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(7) ABSTRACT

A DC-DC converter generates a first power and a second
power for driving pixels in an organic light emitting display,
such that the voltages of the first power and the second power
are substantially independent of the voltage from a power
supply or a battery. A voltage detector detects the voltage
from the power supply, and a booster circuit and an inverter
circuit respectively boost and invert the voltage from the
power supply to generate and output the first and the second
powers, respectively, for the pixels. A PWM controller con-
trols the booster circuit and the inverter circuit to control
voltages of the first power and the second power. The booster
circuit is adapted to reduce the voltage from the power supply
to be lower than the voltage of the first power when the
voltage from the power supply detected by the voltage detec-
tor is higher than a reference voltage.
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DC-DC CONVERTER AND ORGANIC LIGHT
EMITTING DISPLAY USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2009-0016730, filed on
Feb. 27, 2009, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to a DC-DC converter

and an organic light emitting display using the same.

[0004] 2. Discussion of Related Art

[0005] Recently, various flat panel displays having less
weight and volume than cathode ray tubes (CRTs) have been
developed. Flat panel displays include liquid crystal displays,
field emission displays. plasma display devices, organic light
emitting displays, etc.

[0006] Among others, organic light emitting displays gen-
erate images using organic light emitting diodes (OLEDs)
that generate light by the recombination of electrons and
holes generated corresponding to the flow of current.

[0007] Organic light emitting displays have various advan-
tages, e.g., excellent color reproducibility and slimness so
that its applications expand to various markets such as cellu-
lar phones, PDAs, MP3s, etc.

[0008] FIG. 1 is a circuit diagram showing a pixel in a
conventional organic light emitting display. Referring to FIG.
1, the pixel is coupled to a data line Dm and a scan line Sn and
includes a first transistor T1, a second transistor T2, a capaci-
tor Cst, and an organic light emitting diode OLED.

[0009] A source ofthe first transistor T1 is coupled to a first
power supply ELVDD, a drain of the first transistor T1 is
coupled to an anode electrode of the organic light emitting
diode OLED, and a gate of the first transistor T1 is coupled to
afirstnode N1. A source of the second transistor T2 is coupled
to the data line Dm, a drain of the second transistor T2 is
coupled to the first node N1, and a gate of the second transis-
tor T2 is coupled to the scan line Sn. A first electrode of the
capacitor Cst is coupled to the first power supply ELVDD,
and a second electrode of the capacitor Cst is coupled to the
first node N1. An anode electrode of the organic light emitting
diode OLED is coupled to the drain of the first transistor T1
and a cathode electrode of the organic light emitting diode
OLED is coupled to a second power supply ELVSS.

[0010] The voltage at the first node N1 of the pixel as
described above is determined according to a data signal
transferred through the data line Dm, and the first transistor
T1 of the pixel drives a current from the first power supply
ELVDD to the second power supply ELVSS according to the
voltage of the first node N1. The organic light emitting diode
OLED emits light according to the operation of the pixel, and
a current having a magnitude represented by the following
equation 1 flows through the organic light emitting diode
OLED.

[Equation 1]

Sy =

2 B
Loea = =(Vas = V) = 3 Vua = ELVDD s
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[0011] Here, I,,, represents the current flowing through
the organic light emitting diode, V ;¢ represents the voltage
between the gate and source of the first transistor T1, V,,
represents the threshold voltage of the first transistor T1,V .,
represents the voltage of the data signal, and ELVDD repre-
sents the voltage of the first power.

[0012] The organic light emitting display having the pixel
as described above operates by receiving a power supply from
a battery. Therefore, in order to extend a use time of the
organic light emitting display, the battery may be desired to
have a larger capacity. If the capacity of the battery becomes
larger, the voltage of the power supply output from the battery
may become higher.

[0013] The first power ELVDD and the second power
ELVSS transferred to the pixel are generated by receiving the
power supply from a DC-DC converter that includes a booster
circuit and an inverter circuit. However, in a conventional
booster circuit, the boosting range of the voltage has been
limited. For example, in a case where the first power supply
ELVDD has a voltage of 4.6V, if the input voltage is between
2.9V and 4.2V, the booster circuit generates a voltage 0f4.6V.
However, if the input voltage is 4.2V or higher, the booster
circuit may generate a voltage higher than 4.6V.

[0014] Therefore, in the related art, the first power ELVDD
has a voltage of 4.6V or higher, and thus a battery having a
large capacity cannot be adopted.

SUMMARY OF THE INVENTION

[0015] One aspect of the present invention provides a DC-
DC converter that generates voltage of a first power supply so
that current flows through an organic light emitting diode
irrespective of a power supply voltage from a battery, and an
organic light emitting display using the same.

[0016] According to one aspect of an embodiment of the
present invention, a DC-DC converter includes a voltage
detector for detecting a voltage from a power supply, a
booster circuit for receiving and boosting the voltage from the
power supply to generate and output a first power, an inverter
circuit for receiving and inverting the voltage from the power
supply generate and output a second power, and a PWM
controller for controlling the booster circuit and the inverter
circuit to control voltages of the first power and the second
power, adapted for reducing the voltage from the power sup-
ply to be lower than the voltage of the first power when the
voltage from the power supply detected by the voltage detec-
tor is higher than a reference voltage.

[0017] An aspect according to an embodiment of the
present invention provides an organic light emitting display
including a pixel, a data driver, a scan driver, and a DC-DC
converter. The pixel displays an image corresponding to data
signals, scan signals, a first power, and a second power. The
data driver generates and outputs the data signals; the scan
driver generates and outputs the scan signals; and the DC-DC
converter generates and outputs the first power and the second
power. The DC-DC converter includes a voltage detector, a
booster circuit, an inverter circuit, and a PWM controller. The
voltage detector detects a voltage from a power supply. The
booster circuit receives and boosts the voltage from the power
supply to generate and output the first power. The inverter
circuit receives and inverts the voltage from the power supply
to generate and output the second power. The PWM controller
controls the booster circuit and the inverter circuit to control
respective voltages of the first power and the second power,
adapted for reducing the voltage from the power supply to be
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lower than a voltage of the first power when the voltage from
the power supply detected by the voltage detector is higher
than a reference voltage.

[0018] With the DC-DC converter and the organic light
emitting display using the same according to exemplary
embodiments of the present invention, the voltage from the
power supply output from the battery can be set to be high,
making it possible to utilize a high-capacity battery. There-
fore, the use time of the organic light emitting display can be
extended.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, together with the
specification illustrate exemplary embodiments of the present
invention, and, together with the description, serve to explain
the principles of the present invention.

[0020] FIG. 1is a circuit diagram showing a conventional
pixel circuit adapted for an organic light emitting display;
[0021] FIG. 2 is a block diagram of an organic light emit-
ting display according to an exemplary embodiment of the
present invention;

[0022] FIG. 3 is a block diagram of a DC-DC converter
according to an exemplary embodiment of the present inven-
tion; and

[0023] FIG.4isacircuit diagram showing further details of
the DC-DC converter of FIG. 3.

DETAILED DESCRIPTION
[0024] Hereinafter, certain exemplary embodiments

according to the present invention will be described with
reference to the accompanying drawings. Here, when a first
element is described as being coupled to a second element,
the first element may be directly coupled to the second ele-
ment or indirectly coupled to the second element via a third
element. Further, some of the elements that are not essential
to the complete understanding of the invention are omitted for
clarity. Also, like reference numerals refer to like elements
throughout.

[0025] FIG. 2 is a block diagram of an organic light emit-
ting display according to an exemplary embodiment of the
present invention. Referring to FIG. 2, the organic light emit-
ting display includes a display region 100, a data driver 200,
ascan driver 300, a DC-DC converter 400, and a battery 500.
[0026] Thedisplay region 100 includes a plurality of pixels
101, wherein each pixel 101 includes an organic light emit-
ting diode for emitting light corresponding to a flow of cur-
rent. The display region 100 includes n scan lines S1, S2, . ..
, Sn-1 and Sn extending in a row direction for transferring
scan signals, and m data lines D1, D2, . . . , Dm-1 and Dm
extending in a column direction for transferring data signals.
[0027] The display region 100 is driven by receiving a first
power ELVDD and a second power ELVSS from the DC-DC
converter 400. Therefore, the display region 100 generates
currents to flow through the organic light emitting diodes in
accordance with the scan signals, the data signals, the first
power ELVDD, and the second power ELVSS to emit light,
thereby displaying an image.

[0028] The data driver 200 generates data signals in accor-
dance with image signals having red, blue, and green com-
ponents. The data driver 200 applies the data signals to the
display region 100 through the data lines D1, D2, .. ., Dm-1,
and Dm.
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[0029] The scan driver 300 is coupled to the scan lines S1,
S2, ..., Sn-1, and Sn to transfer the scan signals that it
generates to specific rows of the display region 100. The
pixels 101, input with the scan signals, receive the data signals
output from the data driver 200, and thus, the voltages corre-
sponding to the data signals are transferred to the pixels 101.
[0030] The DC-DC converter 400 receives a power supply
from the battery 500 to generate the first power ELVDD and
the second power ELVSS. The DC-DC converter 400
includes a booster circuit and an inverter circuit, wherein the
booster circuit boosts the voltage of the power supply to
generate the first power ELVDD and the inverter circuit
inverts the voltage of the power supply to generate the second
power ELVSS.

[0031] A conventional booster circuit can boost a low volt-
age to a high voltage but cannot reduce a high voltage to a low
voltage. Therefore, when the voltage of the power supply
output from the battery 500 is higher than the first power
ELVDD generated from the booster circuit, such a booster
circuit cannot be used. Therefore, in order that the booster
circuit can also be utilized with a high-capacity battery having
a power supply with a relatively high voltage, the booster
circuit according to an exemplary embodiment of the present
invention is operated in the following cases: a case where the
voltage of the power supply output from the battery is lower
than the voltage of the first power ELVDD; and a case where
the voltage of the power supply output from the battery is
higher than the voltage of the first power ELVDD.

[0032] Therefore, the booster circuit generates the first
power ELVDD having substantially the same voltage, sub-
stantially irrespective of the voltage of the power supply. The
operation of the booster circuit according to an exemplary
embodiment of the invention will be described in detail with
reference to FIGS. 3 and 4.

[0033] The voltage of the second power ELVSS generated
by the inverter circuit is a voltage that allows the organic light
emitting diode to be driven in a saturation region, wherein the
saturation region may be changed according to the materials
utilized for an organic film of the organic light emitting diode
and the properties of the transistor. Therefore, in order that a
desired image can be sufficiently expressed even under unfa-
vorable conditions, the voltage of the second power ELVSS is
designed to have a voltage level margin of about 2 to 3V when
designing the organic light emitting display.

[0034] Thebattery 500 holds a charge corresponding to the
power supply and transfers the charged power to the DC-DC
converter 400, thereby allowing the DC-DC converter 400 to
generate the first power ELVDD and the second power
ELVSS.

[0035] FIG. 3 is a block diagram showing a DC-DC con-
verter according to an exemplary embodiment of the present
invention. Referring to FIG. 3, the DC-DC converter 400
includes a voltage detecting unit 410, a booster circuit 420, an
inverter circuit 430, and a pulse width modulation (PWM)
controller 440.

[0036] The voltage detecting unit 410 receives and mea-
sures the voltage of the power supply.

[0037] The booster circuit 420 boosts the voltage of the
power supply output from the battery 500 to generate the first
power ELVDD.

[0038] The inverter circuit 430 inverts the voltage of the
power supply output from the battery 500 to generate the
second power ELVSS.
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[0039] The PWM controller 440 outputs a control signal
whose pulse width is varied to control the booster circuit 420
and the inverter circuit 430, thereby generating the first power
ELVDD and the second power ELVSS.

[0040] However, when the voltage from the power supply
detected by the voltage detecting unit 410 is higher than a
reference voltage (e.g., a predetermined voltage), the PWM
controller 440 outputs the control signal that controls the
voltage of the power supply to be lower than the voltage of the
first power ELVDD by dropping the voltage from the power
supply. In other words, the PWM controller 440 controls the
pulse width of the control signal in accordance with the volt-
age of the power supply.

[0041] The booster circuit 420 performs different opera-
tions when the voltage detected by the voltage detecting unit
410 is higher than the voltage of the first power ELVDD as
opposed to when the voltage detected by the voltage detecting
unit 410 is lower than the voltage of the first power ELVDD,
so that the booster circuit can operate normally.

[0042] First, when the voltage from the power supply
detected by the voltage detecting unit 410 is higher than the
voltage of the first power ELVDD, the booster circuit 420
reduces the voltage from the power supply to be lower than
the first power ELVDD and then boosts the reduced voltage
using the control signal. At this time, the reduced voltage is
lower than the voltage from the first power so that the remain-
ing portions of the booster circuit 420 can be operated nor-
mally.

[0043] When the voltage of the power supply detected by
the voltage detecting unit 410 is lower than the voltage of the
first power ELVDD, the booster circuit 420 can be operated
normally. That is, the booster circuit 420 can boost the voltage
from the power supply using the control signal.

[0044] Therefore, the booster circuit 420 can generate the
voltage from the first power ELVDD, substantially irrespec-
tive of the voltage from the power supply.

[0045] The inverter circuit 430 receives and inverts the
power supply output from the battery and then makes the
absolute value of the voltage high, thereby generating the
second power ELVSS.

[0046] FIG. 4 is a circuit diagram showing an example of
the DC-DC converter of FIG. 3. With reference to FIG. 4, the
description that follows will make reference to the voltage of
the power supply generally output from the battery 500 and
the voltage of the first power ELVDD. Referring to FIG. 4, the
DC-DC converter 400 includes a capacitor C that is coupled
between a power input terminal and the battery 500 to charge
the voltage of the power supply, a first inductor L1 (e.g., a
coil) having one terminal coupled to the capacitor C and the
other terminal coupled to a first node N1, a voltage detecting
unit 410 that is coupled to the capacitor C to measure the
voltage of the power supply, a PWM controller 440 that
outputs control signals whose pulse widths are controlled
corresponding to a voltage sensing signal output from the
voltage detecting unit 410, a first switching device M1 having
a first electrode coupled to the first node N1, a second elec-
trode coupled to a ground, and a gate that receives a first
control signal output from the PWM controller 440, a second
switching device M2 having a first electrode coupled to the
first node N1, a second electrode coupled to a second node
N2, and a gate that receives a second control signal output
from the PWM controller 440, a third switching device M3
having a first electrode coupled to the first node N1, a second
electrode coupled to a third node N3, and a gate that receives
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a third control signal output from the PWM controller 440, a
second inductor 1.2 (e.g., a coil) having one terminal coupled
to the third node N3 and the other terminal coupled to the
ground, and a diode D1 having a cathode electrode coupled to
the third node N3. Also, the first to third switching devices
M1-M3 are MOSFET devices, wherein if the first electrode is
the source, the second electrode is the drain, and if the first
electrode is the drain, the second electrode is the source. In the
illustrated embodiment, the first switching device M1 and the
third switching device M3 are n-channel devices, and the
second switching device M2 is a p-channel device. However,
the present invention is not limited thereto.

[0047] The voltage detecting unit 410 includes a compara-
tor 411, a pair of resistors 412 and 413 forming a voltage
divider, and a reference voltage source 414. The comparator
411 receives a reference voltage from the reference voltage
source 414 in its inverting input. The reference voltage source
may be coupled to the first power ELVDD, or may be a
separate voltage source. The resistors 412 and 413 divide the
power supply voltage from the battery 500, and the divided
voltage is received at the non-inverting input of the compara-
tor 411. Thus, the comparator compares the divided voltage
with that of the reference voltage, and if the divided voltage,
which corresponds to the power supply voltage, is higher than
the reference voltage, the comparator sends an output signal
having a high level to the PWM controller 440. On the other
hand, if the divided voltage is lower than the reference volt-
age, the comparator sends an output signal having a low level
to the PWM controller 440.

[0048] According to an exemplary embodiment, the
booster circuit is adapted to boost the voltage of the power
supply, which may be in a range from 2.9 to 4.2V, to generate
the voltage of the first power ELVDD to have a voltage of
4.6V. Hereinafter, the operation of the DC-DC converter 400
will be described according to two cases: a case where the
voltage of the power supply output from the battery 500 is 2.9
to 4.2V, and a case where the voltage of the power supply
output from the battery 500 is in a range of about 4.2V t0 4.8V.
[0049] First, the case where the voltage of the power supply
output from the battery 500 is 2.9 to 4.2V will be described. If
the first switching device M1 is turned on and the second
switching device M2 is turned off by the PWM controller 440,
the power supply output from the battery 500 flows to the
ground through the first switching device M1. When a current
flows through the firstinductor [1 to the first switching device
M1, energy is stored in the first inductor L1 in the form ofa
first voltage that interferes with the current flowing through
the first inductor L1. When the first switching device M1 is
turned off, the second switching device M2 is turned on so
that the energy stored in the first inductor L1 is transferred as
a voltage through the second switching device M2 to the
second node N2. At this time, the magnitude of the first
voltage of the first inductor L1 is controlled according to the
pulse width of the first control signal output from the PWM
controller 440 for switching the first switching device M1.
Therefore, as the pulse width of the first control signal is
controlled, the voltage output to the second node N2 is con-
trolled (e.g., it has a predetermined magnitude).

[0050] The case where the voltage of the power supply
output from the battery 500 is in the range of about 4.2V to
4.8V will now be described. The second switching device M2
is always turned off by the PWM controller 440. According to
an exemplary embodiment, the second switching device M2
has a parasitic body diode coupled between its source and its
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drain. Thus, when the second switching device M2 is turned
off, the second switching device M2 has a connection in the
form of a diode whose anode electrode is coupled to the first
node N1 and cathode electrode is coupled to the second node
N2.The diode formed by the second switching device M2 has
a forward-bias voltage of about 0.7V. Here, when the first
switching device M1 is turned on, the second switching
device M2 that is diode-connected becomes biased in a
reverse direction and current flows from the first node N1 to
the ground direction through the first switching device M1,
thereby generating the first voltage from the first inductor L1.
When the first switching device M1 is turned off, the second
switching device M2 becomes biased in a forward direction
so that energy stored in the first inductor L1 is output as a
voltage to the second node N2, thereby facilitating the gen-
eration of an ELVDD voltage of 4.6V.

[0051] The third switching device M3 performs turn-on
and turn-off operations in accordance with the third control
signal from the PWM controller 440. By the turn-on and
turn-off operations of the third switching device M3, a second
voltage is generated across the second inductor L.2. The sec-
ond voltage is generated in a direction tending to prevent a
current from flowing through the second inductor 1.2, so that
a power having a negative voltage is output by the second
inductor [.2 through the third node N3. Therefore, the second
power ELVSS is generated and output.

[0052] The diode D1 illustrated outside the DC-DC con-
verter 400 reduces or prevents an inflow of current from the
output terminal of the second power supply ELVSS.

[0053] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. A DC-DC converter, comprising:

a voltage detector for detecting a voltage from a power
supply;

a booster circuit for receiving and boosting the voltage
from the power supply to generate and output a first
power;

an inverter circuit for receiving and inverting the voltage
from the power supply to generate and output a second
power; and

apulse widthmodulation (PWM) controller for controlling
the booster circuit and the inverter circuit to control
voltages of the first power and the second power, adapted
for reducing the voltage from the power supply to be
lower than the voltage of the first power when the volt-
age from the power supply detected by the voltage detec-
tor is higher than a reference voltage.

2. The DC-DC converter as claimed in claim 1, wherein the
PWM controller is configured to output a control signal for
controlling the booster circuit and the inverter circuit, and to
control a pulse width of the control signal in accordance with
the voltage from the power supply.

3. The DC-DC converter as claimed in claim 2, wherein the
booster circuit comprises:

a first inductor coupled to the power supply;

a first switch having a turn-on or turn off state determined

in accordance with the control signal, a first electrode
coupled to a first node and a second electrode coupled to
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aground such that the first inductor is charged with a first

voltage in accordance with the turn-on or turn-off state;

and

a second switch having a turn-on or turn off state deter-
mined in accordance with the control signal, a first elec-
trode coupled to the first node and a second electrode
coupled to an output terminal of the booster circuit.

4. The DC-DC converter as claimed in claim 3, wherein
when the second switch is turned off, it is configured to
function as a diode such that the voltage of the power supply
drops by a forward-bias voltage of the diode.

5. The DC-DC converter as claimed in claim 3, wherein the
second switch is adapted to reduce the voltage of the power
supply in accordance with a resistance between the first and
second electrodes of the second switch in the turn-on state.

6. The DC-DC converter as claimed in claim 3, wherein the
inverter circuit comprises:

a third switch having a turn-on or a turn-off state deter-
mined in accordance with the control signal, a first elec-
trode coupled to the first node and a second electrode
coupled to a second node, the third switch for switching
the power supply transferred through the first inductor;

a second inductor for charging a second voltage utilizing
the voltage of the power supply transferred through the
first inductor by transferring or blocking the voltage of
the power supply according to a switching operation of
the third switch; and

adiode coupled to the output terminal of the booster circuit
to pass the voltage charged in the second inductor to the
second power, and to block the second power from being
transferred to the second inductor.

7. An organic light emitting display, comprising:

a display region for displaying an image corresponding to
data signals, scan signals, a first power and a second
power;

adata driver for generating and outputting the data signals;

ascandriver for generating and outputting the scan signals;
and

a DC-DC converter for generating and outputting the first
power and the second power,

wherein the DC-DC converter comprises:

a voltage detector for detecting a voltage from a power
supply:

a booster circuit for receiving and boosting the voltage
from the power supply to generate and output the first
power;

an inverter circuit for receiving and inverting the voltage
from the power supply to generate and output the
second power; and

a pulse width modulation (PWM) controller for control-
ling the booster circuit and the inverter circuit to con-
trol voltages of the first power and the second power,
adapted for reducing the voltage from the power sup-
ply to be lower than the voltage of the first power
when the voltage from the power supply detected by
the voltage detector is higher than a reference voltage.

8. The organic light emitting display as claimed in claim 7,
wherein the PWM controller is configured to output a control
signal for controlling the booster circuit and the inverter cir-
cuit, and to control a pulse width of the control signal in
accordance with the voltage from the power supply.

9. The organic light emitting display as claimed in claim 8,
wherein the booster circuit comprises:
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a first inductor coupled to the power supply;

a first switch having a turn-on or a turn off state determined
in accordance with the control signal, a first electrode
coupled to a first node and a second electrode coupled to
aground such that the first inductor is charged with a first
voltage in accordance with the turn-on or turn-off state;
and

a second switch having a turn-on or turn off state deter-
mined in accordance with the control signal, a first elec-
trode coupled to the first node and a second electrode
coupled to an output terminal of the booster circuit.

10. The organic light emitting display as claimed in claim

9, wherein when the second switch is turned off, it is config-
ured to function as a diode such that the voltage of the power
supply drops by a forward-bias voltage of the diode.

11. The organic light emitting display as claimed in claim

9, wherein the second switch is adapted to reduce the voltage
of the power supply in accordance with a resistance between
the first and second electrodes of the second switch in the
turn-on state.
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12. The organic light emitting display as claimed in claim
9, wherein the inverter circuit comprises:

a third switch having a turn-on or a turn-off state deter-
mined in accordance with the control signal, a first elec-
trode coupled to the first node and a second electrode
coupled to a second node, the third switch for switching
the power supply transferred through the first inductor;

a second inductor for charging a second voltage utilizing
the voltage of the power supply transferred through the
first inductor by transferring or blocking the voltage of
the power supply according to a switching operation of
the third switch; and

adiode coupled to the output terminal of the booster circuit
to pass the voltage charged in the second inductor to the

second power, and to block the second power from being
transferred to the second inductor.

* ok % %k %
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