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CURRENT MIRRORING CIRCUIT, PANEL
DRIVING APPARATUS AND OLED DRIVER

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Republic of
Korea Patent Application No. 10-2016-0163448, filed on
Dec. 2, 2016, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a circuit that mir-
rors and supplies a current to a plurality of output terminals.

2. Description of the Prior Art

[0003] A plurality of OLED pixels are arranged on an
OLED (Organic Light Emitting Diode) panel. The OLED
pixels may have different characteristics due to differences
in the manufacturing environment or differences in the
positions where the OLED pixels are disposed.

[0004] When the OLED pixels are activated regardless of
the differences in characteristic of the OLED pixels, the
OLED pixels show undesired brightness and the image
quality is deteriorated.

[0005] In order to solve this problem, a technology that
senses characteristics of OLED pixels and compensates for
image data on the basis of the sensed characteristics of the
OLED pixels has been developed. However, this technology
of the related art individually senses the characteristics of
OLED pixels, so it consumes long time to sense all of OLED
pixels disposed on an OLED panel.

[0006] In particular, the time for a manufacturing process
is highly associated with the manufacturing cost, so indi-
vidually sensing thousands of OLED pixels in order to
improve the quality in the manufacturing process increases
the manufacturing cost.

SUMMARY OF THE INVENTION

[0007] For this reason, an aspect of the present invention
is, in one aspect, to provide a technology that simultaneously
senses a plurality of OLED pixels.

[0008] Meanwhile, a current mirroring circuit for sensing
characteristics of OLED pixels can be applied to fields other
than sensing characteristics of OLED pixels, and in this
respect, another aspect of the present invention is to provide
a current mirroring technology that outputs a test current
having a uniform magnitude within a predetermined error
range to a plurality of output terminals.

[0009] In accordance with the above aspects, the present
invention provides a current mirroring circuit that includes:
a current generation unit configured to generate a first
current and a second current; and a plurality of current
mirroring units each including an N-type output transistor
configured to mirror the first current and a P-type output
transistor configured to mirror the second current, and
supplying a current corresponding to a difference between
the mirroring current of the P-type output transistor and the
mirroring current of the N-type output transistor to output
terminals, in which source sides of the N-type output tran-
sistors of the current mirroring units are connected to
different positions on a first wire and source sides of the
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P-type output transistors of the current mirroring units are
connected to different positions on a second wire.

[0010] Another aspect of the present invention provides a
panel driving apparatus for driving a panel including a
plurality of pixels, a plurality of data lines for driving the
pixels, and a plurality of sensing lines for sensing charac-
teristics of the pixels, the panel driving apparatus including:
a sensing circuit including a plurality of current mirroring
units configured to supply test currents to the sensing lines
through a plurality of output terminals, to sense signals
generated in the pixels by the test currents, to produce pixel
sensing data by digitalizing the signals, to include an N-type
output transistor configured to mirror a first current and a
P-type output transistor configured to mirror a second cur-
rent, and to supply the test currents corresponding to a
difference between the mirroring current of the P-type
output transistor and the mirroring current of the N-type
output transistor to the output terminals; and a data driving
circuit configured to receive image data compensated on the
basis of the pixel sensing data, to convert the image data into
a data voltage, and to supply the data voltage to the data
lines.

[0011] Another aspect of the present invention provides an
OLED (Organic Light Emitting Diode) driver for driving an
OLED panel including a plurality of OLED pixels, a plu-
rality of data lines for driving the OLED pixels, and a
plurality of sensing lines for sensing characteristics of the
OLED pixels, the OLED driver including: a sensing circuit
configured to include a plurality of current mirroring units,
which each includes an N-type output transistor configured
to mirror a first current and a P-type output transistor
configured to mirror a second current and supplies test
currents corresponding to a difference between the mirroring
current of the P-type output transistor and the mirroring
current of the N-type output transistor to the sensing lines
through output terminals, and to produce pixel sensing data
by digitalizing signals generated in the sensing lines; a data
driving circuit configured to receive image data compen-
sated on the basis of the pixel sensing data, to convert the
image data into a data voltage, and to supply the data voltage
to the data lines.

[0012] As described above, according to the embodiment,
it is possible to simultaneously sense the characteristics of a
plurality of OLED pixels. Accordingly, it is possible to
reduce the manufacturing time and manufacturing costs.
Further, according to the embodiment, the current mirroring
circuit can output test currents having uniform magnitudes
within a predetermined error range to a plurality of output
terminals. Accordingly, it is possible to reduce a sensing
error and the trouble of correcting again a sensing value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other aspects, features and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0014] FIG. 1 is a diagram showing an exemplary con-
figuration of a common current mirroring circuit.

[0015] FIG. 2 is a diagram showing the configuration of a
current mirroring circuit according to an embodiment.
[0016] FIG. 3 is a graph showing the magnitudes of test
currents depending on the positions of output terminals.
[0017] FIG. 4is a diagram showing the configuration of an
OLED display according to an embodiment.



US 2018/0158413 Al

[0018] FIG. 5 is a diagram showing the pixel structure of
each of the pixels of FIG. 4 and signals input/output to a
pixel from a data driving circuit and a sensing circuit.
[0019] FIG. 6 is a diagram showing a process of compen-
sating for a sensing error of a sensing signal processing
circuit, using the current mirroring circuit according to an
embodiment.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0020] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings. In
adding reference numerals to elements in each drawing, the
same elements will be designated by the same reference
numerals, if possible, although they are shown in different
drawings. Further, in the following description of the present
invention, a detailed description of known functions and
configurations incorporated herein will be omitted when it
may make the subject matter of the present invention rather
unclear.

[0021] In addition, terms, such as first, second, A, B, (a),
(b) or the like may be used herein when describing compo-
nents of the present invention. These terms are merely used
to distinguish one structural element from other structural
elements, and a property, an order, a sequence and the like
of a corresponding structural element are not limited by the
term. It should be noted that if it is described in the
specification that one component is “connected,” “coupled”
or “joined” to another component, a third component may be
“connected,” “coupled,” and “joined” between the first and
second components, although the first component may
[0022] FIG. 1 is a diagram showing an exemplary con-
figuration of a common current mirroring circuit.

[0023] Referring to FIG. 1, a common current mirroring
circuit 10 may include a current generation unit 12 and a
plurality of current mirroring units 20a, 205, 20n.

[0024] The current generation unit 12 includes a current
source CS and can generate a base current [a0 through the
current source CS.

[0025] The current mirroring units 20a, 206, 20z mirror
the base current Ia0 and output mirroring currents Ial, la2,
..., lan to a plurality of output terminals OUT1, OUT2, .
.., OUTn.

[0026] The current generation unit 12 includes an input
transistor Ta0 and the current mirroring units 20a, 205, . . .
, 207 include output transistors Tal, Ta2, . . . , Tan,
respectively.

[0027] The input transistor Ta0 and the output transistors
Tal, Ta2, . . ., Tan are connected to each other at gate
terminals through a gate wire 30 and at source terminals
through a source wire 32.

[0028] In this connection, if there is no line resistance in
the source wire 32, the gate voltages Vg and the source
voltages Va of the transistors Ta0, Tal, Ta2, . . ., Tan are the
same, so mirroring currents lal, Ta2, . . ., lan having
substantially the same magnitude as the base current Ia0
flowing to the input transistor Ta0 flow to the output
transistors Tal, Ta2, . . ., Tan. Further, mirroring currents
Ial, a2, . . ., Ian having substantially the same magnitude
flow to the output terminals OUT1, OUT2, . .., OUTn
connected to the drain terminals of the output transistors
Tal, Ta2, ..., Tan.

[0029] However, there are line resistances Ral, Ra2, . . .
, Ran in the source wire 32 in the actual circuit, so the source

Jun. 7,2018

voltages Va+Aal, Va+Aa2, . . . , Va+Aan of the output
transistors Tal, Ta2, . . ., Tan are different. On the other
hand, there is a capacitive load in the gate wire 30, so the
output transistors Tal, Ta2, . . ., Tan may have the same gate
voltage Vg actually regardless of the line resistances.
Accordingly, the gate-source voltages of the transistors Ta0,
Tal, Ta2, ..., Tan are different and the currents Ia0, Ial, Ia2,

.. ., lan flowing to the transistors Ta0, Tal, Ta2, .. ., Tan
are also different.
[0030] Using this common current mirroring circuit

changes the magnitudes of the mirroring currents Ial, Ia2, .
.., lan flowing to the output terminals OUT1, OUT2, . ..
, OUTn, respectively, so accurate sensing may not be
performed. Alternatively, it may be required to post-process
sensing values in order to compensate for the deviations of
the output terminals OUT1, OUT2, . .., OUTn.

[0031] FIG. 2 is a diagram showing the configuration of a
current mirroring circuit according to an embodiment.
[0032] Referring to FIG. 2, a current mirroring circuit 200
may include a current generation unit 210 and a plurality of
current mirroring units 220a, 2204, . . . , 220n.

[0033] The current generation unit 210 can generate a first
current In0 and a second current Ip0. The current generation
unit 210 may include a first current generation unit 212 that
generates the first current In0 and a second current genera-
tion unit 214 that generates the second current Ip0.

[0034] The first current generation unit 212 may include a
first current source CS1 and an N-type input transistor Tn0.
[0035] The N-type input transistor Tn0 may be connected
to the first current source CS1 at a side, for example, a drain
side (hereafter, referred to as a “drain side’) and to a low
driving voltage VSS at the other side, for example, a source
side (hereafter, referred to as a “source side’). Further, the
first current source CS1 may be connected to a high driving
voltage VDD at a side and to the drain side of the N-type
input transistor Tn0 at the other side.

[0036] The second current generation unit 214 may
include a second current source CS2 and a P-type input
transistor Tp0.

[0037] The P-type input transistor Tn0 may be connected
to a high driving voltage VDD at a side, for example, a
source side (hereafter, referral to as a ‘source side’) and to
a the second current source CS2 at the other side, for
example, a drain side (hereafter, referred to as a ‘drain side’).
Further, the second current source CS2 may be connected to
the drain side of the P-type input transistor Tp0 at a side and
to a low driving voltage VSS at the other side.

[0038] The current mirroring units 220a, 2205, . . ., 220z
may respectively include N-type output transistors Tnl,
Tn2, ..., Tnn that mirror the first current In0 and P-type
output transistors Tpl, Tp2, . .., Tpn that mirror the second
current Ip0. The N-type input transistor Tn0 and the N-type
output transistors Tnl, Tn2, . . . , Tnn may be NMOSs
(N-channel Metal Oxide Semiconductor) Further, the P-type
input transistor Tp0 and the P-type output transistors Tpl1,

Tp2, . . ., Tpn may be PMOSs (P-channel Metal Oxide
Semiconductor).
[0039] In the current mirroring units 220a, 2205, . . .,

220n, the N-type output transistors Tnl, Tn2, . .., Tnn may
be connected to a first wire 230 at the source sides and to the
output terminals OUT1, OUT2, . . ., OUTn at the drain
sides. Further, in the current mirroring units 220a, 2205, . .
., 220n, the P-type output transistors Tpl, Tp2, ..., Tpn
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may be connected to a second wire 232 at the source sides
and to the output terminals OUT1, OUT2, ..., OUTn at the
drain sides.

[0040] Further, the current mirroring units 220a, 22084, . .
., 220n can supply test currents It1, It2, . . ., Itn, which
correspond to the differences between mirroring currents
Ipl, Ip2, . . ., Ipn (hereafier, referred to as ‘P-type mirroring
currents) of the P-type output transistors Tp1, Tp2, ..., Tpn
and mirroring currents Inl, In2, . . ., Inn (hereafter, referred
to as ‘N-type mirroring currents’) of the N-type output
transistors Tnl, Tn2, . . . , Tnn, to the output terminals
OUT1, OUT2, . .., OUTn.

[0041] According to the connection relationship with the
current generation unit 210, the source sides of the N-type
output transistors Tnl, Tn2, . . ., Tnn disposed in the current
mirroring units 220a, 2205, . . ., 2201z may be sequentially
connected to different positions on the first wire 230 con-
nected to the source side of the N-type input transistor Tn0.
Further, the source sides of the P-type output transistors Tp1,
Tp2, ..., Tpn disposed in the current mirroring units 220q,
2204, . . ., 220n may be sequentially connected to different
positions on the second wire 232 connected to the source
side of the P-type input transistor Tp0.

[0042] A gate side of the N-type input transistor Tn0 and
gate sides of the N-type output transistors Tnl, Tn2, . . .,
Tnn may be connected to each other through a third wire 234
and the third wire 234 operates as a capacitive load, so gate
voltages Vgn of the N-type input transistor Tn0 and the
N-type output transistors Tnl, Tn2, . . ., Tnn may be
substantially the same.

[0043] A gate side of the P-type input transistor Tp0 and
gate sides of the P-type output transistors Tpl, Tp2, ..., Tpn
may be connected to each other through a fourth wire 236
and the fourth wire 234 operates as a capacitive load, so gate
voltages Vgp of the P-type input transistor Tp0 and the
P-type output transistors Tpl, Tp2, . . . , Tpn may be
substantially the same.

[0044] On the other hand, the first wire 230 is a wire
connecting the source side of the N-type input transistor Tn0
disposed in the first current generation unit 212 and the
source sides of the N-type output transistors Tnl, Tn2, . . .
, Tnn disposed in the current mirroring units 220a, 2206, .
.., 220n to each other, and the current mirroring units 220¢,
220, . ..,220n each have a predetermined element area, so
the source sides of the N-type output transistors Tnl, Tn2,
..., Tnn may be connected to different positions on the first
wire 230. Further, there are line resistances Rnl, Rn2, . . .,
Ran in the first wire 230 and the N-type mirroring current
Inl, In2, . . ., Inn flow through the first wire 230, so the
source side voltages Vsn+Anl, Vsn+An2, . . ., Vsn+Ann of
the N-type output transistors Tnl, Tn2, . . . , Tnn may be
different.

[0045] Further, the second wire 232 is a wire connecting
the source side of the P-type input transistor Tp0 disposed in
the second current generation unit 214 and the source sides
of the P-type output transistors Tp1, Tp2, ..., Tpn disposed
in the current mirroring units 220a, 2205, . . . , 220 to each
other, and the current mirroring units 220a, 2205, . .., 220r
each have a predetermined element area, so the source sides
of the P-type output transistors Tpl, Tp2, . .., Tpn may be
connected to different positions on the second wire 232.
Further, there are line resistances Rp1, Rp2, . .., Rpn in the
second wire 232 and the P-type mirroring current Ip1, Ip2,
..., Ipn flow through the second wire 232, so the source side
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voltages Vsp+Apl, Vsp+Ap2, . . ., Vsp+Apn of the P-type
output transistors Tpl, Tp2, . . ., Tpn may be different.

[0046] Due to the line resistances in the first wire 230 and
the second wire 232, the source side voltages of the output
transistors are different and the mirroring currents flowing to
the output transistors are also different. However, in the
current mirroring circuit 200 according to an embodiment,
the deviations of mirroring currents caused by line resis-
tances are offset by the P-type output transistors Tp1, Tp2,
..., Tpn and the N-type output transistors Tnl, Tn2, . . .,
Tnn that are disposed at upper and lower portions. respec-
tively, so the differences can be considerably reduced.

[0047] An example of offsetting a deviation is described
with reference to the first current mirroring unit 220a.

=Ipl-k1

[0048] The first test current Itl flowing to the first output
terminal OUT1 can be determined, as in Equation 1, as the
difference between the first P-type mirroring current Ip1 and
the first N-type mirroring current Inl.

[Equation 1]

Ipl=kp*(Vsp-Apl-Vgp-Vih)"2 [Equation 2]

Inl=kp*(Vgn-Vsn-Anl-Vih)2

[0049] The first P-type mirroring current Ip1 can be deter-
mined, as in Equation 2, by squaring a value obtained by
subtracting a threshold voltage Vth from a gate-source
voltage Vsp-Apl-Vgp and then multiplying the resultant
value by a transistor coeflicient kp. The first N-type mirror-
ing current Inl can be determined, as in Equation 3, by
squaring a value obtained by subtracting the threshold
voltage Vth from a gate-source voltage Vgn—Vsn-Anl and
then multiplying the resultant value by the transistor coef-
ficient kp.

[Equation 3]

It =kp* (Vsp-Vgp-Ven+Vsn—(Apl-An1))*(Vsp-Vgp+

Vgn-Vsn-Apl-Anl-2*Vih) [Equaticn 4]

[0050] Arranging Equations 1, 2, and 3, the first test
current It can be expressed as in Equation 4.

Vsp—Vep+Vgn-Vsn>>Apl+Anl+2*Vih

[0051] In Equation 5, the sum of the gate-source voltages
Vsp-Vgp+Vgn-Vsn is much larger than the sum of voltage
drops Ap1 and Anl and two times of the threshold voltage
Vth, so the sum of voltage drops Ap1 and Anl and two times
of the threshold voltage Vth can be ignored in Equation 4.

[Equaticn 5]

It1=kp* (Vsp-Vgp-Vgn+Vsn—(Apl-Anl)* (Vsp-Vgp+

Vgn-Vn) [Equation 6]

[0052] Arranging Equation 4 on the basis of Equation 5,
the first test current It1 can be expressed as in Equation 6.

Ip0-In0=kp* (Vsp-Vgp-Van+Vsn)*(Vsp-Vgp+Vgn—
Vsn) [Equation 7]

[0053] Equation 7 shows a value obtained by subtracting
the first current In0 from the second current Ip0 and Apl-
Anl is the difference between Equations 6 and 7. In the
current mirroring circuit 200 according to an embodiment,
the upper portion and the lower portion have a symmetric
relationship, so Apl-Anl is small and the difference
between the value obtained by subtracting the first current
In0 from the second current Ip0 and the first test current It1
is also not large.

[0054] Further, the voltage drop Apl occurring in the
second wire 232 and the voltage drop Anl in the first wire
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230 may be adjusted to be the same, depending on the design
of a second wire-first line resistance Rp1 and a first wire-first
line resistance Rul.

Apl=Rp1*(Ipl+ip2+ . . . +pn)

[0055] The voltage drop Apl in the second wire 232 can
be calculated, as in Equation 8, by multiplying the second
wire-first line resistance Rpl between the source side of the
P-type input transistor Tp0 and the source side of the first
P-type output transistor Tpl by the sum of the P-type
mirroring currents Ipl, Ip2, . . ., Ipn.

[Equation 8]

An1=Rul*(Inl+In2+ . . . +Inn)

[0056] Further, the voltage drop Anl in the first wire 230
can be calculated, as in Equation 9, by multiplying the first
wire-first line resistance Runl between the source side of the
N-type input transistor Tn0 and the source side of the first
N-type output transistor Tnl by the sum of the N-type
mirroring currents Inl, In2, . . ., Inn.

[0057] In Equations 8 and 9, it is possible to make
Ap1-Anl substantially 0 or a very small value by appropri-
ately designing the second wire-first line resistance Rpl and
the first wire-first line resistance Rnl. For example, the
product of the second wire-first line resistance Rp1 and the
second current Ip0 and the product of the first wire-first line
resistance Rnl and the first current In0 have values within a
predetermined error range, Apl-Anl can be substantially 0
or very small, which can be ignored.

[0058] The description referring to Equations 1 to 9 can be
applied to all of the current mirroring units 220a, 2204, . .
.» 220n, and accordingly, the current mirroring unit 200 can
supply test currents It1, It2, . . ., Itn having small deviations
to all of the output terminals OUT1, OUT2, . . ., OUTn.
[0059] The source sides of the N-type output transistors
Tnl, Tn2, . . ., Tnn of the current mirroring units 220q,
2205, . .., 220r may be connected 1o different positions with
regular intervals on the first wire 230. In this embodiment,
when the width and thickness of the first wire 230 are
uniform, the magnitudes of the line resistances Rnl, Rn2, .
.., Rnn disposed between adjacent N-type output transistors
Tal, Tn2, ..., Tnn can be substantially the same.

[0060] Further, the source sides of the P-type output
transistors Tpl1, Tp2, . . ., Tpn of the current mirroring units
220a, 2205, . . ., 220n may be connected to different
positions with regular intervals on the second wire 232. In
this embodiment, when the width and thickness of the
second wire 232 are uniform, the magnitudes of the line
resistances Rp1, Rp2, . . ., Rpn disposed between adjacent
P-type output transistors Tpl, Tp2, . . . , Tpn can be
substantially the same.

[0061] Assuming that a line resistance having the same
magnitude in the first wire 230 and formed between the
source sides of adjacent N-type output transistors Tnl, Tn2,
..., I'nn is Rn and a line resistance disposed in the second
wire 232 and formed between the source sides of adjacent
P-type output transistors Tpl, Tp2, . . ., is Rp, when the
product of the first current In0 and Rn and the product of the
second current Ip0 and Rp have values within a predeter-
mined error range, the voltage drop An occurring between
the source sides of adjacent N-type output transistors Tnl,

[Equation 9]

Tn2, ..., Ton and the voltage drop Ap occurring between
the source sides of adjacent P-type output transistors Tpl,
Tp2, . . ., Tpn may be substantially the same or within a

predetermined error range.
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[0062] The transistor coeflicients kpn of the N-type output
transistors Tnl, Tn2, . ... Tnn may be the same. Further, the

transistor coeflicients kpp of the P-type output transistors
Tpl, Tp2, . . ., Tpn may also be the same.

kpn=Y2* i *Cox*W/L

kpp="2*pp*Cox*W/L

[0063] where un and pp are mobility, Cox is a process
parameter, W is channel width, and L is channel thickness.
[0064] In order to make the transistor coefficients kpn of
the N-type output transistors Tnl, Tn2, . . ., Tnn the same,
the channel thicknesses L and widths W of the N-type output
transistors Tnl, Tn2, . . ., Tnn may be substantially the
same, respectively.

[0065] Further, in order to make the transistor coeflicients
kpp of the P-type output transistors Tpl, Tp2, . .., Tpn the
same, the channel thicknesses [ and widths W of the P-type
output transistors Tpl, Tp2, . . ., Tpn may be substantially
the same, respectively.

[0066] The magnitudes of the test currents It1, It2, ..., Itn
depending on the positions of the output terminals OUT1,
OUT2, ..., OUTn are shown in FIG. 3.

[0067] FIG. 3 is a graph showing the magnitudes of test
currents depending on the positions of output terminals.
[0068] In FIG. 3, the dotted lines indicate the magnitudes
of a test current Ia for each output terminals of the current
mirroring circuit exemplified in FIG. 1 and the solid line
indicates the magnitude of a test current It for each output
terminal of the current mirroring circuit. In FIG. 3, when
positions go toward the n-th output terminal OUTn from the
first output terminal OUTI, it means they go away from
current generation units.

[0069] Referring to FIG. 3, as the test currents for output
terminals of the current mirroring circuit exemplified in FIG.
1 go away from current generation units, they decrease. This
is because the gate-source voltages of output transistors
gradually reduce as they go away from current generation
units, depending on the line resistances in the source side
wire of the output transistors.

[0070] On the other hand, the test currents for the output
terminals of the current mirroring circuit according to an
embodiment are within a predetermined error range Err
regardless of the positions of the output terminals. However,
the magnitudes of the test currents It at the positions of the
output terminals of the current mirroring circuit according to
an embodiment construct a parabola in which the magnitude
of the test current Itc flowing to the output terminal at the
middle position is larger or smaller than the magnitudes of
the test currents Ita and Itb flowing to the output terminals
at both ends. This is because the parts ignored due to the
small magnitudes in Equations 1 to 8 have a fine influence.
However, since this fine influence is not large, the entire test
current Tt is in the predetermined error range Err.

[0071] The current mirroring circuit according to an
embodiment can be applied to various applications. An
example of employing an application through which a
current mirroring circuit measures characteristics of OLED
pixels is described hereafter.

[0072] FIG. 41is a diagram showing the configuration of an
OLED display according to an embodiment.

[0073] Referring to FIG. 4, a display 400 may include an
OLED panel 410 and a panel driving apparatus 420, 430,
440, and 450 that drive the OLED panel 410.

[Equation 10]
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[0074] A plurality of data lines DL, a plurality of gate lines
GL, and a plurality of sensing lines SL are disposed and a
plurality of pixels P may be disposed on the OLED panel
410.

[0075] The panel driving apparatus may include a data
driving circuit 420, a sensing circuit 430, a gate driving
circuit 440, a data processing circuit 450 etc.

[0076] In the panel driving apparatus, the gate driving
circuit 440 can supply a scan signal of a turn-on voltage of
a turn-off voltage to the gate lines GL.. When the scan signal
of a turn-on voltage is supplied to a pixel P, the pixel P is
connected to s data line DL, and when the scan signal of a
turn-off voltage is supplied to the pixel P, the pixel P and the
data line DL are disconnected.

[0077] In the panel driving apparatus, the data driving
circuit 420 supplies a data voltage to the data lines DL. The
data voltage supplied to the data lines DL are transmitted to
the pixels P connected to the data lines DL in response to a
scan signal.

[0078] In the panel driving apparatus, the sensing circuit
430 receives signals, for example, a voltage and a current,
generated in the pixels P. The sensing circuit 430 may be
connected to the pixels P in response to a scan signal or may
be connected to the pixels Pin response to separate sensing
gate signals. The sensing gate signals can be generated by
the gate driving circuit 440.

[0079] In the panel driving apparatus, the data processing
circuit 450 can supply various control signals to the gate
driving circuit 440 and the data driving circuit 420. The data
processing circuit 450 can generate and transmit a gate
control signal GCS, which starts scanning at a timing
implemented at each frame, to the gate driving circuit 440.
Further, the data processing circuit 450 can output image
data RGB converted from image data input from the outside
to fit to the data signal form that is used in the data driving
circuit 420, to the data driving circuit 420. Further, the data
processing circuit 450 can transmit a data control signal
DCS for controlling the data driving circuit 420 to supply a
data voltage to the pixels P at the timings.

[0080] The data processing circuit 450 can compensate for
and transmit the image data RGB in accordance with the
characteristics of the pixels P. The data processing circuit
450 can receive pixel sensing data SENSE_DATA from the
sensing circuit 430. Measured values for the characteristics
of the pixels P may be included in the pixel sensing data
SENSE_DATA.

[0081] Meanwhile, the data driving circuit 420 may be
called a source driver. Further, the gate driving circuit 440
may be called a gate driver. Further, the data processing
circuit 450 may be called a timing controller. The data
driving circuit 420 and the sensing circuit 430 may be
included in one integrated circuit 125 and may be called, in
combination, an OLED driver. Further, the data driving
circuit 420, sensing circuit 430, and data processing circuit
450 may be included in one integrated circuit and may be
called, in combination, an integrated IC. This embodiment is
not limited to these names, but some components generally
known in a source driver, a gate driver, and a timing
controller are not described in the following description.
Accordingly, it should be considered that some components
are not provided when understanding embodiments.

[0082] Meanwhile, the pixels P disposed on the OLED
panel 410 may each include an OLED (Organic Light
Emitting Diode) and one or more transistors. The charac-
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teristics of the OLED and the transistors included in each of
the pixels P may change, depending on time or the surround-
ing environment. The sensing circuit 430 according to an
embodiment can sense and transmit the characteristics of the
components included in each of the pixels P to the data
processing circuit 450.

[0083] The current mirroring circuit described with refer-
ence to FIGS. 2 and 3 may be included in the sensing circuit
430. The function of a current mirroring circuit in the
sensing circuit 430 is described with reference to FIG. 5.
[0084] FIG. 5 is a diagram showing the pixel structure of
each of the pixels of FIG. 4 and signals input/output to a
pixel from a data driving circuit and a sensing circuit.
[0085] Referring to FIG. 5, a pixel P may include an
organic light emitting diode OLED, a driving transistor
DRT, a switching transistor SW'T, a sensing transistor SENT,
a storage capacitor Cstg, etc.

[0086] The organic light emitting diode OLED may
include an anode, an organic layer, a cathode etc. The anode
is controlled to be connected to a driving voltage EVDD and
the cathode is controlled to be connected to a base voltage
EVSS by the driving transistor DRT, thereby emitting light.
[0087] The driving transistor DRT can control the bright-
ness of the organic light emitting diode OLED by controlling
a driving current that is supplied to the organic light emitting
diode OLED.

[0088] A first node N1 of the driving transistor DRT may
be electrically connected to the anode of the organic light
emitting diode OLED, and it may be a source node or a drain
node. A second node N2 of the driving transistor DRT may
be electrically connected to a source node or a drain node of
the switching transistor SWT, and it may be a gate node. A
third node N3 of the driving transistor DRT may be elec-
trically connected to a driving voltage line DVL for supply-
ing a driving voltage EVDD, and it may be a drain node or
a source node.

[0089] The switching transistor SWT is electrically con-
nected between the data line DL and the second node N2 of
the driving transistor DRT and can be turned on by receiving
a scan signal through the gate line GL.

[0090] When the switching transistor SW'T is turned on, a
data voltage Vdata supplied from the data driving circuit 420
through the data line DL is transmitted to the second node
N2 of the driving transistor DRT.

[0091] The storage capacitor Cstg may be electrically
connected between the first node N1 and the second node N2
of the driving transistor DRT.

[0092] The storage capacitor Cstg may a parasitic capaci-
tor between the first node N1 and the second node N2 of the
driving transistor DRT and may be an external capacitor
intentionally designed outside the driving transistor DRT.
[0093] The sensing transistor SENT may connect the first
node N1 of the driving transistor DRT and the sensing line
S to each other.

[0094] When the first node N1 and the sensing line S are
connected to each other, the current mirroring circuit 200
included in the sensing circuit 430 can supply a test current
It to the organic light emitting diode OLED. The sensing
signal processing circuit 432 included in the sensing circuit
330 can receive and process a signal Vsense, for example, a
voltage generated in the organic light emitting diode OLED.
The sensing circuit 430 measures the characteristics of the
pixel P using the signal Vsense transmitted through the
sensing line SL.
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[0095] By measuring the signal Vsense generated in the
organic light emitting diode OLED, it is possible to know the
degree of deterioration of the organic light emitting diode
OLED such as parasitic capacitance and a current charac-
teristic of the organic light emitting diode OLED.

[0096] The sensing circuit 430 can transmit the measured
value to the data processing circuit 450 (see FI1G. 4). The
data processing circuit 450 (see FIG. 4) can find out the
characteristics of pixels P by analyzing the measured value.
[0097] Meanwhile, the sensing circuit 430 is supposed to
measure characteristic values of a plurality of pixels P
disposed on the OLED panel, in which in order to reduce the
measuring time, the current mirroring circuit 200 can supply
the test current It simultaneously to a plurality of sensing
lines SL through a plurality of output terminals. The sensing
signal processing circuit 432 can produce pixel sensing data
SENSE_DATA (see FIG. 4) by digitalizing the signal
Vsense generated in the pixels P by the test current It.
[0098] The test current It output from the output terminals
may have a deviation within a predetermined error range, as
described with reference to FIGS. 2 to 3. For example, as
shown in FIG. 3, the magnitudes of the test current It at the
positions of the output terminals of the current mirroring
circuit 200 may construct a parabola in which the magnitude
of the test current flowing to the output terminal at the
middle position is larger or smaller than the magnitudes of
the test currents flowing to the output terminals at both ends.
[0099] Meanwhile, the sensing circuit 430 and the data
driving circuit 420 can organically operate so that the
characteristics of the pixels P can be accurately sensed. For
example, when the current mirroring circuit 200 supplies the
test current It simultaneously to a plurality of output termi-
nals, the data driving circuit 420 can supply a data voltage
Vdata that turns off the driving transistors DRT disposed in
the pixels P to the data lines DL. In this example, as the
driving transistor DRT is turned off, the test current It can
flow only to the organic light emitting diode OLED without
being influenced from other configurations.

[0100] Meanwhile, the current mirroring circuit described
with reference to FIGS. 2 and 3 can also be applied to correct
a sensing error of the sensing signal processing circuit 432.
[0101] FIG. 6 is a diagram showing a process of compen-
sating for a sensing error of a sensing signal processing
circuit, using the current mirroring circuit according to an
embodiment.

[0102] Referring to FIG. 6, the sensing signal processing
circuit 432 may include a sensing unit 610 that outputs
analog signals by receiving and processing sensing signals
from pixels P, an analog-digital converting unit 620 that
converts an analog signal into digital data, and an output unit
630 that produces and outputs pixel sensing data on the basis
of the digital data.

[0103] Since the current mirroring circuit 200 supplies the
test current It simultaneously to a plurality of sensing lines
SL, the sensing signal processing circuit 432 may include a
plurality of sensing units 610 to be able to receive a plurality
of sensing signals. There may be deviations in the measured
values for the sensing lines SL due to deviations of the
elements disposed in the sensing units 610.

[0104] In order to compensate for deviations of the sens-
ing units 610, the current mirroring circuit 200 can supply a
plurality of test currents It simultaneously to the sensing
units 610 of the sensing signal processing circuit 432, but
not to the pixels P.
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[0105] Referring to FIG. 6, when the sensing transistors
disposed in the pixels P are turned off and the current
mirroring circuit 200 supplies the test current It simultane-
ously to the sensing lines SL, the test current It is transmitted
to the sensing units 610. As described above, since the
deviation of the test current It is very small, the sensing
signal processing circuit 432 can correct the measurement
deviations of the sensing units 610 by comparing the values
measured by the sensing units 610.

[0106] As described above, according to the embodiment,
it is possible to simultaneously sense the characteristics of a
plurality of OLED pixels. Accordingly, it is possible to
reduce the manufacturing time and manufacturing costs.
Further, according to the embodiment, the current mirroring
circuit can output test currents having uniform magnitudes
within a predetermined error range to a plurality of output
terminals. Accordingly, it is possible to reduce a sensing
error and the trouble of correcting again a sensing value.
[0107] In addition, since terms, such as “including,”
“comprising,” and “having” mean that one or more corre-
sponding components may exist unless they are specifically
described to the contrary, it shall be construed that one or
more other components can be included. All the terms that
are technical, scientific or otherwise agree with the meanings
as understood by a person skilled in the art unless defined to
the contrary. Common terms as found in dictionaries should
be interpreted in the context of the related technical writings
not too ideally or impractically unless the present invention
expressly defines them so.

[0108] Although a preferred embodiment of the present
invention has been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims. Therefore, the embodiments dis-
closed in the present invention are intended to illustrate the
scope of the technical idea of the present invention, and the
scope of the present invention is not limited by the embodi-
ment. The scope of the present invention shall be construed
on the basis of the accompanying claims in such a manner
that all of the technical ideas included within the scope
equivalent to the claims belong to the present invention.

What is claimed is:

1. A current mirroring circuit, comprising:

a current generation unit configured to generate a first

current and a second current; and

a plurality of current mirroring units each including an

N-type output transistor configured to mirror the first
current and a P-type output transistor configured to
mirror the second current, and supplying a current
corresponding to a difference between the mirroring
current of the P-type output transistor and the mirroring
current of the N-type output transistor to output termi-
nals,

wherein source sides of the N-type output transistors of

the current mirroring units are connected to different
positions on a first wire and source sides of the P-type
output transistors of the current mirroring units are
connected to different positions on a second wire.

2. The current mirroring circuit of claim 1, wherein the
source sides of the N-type output transistors of the current
mirroring units are connected to different positions with
regular intervals on the first wire, and
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the source sides of the P-type output transistors of the
current mirroring units are connected to different posi-
tions with regular intervals on the second wire.

3. The current mirroring circuit of claim 1, wherein
channel thicknesses and widths of the N-type output tran-
sistors of the current mirroring units are substantially the
same, respectively, and

channel thicknesses and widths of the P-type output
transistors of the current mirroring units are substan-
tially the same, respectively.

4. The current mirroring circuit of claim 1, wherein a line
resistance formed between adjacent N-type output transis-
tors in the first wire is Rn, a line resistance formed between
adjacent P-type output transistors in the second wire is Rp,
and the product of the first current and Rn and the product
of the second current and Rp have substantially the same
value.

5. The current mirroring circuit of claim 1, wherein
magnitudes of currents at the output terminals of the current
mirroring units construct a parabola in which a magnitude of
the current flowing to the output terminal at a middle
position is larger or smaller than magnitudes of the current
flowing to the output terminals at both ends.

6. A panel driving apparatus for driving a panel including
a plurality of pixels, a plurality of data lines for driving the
pixels, and a plurality of sensing lines for sensing charac-
teristics of the pixels, the panel driving apparatus compris-
ing:

a sensing circuit including a plurality of current mirroring
units configured to supply test currents to the sensing
lines through a plurality of output terminals, to sense
signals generated in the pixels by the test currents, to
produce pixel sensing data by digitalizing the signals,
to include an N-type output transistor configured to
mirror a first current and a P-type output transistor
configured to mirror a second current, and to supply the
test currents corresponding to a difference between the
mirroring current of the P-type output transistor and the
mirroring current of the N-type output transistor to the
output terminals; and

a data driving circuit configured to receive image data
compensated on the basis of the pixel sensing data, to
convert the image data into a data voltage, and to
supply the data voltage to the data lines.

7. The panel driving apparatus of claim 6, wherein mag-
nitudes of the test currents at the output terminals construct
a parabola in which a magnitude of the test current flowing
to the output terminal at a middle position is larger or
smaller than magnitudes of the test currents flowing to the
output terminals at both ends.

8. The panel driving apparatus of claim 6, wherein source
sides of the N-type output transistors of the current mirror-
ing units are connected to different positions with regular
intervals on a first wire, and

source sides of the P-type output transistors of the current
mirroring units are connected to different positions with
regular intervals on a second wire.
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9. The panel driving apparatus of claim 6, wherein the
sensing circuit includes:

a sensing unit configured to output analog signals by

receiving and processing the signals from the pixels;
an analog-digital converting unit configured to convert the
analog signals into digital data; and

an output unit configured to produce and output the pixel
sensing data on the basis of the digital data.

10. An OLED (Organic Light Emitting Diode) driver for
driving an OLED panel including a plurality of OLED
pixels, a plurality of data lines for driving the OLED pixels,
and a plurality of sensing lines for sensing characteristics of
the OLED pixels, the OLED driver comprising:

a sensing circuit configured to include a plurality of
current mirroring unit, which each includes an N-type
output transistor configured to mirror a first current and
a P-type output transistor configured to mirror a second
current and supplies test currents corresponding to a
difference between the mirroring current of the P-type
output transistor and the mirroring current of the
N-type output transistor to the sensing lines through
output terminals, and to produce pixel sensing data by
digitalizing signals generated in the sensing lines; and

a data driving circuit configured to receive image data
compensated on the basis of the pixel sensing data, to
convert the image data into a data voltage, and to
supply the data voltage to the data lines.

11. The OLED driver of claim 10, wherein when the test
currents are supplied to the output terminals, the data driving
circuit supplies a data voltage for turning off driving tran-
sistors disposed in the OLED pixels to the data line.

12. The OLED driver of claim 10, wherein the test
currents are supplied to anodes of OLEDs.

13. The OLED driver of claim 10, wherein the N-type
output transistors are NMOSs (N-channel Metal Oxide
Semiconductor) and gates of the N-type output transistors of
the current mirroring units are connected to each other
through a third wire, and

the P-type output transistors are PMOSs (P-channel Metal
Oxide Semiconductor) and gates of the P-type output
transistors of the current mirroring units are connected
to each other through a fourth wire.

14. The OLED driver of ¢laim 10, wherein source sides of
the N-type output transistors of the current mirroring units
are connected to different positions with regular intervals on
a first wire,

source sides of the P-type output transistors of the current
mirroring units are connected to different positions with
regular intervals on a second wire, and

width and thickness of the first wire are uniform and width
and thickness of the second wire are uniform.

15. The OLED driver of claim 10, wherein the current

mirroring units output the test currents simultaneously to the
output terminals.
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