US 2008010054

a9y United States

Al

b
3

12) Patent Application Publication (o) Pub. No.: US 2008/0100543 A1

Kasai et al,

(43) Pub, Date: May 1, 2008

(54) DISPLAY DEVICE

Publication Classification

(76) Inventors: Naruhiko Kasai, Yokohama (JP); (51) Int.ClL
Masato Ishii, Tokyo (JP); Tohru G09G  3/30 (2006.01)
Kohno, Kokubunji (JP); Hajime (52) US.Cl vnccinscirnssscnscsissseinsssianis 345/77
AKkimoto, Kokubunji (JP) (57) ABSTRACT
Correspondence Address: A display device includes a plurality of pixels, each of which
ANTONELLL TERRY.STOUT & KRAUS. LLP has a drive transistor, an organic EL, element and a writing
1300 NORTH ’SEVEN"leENTH STREET ’ capacitor, in which the drive transistor controls a luminous
SUITE 1800 time period of the organic EL element by a writing signal
ARLINGTON, VA 22209-3873 (US) voltage and a sweep signal so that the writing signal voltage
- is written into the writing capacitor independent from a char-
(21)  Appl. No.: 11/871.469 acteristic variation caused by a deterioration due to the tem-
T ’ perature and time lapse of using the organic EL element,
(22) Filed: Oct. 12, 2007 thereby making a luminous time period long when the dete-
rioration occurs with increase of an internal resistance of the
(30) Foreign Application Priority Data organic EL element, and compensating a luminance degrada-
tion caused by the deterioration to solve a burn-in state of
Oct. 13,2006 (JP) ccooveverererecereererereecereevenees 2006-279986 fixed pattern.
6 7 9
3 \/\ \4 \/\
12 N
%) > 7’| DATA LINE DRIVE CIRCUIT
>
— DISPLAY 2. 10
CONTROL 8
CIRCUIT .
N
A
LU
25
-0
ox
£0 DISPLAY PANEL
zS
T
O
no
LI N
15
DRIVE VOLTAGE 12
GENERATION
CIRCUIT

n

11



Patent Application Publication May 1, 2008 Sheet 1 of 9 US 2008/0100543 A1

FIG.1
6 ) o
12 % % \n . W
R | DATA LINE DRIVE CIRGUIT
>
—L 3! pispLay 2 1o
CONTROL 8
CIRCUIT I \/

DISPLAY PANEL

SCANNING LINE
DRIVE CIRCUIT

13 14 ”\}

DRIVE VOLTAGE 12
GENERATION
CIRCUIT

n

11




US 2008/0100543 A1

Patent Application Publication May 1, 2008 Sheet 2 of 9

FIG.2

10

15

N

.17




Patent Application Publication May 1, 2008 Sheet 3 of 9 US 2008/0100543 A1

GENERRTION j TRIANGULAR WAVE SWITCHNG CIRCUT [ 51

9
---------------------------------- N-_-___---.
7i 37 38 40 |
B CU% - o :
1 |
! 1
: | DATASHIFT CIRCUIT :
L) !
N 39 :
1
S B vy St
— » -

» R
| 1
| GRADATION SEQUENGE |5 49
' 48 |49 | VOLTAGE SELECTION CIRCUIT |46 !
et |
e — —— I
| [SWEEPSGNALL | o™ R ADATION SEQUENCE VOLTAGE/ = 24 |
: :
I 1
| 1
| 1

I




US 2008/0100543 A1

Patent Application Publication May 1, 2008 Sheet 4 of 9

FIG.4

3

18 19 20

N\
"

>
>
>
>
>
>
>
>

62 63

582

YYV

LINJHID NOILD3 T3S ANIT

V: |

T

22

53

13 82

Y

H3L1SID3YH 14IHS TYOILY3A

lllllllllllllllllllllllllllllll



May 1, 2008 Sheet 5 of 9 US 2008/0100543 A1

Patent Application Publication

88
QOH3d INLINVEIIND ) R
| GOIH3d INILL SNONIAINT !
o nJ r
L8 98 L8 Qold3ad IniL
QOHIJINLTWNIISFIMS | ONILEMVIVA |
) ~ 1 ~N
8 N
8 oL
~
e e e m e e mm g bl il i [4: S
6L Yol
| OISp - - 2 P Vs W _—

i = Sl e Wh
08 [ ~
L

L] 91
L gl
_ ~

_ ¥t
| gL
L 2=
T4

L Ll
- ol

| 60

T L 55

L LT .5

|_I_|:|.|_|]|_|_I]|]I_| ................. §
- . _|_ 2

<9

1Nd1NO L€ HOLSISNYHL3IAIHA

81 3NMV1va Y 104 1SHI4

£¢ NN NOILITTIS SNONINNTINIMT ANOD3S

¢¢ ANMNOILOFES d0H OILSIHALOVHVHI INIMTANOD3S
¢ INIMTNOILOTTES 1353H NI ANODI3S

96 TYNOIS NOILOF13S INITANOD3S

0¢ 3NIM NOILOFTES SNONINNT 3NN LSHI4

61 3NN NOILOTT=ES 010H J1LSIH3LOVHYHO 3NN LSHIA
81 3NN NOILOT TS 13534 INM LSHId

S TYNOIS NOLLOF T3S 3NN LSHI4

09 TVNOIS TOHLNOD FONYNINNT

65 TYNOIS GT0H J11SIH3LOvHVYHO
85 TWNOIS 13534

£SMO0T0 LIIHS TvOLLHAA
¢5357Nd LHVIS TwOILHIA

g old



Patent Application Publication May 1, 2008 Sheet 6 of 9 US 2008/0100543 A1

FIG.6

92

Vout

Vin=Vout

REFERENCE
OUTPUT




Patent Application Publication May 1, 2008 Sheet 7 of 9 US 2008/0100543 A1

FIG.8
Vout 92
o 97 90
89
Vin=Vout
REFERENCE | _______._
ouTPUT
1\
91— 1 L\t
g
21N
{\:ﬁ-ﬁ\igg Vin
93 98
FIG.9

B Y e

X..




Patent Application Publication May 1, 2008 Sheet 8 of 9 US 2008/0100543 A1

FIG.10

15

103

102




15

10

US 2008/0100543 A1

.17

}
|
!
[

R V-ebit
29

FIG.11

>
§ 35
v
+-
l"\:r-\""-
2

Patent Application Publication May 1, 2008 Sheet 9 of 9



US 2008/0100543 A1

DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Application No. 2006-279986 filed on Oct. 13, 2006,
the content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a display device
mounted with self-luminous elements as self-luminous type
display elements such as EL (Electroluminescence) ele-
ments, organic EL element elements, etc.

[0003] In the case of the self-luminous element typified by
the EL element, organic EL element, etc., the element has a
property such that the luminance of that is proportional to a
current amount flown into the self-luminous element, so that
a display of gradation sequence can be made by controlling
the current amount flown into the self-luminous element. In
this way, a display device can be made by arranging a
plurality of the self-luminous elements.

[0004] However, if the self-luminous element is used in an
extended period of time, the element has a property such that
a deterioration of the element makes progress along with
time lapse, and the luminance of that reduces. The rate of
deterioration is dependent on the time period of luminance
in this case. Therefore, a burn-in pattern occurs in response
to a luminous state (displayed pattern) of individual pixels.

[0005] As a technique to solve the burn-in pattern caused
by the deterioration of self-luminous element due to the time
lapse, JP-A-2002-278514 discloses a technique in which a
drive current is measured for every pixel train (one train of
column direction). a rate of the deterioration is detected from
the amount of drive current, and a result of the detection is
fed back to a signal voltage, thereby solving the burn-in
pattern.

SUMMARY OF THE INVENTION

[0006] However, in the case of the technique disclosed in
JP-A-2002-278514, it is necessary to mount a series resistor
and an ADC (A/D converter), as a current detection circuit,
in every pixel train on a glass substrate. For this reason, there
arises a problem that a size of a circuit and an area (frame)
are increased, and a number of new interface signals are
required for applying the foregoing feed back technique
when the signal voltage is supplied from an outside of panel.

[0007] An object of the invention is to provide a display
device to solve occurrence of a burn-in pattern by control-
ling a luminous period of the self-luminous element in
response to the deterioration, without providing the interface
signal for the feed-back to the outside of panel (outside of
glass substrate).

[0008] According to an aspect of the invention, a display
device has a display panel arranged by a plurality of pixels,
a scanning line driving circuit that selects the pixel arranged
on the display panel, and a data line driving circuit that
supplies a signal voltage to the pixel selected by the scan-
ning line driving circuit, in which the pixel provides a
luminous element, a transistor for driving the luminous
element and a writing capacitor for fetching a signal voltage
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in accordance with an input reference voltage of the tran-
sistor, and the transistor controls a luminous period in
accordance with the input reference voltage shifted in
response to a characteristic of the luminous element.

[0009] According to another aspect of the invention, a
self-luminous display device is constituted by a display
element unit arranged in matrix-shaped arrangement with
self-luminous elements, summation of luminous currents of
which is controlled in accordance with a writing signal
voltage; a writing signal voltage control circuit that gener-
ates the writing signal voltage in response to input data; a
writing capacitor that stores the writing signal voltage; a
sweep signal generation circuit that generates one cycle
sweep signal in a luminous time period after a writing
completion for all of pixels; signal lines that supply the
writing signal voltage to the writing capacitor for each of the
pixels in a writing time period and the sweep signal to the
writing capacitor in the luminous time period; a power
supply device that supplies a luminous current to the self-
luminous elements; a drive transistor that controls the lumi-
nous period in accordance with a comparison result of the
writing signal voltage and the sweep signal signal; a char-
acteristic capacitor that stores a characteristic of the drive
transistor independent from a characteristic of one self-
luminous element connected in parallel with other self-
luminous element; a reset switch connected between a gate
and a source of the drive transistor; a characteristic hold
switch connected between the source of the drive transistor
and one end of the characteristic capacitor; and a luminance
control switch connected between the source of the drive
transistor and one end of the self-luminous element.

[0010] On the writing time period, the writing signal
voltage is stored in the writing capacitor by controlling the
reset switch and the characteristic hold switch on the basis
of a threshold value voltage of the drive transistor indepen-
dent from the self-luminous element characteristic stored in
the characteristic capacitor.

[0011] On the luminous time period, the self-luminous
element is made into a luminous state by controlling the
luminance control switch.

[0012] With input of the sweep signal from the signal line,
the level of sweep signal is based on the characteristic
independent from the self-luminous element characteristic
stored in the writing capacitor. In contrast, the threshold
value voltage of drive transistor becomes a threshold value
voltage added with the characteristic of self-luminous ele-
ment. Therefore, the luminous period is controlled in
response to a characteristic variation caused by a deteriora-
tion due to a temperature and time lapse of the self-luminous
element.

[0013] According to the invention, the invention provides
a display device having a stable luminance among the pixels
without causing a burn-in pattern due to the deterioration of
time lapse. In this way, the display device is desirable for
DVC (Digital Video Camera), DSC (Digital Still Camera),
mobile telephones, etc., which essentially requires icon
displays, because the burn-in state of a fixed pattern can be
eliminated.

[0014] Other objects, features and advantages of the
invention will become apparent from the following descrip-
tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a diagram showing an example of self-
luminous element display device in an embodiment of the
invention;

[0016] FIG. 21is a diagram showing an inner configuration
of the display panel in FIG. 1 by the embodiment;

[0017] FIG. 3 is a diagram showing an inner configuration
of the data line drive circuit 9 in FIG. 1 by the embodiment;

[0018] FIG. 4is a diagram showing an inner configuration
of the scanning line drive circuit 13 in FIG. 1 by the
embodiment;

[0019] FIG. 5 is a timing diagram showing an operation of
the vertical shift register 54 and line selection circuit 61
shown in FIG. 4 and an operation of the signal voltage
writing in the first line first column pixel 26 in FIG. 2, and
a control of the luminous period in the sweep signal signal,

[0020] FIG. 6 is a detailed diagram showing the reference
voltage setting of signal voltage in the drive transistor 31 in
FIG. 2;

[0021] FIG. 7 is a detailed diagram showing the luminous
time period control operation of drive transistor 31 in FIG.
2

[0022] FIG. 8 is a detailed diagram showing a case indi-
cating that the organic EL. element 36 is deteriorated by
causing time lapse in the reference voltage setting of signal
voltage shown in FIG. 6;

[0023] FIG. 9 is a detailed diagram showing a case indi-
cating that the organic EL element 36 is deteriorated by
causing time lapse in the luminous time period control
operation in FIG. 7,

[0024] FIG. 10 is a diagram showing a display example
indicating that a burn-in condition of the fixed pattern on the
display panel 15 in FIG. 1; and

[0025] FIG. 11 is a diagram showing an inner configura-
tion of the display panel 15 in FIG. 1 by another embodi-
ment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0026] Embodiments of the invention will be described
below with the reference to the drawings.

Embodiment 1

[0027] FIG. 1 is a diagram showing an example of a
self-luminous element display device in an embodiment of
the invention. Referring to FIG. 1, a reference numeral 1
denotes a vertical sync signal; 2, a horizontal sync signal; 3,
a data enable signal; 4, display data (either analog or digital
may be acceptable); and 5 denotes a sync clock. The vertical
sync signal 1 is of one screen cycle (or one frame cycle) for
displaying the display data 4. The horizontal sync signal 2 is
a signal of one horizontal cycle. The data enable signal 3 is
a signal indicating a valid period (display valid period) of the
display data 4. All of the signals are synchronized with the
sync clock 5 to be input to the display device.

[0028] In the case of the embodiment, the display data 4
by an amount of one screen is, in turn, transferred from a
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pixel at an upper left end of a display screen by the raster
scan system. Information by an amount of one pixel will be
described as digital data configured by 6 bits. In this regard,
the information by an amount of one pixel may also be 8
bits, 10 bits, etc.

[0029] Referring back to FIG. 1, a reference numeral 6
denotes a display control circuit; 7, a data line control signal,
and 8, a scanning line control signal. The display control
circuit 6 generates the data line control signal 7 and scanning
line control signal 8 from the vertical sync signal 1, hori-
zontal sync signal 2, data enable signal 3, display data 4, and
vertical clock 5.

[0030] Further, a reference numeral 9 denotes a data line
drive circuit, and 10 denotes a data line drive signal. The
data line drive circuit 9 generates a signal voltage written
into the pixel configured by self-luminous element and a
sweep signal signal in accordance with the data line control
signal 7 to output as the data line drive signal 10.

[0031] A reference numeral 11 denotes a drive voltage
generation circuit, and 12 denotes a panel supply drive
voltage. The drive voltage generation circuit 11 generates a
power supply voltage for supplying a current to produce
luminescence from the self-luminous element and output as
a panel supply drive voltage 12.

[0032] A reference numeral 13 denotes a scanning line
drive circuit, 14 denotes a scanning line drive signal, and 15
denotes a display panel. The display panel 15 provides the
self-luminous elements, with a matrix arranged, using such
as light-emitting diodes, organic EL elements, etc. An opera-
tion of display panel 15 is carried out by the following
manner. First, a signal voltage corresponding to the data line
drive signal 10 output from the data line drive circuit 9 is
written into a pixel selected by the scanning line drive signal
14 output from the scanning line drive circuit 13. Thereafter,
a sweep signal is supplied to the pixel to thereby produce
luminescence from the self-luminous element. A voltage for
driving the self-luminous element is supplied as the panel
supply drive voltage 12.

[0033] In addition, the data line drive circuit 9 and scan-
ning line drive circuit 13 may be realized by a LSI for each,
or may be realized by a single LSI. The single or plural LSIs
may be configured on a glass substrate on which a pixel unit
configured by the self-luminous elements is also configured.

[0034] In the case of the embodiment, description will be
concerned with a configuration below, that is, the display
panel 15 has a resolution of 240X320 dots, and one dot is
configured by 3 pixels, R (Red), G (Green) and B (Blue) in
the order from the left thereof, that is, the horizontal direc-
tion of display is configured by 720 pixels.

[0035] In the display panel 15, a luminance of producing
luminescence by the self-luminous element is regulated by
a current amount flown into the self-luminous element and
a luminous period of the self-luminous. The larger the
current amount flown into the self-luminous element is, the
higher the luminance of self-luminous element becomes.
The longer the luminous period of self-luminous element is,
the higher the luminance of self-luminous element becomes.

[0036] FIG. 2 shows an inner configuration of the display
panel 15 in an embodiment. This example uses an organic
EL element as self-luminous element. Referring to FIG. 2, a
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reference numeral 16 denotes a first dot R data line; 17, a
first dot G data line; 18, a first line reset selection line; 19,
a first line characteristic hold selection line; 20, a first line
luminous selection line; 21, a second line reset selection
line; 22, a second line characteristic hold selection line; 23,
a second line luminous selection line; 24, a first column
organic EL element drive voltage supply line; 25, a second
column organic EL element drive voltage supply line; 26, a
first line first column pixel; 27, a first line second column
pixel; 28, a second line first column pixel; and 29, a second
line second column pixel.

[0037] The first dot R data line 16 and first dot G data line
17 are signal lines to input a first dot R signal, a first dot G
signal and the sweep signal to the pixel.

[0038] The first line reset selection line 18, first line
characteristic hold selection line 19, first line luminous
selection line 20, second line reset selection line 21, second
line characteristic hold selection line 22, and second line
luminous selection line 23, write signal voltages into the
pixels on the lines selected by the selection lines of the lines
(rows), respectively, through the respective data lines. A
luminous period of the pixel, which produces luminescence,
is controlled by an organic EL element drive voltage sup-
plied from the respective column organic EL element drive
voltage supply lines in accordance with the signal voltages
and sweep signal signals.

[0039] FIG. 2 shows the first line first column pixel 26 as
the inner configuration of pixel alone, however, the same
configuration is adopted for the first line second column
pixel 27, second line first column pixel 28, second line
second column pixel 29.

[0040] Further referring to FIG. 2, a reference numeral 30
denotes a writing capacitor; 31, a drive transistor; 32, a reset
switch; 33, a characteristic hold switch; 34, a characteristic
hold capacitor; 35, a luminance control switch; and 36, an
organic EL element.

[0041] The reset switch 32 turns On-state by the first line
reset selection line 18. The characteristic hold switch 33
turns On-state by the first line characteristic hold selection
line 19. Therefore, a threshold characteristic is stored in the
characteristic hold capacitor 34 with an input/output state of
the drive transistor 31 short-circuited, and a signal voltage
from the first dot R data line 16 is also accumulated into the
writing capacitor 30 on the basis of the threshold charac-
teristic.

[0042] The drive transistor 31 is switched its On and Off
states by the level of sweep signal which varies in accor-
dance with the writing signal voltage accumulated in the
writing capacitor 30 and the luminance control switch 35
turned On-state by the first line luminous selection line 20 in
response to the threshold value including the characteristic
of organic EL element 36 and controls a time period for
supplying a drive current to the organic EL element 36 from
the first column organic EL element drive voltage supply
line 24 in a luminous time period after a writing completion
for all of the pixels. Therefore, the luminance of organic EL
element 36 is determined by the writing signal voltage into
the writing capacitor 30 and an organic EL element drive
voltage.

[0043] Further, a next description will be concerned with
the following condition. That is, the number of pixels of
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display panel 15 is 240X320 dots. The total number of line
(row) selection lines is 960 because 3 lines for each of the
lines in the horizontal direction are arranged from a first line
to a 320th line in the vertical direction. The total number of
data lines is 720 because the lines for Red, Green and Blue
in the vertical direction are arranged from a first dot to a
240th dot. In addition, the organic EL element drive voltage
supply line is connected to all of the pixels by lines parallel
with the data lines from the under side of display panel 15.
That is, the total number of lines in the vertical direction is
1440 aligned in the horizontal direction, which is also
concerned with the following description below.

[0044] FIG. 3 shows an inner configuration of data line
drive circuit 9 shown in FIG. 1 in an embodiment. Referring
to FIG. 3, a reference numeral 37 denotes a data start pulse
included in the data line control signal 7, 38 is a data clock
also included in the data line control signal 7, 39 is display
input data also included in the data line control signal 7, 40
is a data shift circuit, 41 is a fly-back period signal, and 42
is shift data.

[0045] The data shift circuit 40 fetches the display input
data 39 by an amount of one line in one horizontal period in
accordance with the data clock 38, as a reference of start to
fetch the data start pulse 37, and outputs as the shift data 42.
After fetching, the data shift circuit 40 generates the fly-back
period signal 41 indicating a period up to a next fetching
start.

[0046] Further referring to FIG. 3, a reference numeral 43
denotes a horizontal latch clock, 44 is a one-line latch
circuit, and 45 is a one-line latch data. The one-line latch
circuit 44 latches the shift data 42 by an amount of one line
and synchronizes with the horizontal latch clock 43 to output
as the one-line latch data 45.

[0047] Further, a reference numeral 46 denotes a gradation
sequence voltage selection circuit, and 47 denotes a one-line
display data. The gradation sequence voltage selection cir-
cuit 46 selects one level from 64-level gradation sequence
voltages in accordance with the one-line latch data 45 to
output as the one-line display data 47.

[0048] A method of generating the one-line display data
47 from the data line control signal 7 is the same as
conventional one, except the generating operation of fly-
back period signal 41.

[0049] Further, in FIG. 3, a reference numeral 48 denotes
a sweep signal generation circuit, 49, a sweep signal signal,
and 50, a sweep signal switching signal. The sweep signal
generation circuit 48 generates and outputs the sweep signal
49 during the fly-back period in accordance with the fly-
back period signal 41, and also generates the sweep signal
switching signal 50 indicating a time period for outputting
the sweep signal to the data line.

[0050] Further, a reference numeral 51 denotes a gradation
voltage/sweep signal switching circuit. This circuit 51
switches the one-line display data 47 with the sweep signal
49 by the triangular switching signal 50 to output as the data
line drive signal 10.

[0051] FIG. 4 shows an inner configuration of the scan-
ning line drive circuit 13 shown in FIG. 1 in an embodiment.
Referring to FIG. 4, a reference numeral 52 denotes a
vertical start pulse included in the scanning line control
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signal 8, 53 is a vertical shift clock also included in the
scanning line control signal 8, 54 is a vertical shift register,
55 is a first line selection signal, 56 is a second line selection
signal, and 57 is a 320th line selection signal.

[0052] The vertical shift register 54 outputs, in turn, the
first line selection signal 55, second line selection signal 56
up to the 320th line selection signal 57 by the vertical shift
pulse 53 and vertical start pulse 52 indicating the head of
vertical line.

[0053] Further referring to FIG. 4, a reference numeral 58
denotes a reset signal included in the scanning control signal
8 shown in FIG. 1; 59, a characteristic hold signal also
included in the scanning line control signal 8; 60, a lumi-
nance control signal also included in the scanning line
control signal 8; 61, a line selection circuit; 62, a 320th line
reset selection line included in the scanning line drive signal
14 as shown in FIG. 1; 63, a 320th line characteristic hold
selection line also included in the scanning line drive signal
14; and 64, a 320th line luminous selection line also
included in the scanning line drive signal 14.

[0054] The line selection circuit 61 outputs the reset signal
58 and characteristic hold signal 59 for carrying out an On
control at a time of writing a signal voltage to an only
selected line among the first line selection signal 55, second
line selection signal 56 up to the 320th line selection signal
57 to thereby output an On-state signal to the first line reset
selection line 18 and first line characteristic hold selection
line 19, or the second line reset selection line 21 and second
line characteristic hold selection line 22, or the 320th line
reset selection line 62 and 320th line characteristic hold
selection line 63.

[0055] Further, on the luminous time period after writing
the signal voltage into all of the pixels, a signal which turns
all lines On-state simultaneously in the luminous time
period, is output to the first line luminous selection line 20,
the second line luminous selection line 23 and 320th line
luminous selection line 64 from the luminance control signal
60 which carries out the On control.

[0056] The number of pixels of display panel 15 is 240X
320 dots. Therefore, the total number of lines for the line
selection signals or scanning drive signal 14 is 960 because
320 lines in the horizontal direction are aligned from the first
line to the 320th line in the vertical direction, and 320 lines
for each of the reset selection line, characteristic hold
selection line and luminous selection line, in the horizontal
direction are also aligned from the first line to the 320th line.
A next description will be based on the above-mentioned
condition below.

[0057] FIG. 5 is a diagram showing an operation of the
vertical shift register 54 and line selection circuit 61 shown
in FIG. 4 and an operation of a control for writing the signal
voltage in the first line first column pixel 26 and the
luminous period by the sweep signal in FIG. 2. In addition,
the sweep signal may be of a signal having a curve incli-
nation portion instead of a linear inclination portion.

[0058] Referring to FIG. 5, a reference numeral 65 denotes
a vertical start pulse waveform; 66, a vertical shift clock
waveform; 67, a reset signal waveform; 68, a characteristic
hold signal waveform; 69, a luminance control signal wave-
form; 70, a first line selection signal waveform; 71, a first
line reset selection line waveform; 72, a first line character-
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istic hold selection line waveform; 73, a first line luminous
selection line waveform; 74, a second line selection signal
waveform; 75, a second line reset selection line waveform;
76, a second line characteristic hold selection line wave-
form; 77, a second line luminous selection line waveform;
78, a first dot R data line waveform; 79, a writing signal
voltage level; 80, a sweep signal high voltage level; 81, a
triangular low voltage level; 82, an output waveform of the
first line first column pixel drive transistor 31; 83, a first line
data writing time period; 84, a data writing time period; 85,
a sweep signal time period; 86, a luminous time period; 87,
a non-luminous time period; and 88, a one-frame time
period.

[0059] The first line selection signal waveform 70 and
second line selection signal waveform 74 turn sequentially
“High” by shifting the vertical start pulse waveform 65 in
accordance with the vertical shift clock waveform 66. The
first line reset selection line waveform 71 is normally “Low”
state, but turns “High” when the first line selection signal
waveform 70 is “High” and the reset signal waveform 67 is
“High”. The first line characteristic hold selection line
waveform 72 is normally “Low” state, but turns “High”
when the first line selection signal waveform 70 is “High”
and the characteristic hold signal waveform 68 is “High”.
The second line reset selection line waveform 75 is normally
“Low” state, but turns “High” when the second line selection
signal waveform 74 is “High and the reset signal waveform
67 is “High”. The second line characteristic hold selection
line waveform 76 is normally “Low” state, but turns “High”
when the second line selection signal waveform 74 is
“High” and the characteristic hold signal waveform 68 is
“High”.

[0060] That is, the vertical shift register 54 outputs a
selection signal so that the first line to the 320th line turn
sequentially “High”. The line selection circuit 61 makes the
reset signal and characteristic hold signal valid when the
respective line selection signal waveforms are “High” alone,
the following description will be concerned with a condition
indicating that both the reset signal waveform 67 and the
characteristic hold signal waveform 68 are the same in
waveform.

[0061] The first line luminous selection line waveform 73
and second line luminous selection line waveform 77 are the
luminance control signal waveform 69 which turns “High”
during the sweep signal time period 85. This condition is
common for all of the lines.

[0062] The first dot R data line waveform 78 becomes the
writing signal voltage level 79 corresponding to display data
in the data writing time period 84 within the one-frame time
period 88. The first dot R data line waveform 78 then
becomes the sweep signal high voltage level 80 after
completion of writing data into all of the lines, and is
changed to the triangular low voltage level 81 within the
sweep signal time period 85 which is excluded with the data
writing time period 84 from the one-frame time period 88,
and again changed to the sweep signal high voltage level 80.

[0063] Here, it is assumed that the entire screen is dis-
played by the same gradation sequence, a writing signal
voltage level of which is assumed as Vsig_1. The following
description will be concerned with the above-mentioned
condition. The potential Vsig_1 which is written into the
pixel is held by the writing capacitor 30 to set to as a
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reference voltage for the gate input of drive transistor 31.
The output waveform 82 of first line first column pixel drive
transistor 31 turns “Low” within the sweep signal time
period 85 while the sweep signal voltage level exceeds
Vsig_1, and turns “High” while the sweep signal voltage
level dips from Vsig_1.

[0064] Therefore, the power supply to the organic EL
element 36 turns “Off state” or becomes the non-luminous
time period 87 while the first line first column pixel drive
transistor output waveform 82 is “Low”. In contrast, the
power supply to the organic EL element 36 turns “On state”
or becomes the luminous time period 86, while the first line
first column pixel drive transistor output waveform 82 is
“High”. According to the description above, a luminous time
period in accordance with the signal voltage is determined.
In addition, it is assumed that the foregoing signal voltage
(data) input and sweep signal input are carried out within a
predetermined cycle. In this embodiment, it is also assumed
that these inputs are carried out in a time period within the
one-frame time period 88 which becomes a 60 Hz frequency.
The following description will be concerned with the above-
mentioned condition below.

[0065] FIG. 6 is a diagram showing a detail of the refer-
ence voltage setting of the signal voltage in the drive
transistor 31 shown in FIG. 2. Referring to FIG. 6, a
reference numeral 89 denotes an input/output characteristic
of the drive transistor 31. 90 is an input/output shorting
condition. 91 is a signal voltage writing reference potential
of the drive transistor 31. In the drive transistor 31, poten-
tials at the input and output become the signal voltage
writing reference potential 91 indicated by intersecting the
input/output characteristic 89 with the input/output shorting
condition 90 indicated by a straight line of Vin=Vout,
because the input and output of the drive transistor 31 is
short-circuited in the data writing. The writing of signal
voltage is carried out on the basis of the signal voltage
writing reference potential 91.

[0066] Referring back to FIG. 6, a reference numeral 92
denotes a luminous initial period input/output characteristic
of the drive transistor 31 and organic EL element 36 at an
initial luminous time. 93 is a threshold value shift amount.
94 is an organic EL element luminous threshold value. The
luminous initial period input/output characteristic 92 given
by a series of the drive transistor 31 and organic EL element
36 becomes the organic EL element luminous threshold
value 94 by shifting the voltage of threshold value by the
threshold value shift amount 93 so that an output voltage
becomes the reference output, because the output voltage in
response to the input rises by connecting the drive transistor
31 with the organic EL element 36 in luminescence.

[0067] FIG. 7 is a diagram showing a detail of the lumi-
nous time period control operation in the drive transistor 31
shown in FIG. 2. Referring to FIG. 7, a reference numeral 95
denotes a writing capacitor voltage, and 96 is a drive
transistor input voltage. The writing capacitor voltage 95 is
a voltage to be accumulated when the signal voltage is
written into the writing capacitor on the basis of the signal
voltage writing reference potential 91. In this embodiment,
the writing capacitor voltage is given by the following
Expression (1) because the writing signal voltage is set to
Vsig_l.

writing capacitor voltage 95="Vsig_ 1 —signal voltage

writing reference potential 91 (1)
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[0068] In FIG. 7, the drive transistor input voltage 96
becomes a voltage which holds a voltage difference from the
first dot Red data line waveform 78 in the writing capacitor
voltage 95. Further, the signal voltage writing reference
potential 91 also becomes a level so that a voltage difference
from the writing signal voltage level 79 becomes the writing
capacitor voltage 95. The organic ELL element luminous
threshold value 94 becomes a level which rises from the
signal voltage writing reference potential 91 by the threshold
value shift amount 93.

[0069] As aresult, the drive transistor output waveform 82
turns “Low” when the drive transistor input voltage 96 is
larger than the organic EL element luminous threshold value
94, and turns “High” when the input voltage 96 is smaller
than the threshold value 94. This time period of “High”
becomes the luminous time period 86.

[0070] FIG. 8is a diagram showing a detail describing that
the organic EL element 36 is deteriorated by causing tem-
perature variation and time lapse in the reference voltage
setting of signal voltage shown in FIG. 6. Referring to FIG.
8, areference numeral 97 denotes a deteriorated input/output
characteristic when the organic EL element 36 connected in
series with the drive transistor 31 is deteriorated, 98 is a
threshold value deterioration shift amount, and 99 is a
deteriorated organic EL element luminous threshold value.
The deteriorated input/output characteristic 97 becomes the
deteriorated organic EL element luminous threshold value
99 by shifting the voltage of threshold value by the threshold
value deterioration shift amount 98, because the output
voltage rises compared with that in the luminous initial
period by deterioration of organic EL element 36 connected
with the drive transistor 31.

[0071] FIG. 9is a diagram showing a detail describing that
the organic EL element 36 is deteriorated by causing tem-
perature variation and time lapse in the luminous time period
control operation as shown in FIG. 7. Referring to FI1G. 9, a
reference numeral 100 denotes a deteriorated drive transistor
output waveform, and 101 denotes a deteriorated luminous
period. The deteriorated organic EL element luminous
threshold value 99 is further shifted by the threshold value
deterioration shift amount 98 from a level where the thresh-
old value shift amount 93 rises from the signal voltage
writing reference potential 91 alone. As a result, the dete-
riorated drive transistor output waveform 100 turns “Low”
when the drive transistor input voltage 96 is larger than the
deteriorated organic EL element luminous threshold value
99, and turns “High” when the drive transistor input voltage
96 is smaller than the deteriorated organic EL element
luminous threshold value 99. A time period of “High”
becomes the deteriorated time luminous period 101. The
deteriorated luminous time period 101 becomes long by an
amount of characteristic variation caused by the deteriora-
tion due to the time lapse of using the organic EL element
36 in comparison with the luminous time period 86 shown
in FIG. 7.

[0072] FIG. 10 shows a display example which easily
causes a burn-in state of fixed patterns displayed on the
display panel 15 in FIG. 1. Referring to FIG. 10, a reference
numeral 102 denotes an operation mode icon, and 103 is an
operating condition icon. The operation mode icon 102
represents a condition by which a moving image displays on
a DSC, mobile telephone, etc. The operating condition icon
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103 is an icon representing an operating condition such as an
actual moving image shooting, and a temporary suspension.
In any event, these icons are displayed on predetermined
positions in long, for example, on a pixel area occupied the
left, right, top and bottom of the display panel 15. Eventu-
ally, the icons easily cause the burn-in state of fixed patterns.

[0073] Hereinafter, a control at a time of detecting a
current in this embodiment will be described with reference
to FIG. 1 to FIG. 10. First, a flow of the display data will be
described with use of FIG. 1.

[0074] Referring to FIG. 1, the display control circuit 6
generates the data line control signal 7 and scanning line
control signal 8 from the vertical sync signal 1, horizontal
sync signal 2, data enable signal 3, display data 4 and sync
clock 5, coordinated with a display timing of the display
panel 15.

[0075] The data line drive circuit 9 outputs the data line
drive signal 10 to the data line of display panel 15 by the data
line control signal 7 including gradation sequence informa-
tion during a signal voltage writing time period, and outputs
a sweep signal signal as the data line drive signal 10 to the
data line during the luminous time period.

[0076] The scanning drive circuit 13 outputs the scanning
line drive signal 14 to control the scanning selection lines of
display panel 15.

[0077] The drive voltage generation circuit 11 generates a
drive voltage to produce luminescence from the organic EL
element and supply as the panel supply drive voltage 12 to
the display panel 15. Finally, the pixels on the scanning line
selected by the scanning line drive signal 14 in the display
panel 15 produce luminescence by the panel supply drive
voltage 12 so that the luminous period is controlled in
response to the signal voltage to compensate the deteriora-
tion of the self-luminous element having a burn-in state, by
the signal voltage and sweep signal in the data line drive
signal 10.

[0078] The luminance control of display panel 15 operated
by the data line drive circuit 9 and scanning line drive circuit
13 and a burn-in state compensation drive in detail will be
described with use of FIG. 2 to FIG. 9. First, a detail of the
signal voltage writing and sweep signal input by the data line
drive circuit 9 will be described with use of FIGS. 2, 3 and
5

[0079] Referring to FIG. 3, the data shift circuit 40 latches
the display input data 39 by the data start pulse 37 and data
clock 38 to output the shift data 42. The one-line latch circuit
44 latches the shift data 42 fetched in the data shift circuit
40 by the horizontal latch clock 43 to output one-line latch
data 45. The gradation sequence voltage selection circuit 46
selects one level from the 64 levels of gradation sequence
voltage 64 by the one-line latch data 45 of 6-bit to output
one-line display data 47.

[0080] The sweep signal generation circuit 48 generates
the sweep signal 49 and sweep signal switching signal 50 in
accordance with the fly-back period signal 41. As shown in
FIG. 5, the sweep signal 49 drops from a maximum level to
a minimum level within the sweep signal time period 85,
thereafter, reaches up to the maximum level again.

[0081] Further, in FIG. 3, the gradation sequence voltage/
sweep signal switching circuit 51 switches the one-line
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display data 47 and the sweep signal 49 to output the data
lien drive signal 10. Further, the gradation sequence voltage/
sweep signal switching circuit 51 selects the one-line display
data 47 within the data writing time period 84 as shown in
FIG. 5, and selects the sweep signal 49 within the sweep
signal time period 85 to output the data line drive signal 15.

[0082] The data line drive signal 10 shown in FIG. 2 is
supplied to the writing capacitor 30 of respective pixels
through a 240th dot B data line (not shown) from the first dot
R data line 16 and first dot G data line 17.

[0083] As described above, the data line drive circuit 9
writes the signal voltage into the display panel 15 within the
data writing time period, and outputs the sweep signal within
the luminous time period.

[0084] Next, the signal voltage writing and luminous
period control by the scanning line drive circuit 13, and the
burn-in state compensation operation will be described with
use of FIGS. 2, 4 and 5 to 9 in detail.

[0085] First, in FIG. 4, the vertical shift register 54 shifts
the vertical start pulse 52 in response to the vertical shift
clock 53 to output sequentially, in turn, the first line selection
signal 55, second line selection signal 56 and 320th line
selection signal 57.

[0086] Further, the line selection circuit 61 outputs the
reset signal 58 and characteristic hold signal 59 taking an
AND operation with the first line selection signal 55, second
line selection signal 56 and 320th line selection signal 57
which are outputted sequentially from the vertical shift
register 54 line by line, to the first line reset selection line 18,
first line characteristic hold selection line 19, second line
reset selection line 21, second line characteristic hold selec-
tion line 22, 320th line reset selection line 62, and 320th line
characteristic hold selection line 63 line by line, respec-
tively.

[0087] The line selection circuit 61 also outputs the lumi-
nance control signal 60 indicating a luminous time period to
the first line luminous selection line 20, second line lumi-
nous selection line 23 and 320th luminous selection line 64
so that the pixels in common with all of the lines turn “On”.
Here, the luminance control signal 60 has been described as
generated by the display control circuit 6 shown in FIG. 1.
However, the meaning of the signal 60 is the same as the
fly-back period signal 41 shown in FIG. 3, therefore, it is
possible to use the signal 41 instead of the signal 60.

[0088] Next, referring to FIG. 2, the reset switch 32 turns
“On” state by the first line reset selection line 18, and the
characteristic hold switch 33 turns “On” state by the first line
characteristic hold selection line 19, within the data writing
time period 84 shown in FIG. 5. Therefore, the input and
output of drive transistor 31 become short-circuited state.
For this reason, the reference potential 91 is determined as
shown in FIG. 6, and accumulated in the characteristic hold
capacitor 34. At the same time, a signal voltage input from
the first dot R data line 16 based on the reference potential
91 is accumulated in the writing capacitor 30.

[0089] An operation of the following description in the
luminous time period is divided into one case of an initial
condition where the organic EL element 36 does not have
deterioration caused by the time lapse and the other case of



US 2008/0100543 A1

an element characteristic variation caused by the same. First,
the case of the initial condition will be described with use of
FIGS. 2, 6 and 7.

[0090] Referring to FIG. 2, the reset switch 32 and char-
acteristic hold switch 33 are turned “Off” by the first line
reset selection line 18 and first line characteristic hold
selection line 19, and the luminance control switch 35 is
turned “On” by the first line luminous selection line 20. In
this way, the output voltage of drive transistor 31 rises by the
resistance component of organic EL element 36, and the
input/output characteristic of the drive transistor 31 and
organic EL element 36 both connected in series becomes the
luminous initial period input/output characteristic 92 as
shown in FIG. 6. Thereby, the threshold value voltage
indicating that the output voltage reaches to a reference
output is shifted by the threshold value shift amount 93,
which becomes the organic EL element luminous threshold
value 94.

[0091] In this condition described above, the input voltage
96 of drive transistor 31 shown in FIG. 7 varies with the
same condition of potential difference of the writing capaci-
tor voltage 95, when a sweep signal is input from the first dot
R data line 16. Here, the threshold value voltage of drive
transistor 31 becomes the organic EL element luminous
threshold value 94 as aforementioned above. For this reason,
the drive transistor output waveform 82 shown in FIG. 7
turns “Low” when the drive transistor input voltage 96 is
larger than the organic EL element luminous threshold value
94, and turns “High” when the input voltage 96 is smaller
than the threshold value 94. This time period of “High”
becomes the luminous time period 86 in the initial condition
where there is no deterioration in the element.

[0092] Next, a condition where the characteristic of
organic EL element 36 varies by causing the deterioration
due to time lapse, that is, a burn-in phenomenon occurs, will
be described with use of FIGS. 2, 8 and 9.

[0093] Similarly to the case of initial condition, in FIG. 2,
the reset switch 32 and characteristic hold switch 33 are
turned “Off” by the first line reset selection line 18 and first
line characteristic hold selection line 19, and the luminance
control switch 35 is turned “On” by the first line luminous
selection line 20. In this way, the output voltage of drive
transistor 31 rises by the resistance component of organic EL
element 36, however, the resistance component at this time
makes the current hardly flown due to the deterioration, that
is, the resistance value rises. Consequently, the input/output
characteristic of the drive transistor 31 and organic EL
element 36 both connected in series becomes such as the
deteriorated input/output characteristic 97. The threshold
value voltage indicating that the output voltage reaches to
the reference output is further shifted by the threshold value
deterioration shift amount 98 to become the deteriorated
organic EL, element luminous threshold value 99.

[0094] In this condition described above, similarly to the
case of initial condition, the input voltage 96 of drive
transistor 31 shown in FIG. 9 varies with the same condition
of potential difference of the writing capacitor voltage 95,
when the sweep signal is input from the first dot R data line
16. Here, the threshold value voltage of drive transistor 31
becomes the deteriorated organic EL element luminous
threshold value 99 as aforementioned above. For this reason,
the deteriorated drive transistor output waveform 100 shown
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in FIG. 9 turns “Low” when the drive transistor input
voltage 96 is larger than the deteriorated organic EL element
luminous threshold value 99, and turns “High” when the
input voltage 96 is smaller than the threshold value 99. This
time period of “High” becomes the deteriorated time lumi-
nous period 101 in the condition where the element is
deteriorated.

[0095] As described above, the luminous period becomes
long when the organic EL element is deteriorated. Therefore,
appropriate luminous period compensation and luminance
compensation can be given to the pixel having a burn-in
phenomenon of the fixed pattern shown in FIG. 10, thereby
solving the burn-in state.

[0096] Further, the amount of luminance compensation
can be regulated by controlling the inclination of sweep
signal signal, therefore, the inclination can be varied in
response to a luminance degradation amount by causing the
deterioration of organic EL element. For example, even
though the same display data is received and the same signal
voltages are supplied to the organic EL elements, respec-
tively, the inclination of sweep signal can be changed in
response to the case where the deterioration progresses due
to the time lapse and the temperature variation by using the
element. Consequently, the luminance can be maintained to
the extent necessary for human eyes without difficulty even
though the same display data is received and the same signal
voltages are supplied to the organic EL elements, because
the luminance is restorable in response to the case where the
deterioration progresses due to the time lapse and the
temperature variation by using the element.

[0097] In addition, the drive transistor for inverting the
input voltage is configured by a pMOS transistor, and the
switch is configured by an nMOS transistor. However, their
configurations are not limited by such transistors, any con-
figurations may be acceptable if devices act as the inverter
and switch. Further, the pixel configuration including
switches etc. are not limited by the embodiment, any con-
figurations may be acceptable if it is possible to operate the
pixel configuration such that the organic EL element is cut
off in writing the signal voltage to hold the characteristic of
drive transistor (inverter), and the organic EL element is
connected in the luminous period alone.

[0098] Further, according to the embodiment, it is possible
to carry out the luminance compensation for every pixel on
an arbitrary display pattern. As a result, the invention exerts
an advantage such that a fixed burn-in pattern is eliminated,
also exerts an advantage for the luminance degradation
caused by the deterioration of entire screen.

Embodiment 2

[0099] FIG. 11 is a diagram showing an inner configura-
tion of the display panel 15 shown in FIG. 1 in another
embodiment. A different configuration from that shown in
FIG. 2 is that a pMOS transistor 104 and nMOS transistor
105 both connected in series are used as a drive transistor
(inverter) 31 for inverting the input voltage. In this way, both
the characteristic hold switch 33 for controlling the charac-
teristic hold capacitor 34 and the first line characteristic hold
selection line 19 for controlling the characteristic hold
switch 33 can be eliminated from FIG. 2 in this embodiment,
because the characteristic hold capacitor 34 in FIG. 2 can be
omitted.
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[0100] Referring to FIG. 11, the input of pMOS transistor
104 is connected with that of nMOS transistor 105, and the
both inputs are further connected with a connection point of
the writing capacitor 30 and reset switch 32. In addition, a
connection point of the pMOS transistor 104 and nMOS
transistor 105 both connected in series is connected with the
luminance control switch 35. Further, an electrode posi-
tioned on the opposite side of the series connection point of
pMOS transistor 104 is connected to the first column organic
EL element drive voltage supply line 24. An electrode
positioned on the opposite side of the series connection point
of nMOS transistor 105 is then grounded.

[0101] In the case of this embodiment, a stray capacitance
at the series connection point of the pMOS transistor 104
and nMOS transistor 105 is used in place of the character-
istic hold capacitor 34 shown in FIG. 2. The writing opera-
tion of a signal voltage in the writing capacitor 30 is the
same as that in the embodiment 1, as well as the luminous
operation of organic EL element 36 is also the same.

[0102] It should be further understood by those skilled in
the art that although the foregoing description has been
made on embodiments of the invention, the invention is not
limited thereto and various changes and modifications may
be made without departing from the spirit of the invention
and the scope of the appended claims.

1. A display device including a display panel having a
plurality of pixels and each having a data line for inputting
a signal voltage into the pixel, wherein the pixel comprises:

a first capacitor, a one end of which is connected to the
data line;

an input voltage inverting transistor, an input of which is
connected to other end of the first capacitor;

a luminous element which is controlled by an output of
the transistor;

a first switch provided between an input end and an output
end of the transistor; and

a second switch provided between the output end of the
transistor and the luminous element.

2. The device according to claim 1, wherein a first time

period for inputting a signal voltage into the data line while

the first switch turns On-state and the second switch turns

May 1, 2008

Off-state is alternately and repeatedly changed with a second
time period for inputting a sweep signal into the data line
while the first switch turns Off-state and the second switch
turns On-state.

3. The device according to claim 2, wherein the first time
period plus the second time period is a one-frame time
period.

4. The device according to claim 2, wherein an inclination
of the sweep signal is varied in response to a duration of use
or a temperature of the luminous element.

5. A display device including a display panel arranged
with a plurality of pixels, a scanning line drive circuit for
selecting the pixel arranged on the display panel, and a data
line drive circuit for supplying a signal voltage to the pixel
selected by the scanning line drive circuit, wherein

the pixel comprises a luminous element, a transistor to
drive the luminous element, and a capacitor to write the
signal voltage in accordance with an input reference
voltage of the transistor, and

the transistor controls a luminous time period of the
luminous element in accordance with the input refer-
ence voltage shifted in response to a characteristic of
the luminous element.

6. The device according to claim 5, wherein the pixel
provides a reset switch to make short-circuited between an
input and an output of the transistor, and a luminance control
switch between the transistor and the luminous element.

7. The device according to claim 6, wherein the reset
switch turns On during a first time period in one-frame time
period, and the luminance control switch turns On during a
second time period in the one-frame time period.

8. The device according to claim 7, wherein the data line
drive circuit supplies a signal voltage to the pixel in the first
time period, and supplies a triangular signal to the pixel in
the second time period.

9. The device according to claim 8, wherein a linear
inclination portion of the sweep signal is made into a curve
inclination portion.

10. The device according to claim 5, wherein the char-
acteristic of the luminous element is a characteristic indi-
cating that a resistance value of the luminous element is
varied by causing a deterioration due to variations of a
temperature and a time lapse.

ok sk sk ok
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