel circuit
of Fig. 18 serves as a ground electrode for a pixel circuit
provided on the next row. This pixel circuit on the next
row uses a next scan-ground line SGk+2 as a scan elec-
trode.
[0061] In this manner, each of the scan-ground lines
has dual functions so as to serve both as a ground elec-
trode and as a scan electrode. This provision makes it
possible to provide each pixel circuit with a power-sup-
ply potential, a ground potential, a scan signal, and a
data signal, with only three networks of lines laid out
through the active-matrix structure.
[0062] Fig. 19 is a signal waveform diagram for ex-
plaining the operation of the pixel circuit of Fig. 18. The
pixel circuit of Fig. 18 is driven during the ground-level
period of the scan-ground line SGk. While the pixel cir-
cuit is driven, the next scan-ground line SGk+1 enters
into a scan-pulse period that is defined by a HIGH signal
level. In response to this scan-pulse period of the scan-
ground line SGk+1, the pixel circuit reads data on the
data line DL1 for storage therein. In the example of Fig.
19, the data line DL1 has a data pulse that is HIGH at
the timing corresponding to the scan-pulse period of the
scan-ground line SGk+1. As a result, the pixel control
circuit 120 outputs a HIGH-level signal for a duration
corresponding to the ground-level period of the scan-
ground line SGk, resulting in the OLED 121 emitting light
during this time period.
[0063] Fig. 20 is a circuit diagram showing an exam-
ple of the pixel circuit according to the variation of the
invention. The circuit construction of Fig. 20 is simple
and suitable for actual implementation.
[0064] The pixel circuit of Fig. 20 includes NMOS tran-
sistors 131 and 132, a capacitor 133, and the OLED 21.
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This pixel circuit is driven during a period in which the
scan-ground line SGk is set to a ground level. As the
scan-ground line SGk+1 changes to HIGH during the
scan-pulse period, the NMOS transistor 131 becomes
conductive, thereby passing data on the data line DL1
to the capacitor 133. The capacitor 133 serves as an
information storage, and is charged according to the
voltage level of the data line DL1. If the data is HIGH,
the gate node of the NMOS transistor 132 becomes
HIGH, resulting in an electric current running through
the OLED 21. The OLED 21 thus emits light during the
ground-level period of the scan-ground line SGk. If the
data on the data line DL1 is LOW, on the other hand,
the gate node of the NMOS transistor 132 becomes
LOW, resulting in no electric current running through the
OLED 21. The OLED 21 thus does not produce light dur-
ing the ground-level period of the scan-ground line SGk.
[0065] In this manner, the simple circuit construction
shown in Fig. 20 achieves the operation required of a
pixel circuit, with only three types of lines laid out in the
active-matrix configuration.
[0066] Further, the present invention is not limited to
these embodiments, but various variations and modifi-
cations may be made without departing from the scope
of the present invention.

Claims

1. An active-matrix display device in which a plurality
of pixel circuits (P11-Pnm) are arranged in a matrix
and positioned at intersections of data lines
(DL1-DLm) and scan lines (SL1-SLn) extending in
respective directions perpendicular to each other,
and at least one (Pkl) of said pixel circuits is select-
ed by one (SLk+1) of the scan lines to store data
provided by one of the data lines, and is powered
by two lines that provide a power-supply potential
and a ground potential, respectively, characterized
in that one of said two lines is another one (SLk) of
the scan lines.

2. The active-matrix display device as claimed in claim
1, further characterized in that any one (Pkl) of the
pixel circuits may be selected by one (SLk+1) of the
scan lines to store data provided by one of the data
lines, and is powered by two lines that provide a
power-supply potential and a ground potential, re-
spectively, one of said two lines being another one
(SLk) of the scan lines.

3. The active-matrix display device as claimed in claim
1 or 2, further characterized in that said one (SLk)
of the two lines is set to a first potential to provide
one of the power-supply potential and the ground
potential to said given one (Pkl) of the pixel circuits,
and is set to a second potential to select another
one (P(k-1)1) of the pixel circuits situated adjacent

to said given one (Pkl) of the pixel circuits.

4. The active-matrix display device as claimed in claim
3, wherein that said given one of the pixel circuits
includes a pixel control circuit (20, 120) and an op-
tical device (21, 121), characterized in that said
pixel control circuit is connected to a first one (SLk,
SGk) of the scan lines, a second one (SLk+1,
SGk+1) of the scan lines, and one (DL1) of the data
lines, and is driven by the first potential of the first
one (SLk, SGk) of the scan lines to store data pro-
vided by said one (DL1) of the data lines when the
second one (SLk+1, SGk+1) of the scan lines is set
to the second potential, said pixel control circuit (20,
120) controlling said optical device (21, 121) in re-
sponse to the stored data.

5. The active-matrix display device as claimed in claim
4, characterized in that said optical device (21,
121) is a light emitting diode.

6. The active-matrix display device as claimed in claim
5, characterized in that said optical device (21,
121) is an organic light emitting diode.

7. The active-matrix display device as claimed in claim
4, characterized in that said pixel control circuit in-
cludes a one-shot circuit (60A) that produces a
pulse in response to the second potential of the sec-
ond one (SLk+1) of the scan lines, said pixel control
circuit storing the data provided by said one (DL1)
of the data lines in response to the produced pulse.

8. The active-matrix display device as claimed in claim
4, characterized in that said pixel control circuit in-
cludes a circuit (50) that delays the storing of the
data provided by said one (DL1) of the data lines.

9. The active-matrix display device as claimed in claim
4, characterized in that a switch (81) and a capac-
itor (82) are provided between said pixel control cir-
cuit (20) and said optical device (21), such that the
switch is closed to provide power to the capacitor
and to the optical device from the first one (SLk) of
the scan lines, and is opened to provide power from
the capacitor to the optical device.

10. The active-matrix display device as claimed in claim
4, characterized in that the stored data indicates
brightness of a corresponding pixel.

11. The active-matrix display device as claimed in claim
3, wherein a scan driver is provided for driving the
scan lines, characterized in that said scan driver
produces a pulse of the second potential in succes-
sive ones of the scan lines, such that said pulse on
one of the scan lines is immediately followed by said
pulse on an adjacent one of the scan lines without
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a gap nor an overlap.

12. The active-matrix display device as claimed in claim
3, wherein a scan driver is provided for driving the
scan lines, characterized in that said scan driver
produces a pulse of the second potential in succes-
sive ones of the scan lines, such that said pulse on
one of the scan lines is followed by said pulse on
an adjacent one of the scan lines with either a gap
or an overlap.
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