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high, the power control circuit (4) typically has only one
output buffer so that the circuit scale thereof is small, drive by
potential is performed only once, so that power consumption
is low, and threshold detection is performed only once, so that
a sufficient amount of time can be ensured for a detection
period.

12 Claims, 15 Drawing Sheets

100
/

=
]

“VF2

GATE DRIVER CIRGUIT

RESISTER F-o

DISPLAY GONTROL T T
CIRGUIT ol

Toe T 11

Ji X SRpUNSr T 2

SHIFT REGISTER }vg

SOURCE DRIVER CIRQUIT

T
1

{
3



US 8,994,621 B2
Page 2

(52) US.CL

CPC ..o

(56)

2006/0097966
2006/02906 14
2007/0115225
2007/0268210
2008/0030436
2009/0109146
2009/0135111
2009/0207160
2009/0244050
2009/0244055
2009/0278771
2010/0007645
2010/0091207
2010/0149153
2011/0316892

U.S. PATENT DOCUMENTS

Al

References Cited

5/2006
12/2006
5/2007
11/2007
2/2008
4/2009
5/2009
8/2009
10/2009
10/2009
11/2009
172010
4/2010
6/2010
12/2011

Choi

Nathan et al.
Uchino et al.
Uchino et al.
lida et al.
Minami et al.

Yamamoto et al.

Shirasaki et al.

Yamamoto et al.

Asano et al.

Yamamoto et al.

Ono
Hasegawa et al.

Yamamoto et al.

Sung et al.

FOREIGN PATENT DOCUMENTS

G09G2300/0819 (2013.01); GO9G
2300/0842 (2013.01); G09G 2300/0861 P
(2013.01); GO9G 2300/0866 (2013.01); GO9G
2310/0205 (2013.01); G09G 2310/0218  Jp
(2013.01); GO9G 2310/0256 (2013.01); GO9G ~ Jp
232000252 (2013.01) TP
345/76; 345/77; 345/78; 31511603 P

2006-215275 A 8/2006
Jp 2007-148129 A 6/2007
Jp 2007-156460 A 6/2007
2007-310311 A 11/2007
2007-316453 A 12/2007
2008-33193 A 2/2008
2008-51990 A 3/2008
Jp 2009-133914 A 6/2009
Jp 2009-192854 A 8/2009
Jp 2009-237041 A 10/2009
Jp 2009-244666 A 10/2009
Jp 2010-54564 A 3/2010
Jp 2010-145578 A 7/2010
KR 10-2012-0000887 1/2012
WO WO-2008/152817 Al 12/2008
OTHER PUBLICATIONS

International Search Report received for PCT Application No. PCT/
JP2011/073781, mailed on Jan. 17,2012, 5 pages (2 pages of English
Translation and 3 pages of Original Search Report).

Written Opinion received for PCT Application No. PCT/JP2011/
073781, mailed on Jan. 17,2012, 9 pages (5 pages of English Trans-
lation and 4 pages of Original Written Opinion).

* cited by examiner



US 8,994,621 B2

SOURCE DRIVER GIRGUIT
3

Sheet 1 of 15

Mar. 31, 2015

U.S. Patent
FIG. 1

H oo ~ < Lo H
. P [
H
i 11 ' 1 1 1 | | 11 ' '
: H '
' 1 = ! <3 1
H . & ! << [ le— lee— '
H] L 1 - I m ]
y 1 H
T T .« T 1T T 11 - :
'
: . = | o :
1 ' o ! =T e € fe—{ '
| ] | ! P '
H
T T « 7 T 1 oy '
Foa Lt | o '
' 1 17 b="T n <— [— H
i | 1 =S h
3 : — '
1 " ||||| s fav '
h ' =1 |
' ! =) =
1 v = o W
B S e e it Il CEEE L R F=l-=-=====- e} — [} —
: —_ , ¥ = [T
— o~ ' L [~ : = = &
[ o H a fon R = & —
= = ' > = T <C o= L.
| = |~ H | > |~ T =5 L.
RN SN NNU R SYNUUN VN R —— - RN S OV ) S —— - 0=
" ml— IIIII m S
: @2 | 2 | = e—
B : : n L a3
T T T T T T 11 :
\ oy ! [+
1 << je— ] je—1
| ] ) P=)
I 1 3 1 I T
[&)
w < | <} <—]
| i =)
' h A
........................... i R
p
o - o
[ - = =Sl | =
oo
— —| o) [a1] = o= oy o
2= 3= Y [/ | [ |
' L |~ =l
o =
[= e
1INJYID ¥3ATHA H1VD w5 =
== %) =
y [=Y=Tr =) &3
R ST L, -
o - > e
oo
o3 OE
oo




U.S. Patent Mar. 31,2015  Sheet 2 of 15 US 8,994,621 B2

FIG. 2

S] ;JO
i — }[_"13§
Gi — Y
L
5.__J¢_|__<._[/12
N T
| 4
15
Y
Vcom




US 8,994,621 B2

Sheet 3 of 15

Mar. 31, 2015

U.S. Patent

FIG. 3

~
~
- 1
PP\
=
S
=
w
A
< =
= &
-
—
o
=
5,//
LA N
g 4
-

t12 t13

THRESHOLD
DETECTION
INITIALIZATION-+—

VP

THRESHOLD ¢
DETECTION ~ !

INITIALIZATION

Vs2

Vref

8]




U.S. Patent Mar. 31,2015  Sheet 4 of 15 US 8,994,621 B2

b
VP1 I
VP2 BRI
ws T
11—~
VPn-2 UL
43 VPn-1 i HH
9 YPn ]
PONER L H H H
CONTROL —
CIRCUIT
1 FRAME PERIOD
T1 |
1st ROW
2nd ROW
3rd ROW
INITIALIZATION
THRESHOLD DETEGTION * /"o 1N
(n-2)" th ROW
(n-1)" th ROW
n'th ROW ]

[ T

UNLIT emission | LUE



U.S. Patent Mar. 31,2015  Sheet 5 of 15 US 8,994,621 B2

FIG. 6

1 FRAME PERIOD
| T

1st ROW 55

[R5
I | s
Jochoood
KAXM

2nd ROW

P

’ INITIALTZATION

ATHRESHOLD DETEGTION o
(n-2)" th Row 1]
B

(n-1)"th ROW

Srd ROW 777

WRITING

n th ROW

[J — -

UNLIT EMISSION TIHE

FIG. 7 160
Fi 1 1
E2
B m m
E3 | |
21—
En-2 | |
102a En-1 I
SCANNING EPn UL
SIGNAL LINE
DRIVER
CIRCUIT




US 8,994,621 B2

Sheet 6 of 15

SOURCE DRIVER CIRCUIT
3

Mar. 31, 2015

FIG. 8

U.S. Patent

£ ‘ =] ~ 2=} [To) :
SR, P e
[ P 1 I : :
- L LS H 2 1 [ "
. . 5 = [ e e "
» . v N H i
I | 1 ' I I I [ 4_1" '
— . . H —e : [
: ' Qmu“ = = e—— m
] 1 1] 1 ¥ 1
| I P ' 1 1 | I nﬂ_" '
L] | | o .
= (&) .
. ' 3 = < = le— "
Il I ' — .
, ' [ —— ja o :
. i b T - L 1
: ] H ‘ Mﬁu o= qu i
||||| Fmm e et e e == = - e m———— el CEEL — [} — 1
. P S| 5 S E
! L}
“ AR |
1264 T = | — !
= ~C (o [T '
: . ' =5 L= \
i R . FR S [P P VR [ P P - ' a - '
¥ 2 M bomm == ] oD "
' . : = :
H . : 1 @ | 2 H
o = e == e :
a ! [ 1
] : :
1] 1 I I | I ' :
| ] ] ~ P !
e ! << [ e c—] b
] H ! I=) :
[ 1
 —  — —T1— " ]
u H &)
! .Mx M.\.u." < e e je—
] H N P=1
1 F 4
Sl - R FSORPRRROUNSUP: PR PR (R
£|=
o < = |a
— = = &3
A B - o
— — ol ey ; ' [~ B o o=
ol 3=, ' ' [ | [ I
— a=r— = =
[ &
1INJYIO Y3ATHA 3LVD [t =
555 ! =
i v S <« .,
= > —
Lt — —
~ 8 52 =5
amgiac)
1282
==
=Xz




U.S. Patent Mar. 31,2015  Sheet 7 of 15 US 8,994,621 B2

VP1 U U k-1
VP2 L
121 —_| .
VPn/2-1 UL
VPn/2
M 1 1
VPn/2+1 I
VPn/2+2 |
122 |
4[’jb VPn"1 | |
T L H H H
CONTROL
CIRCUIT
1 FRAME PERIOD _
T2 ! |
1st ROW
2nd ROW
INITTALIZATION
. THRESHOLD ..
' DETECTION ., WRITING
(n/2-1)" th RoW 200 B

(n/2)" th ROW

(n/2+1)" th ROW

T
[adedshs
e

5]

%
HE
Al

‘ REE

(n/2+2)" th ROW|
. THRESHOLD DETECTION —
INITIALIZATION~

(n-1)"th ROW

n’ th ROW

! .

EMISSION UNLIT



U.S. Patent Mar. 31,2015  Sheet 8 of 15 US 8,994,621 B2

10
1
VP1 | Il
VP2
131~ 1M
VP3 | | |
VP4 11
132 | -
VPn-3 I
VPn-2 1 1
" VPn-1 Il
[‘ VPn | |
POWER [
GONTROL
CIRCUIT
1 FRAVE PERIOD |
13 I
—1 I
- E——
e
. " DETECTION +.WRITING
(n=3)" th ROW |
(n-1)" th ROW
ond ROW
4 th ROW
: THRESHOLD DETECT ION
INITIALIZATION
(-2)" th ROW
n’ th ROW

=
ENISSION weir o THE



U.S. Patent Mar. 31,2015  Sheet 9 of 15 US 8,994,621 B2

FIG. 13

10

VP1

VP2

141~

VPn/3-1

VPn/3

VPn/3+1

VPn/3+2

142~ _|

VP2n/3-1

VP2n/3

VP2n/3+1

VP2n/3+2

143~ _|

VPn-1

13 VPn

POWER
GONTROL
CIRCUIT




U.S. Patent

FIG. 14

1st ROW

2nd ROW

(n/3-1)" th ROW
(n/3)" th ROW
(n/3+1)" th ROW

(n/3+2)" th ROW

(2n/3-1)" th ROW

(2n/3)" th ROW
(2n/3+1)" th ROW
(2n/3+2)" th ROW

(n-1)" th ROW

n' th ROW

Mar. 31,2015 Sheet 10 of 15 US 8,994,621 B2
1 FRAME PERIOD
T4
INITIALIZATION
THRESHOLD -
DETEGT 10N -/~ "R TING
$ B
%
un
Al
THRESHOLD |
DETEGTION
[NITIALIZATION ——WRITING

Z\l
i

Al

THRESHOLD DETECTION
INITIALIZATION

g XXX
R
[ 2edete!

/A
HE
Al

\
%4l
-

H

EMISSTON




US 8,994,621 B2

Sheet 11 of 15

Mar. 31, 2015

U.S. Patent

FIG. 15

77
(o]
- — = ——— _— — = - — — —
+ (/\KP\/«
SRR R R 258 a2 R
=
o
= —_
L] j
= = &
17 = —
=
£ = &
= o=
)
= [N =
= 1 ! U ---t---- I
o
=
[so]
[ S v \
+ ~ /
od N\ - - -+ y_
ri 1
L2y
T
[{=]
&4 -----Y¥ L b ___t Y
ri}
Lo
&l ----- p— -l -
e}
~
~ /N T Y
i}
o
e~ A pe~— - Ty g T T T T
i)
o~ _
S -4
ri]
Pl R e S e B R b
=

THRESHOLD
DETECTION

INITIALIZATION

THRESHOLD
DETECTION
INITIALTZATION

Vref

S




U.S. Patent Mar. 31,2015  Sheet 12 of 15 US 8,994,621 B2

E1 | U U 10
E2 U
221 —_| ¢
En/2-1 UL
En/2 | U L
En/2+1 |
En/2+2 ||
22—~ |
102b En-1 I
SCANNING En
SIGNAL LINE H H H
DRIVER
GIRCUIT
1 FRAME PERIOD
| T2 |
1st ROW ]

L
2nd ROW [
T INITIAL I ZAT [ON

: THRESHOLD ..
C ) oo .~ WRITING

(n/2-1)" th ROW %%NHN

(n/2)" th Row ]I -

(n/2+1)" th ROW

(n/2+2)" th ROW
. THRESHOLD DETECTION
INITIALIZATION —

(n-1)"th ROW

n' th ROW

[J —

ENISSION UNLIT TINE



U.S. Patent Mar. 31,2015  Sheet 13 of 15 US 8,994,621 B2

FIG. 18
10
e
E1 I
E2
231~ B 1
E3 I
E4 |
232 ~|_|
En-3 | | |
En-2 L
102¢ En-1 | |
SCANNING En oo U
SIGNAL LINE
DRIVER
CIRGUIT
FIG. 19
1 FRAME PERIOD
1st ROW

3rd Row M
.| [ TINITIALIZATION

THRESHOLD
/| DETECTION

(n-3)" th RoW P11
(n-1)"th RoW P41

2nd ROW
4" th ROW
. THRESHOLD DETECTION —~
INITIALIZATION —
(n-2)" th RO
n"th ROW

/

‘ i TPy
EMISSTON UNLIT TINE



U.S. Patent Mar. 31,2015  Sheet 14 of 15 US 8,994,621 B2

FIG. 20

SJ ?)0
Vi — —
Ei — }L_‘fm |
Gi
._l'?:L____.__I[Arm
' "n T
15
== Zv16;
25
—— Vecom




U.S. Patent Mar. 31,2015  Sheet 15 of 15 US 8,994,621 B2

FIG. 21

DTL 30
N WSL
: . AZL?
Vofs J Vee
§ 83-n
Al 82 —
11 I[\\ .
E ; 86\\
81 T
84
—C 5?87
Vs; Vcat
AZLT
DSL
FIG. 22
90
DTL H
----------------------- DSL
WSL

----------------------------




US 8,994,621 B2

1
DISPLAY DEVICE AND METHOD FOR
DRIVING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a U.S. National Phase patent application of PCT/
IP2011/062581, filed Jun. 1, 2011, which claims priority to
Japanese Patent Applications No. 2010-157625, filed Jul. 12,
2010, and No. 2010-202702, filed Sep. 10. 2010, each of
which is hereby incorporated by reference in the present
disclosure in its entirety.

TECHNICAL FIELD

The present invention relates to display devices, and more
specifically, the invention relates to a display device, such as
an organic EL display, which includes self-luminous ele-
ments driven by current, and a method for driving the same.

BACKGROUND ART

Organic EL (electroluminescent) displays are convention-
ally known as being thin display devices featuring high image
quality and low power consumption. The organic EL display
has a plurality of pixel circuits arranged in a matrix, each
circuit including an organic EL element, which is a self-
luminous element driven by current, and a drive transistor for
driving the element.

The method for controlling the amount of current to be
applied to a current-driven display element such as the
organic EL element is generally classified into a constant-
current control mode (or current-programmed drive mode) in
which the current to be applied to a display element is con-
trolled by a data signal current applied to a data signal line
electrode of the display element, and a constant-voltage con-
trol mode (or voltage-programmed drive mode) in which the
current to be applied to a display element is controlled by a
voltage corresponding to a data signal voltage. Among these
modes, when the constant-voltage control mode is used for
display on an organic EL display, it is necessary to compen-
sate for current reduction (luminance decrease), which is
caused by variations in the threshold voltage among drive
transistors and high resistance due to deterioration of organic
EL elements over time. On the other hand, in the constant-
current control mode, the current value of the data signal is
controlled such that current is applied to the organic EL
element at a constant level regardless of the threshold voltage
and the internal resistance of the organic EL element, and
therefore compensation as mentioned above is normally not
required. However, more drive transistors and lines are used
in the constant-current control mode than in the constant-
voltage control mode, resulting in a reduced aperture ratio,
hence wide use of the constant-voltage control mode.

Here, there are various conventionally known types of
pixel circuit that perform compensation operations as men-
tioned above in the configuration employing the constant-
voltage control mode. Japanese Laid-Open Patent Publica-
tion No. 2006-215275 describes a pixel circuit 80 shown in
FIG. 21. The pixel circuit 80 includes TFTs (thin-film tran-
sistors) 81 to 85, a capacitor 86, and an organic EL, element
87. To perform writing to the pixel circuit 80, first, the TFTs
82 and 84 are brought into ON state, thereby initializing a
gate-source voltage of the TFT 85 (drive transistor). Next, the
TFT 84 is brought into OFF state, and then the TFT 83 is
brought into OFF state, so that a threshold voltage of the TFT
85 is held by the capacitor 86. Subsequently, a data potential
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is applied to a data line DTL, and also the TFT 81 is brought
into ON state. By controlling the TFTs in this manner, it is
rendered possible to compensate for variations in the thresh-
old voltage among TFTs 85 and high resistance (and resulting
current reduction), which occurs due to deterioration of
organic EL elements 87 over time.

The pixel circuit 80 is connected to the data line DTL, four
control lines WSI., AZL1, AZI 2, and DSL, and three power
lines (lines for Vofs, Ve, and Vss). In general, as the number
of lines (particularly, control lines) connected to the pixel
circuit increases, the circuit becomes more complicated,
resulting in increased production cost. Therefore, the pixel
circuit described in Japanese Laid-Open Patent Publication
No.2006-215275 has the TFT 82 or 84 connected at its source
terminal to the control line WSL. Also, Japanese Laid-Open
Patent Publication No. 2007-316453 describes a pixel circuit
in which the TFT 82 is connected at its gate terminal to a
control line WSL for an immediately preceding row. By com-
monly using a line as both the control line and the power line,
the number of lines used can be reduced.

Japanese Laid-Open Patent Publication No. 2007-310311
describes a pixel circuit 90 shown in FIG. 22. The pixel circuit
90includes a TFT 91,aTFT 92, acapacitor 93, and an organic
EL element 94. To perform writing to the pixel circuit 90, first,
the TFT 91 is controlled to be in ON state. Next, an initial-
ization potential is applied to a power line DSL and thereby to
an anode terminal of the organic EL element 94. Then, a
power potential is applied to the power line DSL, so that a
threshold voltage of the TFT 92 (drive transistor) is held by
the capacitor 93. Subsequently, a data potential is applied to a
data line DTL. Such provision of the initialization potential
through the power line makes it possible for a small number
of elements to achieve compensation for variations in the
threshold voltage among TFTs 92. Japanese Laid-Open
Patent Publication No. 2007-148129 describes a pixel circuit
to which an initialization potential is provided through a
power line and a reference potential is provided through a
data line. Japanese Laid-Open Patent Publication No. 2008-
33193 describes a pixel circuit in which a compensation
operation is performed in a plurality of horizontal periods
before writing.

CITATION LIST
Patent Documents

Patent Document 1: Japanese Laid-Open Patent Publication
No. 2006-215275

Patent Document 2: Japanese Laid-Open Patent Publication
No. 2007-316453

Patent Document 3: Japanese Laid-Open Patent Publication
No. 2007-310311

Patent Document 4: Japanese Laid-Open Patent Publication
No. 2007-148129

Patent Document 5: Japanese Laid-Open Patent Publication
No. 2008-33193

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

By applying the method described in Japanese Laid-Open
Patent Publication No. 2006-215275 or 2007-316453 to the
pixel circuit 80 shown in FIG. 21, it is rendered possible to
reduce the number oflines to be connected to the pixel circuit.
However, the pixel circuit resulting from such a method has a
problem with a higher number of TFT's. On the other hand, the
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pixel circuit 90 shown in FIG. 22 has a smaller number of
TFTs. However, when the pixel circuit 90 is used, the power
line DSL needs to be driven in conjunction with the control
line WSL. Accordingly, a power control circuit requires out-
putbuffers the number of which is the same as the power lines
WSL. In addition, the potential of the power lines DSL needs
to change at short intervals in accordance with periods in
which the control lines WSL are selected, and therefore the
output buffers provided in the power control circuit need high
current drive capability. As a result, the pixel circuit 90 has a
problem with an increased scale and power consumiption of
the power control circuit.

Furthermore, application of the method described in Japa-
nese Laid-Open Patent Publication No. 2008-33193 can
ensure a sufficient amount of time for a compensation opera-
tion but results in a complicated configuration, and if the
operation of compensating for a threshold voltage (also called
“threshold detection”) is performed in a selection period as in
other conventional methods described above, the configura-
tion can be simplified, but a sufficient amount of time cannot
be ensured for a compensation operation.

Therefore, an objective of the present invention is to pro-
vide a display device capable of reducing the scale and power
consumption of a power control circuit while maintaining a
high aperture ratio of pixel circuits, and also capable of ensur-
ing a sufficient amount of time for threshold detection with a
simplified configuration.

Solution to the Problems

A first aspect of the present invention is directed to an
active-matrix display device comprising:

a plurality of video signal lines for transmitting signals
representing an image to be displayed;

aplurality of scanning signal lines and control lines cross-
ing the video signal lines;

a plurality of pixel circuits for forming the image to be
displayed, the circuits being arranged in a matrix so as to
correspond to intersections of the video signal lines and the
scanning signal lines;

aplurality of power lines for supplying power potentials to
the pixel circuits;

a scanning signal line driver circuit for selectively or col-
lectively driving the scanning signal lines and the control
lines;

avideo signal line driver circuit for driving the video signal
lines by applying thereto the signals representing the image to
be displayed; and

apower control circuit for driving the power lines, wherein,

the pixel circuit includes:

an electro-optic element to be driven by current provided
via the power line;

a drive transistor provided in a current path through the
electro-optic element, to determine current that is to flow
through the path;

a write control transistor provided between a control ter-
minal of the drive transistor and the video signal line, to
connect the control terminal of the drive transistor and
the video signal line when the scanning signal line driver
circuit drives and activates the scanning signal line;

an emission control transistor provided between one con-
ductive terminal of the drive transistor and the power
line, to connect that conductive terminal and the power
line when the scanning signal line driver circuit drives
and activates the control line; and
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a capacitor provided between the other conductive ter-
minal of the drive transistor and the control terminal,
and

the scanning signal line driver circuit collectively drives

and activates at least a part of the scanning signal lines
and at least a part of the control lines, and thereafter
selectively drives the scanning signal lines, thereby dis-
playing the image, the at least a part of the scanning
signal lines being collectively driven and activated in an
initialization period in which to initialize the electro-
optic elements and in a threshold detection period in
which to compensate for a threshold voltage of the drive
transistors, the initialization period being set so as to be
later than a start of a frame period preceding display of
the image, the threshold detection period being set so as
to be later than the initialization period, the at least a part
of the control lines being collectively driven and acti-
vated in the threshold detection period.

In a second aspect of the present invention, based on the
first aspect ofthe invention, the power control circuit provides
the power lines with initialization potentials to initialize the
electro-optic elements in the initialization period and with the
power potentials except in the initialization period, and the
scanning signal line driver circuit collectively drives and acti-
vates the at least a part of the control lines in the initialization
period.

In a third aspect of the present invention, based on the
second aspect of the invention, the scanning signal lines and
the control lines are divided into a plurality of groups, the
scanning signal line driver circuit collectively drives and acti-
vates one of the groups of scanning signal lines and one of the
groups of control lines in the initialization period and the
threshold detection period, and aside from the initialization
period and the threshold detection period, one or more differ-
ent initialization periods and one or more different threshold
detection periods are set in which a different group of scan-
ning signal lines and a different group of control lines are
collectively driven and activated.

In a fourth aspect of the present invention, based on the
third aspect of the invention, each time the scanning signal
lines to be selectively driven and activated to display the
image are each finished selecting, the scanning signal line
driver circuit drives and activates the control lines corre-
sponding to the scanning signal lines, such that the emission
control transistors are made conductive approximately for the
same duration.

In afifth aspect of the present invention, based on the third
aspect of the invention, to avoid any two power lines in the
same one of the divided groups of power lines being adjacent
to each other, the power lines are sequentially provided one by
one from different groups.

In a sixth aspect of the present invention, based on the third
aspect of the invention, the display device further includes
one common power line provided for each group of power
lines such that the common power line is commonly con-
nected to that group, and in the initialization period or in the
different initialization period, the power control circuit pro-
vides the groups of power lines with the initialization poten-
tials via their respective corresponding common power lines.

In a seventh aspect of the present invention, based on the
second aspect of the invention, the emission control transis-
tors are made conductive approximately for the same duration
by:
in at least a part of a time period after the threshold detec-
tion period until at least a part of the scanning signal lines
being each finished selecting, the scanning signal line driver
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circuit driving and deactivating at least a part of the control
lines corresponding to the at least a part of the scanning signal
lines; and

the scanning signal line driver circuit thereafter collec-
tively driving and activating the at least a part of the control
lines in at least a part of a time period until the start of the next
initialization period.

In an eighth aspect of the present invention, based on the
seventh aspect of the invention, the scanning signal lines and
the control lines are divided into a plurality of groups, the
scanning signal line driver circuit collectively drives and acti-
vates one of the groups of scanning signal lines and one of the
groups of control lines in the initialization period and the
threshold detection period, aside from the initialization
period and the threshold detection period, one or more differ-
ent initialization periods and one or more different threshold
detection periods are set in which a different group of scan-
ning signal lines and a different group of control lines are
collectively driven and activated, in at least a part of a time
period after the different threshold detection period until the
different group of scanning signal lines being completely
selected, the scanning signal line driver circuit drives and
deactivates a group of control lines corresponding to the
different group of scanning signal lines, and the scanning
signal line driver circuit thereafter collectively drives and
activates the group of control lines in at least a part of a time
period until the start of the next different initialization period.

In a ninth aspect of the present invention, based on the
seventh aspect of the invention, the display device further
includes at least one common control line commonly con-
nected to at least a part of the control lines, and the scanning
signal line driver circuit drives the common control line,
thereby collectively driving the control lines.

In a tenth aspect of the present invention, based on the first
aspect of the invention, the power control circuit only pro-
vides the power potentials to the power lines, and to apply
current not greater than a threshold for the electro-optic ele-
ments, the video signal line driver circuit sets the potentials of
all of the video signal lines to be high level and greater than a
reference potential provided to control terminals of the drive
transistors, and thereafter changes the potentials of all of the
video signal lines to the level of the reference potential at a
predetermined point in the initialization period with all of the
control lines left deactivated.

In an eleventh aspect of the present invention, based on the
first aspect of the invention, the display device further
includes an auxiliary capacitor connected parallel to the elec-
tro-optic element.

A twelfth aspect of the present invention is directed to a
method for driving an active-matrix display device including
a plurality of video signal lines for transmitting signals rep-
resenting an image to be displayed, a plurality of scanning
signal lines and control lines crossing the video signal lines, a
plurality of pixel circuits for forming the image to be dis-
played, the circuits being arranged in a matrix so as to corre-
spond to intersections of the video signal lines and the scan-
ning signal lines, and a plurality of power lines for supplying
power potentials to the pixel circuits, the method comprising:

a scanning signal line driving step of selectively or collec-
tively driving the scanning signal lines and the control lines;

a video signal line driving step of driving the video signal
lines by applying thereto the signals representing the image to
be displayed; and

a power control step of driving the power lines, wherein,

the pixel circuit includes:

an electro-optic element to be driven by current provided

via the power line;
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a drive transistor provided in a current path through the
electro-optic element, to determine current that is to flow
through the path;

a write control transistor provided between a control ter-
minal of the drive transistor and the video signal line, to
connect the control terminal of the drive transistor and
the video signal line when the scanning signal line is
driven and activated in the scanning signal line driving
step;

an emission control transistor provided between one con-
ductive terminal of the drive transistor and the power
line, to connect that conductive terminal and the power
line when the control line is driven and activated in the
scanning signal line driving step; and

acapacitor provided between the other conductive terminal
of the drive transistor and the control terminal, and

in the scanning signal line driving step, at least a part of the

scanning signal lines and at least a part of the control lines are
collectively driven and activated, and thereafter the scanning
signal lines are selectively driven, thereby displaying the
image, the scanning signal lines being collectively driven and
activated in an initialization period in which to initialize the
electro-optic elements and in a threshold detection period in
which to compensate for a threshold voltage of the drive
transistors, the initialization period being set so as to be later
than a start of a frame period preceding display of the image,
the threshold detection period being set so as to be later than
the initialization period, the control lines being collectively
driven and activated in the threshold detection period.

Effect of the Invention

According to the first aspect of the invention, the need for
signal lines or suchlike for providing initialization potentials
is eliminated, so that the number of elements in the pixel
circuits can be reduced, and therefore, the aperture ratio does
not decrease, and further, the need for the power control
circuit to be driven, for example, each time the scanning
signal line is selected, so that power consumption can be
reduced, and the number of output buffers provided in the
power control circuit can be reduced, resulting in a reduced
circuit scale of the power control circuit. Moreover, the
threshold detection period can be set to a suitable length,
typically longer than the selection period, and therefore,
threshold detection can be reliably performed, so that accu-
racy in threshold compensation can be enhanced. In addition,
when compared to the configuration where threshold detec-
tion is performed in the selection period, a sufficient amount
of time can be spared for writing pixel data. Therefore, for
example, this configuration is particularly suitable for a three-
dimensional image display device (typically, a 3D television)
or suchlike where the writing period is short, i.e., high-speed
drive is normally performed.

According to the second aspect of the invention, the circuit
scale of the power control circuit can be reduced, power
consumption can be reduced, and besides the initialization
period can be set to a suitable length, typically longer than the
selection period, so that even a power control circuit with
relatively low drive capability can ensure a reliable initializa-
tion operation.

According to the third aspect of the invention, aside from
the initialization period and the threshold detection period, a
different initialization period and a different threshold detec-
tion period are set, typically so as to be later than (typically,
immediately succeeding) the start of a frame period, and pixel
circuits to be subjected to initialization and threshold detec-
tion operations in such periods are not required to finish
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emitting light at the end of the frame period, and therefore can
be selected for image display until the end of the frame period.
Thus, a sufficient amount of time can be ensured for a data
writing period (selection period).

According to the fourth aspect of the invention, the emis-
sion period length can be equalized among all pixel circuits,
thereby inhibiting variations in luminance. Moreover, since
the pixel circuits are unlit except in the emission period,
moving picture performance can be enhanced as in the case
where black insertion is carried out.

According to the fifth aspect of the invention, in the con-
figuration where different groups of power lines are provided
such that two power lines in the same group are adjacent to
each other, for example, when there is a significant difference
in the amount of current flowing through the power line
between the upper and lower halves of the screen, there might
be a difference in luminance at the center of the screen.
However, in the configuration where power lines are provided
such that two power lines in the same group are not adjacent
to each other, the amount of current flowing through the
power line can be approximately averaged among a plurality
of rows, so that such a difference in luminance that might
occur at the screen center can be prevented.

According to the sixth aspect of the invention, the number
of common power lines is equal to the number of outputs of
the power control circuit, and therefore, for example, the
number of output buffers provided in the power control circuit
can be reduced, thereby reducing the circuit scale of the
power control circuit.

According to the seventh aspect of the invention, the period
from the end of threshold detection to the start of light emis-
sion is set to be equal for all rows, so that leakage current that
occurs from the end of threshold detection can be approxi-
mately equalized among all rows of pixel circuits. As a result,
the amount of decrease in luminance due to leakage current
can be approximately equalized among all rows of pixel cir-
cuits, thereby inhibiting uneven display. Note that moving
picture performance can be advantageously enhanced by
black insertion, as in the fourth aspect of the invention.

According to the eighth aspect of the invention, uneven
display can be advantageously inhibited, as in the seventh
aspect of the invention, and further, a sufficient amount of
time can be advantageously ensured for a data writing period
(selection period), as in the third aspect of the invention.

According to the ninth aspect of the invention, the number
of common control lines is equal to the number of control
signal outputs of the scanning signal line driver circuit, so that
the circuit scale of the scanning signal line driver circuit can
be reduced and the area of wiring from the scanning signal
line driver circuit to the control lines can be reduced.

According to the tenth aspect of the invention, the power
control circuit is provided with only one output terminal,
which simply outputs a constant power potential and is not
driven at all, resulting in a reduced circuit scale of the power
control circuit.

According to the eleventh aspect of the invention, the aux-
iliary capacitor is added parallel to the electro-optic element,
ensuring that the capacitance value of the electro-optic ele-
ment can be higher than that of the capacitor included in the
pixel circuit (typically, it can be significantly high), thereby
enhancing approximation accuracy of approximation formu-
lae for use in threshold compensation, resulting in enhanced
accuracy of threshold detection.

According to the twelfth aspect of the invention, the
method for driving a display device can achieve similar
effects to those achieved by the first aspect of the invention.

10

20

25

30

40

45

60

65

8
BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is ablock diagram illustrating the configuration of a
display device according to a first embodiment of the present
invention.

FIG. 2 is a circuit diagram of a pixel circuit in the embodi-
ment.

FIG. 3 is a diagram showing a timing chart describing a
method for driving the pixel circuit in the embodiment.

FIG. 4 is a diagram illustrating the connecting arrangement
of power lines in the embodiment.

FIG. 5 is a diagram illustrating the operation of rows of
pixel circuits in the embodiment.

FIG. 6 is a diagram showing another example of the opera-
tion of rows of pixel circuits in the embodiment.

FIG. 7 is a diagram illustrating another example of the
connecting arrangement of control lines in the embodiment.

FIG. 8 is a block diagram illustrating another exemplary
configuration of the display device according to the embodi-
ment.

FIG.9is a diagram illustrating the connecting arrangement
of power lines in a display device according to a second
embodiment of the present invention.

FIG. 10 is a diagram showing the operation of rows of pixel
circuits in the embodiment.

FIG. 11 is a diagram illustrating the connecting arrange-
ment of power lines in a display device according to a third
embodiment of the present invention.

FIG. 12 is a diagram showing the operation of rows of pixel
circuits in the embodiment.

FIG. 13 is a block diagram illustrating the configuration of
a display device according to a fourth embodiment of the
present invention.

FIG. 14 is a diagram showing the operation of rows of pixel
circuits in the embodiment.

FIG. 15 is a diagram showing a timing chart describing a
method for driving a pixel circuit in a display device accord-
ing to a fifth embodiment of the present invention.

FIG. 16 is a diagram showing the connecting arrangement
of control lines E, in a variant of the second embodiment.

FI1G.17 is a diagram showing the operation of rows of pixel
circuits 10 in a display device according to the variant of the
second embodiment.

FIG. 18 is a diagram showing the connecting arrangement
of control lines E, in a variant of the third embodiment.

FIG. 19 is a diagram showing the operation of rows of pixel
circuits 10 in a display device according to the variant of the
third embodiment.

FIG. 20 is a circuit diagram of a pixel circuit in a variant on
the first through fourth embodiments.

FIG. 21 is a circuit diagram of a pixel circuit included in a
conventional display device.

FIG. 22 is a circuit diagram of a pixel circuit included in
another conventional display device.

MODES FOR CARRYING OUT THE INVENTION
First Embodiment

FIG.1is ablock diagram illustrating the configuration of a
display device according to a first embodiment of the present
invention. The display device 100 shown in FIG. 1 is an
organic EL display including a display control circuit 1,a gate
driver circuit 2, a source driver circuit 3, a power control
circuit 4, and (mxn) pixel circuits 10. Hereinafter, m and n are
integers of 2 or more, i is an integer of 1 or more, and j is an
integer of from 1 to m.
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The display device 100 is provided with n parallel scanning
signal lines G, and m parallel data lines S, perpendicular
thereto. The (mxn) pixel circuits 10 are arranged in a matrix
so as to correspond to intersections of the scanning signal
lines G, and the data lines S,. Moreover, n control lines E, and
npower lines VP, are provided parallel to the scanning signal
lines G,. In addition, there is provided a common power line
9, which is a current supply bus line for connecting the power
control circuit 4 to the power lines VP,. The scanning signal
lines G, and the control lines E, are connected to the gate
driver circuit 2, and the data lines S, are connected to the
source driver circuit 3. The power lines VP, are connected to
the power control circuit 4 via the common power line 9. The
pixel circuits 10 are supplied with a common potential Vcom
by an unillustrated common electrode. Note that in the con-
figuration here, the power lines VP, are connected at one end
to the common power line 9, but they may be connected at
both ends (or at three or more contacts).

The display control circuit 1 outputs control signals to the
gate driver circuit 2, the source driver circuit 3, and the power
control circuit 4. More specifically, the display control circuit
1 outputs a timing signal OF, astart pulse Y1, and aclock YCK
to the gate driver circuit 2, a start pulse SP, a clock CLK, a
display data DA, and a latch pulse LP to the source driver
circuit 3, and a control signal CS to the power control circuit
4.

The gate driver circuit 2 includes a shift register circuit,
logical operation circuits, and buffers (none of which are
shown). The shift register circuit sequentially transfers the
start pulse YI in synchronization with the clock YCK. The
logical operation circuits perform logical operations between
the timing signal OE and pulses outputted from stages in the
shift register circuit. The logical operation circuits provide
outputs to their corresponding scanning signal lines G, and
control lines E, by way of the buffers. Each scanning signal
line G, is connected to m pixel circuits 10, which are collec-
tively selected by using the scanning signal line G,.

The source driver circuit 3 includes an m-bit shift registers,
aregister 6, a latch circuit 7, and m D/A converters 8. The shift
register 5 has m registers cascaded in such a manner that the
start pulse SP supplied to the first stage register is transferred
in synchronization with the clock CLK, so that a timing pulse
DLP is outputted from each stage register. The register 6 is
supplied with display data DA at the same time as the output
of the timing pulse DLP. The register 6 stores the display data
DA in accordance with the timing pulse DLP. Once the reg-
ister 6 stores display data DA for one row, the display control
circuit 1 outputs a latch pulse LP to the latch circuit 7. Upon
reception of the latch pulse LP, the latch circuit 7 holds the
display data stored in the register 6. The D/A converters 8 are
provided so as to correspond to the data lines S,. Bach D/A
converter 8 converts the display data held in the latch circuit
7 into an analog voltage, and applies the analog voltage to the
data line S,.

In accordance with the control signal CS, the power control
circuit 4 applies a power potential and an initialization poten-
tial to the common power line 9 while switching therebe-
tween. As shown in FIG. 1, all power lines VP, are connected
to one common power line 9, and therefore, all of the power
lines VP, switch between the power potential and the initial-
ization potential at the same time. Itis assumed below that the
power potential is a high-level potential, and the initialization
potential is a low-level potential.

FIG. 2 is a circuit diagram of the pixel circuit 10. As shown
in FIG. 2, the pixel circuit 10 includes TFTs 11 to 13, a
capacitor 15, and an organic EL element 16. The TFTs 11 to
13 are all n-channel transistors. The TFTs 11 to 13 function as
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a write control transistor, a drive transistor, and an emission
control transistor, respectively. The organic EL element 16
functions as an electro-optic element.

Note that in addition to the organic EL element, the electro-
optic element herein refers to any element whose optical
characteristics change upon application of electricity, e.g., an
FED (field emission display), an LED, a charge-driven ele-
ment, a liquid crystal, or E Ink (electronic ink). Moreover, in
the following description, the organic EL element will be
exemplified as an electro-optic element, but the same descrip-
tion applies to any light-emitting element, so long as its
amount of luminance is controlled in accordance with an
amount of current.

As shown in FIG. 2, the pixel circuit 10 is connected to the
scanning signal line G,, the control line E,, the dataline S, the
power line VP,, and an electrode with a common potential
Vcom. The TFT 11 has one conductive terminal connected to
the data line S, and the other conductive terminal connected to
agateterminal of the TFT 12. The TFT 13 has a drain terminal
connected to the power line VP, and a source terminal con-
nected to a drain terminal of the TFT 12. The TFT 12 has a
source terminal connected to an anode terminal of the organic
EL element 16. The organic EL element 16 has a cathode
terminal to which the common potential Vcom is applied. The
capacitor 15 is provided between the gate terminal and the
source terminal of the TFT 12. The TFT 11 has a gate terminal
connected to the scanning signal line G,, and the TFT 13 has
a gate terminal connected to the control line E,.

FIG. 3 is a diagram showing a timing chart describing a
method for driving the pixel circuit 10. In FIG. 3, VG, denotes
a gate potential of a TFT 12 included in a pixel circuit in an
1"throw, and VS, denotes a source potential of that TFT 12 (an
anode potential of the organic EL element 16). The pixel
circuit 10 performs each of the following operations once per
frame period: initialization; threshold detection (detection of
the threshold for the TFT 12); writing; and light emission, and
the pixel circuit 10 is unlit except in the emission period.
Although it is the organic EL element 16 that is 1it up (and
turned off), the pixel circuit 10 includes the organic EL ele-
ment 16, and therefore, in the following, the pixel circuit 10 is
described as being lit up or unlit. Moreover, the frame period
is a unit period in which to display an image, which may
include, for example, a black insertion period and can be set
to various lengths.

Referring to FIG. 3, the operation of the pixel circuit in the
first row will be described below. Prior to time t, ,, scanning
signal line G, and control line E; have low-level potentials,
and power line VP, has a high-level potential. At time t, |, the
potential of control line E, changes to high level (i.e., the line
is activated), and the potential of power line VP, changes to
low level (hereinafter, the low-level potential of the power
line VP, will be denoted by “VP_L”). Used as the potential
VP_L is a significantly low potential, specifically, a potential
lower than the gate potential of the TFT 12 immediately
before time t,,. Moreover, at this time, the data line S, has a
reference potential Vref applied thereto, and this potential is
provided to the gate of the TFT 12, so that the TFT 12 is
brought into ON state. In addition, the TFT 13 is brought into
ON state as well, so that source potential VS, ofthe TFT 12 1s
approximately equal to the potential VP_L.

Attimet,,, the potential of power line VP, changes to high
level. Moreover, at this time, the data line 8, has the reference
potential Vref applied thereto. The reference potential Vref'is
determined such that the TFT 12 is brought into ON state
immediately after timet, ,, and thereafter, a voltage applied to
the organic EL element 16 does not exceed an emission
threshold voltage. Accordingly, after time't, ,, the TFT 12 is in
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ON state, but no current flows through the organic EL element
16 (because the threshold for the organic EL element 16 isnot
exceeded). Therefore, current flows from power line VP,
through the TFT 13 to the TFT 12 and then to the source
terminal thereof, so that source potential VS, of the TFT 12
rises. Source potential VS, of the TFT 12 rises and reaches
(Vref=Vth) at the point where the gate-source voltage Vgs is
equal to the threshold voltage Vth.

Attimet, ,, the potential of scanning signalline G, changes
to low level. The potential of control line E, also changes to
low level, so that after time t, 5, the TFT 13 is in OFF state. As
aresult, source potential VS, of the TFT 12 remains approxi-
mately at (Vref-Vth).

Attimet, ,. the potential of scanning signal line G, changes
to high level, and the potential (not shown) of'the data line S,
changes to a level in accordance with display data (hereinaf-
ter, the potential of the data line S, at this time will be referred
to as the “data potential Vdat1”). After time t ,, the TFT 11 is
in ON state, and gate potential VG, of the TFT 12 changes
from Vref to Vdatl. The gate-source voltage Vgs of the TFT
12 after time t, , is obtained by the following equation (1).

Ves={Corep/(CorrptCy) }x(Vdatl-Vref)+ Vth 1)

Note that in equation (1), C,; zp is a capacitance value of
the organic EL element 16, and C, is a capacitance value of
the capacitor 15.

The capacitance value of the organic EL element 16 is
significantly high, hence C,;,>>C,,. Therefore, equation
(1) can be transformed (or can approximate) to the following
equation (2).

Vgs=Vdarl-Vref+7th 2

In this manner, when gate potential VG, of the TFT 12
changes from Vref to Vdatl, source potential VS, of the TFT
12 barely changes, so that the gate-source voltage Vgs of the
TFT 12 is approximately equal to (Vdatl-Vref+Vth).

Attimet, 5, the potential of scanning signal line G, changes
to low level. After time t,5, the TFT 11 is in OFF state.
Therefore, the gate-source voltage Vgs of the TFT 12 remains
approximately at (Vdatl-Vref+Vth) even when the potential
of the data line S, changes.

Attimet, , the potential of control line E, changes to high
level. After time t, , the TFT 13 is in ON state, so that the
drain terminal of the TFT 12 is connected to power line VP,
via the TFT 13. At this time, the potential of power line VP,
is high level, and therefore current flows from the power line
VP, through the TFT 13 to the TFT 12 and then to the source
terminal thereof, so that source potential VS, of the TFT 12
rises. At this point, the gate terminal of the TFT 12 is in
floating state. Accordingly, when source potential VS, of the
TFT 12 rises, gate potential VG, of the TFT 12 also rises. At
this time, the gate-source voltage Vgs of the TFT 12 is main-
tained approximately at a constant level.

The high-level potential applied to the power line VP, is
determined such that the TFT 12 operates in a saturated area
in the emission period (from time t,; to time t, ;). Accord-
ingly, without considering a channel-length modulation
effect. current I flowing through the TFT 12 in the emission
period can be obtained by the following equation (3).

I=Y-W/Lp-C, (Vgs—Vth)? (3)
Note that in equation (3), W is a gate width, L is a gate
length, p is a carrier mobility, and C,, is a gate oxide film
capacitance.
From equations (2) and (3), the following equation (4) can
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Current I given by equation (4) changes in accordance with
data potential Vdatl but does not depend on the threshold
voltage Vth of the TFT 12. Accordingly, even when there are
variations in the threshold voltage Vth, or when the threshold
voltage Vth changes over time, current is applied to the
organic EL element 16 in accordance with data potential
Vdatl, so that the organic EL element 16 can be lit up with a
desired luminance.

At time t, ., the potential of control line E, changes 1o low
level. After time t,, the TFT 13 is in OFF state. Accordingly,
no current flows through the organic EL element 16, so that
the pixel circuit 10 is unlit.

In this manner, the pixel circuit in the first row performs
initialization in the period from time t, ; to time t, ,, threshold
detection in the period from timet, , to time t, 5, and writing in
the period from timet, , to time t 5, and then emits light in the
period from time t, 4 to time t, 5, and the pixel circuit in the first
row is unlit except in the period from time t, ; to time t, ;. As
with the pixel circuit in the first row, the pixel circuit in the
second row performs initialization in the period from time t,,
to timet, ,, and threshold detection in the period from time t,,
to time t, 5, and the writing and light-emission operations are
performed with a delay of predetermined period T, compared
to the pixel circuit in the first row. In general, the pixel circuit
in the i’th row performs initialization and threshold detection
in the same periods as pixel circuits in other rows, and per-
forms the writing and light-emission operations with a delay
of time T, compared to the pixel circuit in the (i-1)’th row.

Accordingly, the initialization period can be set to a suit-
able length, typically longer than a selection period, and
therefore, even when the current capability of an output buffer
included in the power control circuit 4a is low, the power
control circuit 4a can perform the driving satisfactorily.
Moreover, the threshold detection period can also be set to a
suitable length, typically longer than the selection period, and
therefore threshold detection can be reliably performed, so
that accuracy in threshold compensation can be enhanced. In
addition, when compared to the configuration where thresh-
old detection is performed in the selection period, a sufficient
amount of time can be spared for writing pixel data. There-
fore, even in the case of, for example, a three-dimensional
image display device (typically, a 3D television) where the
writing period is short, i.e., high-speed drive is performed, the
configuration of the present invention can be readily applied.

Connections of the power lines in the present embodiment
and the operation of the pixel circuits 10 being driven by
current applied via the power lines will be described next with
reference to FIGS. 4 and 5. FIG. 4 is a diagram illustrating the
connecting arrangement of power lines VP, in the display
device according to the present embodiment. The display
device shown in FIG. 4 is provided with one common power
line 111 for connecting the power control circuit 4a to the
power lines VP,. The common power line 111 is connected at
one end to an output terminal of the power control circuit 4a,
and all of the power lines VP, are connected to the common
power line 111.

Note that as described earlier, the common power line 111
is a bus line for current supply, but in the present embodiment,
it does not have to bea bus line so long as all of the power lines
VP, can be commonly connected to the power control circuit
4a, and the number of common power lines and their con-
necting points with the power lines VP, can be determined in
accordance with any well-known configuration.

FIG. 5 is a diagram illustrating the operation of rows of
pixel circuits 10 in the display device according to the present
embodiment. The power control circuit 4a applies a low-level
potential to the common power line 111 for a predetermined
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period of time at the beginning of a frame period. Accord-
ingly, the pixel circuits in all rows perform initialization at the
beginning of the frame period. Immediately after initializa-
tion, the pixel circuits in all rows perform threshold detection.
Subsequently, the pixel circuits in the first row are selected
and perform writing. Next, the pixel circuits in the second row
are selected and perform writing. Thereafter, similarly, the
pixel circuits in the third through n’th rows are sequentially
selected row by row, and the selected pixel circuits perform
writing.

The pixel circuits in each row are unlit after threshold
detection until immediately before writing. Here, the pixel
circuits in each row need to be lit up for the same period of
time, and the pixel circuits in the n’th row need to stop
emitting light before the end of the frame period. Therefore,
the pixel circuits in each row are lit up for a prescribed period
of time T1 after writing, and they are unlit in other periods.

Inageneral display device, writing to the pixel circuit takes
one frame period. On the other hand, in the configuration of
the present embodiment shown in FIG. §, about half a frame
period is taken for writing to the pixel circuit (such that about
half a frame period can be ensured for light emission). There-
fore, the scanning speed of the pixel circuit is about twice the
normal speed. Note that in this example, the emission period
length T1 of the pixel circuit is about half a frame period, but
it may be shorter than half a frame period while the scanning
speed of the pixel circuit remains about twice the normal
speed. Alternatively, the scanning speed of the pixel circuit
may be set faster than about twice the normal speed, with the
emission period length longer than half a frame period.

Furthermore, in the exemplary operation shown in FIG. 5,
the emission period starts not long after data writing (e.g., at
timet, ¢), but the start of the emission period may be later than
that. Moreover, as shown in F1G. 6, the emission period may
be set to start at the same time in all rows.

FIG. 6 shows another example of the operation of rows of
pixel circuits 10. As can be appreciated in comparison with
FIG. 5,in FIG. 6 also, the pixel circuits 10 perform each of the
initialization, threshold detection (detection of the threshold
for the TFT 12), writing, and light-emission operations once
per frame period, and are unlit except in the emission period,
but after the writing, the pixel circuits in each row are unlit for
apredetermined different period of time from other rows, and
then the pixel circuits in all rows are simultaneously (collec-
tively) lit up for a prescribed period of time T1, and are turned
off simultaneously at the end of the frame period (in other
words, immediately before initialization in the next frame). In
this manner, the period from the end of threshold detection to
the start of light emission is set to be equal for all rows, so that
uneven display can be inhibited.

Specifically, as described earlier in conjunction with FIG.
4, when the TFT 11 is in OFF state, the gate-source voltage
Vgs of the TFT 12 remains approximately unchanged at
(Vdatl-Vref+Vth) even if the potential of the data line S,
changes. However, the TFT 12 slightly leaks current, so that
the gate-source voltage Vgs in fact decreases slowly. Accord-
ingly, the period from the end of threshold detection (which
occurs at the same time in all rows) to the start of light
emission is set to be equal for all rows, so that the leakage
current from the TFT 12 can be approximately equalized
among all rows of pixel circuits 10, and therefore the amount
of decrease in luminance due to leakage current can be
approximately equalized among all rows of pixel circuits 10,
thereby inhibiting uneven display.

Here, in the case where the initialization, threshold detec-
tion, and light-emission operations are performed in the
above manner, these operations occur at the same times in all
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rows, so that the same signals are used for activating (and
deactivating) the control lines E,. Accordingly, a common
control line for connecting all control lines may be provided,
as shown in FIG. 7.

FIG. 7 is a diagram illustrating the connecting arrangement
of control lines E, in the above configuration. The display
device shown in FIG. 7 is provided with a common control
line 211 for connecting a scanning signal line driver circuit
1024 and the control lines E,. The common control line 211 is
connected at one end to a control signal output terminal of the
scanning signal line driver circuit 102q, and all of the control
lines E, are connected to the common control line 211. Note
that the common control line 211 does not have to be a bus line
so long as all of the control lines E, can be commonly con-
nected to the scanning signal line driver circuit 102q, and the
number of common control lines and their connecting points
with the controllines E, can be determined in accordance with
any well-known configuration, e.g., in the case where the
control lines E, are divided into groups, all control lines E,
included in one group are commonly connected to a common
control line (i.e., the number of common control lines pro-
vided is the same as the number of groups). This results in a
simplified configuration because the scanning signal line
driver circuit 102a requires only one control signal output
terminal, and further, the area of wiring up to the control lines
E, can be reduced.

As described above, the power control circuit 4 included in
the display device 100 according to the present embodiment
applies aninitialization potential to the common power line 9,
and therefore the initialization potential can be readily pro-
vided through the power lines VP, to the pixel circuits 10. As
aresult, the need for any additional feature for providing the
initialization potential is eliminated, so that the number of
elements in the pixel circuits 10 can be reduced. Moreover,
the power control circuit 4 drives one common power line 9
electrically connected to all of the power lines VP,. Accord-
ingly, when compared to the case where the power lines VP,
are driven individually, the number of output buffers provided
in the power control circuit 4 can be significantly reduced,
resulting in a reduced circuit scale of the power control circuit
4. Moreover, the number of times at which to drive the power
source can be set to be once per frame, and therefore, power
consumption can be reduced compared to the case where, for
example, the power source is driven the number of times
corresponding to the number of rows. In addition, since the
number of common power lines 9 is one (or relatively low),
the area of wiring for power supply can be reduced.

Note that in the case where one common power line 9 is
electrically connected to all power lines VP,, the arrangement
and connecting fashion of the common power line 9 and the
power lines VP, can be determined in accordance with any
well-known configuration, and for example, a configuration
as shown in FIG. 8 can be employed.

FIG. 8 is a block diagram illustrating another exemplary
configuration of the display device according to the present
embodiment. Unlike in the configuration shown in FIG. 1, m
power lines VP, provided in the display device 100 shown in
FIG. 8 are provided parallel to m data lines S, rather than to n
control lines E, and n scanning signal lines G,. By arranging
the power lines VP, in this manner, the number of pixel cir-
cuits 10 to be connected per power line VP, can be reduced,
and the difference in the amount of current to be provided
among the pixel circuits 10 can be reduced. However, to
ensure a significantly large electrode width, the configuration
shown in FIG. 1 is more preferable.

Furthermore, in the present embodiment, the gate driver
circuit 2 selects and controls all of the initialized pixel circuits
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10 to perform threshold detection on the TFTs 12. Moreover,
the gate driver circuit 2 selects and controls the initialized
pixel circuits 10 row by row to sequentially perform writing to
the TFTs 12 and emit light. As a result, a screen can be
displayed with the threshold voltage of the TFTs 12 being
compensated for.

Furthermore, upon initialization, the TFT 13 is controlled
and brought into ON state, and when an initialization poten-
tial is applied to the power line VP, for initialization, the gate
voltage ofthe TFT 12 is set to the reference potential Vref, so
that the TFT 12 is brought into ON state, and the initialization
potential can be applied to the source terminal of the TFT 12.
Moreover, upon light emission, the TFT 13 is controlled and
brought into ON state for a prescribed period of time. As a
result, the emission period length is equalized among the
pixel circuits 10, thereby inhibiting variations in luminance.
Moreover, since the pixel circuits 10 are unlit except in the
emission period, moving picture performance can be
enhanced as in the case where black insertion is carried out.

Furthermore, all transistors included in the pixel circuits 10
are of n-channel type. In this manner, since the transistors
included in the pixel circuits 10 are of the same conductive
type, cost of the display device can be reduced.

Second Embodiment

The configuration and operation of a display device
according to a second embodiment of the present invention
are approximately the same as those of the display device
according to the first embodiment shown in FIG. 1, except for
the connecting arrangement of the power lines and the opera-
tion of the pixel circuits, therefore, the same components are
denoted by the same reference characters, and any descrip-
tions thereof will be omitted. Hereinafter, features and opera-
tions characteristic of the second embodiment will be
described.

FIG. 9 isa diagram illustrating the connecting arrangement
of power lines VP, in the display device according to the
second embodiment of the present invention. The display
device is provided with two common power lines 121 and 122
for connecting a power control circuit 45 to the power lines
VP,. The common power lines 121 and 122 are connected at
one end to two output terminals, respectively, of the power
control circuit 4b. Power lines VP, to VP, , are connected to
the common power line 121, and power lines VP 5, 00 VP,
are connected to the common power line 122.

FIG. 101s a diagram showing the operation of rows of pixel
circuits 10 in the display device according to the second
embodiment of the present invention. The power control cir-
cuit4b applies alow-level potential to the common power line
121 for a predetermined period of time at the beginning of a
frame period, and after half a frame period, the power control
circuit 45 applies a low-level potential to the common power
line 122 for a predetermined period of time. Accordingly, the
pixel circuits in the first through (n/2)’th rows are initialized
at the beginning of the frame period, and the pixel circuits in
the (n/2+1)’th through n’th rows are initialized with adelay of
half a frame period. Immediately after the first initialization,
all of the pixel circuits in the first through (n/2)’th rows are
selected simultaneously for a predetermined period of time,
and immediately after the second initialization, all of the pixel
circuits in the (1/2+1)’th to n’th rows are selected simulta-
neously for a predetermined period of time, and the selected
pixel circuits perform threshold detection. After the first
threshold detection, the pixel circuits in the first through
(n/2)’th rows are sequentially selected row by row, and after
the second threshold detection, the pixel circuits in the (n/2+
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1)’th to n’th rows are sequentially selected row by row. The
selected pixel circuits perform writing. The pixel circuits in
each row are lit up for a predetermined period of time T2 after
the writing, and they are unlit in other periods.

As in the first embodiment, the pixel circuits in each row in
the display device need to be litup for the same period of time,
but unlike in the first embodiment where initialization always
takes place at the beginning of a frame, the pixel circuits in the
n’th row do not need to finish emitting light by the end of the
frame period. Therefore, in the example shown in FIG. 10, the
scanning speed of the pixel circuits is the same as normal, and
the emission period length T2 of the pixel circuits is about half
a frame period.

As described above, in the display device of the present
embodiment, unlike in the first embodiment, the scanning
speed of the pixel circuit can be set to be the same as normal,
and therefore a sufficient amount of time can be ensured for
writing as in the normal case. Note that the emission period
length may be set to be shorter than half a frame period while
setting the scanning speed of the pixel circuits to be the same
as normal. Alternatively, the emission period length may be
set to be longer than half a frame period while setting the
scanning speed of the pixel circuit to be faster than normal.

Furthermore, in the display device of the present embodi-
ment, since the number of output buffers provided in the
power control circuit 4 is increased to two, compared to the
firstembodiment, the circuit scale of the power control circuit
4 is larger than in the first embodiment, so that the number of
output buffers provided in the power control circuit 4 can be
less than the number of power lines VP, and therefore, it can
be said that the circuit scale of the power control circuit 4 can
be reduced. In addition, the configuration of the present
embodiment makes it possible to achieve effects similar to
those achieved in the first embodiment, and further, an ini-
tialization potential is applied to the common power lines 121
and 122 at different times from each other, whereby the pixel
circuits 10 can be initialized at suitable times in accordance
with selection periods of the pixel circuits 10. Moreover, a
plurality of adjacently disposed power lines VP, are con-
nected to the common power lines 121 and 122, so that
writing to the pixel circuits 10 can be performed in accor-
dance with sequential order within the display screen.

Third Embodiment

The configuration and operation of a display device
according to a third embodiment of the present invention are
approximately the same as those of the display device accord-
ing to the first embodiment shown in FIG. 1, except for the
connecting arrangement of the power lines and the operation
of the pixel circuits, therefore, the same components are
denoted by the same reference characters, and any descrip-
tions thereof will be omitted. Hereinafter, features and opera-
tions characteristic of the third embodiment will be described.

FIG. 11 is a diagram illustrating the connecting arrange-
ment of power lines VP, in the display device according to the
third embodiment of the present invention. The display
device is provided with two common power lines 131 and 132
for connecting a power control circuit 4¢ to the power lines
VP,. The common power lines 131 and 132 are connected at
one end to two output terminals, respectively, of the power
control circuit 4c. Power lines VP, VP;, and so on, in odd
rows are connected to the common power line 131, and power
lines VP,, VP,, and so on, in even rows are connected to the
common power line 132.

FIG. 12 is a diagram showing the operation of rows of pixel
circuits 10 in the display device according to the third
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embodiment. The power control circuit 4¢ applies a low-level
potential to the common power line 131 for a predetermined
period of time at the beginning of a frame period, and after
half a frame period, the power control circuit 4¢ applies a
low-level potential to the common power line 132 for a pre-
determined period of time. Accordingly, the pixel circuits in
odd rows are initialized at the beginning of the frame period,
and the pixel circuits in even rows are initialized with a delay
of halfa frame period. All of the pixel circuits in odd rows are
selected simultaneously for a predetermined period of time
immediately after the first initialization, all of the pixel cir-
cuits in even rows are selected simultaneously for a predeter-
mined period of time immediately after the second initializa-
tion, and the selected pixel circuits perform threshold
detection. Afterthe first threshold detection, the pixel circuits
in odd rows are sequentially selected row by row, and after the
second threshold detection, the pixel circuits in even rows are
sequentially selected row by row. The selected pixel circuits
perform writing. The pixel circuits in each row arelit up fora
predetermined period of time T3 after the writing, and they
are unlit in other periods. In the example shown in FIG. 12,
the scanning speed of the pixel circuits is the same as normal,
and the emission period length T3 of the pixel circuits is about
half a frame period.

As described above, in the display device of the present
embodiment, as in the second embodiment, it can be said that
the circuit scale of the power control circuit 4 can be reduced.
In addition, the configuration of the present embodiment
makes it possible to achieve effects similar to those achieved
in the first embodiment, and further, writing to the pixel
circuits 10 can be performed in accordance with sequential
order within the display screen. However, in the case where
there is a significant difference in the amount of current flow
between the common power lines 121 and 122, e.g., when the
luminance of a screen greatly varies between the upper and
lower halves of the screen, there might be a difference in
luminance at the center of the screen. In the display device
according to the present embodiment, unlike in the second
embodiment, the amount of current flow in most cases is
approximately equal between the common power lines 131
and 132, so that such a difference in luminance that might
occur at the screen center can be prevented.

Fourth Embodiment

The configuration and operation of a display device
according to a fourth embodiment of the present invention are
approximately the same as those of the display device accord-
ing to the first embodiment shown in FIG. 1, except for the
connecting arrangement of the power lines and the operation
of the pixel circuits, therefore, the same components are
denoted by the same reference characters, and any descrip-
tions thereof will be omitted. Hereinafter, features and opera-
tions characteristic of the fourth embodiment will be
described.

FIG. 13 is a diagram illustrating the connecting arrange-
ment of power lines VP, in the display device according to the
fourth embodiment of the present invention. The display
device is provided with three common power lines 141 to 143
for connecting a power control circuit 4d to the power lines
VP,. The common power lines 141 to 143 are connected at
one end to three output terminals, respectively, of the power
control circuit 4d. Power lines VP, to VP, ; are connected to
the common power line 141, power lines VP, 5,1, 10 VP 5,3
to the common power line 142, and power lines VP 5, /3., to
VP, to the common power line 143.
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FIG. 14 is a diagram showing the operation ofrows of pixel
circuits 10 in the display device according to the fourth
embodiment. The power control circuit 4d applies a low-level
potential to the common power line 141 for a predetermined
period of time at the beginning of a frame period, to the
common power line 142 for a predetermined period of time
after a third of the frame period, and to the common power
line 143 for a predetermined period of time after another third
of the frame period. Accordingly, the pixel circuits in the first
through (n/3)’th rows are initialized at the beginning of the
frame period, the pixel circuits in the (n/3+1)’th to (2n/3)’th
rows are initialized with a delay of a third of the frame period,
and the pixel circuits in the (2n/3+1)’th to n’th rows are
initialized with a delay of another third of the frame period.

Immediately after the first initialization, all of the pixel
circuits in the first through (n/3)’th rows are selected simul-
taneously, immediately after the second initialization, all of
the pixel circuits in the (n/3+1)’th to (2n/3)’th rows are
selected simultaneously, and immediately after the third ini-
tialization, all of the pixel circuits in the (2n/3+1)’th to n’th
rows are selected simultaneously. The selected pixel circuits
perform threshold detection.

After the first threshold detection, the pixel circuits in the
first through (n/3)’th rows are sequentially selected, after the
second threshold detection, the pixel circuits in the (n/3+1)’th
to (2n/3)’th rows are sequentially selected, and after the third
threshold detection, the pixel circuits in the (2n/3+1)’th to
n’throws are sequentially selected. The selected pixel circuits
perform writing. The pixel circuits in each row are lit up fora
predetermined period of time T4 after the writing, and they
are unlit in other periods. In the example shown in FIG. 14,
the scanning speed of the pixel circuits is the same as normal,
and the emission period length T4 of the pixel circuits is about
two thirds of a frame period.

Note that the number p of common power lines 9 may be
four or more. Even when the number p is four or more, the
connecting arrangement of the power lines VP, and the opera-
tion of rows of pixel circuits 10 are the same as described
above. Moreover, when the number p is three or more, (n/p)
adjacently disposed power lines may be connected to the
same common power line, or every (p-1)"th power line, in
total (n/p) lines, may be connected to the same common
power line. For example, where p=3, every third power line
VP, may be selected, such that power lines VP, VP,, and so
on, are connected to the first common power line, power lines
VP,, VP, and so0 on, to the second common power line, and
power lines VP, VP, and so on, to the third common power
line. Moreover, where p=1, m power lines may be provided so
as to correspond to columns of pixel circuits 10 as shown in
FIG. 8, rather than n power lines VP, being provided so as to
correspond to rows of pixel circuits 10. In addition, where
p=1, the common power line 9 is substantially the same as the
power line VP,.

In this manner, there are tradeoffs among the number p of
common power lines 9, the scanning speed of the pixel cir-
cuits 10, and the emission period length of the pixel circuits
10. For example, by increasing the number p of common
power lines 9, it is rendered possible to lower the scanning
speed of the pixel circuits 10 and extend the emission period
of the pixel circuits 10. However, in such a case, the number
of output buffers provided in the power control circuit 4
increases, resulting in an increased circuit scale of the power
control circuit 4. Accordingly, these parameters need to be
determined considering the specifications and cost of the
display device.

As described above, in the display device of the present
embodiment, as in the second embodiment, the circuit scale
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of the power control circuit 4 can be reduced, and further,
similar effects to those achieved in the second embodiment
can be achieved.

Furthermore, as described in conjunction with the first
through fourth embodiments, the display device 100 includes
aplurality of pixel circuits 10 arranged in a matrix, a plurality
of scanning signal lines G, and control lines E, provided so as
to correspond to rows of pixel circuits 10, a plurality of data
lines S, provided so as to corresponding to columns of pixel
circuits 10, a plurality of power lines VP, provided to supply
a power potential to the pixel circuits 10, p (p=1) common
power lines 9 connected to two or more power lines VP,, a
gate driver circuit 2 for driving the scanning signal lines G;
and the control lines E,, a source driver circuit 3 for driving the
data lines S and a power control circuit 4 for driving the power
lines VP,. Each pixel circuit 10 includes an organic EL ele-
ment 16 (electro-optic element), a TFT 12 (drive transistor)
provided in a path of current flowing through the organic EL
element 16, a TFT 11 (write control transistor) provided
between a gate terminal of the TFT 12 and the data line S, a
TFT 13 (emission control transistor) provided between a
drain terminal of the TFT 12 and the power line VP, and a
capacitor 15 provided between a source terminal of the TFT
12 and the gate terminal. The power control circuit 4 applies
apower potential and an initialization potential to the p com-
mon power lines 9 while switching therebetween. This con-
figuration achieves the aforementioned effects.

Fifth Embodiment

The configuration and operation of a display device
according to a fifth embodiment of the present invention are
approximately the same as those of the display device accord-
ing to the first embodiment shown in FIG. 1, except for an
initialization operation in accordance with a potential change
of a video signal line, therefore, the same components are
denoted by the same reference characters, and any descrip-
tions thereof will be omitted. Hereinafter, features and opera-
tions characteristic of the fifth embodiment will be described.

FIG. 15 is a diagram showing a timing chart describing a
method for driving a pixel circuit 20 in the present embodi-
ment. The operation of a pixel circuit in the first row will be
described below with reference to FIG. 15. Note that charac-
ters shown in FIG. 15 denote the same as in FIG. 3.

The operation of the pixel circuit in the first row will now
be described with reference to FIG. 15. In the present embodi-
ment, the potential of power line VP, is kept at a constant
power potential level without changing therefrom. Accord-
ingly, the potential is not shown in FIG. 15. Prior to time t,,,
the potentials of scanning signal line G, and control line E;
are low level. Accordingly, the pixel circuit 10 is unlit, and
source potential VS, of the TFT 12 is kept low at the same
level as a cutoff voltage Vth_EL for the organic EL element
16 since no current is applied through power line VP, .

At time t,,, a predetermined initialization voltage VH is
applied to the data line S, The initialization voltage VH is a
predetermined high-level signal voltage for reset, which
changes the level of potential, as will be described later.

Attime t,,, the potential of scanning signal line G, is set to
high level, turning the TFT 11 on, so that the initialization
voltage VH is written to the TET 12 as gate potential VG,. At
this time, source potential VS, of the TFT 12 capacitively
coupled by the capacitor 15 temporarily rises, but immedi-
ately after discharge occurs via the organic EL element 16,
source potential VS, of the TFT 12 falls to the level of the
cutoff voltage Vth_EL.
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At time t, 3, the potential of the data line S, falls from the
initialization voltage VH to the reference potential Vref with
the TFT 11 on. Such a change in potential lowers the source
potential of the TFT 12 capacitively coupled via the capacitor
15. Specifically, the gate-source voltage Vgs of the TFT 12 at
and after time t,5 can be obtained by the following equation

).

Vgs=Wth_EL-C /(Cprzp+C,)x(VH-Vref) (5)

Note that in equation (5), C,; p 1S a capacitance value of
the organic EL element 16, and C,, is a capacitance value of
the capacitor 15.

Subsequently, from time t,, onward, threshold detection,
writing, and light-emission operations are performed as in the
first through fourth embodiments, and therefore, any descrip-
tions of these subsequent operations will be omitted.

As described above, in the display device of the present
embodiment, unlike in the first through fourth embodiments,
an output buffer provided in the power control circuit 4 sim-
ply outputs a constant power potential and is not driven at all.
Accordingly, the need for the capability to perform drive for
apotential change is eliminated, resulting in a reduced circuit
scale of the power control circuit 4. In addition, the configu-
ration of the present embodiment makes it possible to achieve
similar effects to those achieved in the first embodiment.

(Primary Variants)

In the second embodiment, as in the first embodiment, the
emission period starts not long after data writing, but the
emission period may be determined so as to start simulta-
neously in the first through (n/2)’th rows and also in the
(n/2+1)’th to n’th rows, as described in the first embodiment
as an extra example in conjunction with FIG. 6.

FIG. 16 is a diagram showing the connecting arrangement
of control lines E, in a variant configuration as mentioned
above. The display device shown in FIG. 16 is provided with
two common control lines 221 and 222 for connecting a
scanning signal line driver circuit 1025 to the control lines E,.
The common control lines 221 and 222 are connected at one
end to two output terminals, respectively, of the scanning
signal line driver circuit 1025. Control lines E, to E_, are
connected to the common control line 221, and control lines
Ey,241) 10 B, are connected to the common control line 222.

FIG. 17 is a diagram showing the operation of rows of pixel
circuits 10 in the display device according to the variant of the
second embodiment. As can be appreciated in comparison of
the example shown in FIG. 17 with the example shown in
FIG. 10, the initialization, threshold detection, and selection
operations for the rows are performed in the same manner, but
unlike in the example shown in FIG. 6, the emission period
does not start simultaneously in all of the rows, however it
starts simultaneously in the first through (n/2)’th rows, and
then in the (/2+1)’th to n’th rows.

In this manner, in the variant, unlike in the first embodi-
ment, but as in the second embodiment, the scanning speed of
the pixel circuits can be set to be the same as normal, and
therefore a sufficient amount of time can be ensured for
writing as in the normal case. Moreover, leakage current from
the TFT 12 can be approximately equalized among the pixel
circuits 10 in the first through (n/2)’th rows and among the
pixel circuits 10 in the (n/2+1)’th to n’th rows, and therefore
the amount of decrease in luminance due to leakage current
can be approximately equalized among the pixel circuits 10 in
the first through (n/2)’th rows and among the pixel circuits 10
in the (n/2+1)’th to n’th rows, thereby inhibiting uneven dis-
play. In addition, since the scanning signal line driver circuit
1025 uses only two control signal output terminals, a simpli-
fied configuration can be achieved, and further, since there are
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required only two common control lines, the area of wiring up
to the control lines E, can be reduced.

Furthermore, in the third embodiment also, as in the first
embodiment, the emission period starts not long after data
writing, but the emission period may be defined so as to start
simultaneously in even rows and also in odd rows.

FIG. 18 is a diagram showing the connecting arrangement
of control lines E, in a variant configuration as mentioned
above. The display device shown in FIG. 18 is provided with
two common control lines 231 and 232 for connecting a
scanning signal line driver circuit 102¢ to the control lines E,.
The common control lines 231 and 232 are connected at one
end to two output terminals, respectively, of the scanning
signal line driver circuit 102¢. Controllines E |, E;, and so on,
in odd rows are connected to the common control line 231,
and controllines E,, E,,, and so on, in even rows are connected
to the common control line 232.

FIG. 19 15 a diagram showing the operation of rows of pixel
circuits 10 in the display device according to the variant of the
third embodiment. As canbe appreciated in comparison of the
example shown in FIG. 19 with the example shown in FIG.
12, the initialization, threshold detection, and selection
operations for the rows are performed in the same manner, but
unlike in the example shown in FIG. 6, the emission period
does not start simultaneously in all of the rows, however it
starts simultaneously in even rows, and also in odd rows.

In this manner, in the present variant also, the scanning
speed of the pixel circuits can be set to be the same as normal,
and therefore a sufficient amount of time can be ensured for
writing as in the normal case. Moreover, leakage current from
the TFT 12 can be approximately equalized among the pixel
circuits 10 in even rows and among the pixel circuits 10 in odd
rows, and therefore the amount of decrease in luminance due
to leakage current can be approximately equalized among
them, thereby inhibiting uneven display. Inaddition, since the
scanning signal line driver circuit 102¢ uses only two control
signal output terminals, a simplified configuration can be
achieved, and further, since there are required only two com-
mon control lines, the area of wiring up to the control lines E,
can be reduced.

Note that similarly in the fourth embodiment shown in
FIGS. 13 and 14, the emission period can be controlled so as
to start simultaneously in a manner as described above,
although any detailed description thereof will be omitted
herein, and therefore, this similar configuration makes it pos-
sible to achieve similar effects to those described above.

(Other Variants)

In the first through fourth embodiments, normally, the
capacitance value of the organic EL element 16 is consider-
ably higher than that of the capacitor 15, but there can be
conceived a configuration example where such a difference in
capacitance value would not be extremely large. In such a
case, the aforementioned transformation from equation (1) to
equation (2) cannot be performed in a manner as described
earlier (at least not with high accuracy), and therefore, it
cannot be said that the gate-source voltage Vgs of the TFT 12
is approximately equal to (Vdatl-Vref+Vth). Therefore, a
configuration with an inserted auxiliary capacitor 25 as
shown in FIG. 20 can be conceived.

FIG. 20 is a variant of the circuit diagram of the pixel circuit
10 shown in FIG. 2. As shown in FIG. 20, a pixel circuit 20 has
approximately the same configuration as the pixel circuit 10
shown in FIG. 2, but the auxiliary capacitor 25 is additionally
provided and connected parallel to the organic EL element 16.
The auxiliary capacitor 25 has a capacitance value appropri-
ately determined on the basis of the capacitance value of the
organic EL, element 16 and the capacitance value of the
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capacitor 15, and the relationship C,; z»>>C,, is desirably
established. As a result, equation (1) can be transformed to
equation (2), and therefore, compensation accuracy can be
enhanced by a simplified calculation process.

INDUSTRIAL APPLICABILITY

The present invention relates to display devices, and is
suitable for display devices, such as an organic EL display,
which include current-driven self-luminous elements, e.g.,
organic EL elements.

DESCRIPTION OF THE REFERENCE
CHARACTERS

1 display control circuit

2 gate driver circuit

3 source driver circuit

4 power control circuit

5 shift register

6 register

7 latch circuit

8 D/A converter

9 common power line

10, 20, 30 pixel circuit

11 TFT (write control transistor)

12 TFT (drive transistor)

13 TFT (emission control transistor)

15 capacitor

16 organic EL element (electro-optic elenient)

25 auxiliary capacitor

100 display device

G, scanning signal line

E, control line

S, data line

VP, power line

The invention claimed is:

1. An active-matrix display device comprising:

a plurality of video signal lines for transmitting signals
representing an image to be displayed,

a plurality of scanning signal lines and control lines cross-
ing the video signal lines;

a plurality of pixel circuits for forming the image to be
displayed, the circuits being arranged in a matrix so as to
correspond to intersections of the video signal lines and
the scanning signal lines;

a plurality of power lines for supplying power potentials to
the pixel circuits;

a scanning signal line driver circuit for selectively or col-
lectively driving the scanning signal lines and the con-
trol lines;

avideo signal line driver circuit for driving the video signal
lines by applying thereto the signals representing the
image to be displayed; and

apower control circuit for driving the power lines, wherein,

the pixel circuit includes:

an electro-optic element to be driven by current provided
via the power line;

a drive transistor provided in a current path through the
electro-optic element, to determine current that is to
flow through the path;

a write control transistor provided between a control
terminal of the drive transistor and the video signal
line, to connect the control terminal of the drive tran-
sistor and the video signal line when the scanning
signal line driver circuit drives and activates the scan-
ning signal line;
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an emission control transistor provided between one
conductive terminal of the drive transistor and the
power line, to connect that conductive terminal and
the power line when the scanning signal line driver
circuit drives and activates the control line; and
a capacitor provided between the other conductive tet-
minal of the drive transistor and the control terminal,
the scanning signal line driver circuit collectively drives
and activates at least a part of the scanning signal lines
and at least a part of the control lines, and thereafter
selectively drives the scanning signal lines, thereby dis-
playing the image, the at least a part of the scanning
signal lines being collectively driven and activated in an
initialization period in which to initialize the electro-
optic elements and in a threshold detection period in
which to compensate for a threshold voltage of the drive
transistors, the initialization period being set so as to be
later than a start of a frame period, the threshold detec-
tion period being set so as to be later than the initializa-
tion period, the at least a part of the control lines being
collectively driven and activated in the threshold detec-
tion period,
the power control circuit provides the power lines with
initialization potentials to initialize the electro-optic ele-
ments in the initialization period and with the power
potentials except in the initialization period, and

the emission control transistor is made conductive approxi-

mately for the same duration by:

in at least a part of a time period after the threshold
detection period until at least a part of the scanning
signal lines being each finished selecting, the scan-
ning signal line driver circuit driving and deactivating
at least a part of the control lines corresponding to the
at least a part of the scanning signal lines; and

the scanning signal line driver circuit thereafter collec-
tively driving and activating the at least a part of the
control lines in at least a part of a time period until the
start of the next initialization period.

2. The display device according to claim 1, wherein,

the scanning signal lines and the control lines are divided

into a plurality of groups,

the scanning signal line driver circuit collectively drives

and activates one of the groups of scanning signal lines
and one of the groups of control lines in the initialization
period and the threshold detection period, and

aside from the initialization period and the threshold detec-

tion period, one or more different initialization periods
and one or more different threshold detection periods are
set in which a different group of scanning signal lines
and a different group of control lines are collectively
driven and activated.

3. The display device according to claim 2, wherein each
time the scanning signal lines to be selectively driven and
activated to display the image are each finished selecting, the
scanning signal line driver circuit drives and activates the
control lines corresponding to the scanning signal lines, such
that the emission control transistor is made conductive
approximately for the same duration.

4. The display device according to claim 2, wherein to
avoid any two power lines in the same one of the divided
groups of power lines being adjacent to each other, the power
lines are sequentially provided one by one from different
groups.

5. The display device according to claim 2, further com-
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power lines such that the common power line is commonly
connected to that group, wherein,
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in the initialization period or in the different initialization
period, the power control circuit provides the groups of
power lines with the initialization potentials via their
respective corresponding common power lines.

6. The display device according to claim 1, wherein,

the scanning signal lines and the control lines are divided
into a plurality of groups,

the scanning signal line driver circuit collectively drives
and activates one of the groups of scanning signal lines
and one of the groups of control lines in the initialization
period and the threshold detection period,

aside from the initialization period and the threshold detec-
tion period, one or more different initialization periods
and one or more different threshold detection periods are
set in which a different group of scanning signal lines
and a different group of control lines are collectively
driven and activated,

inatleast apart of a time period after the different threshold
detection period until the different group of scanning
signal lines being completely selected, the scanning sig-
nal line driver circuit drives and deactivates a group of
control lines corresponding to the different group of
scanning signal lines, and

the scanning signal line driver circuit thereafter collec-
tively drives and activates the group of control lines in at
least a part of a time period until the start of the next
different initialization period.

7. The display device according to claim 1, further com-
prising at least one common control line commonly con-
nected to at least a part of the control lines, wherein,

the scanning signal line driver circuit drives the common
control line, thereby collectively driving the control
lines.

8. An active-matrix display device comprising:

a plurality of video signal lines for transmitting signals
representing an image to be displayed;

a plurality of scanning signal lines and control lines cross-
ing the video signal lines;

a plurality of pixel circuits for forming the image to be
displayed, the circuits being arranged in a matrix so as to
correspond to intersections of the video signal lines and
the scanning signal lines;

a plurality of power lines for supplying power potentials to
the pixel circuits;

a scanning signal line driver circuit for selectively or col-
lectively driving the scanning signal lines and the con-
trol lines;

avideo signal line driver circuit for driving the video signal
lines by applying thereto the signals representing the
image to be displayed; and

apower control circuit for driving the power lines, wherein,

the pixel circuit includes:

an electro-optic element to be driven by current provided
via the power line;

a drive transistor provided in a current path through the
electro-optic element, to determine current that is to
flow through the path;

a write control transistor provided between a control
terminal of the drive transistor and the video signal
line, to connect the control terminal of the drive tran-
sistor and the video signal line when the scanning
signal line driver circuit drives and activates the scan-
ning signal line;

an emission control transistor provided between one
conductive terminal of the drive transistor and the
power line, to connect that conductive terminal and
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the power line when the scanning signal line driver
circuit drives and activates the control line; and

a capacitor provided between the other conductive ter-
minal of the drive transistor and the control terminal,
and

the scanning signal line driver circuit collectively drives
and activates at least a part of the scanning signal lines
and at least a part of the control lines, and thereafter
selectively drives the scanning signal lines, thereby dis-
playing the image, the at least a part of the scanning
signal lines being collectively driven and activated in an
initialization period in which to initialize the electro-
optic elements and in a threshold detection period in
which to compensate for a threshold voltage of the drive
transistors, the initialization period being set so as to be
later than a start of a frame period, the threshold detec-
tion period being set so as to be later than the initializa-
tion period, the at least a part of the control lines being
collectively driven and activated in the threshold detec-
tion period, wherein,

the power control circuit only provides the power poten-
tials to the power lines, and

the video signal line driver circuit sets the potentials of all
of the video signal lines to be high level and greater than
a reference potential to be provided to control terminals
of the drive transistors, and thereafter changes the poten-
tials of all of the video signal lines to the level of the
reference potential at a predetermined point in the ini-
tialization period with all of the control lines left deac-
tivated, the reference potential being a potential for
bringing the drive transistor into ON state and applying
across the electro-optic element a voltage not greater
than a threshold therefor.

9. The display device according to claim 1, further com-
prising an auxiliary capacitor connected parallel to the elec-
tro-optic element.

10. A method for driving an active-matrix display device
including a plurality of video signal lines for transmitting
signals representing an image to be displayed, a plurality of
scanning signal lines and control lines crossing the video
signal lines, a plurality of pixel circuits for forming the image
to be displayed, the circuits being arranged in a matrix so as to
correspond to intersections of the video signal lines and the
scanning signal lines, and a plurality of power lines for sup-
plying power potentials to the pixel circuits, the method com-
prising:

a scanning signal line driving step of selectively or collec-
tively driving the scanning signal lines and the control
lines;

a video signal line driving step of driving the video signal
lines by applying thereto the signals representing the
image to be displayed; and

a power control step of driving the power lines, wherein,

the pixel circuit includes:

an electro-optic element to be driven by current provided
via the power line;

a drive transistor provided in a current path through the
electro-optic element, to determine current that is to
flow through the path;

a write control transistor provided between a control
terminal of the drive transistor and the video signal
line, to connect the control terminal of the drive tran-
sistor and the video signal line when the scanning
signal line is driven and activated in the scanning
signal line driving step;

an emission control transistor provided between one
conductive terminal of the drive transistor and the
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power line, to connect that conductive terminal and
the power line when the control line is driven and
activated in the scanning signal line driving step; and

a capacitor provided between the other conductive ter-
minal of the drive transistor and the control terminal,
and

in the scanning signal line driving step, at least a part of the

scanning signal lines and at least a part of the control
lines are collectively driven and activated, and thereafter
the scanning signal lines are selectively driven, thereby
displaying the image, the at least a part of the scanning
signal lines being collectively driven and activated in an
initialization period in which to initialize the electro-
optic elements and in a threshold detection period in
which to compensate for a threshold voltage of the drive
transistors, the initialization period being set so as to be
later than a start of a frame period, the threshold detec-
tion period being set so as to be later than the initializa-
tion period, the at least a part of the control lines being
collectively driven and activated in the threshold detec-
tion period,

in the power control step, the power lines are provided with

initialization potentials to initialize the electro-optic ele-
ments in the initialization period and with the power
potentials except in the initialization period, and

the emission control transistor is made conductive approxi-

mately for the same duration by:

in at least a part of a time period after the threshold
detection period until at least a part of the scanning
signal lines being each finished selectin the scanning
signal line driver circuit driving and deactivating at
least a part of the control lines corresponding to the at
least a part of the scanning signal lines; and

the scanning signal line driver circuit thereafter collec-
tively driving and activating the at least a part of the
control lines in at least a part of a time period until the
start of the next initialization period.

11. The display device according to claim 8, further com-
prising an auxiliary capacitor connected parallel to the elec-
tro-optic element.

12. The display device according to claim 10, wherein,

the scanning signal lines and the control lines are divided

into a plurality of groups,

in the scanning signal line driving step, a scanning signal

line driver circuit collectively drives and activates one of
the groups of scanning signal lines and one of the groups
of control lines in the initialization period and the thresh-
old detection period,

aside from the initialization period and the threshold detec-

tion period, one or more different initialization periods
and one or more different threshold detection periods are
set in which a different group of scanning signal lines
and a different group of control lines are collectively
driven and activated,

inatleast apart of a time period after the different threshold

detection period until the different group of scanning
signal lines being completely selected, the scanning sig-
nal line driver circuit drives and deactivates a group of
control lines corresponding to the different group of
scanning signal lines, and

the scanning signal line driver circuit thereafter collec-

tively drives and activates the group of control lines in at
least a part of a time period until the start of the next
different initialization period.
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