US 20030201955A1

a2 Patent Application Publication (0 Pub. No.: US 2003/0201955 A1l

a9 United States

Song et al.

(43) Pub. Date: Oct. 30, 2003

(54) ORGANIC ELECTROLUMINESCENT (EL)
DISPLAY DEVICE AND METHOD FOR
DRIVING THE SAME

(76) Inventors: June-Young Song, Yongin-city (KR);
Kyoung-Soo Lee, Anyang-city (KR)

Correspondence Address:
CHRISTIE, PARKER & HALE, LLP
P.O. BOX 7068
PASADENA, CA 91109-7068 (US)
(21) Appl. No.: 10/391,369
(22) Filed: Mar. 18, 2003
(30) Foreign Application Priority Data
Apr. 12,2002 (KR) wovcereee e 2002-19932
Publication Classification

(51) Int. CL7 oo GO09G 3/30; GO9G 3/32

Data[m]

(52) US.Cl oo, 345/76; 345/82
(57) ABSTRACT

An organic EL display device for compensating for a
reduction of the voltage between the gate and source of a
driving transistor occurring due to a voltage drop of the
source voltage caused by the resistance component of a
power source line, and a method for driving the organic EL
display device. The organic EL display device has a data
driver for receiving digital image data and applying the
digital image data and a data voltage corresponding to the
position of a pixel circuit. The data driver outputs different
data voltages depending on the position of the pixel circuit
even when the same digital image data are received. When
the driving transistor is a P-type transistor, the data driver
applies a higher data voltage to a pixel circuit that is closer
to an external voltage source than that applied to a farther
one even when the same digital data are received. When the
driving transistor is an N-type transistor, the data driver
applies a lower data voltage to a pixel circuit that is closer
to an external voltage source than that applied to a farther
one even when the same digital data are received.
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ORGANIC ELECTROLUMINESCENT (EL)
DISPLAY DEVICE AND METHOD FOR DRIVING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to application No.
2002-0019932, filed in the Korean Intellectual Property
Office on Apr. 12, 2002, the disclosure of which is incor-
porated hereinto by reference.

BACKGROUND OF THE INVENTION
[0002] (a) Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescent (hereinafter, referred to as “EL”) display
device, and a method for driving the organic EL display
device. More specifically, the present invention relates to an
organic EL display device capable of compensating for a
reduction of the voltage between the gate and source of a
driving transistor that occurs due to a voltage drop of the
source voltage caused by the resistance component of a
power source line, and a method for driving the organic EL
display device.

[0004] (b) Description of the Related Art

[0005] In general, an organic EL display device is a
display device that electrically excites a fluorescent organic
compound to emit light, and drives N x M organic lumi-
nescent cells to display an image. Typically the techniques
for driving the organic luminescent cells include, the passive
matrix method and the active matrix method using thin film
transistors (TFTs).

[0006] Compared with the passive matrix method that uses
positive and negative electrodes lying at right angles to each
other and selectively drives the electrode lines, the active
matrix method connects TFTs and capacitors to the indi-
vidual ITO (Indium Tin Oxide) pixel electrodes to maintain
a voltage through capacitance.

[0007] FIG. 1 is a circuit diagram of a conventional pixel
circuit for driving an organic EL device using TFTs, in
which one of N x M pixels is shown.

[0008] Referring to FIG. 1, a P-type driving transistor Ml
is connected to the organic EL device OELD to supply a
current for emitting light. The current of the driving tran-
sistor M1 is controlled by a data voltage applied through a
P-type switching transistor M2. Between the source and gate
of the transistor M1, a capacitor C, is connected for main-
taining the applied voltage for a predetermined period of
time. The gate of the transistor M2 is connected to the n-th
scan line Scan[n], and the source of the transistor M2 is
connected to the m-th data line Data[m].

[0009] Now, the operation of the above-constructed pixel
circuit will be described. With a scanning signal applied to
the gate of the switching transistor M2 to turn on the
transistor M2, data voltage V.. 1S applied to the gate
(node A) of the driving transistor M1 via the data lines. As
the data voltage Vp,ra is applied to the gate, the current
flows to the organic EL device OELD via the transistor M1
to emit lights.
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[0010] The current flowing to the organic EL device is
given by the following equation:

B B [Equation 1]
logip = E(VGS - Vi)t = E(VDD — Vpama — Viu)*

[0011] In the above equation, I, 1, is the current flowing
to the organic EL device; V4q4 is the voltage between the
source and gate of the transistor M1; V, is the source
voltage applied to the source of the transistor M1; V is the
threshold voltage of the transistor M1; V.. is the data
voltage; and f is a constant value.

[0012] As can be seen from Equation 1, the current
corresponding to the data voltage Vi, 414 applied to the pixel
circuit shown in FIG. 1 is sent to the organic EL device
OELD, which then emits light. Here, the data voltage Vp, ara
has a multilevel value in a predetermined range, for repre-
senting gradation.

[0013] According to the conventional pixel circuit, virtu-
ally all the source voltage V, is applied to the source of a
driving transistor M1 that is closely connected, via a power
source line, to an external source outputting the source
voltage Vpp. But a voltage Vo, that is lower than the
source voltage due to the resistance component of the power
source line is applied to a source of the driving transistor M1
that is connected far away from the external voltage source
via the power source line.

[0014] This can be described as follows in further detail
with reference to FIGS. 2 and 3.

[0015] In the pixel circuit of FIG. 2, it is assumed that an
external power source (not shown) is positioned adjacent to
the first row of the pixel circuit.

[0016] In FIG. 2, the source voltage V is applied
directly to the driving transistor M1 of the pixel circuit in the
first row, and, via a resistance R, to the driving transistor of
the pixel circuit in the n-th row.

[0017] Assuming that data voltage V, is applied to the gate
of the driving transistor of the pixel circuit in the first row
and data voltage V, is applied to the gate of the driving
transistor of the pixel circuit in the n-th row, the driving
transistor M1 is turned on as shown in the equivalent circuit
diagram of FIG. 3.

[0018] As shown in FIG. 3, the voltage V is applied to
the source (denoted by ‘A’) of the driving transistor of the
pixel circuit in the first row, but the voltage V. that is
lower than Vi, is applied to the source (denoted by ‘B’) of
the driving transistor of the pixel circuit in the n-th row due
to a voltage drop caused by the resistance R,.

[0019] Accordingly, when the same data voltage is applied
in order to represent the same gradation in the first and n-th
rows, i.e., V,=V,, the voltage VDD applied to the source of
the driving transistor in the first row differs from the voltage
VDD, applied to the source of the driving transistor in the
n-th row. Hence a current of a different magnitude flows to
the organic EL device as can be seen from Equation 1. Thus
the conventional organic EL display device exhibits different
gradations according to the position of the pixel even with
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the same data voltage, and therefore it has difficulty in
accurately representing gradation.

[0020] Particularly, the difference of the source voltage
caused by the resistance component of the power source line
becomes greater with an increase in the distance from the
external voltage source, and, for a high resolution (greater
than SVGA) organic EL display device, a current of up to
several amperes flows to the whole panel during a full white
driving operation, resulting in a deterioration of the lumi-
nance by scores of grays.

SUMMARY OF THE INVENTION

[0021] An embodiment of the present invention may be
used to solve the problems with the prior art and to provide
an organic EL display device capable of compensating for a
reduction of the voltage between the gate and source of a
driving transistor occurring due to a voltage drop of the
source voltage caused by the resistance component of a
power source line, and a method for driving the organic EL
display device.

[0022] In one embodiment of the present invention, there
is provided an organic EL display device including: an
organic EL panel comprising a plurality of data lines for
transferring a data voltage representing a picture signal, a
plurality of scan lines for transferring a scanning signal, and
a pixel circuit formed by a plurality of pixels defined by the
data and scan lines, the pixel circuit having an organic EL
device and a driving transistor for driving the organic EL
device; a scan driver for selectively applying the scanning
signal to the scan lines; and a data driver for receiving digital
image data and applying the digital image data and a data
voltage corresponding to the position of the pixel circuit to
the data lines.

[0023] The data driver outputs different data voltages
depending on the position of the pixel circuit even when the
same digital image data are received. More specifically,
when the driving transistor is a P-type transistor, the data
driver applies a higher data voltage to a pixel circuit that is
closer to an external voltage source than that applied to a
farther one even when the same digital data are received.
Otherwise, when the driving transistor is an N-type transis-
tor, the data driver applies a lower data voltage to a pixel
circuit that is closer to an external voltage source than that
applied to a farther one even when the same digital data are
received.

[0024] In one embodiment of the present invention, there
is provided an apparatus for driving an organic EL display
device, which includes a plurality of data lines for transfer-
ring a data voltage representing a picture signal, a plurality
of scan lines for transferring a scanning signal, and a pixel
circuit formed by a plurality of pixels defined by the data and
scan lines and having an organic EL device and a driving
transistor for driving the organic EL device. The apparatus
includes: a scan driver for selectively applying the scanning
signal to the scan lines; a data driver for receiving RGB data
as digital image data, and applying the digital image data
and a data voltage corresponding to the position of the pixel
circuit to the data lines; a graphic controller for generating
the RGB data inherently or based on a picture signal that is
externally applied; and a timing controller for generating
horizontal and vertical sync signals from the RGB data, and
sending the generated horizontal and vertical sync signals to
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the scan driver and sending the horizontal and vertical sync
signals and the received RGB data to the data driver.

[0025] The data driver includes: a counter for detecting
frame start information from the vertical sync signal and
then counting the horizontal sync signal to output position
data determining a scan line corresponding to a pixel circuit
to which the RGB data are applied; a reference voltage
adjuster for receiving the position data, and outputting a
reference voltage corresponding to the position data; a
voltage divider circuit comprising a plurality of resistances
connected in series between a source voltage and the refer-
ence voltage; a switching section for selecting one of contact
voltages each formed between the resistances of the voltage
divider circuit; and a switch controller for receiving the
horizontal and vertical sync signals and the RGB data, and
controlling a switching operation of the switching section to
select one contact voltage corresponding to the RGB data.

[0026] In one embodiment of the present invention, there
is provided a method for driving an organic EL display
device which includes a plurality of data lines for transfer-
ring a data voltage representing a picture signal, a plurality
of scan lines for transferring a scanning signal, and a pixel
circuit formed by a plurality of pixels defined by the data and
scan lines and having an organic EL. device and a driving
transistor for driving the organic EL device. The method
including: detecting the position of the pixel circuit from
RGB data as digital image data; and (b) applying the RGB
data and a data voltage corresponding to the position of the
pixel circuit to the data lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate an
embodiment of the invention, and, together with the descrip-
tion, serve to explain the principles of the invention:

[0028] FIG. 1 is a circuit diagram of a conventional pixel
circuit for driving an organic EL device;

[0029] FIG. 2 is a circuit diagram of a conventional pixel
circuit, in which the resistance component of a power source
line is considered;

[0030] FIG. 3 is a diagram explaining the driving opera-
tion of the pixel circuit shown in FIG. 2;

[0031] FIG. 4 is a diagram of an organic EL display
device in accordance with one embodiment of the present
invention;

[0032] FIG. 5 is a diagram of a pixel circuit embodied
with an N-type driving transistor; and

[0033] FIG. 6 is a diagram of a data driver in accordance
with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0034] In the following detailed description, as will be
realized, the disclosed embodiment of the invention is
capable of modification in various obvious respects, all
without departing from the invention. Accordingly, the
drawings and description are to be regarded as illustrative in
nature, and not restrictive.
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[0035] FIG. 4 is a diagram showing an organic EL display
device in accordance with an embodiment of the present
invention.

[0036] As shown in FIG. 4, the organic EL display device
according to an embodiment of the present invention com-
prises an organic EL display panel 10, a data driver 20, a
scan driver 30, a timing controller 40, and a graphic con-
troller 50.

[0037] The organic EL display panel 10 comprises a
plurality of data lines D , D,, D, . . . and D,,, for transferring
a data voltage representing picture signals, a plurality of
scan lines S,, S,, S;, . . . and S, for transferring scanning
signals, and a pixel circuit 11 formed by a plurality of pixels
each defined by the data and scan lines.

[0038] The pixel circuit 11 may comprise, as shown in
FIG. 1, an organic EL device OELD, a P-type driving
transistor M1, a switching transistor M2, and a capacitor C,,.
Alternatively, the pixel circuit 11 may comprise, as shown in
FIG. 5, an organic EL device OELD, an N-type driving
transistor M3, a switching transistor M4, and a capacitor C,,.

[0039] The driving transistors M1 and M3 are connected
to the organic EL device OELD to supply a current for
emitting lights. The currents of the driving transistors M1
and M3 are controlled by the data voltage applied through
the switching transistors M2 and M4. The capacitor C,, for
maintaining the applied voltage for a predetermined period
of time is connected between the source and gate of the
transistors M1 and M3.

[0040] The graphic controller 50 generates digital image
data, i.e., RGB data, inherently or based on picture signals
that are externally received.

[0041] The timing controller 40 generates horizontal sync
signals H, . and vertical sync signals V___ from the RGB
data to output the sync signals V.. and H, ,_ to the scan
driver 30, or to output the sync signals H,,. and V.. and
the RGB data to the data driver 20.

[0042] The method for generating horizontal sync signals
H_ . and vertical sync signals V___ from the RGB data is

well known to those skilled in the art and will not be
described herein.

[0043] The data driver 20 receives the sync signals H, .
and V_, and the RGB data from the timing controller 40,
generates a compensated data voltage with respect to scan

lines in order to compensate for a reduction of the voltage

Regg+ Ry +...+R_ | +R;
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[0044] As will be described later, when with the same
RGB data are received, the data driver 20 applies a higher
data voltage to a pixel circuit that is closer to the external
power source when using a P-type driving transistor, as
shown in FIG. 1, or a lower data voltage to a pixel circuit
that is closer to the external power source when using an
N-type driving transistor, as shown in FIG. 5.

[0045] The scan driver 30 sequentially applies, to the
plural scan lines, the scanning signals in synchronization
with the sync signals received from the timing controller 40.

[0046] FIG. 6 is a detailed diagram of the data driver 20
in accordance with an embodiment of the present invention.

[0047] As shown in FIG. 6, the data driver 20 according
to the embodiment of the present invention comprises a
counter 21, a reference voltage adjuster 22, a voltage divider
circuit 24, a switching section 25, a switch controller 23, a
shift register 26, and a data buffer 27.

[0048] The counter 21 receives the vertical sync signal
Vsync and the borizontal sync signal H,,, . and outputs infor-
mation about the scan line corresponding to the pixel circuit
to which the RGB data will be applied. Namely, the counter
21 detects frame start information from the vertical sync
signal V. and counts the horizontal sync signals H,,. to
output the position data that determines a scan line corre-
sponding to the pixel circuit to which the RGB data will be

applied.

[0049] The reference voltage adjuster 22 receives the
position data from the counter 21 and outputs a reference
voltage V,, corresponding to the position data. The reference
voltage is to compensate for a reduction of the voltage
between the gate and source of the driving transistor caused
by a voltage drop of the power source line. More specifi-
cally, the reference voltage adjuster 22 outputs a lower
reference voltage to a pixel circuit that is farther from the
external power source when using a P-type driving transis-
tor, as shown in FIG. 1, or a higher data voltage to a pixel
circuit that is farther from the external power source when
using an N-type driving transistor, as shown in FIG. 5.

[0050] The voltage divider circuit 24 comprises i resis-
tances R, R,, . . . and R, connected in series between a
source voltage V, and the reference voltage V, of the
reference voltage adjuster 22. Contact voltages each formed
between the resistances provide the respective gradation
voltage levels.

[0051] The contact voltage V_ between the resistances is
calculated by the following Equation 2:

[Equation 2]

v =

(Va=Vp)+Vp

Ri+Ra+.. +R +R;

_ (Reyi + R+ .+ R+ RV + (R + Ry +...+ R, + RV,

between the gate and source of the driving transistors caused
by a voltage drop of the power source line, and applies the
compensated data voltage to the data lines. Here, the data
driver 20 according to the embodiment of the present
invention outputs different data voltages depending on the
position of the pixel circuit, even when with the same RGB
data are received.

Ri+Ry+...+R_|+R;

[0052] As is apparent from Equation 2, the contact voltage
V_ of the voltage divider circuit 24 becomes higher as the V,,
increases, i.e., the pixel circuit is nearer to the external
power voltage source. The switching section 25 selects one
of the contact voltages each formed between the resistances
and sends the selected contact voltage to the shift register.

[0053] According to the voltage divider circuit shown in
FIG. 6, the one voltage V, is constant (referred to as “source
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voltage” in FIG. 6) and the other voltage V,, output from the
reference voltage adjuster is variable depending on the
position of the pixel circuit. Alternatively, the both voltages
V, and V|, can be output from the reference voltage adjuster
and controlled to be variable.

[0054] The switch controller 23 receives the horizontal
sync signals H ., the vertical sync signals V., and the
RGB data, and controls the switching operation of the
switching section 25 to select one contact voltage corre-

sponding to the RGB data.

[0055] The shift register 26 sequentially shifts the selected
contact voltage, and after shifting all the data voltages to be
applied to the respective data lines, sends the voltages to the
data buffer.

[0056] The data buffer 27 applies the data voltage, stored
in synchronization with control signals (not shown), to the
data lines.

[0057] According to one embodiment of the present inven-
tion, in order to compensate for a reduction of the voltage
between the gate and source of the driving transistor due to
a voltage drop of the power source line, a lower reference
voltage is output to a pixel circuit that is farther from the
external power voltage source than that applied to a closer
one in the case of a P-type driving transistor. Thus even
when RGB data of a same gradation level are output from
the graphic controller, the embodiment of the present inven-
tion solves the problem regarding a reduction of the voltage
difference between the gate and source of the driving tran-
sistor caused by a voltage drop of the power source line,
since the data voltage applied to a pixel circuit far from the
external power voltage source is lower than the data voltage
applied to a pixel circuit that is adjacent to the external
power voltage source.

[0058] While this invention has been described in connec-
tion with what is presently considered to be the most
practical and preferred embodiment, it is to be understood
that the invention is not limited to the disclosed embodi-
ments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims.

[0059] For example, although the driving transistor of a
pixel circuit has the same conductivity type as the switching
transistor in the embodiment of the present invention, the
transistors may differ from each other in the conductivity
type.

[0060] As described above, according to one embodiment
of the present invention, the reference voltage applied to the
voltage divider circuit generating the data voltage is variable
depending on the position of the pixel circuit, thereby
compensating for a reduction of the voltage between the gate
and source of the driving transistor occurring due to a drop
of the source voltage caused by the resistance component of
the power source line.

What is claimed is:
1. An organic electroluminescent display device compris-
ing:

an organic electroluminescent panel comprising a plural-
ity of data lines for transferring a data voltage repre-
senting a picture signal, a plurality of scan lines for
transferring a scanning signal, and a pixel circuit
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formed by a plurality of pixels defined by the data lines
and scan lines, the pixel circuit having an organic
electroluminescent device and a driving transistor for
driving the organic electroluminescent device;

a scan driver for selectively applying the scanning signal
to the scan lines; and

a data driver for receiving digital image data and applying
the digital image data and data voltage corresponding
to the position of the pixel circuit to the data lines.

2. The organic electroluminescent display device as
claimed in claim 1, wherein the data driver outputs different
data voltages depending on the position of the pixel circuit
even when the same digital image data are received.

3. The organic electroluminescent display device as
claimed in claim 2, wherein the driving transistor is a P-type
transistor, the data driver applies a higher data voltage to a
pixel circuit that is closer to an external voltage source than
that applied to a farther pixel circuit even when the same
digital data are received.

4. The organic electroluminescent display device as
claimed in claim 2, wherein the driving transistor is an
N-type transistor, the data driver applies a lower data voltage
to a pixel circuit that is closer to an external voltage source
than that applied to a farther pixel circuit even when the
same digital data are received.

5. The organic electroluminescent display device as
claimed in claim 1, further comprising:

a graphic controller for generating RGB data as digital
image data; and

a timing controller for generating horizontal and vertical
sync signals from the RGB data, and sending the
generated horizontal and vertical sync signals to the
scan driver and sending the horizontal and vertical sync
signals and the received RGB data to the data driver.

6. The organic electroluminescent display device as

claimed in claim 5, wherein the data driver comprises:

a counter circuit for detecting frame start information
from the vertical sync signal and for counting the
horizontal sync signals to output position data deter-
mining a scan line corresponding to a pixel circuit to
which the RGB data is applied;

a reference voltage adjuster for receiving the position data
and sending a reference voltage corresponding to the
position data;

a voltage divider circuit comprising a plurality of resis-
tances connected in series between a source voltage and
the reference voltage;

a switching section for selecting one of contact voltages
each formed between the resistances of the voltage
divider circuit; and

a switch controller for receiving the horizontal and ver-
tical sync signals and the RGB data, and controlling a
switching operation of the switching section to select
one contact voltage corresponding to the RGB data.

7. An apparatus for driving an organic electroluminescent

display device including a plurality of data lines for trans-
ferring a data voltage representing a picture signal, a plu-
rality of scan lines for transferring a scanning signal, and a
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pixel circuit formed by a plurality of pixels defined by the
data and scan lines and having an organic electrolumines-
cent device and a driving transistor for driving the organic
electroluminescent device, the apparatus comprising;

a scan driver for selectively applying the scanning signal
to the scan lines;

a data driver for receiving RGB data as digital image data,
and applying the digital image data and a data voltage
corresponding to the position of the pixel circuit to the
data lines;

a graphic controller for generating the RGB data inher-
ently or based on a picture signal that is externally
applied; and

a timing controller for generating horizontal and vertical
sync signals from the RGB data, and sending the
generated horizontal and vertical sync signals to the
scan driver and sending the horizontal and vertical sync
signals and the received RGB data to the data driver.

8. The apparatus as claimed in claim 7, wherein the
driving transistor is a P-type transistor and the data driver
applies a higher data voltage to a pixel circuit that is closer
to an external voltage source than that applied to a farther
one even when the same digital data are received.

9. The apparatus as claimed in claim 7, wherein the
driving transistor is an N-type transistor, the data driver
applying a lower data voltage to a pixel circuit that is closer
to an external voltage source than that applied to a farther
one even when the same digital data are received.

10. The apparatus as claimed in claim 8 or 9, wherein the
data driver comprises:

a counter for detecting frame start information from the
vertical sync signal and then counting the horizontal
sync signal to output position data determining a scan
line corresponding to a pixel circuit to which the RGB
data are applied,

a reference voltage adjuster for receiving the position
data, and outputting a reference voltage corresponding
to the position data;

a voltage divider circuit comprising a plurality of resis-
tances connected in series between a source voltage and
the reference voltage;

a switching section for selecting one of contact voltages
cach formed between the resistances of the voltage
divider circuit; and
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a switch controller for receiving the horizontal and ver-
tical sync signals and the RGB data, and controlling a
switching operation of the switching section to select
one contact voltage corresponding to the RGB data.

11. A method for driving an organic electroluminescent

display device, which includes a plurality of data lines for
transferring a data voltage representing a picture signal, a
plurality of scan lines for transferring a scanning signal, and
a pixel circuit formed by a plurality of pixels defined by the
data and scan lines and having an organic electrolumines-
cent device and a driving transistor for driving the organic
electroluminescent device, the method comprising;

(a) detecting the position of the pixel circuit from RGB
data as digital image data; and

(b) applying the RGB data and a data voltage correspond-

ing to the position of the pixel circuit to the data lines.

12. The method as claimed in claim 11, wherein the
driving transistor is a P-type transistor, the method compris-
ing applying a higher data voltage to a pixel circuit that is
closer to an external voltage source than that applied to a
farther one even when the same digital data are input.

13. The method as claimed in claim 11, wherein the
driving transistor is an N-type transistor, the method com-
prising applying a lower data voltage to a pixel circuit that
is closer to an external voltage source than that applied to a
farther one even when the same digital data are input.

14. The method as claimed in claim 12 or 13, wherein the
step (a) comprises:

generating horizontal and vertical sync signals from the
RGB data; and

detecting frame start information from the vertical sync
signal and then counting the horizontal sync signal to
output position data determining a scan line corre-
sponding to a pixel circuit to which the RGB data are
applied.
15. The method as claimed in claim 14, wherein the step
(b) comprises:

receiving the position data output in the step (a), and
outputting a reference voltage corresponding to the
position data; and

selecting one of contact voltages each formed between the
resistances connected in series between a source volt-
age and the reference voltage.



patsnap

TRAFROE) BYBEHEX (EL) EREERERIFZE
NIF(2E)E US20030201955A1 K (2E)R 2003-10-30
RS US10/391369 iR 2003-03-18

#RIERE(ERAGE) RANHAYOUNG
LEE SOO KYOUNG

B (E R AGR) RJUNE-YOUNG
ZKYOUNG-SO0

HFEHB(ERB)A(E) FRIUNE-YOUNG
ZKYOUNG-S00

[FRIRBAA SONG JUNE YOUNG
LEE KYOUNG SOO

LN SONG, JUNE-YOUNG
LEE, KYOUNG-SOO

IPCH %S G09G3/30 G09G3/32

CPCH%S G09G3/3233 G09G2300/0842 G09G2310/027 G09G2330/02 G09G2320/0233 G09G2320/0271
G09G2320/0223

L A 1020020019932 2002-04-12 KR

H N FF 3Tk US7432886

ShEBEEEE Espacenet  USPTO

(%) Scan[n] -
—RENELE RER , AT M TRRLNBHES B RNRREE VDD
By e A T 5 2 3R 5 8 A O M ROBAR o2 80 B e R MO BB, AR AR T
TR HENELY S AELE REH, SHELE REBEARERHE -
£ F U 7 G IR S D PR R S R SR 3 e B 0 L T I T ICt
WiRGE, NEEERIERNRTEGREN  NEBDHSELRES M2 S
ERBENUERHTENKREDE, 4B SEEEPRAAEN | BIE
SN EERN R RIEN | MR 5 I A N IR L E G B E t

) M1

SRS ERNGEDRE | MARENHELOABEER, B
REEENESHEN  DELERIRRNKTREN  MEFEDSE®
R B & EiEME LB M T B & ERE L A ER
rRE B, ORDT



https://share-analytics.zhihuiya.com/view/6fcf79fb-216c-44a2-8dee-b0e26ee5f9b5
https://worldwide.espacenet.com/patent/search/family/029244723/publication/US2003201955A1?q=US2003201955A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220030201955%22.PGNR.&OS=DN/20030201955&RS=DN/20030201955

