US 20160163257A1
ao) United States

12) Patent Application Publication (o) Pub. No.: US 2016/0163257 Al

JANG et al, 43) Pub. Date: Jun, 9, 2016
(54) ORGANIC LIGHT EMITTING DISPLAY (52) US.CL
APPARATUS AND METHOD OF DRIVING CPC ... G09G 3/3225 (2013.01); GO9G 2310/0289
THE SAME (2013.01); GO9G 2310/08 (2013.01)
(71)  Applicant: SAMSUNG DISPLAY CO., LTD.,
Yongin-City (KR) 7) ABSTRACT
(72) Inventors: Wooseok JANG, Yongin-City (KR); An organic light emitting display apparatus includes a timing
Dongki EUN, Yongin-City (KR) controller, a power supply, a sensor controller, a sensor, and a
© power controller. The timing controller outputs a vertical
(21) Appl. No.: 14/799,811 synchronization signal. The power supply outputs a first

power and a second power to a display through first and
second power lines. The sensor controller outputs a sensor
control signal synchronized with the vertical synchronization

(22) Filed:  Jul.15,2015

(30) Foreign Application Priority Data signal. The sensor measures current flowing through the first
Dec. 4, 2014 (KR) woorororrrr 10-2014-0173246 power line in synchronization with the sensor control signal.
The power controller controls the power supply based on the
Publication Classification measured current, and the power supply adjusts the voltage
level of the first power based on the sensor control signal. The
(51) Imt.ClL sensor control signal has a period based on dividing the ver-
G09G 3/32 (2006.01) tical synchronization signal.
200

S

SP1IR  SP1G  SP1B SP2R  SP2G  SP2B

S e i

P1— P2~—

R |

I —

170

SENSOR [
UNIT

SRR [SRG [SRB

ELVSS |[ELVDDR |ELVDDG |ELVDDB

PCR
CONTROL = POWER SUPPLY UNIT
UNIT PCB

5 !

180 150




Jun. 9,2016 Sheet1of 7 US 2016/0163257 Al

Patent Application Publication

0oL

LINN TOHLINOD dITIOHINGD
| 051 — LINN A1ddNS H3Im0od 53 HIMOA
S
08! HS
aan3 LINN LINN TOHINOD
_ SSATE HOSNIS ng| HOSN3S |
01" o917 }
agL” i N
] 3
WNYDS
218
w ENOD
021 — ENVOS mmmh/@m_uo
1 ONASA
270 — q1a0—
av1iva avivd ¢NVOS
k _ —! INVOS e
uylva gvlvaj wviva 4 INOD
7= LINN TOHLINOD
HIAHA FOHNOS m_\_ ONINLL
e ZNOD oL

T "Old



Patent Application Publication Jun. 9,2016 Sheet2 of 7 US 2016/0163257 Al

FIG. 2
s S110a ~S110b
MEASURE CURRENT OF MEASURE VOLTAGE BETWEEN
FIRST POWER LINE FIRST AND SECOND POWER LINES

GENERATE FIRST DELTA VALUE BY COMPARING

MEASURED VALUES WITH REFERENCE VALUES — 5120

DETERMINE SUM OF PRESENT VOLTAGE OF FIRSTPOWER | o o0
AND DELTA VALUE AS TEMPORARY VOLTAGE FOR FIRST POWER

COMPARE TEMPORARY VOLTAGE FOR FIRST a0

POWER WITH FIRST CRITICAL VALUE

DETERMINE HIGHER ONE OF TEMPORARY VOLTAGE FOR
FIRST POWER AND FIRST CRITICAL VALUE AS — 5150
FINAL VOLTAGE FOR FIRST POWER




Patent Application Publication Jun. 9,2016 Sheet3 of 7 US 2016/0163257 Al
FIG. 3
FP1 Fp2 FP3 FP4 FP5 FP6 . FP7
SP SP2
F1 F2 F3 F4 F5 6 | F7
{ ( { ( ( ( {
f { { f [ { [
DISPLAY
VSYNC B
sC B
Sensing =55 VepT T Wl ISP2 1 VSP2 | WPZ . 'ISP3




Patent Application Publication Jun. 9,2016 Sheet4 of 7 US 2016/0163257 Al

FIG. 4
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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS AND METHOD OF DRIVING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0173246,
filed on Dec. 4, 2014, and entitled, “Organic Light Emitting
Display Apparatus and Method Of Driving The Same,” is
incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
an organic light emitting display apparatus and a method for
driving an organic light emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] Various types of flat displays have been developed
to replace heavy and large cathode ray tube displays.
Examples of flat displays include liquid crystal displays, field
emission displays, plasma displays, and organic light emit-
ting displays. Organic light emitting displays are thin and
light and have wide viewing angles, fast response times, and
low power consumption. In an organic light emitting display,
the organic light emitting diode in each pixel emits light based
on a recombination of electrons and holes. The amount of
light emitted varies according to the amount of current flow-
ing in the organic light emitting diode.

SUMMARY

[0006] In accordance with one or more embodiments, an
organic light emitting display apparatus includes a timing
controller to output a vertical synchronization signal; a dis-
play to displaying a frame of image data based on the vertical
synchronization signal; a power supply to output first power
and second power to the display through first and second
power lines, respectively; a sensor controller to output a sen-
sor control signal synchronized with the vertical synchroni-
zation signal; a sensor to measure current flowing through the
first power line in synchronization with the sensor control
signal; and a power controller to compare the measured cur-
rent with a reference current value and to control the power
supply based on results of the comparison, the power supply
to be controlled to adjust a voltage level of the first power in
synchronization with the sensor control signal, wherein the
sensor control signal has a period based on dividing the ver-
tical synchronization signal.

[0007] Thepower controller may generate a first delta value
based on the results of the comparison, and adjust the voltage
level of the first power to correspond to a value based ona sum
of the voltage level of the first power and the first delta value.
When the value obtained by adding the voltage level of the
first power and the first delta value is lower than a first critical
vale, the power controller may adjust the voltage level of the
first power to be the first critical value.

[0008] The sensor may measure a voltage between the first
and second power lines, and the power controller may adjust
the voltage level of the first power based on the measured
voltage. The vertical synchronization signal may be divided
with a dividing ratio of 3. The power controller may control
the power supply to adjust the voltage level of the first power
once during each of a plurality of periods of the sensor control
signal.
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[0009] The display may include a plurality of pixels, each
of the pixels may include at least one sub-pixel, and the power
supply may output the first power to the at least one sub-pixel
of each of the pixels through different power lines according
to types of the sub-pixels. The sensor may measure current
respectively flowing through the different power lines, and
the power controller may control the power supply based on
the current respectively measured at the different power lines,
in order to independently adjust the first power output through
the different power lines.

[0010] The display may include a plurality of pixel rows, a
plurality of scan lines respectively connected to the pixel
rows, and a plurality of data lines, each of the rows including
a plurality of pixels, and the organic light emitting display
apparatus may include a gate driver to output a scan signal to
the scan lines; and a source driver to output data signals to the
data lines in synchronization with the scan signal.

[0011] The frame may include a plurality of sub-frames,
and each of the sub-frames may be for an image correspond-
ing to a bit of the data signal, the frame may expressed based
on a sum of emitting periods of the sub-frames. One of the
sub-frames corresponding to a most significant bit of the data
signal may have a longest emitting period, and another of the
sub-frames corresponding to a least significant bit of the data
signal may have a shortest emitting period. The emitting
periods of the sub-frames may be different from each other
based on a ratio of 2'.

[0012] The gate driver may sequentially output the scan
signal to the scan lines according to each of the sub-frames,
and the display may simultaneously display image data cor-
responding to each of the sub-frames through pixels con-
nected to the scanned scan lines. The gate driver may indi-
vidually output the scan signal to the scan lines according to
timings individually determined for each of the scan lines,
and the display may individually display each of the sub-
frames through pixels connected to the scanned scan lines
according to the timings individually determined for each of
the scan lines.

[0013] Inaccordance with one or more other embodiments,
a method for driving an organic light emitting display appa-
ratus includes outputting first power and second power to a
display through first and second power lines, respectively;
generating a sensor control signal based on a divided vertical
synchronization signal, measuring current flowing through
the first power line in synchronization with the sensor control
signal; comparing the measured current with a reference cur-
rent value; and adjusting a voltage level of the first power
based on the comparison.

[0014] Adjusting the voltage level may include generating
a first delta value based on the comparison, and adjusting the
voltage level of the first power to correspond to a value
obtained by adding the voltage level of the first power and the
first delta value. When the value obtained by adding the
voltage level of the first power and the first delta value is lower
than a first critical value, adjusting the voltage level may
include adjusting the voltage level of the first power to be the
first critical value.

[0015] Measuring the current may be performed by mea-
suring a voltage between the first and second power lines in
synchronization with the sensor control signal, and adjusting
the voltage level may be performed by adjusting the voltage
level of the first power based on the measured voltage. Adjust-
ing the voltage level maybe performed once during each of a
plurality of periods of the sensor control signal.
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[0016] Inaccordance with one or more other embodiments,
an apparatus includes an interface; and a controller to control
a display, the controller to: output first power and second
power to the display through respective first and second
power lines; generate a sensor control signal based on a
control signal; measure current flowing through the first
power line based on the sensor control signal; and adjust a
voltage level of the first power based on the measured current.
The control signal may be based on a signal from a timing
controller of the display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features will becomeapparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0018] FIG. 1 illustrates an embodiment of an organic light
emitting display;

[0019] FIG. 2 illustrates an embodiment of a method for
driving an organic light emitting display;

[0020] FIG. 3 illustrates an embodiment of a method for
measuring the level of a power voltage and current flowing in
a power voltage line in an organic light emitting display:;
[0021] FIG. 4illustrates another embodiment of an organic
light emitting display;

[0022] FIGS.5A and 5B illustrate embodiments relating to
a method for driving an organic light emitting display appa-
ratus in a digital driving manner; and

[0023] FIG. 6 illustrates another embodiment of a method
for driving an organic light emitting display.

DETAILED DESCRIPTION

[0024] Example embodiments are described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0025] FIG. 1illustrates an embodiment of an organic light
emitting display apparatus 100 which includes a timing con-
trol unit 110, a display unit 120, a gate driver 130, a source
driver 140, a power supply unit 150, a sensor control unit 160,
a sensor unit 170, and a power control unit 180. The timing
control unit 110, the gate driver 130, and the source driver 140
may be respectively formed on separate semiconductor chips
or may be integrated on a single semiconductor chip. In
addition, the timing control unit 110, the gate driver 130,
and/or the source driver 140 may be formed on the same
substrate as the display unit 120.

[0026] The organic light emitting display apparatus 100
displays images based on light emitted from pixels P. The
organic light emitting display apparatus 100 may be an elec-
tronic apparatus, e.g., a smartphone, a personal or laptop
computer, a monitor, or a TV, or may be an image display
component of such an electronic apparatus.

[0027] The timing control unit 110 is connected to the gate
driver 130. the source driver 140, the sensor control unit 160,
and the power control unit 180. The timing control unit 110
receives image data and outputs first control signals CON1 to
the gate driver 130. The first control signals CON1 may
include a vertical synchronization signal VSYNC. The first
control signals CON1 may include control signals necessary
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for the gate driver 130 to output scan signals SCAN1 TO
SCANm synchronized with the vertical synchronization sig-
nal VSYNC. The timing control unit 110 outputs second
control signals CON2 to the source driver 140.

[0028] Thetiming controlunit 110 outputs image data ID to
the source driver 140. The image data ID may include image
information necessary for generating data signals DATAL1 to
DATAnR. The second control signals CON2 may include con-
trol signals necessary for the source driver 140 to output the
data signals DATA1 to DATAn corresponding to the image
data ID. The timing control unit 110 may output the vertical
synchronization signal VSYNC to the sensor control unit
160. The timing control unit 110 may output third control
signals CON3 to the power control unit 180.

[0029] The display unit 120 includes a plurality of pixel
rows each including a plurality of pixels P, a plurality of scan
lines SL respectively connected to the pixel rows, and a plu-
rality of data lines DL. Each scan line SL is connected to
pixels P in the same pixel row for delivering scan signals. The
data lines DL may be connected to pixels P in the same pixel
column to deliver data signals. For example, as illustrated in
FIG. 1, a pixel row may include a plurality of pixels P, a scan
line SLamay be connected to the pixels P of the pixel row, and
a plurality of data lines DLb and DLc may be respectively
connected to the pixels P.

[0030] Each pixel P includes a pixel circuit that receives
first power ELVDD and second power ELVSS and controls a
driving current. Each pixel P may include an organic light
emitting diode to emit light having a degree of luminance
corresponding to a driving current. The pixel circuit may
output a driving current based on the first power ELVDD, the
second power ELVSS, and a data signal, and may supply the
driving current to an anode of the organic light emitting diode.
The organic light emitting diode may emit light correspond-
ing to a current flowing between its anode and a cathode.
[0031] The gate driver 130 outputs scan signals SCAN I to
SCANm to the scan lines SL, for example, in synchronization
with the vertical synchronization signal VSYNC.

[0032] The source driver 140 outputs the data signals
DATAI1 to DATAn to the data lines DL in synchronization
with the scan signals SCAN1 TO SCANm.

[0033] The power supply unit 150 outputs the first power
ELVDD and the second power ELVSS to the display unit 120
through first and second power lines, respectively. The power
supply unit 150 outputs power to the display unit 120 for
operating the display unit 120.

[0034] The sensor control unit 160 generates a sensor con-
trol signal SC which, for example, may be synchronized with
the vertical synchronization signal VSYNC. The sensor con-
trol signal SC is transmitted to the sensor unit 170. The sensor
control unit 160 may generate the sensor control signal SC by
dividing the vertical synchronization signal VSYNC. For
example, if the period of the vertical synchronization signal
VSYNCist, the period of the sensor control signal SC may be
k*t, where k denotes an integer equal to or greater than 2. A
method for generating the sensor control signal SC by divid-
ing a vertical synchronization signal VSYNC may be selected
from various signal dividing methods using signal processing
algorithms.

[0035] The sensor unit 170 measures current flowing in the
first power line in order to detect current corresponding to the
first power ELVDD output from the power supply unit 150.
The sensor unit 170 may measure a voltage between the first
and second power lines in order to detect a voltage difference
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between the first power ELVDD and the second power
ELVSS output from the power supply unit 150. The sensor
unit 170 may perform a measurement operation in synchro-
nization with the sensor control signal SC, and may output a
measurement result signal SR to the power control unit 180.
[0036] The power control unit 180 may adjust the voltage
level of the first power ELVDD output from the power supply
unit 150 based on measurement result signal SR.

[0037] FIG. 2 illustrates an embodiment of a method for
driving the organic light emitting display apparatus 100.
Referring to FIG. 2, the method includes measuring current
flowing in the first power line (operation S110a), measuring a
voltage between the first and second power lines (operation
S1104), generating a first delta value by comparing measured
values with reference values (operation S120), determining
the sum of'the present voltage of first power and the first delta
value as a temporary voltage for the first power (operation
S130), comparing the temporary voltage of the first power
with a first critical value (operation S140), and determining
the higher one of the temporary voltage and the first critical
value as a final voltage for the first power (operation S150).

[0038] In the current measuring operation S110a, current
flowing in the first power line is measured to detect a current
corresponding to the first power ELVDD supplied to the
display unit 120.

[0039] Inthe voltage measuring operation S1105, a voltage
between the first and second power lines is measured to detect
a voltage difference between the first power ELVDD and
second power ELVSS. Both or only one of the current mea-
suring operation S110a or the voltage measuring operation
S1106 may be performed. The current measuring operation
S110a and the voltage measuring operation S1105 may be
performed by the sensor unit 170.

[0040] In the first delta value generating operation S120,
the measured values are compared with the reference values
to generate the first delta value for adjusting the voltage level
of the first power ELVDD. When only one of the current
measuring operation 8110« or the voltage measuring opera-
tion S1105 is performed, a value measured by the performed
operation is compared with only a single reference value.
When both the current measuring operation S110a and the
voltage measuring operation S1104 are performed, two mea-
sured results are compared with respective reference values.
The first delta value generating operation S120 may be per-
formed by the power control unit 180.

[0041] The reference value for the measured value in the
current measuring operation S110a may be a target value of
current to be supplied from the power supply unit 150 to the
display unit 120. The reference value for the measured value
in the voltage measuring operation S1105 may be adifference
between target voltages of the first power ELVDD and the
second power ELVSS to be supplied from the power supply
unit 150 to the display unit 120. The first delta value may be
a difference between the present voltage level of the first
power ELVDD and a target voltage level for the first power
ELVDD. For example, the first delta value may indicate how
much the present voltage level of the first power ELVDD has
to be adjusted when compared to the reference value.

[0042] In the temporary voltage determining operation
S130, the sum of the first delta value and the present voltage
level of the first power ELVDD may be determined as the
temporary voltage for the first power ELVDD. The temporary
voltage determining operation S130 may be performed by the
power control unit 180.
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[0043] 1In the comparing operation S140, the temporary
voltage for the first power ELVDD may be compared with the
first critical value. The first critical value is predetermined
value. In one embodiment, the first critical value is a minimal
value determined as a voltage level of the first power ELVDD.
In the comparing operation S140, it may be determined
whether the temporary voltage of the first power ELVDD
obtained by measurement and calculation is lower than the
first critical value. The comparing operation S140 may be
performed by the power control unit 180.

[0044] In the final voltage determining operation S150, if
the temporary voltage for the first power ELVDD is lower
than the first critical value, the first critical value may be
determined as the final voltage for the first power ELVDD,
and thus the voltage level of the first power ELVDD is not
adjusted to an excessively low value. In the final voltage
determining operation S150, if the temporary voltage for the
first power ELVDD is higher than the first critical value, the
temporary voltage for the first power ELVDD may be deter-
mined as the final voltage for the first power ELVDD. In the
final voltage determining operation S150, the voltage level of
the first power ELVDD may be adjusted to be the final volt-
age. The final voltage determining operation S150 may be
performed by the power control unit 180.

[0045] FIG. 3 illustrates an embodiment of a method for
measuring the level of power voltage and current flowing ina
power voltage line in the organic light emitting display appa-
ratus 100. Referring to FIG. 3, frame images are sequentially
displayed according to frame periods in synchronization with
a vertical synchronization signal VSYNC.

[0046] For example, a first frame image F1 is displayed on
the display unit 120 during a first frame period FP1, and a
second frame image F2 is displayed on the display unit 120
during a second frame period FP2. A sensor control signal SC
is generated by dividing the vertical synchronization signal
VSYNC such thata pulse is sequentially present on the sensor
control signal SC in each period corresponding to a certain
number of frame periods. In one embodiment, if a dividing
ratio is 3, the period of the sensor control signal SC is three
times each frame period FP, and each sensor sensing period
SP is three times each frame period FP. Thus, a first sensing
period SP1 lasts for first to third frame periods FP1 to FP3,
and a second sensing period SP2 lasts for fourth to sixth frame
periods FP4 to FP6.

[0047] The sensor unit 170 may perform a measuring
operation in each sensing period SP in synchronization with
the sensor control signal SC. For example, the sensorunit 170
may measure a current flowing in the first power line while the
first frame image F1 is displayed during a first current sensing
period ISP1 in synchronization with the sensor control signal
SC, and may measure a voltage between the first and second
power lines while the second frame image F2 is displayed
during a first voltage sensing period VSP1 in synchronization
with the vertical synchronization signal VSYNC.

[0048] In the first sensing period SP1, the sensor unit 170
may not perform a measuring operation during a first wait
period WP1 after the first current sensing period ISP1 and the
first voltage sensing period VSP1. In the exemplary embodi-
ment of FIG. 3, the sensor unit 170 measures current once and
voltage once during each sensing period SP. In another exem-
plary embodiment, the sensor unit 170 may measure current
a predetermined number of times and voltage a predeter-
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mined number of times during a sensing period SP, or may
measure one of current or voltage once or a plurality of times
during a sensing period SP.

[0049] Current or voltage may be measured a plurality of
times during a single sensing period SP, and first power
ELVDD may be precisely adjusted based on a plurality of
measured values. In the exemplary embodiment of FIG. 3, the
dividing ratio is 3. In another exemplary embodiment, the
sensor control signal SC may be generated by dividing the
vertical synchronization signal VSYNC at a dividing ratio
being an integer equal to or greater than 2.

[0050] The sensor unit 170 transmits a measurement result
signal SR to the power control unit 180. The sensor unit 170
may transmit the measurement result signal SR to the power
control unit 180, for example. within (e.g., in the middle of the
first wait period WP1. Alternatively, the sensor unit 170 may
continuously transmit the measurement result signal SR, and
the power control unit 180 may receive the measurement
result signal SR in the middle of the first wait period WP1.
[0051] Duringasensing period SP, based on a measurement
result signal SR, the power control unit 180 may adjust the
voltage level of the first power ELVDD to be output in the next
sensing period SP. For example, the power control unit 180
may determine a final voltage level of the first power ELVDD
through the operations described with reference to FIG. 2
based on a measurement result signal SR measured in the first
sensing period SP1. Thereafter, the power control unit 180
may output the determined voltage level to the display unit
120 during the second sensing period SP2.

[0052] In this manner, the voltage level of the first power
ELVDD, determined using first to third frame images F1 to F3
displayed on the display unit 120 during the first sensing
period SP1, may be output to the display unit 120 from the
power supply unit 150 in the second sensing period SP2
during which fourth to sixth frame images F4 to F6 are dis-
played on the display unit 120.

[0053] The operation, in which the power control unit 180
adjusts the voltage level of the first power ELVDD to be
output in the next sensing period SP based on a measurement
result signal SR obtained in the previous sensing period SP,
may be performed during a wait period in the previous sens-
ing period SP. For example, the operation, in which the power
control unit 180 adjusts the voltage level of the first power
ELVDD based on the measurement result signal SR obtained
in the first sensing period SP1, may be performed during the
first wait period WP1.

[0054] FIG. 4 illustrates another embodiment of an organic
light emitting display apparatus 200. The organic light emit-
ting display apparatus 200 is similar to apparatus 100 except
as follows.

[0055] Referring to FIG. 4, the organic light emitting dis-
play apparatus 200 includes a first pixel P1, a second pixel P2,
a power supply unit 150, a sensor unit 170, and a power
control unit 180. Each pixel includes at least one sub-pixel.
For example, as shown in FIG. 4, each of the first pixel P1 and
the second pixel P2 may include three sub-pixels. The first
pixel P1 includes a first red sub-pixel SPIR, a first green
sub-pixel SP1G, and a first blue sub-pixel SP1B. The second
pixel P2 includes a second red sub-pixel SP2R, a second
green sub-pixel SP2G, and a second blue sub-pixel SP2B.
[0056] The types of sub-pixels may be different, for
example, according to the wavelengths of light that the sub-
pixels are to emit and the positions of the sub-pixels. For
example, as illustrated in FIG. 4, the first red sub-pixel SP1IR

Jun. 9, 2016

and the second red sub-pixel SP2R may be of same type (e.g.,
emit light of in a same wavelength range). The first green
sub-pixel SP1G and the second green sub-pixel SP2G may be
of the same type, and the first blue sub-pixel SP1B and the
second blue sub-pixel SP2B may be of the same type.

[0057] The power supply unit 150 may supply first power
having different levels according to the types of the sub-
pixels. For example, first red power ELVDDR may be sup-
plied to the first red sub-pixel SP1R and the second red
sub-pixel SP2R. First green power ELVDDG may be sup-
plied to the first green sub-pixel SP1G and the second green
sub-pixel SP2G. First blue power ELVDDB may be supplied
to the first blue sub-pixel SP1B and the second blue sub-pixel
SP2B. Second power ELVSS may be supplied to all the
sub-pixels regardless of the types of the sub-pixels.

[0058] The sensorunit 170 measures current values or volt-
age values with respect to different levels of the first power
output from the power supply unit 150. For example, the
sensor unit 170 may individually measure current flowing in
a power line of the first red power ELVDDR, current flowing
in apower line of the first green power ELVDDG, and current
flowing in a power line of the first blue power ELVDDB. In
addition, the sensor unit 170 may individually measure a
voltage between the power line of the first red power
ELVDDR and a power line of the second power ELVSS, a
voltage between the power line of the first green power
ELVDDG and the power line of the second power ELVSS,
and a voltage between the power line of the first blue power
ELVDDB and the power line of the second power ELVSS.

[0059] Measurement result signals SRR, SRG, and SRB
obtained from different levels of the first power may be output
from the sensor unit 170 to the power control unit 180. Based
on the measurement result signals SRR, SRG, and SRB, the
power control unit 180 adjusts the first red power LEVDDR,
the first green power ELVDDG, and the first blue power
ELVDDB of the power supply unit 150.

[0060] Inthe exemplary embodiment of FIG. 4, each ofthe
first and second pixels P1 and P2 includes three sub-pixels. In
another embodiment, each of the first and second pixels P1
and P2 may include a different number of sub-pixels, e.g.,
two, four or more sub-pixels.

[0061] FIGS. 5A and 5B illustrate embodiments of a
method for driving the organic light emitting display appara-
tus 100 and/or 200 in a digital driving manner. Referring to
FIGS. 5A and 5B. a frame F may include a plurality of
sub-frames SF1 to SF5. A frame period FP may include a
plurality of sub-frame periods SFP1 to SFP5. Each sub-frame
period SFP1 to SFP5 may include a scan period SCAN and an
emitting period EM.

[0062] The display unit 120 receives digital data signals.
Bach digital data signal includes a plurality of bits, each
having a high or low level. Each pixel P which receives a
digital data signal emits light or may not emit light according
to the logical level of the digital data signal.

[0063] Inaddition, the frame F may be processed according
to the sub-frames SF1 to SF5. The number of the sub-frames
SF1 to SF5 may be determined in various ways. For example,
each sub-frame SF1 to SF5 may correspond to a bit of a data
signal, and the number of the sub-frames SF1 to SF5 may be
equal to the number of the bits of the data signal. In another
embodiment, however, the number of the sub-frames SF1 to
SF5 may be determined in a different manner and/or the
frame F may include a different number of sub-frames.
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[0064] The sub-frames SF1 to SF5 may be displayed on the
display unit 120 during respective sub-frame periods SFP1 to
SFP5. Each sub-frame period SFP1 to SFP5 may include a
scan period SCAN during which a scan signal is supplied to a
pixel P and an emitting period EM during which the pixel P
emits light.

[0065] The emitting periods EM for the sub-frames SF1 to
SF5 may be different and may express bits respectively cor-
responding to the sub-frames SF1 to SF5. In this case. the
emitting periods EM for the sub-frames SF1 to SF5 may
increase with a ratio of 2 to the power of n. e.g.. 2". For
example, the emitting period EM for the second sub frame
SPF2 may be twice the emitting period EM for the first
sub-frame SF1. The emitting period EM for the third sub-
frame SF3 may be twice the emitting period EM for the
second sub-frame SF2. The emitting period EM for the fourth
sub-frame SF4 may be twice the emitting period EM for the
third sub-frame SF3. The emitting period EM for the fifth
sub-frame SF5 may be twice the emitting period EM for the
fourth sub-frames SF4. The fifth sub-frame SF5 having the
longest emitting period EM may correspond to a most sig-
nificant bit ofa data signal, and the first sub-frame SF1 having
the shortest emitting period EM may corresponding to a least
significant bit of the data signal. In this manner, the level of a
gray scale may be expressed based on the sum of the emitting
periods EM for the sub-frames SF1 to SF5 of the frame F.

[0066] Referring to FIG. 5A, the gate driver 130 may
sequentially output scan signals for the sub-frames SF1 to
SF5, and the timing control unit 110 may control the display
unit 120, the gate driver 130, and the source driver 140, so that
pixels P ofa plurality of pixel rows of the display unit 120 may
emit light at once for each of the sub-frames SF1 to SF5. In
this manner, the display unit 120 may be operated by a digital
driving method using a progressive scan technique.

[0067] Alternatively, as illustrated in FIG. 5B, the gate
driver 130 may individually output scan signals to scan lines
according to timings respectively determined for the scan
lines, and the timing control unit 110 may control the display
unit 120, the gate driver 130, and the source driver 140, so that
pixels P of the display unit 120 may individually emit light
according to a plurality of pixel rows of the pixels P. In this
manner, the display unit 120 may be operated by a digital
driving method using a random scan technique.

[0068] In the organic light emitting display apparatus 100
or 200 operating according to such digital driving methods,
the degrees of luminance of pixels P are sensitively varied
according to the voltage level of first power ELVDD, com-
pared to the case of organic light emitting displays operating
according to analog driving methods. Therefore, if the first
power ELVDD is precisely controlled by the method embodi-
ments for driving the organic light emitting display apparatus
100 or 200, the power of the organic light emitting display
apparatus 100 or 200 may be easily controlled according to
sensitive variations of luminance.

[0069] FIG. 6 illustrates another embodiment of a method
for driving an organic light emitting display apparatus 100 or
200. Referring to FIG. 6, first power and second power may
be output to the display unit 120 through the first and second
power lines (S210). Next, a sensor control signal may be
generated by dividing a vertical synchronization signal
(8220). The vertical synchronization signal may be divided
by various signal dividing methods using signal processing
techniques.
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[0070] Next, a current flowing through the first power line
may be measured in synchronization with the sensor control
signal (8230q), and a voltage between the first and second
power lines may be measured in synchronization with the
sensor control signal (S2304). Next, results of the measure-
ment may be compared with reference values (5240). Next.
the voltage level of the first power may be adjusted based on
results of the comparison (S250).

[0071] In this manner, the level of power voltage of the
organic light emitting display apparatus 100 or 200 or current
flowing in the power line may be measured, and the level of
power voltage may be adjusted based on results of the mea-
surement.

[0072] In accordance with another embodiment, an appa-
ratus includes an interface and controller to control a display.
The controller output first power and second power to the
display through respective first and second power lines; gen-
erate a sensor control signal based on a control signal; mea-
sure current flowing through the first power line based on the
sensor control signal; and adjust a voltage level of the first
power based on the measured current. The control signal may
be based on asignal, for example, from the timing control unit
110 of the display panel.

[0073] In this embodiment, the interface may take various
forms. For example, when the apparatus is embodied within
an integrated circuit chip, the interface may be one or more
output terminals, leads, wires, ports, signal lines, or other type
of interface within or coupled to the apparatus. In this case,
the apparatus may be, for example, the controller 185 in FIG.
1. In another case, the interface may be the signal lines cou-
pling the controller 185 to one or more of the timing control
unit 110 or the display panel 120.

[0074] Thecontrolunits, controllers, drivers, and other pro-
cessing features of the embodiments disclosed herein may be
implemented in logic which, for example, may include hard-
ware, software, or both. When implemented at least partially
in hardware, the control units, controllers, drivers, and other
processing features may be, for example, any one of a variety
of integrated circuits including but not limited to an applica-
tion-specific integrated circuit, a field-programmable gate
array, a combination of logic gates, a system-on-chip, a
microprocessor, or another type of processing or control cir-
cuit.

[0075] When implemented in at least partially in software,
the control units, controllers, drivers, and other processing
features may include, for example, a memory or other storage
device for storing code or instructions to be executed, for
example, by a computer, processor, microprocessor, control-
ler, or other signal processing device. The computer, proces-
sor, microprocessor, controller, or other signal processing
device may be those described herein or one in addition to the
elements described herein. Because the algorithms that form
the basis of the methods (or operations of the computer,
processor, microprocessor, controller, or other signal pro-
cessing device) are described in detail, the code or instruc-
tions for implementing the operations of the method embodi-
ments may transform the computer, processor, controller, or
other signal processing device into a special-purpose proces-
sor for performing the methods described herein.

[0076] In accordance with one or more of the aforemen-
tioned embodiments, the level of power voltage or a current
flowing in a power line may be measured and adjusted to
improve display quality.
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[0077] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the invention as set forth in the following
claims.

What is claimed is:

1. An organic light emitting display apparatus, comprising:

a timing controller to output a vertical synchronization
signal;

a display to displaying a frame of image data based on the
vertical synchronization signal;

a power supply to output first power and second power to
the display through first and second power lines, respec-
tively,

a sensor controller to output a sensor control signal syn-
chronized with the vertical synchronization signal;

asensor to measure current flowing through the first power
line in synchronization with the sensor control signal;
and

a power controller to compare the measured current with a
reference current value and to control the power supply
based on results of the comparison, the power supply to
be controlled to adjust a voltage level of the first power
in synchronization with the sensor control signal,
wherein the sensor control signal has a period based on
dividing the vertical synchronization signal.

2. The display apparatus as claimed in claim 1, wherein the

power controller is to:

generate a first delta value based on the results of the
comparison, and

adjust the voltage level of the first power to correspond to
a value based on a sum of the voltage level of the first
power and the first delta value.

3. The display apparatus as claimed in claim 2, wherein:

when the value obtained by adding the voltage level of the
first power and the first delta value is lower than a first
critical value, the power controller is to adjust the volt-
age level of the first power to be the first critical value.

4. The display apparatus as claimed in claim 1, wherein:

the sensor is to measure a voltage between the first and
second power lines, and

the power controller is to adjust the voltage level of the first
power based on the measured voltage.

5. The display apparatus as claimed in claim 1, wherein the
vertical synchronization signal is divided with a dividing ratio
of 3.

6. The display apparatus as claimed in claim 1, wherein the
power controller is to control the power supply to adjust the
voltage level of the first power once during each of a plurality
of periods of the sensor control signal.

7. The display apparatus as claimed in claim 1, wherein:

the display includes a plurality of pixels,

each of the pixels includes at least one sub-pixel, and
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the power supply is to output the first power to the at least
one sub-pixel of each of the pixels through different
power lines according to types of the sub-pixels.
8. The display apparatus as claimed in claim 7, wherein:
the sensor is to measure current respectively flowing
through the different power lines, and
the power controller is to control the power supply based on
the current respectively measured at the different power
lines, in order to independently adjust the first power
output through the different power lines.
9. The display apparatus as claimed in claim 1, wherein:
the display includes a plurality of pixel rows, a plurality of
scan lines respectively connected to the pixel rows, and
a plurality of data lines, each of the rows including a
plurality of pixels, and
the organic light emitting display apparatus includes:
a gate driver to output a scan signal to the scan lines; and
a source driver to output data signals to the data lines in
synchronization with the scan signal.
10. The display apparatus as claimed in claim 9, wherein:
the frame includes a plurality of sub-frames, and
each of the sub-frames is for an image corresponding to a
bit of the data signal, the frame to be expressed based on
a sum of emitting periods of the sub-frames.
11. The display apparatus as claimed in claim 10, wherein:
one of the sub-frames corresponding to a most significant
bit of the data signal has a longest emitting period, and
another of the sub-frames corresponding to a least signifi-
cant bit of the data signal has a shortest emitting period.
12. The display apparatus as claimed in claim 10, wherein
the emitting periods of the sub-frames are different from each
other based on a ratio of 2".
13. The display apparatus as claimed in claim 10, wherein:
the gate driver is to sequentially output the scan signal to
the scan lines according to each of the sub-frames, and
the display is to simultaneously display image data corre-
sponding to each of the sub-frames through pixels con-
nected to the scanned scan lines.
14. The display apparatus as claimed in claim 10, wherein:
the gate driver is to individually output the scan signal to
the scan lines according to timings individually deter-
mined for each of the scan lines, and
the display is to individually display each of the sub-frames
through pixels connected to the scanned scan lines
according to the timings individually determined for
each of the scan lines.
15. A method of driving an organic light emitting display
apparatus, the method comprising:
outputting first power and second power to a display
through first and second power lines, respectively;
generating a sensor control signal based on a divided ver-
tical synchronization signal,
measuring current flowing through the first power line in
synchronization with the sensor control signal,
comparing the measured current with a reference current
value; and
adjusting a voltage level of the first power based on the
comparison.
16. The method as claimed in claim 15, wherein adjusting
the voltage level includes:
generating a first delta value based on the comparison, and
adjusting the voltage level of the first power to correspond
to avalue obtained by adding the voltage level of the first
power and the first delta value.
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17. The method as claimed in claim 16, wherein:

when the value obtained by adding the voltage level of the
first power and the first delta value is lower than a first
critical value, adjusting the voltage level includes adjust-
ing the voltage level of the first power to be the first
critical value.

18. The method as claimed in claim 15, wherein:

measuring the current is performed by measuring a voltage

between the first and second power lines in synchroni-
zation with the sensor control signal, and

adjusting the voltage level is performed by adjusting the

voltage level of the first power based on the measured
voltage.

19. The method as claimed in claim 15, wherein adjusting
the voltage level is performed once during each of a plurality
of periods of the sensor control signal.

20. An apparatus, comprising:

an interface; and

a controller to control a display, the controller to:

output first power and second power to the display through

respective first and second power lines;

generate a sensor control signal based on a control signal;

measure current flowing through the first power line based

on the sensor control signal; and

adjust a voltage level of the first power based on the mea-

sured current.
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