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1
ORGANIC LIGHT EMITTING DIODE
DISPLAY

This application claims the benefit of Korea Patent Appli-
cation No. 10-2010-0132535 filed on Dec. 22, 2010, the
entire contents of which is incorporated herein by reference
for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the invention relate to an organic light
emitting diode (OLED) display.

2. Discussion of the Related Art

Various flat panel displays (FPDs), that may replace cath-
oderay tubes (CRTs) displays disadvantageous in light of the
weight and the size, have been developed. Examples of the
FPDs include liquid crystal display (LCDs), field emission
displays (FEDs), plasma display panel (PDP) displays, and
electroluminescence device (EL) displays.

The EL display is classified into an inorganic EL display
and an organic light emitting diode (OLED) display depend-
ing on a material of a light emitting layer. The OLED display
is a self-emitting display and has a number of advantages,
such as a fast response time, a high emitting efficiency, a high
luminance, and a wide viewing angle.

The OLED display may be driven by various methods
including voltage driving, voltage compensating, current
driving, digital driving, external compensating methods, etc.

An existing low-speed parallel connection method
between devices is disadvantageous in price, power con-
sumption, electromagnetic interference (EMI), size, etc. An
existing serial interface suffers from an increase in complex-
ity and a reduction in efficiency in an environment where a
number of devices are connected to one another by a point-
to-point connection method. To solve the problems of the
existing interface circuit technologies, the interface circuit
technology has been advancing toward a low voltage and
high-speed serial transfer technology. The MIPI (Mobile
Industry Processor Interface) Alliance, which defines stan-
dards for the serial interface between modules of a mobile
device, implements the low voltage and high data transfer and
thus has been considered as an optimum interface technology
in mobile environments. Mobile information appliances
using the MIPI may convert their operation mode into a
sleep-in mode, a sleep-out mode, a normal driving mode (or
display-on mode), or a dimmed low power (DLP) mode in
response to standard commands of the MIPI Alliance. In the
sleep-in mode and the DLP mode, driving voltages of a dis-
play panel are held at a ground level voltage, and driving
circuits of the display panel do not operate. Therefore, power
consumption of the mobile information appliances may be
reduced. In the sleep-out mode, the driving voltages of the
display panel increase to a driving voltage level, and the
driving circuits of the display panel start to operate. In the
normal driving mode, the driving circuits of the display panel
normally operate and thus display an image input from a
phone main chip.

A range of application for the OLED displays has been
recently extended to display elements of the mobile informa-
tion appliances. In the mobile information appliances using
the OLED displays, when their operation mode is converted
from the sleep-in mode to the sleep-out mode, each of pixels
is overly charged to an anode voltage of an OLED formed on
each pixel and may emit light. Hence, a user may see a
phenomenon, in which the screen ofthe OLED display abnor-
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mally flickers, when the operation mode of the mobile infor-
mation appliances is converted from the sleep-in mode to the
sleep-out mode.

SUMMARY OF THE INVENTION

Embodiments of the invention provide an organic light
emitting diode (OLED) display capable of preventing a dis-
play of an abnormal screen when the OLED display operates
in a sleep-out mode.

In one aspect, there is an OLED display comprising a
display panel including datalines, scan lines crossing the data
lines, and light emitting cells arranged in a matrix form, each
of the light emitting cells including an OLED, and a panel
driving circuit configured to reduce a reference voltage
applied to an anode of the OLED to a ground level voltage in
a sleep-out mode and adjust the reference voltage at a voltage
level greater than the ground level voltage, wherein the ref-
erence voltage is held at a voltage level greater than the
ground level voltage in a normal driving mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG.11s ablock diagram of an organic light emitting diode
(OLED) display according to an embodiment of the inven-
tion,;

FIG. 2 is a circuit diagram illustrating a light emitting cell
of FIG. 1;

FIG. 3 illustrates waveforms of driving signals of the light
emitting cell of FIG. 2;

FIGS. 4 and 5 illustrate voltage-current characteristics of a
driving thin film transistor (TFT);

FIG. 6 is a circuit diagram illustrating a power control
operation of a panel driver chip; and

FIG. 7 is a waveform diagram illustrating operations of a
sleep-in mode, a sleep-out mode, and a normal driving mode
in an OLED display according to an embodiment of the
invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Reference will now be made in detail to the specific
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts. It will be paid attention
that detailed description of known arts will be omitted if it is
determined that the arts can mislead the invention.

As shown in FIGS. 1 to 3, an organic light emitting diode
(OLED)display according to an embodiment of the invention
includes a display panel 10, a data driver 20, a scan driver 30,
a power generator 50, and a timing controller 40.

The display panel 10 includes data lines receiving a data
voltage, scan lines, which cross the data lines and sequentially
receive a scan pulse SCAN and a light emitting control pulse
EM, and light emitting cells 11 arranged in a matrix form. The
light emitting cells 11 receive a high potential power voltage
VDDEL. As shown in FIG. 2, each of the light emitting cells
11 includes a plurality of thin film transistors (TFTs), a
capacitor Cb, and an OLED. The light emitting cell 11 is
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initialized in response to the scan pulse SCAN and samples a
threshold voltage of'a driving TFT DT. The OLED of'the light
emitting cell 11 emits light by a current flowing through the
driving TFT DT that is driven by the compensated data volt-
age obtained by compensating the threshold voltage of the
driving TFT DT during a low logic period (or a light emitting
period) of the light emitting control pulse EM.

The data driver 20 converts digital video data RGB into a
gamma compensation voltage under the control of the timing
controller 40 and generates the data voltage using the gamma
compensation voltage. The data driver 20 supplies the data
voltage to the data lines. The scan driver 30 supplies the scan
pulse SCAN and the light emitting control pulse EM to the
scan lines under the control of the timing controller 40.

In a sleep-out mode and a normal driving mode, in which
the digital video data RGB is normally displayed, the power
generator 50 is enabled to generate the high potential power
voltage VDDEL for driving the light emitting cells 11. In a
sleep-in mode and a dimmed low power (DLP) mode, the
power generator 50 is disabled and generates no output. The
power generator 50 may include a DC-DC converter and/or a
low-dropout (LDO) regulator having a soft start function.

The timing controller 40 receives external timing signals
such as a vertical sync signal, a horizontal sync signal, and
clocks from a host system 60 and generates timing control
signals for controlling operation timings of the data driver 20
and the scan driver 30 based on the external timing signals.
The vertical syne signal is generated once at a start timing of
one frame period as shown in FIG. 7 and may function as a
tearing effect (TE) signal for distinguishing a frame period
from another frame period. The timing controller 40 supplies
image data received from the host system 60 to the data driver
20 in the normal driving mode.

The host system 60 may be a phone system in mobile
information appliances. The host system 60 is connected to a
communication module (not shown), a camera module (not
shown), an audio processing module (not shown), an inter-
face module (not shown), a battery (not shown), a user input
device (not shown), and the timing controller 40. The host
system 60 generates a mode conversion command for con-
verting the driving mode and supplies the mode conversion
command to the timing controller 40. The host system 60
supplies the input image data and the external timing signals
to the timing controller 40 in the normal driving mode.

The data driver 20, the scan driver 30, and the timing
controller 40 may be integrated into a panel driver chip 100
thatis a single chip. As sown in FIGS. 6 and 7, the panel driver
chip 100 controls electric power under the control of the host
system 60.

In a low voltage mode such as the sleep-in mode and the
DLP mode, the panel driver chip 100 supplies the driving
voltage to the light emitting cells 11 of the display panel 10
through an internal power source, and at the same time dis-
ables the power generator 50. In the sleep-out node and the
normal driving mode, the panel driver chip 100 enables the
power generator 50 to supply the driving voltage output from
the power generator 50 to the light emitting cells 11 of the
display panel 10. In the sleep-out mode, the panel driver chip
100 connects a reference voltage VREF to a ground level
voltage source GND for a predetermined time and discharges
an anode of the OLED formed on each pixel of the display
panel 10. The panel driver chip 100 generates the reference
voltage VREF at a voltage of about 2V in the normal driving
mode.

As shown in FIG. 2, each of the light emitting cells 11
includes the OLED, six TFTs M1 to M5 and DT, and the
capacitor Cb. The driving voltages, such as the high potential
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power voltage VDDEL, the ground level voltage VSS (or
GND), or the reference voltage VREF, are supplied to each of
the light emitting cells 11. The TFTs M1 to M5 and DT may
be implemented as p-type metal oxide semiconductor field
effect transistors (MOSFETs).

The high potential power voltage VDDEL is a direct cur-
rent (DC) voltage of about 10V. The reference voltage VREF
is set so that a difference between the reference voltage VREF
and the ground level voltage GND is less than a threshold
voltage of the OLED. For example, the reference voltage
VREF may be set to about 2V. The reference voltage VREF
may be set to a negative voltage so that a reverse bias may be
applied to the OLED when the driving TFT DT connected to
the OLED is initialized. In this instance, because the reverse
bias is periodically applied to the OLED, the degradation of
the OLED may be reduced. As a result, the life span of the
OLED may increase.

The first switch TFT M1 forms a current path between a
first node nl and the data line in response to the scan pulse
SCAN ofalow logic level, which is generated during first and
second time periods t1 and t2 shown in FIG. 3, thereby sup-
plying a data voltage Vdata to the first node nl. The third
switch TFT M3 forms a current path between a second node
n2 and a third node n3 in response to the scan pulse SCAN of
the low logic level generated during the first and second time
periods t1 and t2 shown in FIG. 3, thereby operating the
driving TFT DT as a diode. The fifth switch TFT M5 supplies
the reference voltage VREF to the anode of the OLED in
response to the scan pulse SCAN of the low logic level gen-
erated during the first and second time periods t1 and t2,
thereby initializing the anode voltage of the OLED to the
reference voltage VREF. In the first switch TFT M1, a source
electrode is connected to the data line, a drain electrode is
connected to the first node nl, and a gate electrode is con-
nected to the scan line to which the scan pulse SCAN is
supplied. In the third switch TFT M3, a source electrode is
connected to the second node n2, a drain electrode is con-
nected to the third node n3, and a gate electrode is connected
to the scan line to which the scan pulse SCAN is supplied. The
reference voltage VREF is supplied to a source electrode of
the fifth switch TFT M5. A drain electrode of the fifth switch
TFT M5 is connected to the anode of the OLED. A gate
electrode of the fifth switch TFT M5 is connected to the scan
line to which the scan pulse SCAN is supplied. The first node
nl is connected to the drain electrode of the first switch TFT
M1, a drain electrode of the second switch TFT M2, and one
terminal of the capacitor Cb. The second noden2 is connected
to the other terminal of the capacitor Cb, a gate electrode of
the driving TFT DT, and the source electrode of the third
switch TFT M3. The third node n3 is connected to the drain
electrode of the third switch TFT M3, a drain electrode of the
driving TFT DT, and a source electrode of the fourth switch
TFT M4.

The second and fourth switch TFTs M2 and M4 are turned
off in response to the light emitting control pulse EM of'a high
logic level generated during second and third time periods t2
and t3 shown in FIG. 3, and maintain an ON-state during the
remaining time. The reference voltage VREF is supplied to a
source electrode of the second switch TFT M2, and a drain
electrode of the second switch TFT M2 is connected to the
first node nl. A gate electrode of the second switch TFT M2
is connected to the scan line to which the light emitting
control pulse EM is supplied. A source electrode of the fourth
switch TFT M4 is connected to the third node n3, and a drain
electrode of the fourth switch TFT M4 is connected to the
anode of the OLED and the drain electrode of the fifth switch
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TFT M5. A gate electrode of the fourth switch TFT M4 is
connected to the scan line to which the light emitting control
pulse EM is supplied.

The capacitor Cb is connected in series between the first
node n1 and the second node n2. The capacitor Cb is charged
to adifference voltage between the voltage of the first node nl
and the voltage of the second node n2 during the second time
period 12 of FIG. 3, thereby sampling the threshold voltage of
the driving TFT DT. The driving TFT DT receives the voltage
of the capacitor Cb, which stores the threshold voltage-com-
pensated data voltage Vdata, as a gate voltage and adjusts an
amount of current flowing in the OLED depending on the
threshold voltage-compensated data voltage Vdata. The high
potential power voltage VDDEL is supplied to a source elec-
trode of the driving TFT DT, and a drain electrode of the
driving TFT DT is connected to the third node n3. A gate
electrode of the driving TFT DT is connected to the second
node n2.

The anode ofthe OLED is connected to the drain electrodes
of the fourth and fifth switch TFTs M4 and M5, and the
cathode of the OLED is connected to the ground level voltage
source GND. The current flowing in the OLED, referred to as
lorep in Equation 1, is not affected by a deviation of the
threshold voltage of the driving TFT DT or the high potential
power voltage VDDEL in the normal driving mode as indi-
cated by the following Equation 1:

Iorzp = k(Vdata— VREFY, k = = (uCoxW /L)

1
2

where ‘k’ is a constant using a mobility yu, a parasitic
capacitance Cox, and a channel ratio W/L of the driving TFT
DT as a function.

As shown in FIG. 4, the cathode of the OLED may be
connected to the ground level voltage source GND through a
sixth switch TFT M6. The sixth switch TFT M6 may be an
N-type MOSFET (NMOS). The sixth switch TFT M6 may be
mounted on a printed circuit board (PCB) on which the panel
driver chip 100 is mounted.

In the embodiment of the invention, the plurality of sixth
switch TFTs M6 may be not connected to the pixels, respec-
tively. Namely, one sixth switch TFT M6 may be commonly
connected to all of the pixels. Thus, one sixth switch TFT M6
may be mounted on the PCB. A source electrode of the sixth
switch TFT M6 is connected to the cathodes of the OLEDs
formed on the respective pixels of the display panel 10, and a
drain electrode of the sixth switch TFT M6 is connected to the
ground level voltage source GND. A gate electrode of the
sixth switch TFT M6 is connected to a first low power mode
control terminal GPIO1 of the panel driver chip 100.

When an output voltage from the first low power mode
control terminal GPIO1 is at a high logic level, the sixth
switch TF'T M6 maintains an ON state. Hence, the cathodes of
the OLED:s of the light emitting cells 11 are connected to the
ground level voltage source GND. When the output voltage
from the first low power mode control terminal GPIO1 turns
to a low logic level, the sixth switch TFT M6 is turned off,
thereby cutting off the current path between the OLEDs of the
light emitting cells 11 and the ground level voltage source
GND. When a previously determined image with a low lumi-
nance is displayed on the display panel 10 in the DLP mode,
the sixth switch TFT M6 maintains the ON state in the DLP
mode. Because no data is displayed on the display panel 10 in
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the sleep-in mode, the sixth switch TFT M6 maintains an OFF
state in the sleep-in mode and is turned on in the sleep-out
mode.

When the panel driver chip 100 operates in the sleep-out
mode, all of the driving voltages of the display panel 10
increase to a normal level. The power generator 50 is enabled
in the sleep-out mode, and thus the high potential power
voltage VDDEL output from the power generator 50
increases from OV to about 10V in the sleep-out mode.

As shown in FIG. 5, when the high potential power voltage
VDDEL increases as above, a gate-source voltage V in
operation characteristics of the driving TFT DT operates in a
linear region, in which the high potential power voltage
VDDEL rapidly increases and a drain-source current I, of
the driving TFT DT rapidly increases. Further, when the high
potential power voltage VDDEL is uniformly held, the gate-
source voltage V. in the operation characteristics of the
driving TFT DT operates in a saturation region. Thus, when
the driving TFT DT operates in the linear region in the sleep-
out mode, charges are rapidly accumulated on the anode of
the OLED, and the OLED emits light by a leakage current of
the OLED. As a result, the user may perceive the screen
flicker because of the abnormal light emission of the OLED in
the sleep-out mode.

The OLED may be prevented from emitting light by turn-
ing off the sixth switch TFT M6 in the sleep-out mode. How-
ever, the sixth switch TFT M6 has to be turned on before the
panel driver chip 100 performs the operation of the normal
driving mode, and the OLED may abnormally emit light at a
turn-on time point of the sixth switch TFT M6 because of
charges excessively accumulated on the OLED. Thus, the
OLED cannot be prevented from abnormally emitting light in
the sleep-out mode through only the control of the sixth
switch TFT M6. In FIG. 5, the dotted line crossing the V ;¢
curve of the driving TFT DT is a current curve of the OLED
formed on each pixel. The current curve of the OLED is
shifted to the left as the voltage applied through the driving
TFT DT decreases.

FIG. 6 is a circuit diagram illustrating a power control
operation of the panel driver chip 100. FIG. 7 is a waveform
diagram illustrating operations of the sleep-in mode, the
sleep-out mode, and the normal driving mode in the OLED
display according to the embodiment of the invention.

More specifically, FIG. 6 illustrates only a portion of the
power control related circuit of each of the panel driver chip
100, the power generator 50, and the display panel 10. Cir-
cuits other than the power control related circuit were omitted
in FIG. 6.

As shown in FIGS. 6 and 7, the panel driver chip 100
includes a regulator LDO and a first switch SW1.

The panel driver chip 100 receives a panel voltage VPNL
and an input voltage VDDI. The input voltage VDDI is about
1.8V DC and is input to a power terminal of a frame memory
of the panel driver chip 100 in an initial stage of the sleep-out
mode so as to drive the frame memory of the panel driver chip
100. The panel voltage VPNL is about 2.3V DC to 4.8V DC
and may be the DC voltage of battery power in mobile infor-
mation appliances. The regulator LDO converts the panel
voltage VPNL into the reference voltage VREF of about 2V
DC.

The first switch SW1 includes a drain electrode connected
to an input terminal of the regulator LDO, a source electrode
connected to the ground level voltage source GND, and a gate
electrode to which a first switch control signal CSW1 is
applied. The first switch SW1 may be an N-type MOSFET
(NMOS).



US 8,564,587 B2

7

The first switch SW1 maintains an ON state under the
control of the host system 60 during five frame periods (N+1)
to (N+5) from a starting time point (i.e., N+1) of the sleep-out
mode, thereby reducing the reference voltage VREF to the
ground level voltage (i.e., OV). The panel driver chip 100
normally applies the scan pulse and the light emitting control
pulse (GIP Scan) to the scan lines from the fifth frame period
(N+5) appearing after four frame periods passed from the
starting time point (N+1) of the sleep-out mode. Further, the
panel driver chip 100 starts to supply a black gray level
voltage to the data lines from the fifth frame period (N+5).

The first switch SW1 is turned off under the control of the
host system 60 from a sixth frame period (N+6) appearing
after five frame periods passed from the starting time point
(N+1) of the sleep-out mode, thereby cutting off a current
path between an output terminal of the regulator LDO and the
ground level voltage source GND. Hence, the reference volt-
age VREF increases to the normal driving voltage level. The
host system 60 generates the first switch control signal CSW1
and controls the first switch SW1.

When the fifth switch TFT M5 shown in FIGS. 2 and 3 is
turned on from the sixth frame period (N+6) of the sleep-out
mode, the anode of the OLED is connected to the ground level
voltage source GND through the first switch SW1. In this
instance, charges accumulated on the anode of the OLED are
discharged. As a result, the OLED may be prevented from
abnormally emitting light in the sleep-out mode.

The panel driver chip 100 further includes a charge pump
CP, a second switch SW2, and a diode 101.

The charge pump CP converts the panel voltage VPNL into
a DDVDH voltage level of about 6V. The DDVDH voltage
level is converted into a high potential voltage (or a gate high
voltage referred to as VGH in FIG. 7) of the scan pulse and a
low potential voltage (or a gate low voltage referred toas VGL
in FIG. 7) of the scan pulse through a regulator (not shown).

The second switch SW2 includes a drain electrode con-
nected to an output terminal of the charge pump CP, a source
electrode connected to an anode of the diode 101, and a gate
electrode to which a second switch control signal CSW2 is
applied. The second switch SW2 may be an N-type MOSFET
(NMOS). In the normal driving mode, the second switch SW2
maintains an OFF state, thereby cutting off a current path
between the charge pump CP and the diode 101. In the sleep-
in mode and the DLP mode, the second switch SW2 is turned
on, thereby forming the current path between the charge
pump CP and the diode 101. Hence, the DDVDH voltage
level output from the charge pump CP is supplied to the diode
101. The host system 60 generates the second switch control
signal CSW2 and controls the second switch SW2.

An anode electrode of the diode 101 is connected to the
second switch SW2. A cathode electrode of the diode 101 is
connected to a high potential power voltage output terminal
of the power generator 50, a high potential power voltage
supply terminal of the display panel 10, a capacitor C, and a
first resistor R1, wherein a feedback voltage division resistor
circuit includes the first resistor R1 and a second resistor R2.

The DDVDH voltage level is supplied to the light emitting
cells 11 of the display panel 10 through the second switch
SW2 and the diode 101 in the sleep-in mode and the DLP
mode. Thus, the high potential power voltage VDDEL sup-
plied to the light emitting cells 11 is generated as the voltage
of about 10V supplied from the power generator 50 in the
normal driving mode. Further, the high potential power volt-
age VDDEL supplied to the light emitting cells 11 is reduced
to a threshold voltage of the diode 101 (for example, about
6V) generated inside the panel driver chip 100 in the sleep-in
mode and the DLP mode.
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The panel driver chip 100 reverses an enable/disable signal
output through a second low power mode control terminal
GPIO2 under the control of the host system 60. For example,
the panel driver chip 100 outputs the enable/disable signal of
ahigh logic level through the second low power mode control
terminal GPIO2 in the normal driving mode to enable the
power generator 50. On the other hand, the panel driver chip
100 outputs the enable/disable signal of a low logic level
through the second low power mode control terminal GP102
in the low power mode to disable the power generator 50.

The power generator 50 includes an enable terminal EN
connected to the second low power mode control terminal
GPIO2 of the panel driver chip 100 and a third switch SW3.
The power generator 50 is enabled in response to the high
logic voltage of the second low power mode control terminal
GPIO2 during a period ranging from the second frame period
(N+2) of the sleep-out mode to a period of the normal driving
mode. When the power generator 50 is enabled, the power
generator 50 generates the high potential power voltage
VDDEL of about 10V for driving the pixels of the display
panel 10.

In the normal driving mode, the third switch SW3 connects
the second resistor R2 of the feedback voltage division resis-
tor circuit to the ground level voltage source GND in response
to the high logic voltage of the second low power mode
control terminal GPIO2. The first resistor R1 of the feedback
voltage division resistor circuit is connected to the high
potential power voltage supply terminal of the display panel
10 and the capacitor C. The third switch SW3 may be an
N-type MOSFET (NMOS) including a source electrode con-
nected to the second resistor R2, a drain electrode connected
to the ground level voltage source GND, and a gate electrode
to which the voltage of the second low power mode control
terminal GPIOZ2 is applied through the enable terminal EN.

In the normal driving mode, the power generator 50 detects
a variation of a feedback signal input to a feedback terminal
FB through the feedback voltage division resistor circuit and
adjusts the high potential power voltage VDDEL to be sup-
plied to the display panel 10, thereby constantly maintaining
the high potential power voltage VDDEL supplied to the
pixels of the display panel 10 even when a load of the display
panel 10 is changed.

In the DLP mode, the power generator 50 is disabled in
response to a low logic voltage of the second low power mode
control terminal GPIO2 and thus generates no output. In the
DLP mode, the third switch SW3 is turned off in response to
the low logic voltage of the second low power mode control
terminal GPIO2, thereby cutting off a leak current Ileak flow-
ing in the ground level voltage source GND through the
feedback voltage division resistor circuit. Hence, the power
consumption may be minimized.

In FIG. 7, ‘H/W Reset’ is a reset signal for reseting the
panel driver chip 100. When the reset signal H/W Reset is
applied to the panel driver chip 100, the panel driver chip 100
loads register values stored in its internal memory and initial-
izes all of built-in register values. The register values may
include white (W), red (R), green (G), and blue (B) coordinate
values and a luminance value. The panel driver chip 100
writes R, G, and B values suitable for characteristics of the
corresponding display panel to the internal memory in
response to the reset signal H/W Reset, so as to compensate
for the display panel 10 irrespective of a deviation of the
display panel 10. The reset signal H/W Reset is generated by
the host system 60.

In FIG. 7, ‘111, <28h’, and ‘10h’ are mode conversion
commands, which is generated by the host system 60 and is
applied to the panel driver chip 100 in the mobile information
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appliances to which the MIPT Alliance is applied. More spe-
cifically, ‘11h’ is the sleep-out mode command and converts
the operation ofthe panel driver chip 100 of a standby state in
the sleep-in mode into the operation of the sleep-out mode.
28h’ is the display off command and cuts off the data output
from the panel driver chip 100 or controls the data voltage
output from the panel driver chip 100 at a black gray level, so
that all the pixels of the display panel 10 display the black
gray level. ‘10h’ is the command for converting the operation
of the panel driver chip 100 into the operation if the sleep-in
mode of the standby state.
As described above, the OLED display according to the
embodiment of the invention discharges the reference voltage
applied to the anode of the OLED formed on each pixel to the
ground level voltage in the sleep-out mode, thereby prevent-
ing the display of the abnormal screen when the OLED dis-
play operates in the sleep-out mode.
Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.
What is claimed is:
1. An organic light emitting diode (OLED) display com-
prising:
adisplay panel including data lines, scan lines crossing the
data lines, and light emitting cells arranged in a matrix
form, each of the light emitting cells including an
OLED; and

a panel driving circuit configured to reduce a reference
voltage applied to an anode of the OLED to a ground
level voltage in a sleep-out mode and adjust the refer-
ence voltage at a voltage level greater than the ground
level voltage,

wherein the reference voltage is held at a voltage level

greater than the ground level voltage in a normal driving
mode.

2. The OLED display of claim 1, wherein the panel driving
circuit includes:
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a regulator configured to convert a first DC input voltage

into the reference voltage; and

a first switch configured to connect an output of the regu-

lator to a ground level voltage source under the control of
an external host system and cut off a current path
between the output of the regulator and the ground level
voltage source.

3. The OLED display of claim 1, further comprising a
DC-DC converter configured to be enabled in the normal
driving modeto generate a high potential power voltage in the
display panel and to be disabled in a sleep-in mode and a
dimmed low power (DLP) mode,

wherein the panel driving circuit disables the DC-DC con-

verter in the sleep-in mode and the DLP mode and sup-
plies the high potential power voltage generated inside
the DC-DC converter to the display panel.

4. The OLED display of claim 3, wherein the panel driving
circuit includes:

a charge pump configured to convert a DC input voltage

into a first high potential power voltage;

a diode connected to a high potential power voltage supply

terminal of the display panel; and

asecond switch configured to supply the first high potential

power voltage output from the charge pump to a driving
thin film transistor (TFT) of each of the light emitting
cells of the display panel through the diode under the
control of an external host system in the sleep-in mode
and the DLP mode.

5. The OLED display of claim 4, wherein the DC-DC
converter supplies a second high potential power voltage
greater than the first high potential power voltage to the driv-
ing TFT of each of the light emitting cells through the diode
in the normal driving mode.

6. The OLED display of claim 5, wherein the DC-DC
converter includes:

a feedback resistor connected to the high potential power

voltage supply terminal of the display panel; and

a third switch configured to cut off a current path between

one terminal of the feedback resistor and a ground level
voltage source,

wherein the third switch is turned off under the control of

the panel driving circuit in the sleep-in mode and the
DLP mode and cuts off a current path between the feed-
back resistor and the ground level voltage source.
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