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(57) A buffer and organic light emitting display with
data driving circuit using the buffer is provided. A buffer
comprises a first capacitor for receiving an analog volt-
age; a first inverter having an input terminal connected
to the first capacitor; a second inverter having an input
terminal connected to an output terminal of the first in-

Buffer and organic light emitting display and a data driving circuit using the buffer

verter through a second capacitor; a third capacitor con-
nected to an output terminal of the second inverter; a first
transistor for controlling a current which flows from a first
power source to a data line so that the buffer output volt-
age is supplied to the data line in response to a control
signal supplied to the third transistor which is connected
between the data line and the first capacitor.
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Description
BACKGROUND
1. Field of the Invention

[0001] The present invention relates to a buffer and
organic light emitting display and a data driving circuit
using the buffer, particularly to a buffer and organic light
emitting display and a data driving circuit using the buffer
that are able to provide an accurate output voltage re-
gardless of the threshold voltage of a transistor.

2. Discussion of Related Technology

[0002] Various flat-panel displays have been devel-
oped so as to have less weight and bulk than that of a
CRT (Cathode Ray Tube). Flat-panel displays include
liquid crystal displays, electric field emission displays,
plasma display panels, and organic light emitting dis-
plays, as well as others. An organic light emitting display
presents an image using organic light emitting diodes
that emit light from the recombination of electrons and
holes. The organic light emitting display creates a data
signal using input data from an outside source and dis-
plays an image having a desired brightness by supplying
the generated data signal to pixels using at least a data
driving circuit and data lines.

[0003] The data driving circuit converts the input data
into a voltage corresponding to a gray scale value and
supplies the converted voltage to data lines as a data
signal via a buffer. Each respective pixel receives an elec-
trical current corresponding to the voltage from the driv-
ing circuit. As a result, the organic light emitting diode
within each pixel emits light according to the current it
receives and a predetermined image is displayed.
[0004] In the above mentioned data driving circuit, the
buffer should supply the data signal to a pixel without a
voltage drop between its input and output. However, con-
ventional buffers supply a data signal with a voltage drop
corresponding to a threshold voltage of a transistor. Be-
cause of this, the voltage of the data signal is dropped
by as much as a transistor threshold voltage and the re-
sult is that pixels are not able to display the image with
a desired brightness.

SUMMARY OF CERTAIN INVENTIVE EMBODI-
MENTS

[0005] Accordingly, an aspect of certain embodiments
is to provide a buffer which does not produce an output
with a transistor threshold drop.

[0006] Accordingtoone aspectoftheinventiona buffer
is disclosed, the buffer comprising a first capacitor includ-
ing firstand second capacitor terminals, the first capacitor
being configured to receive an analog voltage on the first
capacitor terminal, where the analog voltage is an input
to the buffer; a first inverter having a first input terminal
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and a first output terminal, the first input terminal being
connected to the second capacitor terminal of the first
capacitor; a second capacitor having a third capacitor
terminal connected to the first output terminal of the first
inverter, and a fourth capacitor terminal; a second invert-
er having a second input terminal and a second output
terminal, the second input terminal being connected to
the fourth capacitor terminal of the second capacitor; a
third capacitor having a fifth capacitor terminal connected
to the second output terminal of the second inverter, and
a sixth capacitor terminal; a first transistor connected to
the sixth capacitor terminal of the third capacitor, the first
transistor being configured to control a flow of a current
from a first power source to a data line such that a buffer
voltage is supplied to the data line, where the first tran-
sistor is configured to control the current in response to
a voltage supplied from the third capacitor; and a second
transistor connected to the data line and to the first ter-
minal of the first capacitor.

Preferably the value of the buffer voltage is substantially
equal to the value of the analog voltage input. Preferably
the first transistor is configured to be turned off when the
value of the buffer voltage is substantially equal to the
value of the analog voltage input. Preferably the absolute
value of the voltage supplied from the third capacitor to
the first transistor is larger than the absolute value of the
analog voltage input. Preferably the buffer further com-
prises: a third transistor connected to the first capacitor
terminal of the first capacitor, the third transistor being
configured to supply the analog voltage to the first ca-
pacitor terminal of the first capacitor when a first control
signal is supplied to the third transistor; a fourth transistor
connected to the first power source and the sixth capac-
itor terminal of the third capacitor, the fourth transistor
being configured to supply a voltage substantially equal
to the voltage of the first power source to the third capac-
itor when the first control signal is supplied to the fourth
transistor; and a fifth transistor connected to the data line
and to a second power source, the fifth transistor being
configured to supply the data line with the voltage of the
second power source when a second control signal is
supplied to the fifth transistor. Preferably the voltage of
the first power source is higher than the voltage of the
second power source. Preferably The buffer further com-
prises: a sixth transistor connected to the first output of
the first inverter and to the first input of the first inverter,
the sixth transistor configured to be turned on when the
first control signal is supplied to the sixth transistor.; and
a seventh transistor connected to the second output of
the second inverter and to the second input of the second
inverter, the seventh transistor configured to be turned
on when the first control signal is supplied to the seventh
transistor. Preferably the second transistor is configured
to be turned on when a third control signal is supplied.
Preferably the buffer is configured to receive the start of
the first control signal and the second control signal sub-
stantially simultaneously, and to receive the end of the
first control signal earlier than the end of the second con-
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trol signal. Preferably the buffer is configured to receive
the start of the third control signal after the end of the first
control signal and before the end of the second control
signal, and to receive the end of the third control signal
after the end of the second control signal. Preferably the
buffer further comprises: an eighth transistor connected
between the first inverter and the first power source; and
a ninth transistor connected between the second inverter
and the second power source. Preferably the eighth tran-
sistor and the ninth transistor are of different conductivity.
Preferably the eighth transistor is configured to be turned
on when a fourth control signal is supplied to the eighth
transistor, and wherein the ninth transistor is configured
to be turned on when a fifth control signal is supplied to
the ninth transistor. Preferably the buffer is configured to
receive the start of the fourth and fifth control signals
before or substantially simultaneously with the second
control signal and to receive the end of the fourth and
fifth control signals after the start of the third control sig-
nal. Preferably the buffer is configured to receive fourth
and fifth control signals each comprising at least one of
a voltage substantially equal to the voltage of the first
power source, a voltage substantially equal to the voltage
of the second power source, and a voltage configured to
provide a limited non-zero current to the first or second
inverter. Preferably the buffer is configured to receive the
fourth and fifth control signals continuously and to provide
a first limited non-zero current to the first inverter and a
second limited non-zero current to the second inverter in
response to the fourth and fifth control signals.

[0007] According to another aspect of the invention a
data driving circuit is disclosed, the data driving circuit
comprising a digital to analog converter configured to
generate an analog voltage in response to a bit value of
adatainput, and a plurality of buffers, wherein each buffer
is configured to supply the analog voltage to a data line,
and each buffer comprising: a first capacitor including
first and second capacitor terminals, the first capacitor
being configured to receive an analog voltage on the first
capacitor terminal, where the analog voltage is an input
to the buffer; a first inverter having a first input terminal
and a first output terminal, the first input terminal being
connected to the second capacitor terminal of the first
capacitor; a second capacitor having a third capacitor
terminal connected to the first output terminal of the first
inverter, and a fourth capacitor terminal; a second invert-
er having a second input terminal and a second output
terminal, the second input terminal being connected to
the fourth capacitor terminal of the second capacitor; a
third capacitor having a fifth capacitor terminal connected
to the second output terminal of the second inverter, and
a sixth capacitor terminal; a first transistor connected to
the sixth capacitor terminal of the third capacitor, the first
transistor being configured to control a flow of a current
from a first power source to a data line such that a buffer
voltage is supplied to the data line, where the first tran-
sistor is configured to control the current in response to
a voltage supplied from the third capacitor; and a second
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transistor connected to the data line and to the first ter-
minal of the first capacitor.

Preferably the value of the buffer voltage is substantially
equal to the value of the analog voltage input. Preferably
the first transistor is configured to be turned off when the
value of the buffer voltage is substantially equal to the
value of the analog voltage input. Preferably the data
driving circuit further comprises: a third transistor con-
nected to the first capacitor terminal of the first capacitor,
the third transistor being configured to supply the analog
voltage to the first capacitor terminal of the first capacitor
when a first control signal is supplied to the third transis-
tor; afourth transistor connected to the first power source
and the sixth capacitor terminal of the third capacitor, the
fourth transistor configured to supply a voltage substan-
tially equal to the voltage of the first power source when
the first control signal is supplied to the fourth transistor;
and a fifth transistor connected to the data line and to a
second power source, the fifth transistor configured to
supply the voltage of the second power source to the
data line when a second control signal is supplied to the
fifth transistor. Preferably the voltage of the first power
source is higher than the voltage of the second power
source. Preferably the data driving circuit further com-
prises: a sixth transistor connected to the first output of
the first inverter and to the first input of the first inverter,
the sixth transistor being configured to be turned on when
the first control signal is supplied to the sixth transistor;
and a seventh transistor connected to the second output
of the second inverter and to the second input of the
second inverter, the seventh transistor configured to be
turned on when the first control signal is supplied to the
seventh transistor. Preferably the data driving circuit fur-
ther comprises: an eighth transistor being connected be-
tween the first inverter and the first power source; and a
ninth transistor being connected between the second in-
verter and the second power source. Preferably the
eighth transistor and the ninth transistor are of different
conductivity. Preferably the eighth transistor is config-
ured to be turned on when a fourth control signal is sup-
plied to the eighth transistor, and the ninth transistor is
configured to be turned on when a fifth control signal is
supplied to the ninth transistor. Preferably the data driv-
ing circuit further comprises: a shift register configured
to sequentially generate a sampling signal; and a latch
section configured to store the data corresponding to the
sampling signal and to supply the stored data to the digital
to analog converter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and/or other aspects and advantages of
certain embodiments will become apparent and more
readily appreciated from the following description, taken
in conjunction with the accompanying drawings of which:
[0009] FIG. 1 is a schematic diagram illustrating an
organic light emitting display according to one embodi-
ment;
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[0010] FIG. 2is ablock diagram illustrating an embod-
iment of a data driving circuit depicted in FIG. 1;

[0011] FIG. 3 is a block diagram illustrating another
embodiment of a data driving circuit depicted in FIG. 1;
[0012] FIG. 4 is a schematic circuit diagram of a struc-
ture of a buffer according to an embodiment;

[0013] FIG. 5is a timing diagram showing control sig-
nals supplied to the buffer depicted in FIG. 4;

[0014] FIG. 6is a timing diagram showing voltage val-
ues of certain nodes of the buffer depicted in FIG. 4;
[0015] FIG. 7 is a schematic circuit diagram of a struc-
ture of a buffer according to another embodiment;
[0016] FIG. 8 is a timing diagram showing control sig-
nals supplied to the buffer depicted in FIG. 7; and
[0017] FIGs. 9athrough 9c are timing diagrams show-
ing control signals supplied to the buffer depicted in FIG.
7.

[0018] The following Examples are given for the pur-
pose of illustration and are not intended to limit the scope
of this invention.

DETAILED DESCRIPTION OF CERTAIN EMBODI-
MENTS

[0019] Hereinafter, certain embodiments will be de-
scribed with reference to the accompanying drawings.
When one element is connected to another element, the
one element may be not only directly connected to the
other element but may also be indirectly connected to
the other element via a third element. Further, some el-
ements are omitted for clarity. Also, like reference nu-
merals refer to like elements throughout.

[0020] FIG. 1 illustrates an organic light emitting dis-
play according to the present invention. Referring to FIG.
1, an organic light emitting display in accordance with
one embodiment includes a pixel portion 130 which has
pixels 140 formed in an array with a plurality of scan lines
S 1 through Sn and a plurality of data lines D 1 through
Dm, a scan driver 110 configured to drive the scan lines
S1 through Sn, a data driver 120 configured to drive the
plurality of data lines D1 through Dm and a timing con-
troller 150 configured to control the scan driver 110 and
the data driver 120.

[0021] The scan driver 110 generates a scan signal in
response to a scan drive control signal SCS from the
timing controller 150 and sequentially supplies the gen-
erated scan signal to the scan lines S 1 through Sn. The
scan driver 110 also generates a light emission control
signal in response to the scan drive control signal SCS
and sequentially supplies the generated light emission
control signal to light emitting control lines E1 through En.
[0022] The data driver 120 generates data signals in
response to a data drive control signal DCS from the
timing controller 150 and supplies the generated data
signals to the data lines D 1 through Dm. The data driver
200 has at least a first data driving circuit 129. The data
driving circuit 129 converts input data into a data signal
to be driven onto the data lines D1 through Dm. A detailed
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structure of the data driving circuit 129 will be explained
below.

[0023] The timing controller 150 generates the data
drive control signal DCS and the scan drive control signal
SCS. The data drive control signal DCS is supplied to
the data driver 120 and the scan drive control signal SCS
is supplied to the scan driver 110. The timing controller
150 also supplies input data to the data driver 120.
[0024] The pixel portion 130 receives a first power
source ELVDD and a second power source ELVSS. The
first power source ELVDD and the second power source
ELVSS are supplied to respective pixels 140. The pixels
140 receiving the first power source ELVDD and the sec-
ond power source ELVSS display an image correspond-
ing to the data signal supplied from the data driving circuit
129.

[0025] FIG. 2 illustrates a block diagram according to
an example embodiment of a data driving circuit depicted
in FIG. 1. The data driving circuit in this example includes
j (j is a positive integer) data lines and J channels that
are able to be connected. Referring to FIG. 2, the data
driving circuit 129 comprises a shift register 121 for se-
quentially generating a sampling signal, a sampling latch
section 122 for sequentially storing data in response to
the sampling signal, a holding latch section 123 for storing
data from the sampling latch section 122 and for supply-
ing the stored data to a digital-analog converter 125 (re-
ferred to as a"DAC" hereafter), a DAC 125 for generating
an analog voltage corresponding to the data and a buffer
unit 126 for supplying the analog voltage to the data lines
D.

[0026] The shift register 121 receives a source shift
clock SSC and a source start pulse SSP from the timing
controller 150. After receiving the source start pulse SSP,
the shift register 121 generates j sampling signals, one
at each period of the source shift clock SSC.

[0027] The sampling latch section 122 sequentially
stores the data in response to a sampling signal. The
sampling latch section 122 has j sampling latches so as
to store the data, where each latch has bit-width corre-
sponding to the number of bits in the data. For example,
each latches is configured with a size of k bits in the case
that the data has k bits.

[0028] The holding latch section 123 receives the data
from the sampling latch section 122 when a source output
enable signal SOE is received from the timing controller
150. After receiving the data, the holding latch section
123 supplies the data stored to DAC 125 when a next
source output enable signal SOE is received from the
timing controller 150. The holding latch section 123 in-
cludes j of holding latches each having a size of k bits.
[0029] The DAC 125 generates an analog voltage cor-
responding to a bit value of the data and supplies the
generated voltage to a buffer unit 126.

[0030] The buffer unit 126 includes buffers 127 which
buffer data signals from the DAC 125 and drive them to
jdatalines D1 through Dj. For advantageous system per-
formance, the buffers 127 output data signals which are
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substantially not voltage-dropped to the data lines D1
through Dj regardless of the threshold voltage of the tran-
sistors included in the buffers 127.

[0031] The voltage level of the data before the level
shifter 124 is low to reduce power in this digital portion
of the circuit. In some embodiments the DAC 125 may
be better driven with higher digital voltage levels. As
shown in FIG. 3, the data driving circuit 129 may further
comprises a level shifter 124 located between the holding
latch section 123 and the DAC 125 toincrease the voltage
level of the data supplied from the holding latch section
123 to the DAC 125.

[0032] FIG. 4 illustrates a detailed schematic circuit
diagram of a buffer according to an example embodi-
ment. The buffer 127 comprises a first inverter 127a, a
second inverter 127b, a first transistor M1 connected be-
tween the data line Dj and a third power source Wdd, a
second transistor M2 and a first capacitor C1 connected
between the DAC 125 and the first inverter 127a, a sec-
ond capacitor C2 connected between the first inverter
127a and the second inverter 127b and a third capacitor
C3 connected between the second inverter 127b and the
first transistor M1.

[0033] The buffer 127 also comprises a transistor M3
connected between the data line Dj and a first node N1
which is a common terminal of the second transistor M2
and the first capacitor C1, a fourth transistor M4 connect-
ed between the third power source VVdd and a sixth node
N6 which is a common terminal of the third capacitor C3
and the first transistor M1, a fifth transistor M5 connected
between the fourth power source VVss and a seventh
node N7 which is a common terminal of the first transistor
M1 and the data line Dj, a sixth transistor M6 connected
between an input terminal N2 and an output terminal N3
of the first inverter 127a and a seventh transistor con-
nected between an input terminal N4 and an output ter-
minal N5 of the second inverter 127b.

[0034] The first transistor M1 controls a current which
flows into the seventh node N7 from the third power
source VVdd in response to a voltage value supplied to
asixthnode N6. The analog voltage at node N7 responds
according to the current, and is supplied to a pixel 140
as a data signal. The second transistor M2 supplies an
analog voltage from the DAC 125 to the first node N1
when a first control signal CS1 is supplied. The third tran-
sistor M3 is on when a third control signal CS3 is supplied,
and the seventh node N7 and the first node N1 are elec-
trically connected. This closes the feedback loop by
which N7 is controlled. The fourth transistor M4 supplies
a voltage of the third power source Wdd to the sixth node
N6 when a first control signal CS1 is supplied, thereby
turning off transistor M1. . The fifth transistor M5 supplies
a voltage of the fourth power source VVss to the seventh
node N7 (and therefore to data line Dj) when a second
control signal CS2 is supplied. The first inverter 127a
includes an eighth transistor M8 and a ninth transistor
M9 which are connected between the third power source
VVdd and the fourth power source VVss. From here, the
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eighth transistor M8 is adjusted by a P-MOS and the ninth
transistor M9 is adjusted by an N-MOS.

[0035] The gate terminals of the eighth transistor M8
and the ninth transistor M9 and one terminal of the first
capacitor C1 are each connected to the second node N2
which is driven in response to a voltage driven on the
first node N1. The sixth transistor M6 electrically con-
nects the second node N2 with the third node N3 when
the first control signal CS1 is supplied. The second in-
verter 127b includes a tenth transistor M10 and an elev-
enth transistor M11 which are connected between the
third power source VVdd and the fourth power source
VVss. From here, the tenth transistor M10 is adjusted by
a P-MOS and the eleventh transistor M11 is adjusted by
an N-MOS.

[0036] The gate terminals of the tenth transistor M10
and the eleventh transistor M11 and one terminal of the
second capacitor C2 are connected to the fourth node
N4, and are driven in response to a voltage driven on the
third node N3. The seventh transistor M7 electrically con-
nects the fourth node N4 with the fifth node N5 when the
first control signal CS1 is supplied.

[0037] FIG. 5 is a timing diagram showing the DAC
signal Vga, and the control signals CS1, CS2, and CS3
for the buffer of FIG. 4 during drive periods T1, T2, T3,
and T4. As shown, the first control signal CS1 and the
second control signal CS2 are supplied during drive pe-
riod T1. Accordingly, during drive period T1, the second
transistor M2, the sixth transistor M6, the seventh tran-
sistor M7, the fourth transistor M4 and the fifth transistor
M5 are each on. With transistor M6 on, the first inverter
127a will provide a voltage to the second node N2 and
the third node N3. The voltage provided will be of a level
between the level of the voltage of the fourth power
source VVss and the level of the voltage of third power
source VVdd. Likewise, with transistor M7 on, the second
inverter 127b will similarly provide a voltage to the fourth
node N4 and the fifth node N5, where the voltage pro-
vided will have a level between the level of the voltage
on the fourth power source VVss and the level of the
voltage on the third power source VVdd. With the second
transistor M2 on, an analog voltage Vga is supplied from
the DAC 125 to the first node N1. Accordingly, a voltage
that corresponds to the difference between the analog
voltage Vga and the voltage at the second node N2 is
stored across the first capacitor C1.

[0038] Furthermore, because the voltage supplied to
the second node N2 is always the same, the voltage
stored across the first capacitor C1 is based on the analog
voltage Vga. With the fourth transistor M4 on, the voltage
of the third power source VVdd is supplied to the sixth
node N6, and the first transistor M1 is off. Also, the dif-
ference between the voltage on the fifth node N5 and the
voltage on the sixth node NG, is stored across the third
capacitor C3.

[0039] Next, thefirst control signal CS1 is discontinued
during the second drive period T2. Accordingly, the sec-
ond transistor M2, the sixth transistor M6, the seventh
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transistor M7 and the fourth transistor M4 are off during
the second drive period T2. Note that at the end of the
second drive period T2, the voltages at the first through
fifth nodes N1-N5 are such that the voltage at the sixth
node N6 is the same as the third source voltage VVdd.
Accordingly, at the end of the second drive period T2,
the first transistor M1, is off.

[0040] During the third drive period T3, the third control
signal CS3 is supplied. Accordingly, the third transistor
M3 is on during the third drive period T3, and the seventh
node N7 is electrically connected to the first node N1. As
the seventh node N7 is driven to the fourth voltage source
VVss by the fifth transistor M5, the first node N1 will be
driven from the second drive period value of Vga to VVss
during the third drive period T3. The value of the voltage
at the second node N2 is likewise reduced because of
the first capacitor C1 when the voltage of the first node
N1 is reduced to VVss. Because the amount of voltage
drop at the first node N1 is based on the analog voltage
Vga, the voltage drop at the second node N2 will likewise
be based on the analog voltage Vga.

[0041] As the second node N2 is the input of the first
inverter 127a, when the voltage at the second node N2
is reduced, the output of the first inverter 127a, at the
third node N3, will be increased. Because of the second
capacitor C2, the voltage at the fourth node N4 will in-
crease according to the increase at the third node N3.
As the fourth node N4 is the input of the second inverter
127b, when the voltage at the fourth node N4 is in-
creased, the output of the second inverter 127b, at the
fifth node N5, will be reduced. As the sixth node N6 is
capacitively coupled to the fifth node N5, when the fifth
node N5 is reduced, the sixth node N6 will similarly be
reduced.

[0042] Because the sixth node N6 is the gate voltage
of the first transistor M1, when the voltage at the sixth
node is reduced, the first node turns on and begins to
conduct current to the seventh node N7. However, be-
cause the fifth transistor M5 is still on, the voltage at node
N7 does not substantially change. Note that at the end
ofthethird drive period T3, the voltages at the first through
fifth nodes N1-N5 are such that the voltage at the sixth
node N6 is lower than the third source voltage VVdd.
Accordingly, at the end of the third drive period T3, the
first transistor M1, is on.

[0043] Next, during the fourth driving period T4, the
control signal CS2 is discontinued and the fifth transistor
M5 turns off. The voltage at the seventh node N7 rises
according to the current supplied from the first transistor
M1. Because the voltage at the seventh node is fed back
to the first and second inverters 127a and 127b through
the third transistor M3 and the first capacitor C1, the volt-
age at the sixth node N6 at the input of the first transistor
M1 is affected by the rising voltage at the seventh node
N7. The voltage at the sixth node is affected in such a
way that an increasing voltage at the seventh node N7
causes the voltage at the sixth node N6 to rise. The volt-
ages at the seventh node N7 and at the sixth node N6
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will continue to rise until the first transistor M1 turns off.
This will occur when the voltage at the seventh node N7
has risen enough to bring the voltages at the first through
sixth nodes N1-N6 back to the values these voltages had
at the end of the second drive period T2. Recall that at
the end of the second drive period T2, the voltage at the
sixth node N6 was equal to the value of the power source
VVdd, and the first transistor M1 was therefore off. This
will again occur when the voltage at the seventh node
N7, and therefore the voltage at the first node N1, has
risen so as to be equal to the value of the voltage at the
first node N1 at the end of the second driving period T2.
Recall that the value of the voltage at the first node N1
at the end of the second driving period was the analog
voltage Vga. Thus, during the fourth driving period, the
buffer will drive the data line Dj with the analog voltage
Vga without a transistor threshold voltage drop, and the
associated pixel 140 will illuminate according to the ac-
curate voltage.

[0044] FIG. 6 shows the transitions of the second,
fourth, and sixth nodes N2, N4, and N6 during the second
third and fourth driving periods. As described above, at
the end of the second driving period, the voltage at the
second node N2 has a value based on the first inverter
127a with its input and output shorted by the sixth tran-
sistor M6. Similarly, the voltage at the fourth node N4
has a value based on the second inverter 127b with its
input and output shorted by the seventh transistor M7.
The voltage at the sixth node N6 has a value equal to
the power source VVdd because the sixth node N6 was
shorted to the power source VVdd during the first drive
period T1 by the fourth transistor M4.

[0045] During the third driving period T3, the voltages
at the second, fourth, and sixth nodes N2, N4, and N6
transition according to the first set of transitions shown
in FIG. 6. The voltage at the second node N2 is reduced
by an amount V1, which is based on the analog voltage
Vga. The voltage at the fourth node N4 increases based
on the increase in the voltage at the third node N3, which
is based on the reduction in the voltage at the second
node N2 and the gain of the first inverter 127a. Note that
the voltage at the fourth node N4 increases by more than
the amount the voltage at the second node N2 reduces.
This occurs because of the gain of the firstinverter 127a.
The voltage at the sixth node N6 decreases based on
the decrease in the voltage at the fifth node N5, which is
based on the increase in the voltage at the fourth node
N4 and the gain of the second inverter 127b. Note that
the voltage at the sixth node N6 decreases by more than
the amount the voltage at the fourth node N4 increases.
This occurs because of the gain of the second inverter
127b.

[0046] During the fourth period, as described above,
the voltage at the seventh node N7 is fed back to the first
node N1. Therrising voltage at the seventh node N7 caus-
es the voltage at the first node N1 to rise. Because of the
coupling capacitor between the first and second nodes,
the rising voltage at the first node N1 causes the voltage
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at the second node N2 to also rise. Because of the first
inverter 127a, the rising voltage at the second node N2
causes the voltage at the third node N3 to reduce. Be-
cause of the coupling capacitor between the third and
fourth nodes, the reduction in the voltage at the third node
N3 causes the voltage at the fourth node N4 to also re-
duce. Because of the second inverter 127b, the reduction
in the voltage at the fourth node N4 causes the voltage
at the fifth node N5 to increase. Because of the coupling
capacitor between the fourth and fifth nodes, the increas-
ing voltage at the fifth node N5 causes the voltage at the
sixth node N6 to increase. As described above, once the
voltage at the sixth node N6 increases to VVdd, the first
transistor will stop driving current to the seventh node
N7, and accordingly the seventh node N7 will stop rising.
As illustrated in FIG. 6, this occurs when the voltages at
the second, fourth and sixth nodes each return to the
value of the voltages these nodes had at the end of the
second driving period.

[0047] Accordingly, an accurate analog voltage Vga
from the DAC 125 can be supplied by the buffer 127 to
the data line Dj regardless of the transistor threshold volt-
age. One advantageous aspect of the buffer is that in
can be easily used in large displays with high resolution
because of the accuracy of the output. Additionally, be-
cause of the gain of the two transistors, the voltage pre-
sented at the gate of the first transistor is an amplified
version of the analog voltage Vga. This results in faster
operation of the buffer. In some embodiments the gain
may be realized with other circuitry configurations. On
the other hand, in some embodiments the gain is not
necessary, and the circuitry between the first node N1
and the fifth node N5 may be replaced with a wire or
some other substantially unity gain circuit.

[0048] FIG. 7 illustrates a detailed schematic circuit
diagram of a structure of a buffer according to another
example embodiment. This embodiment differs from the
embodiment shown in FIG. 4 by the addition of a twelfth
transistor M12 connected with between the first inverter
127a and the third power source VVdd and the addition
of athirteenth transistor M13 connected between the sec-
ond inverter 127b and the fourth power source VVss. The
twelfth transistor M12 and the thirteenth transistor M13
are of different conductivity. Thatis, the twelfth transistor
M12 is a PMOS transistor, and the thirteenth transistor
M13, is an NMOS transistor. The first and second tran-
sistors operating with inputs and outputs between VVss
and VVdd may consume excessive power. The twelfth
and thirteenth transistors enable the first and second in-
verters only when the first and second inverters are used
by the buffer to change the buffer output level, as de-
scribed below.

The twelfth transistor M12 is turned-on when a fourth
control signal CS4 is supplied. The result is that a voltage
of the third voltage VVdd is supplied to the first inverter
127a, which is thereby enabled.

[0049] The thirteenth transistor M13 is turned-on when
a fifth control signal CS5 is supplied. The result is that a
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voltage of the third voltage VVss is supplied to the second
inverter 127b, which is thereby enabled.

[0050] Referring to FIGs. 7 and 8, the operation of the
buffer will be explained. As shown in FIG. 8, prior to the
first driving period T1, the first control signal CS1, the
second control signal CS2, the third control signal CS3,
the fourth control signal CS4 and the fifth control signal
CS 5 are not active. Note that the first control signal CS1,
the third control signal CS3, and the fourth control signal
CS4 are active low as they are used to drive PMOS tran-
sistors, and, the second control signal CS2, and the fifth
control signal CS5 are active high as they are used to
drive NMOS transistors. From the first driving period T1
through the beginning fourth driving period T4, the fourth
control signal CS4 and the fifth control signals CS5 are
active. Therefore, the first inverter 127a and the second
inverter 127b are each enabled from the first driving pe-
riod T1 through the beginning fourth driving period T4.
During these time periods the first through third control
signals CS1-CS3 are driven in the same manner as the
corresponding signals, which were discussed with refer-
ence to FIG. 4. Similarly, the operation of the buffer is
the same as that which was discussed with reference to
FIG. 4. Note, however, that during the fourth time period
T4, once the voltage at the sixth node N6 is at VVdd, and
the first transistor is off, the first and second inverters do
not need to operate. The power they consume can be
saved if they are disabled. Accordingly, after some time
has passed in the fourth driving period T4, the fourth con-
trol signal CS4 is changed to a not active state, and the
first inverter 127a is disabled. Similarly, the fifth control
signal CS5 is changed to a not active state, and the sec-
ond inverter 127b is disabled. Note that the circuit is con-
figured to maintain the voltage at the sixth node N6 to be
at least VVdd when the first and second inverters are
disabled.

[0051] Other control signal driving schemes, such as
those depicted in FIGs 9A through 9C, may also be used.
FIG. 9A shows a timing diagram where the fourth and
fifth control signals CS4 and CS5 enable the first and
second inverters throughout the first through fourth driv-
ing periods. Similarly, FIG 9B shows a timing diagram
where the fourth and fifth control signals CS4 and CS5
enable the first and second inverters throughout most of,
but not all of the first through fourth driving periods.
[0052] FIG 9C shows another type of driving strategy.
In this strategy, the fourth and fifth control signals CS4
and CS5 enable the first and second inverters continu-
ally. However, the voltages at the fourth and fifth control
signals CS4 and CS5 are selected so as to allow a limited
amount of current to flow to the inverters, rather than
being substantially equal to one of the voltages of the
third or fourth power sources. In this way, the inverters
are always on and operational, but are operating with
limited current so as to save power.

[0053] As described above, a buffer and organic light
emitting display with data driving circuit using the same
in accordance with an exemplary embodiment of the
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present invention are able to provide an accurate analog
voltage regardless of a threshold voltage of a transistor.
Because the buffer is able to provide an accurate grada-
tion voltage regardless of a threshold voltage of a tran-
sistor, the buffer may advantageously drive a panel hav-
ing a large area and a high resolution. Also, because an
enable voltage is selectively supplied such that the in-
verters operate only when used to change the buffer out-
put voltage, power consumption can be reduced.
[0054] While the above description has pointed out
novel features of the invention as applied to various em-
bodiments, the skilled person will understand that various
combinations, omissions, substitutions, and changes in
the form and details of the device or process illustrated
may be made without departing from the scope of the
invention. Therefore, the scope of the invention is defined
by the appended claims rather than by the foregoing de-
scription. All variations coming within the meaning and
range of equivalency of the claims are embraced within
their scope.

Claims
1. A buffer comprising:

a first capacitor comprising first and second ca-
pacitor terminals, the first capacitor being con-
figured to receive an analog voltage on the first
capacitor terminal, wherein the analog voltage
is an input to the buffer;

a first inverter having a first input terminal and a
first output terminal, the firstinput terminal being
connected to the second capacitor terminal of
the first capacitor;

a second capacitor having a third capacitor ter-
minal connected to the first output terminal of
the first inverter, and a fourth capacitor terminal;
asecond inverter having a second input terminal
and a second output terminal, the second input
terminal being connected to the fourth capacitor
terminal of the second capacitor;

a third capacitor having a fifth capacitor terminal
connected to the second output terminal of the
second inverter, and a sixth capacitor terminal;
afirst transistor connected to the sixth capacitor
terminal of the third capacitor, the first transistor
being configured to control a flow of a current
from a first power source to a data line such that
a buffer voltage is supplied to the data line,
wherein the first transistor is configured to con-
trol the current in response to a voltage supplied
from the third capacitor; and

a second transistor connected to the data line
and to the first terminal of the first capacitor.

2. The buffer of claim 1, wherein the value of the buffer
voltage is equal to the value of the analog voltage
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input.

3. The buffer of claim 2, wherein the first transistor is

configured to be turned off when the value of the
buffer voltage is equal to the value of the analog volt-
age input.

4. The buffer of claim 1, wherein the absolute value of

the voltage supplied from the third capacitor to the
first transistor is larger than the absolute value of the
analog voltage input.

5. The buffer according to at least one of the claims 1
- 4, further comprising:

a third transistor connected to the first capacitor
terminal of the first capacitor, the third transistor
being configured to supply the analog voltage
to the first capacitor terminal of the first capacitor
when a first control signal is supplied to the third
transistor;;

a fourth transistor connected to the first power
source and the sixth capacitor terminal of the
third capacitor, the fourth transistor being con-
figured to supply a voltage equal to the voltage
of the first power source to the third capacitor
when the first control signal is supplied to the
fourth transistor; and

a fifth transistor connected to the data line and
to a second power source, the fifth transistor be-
ing configured to supply the data line with the
voltage of the second power source when a sec-
ond control signal is supplied to the fifth transis-
tor.

6. The buffer of claim 5, wherein the voltage of the first
power source is higher than the voltage of the second
power source.

7. The buffer according to at least one of the claims 5
and 6, further comprising:

a sixth transistor connected to the first output of
the first inverter and to the first input of the first
inverter, the sixth transistor configured to be
turned on when the first control signal is supplied
to the sixth transistor.; and

a seventh transistor connected to the second
output of the second inverter and to the second
input of the second inverter, the seventh tran-
sistor configured to be turned on when the first
control signal is supplied to the seventh transis-
tor.

8. The buffer of claim 7, wherein the second transistor
is configured to be turned on when a third control
signal is supplied.
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The buffer of claim 8, wherein the buffer is configured
to receive the start of the first control signal and the
second control signal simultaneously, and to receive
the end of the first control signal earlier than the end
of the second control signal.

The buffer of claim 9, wherein the buffer is configured
to receive the start of the third control signal after the
end of the first control signal and before the end of
the second control signal, and to receive the end of
the third control signal after the end of the second
control signal.

The buffer according to at least one of the claims
7-10, further comprising:

an eighth transistor connected between the first
inverter and the first power source; and

a ninth transistor connected between the sec-
ond inverter and the second power source.

The buffer of claim 11, wherein the eighth transistor
and the ninth transistor are of different conductivity.

The buffer of claim 12, wherein the eighth transistor
is configured to be turned on when a fourth control
signal is supplied to the eighth transistor, and where-
in the ninth transistor is configured to be turned on
when a fifth control signal is supplied to the ninth
transistor.

The buffer of claim 13, wherein the buffer is config-
ured to receive the start of the fourth and fifth control
signals before or simultaneously with the second
control signal and to receive the end of the fourth
and fifth control signals after the start of the third
control signal.

The buffer of claim 13, wherein the buffer is config-
ured to receive fourth and fifth control signals each
comprising at least one of a voltage equal to the volt-
age of the first power source, a voltage equal to the
voltage of the second power source, and a voltage
configured to provide a limited non-zero current to
the first or second inverter.

The buffer of claim 13, wherein the buffer is config-
ured to receive the fourth and fifth control signals
continuously and to provide a first limited non-zero
current to the first inverter and a second limited non-
zero current to the second inverter in response to
the fourth and fifth control signals.

A data driving circuit comprising:
a digital to analog converter configured to gen-

erate an analog voltage in response to a bit value
of a data input; and
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a plurality of buffers each buffer configured to
supply the analog voltage to a data line, each
buffer comprising:

a first capacitor comprising first and second
capacitor terminals, the first capacitor being
configured to receive an analog voltage on
the first capacitor terminal, wherein the an-
alog voltage is an input to the buffer;

a first inverter having a first input terminal
and a first output terminal, the first input ter-
minal being connected to the second capac-
itor terminal of the first capacitor;

a second capacitor having a third capacitor
terminal connected to the first output termi-
nal of thefirstinverter, and a fourth capacitor
terminal;

a second inverter having a second input ter-
minal and a second output terminal, the sec-
ond input terminal being connected to the
fourth capacitor terminal of the second ca-
pacitor;

a third capacitor having a fifth capacitor ter-
minal connected to the second output ter-
minal of the second inverter, and a sixth ca-
pacitor terminal,

a first transistor connected to the sixth ca-
pacitor terminal of the third capacitor, the
first transistor being configured to control a
flow of a current from a first power source
to a data line such that a buffer voltage is
supplied to the data line, wherein the first
transistor is configured to control the current
in response to a voltage supplied from the
third capacitor; and

a second transistor connected to the data
line and to the first terminal of the first ca-
pacitor.

The data driving circuit of claim 17, wherein the value
ofthe buffer voltage is equal to the value of the analog
voltage input.

The data driving circuit of claim 18, wherein the first
transistor is configured to be turned off when the val-
ue of the buffer voltage is equal to the value of the
analog voltage input.

The data driving circuit of claim 17, further compris-
ing:

a third transistor connected to the first capacitor
terminal of the first capacitor, the third transistor
being configured to supply the analog voltage
to the first capacitor terminal of the first capacitor
when a first control signal is supplied to the third
transistor;;

a fourth transistor connected to the first power



21.

22.

23.

24,

25,

26.

17 EP 1708 163 A2

source and the sixth capacitor terminal of the
third capacitor, the fourth transistor configured
to supply a voltage equal to the voltage of the
first power source when the first control signal
is supplied to the fourth transistor; and

a fifth transistor connected to the data line and
to a second power source, the fifth transistor
configured to supply the voltage of the second
power source to the data line when a second
control signal is supplied to the fifth transistor.

The data driving circuit of claim 20, wherein the volt-
age of the first power source is higher than the volt-
age of the second power source.

The data driving circuit as claimed in claim 20 or 21,
further comprising:

a sixth transistor connected to the first output of
the first inverter and to the first input of the first
inverter, the sixth transistor being configured to
be turned on when the first control signal is sup-
plied to the sixth transistor.; and

a seventh transistor connected to the second
output of the second inverter and to the second
input of the second inverter, the seventh tran-
sistor configured to be turned on when the first
control signal is supplied to the seventh transis-
tor.

The data driving circuit of claim 22, further compris-
ing:

an eighth transistor being connected between
the first inverter and the first power source; and
a ninth transistor being connected between the
second inverter and the second power source.

The data driving circuit of claim 23, wherein the
eighth transistor and the ninth transistor are of dif-
ferent conductivity.

The data driving circuit of claim 23, wherein the
eighth transistor is configured to be turned on when
a fourth control signal is supplied to the eighth tran-
sistor, and the ninth transistor is configured to be
turned on when a fifth control signal is supplied to
the ninth transistor.

The data driving circuit according to at least one of
the claims 17-25, further comprising:

a shift register configured to sequentially gener-
ate a sampling signal; and

a latch section configured to store the data cor-
responding to the sampling signal and to supply
the stored data to the digital to analog converter.
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