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CURRENT SENSING DEVICE OF DISPLAY
PANEL AND ORGANIC LIGHT EMITTING
DISPLAY DEVICE HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0117278, filed on
Sep. 3, 2014 in the Korean Intellectual Property Office
(KIPO), the contents of which are incorporated herein in its
entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments relate generally to a current
sensing device of a display panel and an organic light emitting
display device having the same.

[0004] 2. Description of the Related Art

[0005] Organic light emitting display (OLED) device dis-
plays visually transmit information including images and
characters by using light generated when holes and electrodes
are combined with each other at an organic light emitting
layer interposed between an anode and a cathode. OLED
device displays have been highlighted as a next-generation
display device because they have favorable characteristics
such as improved side viewing angle, a relatively rapid
response speed, a thin profile, low power consumption, etc.
[0006] Over time, however, an organic light emitting diode
included in pixels of OLED device may be degraded, and a
brightness of the pixels may decrease. Accordingly, a method
and system for compensating for a degradation of the organic
light emitting diode may improve the viewing experience of
OLED device displays.

SUMMARY

[0007] Someexample embodiments provide a current sens-
ing device of a display panel capable of accurately detecting
a driving current that flows through a pixel.

[0008] Some example embodiments provide an organic
light emitting display device capable of accurately detecting
a driving current that flows through a pixel.

[0009] According to an aspect of example enibodiments, a
current sensing device of a display panel may include a vari-
able resistor control unit configured to receive image data to
be displayed on the display panel, to calculate an estimated
driving current flowing through a plurality of pixels included
in the display panel based on the image data, and to output a
variable resistor control signal corresponding to a current
range including the estimated driving current, a current sens-
ing unit configured to sense a driving current provided to the
pixels while the image data is displayed on the display panel
and to output a sensing voltage corresponding to the driving
current, a sensing voltage calculating unit configured to
change an integral gain according to the variable resistor
control signal and to integrate the sensing voltage, and a
calculating control unit configured to control an operation of
the sensing voltage calculating unit in response to a calculat-
ing control signal.

[0010] In example embodiments, the sensing voltage cal-
culating unit may include an integrator including a first input
terminal, a second input terminal, and an output terminal, a
first resistor between the calculating control unit and the first
input terminal, a second resistor between the first input ter-
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minal and the output terminal, a third resistor between the
second input terminal and a ground connection and imple-
mented as a digital variable resistor, a fourth resistor between
the second input terminal and the output terminal, and a
capacitor between the first input terminal and the ground
connection.

[0011] In example embodiments, wherein a resistance of
the third resistor may be changed according to the variable
resistor control signal.

[0012] In example embodiments, the calculating control
unit may include a first switching transistor configured to
transmit the sensing voltage to the sensing voltage calculating
unit in response to the calculating control signal, and a second
switching transistor configured to discharge the capacitor in
response to the calculating control signal.

[0013] In example embodiments, the first switching tran-
sistor may be implemented as a P-channel Metal Oxide Semi-
conductor (PMOS) transistor, and the second switching tran-
sistor may be implemented as an N-channel Metal Oxide
Semiconductor (NMOS) transistor.

[0014] In example embodiments, the sensing voltage may
be integrated based on the integral gain when the calculating
control signal having a logic low level is provided, and the
capacitor may be discharged when the calculating control
signal having a logic high level is provided.

[0015] In example embodiments, the first switching tran-
sistor may be implemented as an N-channel Metal Oxide
Semiconductor (NMOS) transistor, and the second switching
transistor may be implemented as a P-channel Metal Oxide
Semiconductor (PMOS) transistor.

[0016] In example embodiments, the sensing voltage may
be integrated based on the integral gain when the calculating
control signal having a logic high level is provided, and the
capacitor may be discharged when the calculating control
signal having a logic low level is provided.

[0017] Inexample embodiments, the variable resistor con-
trol unit may include an estimated driving current calculating
unit configured to calculate the estimated driving current of
the image data per frame and a variable resistor control signal
output unit configured to output the variable resistor control
signal corresponding to the current range including the esti-
mated driving current.

[0018] In example embodiments, the variable resistor con-
trol signal output unit may include a lookup table that stores
the variable resistor control signal corresponding to the cur-
rent range including the estimated driving current.

[0019] In example embodiments, the current sensing unit
may include a detecting resistor configured to generate a
detecting voltage corresponding to the driving current pro-
vided to the pixels and an amplifier configured to amplify the
detecting voltage to output an amplified detecting voltage as
the sensing voltage.

[0020] According to anaspect of example embodiments, an
organic light emitting display device may include a display
panel including a plurality of pixels, a data driving unit con-
figured to provide a data signal to the display panel, a current
sensing unit configured to calculate an estimated driving cur-
rent flowing through the pixels based on image data to be
displayed on the display panel, to detect a sensing voltage
corresponding to a driving current flowing through the pixels
while the image data is displayed on the display panel, and to
calculate the sensing voltage by changing an integral gain
according to a current range including the estimated driving
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current, and a timing control unit configured to control the
data driving unit, the scan driving unit, and the current sensing
unit.

[0021] In example embodiments, the current sensing unit
may include a variable resistor control unit configured to
receive the image data to be displayed on the display panel, to
calculate the estimated driving current flowing through the
pixels based on the image data, and to output a variable
resistor control signal corresponding to the current range
including the estimated driving current, a current sensing unit
configured to sense the driving current provided to the pixels
while the image data is displayed on the display panel and to
output the sensing voltage corresponding to the driving cur-
rent, a sensing voltage calculating unit configured to change
the integral gain according to the variable resistor control
signal and to integrate the sensing voltage, and a calculating
control unit configured to control an operation of the sensing
voltage calculating unit in response to a calculating control
signal.

[0022] In example embodiments, the sensing voltage cal-
culating unit may include an integrator including a first input
terminal, a second input terminal, and an output terminal, a
first resistor coupled between the calculating control unit and
the first input terminal, a second resistor coupled between the
first input terminal and the output terminal, a third resistor
coupled between the second input terminal and a ground
connection and implemented as a digital variable resistor, a
fourth resistor coupled between the second input terminal and
the output terminal, and a capacitor coupled between the first
input terminal and the ground connection.

[0023] In example embodiments, a resistance of the third
resistor may be changed according to the variable resistor
control signal.

[0024] In example embodiments, the calculating control
unit may include a first switching transistor configured to
transmit the sensing voltage to the sensing voltage calculating
unitin response to the calculating control signal, and a second
switching transistor configured to discharge the capacitor in
response to the calculating control signal.

[0025] Inexample embodiments, the variable resistor con-
trolunit may include an estimated driving current calculating
unit configured to calculate the estimated driving current of
the image data per frame and a variable resistor control signal
output unit configured to output the variable resistor control
signal corresponding to the current range including the esti-
mated driving current.

[0026] Inexample embodiments, the variable resistor con-
trol signal output unit may include a lookup table that stores
the variable resistor control signal corresponding to the cur-
rent range including the estimated driving current.

[0027] In example embodiments, the current sensing unit
may include a detecting resistor configured to generate a
detecting voltage corresponding to the driving current pro-
vided to the pixels and an amplifier configured to amplify the
detecting voltage to output an amplified detecting voltage as
the sensing voltage.

[0028] In example embodiments, the current sensing unit
may be coupled to the timing control unit or be included in the
timing control unit.

[0029] Therefore, a current sensing device and an organic
light emitting display device having the same according to
example embodiments may accurately detecting a driving
current flowing through pixels when image data is displayed
on a display panel by calculating an estimated driving current
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flowing through the pixels based on the image data that will be
displayed on the display panel and changing an integral gain
of an integrator based on a current range that includes the
estimated driving current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Illustrative, non-limiting example embodiments
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings.

[0031] FIG. 1is ablock diagram illustrating a current sens-
ing device according to example embodiments.

[0032] FIG. 2 is a circuit diagram illustrating the current
sensing device of FIG. 1.

[0033] FIG. 3 is a variable resistor control unit that is
included in the current sensing device of FIG. 1.

[0034] FIG. 4 is a diagram illustrating an example of a
lookup table that is included in the variable resistor control
unit of FIG. 3.

[0035] FIGS. 5A and 5B are circuit diagrams illustrating
examples of a calculating control unit that is included in the
current sensing device of FIG. 1.

[0036] FIG. 6 is a block diagram illustrating an organic
light emitting display device according to example embodi-
ments.

[0037] FIG. 7 is a block diagram illustrating an electronic
device that includes the organic light emitting display device
of FIG. 6.

[0038] FIG. 8 is a diagram illustrating an example of the
electronic device that is implemented as a smart phone.

DETAILED DESCRIPTION

[0039] Hereinafter, aspects of example embodiments of the
present invention will be explained in some detail with refer-
ence to the accompanying drawings.

[0040] FIG. 1is ablock diagram illustrating a current sens-
ing device according to example embodiments and FIG. 2 is
a circuit diagram illustrating the current sensing device of
FIG. 1.

[0041] Referring to FIGS. 1 and 2, a current sensing device
100 may include a variable resistor control unit 120, a current
sensing unit 140, a sensing voltage calculating unit 160, and
a calculating control unit 180.

[0042] The variable resistor control unit 120 may receive
image data DATA to be displayed on a display panel, calculate
an estimated driving current flowing through a plurality of
pixels included in the display panel based on the image data
DATA, and output a variable resistor control signal Svrc
corresponding to a current range that includes the estimated
driving current. The driving current flowing through the pix-
els of the display panel may be changed based on the image
data DATA. The variable resistor control unit 120 may receive
the image data DATA per frame and calculate the estimated
driving current. For example, the variable resistor control unit
120 may receive image data of an (N+1)th frame while image
data of an (N)th frame is displayed on the display panel and
calculate an estimated driving current based on the image data
of the (N+1)th frame, where N is an integer greater than 1. The
variable resistor control unit 120 may output the variable
resistor control signal Svrc corresponding to the currentrange
that includes the estimated driving current of the (N+1)th
frame. The variable resistor control unit 120 may store the
variable resistor control signal Svre corresponding to the
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current range that includes the estimated driving current into
a lookup table (LUT). The variable resistor control unit 120
may select the variable resistor control signal Svrc corre-
sponding to the current range that includes the estimated
driving current in the lookup table and output the variable
resistor control signal Svre to the sensing voltage calculating
unit 160 per frame. It should be understood that the lookup
table can be implemented by any storage device capable of
storing the load amount corresponding to the digital signals.

[0043] The current sensing unit 140 may sense the driving
current provided to the pixels while the image data DATA is
displayed on the display panel and output a sensing voltage
Vs corresponding to the driving current. The current sensing
unit 140 may generate a detecting voltage corresponding to
the driving current provided to the pixels while the image data
DATA is displayed on the display panel, amplify the detecting
voltage, and output the amplified detecting voltage as the
sensing voltage Vs. In some example embodiments, the cur-
rent sensing unit 140 may be coupled to a line that provides a
high power voltage ELVDD and measure the current that
flows to the pixels. In other example embodiments, the cur-
rent sensing unit 140 may be coupled to a line that provides a
low power voltage ELVSS and measure the current that flows
to the pixels. Referring to FIG. 2, the current sensing unit 140
may include a detecting resistor Rd to detect the driving
current provided to the pixels and an amplifier 142. The
detecting resistor Rd may be arranged on a power voltage
supply line. The detecting resistor Rd may generate the
detecting voltage corresponding to the driving current Id
flowing through the power voltage supply line. The detecting
resistor Rd may have a low resistance such that a voltage or a
current provided to the pixels through the power voltage
supply line may not be substantially affected by the detecting
resistor Rd. In some example embodiments, the power volt-
age supply line may be a line that provides the high power
voltage ELVDD, and the detecting resistor may generate the
detecting voltage corresponding to the driving current Id
flowing from the high power supply line to the pixels. In other
example embodiments, the power voltage supply line may be
a line that provides the low power voltage ELVSS, and the
detecting resistor may generate the detecting voltage corre-
sponding to the driving current Id flowing from the low power
supply line to the pixels. The amplifier 142 may amplify the
detecting voltage generated by the detecting resistor Rd and
output the amplified detecting voltage as the sensing voltage
Vs. In some example embodiments, the amplifier 142 may be
a differential amplifier. In other example embodiments, the
amplifier 142 may be a single ended amplifier. Although FIG.
2 illustrates an example where each current sensing unit 140
includes the amplifier 142, in some example embodiments,
each current sensing unit 140 may be implemented without
the amplifier 142. The sensing voltage Vs generated from the
current sensing unit 140 may be provided to the sensing
voltage calculating unit 160 through the calculating control
unit 180.

[0044] The sensing voltage calculating unit 160 may
change an integral gain of an integrator 162 according to the
variable resistor control signal Svre and integrates the sensing
voltage Vs. Referring to F1G. 2, the sensing voltage calculat-
ing unit 160 may include the integrator 162, a first resistor R1,
a second resistor R2, a third resistor R3, a fourth resistor R4,
and a capacitor C. The integrator 162 may include a first input
terminal, a second input terminal, and an output terminal. The
first resistor R1 may be coupled between the calculating
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control unit 180 and a first input terminal of the integrator
162. The second resistor R2 may be coupled between the first
input terminal of the integrator 162 and the output terminal.
The third resistor R3 may be coupled between the second
input terminal of the integrator 162 and a ground connection
(or a power supply supplying a ground voltage). The fourth
resistor R4 may be coupled between the second input termi-
nal of the integrator 162 and the output terminal. The capaci-
tor may be coupled between the first input terminal of the
integrator 162 and the ground connection. The output voltage
Vout from the integrator 162 of the sensing voltage calculat-
ing unit 160 may be calculated according to [Equation 1]
below,

R4\ Equation 1
(em)
Vour = ~——= % f Vs(n)d1,
RIxC o

(Rl R2><R3]
T M

[0045] Here, the third resistor R3 may be implemented as a
digital variable resistor. A resistance of the third resistor R3
may be changed according to the variable resistor control
signal Svre. The integral gain of the integrator 162 may be
changed as the resistance of the third resistor R3 is changed.
That is, the integral gain of the integrator 162 included in the
sensing voltage calculating unit 160 may be changed accord-
ing to the current range that includes the estimated driving
current calculated in the variable resistor control unit 120, and
the sensing voltage Vs output from the current sensing unit
140 may be integrated by the integral gain. The sensing volt-
age calculating unit 160 may further include an analog to
digital converter (ADC) 164. The analog-digital converter
164 may receive an output voltage Vout from the integrator
162 and convert the output voltage Vout into the digital sens-
ing current Isen.

[0046] The calculating control unit 180 may control an
operation of the sensing voltage calculating unit 160 in
response to a calculating control signal Sce. Referring to FIG.
2, the calculating control unit 180 may include a first switch-
ing transistor T1 that transmits the sensing voltage Vs output
from the current sensing unit 140 in response to the calculat-
ing control signal Scc into the sensing voltage calculating unit
160 and a second switching transistor T2 that discharges the
capacitor C of the sensing voltage calculating unit 160 in
response to the calculating control signal Scc. In some
example embodiments, when the first switching transistor T1
turns on, the sensing voltage Vs may be transmitted to the
sensing voltage calculating unit 160 and be integrated by the
integral gain. Here, the second switching transistor T2 may
turn off. In other example embodiments, when the second
switching transistor T2 turns off, the capacitor C of the sens-
ing voltage calculating unit 160 may be discharged. Here, the
first switching transistor T1 may turn off.

[0047] Whether a degradation of the display panel occurs
may be determined by a variation of the driving current as
time passes. Generally, the driving current of the organic light
emitting display device that is driven in a digital driving
method may be detected by integrating the driving current
using a current sensing device that includes an integrator. The
current sensing device may include an amplifier, a resistor, a
capacitor, an analog-digital converter, etc. An output value of
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the current sensing device may be changed by errors of above
elements. When a current sensing device detects the driving
current of the organic light emitting device driven in the
digital driving method, the variation of the driving current
may not be detected because of the errors of the elements. For
example, when the driving current is included ina low current
range and the variation of the output value of the current
sensing device is smaller than the variation of the driving
current, a current sensing device may not detect the variation
of the driving current because of the errors of the elements.

[0048] However, as described above, the current sensing
device 100 according to example embodiments may calculate
the estimated driving current flowing through the pixels based
on the image data DATA that will be displayed on the display
panel and change the integral gain of the integrator 162.
Therefore, the current sensing device 100 of FIG. 1 may
accurately detect the variation of the driving current flowing
through the pixels when the image data DATA is displayed on
the display panel by controlling the output value, that is, the
digital sensing current Isen, of the current sensing device 100
according to the current range that includes the estimated
driving current. For example, when the estimated driving
current is included in the low current range, the current sens-
ing device 100 may accurately detect the fine variation of the
driving current by highly controlling the integral gain of the
integrator.

[0049] FIG. 3 is a variable resistor control unit that is
included in the current sensing device of FIG. 1 and FIG. 4 1s
a diagram illustrating an example of a lookup table that is
included in the variable resistor control unit of FIG. 3.

[0050] The variable resistor control unit 120 may include
the estimated driving current calculating unit 122 and the
variable resistor control signal output unit 124. The estimated
driving current calculating unit 122 may calculate the esti-
mated driving current led of the image data DATA per frame.
For example, the estimated driving current calculating unit
122 may calculate the estimated driving current led according
to a grayscale value of the image data DATA. A method of
calculating the estimated driving current led may be changed
by a size of the display panel, aresolution of the display panel,
an arrangement of the line formed on the display panel, a
length of the line formed on the display panel, etc. The vari-
able resistor control signal output unit 124 may receive the
estimated driving current led output from the estimated driv-
ing current calculating unit 122, and output the variable resis-
tor control signal Svrc corresponding to the current range that
includes the estimated driving current led. The variable resis-
tor control signal output unit 124 may include the lookup
table that stores the variable resistor control signal Svrc cor-
responding to the current range that includes the estimated
driving current led. For example, when the driving current
that is 0 mA through 600 mA flows through pixels, the vari-
able resistor control signal output unit 124 may include the
lookup table illustrated in FIG. 4. Referring to FIG. 4, when
the estimated driving current led is included in the range of 0
mA through 200 mA, the variable resistor control unit 120
may output a first variableresistor control signal Svrcl. When
the estimated driving current led is included in the range of
201 mA through 400 mA, the variable resistor control unit
120 may output a second variable resistor control signal
Svrc2. When the estimated driving current led is included in
the range of 401 mA through 600 mA, the variable resistor
control unit 120 may output a third variable resistor control
signal Svrc3. Each of the first through third variable resistor
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control signals Svrcl through Svrc3 may be output to the
sensing voltage calculating unit 160. The first through third
variable resistor control signal Svrcl through Svrc3 may
respectively change the resistance of the third resistor R3 that
is implemented as the variable resistor. The integral gain of
the integrator 162 may be changed according to the resistance
of the third resistor R3. The output value, that is, the digital
sensing current Isen of the sensing voltage calculating unit
160 may be changed based on the integral gain.

[0051] As described above, the variable resistor control
unit 120 may calculate the estimated driving current led and
output the variable resistor control signal Svre corresponding
to the current range that includes the estimated driving current
led. Here, the variable resistor control signal Svrc corre-
sponding to the current range that includes the estimated
driving current led may be stored in the lookup table 126. It
should be understood that the lookup table can be imple-
mented by any storage device capable of storing the load
amount corresponding to the digital signals.

[0052] FIGS. 5A and 5B are circuit diagrams illustrating
examples of a calculating control unit that is included in the
current sensing device of FIG. 1.

[0053] Referring to FIGS. 5A and 5B, the calculating con-
trolunit 180 may include the first switching transistor T1 that
transmits the sensing voltage Vs to the sensing voltage cal-
culating unit 160 in response to the calculating control signal
Scc and the second switching transistor T2 that discharge the
capacitor C of the sensing voltage calculating unit 160 in
response to the calculating control signal Scc. In some
example embodiments, when the first switching transistor T1
turns on, the sensing voltage Vs may be transmitted to the
sensing voltage calculating unit 160 and be integrated by the
integral gain. Here, the second switching transistor T2 may
turns off. In other example embodiments, when the second
switching transistor T2 turns on, the capacitor C of the sens-
ing voltage calculating unit 160 may be discharged. Here, the
first switching transistor T1 may turns off.

[0054] Asillustratedin FIG. S5A, the first switching transis-
tor T1 may be implemented as a p-channel metal oxide semi-
conductor (PMOS) transistor and the second switching tran-
sistor T2 may be implemented as an n-channel metal oxide
semiconductor (NMOS) transistor. Here, when the calculat-
ing control signal Scc that has a logic low level is provided,
the sensing voltage Vs may be integrated by the integral gain.
Further, when the calculating control signal Scc that has a
logic high level is provided, the capacitor C of the sensing
voltage calculating unit 160 may be discharged.

[0055] As illustrated in FIG. 5B, the first switching transis-
tor T1 may be implemented as the NMOS transistor and the
second switching transistor T2 may be implemented as the
PMOS transistor. Here, when the calculating control signal
Scc that has a logic high level is provided, the sensing voltage
Vs may be integrated by the integral gain. Further, when the
calculating control signal Scc that has a logic low level is
provided, the capacitor C of the sensing voltage calculating
unit 160 may be discharged.

[0056] As described, the calculating control unit 180 may
control an operation of the sensing control calculating umt
160 according to the calculating control signal Scc. Although
the calculating control unit 180 that includes the first switch-
ing transistor T1 and the second switching transistor T2 is
described in FIGS. 5A and 5B, a composition of the calcu-
lating control unit 180 is not limited thereto. For example, the
calculating control unit 180 may include switching elements
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that transmit the sensing voltage Vs of the calculating control
unit 180 to the sensing voltage calculating unit 160 or dis-
charge the capacitor C of the sensing voltage calculating unit
160 according to the calculating control signal Vee.

[0057] FIG. 6 is a block diagram illustrating an organic
light emitting display device according to example embodi-
ments.

[0058] Referring to FIG. 6, the organic light emitting dis-
play device 200 may include a display panel 210, a data
driving unit 220, a scan driving unit 230, a current sensing
unit 240, and a timing control unit 250. Here, the current
sensing unit 240 may correspond to the current sensing device
100 of FIG. 1.

[0059] The display panel 210 may include a plurality of
pixels. In some example embodiments. each pixel Px may
include a pixel circuit, a driving transistor, and an organic
light emitting diode. In this case, the pixel circuit may operate
to provide a data signal, where the data signal is provided via
data-lines DLm, to the driving transistor based on a scan
signal, where the scan signal is provided via scan-lines SLn.
The driving transistor may control a current flowing through
the organic light emitting diode based on the data signal, and
the organic light emitting diode may emit light based on the
current.

[0060] The scan driving unit 230 may provide a scan signal
to the pixels via the plurality of scan lines SLn. The data
driving unit may provide a data signal to the pixels via the
plurality of data lines DL.m according to the scan signal. The
timing control unit 250 may control the scan driving unit 230,
the data driving unit by generating a plurality of control
signals CTL1, CTL2. In some example embodiments, the
current sensing unit 240 may be disposed in the timing control
unit 250. In other example embodiments, the current sensing
unit 240 may be coupled to the timing control unit 250.
[0061] Thecurrentsensing unit 240 may receive image data
to be displayed on the display panel 210 and calculate an
estimated driving current flowing through the pixels based on
the image data. Further, the current sensing unit 240 may
detect a sensing voltage corresponding to a driving current
flowing through the pixels when the image data is displayed
on the display panel 210 and calculate the sensing voltage by
changing an integral gain according to a current range that
includes the estimated driving current.

[0062] Specifically, the current sensing unit 240 may
include a variable resistor unit, a current sensing unit, a sens-
ing voltage calculating unit, and a calculating control unit.
The variable resistor control unit may receive the image data
that will be displayed on the display panel 210, calculate an
estimated driving current flowing through the plurality of
pixels included in the display panel 210 based on the image
data, and output a variable resistor control signal Svrc corre-
sponding to a current range that includes the estimated driv-
ing current. The variable resistor control unit may include the
estimated driving current calculating unit and the variable
resistor control signal output unit.

[0063] The estimated driving current calculating unit may
calculate the estimated driving current of the image data per
frame. For example, the estimated driving current calculating
unit may calculate the estimated driving current according to
a grayscale value of the image data. The variable resistor
control signal output unit may receive the estimated driving
current output from the estimated driving current calculating
unit, and output the variable resistor control signal Svrc cor-
responding to the current range that includes the estimated
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driving current. The variable resistor control signal output
unit may include the lookup table that stores the variable
resistor control signal Svrc corresponding to the current range
that includes the estimated driving current.

[0064] The current sensing unit may sense the driving cur-
rent provided to the pixels while the image data is displayed
on the display panel 210 and output a sensing voltage corre-
sponding to the driving current. The current sensing unit may
generate a detecting voltage corresponding to the driving
current provided to the pixels while the image data is dis-
played on the display panel 210, amplify the detecting volt-
age, and output the amplified detecting voltage as the sensing
voltage. The current sensing unit may include a detecting
resistor and an amplifier. The detecting resistor may generate
adetecting voltage corresponding to the driving current flow-
ing through pixels. The amplifier may amplify the detecting
voltage and output the amplified detecting voltage as the
sensing voltage. The sensing voltage may be provided to the
sensing voltage calculating unit through the calculating con-
trol unit.

[0065] The sensing voltage calculating unit may change an
integral gain of an integrator according to the variable resistor
control signal Svre and integrates the sensing voltage Vs. The
sensing voltage calculating unit may include the integrator, a
first resistor, a second resistor, a third resistor, a fourth resis-
tor, and a capacitor. The integral gain of the integrator may be
controlled by the first through fourth resistors and the capaci-
tor as descript in the equation 1. Here, the third resistor may
be implemented as a digital variable resistor. A resistance of
the third resistor may be changed according to the variable
resistor control signal Svre. The integral gain of the integrator
may be changed as the resistance of the third resistor is
changed. The sensing voltage output from the current sensing
unit may be integrated based on the integral gain. The sensing
voltage calculating unit may further include an analog-digital
converter. The analog-digital converter may convert the out-
put voltage from the integrator into a digital sensing current
Isen.

[0066] The calculating control unit may control an opera-
tion of the sensing voltage calculating unit in response to a
calculating control signal. The calculating control unit may
include a first switching transistor that transmits the sensing
voltage output from the current sensing unit in response to the
calculating control signal into the sensing voltage calculating
unit and a second switching transistor that discharges the
capacitor of the sensing voltage calculating unit in response to
the calculating control signal. In some example embodi-
ments, when the first switching transistor turns on, the sens-
ing voltage may be transmitted to the sensing voltage calcu-
lating unit and be integrated by the integral gain. Here, the
second switching transistor may turn off. In other example
embodiments, when the second switching transistor turns off,
the capacitor of the sensing voltage calculating unit may be
discharged. Here, the first switching transistor may turn off.

[0067] As described above, the organic light emitting dis-
play device 200 that includes the current sensing unit 240 may
calculate the estimated driving current flowing through the
pixels based on the image data that will be displayed on the
display panel 210 and change the integral gain of the integra-
tor according to the current range that includes the estimated
driving current. Therefore, the current sensing unit 240 of the
organic light emitting display device 200 according to
example embodiments may accurately detect the variation of
the driving current flowing through the pixels when the image
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data is displayed on the display panel 210 by controlling the
output value, that is, the digital sensing current Isen of the
current sensing unit 240 according to the current range that
includes the estimated driving current. For example, when the
estimated driving current is included in the low current range,
the current sensing unit 240 may accurately detect the fine
variation of'the driving current by controlling the output value
of the current sensing unit 240 although the variation of the
driving current is small.

[0068] FIG. 7 is a block diagram illustrating an electronic
device that includes the organic light emitting display device
of FIG. 6 and FIG. 8 is a diagram illustrating an example of
the electronic device that is implemented as a smart phone.
[0069] Referring to FIGS.7 and 8, an electronic device 300
may include a processor 310, a memory device 320, a storage
device 330, an input/output (I/O) device 340, a power supply
350, and a display device 360. Here, the display device 360
may correspond to the display device 200 of FIG. 5. In addi-
tion, the electronic device 300 may further include a plurality
of ports for communicating a video card, a sound card, a
memory card, a universal serial bus (USB) device, other
electronic device, etc. Although it is illustrated in FIG. 7 that
the electronic device 300 is implemented as a smart-phone
400, the electronic device 300 is not limited thereto.

[0070] The processor 310 may perform various computing
functions. The processor 310 may be a microprocessor, a
central processing unit (CPU), etc. The processor 310 may be
coupled to other components via an address bus, a control
bus, a data bus, etc. Further, the processor 310 may be coupled
to an extended bus such as peripheral component interconnect
(PCI) bus. The memory device 320 may store data for opera-
tions of the electronic device 300. For example, the memory
device 320 may include at least one non-volatile memory
device such as an erasable programmable read-only memory
(EPROM) device, an electrically erasable programmable
read-only memory (EEPROM) device, a flash memory
device, a phase change random access memory (PRAM)
device, a resistance random access memory (RRAM) device,
a nano floating gate memory (NFGM) device, a polymer
random access memory (PoORAM) device, a magnetic random
access memory (MRAM) device, a ferroclectric random
access memory (FRAM) device, etc, and/or at least one vola-
tile memory device such as a dynamic random access
memory (DRAM) device, a static random access memory
(SRAM) device, a mobile DRAM device, etc. The storage
device 330 may be a solid state drive (SSD) device, a hard
disk drive (HDD) device, a CD-ROM device, etc.

[0071] The I/O device 340 may be an input device such as
a keyboard, a keypad, a touchpad, a touch-screen, a mouse,
etc, and an output device such as a printer, a speaker, etc. In
some example embodiments, the display device 360 may be
included in the I/O device 340. The power supply 350 may
provide a power for operations of the electronic device 300.
[0072] The display device 360 may communicate with
other components via the buses or other communication
links. As described above, the display device 360 may include
a display panel, a data driving unit, a scan driving unit, a
timing control unit and current sensing unit. The display
panel may include a plurality of pixels, and each of the pixels
may emit light based on the current. The scan driving unit
may provide a scan signal to the pixels, and the data driving
unit may provide a data signal according to the scan signal.
[0073] Thetiming controlunit may control the scan driving
unit and the data driving unit. The current sensing unit may
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receive image data to be displayed on the display panel and
calculate an estimated driving current flowing through the
pixels of the display panel based on the image data. The
current sensing unit may detect a sensing voltage correspond-
ing to the driving current flowing through the pixels when the
image data is displayed on the display panel and calculate the
sensing voltage by controlling an integral gain of an integra-
tor based on the estimated driving current.

[0074] Forexample, the current sensing unit may include a
variable resistor control unit, a current sensing unit, a sensing
voltage calculating unit, and a calculating control unit. The
variable resistor control unit may receive the image data that
will be displayed on the display panel, calculate the estimated
driving current flowing through the pixels based on the image
data, and output a variable resistor control signal correspond-
ing to a current range that includes the estimated driving
current.

[0075] The variable resistor control unit may store the vari-
able resistor control signal corresponding to the current range
that includes the estimated driving current in a lookup table.
The current sensing unit may include a detecting resistor and
an amplifier. The detecting resistor may generate a detecting
voltage corresponding to the driving current provided to the
pixels when the image data is displayed on the display panel.
The amplifier may amplify the detecting voltage and output
the amplified detecting voltage as the sensing voltage.
[0076] The sensing voltage may be provided to the sensing
voltage calculating unit. The sensing voltage calculating unit
may change the integral gain of the integrator according to the
variable resistor control signal and integrate the sensing volt-
age. The integral gain of the integrator may be determined by
first through fourth resistors and capacitor.

[0077] Here, the third resistor may be implemented as a
digital variable resistor. The resistance of the third resistor
may be controlled by the variable resistor control signal. The
integral gain of the integrator may be changed according to
the resistance of the third resistor. The sensing voltage may be
integrated by the integrator. The calculating control unit may
include a first switching transistor that transmit the sensing
voltage output from the current sensing unit to the sensing
voltage calculating unit in response to a calculating control
signal and a second switching transistor that discharge the
capacitor of the sensing voltage calculating unit in response to
the calculating control signal.

[0078] In some example embodiments, when the first
switching transistor turns on, the sensing voltage may be
transmitted to the sensing voltage calculating unit and be
integrated by the integral gain. Here, the second switching
transistor may turn off. In other example embodiments, when
the second switching transistor turns on, the capacitor of the
sensing voltage calculating unit may be discharged. Here, the
first switching transistor may turn off.

[0079] As described above, the electronic device 300
according to example embodiments may include the display
device having the current sensing unit. The current sensing
unit may calculate the estimated driving current flowing
through the pixels based on the image data to be displayed on
the display panel and change the integral gain of the integrator
according to the current range that includes the estimated
driving current. Therefore, the electronic device 300 accord-
ing to example embodiments may accurately detect the varia-
tion of the driving current flowing through the pixels when the
image data s displayed on the display panel by controlling the
output, that is, the digital sensing current Isen of the current



US 2016/0063925 A1

sensing unit according to the current range that includes the
driving current. For example, when the driving curtent is
included in the low current range, the current sensing unit
may accurately detect the fine variation of the driving current
by controlling the output value of the current sensing unit
although the variation of the driving current is small.

[0080] Embodiments of the present invention may be
applied to an electronic device having a display device. For
example, embodiments of the present invention may be
applied to a computer monitor, a laptop, a digital camera, a
cellular phone, a smart phone, a smart pad, a television, a
personal digital assistant (PDA), a portable multimedia
player (PMP), a MP3 player, a navigation system, a game
console, a video phone, etc.

[0081] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the present inventive concept. Accordingly, all such modifi-
cations are intended to be included within the scope of the
present inventive concept as defined in the claims. Therefore,
it is to be understood that the foregoing is illustrative of
various example embodiments and is not to be construed as
limited to the specific example embodiments disclosed, and
that modifications to the disclosed example embodiments, as
well as other example embodiments, are intended to be
included within the scope of the appended claims, and their
equivalents.

What is claimed is:

1. A current sensing device of a display panel, the current

sensing device comprising:
a variable resistor control unit configured to:
receive image data to be displayed on the display panel;
calculate an estimated driving current flowing through a
plurality of pixels included in the display panel based
on the image data; and

output a variable resistor control signal corresponding to
a current range comprising the estimated driving cur-
rent;

a current sensing unit configured to sense a driving current
provided to the pixels while the image data is displayed
on the display panel and to output a sensing voltage
corresponding to the driving current;

a sensing voltage calculating unit configured to change an
integral gain according to the variable resistor control
signal and to integrate the sensing voltage; and

a calculating control unit configured to control an opera-
tion of the sensing voltage calculating unit in response to
a calculating control signal.

2. The current sensing device of claim 1, wherein the sens-

ing voltage calculating unit comprises:

an integrator comprising:

a first input terminal;
a second input terminal; and
an output terminal;

a first resistor between the calculating control unit and the
first input terminal;

a second resistor between the first input terminal and the
output terminal;

a third resistor between the second input terminal and a
ground connection and implemented as a digital variable
resistor;
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a fourth resistor between the second input terminal and the
output terminal; and

a capacitor between the first input terminal and the ground
connection.

3. The current sensing device of claim 2, wherein a resis-
tance of the third resistor is changed according to the variable
resistor control signal.

4. The current sensing device of claim 2, wherein the cal-
culating control unit comprises:

a first switching transistor configured to transmit the sens-
ing voltage to the sensing voltage calculating unit in
response to the calculating control signal; and

a second switching transistor configured to discharge the
capacitor in response to the calculating control signal.

5. The current sensing device of claim 4, wherein the first
switching transistor is implemented as a P-channel Metal
Oxide Semiconductor (PMOS) transistor, and

wherein the second switching transistor is implemented as
an N-channel Metal Oxide Semiconductor (NMOS)
transistor.

6. The current sensing device of claim 5, wherein the sens-
ing voltage is integrated based on the integral gain when the
calculating control signal having a logic low level is provided,
and

wherein the capacitor is discharged when the calculating
control signal having a logic high level is provided.

7. The current sensing device of claim 4, wherein the first
switching transistor is implemented as an N-channel Metal
Oxide Semiconductor (NMOS) transistor, and

wherein the second switching transistor is implemented as
a P-channel Metal Oxide Semiconductor (PMOS) tran-
sistor.

8. The current sensing device of claim 7, wherein the sens-
ing voltage is integrated based on the integral gain when the
calculating control signal having a logic high level is pro-
vided, and

wherein the capacitor is discharged when the calculating
control signal having a logic low level is provided.

9. The current sensing device of claim 1, wherein the vari-

able resistor control unit comprises:

an estimated driving current calculating unit configured to
calculate the estimated driving current of the image data
per frame; and

a variable resistor control signal output unit configured to
output the variable resistor control signal corresponding
to the current range that comprises the estimated driving
current.

10. The current sensing device of claim 9, wherein the
variable resistor control signal output unit comprises a lookup
table that stores the variable resistor control signal corre-
sponding to the current range that comprises the estimated
driving current.

11. The current sensing device of claim 1, wherein the
current sensing unit comprises:

a detecting resistor configured to generate a detecting volt-
age corresponding to the driving current provided to the
pixels; and

an amplifier configured to amplify the detecting voltage to
output an amplified detecting voltage as the sensing
voltage.

12. An organic light emitting display device comprising:

a display panel comprising a plurality of pixels;

adata driving unit configured to provide a data signal to the
display panel,
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ascandriving unit configured to provide a scan signal to the
display panel;
a current sensing unit configured to:
calculate an estimated driving current flowing through
the pixels based on image data to be displayed on the
display panel;

detect a sensing voltage corresponding to a driving cur-
rent flowing through the pixels while the image data is
displayed on the display panel; and

calculate the sensing voltage by changing an integral
gain according to a current range comprising the esti-
mated driving current; and

a timing control unit configured to control the data driving
unit, the scan driving unit, and the current sensing unit.

13. The display device of claim 12, wherein the current

sensing unit comprises:
a variable resistor control unit configured to:
receive the image data to be displayed on the display
panel;

calculate the estimated driving current flowing through
the pixels based on the image data; and

output a variable resistor control signal corresponding to
the current range comprising the estimated driving
current;

a current sensing unit configured to sense the driving cur-
rent provided to the pixels while the image data is dis-
played on the display panel and to output the sensing
voltage corresponding to the driving current;

a sensing voltage calculating unit configured to change the
integral gain according to the variable resistor control
signal and to integrate the sensing voltage; and

a calculating control unit configured to control an opera-
tion of the sensing voltage calculating unit in response to
a calculating control signal.

14. The display device of claim 13, wherein the sensing

voltage calculating unit comprises:

an integrator comprising a first input terminal, a second
input terminal, and an output terminal,

a first resistor coupled between the calculating control unit
and the first input terminal,

a second resistor coupled between the first input terminal
and the output terminal,
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a third resistor coupled between the second input terminal
and a ground connection and implemented as a digital
variable resistor;

a fourth resistor coupled between the second input terminal
and the output terminal; and

acapacitor coupled between the first input terminal and the
ground connection.

15. The display device of claim 14, wherein a resistance of
the third resistor is changed according to the variable resistor
control signal.

16. The display device of claim 14, wherein the calculating
control unit comprises:

a first switching transistor configured to transmit the sens-
ing voltage to the sensing voltage calculating unit in
response to the calculating control signal; and

a second switching transistor configured to discharge the
capacitor in response to the calculating control signal.

17. The display device of claim 13, wherein the variable
resistor control unit comprises:

an estimated driving current calculating unit configured to
calculate the estimated driving current of the image data
per frame; and

a variable resistor control signal output unit configured to
output the variable resistor control signal corresponding
to the current range that comprises the estimated driving
current.

18. The display device of claim 17, wherein the variable
resistor control signal output unit comprises a lookup table
that stores the variable resistor control signal corresponding
to the current range comprising the estimated driving current.

19. The display device of claim 13, wherein the current
sensing unit comprises:

a detecting resistor configured to generate a detecting volt-
age corresponding to the driving current provided to the
pixels; and

an amplifier configured to amplify the detecting voltage to
output an amplified detecting voltage as the sensing
voltage.

20. The display device of claim 12, wherein the current

sensing unit is coupled to the timing control unit or is included
in the timing control unit.
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