AR OO D 0 A0 R
US 20050179627A1
a9 United States

a2 Patent Application Publication (i) Pub. No.: US 2005/0179627 Al

Hayafuji et al, (43) Pub. Date: Aug, 18, 2005
(54) LIGHT EMITTING DISPLAY DEVICE AND (52)  US. ClL oo smsieacnen 345/76
DRIVING CONTROL METHOD THEREFOR
(75) Tnventors: Akinori Hayafuji, Yonezawa-shi (JP); (57) ABSTRACT
Katsuhiro Kanauchi, Yonezawa-shi
(IP)
A clock signal in synchronization with a data writing signal,
Correspondence Address: every scanning line, which is supplied from a light-emitting
WESTERMAN, HATTORI, DANIELS & control circuit 4 to a scanning driver 6, is supplied to an
ADRIAN, LLP oscillator 12 which generates a reference switching signal,
1250 CONNECTICUT AVENUE, NW according to a PWM method, in a DC-DC converter 8.
SUITE 700 Thereby, the timing at data writing every scanning line is in
WASHINGTON, DC 20036 (US) synchronization with the phase of a ripple component super-

imposed on a driving voltage Va from the DC-DC converter
8. Accordingly, a problem that there is caused a state in
which light-emitting intensity is different every scanning
line can be solved because the same voltage Vgs between a
gate and a source is supplied every scanning line to a
light-emitting driving transistor Tr2 at any time even if the

(73) Assignee: TOHOKU PIONEER CORPORA-
TION, Tendo-Shi (JP)

(21) Appl. No.: 11/050,733

(22)  Filed: Feb. 7, 2003 ripple component by switching of the DC-DC converter is
30 Foreien Application Priority Dat superimposed on the driving voltage Va. Thereby, a problem
(30) oreign Application Friorly Data that the display quality of images is remarkably reduced can
Feb. 12,2004 (JP) oo 2004-34401  be prevented in a light-emitting driving operation of a
’ display panel, wherein the operation has a configuration in
Publication Classification which an organic EL element with a light-emitting intensity
characteristic of a current dependence type, for example, is
(51) Inte CL7 s G09G 3/30  used as a pixel.
L1 D1
J_ ﬁ TH1 46546b (Va)
2 Sl 4 (Seloct) !
S Y o
12| 11 ——|E Zz | J_
Ba L L E : :
- " | g o ,_I_\_I.4
— 5 H ' P
s[0sclsPwM 3 2 é : E ; r !
Il a p
|5l 1| ( oy
g 7| : g : 2
H [
; @ ¢ R12 a | & ' B1
10 Vref == T / I {\
- 6 LU 1 s
9 / »L 4 TR (Vdata) é |
77 b 7 77 \\ N 1™
5 i LEVEL SHIFTER H“ 5b

LIGHT-EMITTING :> r SHIFT REGISTER & DATA LATCH |v-u~ 5a
CONTROL CIRCUIT

IMAGE SIGNAL 0——I

H
E DATA DRIVER :




US 2005/0179627 A1

Patent Application Publication Aug. 18,2005 Sheet 1 of 6

FETE T PL YT YL R AT R YT YT R YT N YL YT TRTY L PP TR I P e )

HIAINA ¥IVd

ﬁllo TENDIS HJOYWI

IINDUTD "TOALNOD

]
H
!
B G i HOIVI VIVA 3 ¥AISTDEN LJIHS g A” ONTILINI-IHOTT
-
1
1]

>

23

‘.

-V

..........................

YALATHS THATT

gALSIOIY LJAIHS

YIAATIA ONINNYDS

8
7774 ’74 p777
< &Wm
0 [Dafiabiadds ki tmrare (I BIErS mim- ]
L8IA oL |
21y S M
——e
R’
P lnmdle—{OSs Ol !
Ly rsz_gw .......... wa ...... i
. }
Ko o
LHL
KH——000-
e L7

(3a¢ xotaqg)

T°DId




Patent Application Publication Aug. 18,2005 Sheet 2 of 6 US 2005/0179627 Al

FIG.2
(Prior Art)
Va
A
4
—/C e — 4 Tr2
SW1
/| Vsate Id SZ?V’
E1
v
7777 v
VK

FIG.3

» VOLTAGE
<
Q

A A N

N S
-
Y-{---
&

R




Patent Application Publication Aug. 18,2005 Sheet 3 of 6 US 2005/0179627 Al

FIG.4

>

Vgs
FIG.5
Vino 4- O Vout
.
Q2 . I out
OP1
®@ ©6

Vrefl



US 2005/0179627 A1

Patent Application Publication Aug. 18,2005 Sheet 4 of 6

TINOIS HOWWI

i HAATEd YIVA i

i i LINDYUID TOMINOD

8g HOLV'I VING 3 WEISIOHY LJTHS | K ONILLIWI-IHOIT
: "] ce-scrccccemccvccemcmnomaw. r !
9, [
q¢ ll VALJITHS TIATT i
[}
1

-

lllllllllllllllllllllll

e
| | ¥
lalg: 2
1K
AHERE
3 Mm m L1y
d

‘wuisierfie s eImBIeIes I BIRIEIR I R I e e

§777]

y7773 V7774
.:.m%::.:w
y
(INM dle{OS Ol

9°DId

eifﬁﬂ{ ..... wﬁ ....... k
uJo M¢MI—_, Al M”mw
PN L




US 2005/0179627 A1

T R X T TR TR ST T PR TR R TR AT RY XL R YT T SRR Y YY TY

- © ¥IATHQ ONISYEH !
= P~ i . !
Va S i WALSIOTI IIIHS I~

1 1

= i | =cccceccccncenaancennn. 1 i

P~ i

) WALITHS TIATT i

] 1

i Jieeesesmemcmeeeeononan, i

Patent Application Publication Aug. 18,2005 Sheet 5 of 6

FI1G.7

FIG.8

(Select)

i imem i m g e

(Erase)

(Vdata)

DATA DRIVER

.
]
-\



Patent Application Publication Aug. 18,2005 Sheet 6 of 6 US 2005/0179627 Al

FIG.9

L1 D1

LI

11

10

e 1Y

—{ vco H— PwM

 a2b| 124

E LPF DIVIDER T

—
s
]
o
14

4

i
........................................... - ‘

LIGHT-EMITTING
CONTROL CIRCUIT




US 2005/0179627 Al

LIGHT EMITTING DISPLAY DEVICE AND
DRIVING CONTROL METHOD THEREFOR

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a light-emitting
display device provided with a display panel on which active
driving of light-emitting elements forming pixels are per-
formed by, for example, thin film transistors (TFTs), and,
especially, to a light-emitting display device, and a driving
control method therefor, by which deterioration in image
quality displayed can be effectively prevented by a ripple
component which is superimposed on a driving power of the
display panel.

[0003]

[0004] Development of a light-emitting display device
using a display panel with a configuration in which light-
emitting elements are arranged like a matrix has been widely
promoted, and, for example, an organic electroluminescence
(EL) element which uses an organic material for a light-
emitting layer has received widespread attention as a light-
emitting element used for such a display panel. The back-
ground for such attention is that the organic EL element has
higher efficiency and longer life by using an organic com-
pound, which is expected to have preferable characteristics
fit for practical use, for a light-emitting layer of the EL
element.

[0005] A direct matrix type display panel on which the EL
elements are simply arranged like a matrix, and an active
element comprising the TFT are added to each of the EL
elements arranged like a matrix an active matrix type display
panel have been proposed as a display panel using such an
organic EL element. The power consumption of the latter
active matrix type display panel can be lower than that of the
former direct matrix type display panel. Moreover, the latter
panel has characteristics such as less crosstalk between
pixels, and is suitable, especially, for a high resolution
display forming a large screen.

[0006] FIG. 1 shows one example of a light-emitting
display device provided with a basic circuit structure cor-
responding to one pixel on a conventional active matrix type
display panel, and a driving circuit for the circuit structure,
and a power supply circuit which supplies driving power to
the display panel provided with many pixels which have
been described above. Here, a display panel 1 shown in the
drawing has a circuit structure including one pixel 2 on
account of limited space. The circuit structure including one
pixel 2 is the most basic pixel configuration called a con-
ductance controlled method, and the configuration uses an
organic EL element as a light-emitting element.

[0007] Thatis, a gate electrode (Hereinafter, simply called
a gate) of an N channel type selection scanning transistor Trl
comprising TFT is connected to a scanning line (scanning
line A1), and, a source electrode (Hereinafter, simply called
a source) is connected to a data line (data line B1).

[0008] Moreover, the drain electrode (hereinafter, simply
called drain) of the above selection scanning transistor Trl
is connected to the gate of a P channel type light-emitting
driving transistor Tr2, and, at the same time, to one terminal
of a capacitor Cs for charge conservation.

1. Field of the Invention

2. Description of the Related Art

Aug. 18,2005

[0009] The light-emitting driving transistor Tr2 has a
configuration in which the source is connected to the other
terminal of the capacitor Cs, and, at the same time, driving
power Va (hereinafter, also called a driving voltage Va) from
a DC-DC converter described below is supplied to the
source through a power supply line P1 arranged on the
display panel 1. Moreover, the drain of the light-emitting
driving transistor Tr2 is connected to the anode terminal of
an organic E1 element E1, and the cathode terminal of the
organic EL element E1 is connected to a reference potential
point (ground) in the example shown in FIG. 1.

[0010] According to the circuit structure of the pixel 2, the
selection scanning transistor Trl is put into an ON-state
when a selection voltage Select is supplied to the gate of the
selection scanning transistor Trl through the scanning line
Al in an address period (data writing period). Then, a
current corresponding to a data voltage Vdata flows from the
source to the drain in the selection scanning transistor Trl
when the data voltage Vdata corresponding to writing data
from the data line Bl is supplied to the source of the
selection scanning transistor Trl. Accordingly, the above-
described capacitor Cs is charged in a period in which the
selection voltage Select is applied to the gate of the transistor
Trl, and the charging voltage is corresponding to the data
voltage Vdata.

[0011] On the other hand, the charging voltage at which
the above-described capacitor Cs is charged is supplied to
the above-described light-emitting driving transistor Tr2 as
a gate voltage, and a current based on the gate voltage and
the driving voltage Va supplied through the power supply
line P1 which is the source voltage flows from the drain to
the EL element E1 in the light-emitting driving transistor Tr2
to drive the EL element E1 for light-emitting by the drain
current.

[0012] Here, when the addressing operation correspond-
ing to one scanning line is completed, and the gate potential
of the selection scanning transistor Trl reaches an OFF
voltage, the transistor Trl concerned is put into a so-called
cut-off state, and the drain side of the transistor Trl is put
into an open state. However, the voltage of the light-emitting
driving transistor Tr2 is kept at the gate voltage by charges
accumulated in the capacitor Cs, the same driving current is
maintained before the data voltage Vdata is rewritten in the
subsequent address period, and the light-emitting state,
which is based on this driving current, of the EL element E1
is continued.

[0013] The configuration of the pixel 2 forms a dot matrix
type display panel on which multiple pixels are arranged on
the display panel 1 shown in FIG. 1 like a matrix, and each
pixel 2 is formed at intersecting positions of scanning lines
Al, - - -, and data lines B1, - - - .

[0014] Image signals displayed in the light-emitting dis-
play panel 1 is supplied to a light-emitting control circuit 4
shown in FIG. 1. In this light-emitting control circuit 4,
based on horizontal, and vertical synchronizing signals in
the image signals, input image signals are converted into
corresponding pixel data every one pixel through sampling
processing for sequential writing operation into a not-shown
frame memory. Then, in an address period after the writing
processing of pixel data for one frame into a frame memory
is completed, serial pixel data, which has been read out from
the frame memory every one scanning line described above,
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and shift clock signals are supplied to a shift register and
data latch circuit 5@ in a data driver § one by one.

[0015] This shift register and data latch circuit 5« has a
configuration in which pixel data corresponding to one
horizontal scanning is taken for latching, using the shift
clock signals, and a latch output corresponding to one
horizontal scanning is supplied to a level shifter 5b as
parallel data. By the above configuration, data voltage Vdata
corresponding to the pixel data is configured to individually
be supplied to the source of the selection scanning transistor
Trl forming each pixel 2. And, the operations are repeated
everyone scanning in the address period.

[0016] Moreover, a scanning shift clock signal corre-
sponding to the horizontal synchronizing signal is supplied
from the light-emitting control circuit 4 to the scanning
driver 6 in the address period. This scanning shift clock
signal is supplied to a shift register 6@ and to generate a
register output one by one. Then, the register output is
converted with a level shifter 6b to a predetermined opera-
tion level, and is output to the scanning lines Al - - - . By
this operation, the selection voltage Select is configured to
be supplied to the gate of the selection scanning transistor
Trl forming each pixel 2 every scanning line one by one.

[0017] Accordingly, every one scanning in the address
period, the selection voltage Select is supplied from the
scanning driver 6 to each pixel 2 arranged on the scanning
line in the display panel 1 is supplied. The data voltage
Vdata is supplied to pixels 2 arranged every scanning line
from the level shifter 5b in the data driver 5 in synchroni-
zation with the above supplying, and the gate voltage
corresponding to the data voltage Vdata is written into each
pixel corresponding to the scanning lines concerned (that is,
the capacitors Cs). Then, an image corresponding to one
frame is reproduced on the display panel 1 by execution of
the above operations for all the scanning line.

[0018] On the other hand, the driving voltage Va is con-
figured to be supplied from a DC-DC converter (DC: direct
current) represent by a reference numeral 8 to each pixel 2
arranged on the display panel 1 through the power supply
line P1, - - - . Moreover, according to the configuration
shown in FIG. 1, the DC-DC converter 8 is configured to
boost the output of a DC voltage source Ba on the primary
side, using a pulse width modulation (PWM) control
method.

[0019] This DC-DC converter 8 has a configuration in
which PWM waves output from a switching regulator circuit
9 performs ON control of a MOS type power field effect
transistor (FET) Q1 as a switching element at a predeter-
mined duty cycle. That is, electric power energy from the
DC voltage source Ba on the primary side is accumulated in
an inductor L1 by ON operation of the power FET Q1. By
OFF operation of the power FET Q1, the electric power
energy accumulated in the inductor L1 is accumulated in a
smoothing capacitor C1 through a diode D1. Then, the
boosted DC output can be obtained as a terminal voltage of
the capacitor C1 by repeating the ON and OFF operations of
the power FET Q1.

[0020] The DC output voltage is divided by a thermistor
THI1 for temperature compensation, and resistances R11 and
R12, and is supplied to an error amplifier 10 in the switching
regulator circuit 9. In this error amplifier 10, the divided
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output is compared with a standard voltage Vref, and an
compared output (error output) is supplied to a PWM circuit
11. A triangular wave for PWM is generated, based in an
oscillation signal from an oscillator 12, in this PWM circuit
11. This PWM wave performs a switching operation of the
power FET Q1 for feedback control in such a way that the
output voltage is kept at a predetermined driving voltage Va.
Accordingly, the output voltage of the DC-DC converter,
that is, the driving voltage Va can be represented by the
following Formula 1:

Va=Vrefx[ (TH1+R11+R12)/R12]

[0021] Here, the pixel configuration shown in FIG. 1 and
the configuration of the driving circuit in the pixel configu-
ration have been disclosed in Japanese Patent Publication
No. 2003-316315 which was filed by the present inventor,
and the DC-DC converter shown in FIG. 1 has also been
disclosed in Japanese Patent Publication No. 2002-366101
which was filed by the present inventor.

(Formula 1)

[0022] Incidentally, a drain current Id by which the
organic EL element E1 is driven for light-emitting is decided
by a difference voltage (voltage between the gate and the
source of the transistor Tr2=Vgs) between the driving volt-
age Va supplied through the power supply line P1 and the
gate voltage of the driving transistor Tr2 decided by charges
accumulated in the capacitor Cs in the configuration of the
pixel 2 shown in FIG. 1. FIG. 2 shows an equivalent circuit
for the pixel configuration. In FIG. 2, a switch SW1 is
substituted for the selection scanning transistor Trl which
has already been explained. Moreover, in FIG. 2 the data
voltage Vdata transmitted through the data line B1 is equiva-
lently represented by the gate voltage Vgate of a changeable
voltage source.

[0023] Here, the boosting voltage of the DC-DC converter
is used as the driving voltage Va supplied to the source of the
transistor Tr2 as already explained, and it is unavoidable to
some extent that ripple noise (ripple component) is super-
imposed on the voltage Va, because switching operations are
required as an operating principle in this kind of DC-DC
converters. Here, when a smoothing capacitor C1 with large
capacitance is used, the level of the ripple component can be
more reduced in the DC-DC converter, but the reducing
effect of the ripple component cannot be expected too much
in comparison with the increasing rate of the capacitance.

[0024] Especially, not only the increased cost, but also the
larger volume for a capacitor is required in order to use the
capacitor for a cellular telephone and a personal digital
assistance (PDA), though the demand for the display panel
shown in FIG. 1 and the DC-DC converter which drives the
panel has been grown as a cellular telephone and PDA have
been widely used. Accordingly, there is a practical limitation
in designing the smoothing capacitor with controlled capaci-
tance to some extent.

[0025] Therefore, a driving voltage, which is represent by
Va as shown in FIG. 3, on which the ripple component
corresponding to the switching period (boosting period Si)
of the DC-DC converter is superimposed is supplied to the
source of the light-emitting driving transistor Tr2 in the
equivalent circuit shown in FIG. 2. On the other hand, the
switch SW1 is turned on at addressing (at data writing), and
a gate voltage Vgate according to an image signal is supplied
to the gate of the driving transistor Tr2.
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[0026] Here, Ls in FIG. 3 represents one scanning (line)
period in the display panel and Fs indicates . . . frame period.
As switching is independently operated in the DC-DC
converter regardless of one scanning period in the display
panel, a writing voltage, which is different among scanning
lines in the voltage Vgs between the gate and the source
under influence of the ripple component, is written into the
capacitor Cs of each pixel.

[0027] That is, as shown in FIG. 3, data according to the
voltage, which is represented as Vgs1, between the gate and
the source is written into the capacitor Cs of each pixel
corresponding to, for example, a first scanning line, data
according to the voltage, which is represented as Vgs2,
between the gate and the source is written to the capacitor Cs
of each pixel corresponding to, for example, a second
scanning line, and data according to the voltage, which is
represented as Vgs3, between the gate and the source is
written to the capacitor Cs of each pixel corresponding to,
for example, a third scanning line.

[0028] FIG. 4 shows a Vgs-Id characteristic (characteris-
tic concerning relation between voltages between the gate
and the source, and drain currents) of TFT represented by the
transistor Tr2. When the voltage between the gate and the
source is changed within a range of delta-Vgs, the drain
current is also changed within a range of delta-Id. Here, it
has been known that the organic EL element has a charac-
teristic by which the light-emitting intensity is approxi-
mately proportional to the current value flowing in the
element concerned.

[0029] Accordingly, there occurs a state that the values
Vgs are different from one another under influence of the
ripple component corresponding to the timing of addressing
as described above. As a result, each EL element on the
light-emitting display panel 1 has different light-emitting
intensity for each scanning line. Thereby, there can be
presented a problem that the display quality of images is
remarkably reduced, for example, a fine striped pattern, or
flickering phenomenon is generated on the display panel.

[0030] In order to avoid such a problem, there can be an
idea that, for example, a regulator circuit shown in FIG. 5
is adopted. That is, the regulator circuit shown in FIG. 5 is
inserted between the output terminal of the DC-DC con-
verter and the power supply lines P1 - - -, on the display
panel 1. The regulator circuit shown in FIG. § comprises: a
NPN transistor Q2; an error amplifier including an opera-
tional amplifier OP1; and a reference voltage source Vrefl.
Based on the above configuration, the emitter potential of
the NPN transistor Q2 is supplied to a noninverting input
terminal of the operation amplifier OP1, and the potential of
the reference voltage source Vrefl is supplied to an inverting
terminal of the operation amplifier OPI.

[0031] According to the configuration, a ripple component
generated on the emitter side of the transistor Q2 is output
to the error amplifier with the operation amplifier OPI. The
base potential of the transistor Q2 is configured to be
changed according to the output of the error amplifier. As a
result, the emitter side, that is, the Vout side of the transistor
Q2 can obtain an output voltage in which the ripple com-
ponent is almost removed. However, the regulator circuit
always causes power loss of (Vin-Vout)xlout=P[w].
Accordingly, the duration time of a battery is remarkably
reduced to cause a state in which it is difficult to adopt the
above-described portable equipment.
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SUMMARY OF THE INVENTION

[0032] The present invention has been made, considering
the above-described problems, and its object is to provide a
light-emitting display device and a driving control method
therefor, by which reduction in display quality of images,
which is caused by, for example, a ripple component gen-
erated in, for example, a power supply circuit represented by
the above-described DC-DC converter can be effectively
prevented without increasing the circuit size.

[0033] The light-emitting display device according to the
present invention, which has been made in order to solve the
above-described problems, is characterized in that the dis-
play device is provided with a display panel on which
multiple pixels comprising a light-emitting element are
arranged at intersecting positions of a plurality of scanning
lines and a plurality of data lines, wherein the above-
described display panel is electrically connected to a section
of a circuit structure for a switching operation, and the
switching operation in the section of the circuit structure and
an operation for scanning selection of scanning lines on the
display panel are in synchronization with each other.

[0034] Moreover, the driving control method for the light-
emitting display device according to the present invention,
which has been made in order to solve the above-described
problems, is characterized in that the driving control method
is for a light-emitting display device provided with a display
panel on which multiple pixels comprising a light-emitting
element are arranged at intersecting positions of a plurality
of scanning lines and a plurality of data lines, wherein,
according to the control of the driving method, the display
panel is electrically connected to a section of a circuit
structure for a switching operation, and the switching opera-
tion in the section of the circuit structure and an operation
for scanning selection of scanning lines on the display panel
are in synchronization with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is a connection diagram showing one
example of, for example, a circuit structure corresponding to
one pixel on a conventional active matrix type display panel,
and a power supply circuit which drives the display panel for
light-emitting driving;

[0036] FIG. 2 is a drawing of an equivalent circuit for a
pixel configuration on the display panel shown in FIG. 1,

[0037] FIG. 3 is a drawing of a signal waveform, which
explains a driving voltage applied to the source electrode of
a light-emitting driving transistor in the drawing of the
equivalent circuit shown in FIG. 2;

[0038] FIG. 4 is a drawing showing a Vgs-Id character-
istic of TFT represented by the above-described light-emit-
ting driving transistor shown in FIG. 2;

[0039] FIG. 5 is a connection diagram showing one
example by which malfunctions in the conventional con-
figuration shown in FIG. 1 are eliminated;

[0040] FIG. 6 is a connection diagram showing a first
embodiment using the present invention for a pixel configu-
ration driven by a conductance controlled method,

[0041] FIG. 7 is a drawing of a signal waveform, which
explains operations of the configuration shown in FIG. 6;
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[0042] FIG. 8 is a connection diagram showing a second
embodiment using the present invention for a pixel configu-
ration driven by a simultaneous erasing scan (SES) method
which realizes time-shared gradation expression; and

[0043] FIG. 9 is a connection diagram showing a third
embodiment using the present invention for a switching
converter according to a PWM method.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0044] Hereinafter, a light-emitting display device accord-
ing to the present invention will be explained based on
embodiments shown in FIGS. 6 through 9. Here, compo-
nents with similar functions to those of components which
have been already explained are denoted by the same
reference numerals as those of the components, which have
been already explained, in the following drawings which
will be explained, and detailed description will be
adequately eliminated.

[0045] In the first place, FIG. 6 shows a first embodiment
in which a display panel 1 having a pixel configuration
according to a conductance controlled method is used as
shown in FIGS. 1 and 2. Moreover, in this embodiment, the
display panel 1 has a configuration in which the panel 1 is
electrically connected to a section of a circuit structure for
a switching operation, that is, a DC-DC converter 8, and an
operating power source voltage Va is supplied from the
DC-DC converter 8 concerned to the panel 1. The configu-
ration of the panel 1 is the same as that shown in the example
of FIG. 1 which has been already explained.

[0046] On the other hand, the embodiment shown in FIG.
6 has a configuration in which a switching operation in the
DC-DC converter 8 and an operation for scanning selection
of scanning lines in the display panel are in synchronization
with each other. That is, a clock signal (scanning shift clock)
corresponding to a scanning frequency given from a light-
emitting control circuit 4 to the display panel 1 (called a line
frequency) is configured to be supplied to an oscillator 12 in
the DC-DC converter 8 as shown in FIG. 6.

[0047] Thereby, an oscillation output from the oscillator
12 which generates a triangular wave for PWM is in
synchronization with the line frequency. Accordingly, in the
DC-DC converter 8, a reference signal of the PWM wave
supplied to the power FET Q1 also is in synchronization
with the line frequency.

[0048] Here, considering a relation between the above-
described line frequency and a frequency of the switching
operation in the DC-DC converter 8 (also called a boosting
frequency), a preferable combination meeting requirements
of actual conditions is obtained as follows: In the first place,
assuming that a display panel with a size of a quarter video
graphics array (QVGA) (240x320 dots) size, a 260,000
color display is used as the display panel 1, a number of
gradations for control is 10, a sub-frame gradation method
is adopted, and a frame frequency is 60 Hz, the following
calculation is obtained:

LINE FREQUENCY=FRAME FREQUENCYx

NUMBER OF LINES(SCANNING LINES)xNUM-

BER OF SUB-FRAMES(NUMBER OF GRADA-

TIONS)=60x320x10=192 KHz
[0049] Tt is preferable by the calculation that the boosting
frequency is set at a frequency in synchronization with 192
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KHz. Here, it is preferable for the DC-DC converter that the
boosting frequency is set at a frequency several times
(integral multiple) the calculated value, considering the
current supplying capacity. Accordingly, it is preferable that
the boosting frequency under the above-described condi-
tions are selected among 192 KHz, 384 KHz, 576 KHz, 768
KHz, and 960 KHz. In some cases, there may be a problem
that, the boosting capacity of the converter is not enough
when this boosting frequency is lower than the above-
illustrated frequencies, and a large peak current is caused to
load the power supply circuit when the boosting frequency
is higher than the above-described frequencies.

[0050] Though the above-described calculation example is
based on the assumption that the frame frequency is 60 Hz,
the following calculation example is obtained when the
frame frequency is assumed to be 100 Hz in the above-
described conditions:

LINE FREQUENCY=100x320x10=320 KHz

[0051] Accordingly, it is preferable that the boosting fre-
quency in this case is selected among 320 KHz, 640 KHz,
and 960 KHz.

[0052] On the other hand, assuming that the frame fre-
quency is 60 Hz in an example in which the gradation
control according to the sub-frame method as described
above is not adopted, and the gradation control is executed,
depending on a current writing method or a voltage writing
method, the following calculation is obtained:

LINE FREQUENCY=60x320=19.2 KHz

[0053] Accordingly, the boosting frequency is selected
among 192 KHz, 384 KHz, 576 KHz, 768 KHz, and 960
KHz, considering the current supplying capacity the DC-DC
converter as described above, though it is preferable that the
boosting frequency is set at a frequency in synchronization
with 19.2 KHZ which has been obtained by the above-
described calculation.

[0054] As understood from the examples which have been
explained above, using concrete numerical values, a clock
signal of, for example, 192 KHz is configured to be supplied
from the light-emitting control circuit 4 to the oscillator 12
in a first example according to the sub-frame method under
the assumption that the frame frequency is 60 Hz. Then, in
the oscillator 12, the boosting frequencies, which are in
synchronization with line frequencies, previously illustrated
can be obtained, for example, by multiplication of the above
signal as required. Moreover, a clock signal of, for example,
320 KHz is configured to be used in a second example
according to the sub-frame method under the assumption
that the frame frequency is 100 Hz. Furthermore, a clock
signal of 19.2 KHz is configured to be used in a similar
manner even in a third example according to the current or
voltage writing method under the assumption that the frame
frequency is 60 Hz.

[0055] FIG. 7 is a timing chart explaining an operation by
which the boosting operation in the DC-DC converter is in
synchronization with scanning selection of scanning lines on
the display panel 1 as explained above. Here, the timing
chart shown in FIG. 7 is the same as that shown in FIG. 3
which has already been explained. Va represents a driving
voltage on which a ripple component corresponding to a
boosting period Si of the DC-DC converter is superimposed.
Moreover, Vgate represents a gate voltage according to an
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image signal supplied to the gate of the driving transistor Tr2
at addressing (at data writing). Moreover, Ls represents one
scanning (line) period in a display panel, and Fs represents
one frame period.

[0056] The example shown in FIG. 7 has a relation by
which the line period Ls is twice the boosting period Si, in
other words, a boosting frequency is set at a frequency twice
a line frequency. Accordingly, data according to the voltage,
which is represented by Vgsl, between the gate and the
source is written into the capacitor Cs of each pixel corre-
sponding to, for example, the first scanning line, data
according to the voltage represented by Vgs2 between the
gate and the source is written into the capacitor Cs of each
pixel corresponding to the second scanning line, and data
according to the voltage represented by Vgs3 between the
gate and the source is written into the capacitor Cs of each
pixel corresponding to the third scanning line.

[0057] As understood from FIG. 7, the timing at data
writing every scanning line is in synchronization with the
phase of the ripple component which is superimposed on the
driving voltage Va. Accordingly, a problem that there is
caused a state in which the light-emitting intensity is dif-
ferent every scanning line can be solved because the same
voltage Vgs between the gate and the source is supplied
every scanning line to the light-emitting driving transistor
Tr2 at any time even if the ripple component by switching
of the DC-DC converter is superimposed on the driving
voltage Va. Thereby, a problem that the display quality of
images is remarkably reduced can be prevented in the
light-emitting driving operation of the display panel,
wherein the operation has a configuration in which the EL
element with a light-emitting intensity characteristic of a
current dependence type is used as a pixel.

[0058] FIG. 8 shows a second embodiment according to
the present invention, and this example shows a pixel
configuration in which a lighting driving method for time-
shared gradation expression, wherein the driving method is
called a simultaneous erasing scan (SES) method, is adopted
and three TFTs are included. Here,

[0059] FIG. 8 shows a circuit structure of one display
pixel as one representative case on account of limited space,
and many circuit structures described above are arranged
like a matrix on the display panel 1 shown in FIG. 6.

[0060] The circuit structure of the pixel shown in FIG. 8
comprises an erasing transistor Tr3 using TFTs in addition to
the pixel configuration of the lighting driving method called
the conductance controlled method which has already been
explained, referring to FIGS. 1 and 6. Here, in FIG. 8§,
components corresponding to those which have been already
explained, referring to FIGS. 1 and 6 are denoted by the
same reference numerals as those in FIGS. 1 and 6, and the
block configurations of the data driver 5 and the scanning
driver 6 shown in FIGS. 1 and 6 are also omitted.

[0061] Moreover, as shown in FIG. 8, the source of the
erasing transistor Tr3 is connected to the side of the source
of the light-emitting driving transistor Tr2, and the drain is
connected to the side of the gate of the driving transistor Tr2.
That is, according to the above configuration, the source and
the drain of the erasing transistor Tr3 are connected to the
ends of the capacitor Cs, respectively, and an erasing signal
Erase is supplied from an erasing driver 7 through an erasing
signal line R1 arranged on the display panel 1.
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[0062] According to the function of this erasing driver 7,
the erasing signal Erase is supplied from the erasing driver
7 to the erasing transistor Tr3 for ON operation of the
transistor Tr3 during the light-emitting period of an EL
element E1 forming each pixel, for example, in the middle
of one frame period. Thereby, charges accumulated in the
capacitor Cs is erased (discharged). In other words, the
light-emitting period of the EL element E1 is controlled by
controlling the output timing of a gate-ON voltage (erasing
signal Erase) from the erasing driver 7 to realize multiple-
step gradation expression.

[0063] The erasing driver 7 realizing the above-described
multiple-step gradation expression comprises a shift register
7a to which a shift clock signal and an erasing data signal are
supplied from the light-emitting control circuit 4 shown in
FIG. 1. The shift clock supplied to this shift register 7a is in
synchronization with the scanning shift clock supplied to a
shift register 6@, which has been explained referring to FIG.
1, in the scanning driver 6. Accordingly, shift output from
the shift register 7a is configured to be supplied to erasing
signal lines R1, - - -, corresponding to each scanning line
undergoing scanning selection by the scanning driver 6.

[0064] At this time, the erasing data signal is superim-
posed on the shift output from shift register 7a in a pulse
width modulation (PWM) form. That is, serial erasing data
signals supplied to the shift register 7a from the light-
emitting control circuit 4 shown in FIG. 1 are converted in
parallel every the erasing signal lines R1, - - -, using the
shift register 7a, a level shifter 7b converts the erasing data
signals after the parallel conversion into those at a prede-
termined level in such a way that the data signal is supplied
to the gate of a erasing transistor Tr3 corresponding to a
pixel emitting light.

[0065] In the above-described configuration, charges
accumulated in the capacitor Cs for charge conservation are
discharged by a gate-on operation of the erasing transistor
Tr3 according to the vgs/Id characteristic of the erasing
transistor Tr3 (characteristic concerning relation between
voltages between the gate and the source, and drain cur-
rents). In this case, the driving voltage Va including the
ripple component given from the above-described DC-DC
converter is applied to the source of the erasing transistor
Tr3, and a predetermined gate voltage according to the
above-described erasing data signal is supplied to the gate of
the erasing transistor Tr3.

[0066] Accordingly, in the SES configuration shown in
FIG. 8, an discharging current erasing charges in the capaci-
tor Cs for charge conservation is changed every line accord-
ing to the level of the ripple component superimposed on the
operating power Va at a point of gate-on of the erasing
transistor Tr3. When this discharging current is changed
every line, the light-out timing of each pixel according to
gradation expression is changed every line to cause a state
in which the light-emitting intensity is substantially changed
every line according to the ripple component.

[0067] Accordingly, even at a light-out operation SES
shown in FIG. 8, the configuration causes a problem that the
display quality of images is reduced, for example, a fine
striped pattern, or flickering phenomenon is generated on the
display panel in a similar manner to that of the pixel
configuration according to the conductance controlled
method which has already been explained.
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[0068] In order to solve such a problem, there is applied
the configuration shown in FIG. 8 in which the clock signal
of 192 KHz (in the case of a frame frequency of 60 Hz), or
the clock signal of 320 KHz (in the case of a frame
frequency of 100 Hz), which are in synchronization with the
boosting operation in the DC-DC converter 8 shown in FIG.
6 as described above, is used as a shift clock signal supplied
from the light-emitting control circuit 4 to the shift register
7a in the erasing driver 7.

[0069] Thereby, the switching operation in the DC-DC
converter 8 and a starting operation of erasing in the
above-described erasing transistor are executed according to
a common clock signal. As a result, every line can have the
same potential of the ripple component at the erasing
operation in the erasing transistor Tr3. This operation is
similar to that which has been explained in FIG. 7.

[0070] Accordingly, the problem that the light-emitting
intensity is substantially changed every line can be solved
because Vgs at the erasing operation of the erasing transistor
Tr3 can be put into a predetermined value, and the discharg-
ing current of charges in the capacitor Cs for charge con-
servation is changed every line even if the ripple component
by the switching operation of the DC-DC converter is
superimposed to the driving voltage Va.

[0071] Then, FIG. 9 shows a third embodiment according
to the present invention in which a switching regulator
circuit in a DC-DC converter is improved. Here, in FIG. 9,
components corresponding to those in the DC-DC converter
8 which has been already explained, referring to FIGS. 1
and 6, are denoted by the same reference numerals as those
in FIGS. 1 and 6. And, an oscillator 12 in the DC-DC
converter shown in FIG. 9 comprises a phase locked loop
(PLL) circuit.

[0072] The PLL circuit including the oscillator 12 com-
prises: a phase detector (PD) 12a which outputs an error
signal corresponding to a phase difference which is obtained
by comparison of the phase between a clock signal from a
light-emitting control circuit 4 and the divided output of a
divider 12d; a low-pass filter (LPF) 12b which extracts a
direct current by receiving the output from the phase detec-
tor 12a; a voltage control oscillator (VCO) 12¢ in which the
oscillation frequency is decided by the direct current
obtained through the low-pass filter 12b; and the divider 124
which divides the output of the voltage control oscillator 12¢
and the divided output is supplied to the phase detector 124.

[0073] Accordingly, the oscillating output from the volt-
age control oscillator 12¢ in synchronization with the clock
signal from the light-emitting control circuit 4 can be
obtained, and the output of the voltage control oscillator 12¢
is supplied as a reference signal for switching to the PWM
circuit 11 in the DC-DC converter.

[0074] As shown in FIG. 9, an oscillation output after
multiplication of the clock signal from the light-emitting
control circuit 4 can be obtained from the voltage control
oscillator 12¢, based on the configuration, in which the
oscillator 12 in the DC-DC converter 8 includes the PLL
circuit, and on selection of a dividing rate of the divider 124.
Accordingly, when the clock signal from the light-emitting
control circuit 4 is 192 KHZ (in the case of the frame
frequency of 60 Hz) as already illustrated, areference signal
for switching, which is preferably used in the DC-DC
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converter 8 of 192 KHz, 384 KHz, 576 KHz, 768 KHz, or
960 KHz in synchronization with the clock signal from the
light-emitting control circuit 4, can be obtained by adequate
selection of the dividing rate of the above-described divider
12d.

[0075] Here, other light-emitting elements with light-
emitting intensity depending on a driving current can be
applied, though an organic EL element has been used as a
light-emitting element in the above-explained embodiments,
Moreover, the present invention can be used for a light-
emitting display device using a circuit structure of a pixel
according to for example, a current mirror driving method,
a current programming driving method, a voltage program-
ming driving method or, a threshold voltage correction
method, other than the above-described pixel configuration,
though the configurations, which have been illustrated as
explained above, of each pixel are typical examples.

What is claimed is:

1. Alight-emitting display device provided with a display
panel on which multiple pixels including a light-emitting
element respectively are arranged at intersecting positions of
a plurality of scanning lines and a plurality of data lines,
wherein

the display panel is electrically connected to a section of
a circuit structure for a switching operation, and the
switching operation in the section of the circuit struc-
ture and an operation for scanning selection of scanning
lines on the display panel are in synchronization with
each other.

2. The light-emitting display device according to claim 1,

wherein

the frequency of the switching operation in the section of
the circuit structure is set at a frequency which is
integral multiple of a scanning frequency given to the
display panel.
3. The light-emitting display device according to claim 1,
wherein

each pixel arranged on the display panel comprises at
least a light-emitting driving transistor connected to the
light-emitting element in series in order to drive the
light-emitting element for light-emitting.
4. The light-emitting display device according to claim 2,
wherein

each pixel arranged on the display panel comprises at
least a light-emitting driving transistor connected to the
light-emitting element in series in order to drive the
light-emitting element for light-emitting.
5. The light-emitting display device according to claim 3,
wherein

a capacitor for charge conservation which keeps the gate
potential of the light-emitting driving transistor is con-
nected to the gate of the light-emitting driving transis-
tor.

6. The light-emitting display device according to claim 4,

wherein

a capacitor for charge conservation which keeps the gate
potential of the light-emitting driving transistor is con-
nected to the gate of the light-emitting driving transis-
tor.
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7. The light-emitting display device according to claim 1,
wherein

the switching operation in the section of the circuit
structure and the operation for scanning selection of
scanning lines on the display panel are configured to be
based on a common clock signal.
8. The light-emitting display device according to claim 7,
wherein

an erasing transistor which can erase charges in the
capacitor for charge conservation is further provided
for each pixel, and the switching operation in the
section of the circuit structure and a starting operation
of erasing in the erasing transistor are executed accord-
ing to a common clock signal.

9. The light-emitting display device according to any one

of claims 1 through 6, wherein

the section of the circuit structure for a switching opera-
tion is a DC-DC converter.
10. The light-emitting display device according to claim
7, wherein

the section of the circuit structure for a switching opera-
tion, is a DC-DC converter.
11. The light-emitting display device according to claim
8, wherein

the section of the circuit structure for a switching opera-
tion is a DC-DC converter.
12. The light-emitting display device according to claim
9, wherein

the switching operation of the DC-DC converter is based
on a PWM method.
13. The light-emitting display device according to claim
10, wherein

the switching operation of the DC-DC converter is based
on a PWM method.
14. The light-emitting display device according to claim
11, wherein

the switching operation of the DC-DC converter is based
on a PWM method.
15. The light-emitting display device according to claim
12, wherein
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a reference signal which executes a switching operation
according to the PWM method is configured to use the
output of a voltage control oscillator in a PLL circuit,
in which a clock signal executing a scanning selection
operation in the display panel is used as an input.

16. The light-emitting display device according to claim

13, wherein

a reference signal which executes a switching operation
according to the PWM method is configured to use the
output of a voltage control oscillator in a PLL circuit,
in which a clock signal executing a scanning selection
operation in the display panel is used as an input.

17. The light-emitting display device according to claim

14, wherein

a reference signal which executes a switching operation
according to the PWM method is configured to use the
output of a voltage control oscillator in a PLL circuit,
in which a clock signal executing a scanning selection
operation in the display panel is used as an input.

18. The light-emitting display device according to claim

1, wherein

a light-emitting element forming a pixel arranged on the
display panel is an organic EL element using an organic
compound for the light-emitting layer.

19. The light-emitting display device according to claim

7, wherein

a light-emitting element forming a pixel arranged on the
display panel is an organic EL element using an organic
compound for the light-emitting layer.

20. A driving control method for a light-emitting display
device provided with a display panel on which multiple
pixels comprising a light-emitting element are arranged at
intersecting positions of a plurality of scanning lines and a
plurality of data lines, wherein, according to the control of
the driving control method,

the display panel is electrically connected to a section of
a circuit structure for a switching operation, and the
switching operation in the section of the circuit struc-
ture and an operation for scanning selection of scanning
lines on the display panel are in synchronization with
each other.
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