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(7) ABSTRACT

A drive circuit of an organic light emitting display and an
offset voltage adjustment unit thereof are provided. The offset
voltage adjustment unit can be used in an operational ampli-
fier of the drive circuit having a differential input stage, a bias
stage, and an output stage. The offset voltage adjustment unit
coupled between the bias stage and a ground including a
resistor string and a plurality of latch units. The resistor string
has a first-end, a second-end, and a plurality of resistors
series-connected between the first-end and the second-end
forming a plurality of junctions. The latch units are coupled
between the junctions and the ground, respectively. The latch
units are sequentially conducted to adjust a bias current of the
bias stage according to a control signal. The latch units enter
a latch state upon receiving a latch signal to calibrate an
output offset voltage of the operational amplifier.
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DRIVE CIRCUIT OF ORGANIC LIGHT
EMITTING DISPLAY AND OFFSET VOLTAGE
ADJUSTMENT UNIT THEREOF

BACKGROUND
[0001] 1. Technical Field
[0002] The instant disclosure relates to an operational

amplifier; in particular to an offset voltage adjustment unit for
calibrating an offset voltage of the operational amplifier and
a drive circuit of an organic light emitting display using the
same.

[0003] 2. Description of Related Art

[0004] Operational amplifiers have electrical characteristic
of high input impedance but low output impedance, and the
circuit thereof can be configured to implement various circuit
application including comparator, amplifier, buffer, filter,
analog-to-digital converter (ADC), a digital to analog con-
verter (DAC), and the like, hence operational amplifiers have
been widely used in a display such as the drive circuit of liquid
crystal display (LCD) or organic light emitting display
(OLED). However, owing to the technical limitations on cur-
rent semiconductor manufacturing process and integrated cir-
cuit development, process variations (for example, parameter
variation), and working environment (for example, operation
voltage, temperature), the operational amplifier induces an
offset voltage in the output voltage in operation leading to a
phenomenon known as the zero drift and generates common
mode signals affecting the output of the operational amplifier.
[0005] Specifically, when the non-inverting signal input
and inverting signal input of the operational amplifier are at
zero voltage level, the output voltage of the operational
amplifier not only is not at zero voltage level but also is turned
into a time-varying voltage signal. Accordingly, when the
operational amplifier has a strong tendency generating offset
voltage, the output thereof would affect the subsequent circuit
operation. For example, given an operational amplifier is
configured as a buffer for driving the drive circuit in a pixel
array of the OLED. When zero drift phenomenon occurs, the
gray level voltage which drives the display panel would
become biased and affects the display quality.

[0006] Please refer to FIGS. 1A to 1D. FIGS. 1A to 1D
show a schematic diagram illustrating conventional compen-
sation circuits for an operational amplifier, in which the com-
pensation circuit is used for reducing output offset voltage.
[0007] FIG. 1A illustrates an auto-zero compensation
amplifier circuit using auto-zero technology. The auto-zero
compensation amplifier circuit uses a capacitor C1 to store
the offset voltage which is detected by feedback circuit. Then,
the input signal is correspondingly compensated to eliminate
potential effect of the offset voltage. However, larger capaci-
tor is required using the auto-zero technology so as to prevent
errors caused by switching operation of the switching circuit.
FIG. 1B illustrates a chopper amplifier circuit. The chopper
amplifier circuit converts a DC bias voltage signal into a high
frequency AC voltage signal through fast switching opera-
tions. The high frequency AC signal is subsequently filtered
by a low-pass filter circuit. Although, the chopper amplifier
can attenuate DC bias voltage and reduce the flicker noise
generated by the complementary metal-oxide-transistor, but
fast switching greatly increases power consumption.

[0008] FIG. 1C illustrates the circuitry of a conventional
analog offset cancellation circuit. The analog offset cancel-
lation includes a plurality of large capacitors for storing the
compensation voltage and an analog control circuit for
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attenuating the offset voltage of the operational amplifier.
FIG. 1D illustrates a digital offset cancellation which digi-
tally compensates the offset voltage. However, both analog
offset cancellation and digital offset cancellation requires
large circuitry area for the placement of the compensation
circuit. Hence, when the operational amplifier is applied in a
large integrated circuit, e.g. the drive circuit of OLED, a
significant portion of the chip would be occupied, and the
overall consumption increases as well.

SUMMARY

[0009] An exemplary embodiment of the instant disclosure
provides an offset voltage adjustment unit and a drive circuit
of an organic light emitting display. The offset voltage adjust-
ing unit can be built into the drive circuit of operational
amplifier. The offset voltage adjusting unit can be configured
to adjust a bias current generated by a bias circuit of opera-
tional amplifier according to the output voltage of the opera-
tional amplifier so as to adjust an output offset voltage of the
operational amplifier generated due to variation in the ambi-
ent temperature variation, the operating voltage, or process
factors.

[0010] An exemplary embodiment of the instant disclosure
provides a drive circuit of an organic light emitting display.
The drive circuit includes a digital-to-analog conversion unit,
a control unit, and an output unit. The control unit is coupled
to the digital-to-analog conversion unit. The output unit has a
plurality of buffer units, and each of the buffer units includes
an operational amplifier and a calibration unit. The opera-
tional amplifier has a differential input stage, a bias stage, an
output stage, and an offset voltage adjustment unit. The offset
voltage adjustment unit is coupled between the bias stage and
a ground. The offset voltage adjustment unit includes a resis-
tor string and a plurality of latch units. The offset voltage
adjustment unit is configured for adjusting a bias current
generated by the bias stage. The calibration unit is coupled
between the latching units and an output terminal of the
operational amplifier. The calibration unit operatively con-
trols the operations of the latch units so as to adjust the bias
current of the bias stage according to an output voltage of the
operational amplifier. The control unit inserts a calibration
period in a driving cycle, during which the control unit
enables the calibration unit to perform a calibration proce-
dure. The calibration unit operatively causes the latch units to
enter a latch state to calibrate an output offset voltage of the
operational amplifier at the completion of the calibration
procedure.

[0011] According to one exemplary embodiment of the
instant disclosure, the resistor string has a first-end and a
second-end. The first-end and the second-end are respectively
coupled to the bias stage, wherein a plurality of resistors is
series-connected between the first-end and the second-end to
form a plurality of junctions. The latch units are coupled
between the junctions and the ground, respectively.

[0012] The calibration unit sequentially conducts the latch
units to adjust the bias current during the calibration period,
and the calibration unit calibrates the output offset voltage of
the operational amplifier, such that the output offset voltage
approaches zero voltage level.

[0013] According to one exemplary embodiment of the
instant disclosure, when the calibration unit detects that the
output voltage of the operational amplifier changes from a
high voltage level to a low voltage level or from a low voltage
level to a high voltage level, the calibration unit outputs a
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latch signal causing the latch units to enter the latch state so
that one of the latch units selected maintains conduction.
[0014] An exemplary embodiment of the instant disclosure
provides an offset voltage adjustment unit for an operational
amplifier. The operational amplifier has a differential input
stage, a bias stage, and an output stage. The offset voltage
adjustment unit is coupled between the bias stage and a
ground. The offset voltage adjustment unit includes a resistor
string and a plurality of latch units. The resistor string has a
first-end and a second-end, which are respectively coupled to
the bias stage. A plurality of resistors is series-connected
between the first-end and the second-end to form a plurality of
junctions. A plurality of latch units is respectively coupled
between the junctions and the ground. The latch units is
configured to sequentially conduct responsive to a control
signal to adjust a bias current generated by the bias stage and
to enter a latch state upon receiving a latch signal so as to
calibrate an output offset voltage of the operational amplifier.
[0015] According to one exemplary embodiment of the
instant disclosure, the latch unit includes a first transistor, a
second transistor, and a storage capacitor. A source of the first
transistor is configured for receiving the control signal, and a
gate of the first transistor is configured for receiving the latch
signal. A drain of the second transistor is coupled the junc-
tions formed between the resistors. A source of the second
transistor is coupled to the ground. A gate of the second
transistor i1s coupled to a drain of the first transistor. The
storage capacitor is coupled between the gate of the second
transistor and the ground.

[0016] To sum up, an exemplary embodiment of the instant
disclosure provides an offset voltage adjustment unit and a
drive circuit of an organic light emitting display. The offset
voltage adjustment unit can be configured for calibrating the
output offset voltage generated due to the operating ambient
temperature, source voltage, or process factors of the opera-
tional amplifier. The offset voltage adjustment unit can
sequentially adjust the bias current generated by the bias
circuit of the operational amplifier according to output volt-
age of the operational amplifier. Meanwhile, the offset volt-
age adjustment unit can record the operational amplifier cali-
bration settings in the calibration process and stabilize the
operational amplifier operation.

[0017] Accordingly, the impact of the output offset voltage
on the operation of OLED can be prevented and improve the
display quality of OLED. The offset voltage adjusting unit
can be built-in in the operational amplifier without needing
additional compensation circuit. Thus, it can greatly save the
required chip area and reduce the overall power dissipation of
the drive circuit.

[0018] Inorder to further understand the techniques, means
and effects of the instant disclosure, the following detailed
descriptions and appended drawings are hereby referred, such
that, through which, the purposes, features and aspects of the
instant disclosure can be thoroughly and concretely appreci-
ated; however, the appended drawings are merely provided
for reference and illustration, without any intention to be used
for limiting the instant disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings are included to pro-
vide a further understanding of the instant disclosure, and are
incorporated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the instant
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disclosure and, together with the description, serve to explain
the principles of the instant disclosure.

[0020] FIGS.1A~1D show conventional compensation cir-
cuits for operational amplifier;

[0021] FIG. 2is a schematic diagram of the circuitry of an
organic light emitting display in accordance with an embodi-
ment of the instant disclosure;

[0022] FIG. 3 is a schematic diagram of a buffer unit in
accordance with an embodiment of the instant disclosure;
[0023] FIG. 4 is a diagram illustrating an operation of a
drive circuit of an organic light emitting display in accordance
with an embodiment of the instant disclosure;

[0024] FIG. 5isadetailed schematic view of an operational
amplifier in accordance with an embodiment of the instant
disclosure;

[0025] FIG. 6 is a schematic diagram of a latch unit in
accordance with an embodiment of the instant disclosure; and
[0026] FIG.7isaschematic diagram of a calibration unit w
in accordance with an embodiment of the instant disclosure.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

[0027] Reference will now be made in detail to the exem-
plary embodiments of the instant disclosure, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers are used in the
drawings and the description to refer to the same or like parts.
[0028] The instant disclosure provides an offset voltage
adjustment unit. The offset voltage adjusting unit is config-
ured for instantly adjusting a bias current of an operational
amplifier according to an output voltage of the operational
amplifier so as to calibrate the output offset voltage generated
by the operational amplifier due to variations in the ambient
temperature, the operating voltage, or process factors.
Accordingly, the efficiency of the operational amplifier can be
increased, while the power consumption of the offset com-
pensation circuit can be reduced.

[0029] Theinstantembodiment illustrates the circuit opera-
tion of the offset voltage adjustment unit in the operational
amplifier that is applied in the drive circuit of the organic light
emitting display. However, the offset voltage adjustment unit
can also be applied to the drive circuit of other display (e.g.,
liquid crystal display) or other operational amplifier applica-
tions. It should be appreciated that the instant disclosure is not
limited. In addition, the circuit architecture, operation system
and operation theory of the organic light emitting display and
the operational amplifier should be well known to those
skilled in the art, and hereinafter the description elaborates
about the instant disclosure.

[0030] Please refer to FIG. 2, which shows a schematic
diagram illustrating the circuitry of an organic light emitting
display in accordance with an exemplary embodiment of the
instant disclosure. The organic light emitting display 1
includes a drive circuit 10 and an organic light emitting dis-
play panel 20. The drive circuit 10 is coupled to the organic
light emitting display panel 20. During each driving cycle, the
drive circuit 10 operatively drives organic light emitting units
on the organic light emitting display panel 20 to display an
image according to an image data.

[0031] In the instant embodiment, the drive circuit 10
includes a resistor string unit 11, a digital-to-analog conver-
sion unit 13, a control unit 15, and an output unit 17. The
resistor string unit 11 is coupled to the digital-to-analog con-
version unit 13. The digital-to-analog conversion unit 13 is
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coupled to the output unit 17. The resistor string unit 11, the
digital-to-analog conversion unit 13, and the output unit 17
are respectively coupled to the control unit 15. The output unit
17 is coupled to the organic light emitting display panel 20.
[0032] The organic light emitting display panel 20 has a
plurality of switch units 21 and an MxN pixel array. The pixel
array includes a plurality of pixel units 23 arranged in a matrix
manner, wherein M and N are positive integers. The switch
units 21 are respectively coupled to the pixel units 23.
[0033] Each of the pixel units 23 comprises of three sub-
pixels. The three subpixels include red subpixel R, green
subpixel G and blue subpixel B. Each row is arranged to have
the same subpixel, while each column has red sub-pixel R,
green sub-pixel G and blue sub-pixel in succession. The red
subpixel R, green sub-pixel G, and blue sub-pixel B are
implemented by organic light emitting diodes.

[0034] Each of the switch units 21 includes a red pixel
switch 211, a green pixel switch 213, and a blue pixel switch
215. The red pixel switch 211 is coupled between the output
unit 17 and the red subpixel R of the pixel unit 23. The green
pixel switch 213 is coupled between the output unit 17 and the
green subpixel G of the pixel unit 23. The blue pixel switch
215 is coupled between the output unit 17 and the blue sub-
pixel B of the pixel unit 23. The control unit 15 operatively
controls the operations of the red pixel switch 211, the green
pixel switch 213, and the blue pixel switch 215. In the instant
embodiment, the red pixel switch 211, the green pixel switch
213, and the blue pixel switch 215 are implemented by the
NMOS transistor.

[0035] Specifically, a gate of each NMOS is coupled to the
control unit 15 for receiving clock signals CK_R, CK_G, and
CK_B. A source of each NMOS is coupled to the output unit
17. A drain of each NMOS is coupled to the corresponding
subpixel, namely the red subpixel R, the green subpixel G, or
the blue subpixel B, of the pixel unit 23. Accordingly, when
the NMOS turns on, the drive unit 10 outputs the gray level
voltage OUT _1~OUT_M to the respective subpixel for driv-
ing each of the subpixel to correspondingly display a gray
level.

[0036] The resistor string unit 11 and the digital-to-analog
conversion unit 13 constitute a digital-to-analog converter
(DAC). The resistor string unit 11 may be a resistor string or
an R2R resistor ladder. The digital-to-analog conversion unit
13 may be a decoding circuit formed by an array of switches.
The digital-to-analog conversion unit 13 drives the resistor
string unit 11 to provide an output voltage by controlling the
built-in array of switches according to a digital signal
received.

[0037] More specifically, the control unit 15 can generate
the digital signal for driving the pixel unit 23 according to the
image data. The control unit 15 also drives the digital-to-
analog conversion unit 13 to control the built-in array of
switch and decode the digital signal. Subsequently, a data
signal DATA _IN is outputted to a buffer unit 170 of the output
unit 17 to correspondingly drive the subpixels of the pixel unit
23. It should be appreciated that the circuit architecture and
the operation of the resistor string unit 11 and the digital-to-
analog conversion unit 13 are well known to those skilled in
the art and further descriptions are hereby omitted.

[0038] The output unit 17 includes a plurality of buffer
units 170. The number of the buffer units 170 depends upon
the number of the switch units 21 employed on the organic
light emitting display panel 20. The buffer units 170 simul-
taneously transform the data signals DATA_IN, which are
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generated by the digital-to-analog conversion unit 13, to the
gray level voltages OUT__1~OUT_M. The gray level volt-
ages OUT__1~OUT_M are then outputted by the buffer units
170 to the organic light emitting display panel 20 for driving
the pixel unit 23 to display the gray level corresponding to the
image data so as to generate an image.

[0039] Each of the buffer units 170 includes a calibration
unit 171 and a buffer circuit 173. The calibration unit 171 is
coupled between the control unit 15 and the buffer circuit 173.
The buffer circuit 173 is coupled between the digital-to-ana-
log conversion unit 13 and the switch units 21, and the buffer
circuit 173 is controlled by the control unit 15. The buffer
circuit 173 is formed by an operational amplifier (not shown
in FIG. 1) and a plurality of switches. The calibration unit 171
calibrates the output offset voltage V_OFFSET of the opera-
tional amplifier according to the output voltage of the opera-
tional amplifier of the buffer circuit 173.

[0040] In the instant embodiment, each driving cycle
executed by the drive circuit 10 includes at least one driving
period and at least one calibration period. In more detail, the
control unit 15 inserts at least one calibration period in a
driving cycle while the drive circuit 10 is under operation.
[0041] Forexample, in one driving cycle, given the driving
method of the organic light emitting display 1 is by respec-
tively driving the red subpixel R, the green subpixel G, and the
blue subpixel B of the pixel units 23 in succession to show
corresponding gray level. The driving cycle therefore
includes three driving periods. In addition, the control unit 15
can insert the calibration period before or after the three
driving periods, or in between any two adjacent driving peri-
ods.

[0042] Alternatively, in one driving cycle, given the driving
method of the organic light emitting display 1is by driving the
red subpixel R, the green subpixel G and the blue subpixel B
of the pixel units 23 in succession. The driving cycle may
include a driving period and at least one calibration period.
The control unit 15 can insert the calibration period before or
after the driving period. The control unit 15 can also respec-
tively insert the calibration period both before and after the
driving period depend upon operating requirements. For
example, calibration may be performed during black frame
insertion for eliminating motion blur. As a result, in the buffer
circuit 173, the output offset voltage V_OFFSET, which is
generated by the operational amplifier due to operational
factors (such as the voltage switching or variations in the
ambient temperature), is instantly calibrated.

[0043] The control unit 15 can insert the calibration period
before or after any driving period or in between two adjacent
driving periods. In this regard, calibration to the operational
amplifier of the buffer circuit 173 can be conducted at any
time according to the operational needs. Such that the display
quality of the organic light emitting display 1 can be enhanced
as each of the operational amplifier can accurately output the
gray level voltage driving the pixel units 23 of the organic
light emitting display panel 20 during the driving period of
each driving cycle.

[0044] Inshort, during calibration period the control unit 15
enables each calibration unit 171 ofthe output unit 17 and the
corresponding buffer circuit 173 to proceed with the calibra-
tion procedure simultaneously. More specifically, the control
unit 15 simultaneously outputs a clock signal CK and a count-
ing signal CNT to each calibration unit 171 and a calibration
control signal OZCD to each buffer circuit 173, such that the
calibration unit 171 and the buffer circuit 173 undergo the
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calibration procedure. During the execution of the calibration
procedure, each of the calibration units 171 continuously
detects change in the output voltage of the operational ampli-
fier (not shown in FIG. 1) of the corresponding buffer circuit
173. The calibration unit 171 calibrates the output offset
voltage V_OFFSET generated by the operational amplifier of
the buffer circuit 173 according to the detection results.
[0045] The control unit 15 respectively outputs the clock
signals CK_R, CK_G and CK_B during the driving period.
The clock signals sequentially switch the red pixel switch
211, the green pixel switch 213, and the blue pixel switch 215
on the organic light emitting display panel 20. In addition, the
control unit 15 operatively drives the digital-to-analog con-
version unit 13 to output the data signal DATA_IN to the
corresponding buffer circuit 173 according to the image data.
Subsequently, each buffer circuit 173 outputs the gray level
voltages OUT__1~OUT_M to the organic light emitting dis-
play panel 20 according to the data signal DATA_IN received.
The gray level voltages OUT__1~OUT_M then drives corre-
sponding color subpixels of each pixel unit 23 on the organic
light emitting display panel 20 displaying the gray level cor-
responding to the image data.

[0046] Accordingly, the instant disclosure can effectively
eliminate the effect of the gray level voltage OUT _
1~OUT_M during the driving period as the operational
amplifier can automatically detect and calibrate the output
offset voltage V_OFFSET, and the bias voltage of the gray
level voltage is controlled between +/-0.25 LSB. In which,
the +/-0.25 LSB can be derived from dividing the operational
voltage range of the gray level voltage by the total grey levels
of the gray level voltage (i.e., 2°k, where k is a positive
integer).

[0047] For example, when the operational voltage range of
the gray level voltage ranges from 0 volt(V) to 5 volt(V), and
the gray level voltage is represented by 12-bit. Using the
calibration technique disclosed by the instant disclosure, the
bias voltage of the gray level voltage can be operatively
controlled to fall between +/-0.25*(5V/2"12) or +/-0.25 mV.
[0048] The instant disclosure provides a low-power based
calibration technique. The calibration technique can instantly
calibrate the output offset voltage V_OFFSET of the opera-
tional amplifier. Thereby, the efficiency of the drive circuit 10
canbe increased, while the display quality of the organic light
emitting display panel 20 can be improved as well.

[0049] 1t should be noted that the output offset voltage
V_OFFSET of the operational amplifier in each buffer circuit
173 of the output unit 17 may vary because of the operational
factors (such as the operating voltage, the ambient tempera-
ture and the like) varies for different operational amplifier.
Therefore, the calibration time of the operational amplifier in
each buffer circuit 173 may vary. Accordingly, the calibration
period inserted by the control unit 15 may be a maximum
calibration time for a single operational amplifier. For
example, the calibration period can be configured according
to a calibration time for the maximum output offset voltage
V_OFFSET. Accordingly, the operational amplifier of each
buffer circuit 173 can complete the calibration of the output
offset voltage V_OFFSET during the given calibration
period.

[0050] Inpractice, the drive circuit 10 may be implemented
by a drive chip. The control unit 15 may be implemented by a
processing chip including but not limited to a microcontroller,
or an embedded controller, which is programmed with nec-
essary firmware design. The control unit 15 may be also
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integrated in the drive chip, however the instant disclosure is
not limited thereto. The driving period and calibration period
of the driving cycle can be predefined in the memory of the
control unit 15 through firmware.

[0051] Hereinafter the detailed circuit architecture and the
operation of a buffer unit 170 are elaborated. Please refer to
FIG. 3 in conjunction to FIG. 2. FIG. 3 shows the circuit
layout of the buffer unit in accordance with an embodiment of
the instant disclosure.

[0052] As mentioned above, each of the buffer unit 170
includes the calibration unit 171 and the buffer circuit 173.
The calibration unit 171 further includes a detection unit 1711
and a latch control circuit 1713. The buffer circuit 173 further
includes an operational amplifier OA, a first switch SW1, a
second switch SW2, and a third switch SW3. The operational
amplifier OA also includes a non-inverting input terminal, an
inverting input terminal, an output terminal, a plurality of
control terminals, and a latch terminal.

[0053] Specifically, the detection unit 1711 is coupled to
the latch control circuit 1713 and the output terminal of the
operational amplifier OA to detect the output voltage CMP
outputted by the operational amplifier. The latch control cir-
cuit 1713 is coupled to the control unit 15 and the latch
terminal of the operational amplifier OA. The latch control
circuit 1713 operatively outputs the latch signal TTH to the
latch terminal of the operational amplifier OA according to
the counting signal CNT and the detection result of the detec-
tion unit 1711 to calibrate the output offset voltage V_OFF-
SET of the operational amplifier OA.

[0054] The non-inverting input terminal of the operational
amplifier OA is coupled to the output of the digital-to-analog
conversion unit 13 to receive a data signal DATA_IN. A first
end of the first switch SW1 is coupled to the non-inverting
input terminal of the operational amplifier OA, while a second
end of the first switch SW1 is coupled to the inverting input
terminal of the operational amplifier OA. In other words, the
inverting input terminal of the operational amplifier OA is
coupled to the non-inverting input terminal of the operational
amplifier OA through the first switch SW1.

[0055] The control terminals of the operational amplifier
OA are coupled to the calibration unit 171 for receiving a
plurality of control signals CTRL__1~CTRL_Y outputted by
the calibration unit 171, in which Y is a positive integer. In
more detail, the control terminals of the operational amplifier
OA are connected to the calibration unit 171 through a plu-
rality of transmission buses for receiving the control signals
CTRL_1~CTRL_Y.

[0056] The second switch SW2 is coupled between the
inverting input terminal of the operational amplifier OA and
the output terminal of the operational amplifier OA. A first
end of the second switch SW2 is coupled to the inverting input
terminal of the operational amplifier OA, while a second end
of the second switch SW2 is coupled to the output terminal of
the operational amplifier OA. The third switch SW3 is
coupled between the output terminal of the operational ampli-
fier OA and the respective switch unit 21 of the organic light
emitting display panel 20. More specifically, a first end of the
third switch SW3 is coupled to the output terminal of the
operational amplifier OA, while a second end of the third
switch SW3 is coupled to the red pixel switch 211, the green
pixel switch 213, and the blue pixel switch 215 respectively.
[0057] Inthe instant embodiment, the first switch SW1, the
second switch SW2, and the third switch SW3 switch simul-
taneously. Specifically, during the driving period, the control
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unit 15 operatively outputs a calibration control signal OZCD
simultaneously turns on the second switch SW2 and the third
switch SW3, while turns off the first switch SW1. The opera-
tional amplifier OA, the first switch SW1, the second switch
SW2, and the third switch SW3 then form the buffer circuit.
During the driving period, the operational amplifier OA out-
puts the gray level voltage OUT_X (i.e., one of the gray level
voltages OUT__1~OUT_M) to the corresponding subpixel of
the pixel units 23 of the organic light emitting display panel
20 according to the data signal DATA_IN received by the
non-inverting input terminal. The pixel units 23 ofthe OLED
display panel 20 is therefore driven and displays the corre-
sponding gray level of the image data to generate an image.
[0058] During calibration period, the control unit 15 opera-
tively outputs the calibrating the calibration control signal
OZCD and turns on the first switch SW1 while turns off the
second switch SW2 and the third switch SW3. The opera-
tional amplifier OA and the first switch SW1 collectively
form a comparison circuit. The detection unit 1711 of the
calibration unit 171 detects the output voltage CMP of the
operational amplifier OA. Additionally, the latch control cir-
cuit 1713 of the calibration unit 171 adjusts the bias current of
the operational amplifier OA according to the output voltage
CMP of the operational amplifier OA so as to calibrate the
output offset voltage V_OFFSET of'the operational amplifier
OA.

[0059] At the same time, since the third switch SW3 is
turned off, the connection between the buffer unit 170 and the
organic light emitting display panel 20 is therefore cut off.
Hence, the output of operational amplifier OA at this time
does not affect the operation of the organic light emitting
display panel 20.

[0060] Specifically, the control unit 15 outputs a reset sig-
nal RESET (e.g., a reset signal RESET of high voltage level)
when entering the calibration period. As a result, the latch
control circuit 1713 is reset. Meanwhile, the control unit 15
outputs the calibration control signal OZCD to form the com-
parison circuit between the operational amplifier OA and the
first switch SW1. Subsequently, when the control unit 15
outputs the clock signal CK, the latch control circuit 1713
proceeds with the calibration procedure.

[0061] Inthe calibration procedure, the calibration unit 171
gradually adjusts the bias current generated by the internal
bias circuit of the operational amplifier OA according to the
counting signal CNT. The calibration unit 171 calibrates the
output offset voltage V_OFFSET of'the operational amplifier
OA to approximately zero voltage level. The latch control
circuit 1713 determines whether to stop the calibration pro-
cedure according to the detection result of the output voltage
CMP of the operational amplifier OA from the detection unit
1711. That is to say, the latch control circuit 1713 determines
whether the output offset voltage V_OFFSET has been cali-
brated to approximately zero voltage level.

[0062] When the detection unit 1711 detects a logic level
change in the output voltage CMP of the operational amplifier
OA (e.g., a change from a high voltage level to low voltage
level or vice versa), the latch control circuit 1713 outputs the
latch signal TTH to the latch terminal of the operational
amplifier OA. The calibration procedure is then terminated,
and the operational amplifier OA internal bias circuit main-
tains the existing bias current. The latch control circuit 1713
calibrates the output offset voltage V_OFFSET thereby.
[0063] In other words, as long as the detection unit 1711
detects a logic level change in the output voltage CMP of the
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operational amplifier OA, which refers to that zero-crossing
phenomenon, the output offset voltage V_OFFSET is deter-
mined to be calibrated to approximately zero voltage level.
[0064] Inthe instant embodiment, the first switch SW1, the
second switch SW2, and the third switch SW3 enables the
operational amplifier OA to switch to the comparison circuit
or the buffer circuit. In compared to the conventional tech-
nique (as shown in FIG. 1C), additional comparison circuits
can be removed. That is Unnecessary circuit can be removed
thereby reduce the circuitry area required for the driving
circuit. Meanwhile, the instant disclosure can also eliminate
the errors of the bias voltage generated by the additional
comparison circuit, hence the calibration accuracy can be
therefore increased.

[0065] Hereinafter describes the overall operation of the
drive circuit 10 of the organic light emitting display 1 in
detail. Please refer to FIG. 4 in conjunction to FIG. 2 and FIG.
3. FIG. 4 shows a diagram illustrating an operation of the
drive circuit of the organic light emitting display in accor-
dance with an embodiment of the instant disclosure.

[0066] Between time points T1 to T4 (i.e., the driving
period), the control unit 15 outputs the calibration control
signal OZCD of the low voltage level. Each buffer circuit 173
of the output unit 17 generates the corresponding gray level
voltage OUT_X (i.e., one of the gray level voltages OUT _
1~OUT_M) according to the data signal DATA_IN outputted
by the digital-to-analog conversion unit 13. Meanwhile, the
control unit 15 outputs the clock signals CK_R, CK_G and
CK_B in sequence to enable the red pixel switch 211, the
green pixel switch 213, and the blue pixel switch 215 of the
corresponding switch unit 21 on the OLED display panel 20.
The gray level voltage OUT_X (i.e., one of the gray level
voltages OUT__1~OUT_M) is then transmitted to the corre-
sponding pixel unit 23 of the organic light emitting display
panel 20.

[0067] In more detail, between time points T1 to T2, the
control unit 15 transmits the clock signals CK_R to enable the
red pixel switches 211. The gray level voltage OUT_X (i.e,,
one of gray level voltages OUT__1~OUT_M) outputted by
the operational amplifier OA of the buffer circuit 173 of the
output unit 17 drives each respective red subpixel R of the
organic light emitting display panel 20 through the red pixel
switches 211. Between time points T2 to T3, the control unit
15 transmits the clock signals CK_G to enable the green pixel
switches 213. The gray level voltage OUT_X (i.e., one of the
gray level voltages OUT__1~OUT_M) outputted by the
operational amplifier OA of the buffer circuit 173 of the
output unit 17, drives each respective green subpixel R of the
organic light emitting display panel 20 through the green
pixel switches 213. The control unit 15 further transmits the
clock signals CK_B to enable the blue pixel switch 215
between time points T3 to T4. The gray level voltage OUT_X,
which is outputted by the operational amplifier OA of the
buffer circuit 173 of the output unit 17 drive each respective
blue subpixel B of the organic light emitting display panel 20
through the blue pixel switches 215.

[0068] Itshould be noted that, the detection unit 1711 ofthe
calibration unit 171 detects the delayed gray level voltages
output by the operational amplifier OA.

[0069] Between time points T4 to T7 (i.e., the calibration
period), the control unit 15 outputs the calibration control
signal OZCD having high voltage level. The buffer circuits
173 of the output unit 17 are transformed into the comparison
circuit. The comparison circuit then compares the voltages
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from the non-inverting and the inverting input terminals of the
operational amplifier OA to generate the corresponding out-
put voltage CMP. Since the first switch SW1 is turned on
causing the input voltages of the non-inverting and inverting
input terminals of the operational amplifier OA to be equal to
each other. As a result, the output offset voltage V_OFFSET
of the operational amplifier OA can be detected through the
output voltage of the operational amplifier OA.

[0070] Meanwhile, because the connection between the
operational amplifier OA and the switch unit 21 of the organic
light emitting display panel 20 is cut off. The gray level
voltage OUT_X received by the switching unit 21 is the
voltage before entering the calibration period. However, in
other embodiments, the gray level voltage OUT_X received
by the switching unit 21 may be a preset voltage by a circuit
(e.g., pull up to the supply voltage or pull down to the ground),
and the instant disclosure is not limited thereto. Then, the
control unit 15 outputs the clock signal CK to operatively
drive the latch control circuit 1713 of the calibration unit 171
to enter the calibration procedure.

[0071] Between time points T4 to T6, the control unit 15
outputs the counting signal CNT cause the calibration unit
171 to correspondingly output the latch signal TTH (e.g., a
high voltage level signal) and the control signals CTRL,__
1~CTRL_Y. In this regard, the calibration unit 171 gradually
adjusts the bias current generated by the internal bias circuit
of the operational amplifier OA. When the detection unit 1711
detects a logic level change (e.g., from a low voltage level to
a high voltage level) in the output voltage CMP of the opera-
tional amplifier OA, indicating zero crossing has occurred.
More specifically, when the output offset voltage V_OFFSET
of the operational amplifier OA crosses the zero point (i.e.,
time point T5), the latch control circuit 1713 immediately
outputs the latch signal TTH (e.g., a low voltage level signal)
to the latch terminal of the operational amplifier OA as shown
at the time point T6 to terminated the calibration procedure.
The bias current of generated by the internal bias circuit of the
operational amplifier OA is maintained so as to calibrate the
output offset voltage V_OFFSET

[0072] Subsequently, at the time point T7, the control unit
15 initiates the driving period again. The control unit 15
operatively drives the pixel units 23 of the organic light emit-
ting display panel 20 according to the image data. The opera-
tion of the drive circuit 10 is the same as the driving period
from time points T1 and T4, and further descriptions are
hereby omitted.

[0073] It is worth to note that the output offset voltages
V_OFFSET of the operational amplifier OA of each buffer
circuit 173 may be different. Therefore, each operational
amplifier OA may require different calibration periods (i.e.,
from time point T4 to time point T6). The calibration period
may be predefined according to a maximum calibration
period required by an operational amplifier OA or an average
calibration period of each operational amplifier OA. The cali-
bration period may be predefined in the memory ofthe control
unit 15, however the instant disclosure is not limited thereto.
FIG. 4 merely shows a circuit operation of the drive circuit of
an organic light emitting display and a calibration method for
the operational amplifier OA but the instant disclosure is not
limited thereto.

[0074] In order to further understand the calibration tech-
nology of the operational amplifier OA in accordance with an
embodiment of the instant disclosure, the detailed circuitry
and calibration method for the operational amplifier OA are
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further described hereinafter. Please refer to FIG. 5. FIG. 5 is
a detailed schematic diagram illustrating an operational
amplifier in accordance with an embodiment of the instant
disclosure.

[0075] Intheinstant embodiment, the operational amplifier
OA is a differential folded cascade CMOS operational ampli-
fier. Specifically, the operational amplifier OA has a differen-
tial input stage 1731, a bias stage 1733, an offset voltage
adjustment unit 1735, and an output stage 1737. The differ-
ential input stage 1731 is coupled to the bias stage 1733. The
bias stage 1733 is coupled between the power terminal VDD
and the offset voltage adjustment unit 1735. The offset volt-
age adjustment unit 1735 is coupled between the bias stage
1733 and the ground GND. The output stage 1737 is coupled
to the bias stage 1733.

[0076] Thebias stage 1733 is a symmetrical folded cascade
bias stage. Furthermore, the circuit of the bias stage 1733 and
the offset voltage adjustment unit 1735 collectively form the
bias circuit of the operational amplifier OA. The bias stage
1733 is configured to generate a bias current for adjusting the
output offset voltage V_OFFSET of the operational amplifier
OA.

[0077] The circuitry of the operational amplifier OA and
the operation thereofare well known to those skilled in the art.
However, the internal circuitry of the operational amplifier
OA is briefly described hereinafter to provide a complete
picture for the calibration procedure disclosed by the instant
disclosure.

[0078] The differential input stage 1731 includes an n-type
differential pair 17311 and a p-type differential pair 17313.
The n-type differential pair 17311 is coupled to the p-type
differential pair 17313. The common-mode voltage of the
operational amplifier OA ranges from O volt to the input
voltage of the power terminal VDD. The n-type differential
pair 17311 is a common source configuration comprised of
the NMOS transistors MN1 and MN2. The sources of the
NMOS transistors MN1, MN2 are connected to the power
terminal VDD together through a current source CS1. The
p-type differential pair 17313 is a common source configu-
ration comprised of the PMOS transistors MP1 and MP2. The
sources of the PMOS transistors MP1, MP2 are connected to
the ground GND together through a current source CS2. The
current source CS1 is configured to provide a constant bias
current to the NMOS transistors MN1, MN2, while the cur-
rent source CS2 provides a constant bias current to the PMOS
transistors MP1, MP2.

[0079] The NMOS transistor MN2 of the n-type differen-
tial pair 17311 and the PMOS transistor MP1 of the p-type
differential pair 17313 respectively connect to the non-invert-
ing input terminal V+ of the operational amplifier OA. The
NMOS transistor MN1 of the n-type differential pair 17311
and the PMOS transistors MP2 of the p-type differential pair
17313 respectively connect to the inverting input terminal V-
of the operational amplifier OA. The drains of the NMOS
transistors MN1, MN2 are coupled to the drains of the NMOS
transistors MN5 and MN6 of the bias stage 1733, respec-
tively. The drains of the PMOS transistors MP1, MP2 are
coupled to the drains of the PMOS transistors MP3 and MP4
of the bias stage 1733, respectively.

[0080] The bias stage 1733 is a symmetrical bias circuit.
The bias stage 1733 can be further divided into a left-side bias
circuit 17331 and a right-side bias circuit 17333. In addition,
the bias stage 1733 includes a current mirror, a floating cur-
rent source, a bias control circuit, an active load, a bias resis-



US 2015/0035813 Al

tor R1, and a bias resistor R2. The current mirror is formed by
the PMOS transistors MP3~MP6. The floating current source
is formed by the PMOS transistor MP7 and the NMOS tran-
sistor MN3. The bias control circuit is formed by the PMOS
transistor MP8 and the NMOS transistor MN4. The active
load is formed by the NMOS transistors MN5~MNS. The
floating current source drives the current mirror to generate
the bias current. The NMOS transistors MN5, MN6 and the
gates of the NMOS transistors MN7, MN8 adjust the equiva-
lent resistance of the NMOS transistors MN5~MNS in the
triode region according to the external offset voltages VBIAS
1 and VBIAS2 inputted. The external offset voltages VBIAS3
and VBIAS4 control the operations of the NMOS transistors
MN7, MN8 and the PMOS transistors MP7, MP8.

[0081] The bias resistor R1 is coupled between the NMOS
transistor MN7 and the offset voltage adjustment unit 1735.
The bias resistor R2 is coupled between the NMOS transistor
MNS8 and the offset voltage adjustment unit 1735. The bias
resistor R1 adjusts the bias current Ia generated by the left-
side bias circuit 17331, while the bias resistor R2 adjusts the
bias current Ib generated by the right-side bias circuit 17333.
The bias current Ia and Ib control the driving voltage output-
ted to the output stage 1737 from the junctions Va, Vb.
[0082] The output stage 1737 is a rail to rail output stage.
The output stage 1737 includes the PMOS transistor MP9 and
the NMOS transistor MN9. The gate of the PMOS transistor
MP9 is coupled to the junction Va, and the gate of the NMOS
transistors MN9 is coupled to the junction Vb. The drain of
the PMOS transistors MP9 is coupled to the power supply
terminal VDD. The drain of the NMOS transistors MN9 is
coupled to the ground GND. The sources of the PMOS tran-
sistor MP9 and the NMOS transistor MN9 are collectively
coupled to the output terminal of the operational amplifier
OA. The sources of the PMOS transistor MP9 and the NMOS
transistor MN9 generate an output voltage (i.e., the output
voltage CMP or the gray level voltage OUT_X) according to
the driving voltage outputted by the bias stage 1733 at the
Junctions Va, Vb.

[0083] The output stage 1737 further includes a frequency
compensation circuit. The frequency compensation circuit
comprise of switches SW4, SW5 and miller capacitors Cel,
Cc2. The frequency compensation circuit compensates the
frequency response of the operational amplifier OA by means
of miller effect. Specifically, the frequency compensation
circuit adjusts the zero positions of the operational amplifier
OA through the miller capacitor Ccl, Cc2. The frequency
compensation circuit adjusts the operating bandwidth of the
operational amplifier OA to prevent operation of the opera-
tional amplifier OA from become unstable under high fre-
quency. Meanwhile, the miller capacitor Ccl, Cc2 can also
use to prevent excessive current from damaging the PMOS
transistor MP9 and the NMOS transistor MN9.

[0084] The control unit 15 is configured to turn on the
switches SW4, SW5 for frequency compensation during the
driving period. The operational amplifier OA does not need to
conduct frequency compensation during the calibration
period, so the control unit 15 is configured to turn off the
switches SW4, SW5,

[0085] The offset voltage adjustment unit 1735 is config-
ured to adjust the equivalent resistance between the left-side
bias circuit 17331 and the ground GND bias current (i.e., the
left-side bias resistance) and the equivalent resistance
between the right-side bias circuit 17333 and the ground
GND (i.e., the right-side bias resistance). In this regard, the
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bias current Ia, Ib is gradually adjusted, and the output offset
voltage V_OFFSET of the operational amplifier OA is cali-
brated thereby.

[0086] In more detail, the offset voltage adjustment unit
1735 includes a resistor string 17351 and a plurality of latch
units 17353. The latch units 17353 are coupled to the resistor
string 17351. The resistor string 17351 has a first end A and a
second end B. The first end A and the second end B of the
resistor string 17351 are coupled to the bias stage 1733,
respectively. The first end A of the resistor string 17351 is
coupled to the bias resistor R1, while the second end B of the
resistor string 17351 is coupled to the bias resistor R2.

[0087] A plurality of resistors Rc (e.g., z resistors, wherein
z1s an integer) is in connected in series between the first end
A and the second end B of the resistor string 17351 forming
a plurality of junctions V. The latch units 17353 are coupled
between the junction Vc and the ground GND. That is to say,
each latch unit 17353 is coupled between the junction Ve of
any two adjacent resistors Rc and the ground GND.

[0088] The calibration unit 171 sequentially conducts one
of the latch units 17353 (e.g., the ith latch unit) of the offset
voltage adjustment unit 1735. In other words, the calibration
unit 171 conducts the junction Ve connected to the latch units
17353 and the ground GND for adjusting the left-side bias
resistance (i.e., the equivalent resistance between the left-side
bias circuit 17331 and the ground GND) and the right-side
bias resistance (i.c., the equivalent resistance between the
right-side bias circuit 17333 and the ground GND) so as to
adjust the bias current Ia, Ib. To put it concretely, the calibra-
tion unit 171 can adjust the driving voltages of the gate of the
PMOS transistor MP9 and the NMOS transistors MN9
through adjusting the bias current Ia, Ib.

[0089] Please refer to FIG. 5 again in conjunction with
FIGS. 3 and 4. When the control unit 15 enables the calibra-
tion unit 171 to perform the calibration procedure during the
calibration period, the control unit 15 outputs the counting
signal CNT causes the calibration unit 171 to sequentially
output the control signals CTRL__1~CTRL_Y. The control
signals CTRL__1~CTRL_Y conduct one of the latch units in
sequence, (e.g., start conduct the leftmost latch unit 17353 of
the bias circuit 17331 or the rightmost latch unit 17353 of the
bias circuit 17333), to gradually adjust (e.g., increase or
decrease) the left-side bias resistance and the right-side bias
resistance. When the left-side bias resistance increases, the
right-side bias resistance correspondingly decreases; when
the left-side bias resistance decreases, the right-side bias
resistance correspondingly increases.

[0090] Accordingly, the calibration unit 171 adjusts (in-
creases or decreases) the left-side bias resistance and the
right-side bias resistance by using the offset voltage adjust-
ment unit 1735 for gradually adjusting the bias current Ia, Ib
so that the output offset voltage V_OFFSET of the opera-
tional amplifier OA approaches zero voltage level.

[0091] When the detection unit 1711 of the calibration unit
171 detects that the output voltage CMP (i.e., the source
voltages of the PMOS transistor MP9 and the NMOS transis-
tor MN9) outputted by the operational amplifier OA changes
from a high voltage level to a low voltage level or from a low
voltage level to a high voltage level, the latch control circuit
1713 of the calibration unit 171 outputs the latch signal TTH
(e.g., a low voltage level signal) to stop the calibration pro-
cedure and drive the latch units 17353 to enter a latch state.
The output offset voltage V_OFFSET of the operational
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amplifier OA is then calibrated. In the latch state, only one of
the latch units 17353 is conducted, while the other latch units
17353 are turned off.

[0092] That is to say, during the calibration procedure, the
calibration unit 171 conducts one of the latch units 17353
according to the detection results of the detection unit until
the output voltage CMP of the operational amplifier OA
undergoes a logic level change. After the completion of the
calibration procedure, the latch control circuit 1713 of the
calibration unit 171 outputs the latch signal TTH causing the
latch units 17353 to enter the latch state, such that only one of
the latch units 17353 selected remains conducted so as to
adjust the output offset voltage V_OFFSET of the operational
amplifier OA.

[0093] Forexample, when the calibration unit 171 conducts
the fourth latch unit 17353 starting from the bias resistors R1,
according to the counting signal CNT during the calibration
procedure, the detection unit 1711 detects that the output
voltage CMP of the operational amplifier OA undergoes a
logic level change. The latch control circuit 1713 operatively
outputs the latch signal TTH and terminates the calibration
procedure causing the latch units 17353 to enter the latch
state. The fourth latch unit 17353 remains conducted, while
the other latch units 17353 are turned off until the next cali-
bration period.

[0094] In this case, the left-side bias resistance is the resis-
tance of the bias resistor R1+4* the resistance of resistor Re,
and the right-side bias resistance is the resistance of the bias
resistance R2+(z-4)* the resistance of the resistor Rc.
[0095] It is worth to note that the bias resistors R1, R2 can
be configured according to the actual operational requirement
of the operational amplifier OA (e.g., the operational require-
ments of the bias stage 1733). The actual resistance of the
resistor Rc may be configured according to the actual calibra-
tion requirements of the output offset voltage V_OFFSET in
each stage. The number of resistor Rc may vary according to
the calibration magnitude of the output offset voltage
V_OFFSET at each calibration step required. The instant
disclosure is not limited thereto.

[0096] Inthe instant embodiment, the counting signal CNT
may be a binary signal. The number of bits of the binary signal
can be configured according to the number of the latch units
17353 used. For example, '[log,(z-1)] |- Where 7 refers to the
number of resistors in the resistor string 17353.

[0097] The calibration unit 171 may also include a multi-
plexing unit (not shown). The multiplexing unit can generate
aplurality of control signals CTRL.__1~CTRL_Y controlling
the operations of the latch units 17353 according to the count-
ing signal CNT. The number of the control signals CTRL__
1~CTRL_Y and the number of the control terminals of the
operational amplifier OA may depend on the number of the
latch units 17353. The multiplexing unit may be implemented
by single input and multiple outputs multiplexer.

[0098] Thecontrolunit 15 operatively outputs the counting
signal CNT during calibration period driving the multiplex-
ing unit of the calibration unit 171 of each buffer unit 17 to
sequentially conduct one of the respective latch units 17353
to adjust the bias current of the operational amplifier OA.
Such that the output offset voltage V_OFFSET of the opera-
tional amplifier OA is calibrated. When the counting signal
CNT finish conducting all of the latch units 17353 of the
operational amplifier OA (i.e., when the counting signal CNT
reaches the maximum) or when the output voltage of the
operational amplifier OA undergoes a logic level change, the
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calibration unit 171 outputs the latch signal causing the latch
units 17353 to enter the latch state and terminates the calibra-
tion procedure.

[0099] Incidentally, in another embodiment, the control
unit 15 may output a clock signal imitating the calibration unit
171 to generate the control signals CTRL__1~CTRL_Y. The
control signals CTRL_1~CTRL_Y to sequentially conduct
one of the latch units 17353 of the offset voltage adjustment
unit 1735. In still another embodiment, the multiplexing unit
may be built-in in the operational amplifier OA. The multi-
plexing unit operatively outputs the control signals CTRL,
1~CTRL_Y according to the counting signal CNT received
from the control unit 15 and conducts one of the latch units
17353 of the offset voltage adjustment unit 1735.

[0100] In short, the generation of the counting signal CNT
and the control signals CTRL__ 1~CTRL_Y can be config-
ured according to exact circuit design and/or operational
requirements so long as the latch units 17353 of the offset
voltage adjustment unit 1735 can be sequentially conducted,
such that the bias current Ia, Ib generated by internal bias
circuit of the operational amplifier OA can be adjusted and the
output offset voltage V_OFFSET of the operational amplifier
OA can be calibrated.

[0101] It should be noted that, FIG. 5 merely serve as a
circuit illustration and the circuit architecture of the opera-
tional amplifier may vary according to actual operational
requirement. For example, the bias compensation method for
the differential input stage 1731, the circuitry of the bias
voltage circuit or the types of the output stage may be differ-
ent according to actual operational requirement. In other
words, FIG. 5 merely used to describe circuitry of the offset
voltage adjustment unit 1735 when applied in the operational
amplifier OA, and the instant disclosure is not limited thereto.
[0102] The instant disclosure further provides another
embodiment regarding the latch unit 17353. Please refer to
FIG. 6 in conjunction with FIGS. 3 and 5. FIG. 6 shows a
schematic diagram illustrating the latch unit in accordance
with an embodiment of the instant disclosure. Each latch unit
17353 includes an NMOS transistor MN10, an NMOS tran-
sistor MN11, and a storage capacitor Cgs.

[0103] The source of the NMOS transistor MN10 is
coupled to the calibration unit 171 to receive a control signal
CTRL_i (i.e., one of the control signals CTRL.__ 1~CTRL,_
Y). A gate of the NMOS transistor MN10 is controlled by the
calibration unit 171 to receive the latch signal TTTI. A drain of
the NMOS transistor MN10 is coupled to a gate of the NMOS
transistor MN11. A drain of the NMOS transistor MN11 is
coupled to the junction Ve formed between the resistor Re. A
source of the NMOS transistor MN11 is coupled to the
ground GND. A first end of the storage capacitor Cgs is
coupled to the junction between the drain of the NMOS
transistor MN10 and the gate of the NMOS transistor MN10.
A second end of the storage capacitor Cgs is coupled to the
ground GND. The storage capacitor Cgs is coupled between
the gate of the NMOS transistor MN11 and the source of the
NMOS transistor MN11.

[0104] Whenthe control unit 15 enables the calibration unit
171 to enter the calibration procedure, the latch control circuit
1713 of the calibration unit 171 outputs the latch signal TTH
of a high voltage level to the gate of the NMOS transistor
MN10. The multiplexing unit (not shown) of the calibration
unit 171 subsequently conducts one of the NMOS transistor
MN10 of the latch units 17353 according to the control sig-
nals CTRL__1~CTRL_Y outputted by the counting signal
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CNT to the source of the NMOS transistor MN10 of the latch
units 17353. Meanwhile, when the NMOS transistor MN10
of the latch units 17353 is conducted, the storage capacitor
Cgs of the latch unit 17353 is charged to maintain the NMOS
transistor MN11 in conduction for a period (e.g., the dis-
charge time of the storage capacitor Cgs). In other words,
when the storage capacitor Cgs is fully charged, the NMOS
transistor MN11 is still conducts until the storage capacitor
Cgs is completely discharged. When the control signal
CTRL_i (i.e., one of the control signals CTRL,_ 1~CTRL_Y)
received by the source of the NMOS transistor MN10 is of a
low voltage level, the calibration unit 171 stops charging the
storage capacitor Cgs. The NMOS transistors MN11 further
turns off after the storage capacitor Cgs is completely dis-
charged.

[0105] When the detection unit 1711 of the calibration unit
171 detects that the output voltage CMP of the operational
amplifier OA undergoes alogic level change (e.g., froma high
voltage level to a low voltage level or a low voltage level to a
high voltage level), the latch control circuit 1713 of the cali-
bration unit 171 outputs the latch signal TTH to stop the
operation of the NMOS transistor MN10 and causes the latch
units 17353 to enter a latch state. That is to say, the NMOS
transistor MN11 of one of the latch units 17353 selected
remains conducted, while the other NMOS transistors MN11
of the latch units 17353 are turned off so as to calibrate the
output offset voltage V_OFFSET of'the operational amplifier
OA. Additionally, the latch units 17353 remain in the latch
state until the next calibration period.

[0106] Itshould be noted that, those skilled in the art should
know how to choose the appropriate storage capacitor Cgs,
such that the NMOS transistor MN11 of the selected latch
unit 17353 remains conducted in the latch state so that the
output offset voltage V_OFFSET of the operational amplifier
OA is eliminated. Accordingly, during the driving period, the
impact of the output offset voltage V_OFFSET of the opera-
tional amplifier OA on the display operation of the organic
light emitting display panel can be effectively eliminated.
[0107] In addition, the instant embodiment discloses the
latch units 17353 of the offset voltage adjustment unit 1735,
which is incorporated with the NMOS transistor switching
circuit. The conventional NMOS transistors can be mini-
mized in the manufacturing process to reduce the area occu-
pied by the circuit. Therefore, the instant embodiment can
greatly reduce compensation circuit area of the output offset
voltage of the operational amplifier OA by using NMOS
transistor switching circuits, Furthermore, the circuitry of the
latch unit 1735 utilizes a two-NMOS-transistor memory,
which can retain the calibration setting for the compensation
of the output offset voltage V_OFFSET. Accordingly. the area
occupied by the drive circuit 10 can be effectively reduced,
and the production cost thereof also decreases.

[0108] In addition, the implementation of the calibration
unit 171 is provided in an embodiment of the instant disclo-
sure. Please refer to FIG. 7 in conjunction with FIG. 3 and
FIG. 5. FIG. 7 shows a circuit diagram illustrating the cali-
bration unit in accordance with an embodiment of the instant
disclosure. Inthe instant embodiment, the detectionunit 1711
of the calibration unit 171 includes an or gate OR. The latch
control circuit 1713 of the calibration unit 171 includes a SR
flip-flop SR, and the SR flip-flop SR is a falling edge triggered
flip-flop.

[0109] Inmore detail, afirstinput terminal of the or gate OR
is coupled to the output terminal of the operational amplifier
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OA to receive the output voltage CMP of the operational
amplifier OA. A second input terminal of the or gate OR is
configured to receive a polling signal POLL. When the count-
ing signal CNT has counted to the maximum (i.e., all of the
latch units 17353 have been selected to conduct), the polling
signal POLL is a high voltage level signal. Conversely, when
the counting signal CNT has not counted to the maximum
(i.e., some of the latch units 17353 have not been selected to
conduct), the polling signal POLL is a low voltage level
signal. The polling signal POLL can be directly outputted by
the control unit 15 or generated by a determination circuit of
the calibration unit 171 according to the counting signal CNT
and the instant embodiment is not limited thereto.

[0110] The output terminal of the or gate OR is coupled to
the input terminal S of the SR flip-flop SR. The input terminal
R of the SR flip-flop SR is coupled to the control unit 15 to
receive thereset signal RESET. The enable terminal CK of the
SR flip-flop SR is coupled to the control unit 15 to receive the
clock signal CK. The output terminal Q of the SR flip-flop SR
is coupled to the latch terminal of the operational amplifier
OA to output the latch signal TTH to the operational amplifier
OA according to the detection results of the detection umt
1711.

[0111] Whenthe control unit 15 enables the calibration unit
171 to proceed with the calibration period, the control unit 15
operatively outputs the reset signal RESET (e.g., an pulse
signal) to the input terminal R of the SR flip-flop SR such that
the SR flip-flop SR is reset. Then, the control unit 15 outputs
the clock signal CK to enable the SR flip-flop SR. The SR
flip-flop SR operatively generates the latch signal LT at the
output terminal Q according to the input signal of the input
terminal S response to a falling edge of the clock signal CK.
[0112] Inmore detail, the control unit 15 outputs the count-
ing signal CNT to sequentially conduct one of the latch units
17353 of the offset voltage adjustment unit 1735.

[0113] When the output voltage CMP of the operational
amplifier OA is a low voltage level while the counting signal
CNT has not reached the maximum counts, the first and the
second input terminals of the or gate OR are both at low
voltage levels. So that the output of the or gate OR turns out
to be a low voltage level signal, and the output terminal Q of
the SR flip-flop SR correspondingly outputs a latch signal
LTH of high voltage level to the latch terminal of the opera-
tional amplifier OA. When either the output voltage CMP of
the operational amplifier OA undergoes a logic level change
or the counting signal CNT has counted to the maximum, the
first input terminal or the second input terminal of the or gate
OR is at high voltage level. Accordingly, the or-gate OR
correspondingly outputs the high voltage level signal trigget-
ing the SR flip-flop SR. The output terminal Q of the SR
flip-flop SR correspondingly outputs the latch signal TTH of
low voltage level upon receiving the next falling edge of the
clock signal CK causing the latch units 17353 to enter the
latch state, in which only one of the latch units 17353 selected
remains conducted. Accordingly, the output offset voltage
V_OFFSET of the operational amplifier OA is calibrated.
[0114] Itis worth to note that, in other implementation, the
latch signal LTH (i.e., the inverted signal of the latch signal
TTH) outputted by the terminal Q of the SR flip-flop SR can
be configured to drive the latch units 17353 of the operational
amplifier OA to enter the latch state. For example, the output
terminal Q of the SR flip-flop SR can be coupled to the latch
terminal of the operational amplifier OA through an inverter,
or the latch terminal of the operational amplifier OA can be
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designed as an active-low trigger mode, such that the latch
signal LTH outputted by the output terminal Q can be used to
drive the latch units.

[0115] Specifically, if the NMOS transistor MN10 of the
latch units 17353 of the operational amplifier OA is replaced
by a PMOS transistor, the latch units 17353 can be controlled
by the latch signal LTH outputted by the output terminal Q of
the SR flip-flop SR. More specifically, the output terminal Q
of the SR flip-flop SR of the calibration unit 171 thus can
output the latch signal LTH in coordination with to the count-
ing signal CNT controls the operations of the latch units
17353 according to the polling signal POLL and the output
voltage CMP. When detected that the output voltage CMP of
the operational amplifier OA undergoes a logic level change,
or the counting signal CNT has counted to the maximum, the
output terminal Q of the SR flip-flop SR correspondingly
outputs the latch signal LTH of a high voltage level, which
causes the latch units 17353 to enter the latch state. The actual
implementation of how SR flip-flop SR driving the latch units
17353 can be designed based on actual operational require-
ment or the exact circuit design of the latch unit 17353. The
instant embodiment does not intend to limit the scope of the
instant disclosure.

[0116] The calibration unit 171 in practice can have other
implementations. For example, the calibration unit 171 may
be implemented by a comparator. A non-inverting input ter-
minal of the comparator is configured to be coupled to the
output terminal of the operational amplifier OA to receive the
output voltage CMP. An inverting input terminal of the com-
parator is configured to be coupled to a reference voltage. The
output terminal of the comparator is coupled to the latch
terminal of the operational amplifier OA. Accordingly, the
comparator can output the latch signal to stop the calibration
procedure according to the output voltage CMP of the opera-
tional amplifier OA and the reference voltage. Therefore, the
exact structure of the calibration unit 171 can be configured
based on the calibration requirement. FIG. 7 is merely shows
an implementation of the calibration unit, and the instant
disclosure is not limited thereto.

[0117] In summary, the instant disclosure provides an off-
set voltage adjustment unit and a drive circuit of an organic
light emitting display. The offset voltage adjusting unit can be
applied for adjusting the output offset voltage of the opera-
tional amplifier, which is caused by the ambient temperature,
the operating voltage, or process factors. The offset voltage
adjusting unit can gradually adjust the bias current generated
by bias circuit of the operational amplifier according to the
output voltage of the operational amplifier. The offset voltage
adjusting unit can accurately calibrate the output offset volt-
age generated by the operational amplifier. At the same time,
the offset voltage adjustment unit can further record the cali-
bration settings for the operational amplifier during the cali-
bration process so as to stabilize the operation of the opera-
tional amplifier.

[0118] Accordingly, the offset voltage adjustment unit can
be used to prevent the output offset voltage from affecting the
driving operation of the organic light emitting display panel
and improves the display quality of the organic light emitting
display. In addition, a switch circuit can be disposed in the
drive circuit so that the operational amplifier OA can auto-
matically switches to the comparator circuit during the cali-
bration period. The offset voltage adjustment unit can be
built-in in the operational amplifier OA without the need of
placing additional compensation circuits like the conven-
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tional compensating circuit. So that, the chip area of the drive
circuit can be effectively saved, and errors generated by the
additional comparison circuits can be eliminated. Thereby,
improve the calibration accuracy and reduce overall power
consumption of the drive circuit

[0119] The above-mentioned descriptions represent
merely the exemplary embodiment of the instant disclosure,
without any intention to limit the scope of the instant disclo-
sure thereto. Various equivalent changes, alternations or
modifications based on the claims of instant disclosure are all
consequently viewed as being embraced by the scope of the
instant disclosure.

What is claimed is:

1. A drive circuit, adapted for driving an organic light
emitting display (OLED), the driving circuit comprising:

a digital-to-analog conversion unit;

a control unit, coupled to the digital-to-analog conversion

unit; and

an output unit having a plurality of buffer units, each of the

buffer unit comprising:
an operational amplifier having a differential input
stage, a bias stage, an output stage, and an offset
voltage adjustment unit, wherein the offset voltage
adjustment unit comprises a resistor string and a plu-
rality of latch units coupled to the resistor string, the
offset voltage adjustment unit being coupled between
the bias stage and a ground, the offset voltage adjust-
ment unit is configured for adjusting a bias current
generated by the bias stage; and
a calibration unit, coupled to the latching units and an
output terminal of the operational amplifier, the cali-
bration unit operatively controlling operations of the
latch units to adjust the bias current of the bias stage
according to an output voltage of the operational
amplifier;
wherein, the control unit inserts a calibration period in a
driving cycle, during which the control unit enables the cali-
bration unit to perform a calibration procedure, and the cali-
bration unit operatively causes the latch units to enter a latch
state to calibrate an output offset voltage of the operational
amplifier at the completion of the calibration procedure.

2. The drive circuit according to claim 1, wherein the
resistor string has a first-end and a second-end, the first-end
and the second-end are respectively coupled to the bias stage,
and a plurality of resistors series-connected between the firs-
end and the second-end form a plurality of junctions, wherein
the latch units are coupled between the junction points and the
ground, respectively; wherein the calibration unit sequen-
tially conducts the latch units to adjust the bias current during
the calibration period so as to calibrate the output offset
voltage of the operational amplifier.

3. The drive circuit according to claim 2, wherein when the
calibration unit detects that the output voltage of the opera-
tional amplifier changes from a high voltage level to a low
voltage level or from a low voltage level to a high voltage
level, the calibration unit outputs a latch signal causing the
latch units to enter the latch state so that one of the latch units
selected maintains conduction.

4. The drive circuit according to claim 1, wherein the
calibration unit comprises:

a detection unit, coupled the output terminal of the opera-

tional amplifier and configured for operatively detecting
the output voltage of the operational amplifier; and



US 2015/0035813 Al

a latch control circuit, coupled the detection unit and the
latch units, the latch control circuit sequentially con-
ducting the latch units according to the detection result
of the detection unit until the output voltage of the opera-
tional amplifier undergoes a logic level change during
the calibration procedure and causing the latch units to
enter the latch state so that one of the latch units selected
maintain conduction at the completion of the calibration
procedure.

5. The drive circuit according to claim 2, wherein the latch

unit comprises:

a first transistor, a source of the first transistor coupled to
the control unit, a gate of the first transistor being con-
trolled by the calibration unit;

asecond transistor, a drain of the second transistor coupled
to the junctions formed between the resistors, a source of
the second transistor coupled to the ground, a gate of the
second transistor coupled to a drain of the first transistor;
and

astorage capacitor, coupled between the gate of the second
transistor and the ground.

6. The drive circuit according to claim 5, wherein the
calibration unit sequentially turns on the first transistor of
each latch unit to charge the storage capacitor causing the
second transistor to turn on to adjust the bias current during
the calibration procedure; when the calibration unit detects
that the output voltage of the operational amplifier undergoes
a logic level change, the calibration unit turns off the first
transistor to have the second transistor of one of the latch units
selected maintaining conduction while the second transistors
of the other latch units being turned off causing the latching
units to enter the latch state.

7. The drive circuit according to claim 1, wherein the
driving cycle comprises at least one driving period and at least
one calibration period, during the driving period, the control
unit operatively controlling each of the buffer units of the
output unit to output a gray level voltage according to an
image data causing the OLED to correspondingly display an
image.

8. The drive circuit according to claim 7, wherein the
control unit inserts the calibration period in a time interval
between two adjacent driving periods.

9. The drive circuit according to claim 7, wherein the buffer
unit comprises

a first switch, coupled between a non-inverting input ter-
minal of the operational amplifier and an inverting input
terminal of the operational amplifier; and

a second switch, coupled between the inverting input ter-
minal of the operational amplifier and the output termi-
nal of the operational amplifier; and

a third switch, coupled between the output terminal of the
operational amplifier and a OLED display panel of the
OLED;

wherein the control unit turns on the first switch, while turns
off the second switch and the third switch during the calibra-
tion period to calibrate the output offset voltage of the opera-
tional amplifier according to the output voltage of the opera-
tional amplifier; wherein the control unit simultaneously
turns on the second switch and the third switch while turns off
the first switch during the driving period to have the opera-
tional amplifier outputting the gray level voltage to the OLED
display panel of the OLED.

10. An offset voltage adjustment unit, adapted for an opera-
tional amplifier, the operational amplifier having a differen-
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tial input stage, a bias stage, and an output stage, the offset
voltage adjustment unit being coupled to the bias stage and a
ground, the offset voltage adjustment unit comprising:

a resistor string having a first-end and a second-end, the
first-end and the second-end being respectively coupled
to the bias stage, a plurality of resistors series-connected
between the first-end and the second-end forming a plu-
rality of junctions; and

aplurality of latch units, coupled between the junctions and
the ground respectively, the latch units being configured
to sequentially conduct responsive to a control signal to
adjust a bias current generated by the bias stage and to
enter a latch state upon receiving a latch signal so as to
calibrate an output offset voltage of the operational
amplifier.

11. The offset voltage adjustment unit according to claim
10, wherein when the latch units enter the latch state, only one
of the latch units being selected maintains conduction, while
others latch units turn off to calibrate the output offset voltage
of the operational amplifier.

12. The offset voltage adjustment unit according to claim
10, wherein the latch units comprise:

a first transistor, a source of the first transistor being con-
figured to receive the control signal, while a gate of the
first transistor being configured to receive the latch sig-
nal;

a second transistor, a drain of the second transistor coupled
to the junctions formed between the resistors, a source of
the second transistor coupled to the ground, a gate ofthe
second transistor coupled to the drain of the first transis-
tor; and

a storage capacitor, coupled between the gate of the second
transistor and the ground.

13. The offset voltage adjustment unit according to claim
12, wherein when the first transistor of each latch units
receives the control signal, the first transistor of the respective
latch unit is turned on to charge the storage capacitor and
causes the second transistor to turn on to adjust the bias
current; when the gate of the first transistor of the latch units
receives the latch signal, the first transistor turns off to have
the second transistor of one of the latch units selected main-
taining conduction, while the second transistor of the other
latch units being turned off causing the latching units to enter
the latch state.

14. The offset voltage adjustment unit according to claim
10, wherein the offset voltage adjustment unit is coupled to a
calibration unit to receive the latch signal, and the calibration
unit comprises:

a detection unit, coupled the output terminal of the opera-
tional amplifier and the control unit, operatively detect-
ing the output voltage of the operational amplifier; and

alatch control circuit, coupled to the detection unit and the
latch units, the latch control circuit sequentially causes
one of the latch units to conduct according to the detec-
tion result of the detection unit until the output voltage of
the operational amplifier undergoes a logic level change,
wherein when the latch control circuit operatively
detects that the output voltage of the operational ampli-
fier undergoes the logic level change, the latch control
circuit outputting the latch signal to cause the latch units
to enter the latch stage so that one of the latch units
selected maintain conduction.
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