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An operational amplifier capable of offset cancel in a shorter
period, as well as a line driver capable of shortening one
horizontal period and a liquid crystal display device are
provided. In the operational amplifier of the invention, a
time necessary for feed back control can be shortened than
usual by a constitution that an output voltage VO in one
horizontal period H1 which is one horizontal period before
is defined as a reference voltage in an offset cancel prepa-
ratory period HC2, thereby changing the output voltage
VO(2) only by the offset voltage VO(2) by the feed back
control. In the line driver of the invention, the operational
amplifier not used for the output of display data D1 to D6
conducts offset cancel operation and it is successively
shifted on every one horizontal period. Since it is no more
necessary to incorporate the offset cancel preparatory period
in the output period, one horizontal period can be shortened
further.

CIRCUIT DIAGRAM OF OPERATIONAL AMPLIFIER DIRECTED
TO FIRST EXAMPLE OF FIRST EMBODIMENT
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FIRST EXAMPLE OF FIRST EMBODIMENT
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TIMING CHART OF CIRCUIT BLOCK DIRECTED TO

SECOND EMBODIMENT
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FIG.8

TIMING CHART OF OPERATIONAL AMPLEFIER DIRECTED
TO SECOND EMBODIMENT
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FIG.9

SWITCH OPERATION TABLE (2) OF OPERATIONAL AMPLIFIER
DIRECTED TO SECOND EMBODIMENT

OPERATIONAL AMPLIFIER

Al | A2 | A3 | A4 | A5 | A6 | AT

H1 &iﬁ?ﬂ DI | D2 | D3 | D4 | D5 | D

H2 | Df SSKE%E[ D2 | D3 | D4 | D5 | D6

H3 | D1 | D2 .CKE%EEL D3 | D4 | D5 | D6

H4 | D1 | D2 | D3 CKESCEETL D4 | D5 | D6

HY | D1 | D2 | D3 | D4 cf\ﬁ%EETEjb D5 | D6

ONE HORIZONTAL i ol D2 b3 D4 DS CKE%EELO D6
PERIOD H7 | D1 | D2 | D3 | D4 | D5 | D6 |Zhica.
H8 | D1 | D2 | D3 | D4 | D5 |G| D6

H9 | D1 | D2 | D3 | D4 |ance D5 | D6

H10 | p1 | D2 | D3 |hcel| D4 | D5 | D6

HIT| p1 | D2 8§§%§f D3 | D4 | D5 | D6

H12 | D1 ASKE%EEL D2 | D3 | D4 | D5 | D6

H13 (e | D1 | 02 | D3 | D4 | D5 | D6

H14 | by [Sicel| D2 | 03 | pa | D5 | D6
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FIG.11 PRIOR ART

TIMING CHART OF OPERATIONALAMPLIFIER EQUIPPED
WITH CONVENTIONAL OFFSET CANCEL FUNCTION

Y . |
Vrefomomee e S OFFSET VOLTAGE

VOJ
SW101

SW103

SW102

TIME

FIG.12

SCHEMATIC STRUCTURE OF LIQUID CRYSTAL
DISPLAY DEVICE
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OPERATIONAL AMPLIFIER, LINE DRIVER, AND
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from each of the prior Japanese Patent
Application No. 2003-352203 filed on Oct. 10, 2003, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention concerns an operational
amplifier equipped with an offset cancel function. Further, it
also relates to a line driver for a liquid crystal display device
equipped with an offset cancel function and a liquid crystal
display device

[0004] 2. Description of Related Art

[0005] In an operational amplifier, an offset voltage is
sometimes generated by scattering of current-voltage char-
acteristics of constitutional transistors. Generation of the
offset voltage is not preferred in view of characteristics of
the operational amplifier. For example, in a source drive
circuit of a liquid crystal display device in which plural
operational amplifiers drive plural data lines, the output
voltage of the operational amplifier is sometimes different
even for an identical input voltage, which causes color
shading of displayed images. Accordingly, it is necessary to
suppress offset of the operational amplifier.

[0006] JP-A No. 2003-168936 discloses an operational
amplifier circuit 100 equipped with an offset cancel function
as shown in FIG. 10 and a time chart showing the operation
of the operational amplifier circuit 100 shown in FIG. 11. In
an offset cancel preparatory period from time t1 to time t2
in FIG. 11, switches SW101 and SW103 are turned on,
while a switch SW102 is turned off. Since an output voltage
VOI is not fed back to the gate of NMOS transistors M101,
and the gate voltage for NMOS transistor M101 and M102
is at an input voltage V1J, a differential pair input circuit 115
operates as a current source to a current mirror circuit 114.
On the other hand, since the output voltage VO is fed back
to the gate of an NMOS transistor M108, a voltage follower
circuit is constituted with the current mirror 114, a differ-
ential amplifier circuit comprising a differential pair input
circuit 116 and an output buffer circuit 112, to conduct feed
back control such that the output voltage VOJ approaches a
reference voltage Vref. In this case, voltages V101 and V102
are not equal with each other due to scattering of gate oxide
film thickness for MOS transistors to cause offset of dis-
placing the output voltage VOIJ from the input voltage VIJ.
A capacitor C101 is charged or discharged by output voltage
VOI containing the offset and the voltage of the electrode on
the side of the switch SW103 is equal with the output
voltage VOI. That is, the output voltage VOI is stored into
the capacitor C101 in the stable state thereof.

[0007] At time t2, when the switches SW101 and SW103
are turned off and the switch SW102 is turned on, operations
of the differential pair input circuits 115 and 116 are
inversed, and the voltage follower is constituted with the
differential amplifier circuit 111 and the output buffer circuit

1. Field of the Invention
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112, to conduct feed back operation such that the output
voltage VOI approaches the input voltage V1J. In this case,
the gate voltage of the NMOS transistor M108 is equal with
the output voltage VOJ at time t2. Even when the operations
of the differential pair input circuits 115 and 116 are
inversed, since the differential pair input circuits 115 and 116
are connected in parallel with the current mirror 114 and the
gate voltage of the NMOS transistors M102, M108 and
M109 is equal with the voltage in the stable state just before
switching at time t2, feed back control for the voltage of the
NMOS transistor M101 is stabilized in a state where it is
aligned with the input voltage VIJ which is a voltage just
before the switching. That is, the offset voltage is canceled
and an output voltage VOI equal with the input voltage VIJ
is outputted.

[0008] Further, JP-A No. 2003-168936 discloses the sche-
matic constitution of a liquid crystal display device using an
operational amplifier circuit equipped with an offset cancel
function as a data driver (line driver) as shown in FIG. 12.
In a liquid crystal display panel 120, plural data lines 121
extending in a vertical direction and plural scanning lines
122 extending in a horizontal direction are formed crossing
over with each other and pixels are formed corresponding to
cross over points respectively. Ends of the data lines 121 and
scanning lines 122 are connected, respectively, to a data
driver (line driver) 130 and a scanning driver 140 respec-
tively. A control circuit 150 supplies display data signals and
clock signals to the data driver (line driver) 130 and supplies
scanning control signals to the scanning driver 140 based on
video signals, pixel clock signals, horizontal sync signals
and vertical sync signals supplied from the outside. The data
driver (line driver) 130 outputs display data while convert-
ing to voltages of positive polarity and negative polarity
relative to the ground voltage GND on every one horizontal
scanning period (and on every one pixel). In the data driver
(line driver) 130, voltage followers 131 of positive polarity
equipped with offset cancel and voltage followers 132 of
negative polarity equipped with offset cancel are formed at
the output stage thereof, and connected to data lines 121 of
the liquid crystal display panel 120 such that the outputs are
put to parallel connection or cross over connection by the
switching circuit 133 on every adjacent pairs of voltage
followers equipped with offset cancel of positive and nega-
tive polarities. The voltage follower 131 equipped with
offset cancel of positive polarity has an identical constitution
with the operational amplifier circuit 100, and the voltage
follower 132 equipped with offset cancel of negative polar-
ity has a constitution of replacing the NMOS transistor and
the PMOS transistor to each other in the operational ampli-
fier circuit 100.

[0009] However, since a reference voltage Vref of a con-
stant value as a reference voltage for canceling the offset of
the operational amplifier is used, in a case where the voltage
difference between the output voltage VOJ and the reference
voltage Vref is large, it takes a much time for conducting
feed back control to the output voltage VOIJ containing the
offset voltage. For this reason, it is necessary to take a long
offset cancel preparatory period assuming such a situation.
Accordingly, this hinders shortening for the offset cancel
preparatory period to bring about a problem.

[0010] Further, in the liquid crystal display device, one
horizontal period has to be shortened in a case where the
number of display lines increases for making the liquid
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crystal display device finer. However, in the liquid crystal
display device in JP-A No. 2003-168936, since the offset
cancel preparatory period is present in one horizontal period,
shortening for the entire one horizontal period is difficult to
bring about a problem.

SUMMARY OF THE INVENTION

[0011] The present invention has been made to solve at
least one of the problems the above prior art has. Accord-
ingly, it is an object of the present invention to provide an
operational amplifier capable of making offset cancel within
shorter time, and a line driver and a liquid crystal display
device capable of shortening line one horizontal period.

[0012] To achieve the object, according to a first aspect of
the present invention, there is provided an operational
amplifier in which a differential amplifier circuit equipped
with a current mirror circuit is incorporated, the operational
amplifier comprising: a first switch connected to a portion
between an inversion input terminal and a non-inversion
input terminal of the differential amplifier circuit; a second
switch connected to a portion between an output terminal of
the operational amplifier and the inversion input terminal,
the second switch controlling conductive state and non-
conductive state contrary to the first switch; a differential
pair input circuit in which a current path terminal for a first
transistor and a current path terminal for a second transistor
are connected to a first current terminal and a second current
terminal of the current mirror, respectively; a third switch
connected to a portion between a gate of the first transistor
and an output terminal of the operational amplifier, the third
switch being set in conductive state while the first switch is
in conductive state and being set in non-conductive state
while the first switch is in non-conductive state; a first
capacitor connected to a portion between a gate of the first
transistor and predetermined voltage; a fourth switch con-
nected to a portion between a gate of the second transistor
and the output terminal of the operational amplifier, the
fourth switch being set in conductive state for a predeter-
mined length of period while the second switch is in
conductive state; and a second capacitor connected to a
portion between a gate of the second transistor and prede-
termined voltage, wherein the operational amplifier has
offset cancel function.

[0013] According to a second aspect of the present inven-
tion, there is provided an operational amplifier in which a
differential amplifier circuit equipped with a current mirror
circuit is incorporated, the operational amplifier comprising:
a first switch connected to a portion between an inversion
input terminal and a non-inversion input terminal of the
differential amplifier circuit; a second switch connected to a
portion between an output terminal of the operational ampli-
fier and the inversion input terminal, the second switch
controlling conductive state and non-conductive state con-
trary to the first switch; a differential pair input circuit in
which a current path terminal for a first transistor and a
current path terminal for a second transistor are connected to
a first current terminal and a second current terminal of the
current mirror, respectively; a third switch connected to a
portion between a gate of the first transistor and an output
terminal of the operational amplifier, the third switch being
set in conductive state while the first switch is in conductive
state and being set in non-conductive state while the first
switch is in non-conductive state; a first capacitor connected
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to a portion between a gate of the first transistor and
predetermined voltage; a fifth switch connected to a portion
between a gate of the second transistor and the non-inver-
sion input terminal, the fifth switch being set in conductive
state for a predetermined length of period while the second
switch is in conductive state; and a second capacitor con-
nected to a portion between a gate of the second transistor
and predetermined voltage, wherein the operational ampli-
fier has offset cancel function.

[0014] In the operational amplifiers directed to the first
and second aspects, an output period is provided while the
second switch is set in conductive state and the first and third
switches are set in non-conductive state. As predetermined
voltage, ground voltage is used, for example. In the opera-
tional amplifier directed to the first aspect, the fourth switch
is set in conductive state for a predetermined length of
period while the second switch is in conductive state period,
whereby a voltage value of the output terminal of the
operational amplifier is stored in the second capacitor. In the
operational amplifier directed to the second aspect, the fifth
switch is set in conductive state for a predetermined length
of period while the second switch is in conductive state
period, wherein a voltage value of the non-inversion input
terminal is stored in the second aspect. Duration of the
predetermined length of period and its stating timing may be
whenever in a period that the second switch is in conductive
state. Even if a voltage value of at the output terminal of the
operational amplifier or that of the non-inversion input
terminal change the most within a conductive state period of
the second switch, timing to start setting the fourth or fifth
switch in conductive state may be a time point that lapses
sufficiently long time for the voltage value after changing to
become stable and duration of the predetermined length of
period the voltage value after changing may be whatever
length as long as it is sufficiently long for the voltage value
after changing to be stored. A voltage value the output
terminal and that of the non-inversion input terminal are
substantially same during an output period. Next, when
electrical conduction state of the second switch and either
the fourth switch or the fifth switch are shifted to non-
conductive state and that of the first and third switches are
shifted to conductive state, it goes into an offset preparation
period. Since the third switch is in conductive, the voltage
value at the output terminal of the operational amplifier is
feedback to the gate of the first transistor. Furthermore, the
voltage value at the output terminal of the operational
amplifier or the voltage value at the non-inversion input
terminal before its electrical conduction state changing is
stored in the second capacitor and applied to the gate of the
second transistor.

[0015] Thereby, during an offset cancel preparation
period, the voltage value at the output terminal of the
operational amplifier is feedback to the gate of the first
transistor by the third switch becoming conductive. As a
result, it is controlled such that the voltage value at the
output terminal of the operational amplifier is substantially
same as a voltage value at the second capacitor which is
equivalent to the voltage value at the output terminal before
electrical conduction state of the output terminal changing.
The operational amplifier then serves for operation of a
voltage follower. However, during this period, it is con-
trolled such that the first switch is electrically conductive
and offset voltage of the differential amplifier circuit is
added. Therefore, the voltage value at the output terminal of
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the operational amplifier is feedback to voltage deviated by
offset voltage with reference to the voltage value of the
second capacitor. In the prior art, a fixed-valued voltage is
used as reference voltage for canceling offset of an opera-
tional amplifier. Therefore, in case voltage difference
between voltage at the output terminal of the operational
amplifier and the fixed-valued voltage is large, it takes long
to complete feedback control. Accordingly, the prior art has
been required to take an offset cancel preparation period
long provided for such situation, which hinders an offset
cancel preparation being shortened. However, in the inven-
tive operational amplifier directed to the first and second
aspects of the invention, the voltage value of the second
capacitor is substantially same as the voltage value at the
output terminal of the operational amplifier when feedback
control starts. Therefore, time to complete-feedback control
can be shortened. Accordingly, an offset cancel preparation
period can be shortened.

[0016] According to the first aspect of the present inven-
tion, there is also provided a line driver for amplifying at
least one input signal(s) by each input of the input signal
every output period that appears repeatedly, the line driver
including operational amplifier(s) allocated to respective
input signals for amplifying the input signals, each of the
operational amplifier(s) being equipped with a differential
amplifier circuit in which a current mirror circuit is incor-
porated, wherein each of the operational amplifier(s) com-
prises: a first switch connected to a portion between an
inversion input terminal and a non-inversion input terminal
of the differential amplifier circuit; a second switch con-
nected to a portion between an output terminal of the
operational amplifier and the inversion input terminal, the
second switch controlling conductive state and non-conduc-
tive state contrary to the first switch; a differential pair input
circuit in which a current path terminal for a first transistor
and a current path terminal for a second transistor are
connected to a first current terminal and a second current
terminal of the current mirror, respectively; a third switch
connected to a portion between a gate of the first transistor
and an output terminal of the operational amplifier, the third
switch being set in conductive state while the first switch is
in conductive state and being set in non-conductive state
while the first switch is in non-conductive state; a first
capacitor connected to a portion between a gate of the first
transistor and predetermined voltage; a fourth switch con-
nected to a portion between a gate of the second transistor
and the output terminal of the operational amplifier, the
fourth switch being set in conductive state for a predeter-
mined length of period while the second switch is in
conductive state; and a second capacitor connected to a
portion between a gate of the second transistor and prede-
termined voltage, and wherein the line driver has offset
cancel function.

[0017] According to the second aspect of the present
invention, there is also provided a line driver for amplifying
at least one input signal(s) by each input of the input signal
every output period that appears repeatedly, the line driver
including operational amplifier(s) allocated to respective
input signals for amplifying the input signals, each of the
operational amplifier(s) being equipped with a differential
amplifier circuit in which a current mirror circuit is incor-
porated, wherein each of the operational amplifier(s) com-
prises: a second switch connected to a portion between an
output terminal of the operational amplifier and the inver-
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sion input terminal, the second switch controlling conduc-
tive state and non-conductive state contrary to the first
switch; a differential pair input circuit in which a current
path terminal for a first transistor and a current path terminal
for a second transistor are connected to a first current
terminal and a second current terminal of the current mirror,
respectively; a third switch connected to a portion between
a gate of the first transistor and an output terminal of the
operational amplifier, the third switch being set in conduc-
tive state while the first switch is in conductive state and
being set in non-conductive state while the first switch is in
non-conductive state; a first capacitor connected to a portion
between a gate of the first transistor and predetermined
voltage; a fifth switch connected to a portion between a gate
of the second transistor and the non-inversion input termi-
nal, the fifth switch being set in conductive state for a
predetermined length of period while the second switch is in
conductive state; and a second capacitor connected to a
portion between a gate of the second transistor and prede-
termined voltage, and wherein the line driver has offset
cancel function.

[0018] Thereby, there can be realized a line driver of
which an offset cancel preparation period is shortened.
Accordingly, operation speed of a line driver can be height-
ened.

[0019] According to the first aspect of the present inven-
tion, there is also provided a liquid crystal display device for
applying an image data voltage signal through plural data
lines every horizontal period that appears repeatedly, the
liquid crystal display device including operational amplifi-
er(s) allocated to respective image data voltage signals for
amplifying the input signals, each of the operational ampli-
fier(s) being equipped with a differential amplifier circuit in
which a current mirror circuit is incorporated, wherein each
of the operational amplifier(s) comprises: a first switch
connected to a portion between an inversion input terminal
and a non-inversion input terminal of the differential ampli-
fier circuit; a second switch connected to a portion between
an output terminal of the operational amplifier and the
inversion input terminal, the second switch controlling con-
ductive state and non-conductive state contrary to the first
switch; a differential pair input circuit in which a current
path terminal for a first transistor and a current path terminal
for a second transistor are connected to a first current
terminal and a second current terminal of the current mirror,
respectively; a third switch connected to a portion between
a gate of the first transistor and an output terminal of the
operational amplifier, the third switch being set in conduc-
tive state while the first switch is in conductive state and
being set in non-conductive state while the first switch is in
non-conductive state; a first capacitor connected to a portion
between a gate of the first transistor and predetermined
voltage; a fourth switch connected to a portion between a
gate of the second transistor and the output terminal of the
operational amplifier, the fourth switch being set in conduc-
tive state for a predetermined length of period while the
second switch is in conductive state; and a second capacitor
connected to a portion between a gate of the second tran-
sistor and predetermined voltage, and wherein the liquid
crystal display device has offset cancel function.

[0020] According to the second aspect of the present
invention, there is also provided a liquid crystal display
device for applying an image data voltage signal through
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plural data lines every horizontal period that appears repeat-
edly, the liquid crystal display device including operational
amplifier(s) allocated to respective image data voltage sig-
nals for amplifying the input signals, each of the operational
amplifier(s) being equipped with a differential amplifier
circuit in which a current mirror circuit is incorporated,
wherein each of the operational amplifier(s) comprises: a
first switch connected to a portion between an inversion
input terminal and a non-inversion input terminal of the
differential amplifier circuit; a second switch connected to a
portion between an output terminal of the operational ampli-
fler and the inversion input terminal, the second switch
controlling conductive state and non-conductive state con-
trary to the first switch; a differential pair input circuit in
which a current path terminal for a first transistor and a
current path terminal for a second transistor are connected to
a first current terminal and a second current terminal of the
current mirror, respectively; a third switch connected to a
portion between a gate of the first transistor and an output
terminal of the operational amplifier, the third switch being
set in conductive state while the first switch is in conductive
state and being set in non-conductive state while the first
switch is in non-conductive state; a first capacitor connected
to a portion between a gate of the first transistor and
predetermined voltage; a fifth switch connected to a portion
between a gate of the second transistor and the non-inver-
sion input terminal, the fifth switch being set in conductive
state for a predetermined length of period while the second
switch is in conductive state; and a second capacitor con-
nected to a portion between a gate of the second transistor
and predetermined voltage, and wherein the liquid crystal
display device has offset cancel function.

[0021] Thereby, there can be realized a liquid crystal
display device equipped with an operational amplifier of
which an offset cancel preparation period is shortened.
Accordingly, higher definition of a liquid crystal display
device can be achieved.

[0022] According to the third aspect of the present inven-
tion, there is also provided a line driver for amplifying at
least one input signal(s) by each input of the input signal
every output period that appears repeatedly, the line driver
comprising: operational amplifier for amplifying the input
signal(s) number of which is larger by at least one than
number of the input signal(s); and a switch section for
selecting and switching to operational amplifiers in ampli-
fication operation by receiving inputs of the input signals,
the switch section switching every output period, wherein
offset cancellation is made on operational amplifier(s) not
selected during the output period.

[0023] Each selected operational amplifier to which an
input signal is inputted amplifies an input signal by each
input of the input signal and outputs an amplified signal.
Furthermore, while the selected operational amplifier out-
puts a signal, offset cancel is made on at least one non-
selected operational amplifier to which an input signal is not
inputted. The switch section switches the selected opera-
tional amplifier to other operational amplifier every output
period, and also switches the non-selected operational
amplifier to other not to be selected operational amplifier
every output period. The switch section is switched such that
all of the operational amplifiers are switched to non-selec-
tive in turn so that offset cancel is made on all of them.
Therefore, it is not required to provide an offset cancel
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preparation period prior to each output period. Accordingly,
it is not necessary to embed an offset cancel period in an
output period.

[0024] According to the third aspect of the present inven-
tion, there is also provided a liquid crystal display device for
applying an image data voltage signal through plural data
lines every horizontal period that appears repeatedly, the
liquid crystal display device comprising: operational ampli-
fiers for amplifying the input signals number of which is
larger by at least one than number of the input signal(s); and
a switch section for selecting and switching operational
amplifiers in amplification operation by receiving inputs of
the input signals, the switch section switching every output
period, wherein offset cancellation is made on operational
amplifier(s) not selected during the output period.

[0025] Thereby, there is no need to provide an offset
cancel preparation period prior to each output period and
one horizontal period can be shortened. Accordingly, higher
definition of a liquid crystal display device by increasing the
number of lines for display can be achieved.

[0026] According to a fourth aspect of the present inven-
tion, there is provided an offset cancel circuit alternately
conducting offset voltage fetch operation in which an offset
value of an operational amplifier is fetched as differential
voltage with respect to reference voltage and offset voltage
cancel operation in which differential voltage is cancel out
from output voltage, wherein, as reference voltage to be
used in the offset voltage fetch operation, either input
voltage prior to the offset voltage fetching operation or
output voltage after offset voltage cancel operation prior to
the offset voltage fetching operation is used.

[0027] In offset voltage cancel operation, differential volt-
age is cancelled out from output voltage. After the offset
voltage cancel operation, there can be obtained output
voltage from which an offset value is cancelled out corre-
sponding to input voltage. Offset voltage fetch operation is
a kind of feedback control such that output voltage of an
operational amplifier, for example, should include an offset
value of the operational amplifier with reference to reference
voltage as differential voltage. As reference voltage, input
voltage obtained before offset voltage fetch operation or
output voltage obtained before offset voltage fetch operation
and after offset voltage cancel operation is used. Output
voltage obtained after offset voltage cancel operation cor-
responds to output voltage from which an offset value is
cancelled out. Input voltage or output voltage from which an
offset value is cancelled out shall be held by mechanism that
holds voltage of a capacitor or the like, whereby the voltage
held can be used as reference voltage in offset voltage fetch
operation.

[0028] Since reference voltage is substantially same as an
voltage value at the output terminal of the operational
amplifier when offset voltage fetch operation starts, time of
offset voltage fetch operation can be shortened. Accordingly,
an offset voltage fetch operation period can be shortened.

[0029] The above and further objects and novel features of
the invention will more fully appear from the following
detailed description when the same is read in connection
with the accompanying drawings. It is to be expressly
understood, however, that the drawings are for the purpose
of illustration only and are not intended as a definition of the
limits of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a circuit diagram of an operational
amplifier directed to a first example of a first embodiment;

[0031] FIG.2 is a timing chart of the operational amplifier
directed to the first example of the first embodiment;

[0032] FIG. 3 is a circuit diagram of an operational
amplifier directed to a second example of a first embodi-
ment;

[0033] FIG. 4 is a schematic diagram of circuit block
directed to the second embodiment;

[0034] FIG. 5 is a timing chart of circuit block directed to
the second embodiment;

[0035] FIG. 6 shows switch operation table (1) of an
operational amplifier directed to the second embodiment;

[0036] FIG. 7 is a circuit diagram of the operational
amplifier directed to the second embodiment;

[0037] FIG. 8 is a timing chart of the operational amplifier
directed to the second embodiment;

[0038] FIG. 9 shows switch operation table (2) of the
operational amplifier directed to the second embodiment;

[0039] FIG. 10 is a circuit diagram of an operational
amplifier equipped with conventional offset cancel function;

[0040] FIG. 11 is a timing chart of the operational ampli-
fler equipped with conventional offset cancel function;

[0041] FIG. 12 is a view showing schematic structure of
a liquid crystal display device;

[0042] FIG. 13 is a diagram showing structure of a
conventional line driver; and

[0043] FIG. 14 is a timing chart accounting for operation
of the conventional line driver.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0044] Embodiments for an operational amplifier
equipped with offset cancel function, a line driver and a
liquid crystal display device according to the present inven-
tion are to be described in detail with reference to the
drawings based on FIG. 1 to FIG. 9. A first example in a first
preferred embodiment of the invention is to be described
with reference to FIG. 1 and FIG. 2. FIG. 1 shows a circuit
diagram for an operational amplifier 10 having an offset
cancel circuit of the first embodiment. The operational
amplifier circuit 1 comprises a current mirror circuit 2, a first
differential pair input circuit 3, and an output buffer circuit
6, and an offset cancel circuit 3 has a second differential pair
input circuit 4. The current mirror circuit 2 and the first
differential pair input circuit 3 constitute a differential ampli-
fier circuit 7. The first differential pair input circuit 3 and the
second differential pair input circuit 4 are connected at a first
current terminal N1 and a second current terminal N2 in
parallel to the current mirror circuit 2. In the current mirror
circuit 2, sources of PMOS transistors M4 and M5 are
connected to a power source voltage VDD and gates of the
PMOS transistors M4 and M35 are connected to the drain of
the PMOS transistor M4. In the differential pair input circuit
3, sources of NMOS transistors M1 and M2 are connected
to the drain of an NMOS transistor M3, and the source of the
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transistor M3 is connected to the ground voltage GND. The
NMOS transistor M3 is applied with a bias voltage VBB at
the gate and functions as a constant current source. An
output buffer circuit 6 comprises a PMOS transistors M6 and
an NMOS transistor M7 connected in series between the
power source voltage VDD and the ground voltage GND,
and the NMOS transistor M7 is applied with a bias voltage
VBB at the gate and functions as a constant current source.
The drain of the transistor M6 is connected to an output
terminal VOUT.

[0045] Further, a switch SW1 is connected between an
inversion input terminal N5 and a non-inversion input
terminal N6, and a switch SW2 is connected between an
output terminal VOUT and the inversion input terminal N5
of the operational amplifier respectively. An offset cancel
circuit 5 comprises a second differential input circuit 4 of the
constitution identical with that of the first differential pair
input circuit 3, a first capacitor C1 and a second capacitor
C2, and switches SW3 and SW4. One end of the first
capacitor C1 is connected at a node N3 with the gate of an
NMOS transistor M8 and the other end of the capacitor C1
is connected to the ground potential GND. One end of the
second capacitor C2 is connected at the node N4 with the
gate of an NMOS transistor M9 and the other end of the
capacitor C2 is connected with the ground potential GND.
Further, the switch SW3 is connected between the node N3
and the output terminal VOUT, and the switch SW4 is
connected between the node N4 and the output terminal
VOUT, respectively.

[0046] Then, the operation is to be described. FIG. 2 is a
timing chart. The operational amplifier 10 equipped with
offset cancel function of the invention has an offset cancel
preparatory period HC1 and an output period HT1 in one
horizontal period H1 and repeats horizontal periods like H1,
H2, - - - . Further, the output voltage in one horizontal period
Hn is defined as an output voltage VO(n) and an input
voltage is defined as an input voltage VI(n). Further, the
voltages at the nodes N3, N4 in the operational amplifier 10
of the invention are defined as VC1 and VC2, while the
voltages at the nodes N103 and N104 in the existent opera-
tional amplifier 100 are defined as VC101, and VC102. At
time t1 in the output period HT1 in FIG. 2, the switch SW2
is turned on, and the switches SW1 and SW3 are turned off.
Further, the switch SW4 is in the off state. In this case, since
the offset is canceled by the principle to be described later,
the voltage value for the output voltage VO(1) has a value
equal with the voltage value VV0 of the input voltage VI(1)
(arrow K1 in FIG. 2).

[0047] Then, from time t2 to time t3, an operation of
storing the voltage value VV0 of the output voltage VO(1)
in the output period HTL to the second capacitor C2 is
conducted. That is, at time t2, the switch SW4 1s turned on
to render the second capacitor C2 and the output terminal
VOUT conductive. Since the voltage value VVO of the
output voltage VO(1) is stored in the second capacitor C2,
the voltage VC2 at the node N4 is also at a voltage value
VV0. Then, at time t3 after lapse of a predetermined period.
The switches SW4 is turned off to render the second
capacitor C2 and the output terminal VOUT non-conductive.
This stores the voltage value VVO of the output voltage
VO(1) in the output period HT1 into the second capacitor C2
(arrow K2 in FIG. 2).
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[0048] 1t is necessary that the predetermined period from
time t2 to time t3 has a sufficient length capable of com-
pleting charge/discharge also when the amount of change of
the voltage value stored in the second capacitor C2 is
greatest and this is a value determined, for example, by the
capacitance of the second capacitor C2, the swing range for
the voltage value of the input voltage VO and the wiring
capacitance. The timing for on and off of the switch SW4
may be within the output period HT, and the time after lapse
of a sufficient period to stabilize the voltage value after
change even when the voltage value on the output terminal
of the operational amplifier changes most greatly within the
output period HT may be defined as a time for starting the
period in which the switch SW4 is in the on state, and a
period sufficient to store the voltage value after the change
in the second capacitor C2 may be defined as a length for the
period in which the switch SW4 is kept on.

[0049] Then, at time t4, it goes to the offset cancel
preparatory period HC2 in one horizontal period H2. In one
horizontal period H2, an input voltage VI(2) for one hori-
rzontal period H2 (voltage value VV1) is applied to the input
terminal VI(2). Then, in FIG. 1, the switches SW1, SW3 are
turned on and the switch SW2 is turned off. The switch Sw4
is in the off state. In the offset preparatory period HC2,
identical input voltage VI(2) is applied to both gates of the
transistors M1, M2 by the conduction of the switch SW1 and
the output is fed back from the drain of the transistor M6 to
the gate of the transistor M8 by the conduction of the switch
SW3. Further, the voltage value VVO of the output voltage
VO(1) during the output period HT1 stored in the second
capacitor C2 is applied to the gate of the transistor M9.

[0050] In a case where gate-source voltage/drain current
characteristics of the transistors M1, M2 scatters, even when
the identical input voltage VI(2) (voltage value VVI) is
applied to the gates of both transistors, drain currents caused
thereby are different. For instance, if the scattering is such
that the current driving performance of the transistor M2 is
higher, the drain current of the transistor M2 is greater than
the drain current of the transistor M1. It is assumed here that
the values of the currents flowing to the first current terminal
N1 and the second current terminal N2 of the current mirror
circuit 2 are equal. The voltage VCI at the node N3 as the
gate voltage value of the transistor M8 is fed back such that
a drain current to absorb the different drain currents caused
by scattering of the characteristics between the transistors
M1, M2 flows to the transistors M8, M9 (such that the total
value for the drain currents of the transistors M1, M8 is
equal with the total value for the drain currents of the
transistors M2, M9).

[0051] Then, in the stable state at time t5, the voltage VC1
at the node N3 is set to a voltage offset by an offset voltage
Voff with reference to the voltage VC2 at the node N4
(stored output voltage VO(1) (voltage value VV0)) (voltage
V(2 at node N4 (voltage value VV0)+offset voltage Voff)
(point P1 in FIG. 2) and identical currents flow to the first
current terminal N1 and the second current terminal N2 to
attain the stable state. Then, the voltage VCI1 containing the
offset voltage at the node N3 is stored in the capacitor C1.
That is, an offset drain current in a state where an identical
input voltage VI(2) (voltage value VV1) is applied to the
gates of the transistors M1 and M2 is stored in the offset
cancel circuit 5.
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[0052] In the timing chart shown in FIG. 2, description is
to be made in comparison for the stabilization period TT1 of
the voltage VC1 at node N303 in the operational amplifier
10 of the invention and the stabilization period TT101 of the
voltage VC101 at the node N103 in the existent operational
amplifier 100. At time t4, when the switch SW3 is turned on,
the node N3 and the output terminal VOUT are rendered
conductive. Since the output terminal VOUT is connected
with various circuits and has larger load, the voltage VC1 on
the node N3 at time t4 is output voltage VO(1) of the output
terminal VOUT (voltage value VV0) (arrow K3 in FIG. 2).
Then, since the output voltage VO(2) is put to feed back
control from the voltage value VVO as a starting point to
“voltage offset by an offset voltage Voff relative to the
voltage VC2 at the node N4 as a reference voltage”, and
identical current flows to the first current terminal N1 and
the second current terminal N2 to attain a stable state. Since
output terminal VOUT is connected to various loads, in a
case of changing the voltage value of the output voltage
VO(2) greatly, it requires a long stabilization time till the
stabilization of the voltage value, but when the stabilization
time is long, the offset cancel preparatory period HC2 can
not be shortened to bring about a problem. That is, it is
important to adopt a method of not greatly changing the
voltage value of the output voltage VO(2) in the offset
cancel preparatory period HC2.

[0053] In the operational amplifier 10 of the invention, the
reference voltage (voltage VC2 on the node N4 at time t4)
is an output voltage VO(1) stored in the second capacitor C2
(voltage value VV0) (point P2 in FIG. 2). Further, the
voltage value of the output voltage VO(2) at the starting
point for the offset cancel preparatory period HC2 is also
VVO (point P3 in FIG. 2). Accordingly, since both of them
are equal, conducting feed back control of the output voltage
VO(2) by “voltage offset by offset voltage Voft” starting
from the voltage value VVO as the starting point, a time
necessary for stabilization (stabilization time TT1) may be
short and stabilization is completed at time tS.

[0054] On the other hand, in the existent operational
amplifier 100, the reference voltage (the voltage VC102 on
the node N104 at time t4) is a reference voltage Vref as a
constant voltage (point B1 in FIG. 2). Further, the output
voltage VOJ(2) at the offset cancel starting point is at a
voltage value VVO (point B2 in FIG. 2). Accordingly, when
the voltage value VV0 and the voltage value Vref are
different greatly, it is necessary to conduct feed back control
for the output voltage VOJ(2) starting from the voltage value
VVO0 to “voltage offset by the offset voltage Voff with the
reference voltage Vref being as a reference voltage (Vref+
Voff)” (point B3 in FIG. 2). In this case, the time necessary
for stabilization (stabilization time TT101) is longer com-
pared with the stabilization time TT1 in the invention and
stabilization is completed finally at time tSa.

[0055] That is, in the invention, the time necessary for the
feed back control is shortened than usual by adapting such
that the output voltage VO(2) may be changed by the feed
back control by so much as the offset voltage Voff, by
adapting the reference voltage in the offset cancel prepara-
tory period HC2 (point P2, voltage VC2 at node N4) as the
output voltage VO in one horizontal period H1 which is one
horizontal period before (P4 in FIG. 2). On the other hand,
in the existent operational amplifier, since the reference
voltage is constant (voltage value Vref), in a case where the
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voltage of the output voltage VOJ(2) at the starting time for
the offset cancel preparatory period (point B2 in FIG. 2) and
the reference voltage (point Bl in FIG. 2) are different
greatly, the output voltage VO(2) has to be changed to the
vicinity of the reference voltage value Vref, and it takes a
longer time by so much for the feed back control.

[0056] It is considered here such a case that the through
rate in the feed back control for the output voltage (amount
of voltage changed per unit time)=1.8 (V/s), the voltage
value of the offset voltage Voff=0.4 (V), the reference
voltage Vref=7.6(V), voltage value VV0=5.7 (V), and volt-
age value VV1=9.9(V). In the existent operational amplifier
100, the output voltage VOJ has to be changed by 2.3(V)
starting from the voltage value VVO0 (5.7 V) to the reference
voltage Vref (7.6 (V)+offset voltage Voff (0.4 (V)) and 1.28
(us) is necessary for the stabilization time TT101 when
calculated based on the through rate. On the other hand, in
the operational amplifier 10 according to the invention, since
the voltage VC1 may be changed by so much as the offset
voltage value Voff (0.4 (V)) starting from the voltage value
V'V, it can be scen that the stabilization time TT1 can be
shortened to 0.22 (us), that is, by about Y.

[0057] Further, after the completion of the stabilization
period, when it goes to time t6, it enters the output period
HT2 in which the switch SW2 is turned on, and switches
SW1, SW3 are turned off in FIG. 1. The switch SW4 is in
the off state. At the gates of the transistors M8 and M9, a
voltage identical with that in the offset cancel preparatory
period HC2 corresponds to the difference of the current
driving performance between the transistors M1 and M2 is
maintained by the first capacitor C1 and the second capacitor
C2. Accordingly, the drain current flowing to the transistors
M8, M9 flow so as to absorb the difference of the drain
currents flowing to the transistors M1 and M2. That is,
assuming that values of the current flowing to the first
current terminal M1 and the second current terminal M2 of
the current mirror circuit 2 are identical, the currents flow
such that the total amount of the drain currents in the
transistors M1 and M8 and the drain currents in the tran-
sistors M2, M9 are equal. Since this is the state where the
voltages on the inversion input terminal N5 and the non-
inversion input terminal N6 are equal, the output voltage
VO(2) at the output terminal VOUT stabilizes at a voltage
value VV1 equal with the input voltage VI(2) on the input
terminal VIN (point P5 in FIG. 2). That is, offset cancel is
conducted.

[0058] Further, an operational amplifier 20 equipped with
offset cancel circuit of a second example of the first embodi-
ment according to the invention is to be described with
reference to FIG. 3. The operational amplifier 20 has a node
N7 disposed between a node N4 and a second capacitor C2,
and a node N8 disposed between a switch SW1 and an input
terminal VIN and has a switch SW5 connecting both of the
nodes. Since other constitutions than described above are
identical with those in the operational amplifier 10 in the first
example, duplicate descriptions will be omitted. Further, the
operation of the switch SW3 is identical with the operation
of the switch SW4 in the operational amplifier 10 of the first
example.

[0059] Thus, the reference voltage (voltage VC2 on node
N4) can be defined as an input voltage VI one horizontal
period before instead that in the operational amplifier 10 in
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the first example in which the reference voltage is an output
voltage VO one horizontal period before. Accordingly, the
operational amplifier 20 also has a constitution that the
output voltage VO may be changed through the feed back
control by the offset voltage Voff, and the feed back control
time in the offset cancel preparatory period can be shortened
more than usual.

[0060] The second differential pair input circuit 4 is a
differential pair input circuit, the transistor M8 is a first
transistor, a transistor M9 is a second transistor and a ground
voltage GND is a predetermined voltage, respectively.

[0061] In the operational amplifier of the invention, in a
case where the offset cancel period is kept identical with that
in the existent operational amplifier, since the amount of
voltage to be changed by the feed back control in an
identical period is smaller in the operational amplifier of the
invention, the consumption current can be reduced. For
example, as has been described for the first example, when
the change is conducted through the feed back control,
within the stabilization period TT101 (1.28 (us)), by the
reference voltage value Vref+offset voltage Voff (1.28 (V)
in the existent operational amplifier and by the offset voltage
Voff (0.4 (V)) in the present invention, respectively, as has
been described for example for the first example, the current
consumed in the existent operational amplifier is 17 (uA)
and 11.5 (uA) in the operational amplifier of the invention,
and the consumption current is decreased by 30%.

[0062] As described above, according to the operational
amplifier in the first embodiment of the invention, in the
offset cancel preparatory period HC, the voltage value VO
on the output terminal VOUT is fed back to the gate of the
transistor M8 by the conduction of the switch SW3, and
controlled so as to be substantially equal with the voltage
value on the second capacitor C2 in which the voltage value
on the output terminal before the change of state is pos-
sessed. In this period, the switch SW1 is conducted and the
offset voltage of the differential amplifier circuit 7 is added
and controlled. Accordingly, the voltage value VO on the
output terminal VOUT is feed back controlled to a voltage
offset by the offset voltage relative to the voltage value of the
second capacitor C2. Accordingly, since the voltage value on
the second capacitor C2 and the voltage value on the output
terminal VOUT at the time starting the feed back control are
substantially equal, the time till the completion of the feed
back control can be shortened. Accordingly, the offset cancel
preparation period HC can be shortened.

[0063] A second embodiment for a liquid crystal display
device driving circuit and a liquid crystal display device
using the operational amplifiers of the invention are to be
described. A method of constituting voltage followers 131
equipped with offset cancel in a line driver 130 in a liquid
crystal display device as shown in FIG. 12 is extracted and
schematically shown in FIG. 13. In the line driver 130,
plural input and output terminal are arranged in one block
and the blocks are arranged by the number corresponding to
the number of pixels to constitute the line driver 130. FIG.
13 shows a block 135 having 6-input and 6-output as an
example. The block 135 has data input terminals DIJ1 to
DI1J6 and data output terminals DOJ1 to DOJ6. Display data
D1 to D6 are inputted from a control circuit 150 (FIG. 12)
to the data input terminals DIJ1 to DIJ6, and outputted from
the data output terminals DOJ1 to DIJ6 to respective cor-



US 2005/0077957 Al

responding data lines 121. Further, operational amplifiers
AJl to AJ6 that operate as voltage followers are provided on
every input and output terminals between the data input
terminals DIJ1 to DIJ6 and the data output terminals DOJ1
to DOJ6. The data inputted from the data input terminal D1J1
is inputted to the non-inversion input of the operational
amplifier AJ1 and the data outputted from the output of the
operational amplifier AJ1 is outputted by way of the data
output terminal DOJ1 to the data line 121 (FIG. 12). Further,
an offset cancel control signal OS is inputted by way of an
offset cancel control signal input terminal OST to the
operational amplifiers AJ1 to AJ6.

[0064] FIG. 14 shows a timing chart explaining the opera-
tion of the existent line driver 130. One horizontal period H1
has an offset cancel preparation period HC1 and an output
period HT1 and an operation of repeating H1, H2, - - - for
one horizontal period is conducted. For example, in a case
of S-XGA liquid panel (number of pixel: 1024x768), one
frame period is constituted with one horizontal periods H1
to H768. Further, each of the operational amplifiers AJ1 to
AJ6 is constituted, for example, with an operational ampli-
fier circuit 100 equipped with offset cancel function as
shown in FIG. 10. The offset cancel preparatory period HC1
is started corresponding to that the offset cancel control
signal OS inputted from a not illustrated signal generator to
a block 135 is turned to a high level, by which switch
SW101 and SW103 are rendered conductive and a switch
SW102 is rendered non-conductive in the operational ampli-
fier circuit 100 (FIG. 10) and offset for the operational
amplifiers ATl to AJ6 is canceled. Then, the offset cancel
preparatory period HC1 is ended corresponding to that the
offset cancel control signal OS is turned to a low level, by
which the switches SW101 and SW103 are rendered non-
conductive and the switch SW102 is rendered conductive.
Accordingly, the operational amplifiers AJ1 to AJ6 operate
as voltage followers, and the input voltage inputted to the
data input terminals DIJ1 to DIJ6 are outputted to the data
output terminals DOJ1 to DOJ6. As described above, in the
prior art, the offset cancel preparatory period HC and the
output period HT are necessary. Then, in the case of the
XGA display, one horizontal period H is required to be 20
(us) or less. The one horizontal period H sometimes
includes, for example, an offset cancel preparatory period
HC has a value of 2 (us) and the output period HT 18 (us).
Then, for refining liquid crystal further, it is essential to
shorten one horizontal period H more and the presence of the
offset cancel preparatory period HC brings about a problem.

[0065] FIG. 4 shows a schematic diagram for in a case of
a 6-inputx6-output block 35 in the invention. The block 35
comprises data input terminals DI1 to DI6 and data output
terminals D01 to D06. Display data D1 to D6 are inputted
from the control circuit 150 (FIG. 12) to the data input
terminals DI1 to DI6, and display data D1 to D6 are
outputted from the data output terminals D01 to D06 to the
corresponding data line 121 (FIG. 12) respectively. Further,
operational amplifiers Al to A7 that operate as voltage
followers are provided between the data input terminals DI
and the data output terminals DO by the number of seven
which is more than one relative to six sets of the input and
output terminals. The data input terminal DI1 is connected
selectably to the non-inversion input terminal of the opera-
tional amplifier A1 or A2 by the switch SI1. Further, the data
output terminal D01 is connected selectably to the output
terminal for the operational amplifier Al or A2 by a switch

Apr. 14, 2005

SO1. In the same manner, the data input terminals DI2 to
DI6 and the data output terminal DO2 to DO are also have
switches SI2 to SI6 and SO2 to SO6, respectively.

[0066] Further, D flip-flops FF1 to FF7 are provided
corresponding to the operational amplifiers Al to A7 which
are connected serially to constitute a shift register. A clock
signal CLK having one horizontal period cycle is inputted to
the clock input terminal CK for each of the D flip-flops.
Further, an output signal Q7 of the D flip-flop FF7 at the final
stage is inputted as a reset signal to the reset signal input
terminal R for each of the D flip-flops FF1 to FF6. Further,
outputs Q1 to Q7 of the D flip-flops FF1 to FF6 are inputted
to the switches SI1 to SI6, and the switches SO1 to SO6,
respectively. Both the switches SI1 and SO1 are connected
to the operational amplifier A2 when the low level output Q1
is inputted and connected to the operational amplifier Al
when the high level output Q1 is inputted. Then, switches
S12 to SI6 and SO2 to SO6 also have the same function.

[0067] Further, the complementary output QB1 of the D
flip-flop FF1 is inputted as an offset cancel signal OC1 to the
operational amplifier Al. Further, the output Q1 of the D
flip-flip FF1 and the complementary output QB2 of the D
flip-flop FF2 are inputted to AND gate AD2, and the output
of the AND gate AD2 is inputted as an offset cancel signal
0C2 to the operational amplifier A2. In the same manner,
offset cancel signals OC3 to OC7 outputted from the AND
gates AD3 to AD7 are inputted to the operational amplifiers
A3 to A7. An input signal DD1 is inputted to the input
terminal of the D flip-flop FF1. The operational amplifiers
Al to A7 have offset cancel function, and conduct offset
cancel operation during high level of the inputted offset
cancel signal OCX (X=1 to 7) and conduct usual voltage
follower operation during low level thereof.

[0068] The operation is to be described. FIG. 5 shows a
timing chart. In FIG. 3, during one horizontal period H1, all
outputs Q1 to Q6 of the D flip-flops FF1 to FF6 are at the
low level. Accordingly, since both the switches SI1 and SO1
are connected to the operational amplifier A2, the opera-
tional amplifier Al is separated from the input terminal DI1
and the data output terminal DO1, as non-selected opera-
tional amplifier. Further, the operational amplifier A2 is
connected with the data input terminal DI1 and the data
output terminal DO1. Then, the operational amplifier A3 is
connected with the data input terminal DI2 and the data
input terminal DO2 and the operational amplifiers A4 is
connected with the data output terminal DI3 and the data
output terminal DO3. In the same manner, the operational
amplifier A7 is connected with the data input terminal DI6
and the data output terminal DOG6. Further, during one
horizontal period H1, since the high level offset cancel
signal OC1 (that is, complementary output QB1 of the D
flip-flop FF1) is inputted to the operational amplifier A1, the
operational amplifier Al conducts offset cancel operation
during one horizontal period H1. Further, since the offset
cancel signals OC2 to OC7 are at the low level, the opera-
tional amplifiers A2 to A7 conduct voltage follower opera-
tion, and the display data D1 to D6 inputted to the data input
terminals DI1 to DI6 are outputted from the data output
terminals DO1 to DO6.

[0069] Then, when it goes to one horizontal period H2, the
input signal DD1 turned to the high level by a not illustrated
signal generator circuit is inputted to the D flip-flop FF1. The
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input signal DD1 is a signal repeating the low level at the
first one period of the clock signal CLK and the high level
in the succeeding six periods. Then, corresponding to that
the output Q1 of the D flip-flop FF1 is turned to the high
level (arrow Y1), only the switch SI1 and SO1 are switched,
so that the connection destination of the data input terminal
DI1 and the data output terminal DO1 is changed from the
operational amplifier A2 to the operational amplifier Al. In
this stage, since switching operation is not conducted in
other switches, the connection state is kept for the opera-
tional amplifier A3 to A7 to the data input terminals D12 to
D16 and the data output terminals DO2 to DO, so that only
the operational amplifier A2 is completely separated from
the data input and output terminals. That is, non-selected
operational amplifier is switched from the operational ampli-
fiers from Al to A2. Further, since the output Q1 of the D
flip-flop FF1 and the complementary output QB2 of the D
flip-flop FF2 at the high level are inputted to the AND gate
AD2, a high level offset cancel signal OC2 is inputted to the
operational amplifier A2 (arrow Y2), and the operational
amplifier A2 conducts the offset cancel operation during one
horizontal period H2. Further, since the offset cancel signals
0OC1 and OC3 to OC7 are at the low level, the operational
amplifiers Al and A3 to A7 conduct the voltage follower
operation to output the image data inputted to the data input
terminals DI1 to DI6 to the data output terminals DO1 to
DO6.

[0070] Then, the same operation is conducted also in one
horizontal period H3 to H7. That is, as shown in the
switching operation table for the operational amplifiers in
FIG. 6, when one horizontal period shifts from H1 to H7, the
operational amplifiers Al to A7 are sequentially set to the
non-connected state with the input and output terminals and
offset cancel is conducted.

[0071] Then, in FIG. 5, when one horizontal period H7
has been lapsed and it goes to one horizontal period HS, the
output Q7 of the D flip-flop FF7 is turned to the high level
by arising edge signal of the clock signal CLK (arrow Y3).
Since the output Q7 of the D flip-flop FF7 is inputted as a
reset signal to the reset signal input terminals R of the D
flip-flops FF1 to FF6, all the outputs Q1 to Q6 of the D
flip-flops FF1 to FF6 are reset to the low level (arrow Y4),
and all the switches SI1 to SI6 and the switches SO1 to SO6
are switched. That is, in FIG. 6, in one horizontal period HS,
they are returned to the identical connection state with that
in one horizontal period H1 in which the operational ampli-
fier A1 conducts the offset cancel operation being separated
from the data input and output terminals and the display data
D1 to D6 are outputted from the operational amplifiers A2
o A7.

[0072] Then, the offset cancel operation in the operational
amplifier Al is to be described. The operational amplifier Al
is constituted with an operational amplifier circuit 10«
equipped with offset cancel function as shown in FIG. 7.
The operational amplifier circuit 10 has a constitution of
connecting a node N10 and a node N11 by way of a switch
SW6 in addition to the circuit diagram of the existent
operational amplifier 100 (FIG. 10). When the operational
amplifier Al conducts the offset cancel operation, since the
input terminal VIN and the output terminal VOUT are not
connected with the data input terminal DI1 and data output
terminal DO1 and the switch SW1 is turned on and the
switch SW2 is turned off, the gates for the transistors M1 and

Apr. 14, 2005

M2 are brought into a floating state. In order to prevent this,
the reference voltage Vref is supplied to the gates of the
transistors M1 and M2. Other constitutions are identical
with those in the existent operational amplifier 100 and
duplicate descriptions will be omitted.

[0073] FIG. 8 shows a timing chart for the operational
amplifier circuit 10a. In one horizontal period H1, a high
level offset cancel signal OC1 (that is, complementary
output QB1 of D flip-flop FF1) is inputted to the operational
amplifier A1, and the switches SW1, SW3 and SW6 are
turned on, while the switch SW2 is turned off (arrow Y6) in
the operational amplifier circuit 10a corresponding to the
high level of the offset cancel signal OC1. Further, in one
horizontal period H1, since the input terminal VIN and the
output terminal VOUT are not connected with the data input
terminal DI1 and data output terminal DO1 (refer to FIG. 4),
the reference voltage Vref is supplied by way of the SW6 to
the gates of the NMOS transistors M1 and M2. Other
operations are identical with those in the existent operational
amplifier 100 and offset for the operational amplifier Al is
canceled. In one horizontal periods H2 to H7, the opera-
tional amplifier Al is connected at the input terminal VIN
and the output terminal VOUT with the data input terminal
DI1 and the data output terminal DO1, to output the inputted
display data D1 as the voltage follower. In one horizontal
period HS8, offset cancel is conducted in the operational
amplifier Al in the same manner as in one horizontal period
H1. Subsequently, the same operation is repeated. The
operational amplifiers A2 to A7 have the same constitution.

[0074] Further, the line driver is constituted having plural
input and output terminals as one block and by arranging
such plural blocks. For the input and output terminals per
one block, terminals by the number of 384 are used for
instance. Considering the reasonable interval for the offset
cancel preparatory period in the second embodiment with
respect to the number of terminals, in a case of one hori-
zontal period of 20 (us), an offset canceling is conducted
once for 384 cycles of one horizontal period (that is, once
per 7.7 (ms)) in accordance with the switching operation
table for the operational amplifiers in FIG. 6. Further, in the
operational amplifier circuit 10a shown in FIG. 7, assuming
the capacitance error tolerable as 1 (mV), the capacitance as
500 (fF) and the leak current as 20 (fA) for the first capacitor
Cl1, in the operational amplifier circuit 10a shown in FIG. 7,
the time necessary for lowering the voltage by 1 (mV) is 25
(ms). That is, when offset canceling has been completed
once, offset is effectively stored for 25 (ms). Accordingly, it
can be seen that offset canceling once for 384 period may
suffice.

[0075] Accordingly, in the liquid crystal display device
driving circuit and the liquid crystal display device of the
invention, the operational amplifier not used for the output
of the display data D1 to D6 is shifted on every one
horizontal period and the offset cancel operation has been
conducted while it is not used for the output. Then, once the
offset cancel operation has been conducted, the obtained
offset value is possessed till the next offset cancel operation.
Accordingly, it is not necessary to provide the offset cancel
preparatory period separately prior to each of the output
periods on every one horizontal period and it is no more
necessary to incorporate the offset cancel preparatory period
in the output period, so that one horizontal period can be
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shortened further. Accordingly, it is possible to increase the
number of the display lines to refine the liquid crystal
display device further.

[0076] It will be apparent that the invention is not
restricted to the embodiments described above and can be
improved or modified variously within a range not departing
the gist of the invention. In the operational amplifier 10 of
the first embodiment (FIG. 1), the first capacitor C1 and the
second capacitor C2 are disposed. In a case where the
leaking rates of charges accumulated in both of the capaci-
tors are substantially equal with each other, the capacitance
of both capacitors can be decreased. This is attributable to
the difference of the voltage values between both of the
capacitors and the voltage difference between both of the
capacitors is possessed even when leaking occurs, in a case
where the charge leaking rates are substantially equal
between them. On the other hand, in the existent operational
amplifier 100, since the capacitor 101 has to keep the voltage
difference with respect to the reference voltage Vref as a
fixed value, leakage of charges has to be avoided and,
accordingly, the capacitance of the capacitor 101 has to be
increased. Further, considering that the capacitor requires a
larger area in a case where it is prepared on a semiconductor
integrated circuit compared with other elements such as
transistors, it is possible to reduce the area and decrease the
cost for the semiconductor device by decreasing the capaci-
tance of the capacitor in the invention.

[0077] Further, when a capacitor using a material of high
specific dielectric constant is used for the first capacitor C1
or the second capacitor C2, the area of the capacitor can be
decreased while ensuring the capacitance to reduce the area
and decrease the cost of the semiconductor device. Further,
the capacitance can be increased while keeping the area
constant, thereby improving the accuracy of the offset can-
cel.

[0078] Further, for the operational amplifier 10 (FIG. 1),
it is possible to adapt a constitution of connecting the node
N3 with the power source voltage VDD and the node N3
with the ground voltage GND by way of resistors respec-
tively, and using at least one of the resistors as a resistor
variable type memory element. This enables to store the
offset value for a longer period of time compared with a
method of using the capacitor, making it possible to decrease
the frequency of offset cancel.

[0079] Further, it has been described for the second
embodiment that the operational amplifier Al is constituted
with the operational amplifier circuit 10a equipped with
offset cancel function as shown in FIG. 7, but it may also be
constituted with the operational amplifier 10 of the first
embodiment according to the invention (FIG. 1). In this
case, for preventing the gates of the transistors M1 and M2
from the floating state when the operational amplifier Al
conducts offset cancel operation, it is preferred to supply a
predetermined voltage by way of a not-illustrated switch to
the gates of the transistors M1 and M2.

[0080] Further, it has been described for the second
embodiment that the operational amplifiers Al to A7 oper-
ating as voltage followers are disposed between the data
input terminal DI and the data output terminal DO by the
number of seven which is larger by one than the six sets of
the input and output terminals, but the invention is not
restricted to such a constitution. For example, it can be also
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constituted that three operational amplifiers Al to A3 may be
disposed to one set of input and output terminals DI1 and
DO1, the operational amplifiers Al to A3 are successively
selected by a switch and the constitution described above is
disposed to each of the input and output terminals. Since the
operational amplifier is selected once per switching for three
times, the period for selecting the operational amplifier can
be made longer to ensure a sufficient time for conducting
offset cancel.

[0081] Further, as shown in the switching operation table
for the operational amplifiers in FIG. 6, it has been
described for the order of offset cancel that operational
amplifiers Al to A7 are successively rendered to the non-
connected state with the input and the output terminals from
H1 to H7 of one horizontal period and then the offset cancel
is conducted, and they are returned to the identical connec-
tion state with that in one horizontal period H1 in one
horizontal period H8 but the invention is not restricted only
thereto. For example, as shown in FIG. 9, it may adopt a
mode of repeating the order that the operational amplifiers
Al to A7 are put to offset cancel in the order of increasing
the sequential number from one horizontal period H1 to one
horizontal period H7, while the operational amplifiers A6 to
Al are put to offset cancel in the order of decreasing the
sequential number from one horizontal period H8 to one
horizontal period H13.

[0082] According to the operational amplifiers, equipped
with offset cancel function, the line driver and the liquid
crystal display device of the invention, the time till the
completion of the feed back control during offset cancel can
be shortened and the offset cancel preparatory period can be
shortened. Further, the operational amplifier not inputted
with the input signal is sequentially shifted on every output
periods and the non-selected operational amplifiers not
inputted with the input signals are put to offset cancel during
non-selected period thereof. Accordingly, there is no more
necessary to provide the offset cancel preparatory period
prior to each of the output periods.

What is claimed is:

1. An operational amplifier in which a differential ampli-
fier circuit equipped with a current mirror circuit is incor-
porated, the operational amplifier comprising:

a first switch connected to a portion between an inversion
input terminal and a non-inversion input terminal of the
differential amplifier circuit;

a second switch connected to a portion between an output
terminal of the operational amplifier and the inversion
input terminal, the second switch controlling conduc-
tive state and non-conductive state contrary to the first
switch;

a differential pair input circuit in which a current path
terminal for a first transistor and a current path terminal
for a second transistor are connected to a first current
terminal and a second current terminal of the current
mirror, respectively;

a third switch connected to a portion between a gate of the
first transistor and an output terminal of the operational
amplifier, the third switch being set in conductive state
while the first switch is in conductive state and being
set in non-conductive state while the first switch is in
non-conductive state;
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a first capacitor connected to a portion between a gate of
the first transistor and predetermined voltage;

a fourth switch connected to a portion between a gate of
the second transistor and the output terminal of the
operational amplifier, the fourth switch being set in
conductive state for a predetermined length of period
while the second switch is in conductive state; and

a second capacitor connected to a portion between a gate
of the second transistor and predetermined voltage,

wherein the operational amplifier has offset cancel func-
tion.

2. Aline driver for amplifying at least one input signal(s)
by each input of the input signal every output period that
appears repeatedly, the line driver including operational
amplifier(s) allocated to respective input signals for ampli-
fying the input signals, each of the operational amplifier(s)
being equipped with a differential amplifier circuit in which
a current mirror circuit is incorporated,

wherein each of the operational amplifier(s) comprises:

a first switch connected to a portion between an inversion
input terminal and a non-inversion input terminal of the
differential amplifier circuit;

a second switch connected to a portion between an output
terminal of the operational amplifier and the inversion
input terminal, the second switch controlling conduc-
tive state and non-conductive state contrary to the first
switch;

a differential pair input circuit in which a current path
terminal for a first transistor and a current path terminal
for a second transistor are connected to a first current
terminal and a second current terminal of the current
mirror, respectively;

a third switch connected to a portion between a gate of the
first transistor and an output terminal of the operational
amplifier, the third switch being set in conductive state
while the first switch is in conductive state and being
set in non-conductive state while the first switch is in
non-conductive state;

a first capacitor connected to a portion between a gate of
the first transistor and predetermined voltage;

a fourth switch connected to a portion between a gate of
the second transistor and the output terminal of the
operational amplifier, the fourth switch being set in
conductive state for a predetermined length of period
while the second switch is in conductive state; and

a second capacitor connected to a portion between a
gate of the second transistor and predetermined
voltage, and

wherein the line driver has offset cancel function.

3. A liquid crystal display device for applying an image
data voltage signal through plural data lines every horizontal
period that appears repeatedly, the liquid crystal display
device including operational amplifier(s) allocated to
respective image data voltage signals for amplifying the
input signals, each of the operational amplifier(s) being
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equipped with a differential amplifier circuit in which a
current mirror circuit is incorporated,

wherein each of the operational amplifier(s) comprises:

a first switch connected to a portion between an inversion
input terminal and a non-inversion input terminal of the
differential amplifier circuit;

a second switch connected to a portion between an output
terminal of the operational amplifier and the inversion
input terminal, the second switch controlling conduc-
tive state and non-conductive state contrary to the first
switch;

a differential pair input circuit in which a current path
terminal for a first transistor and a current path terminal
for a second transistor are connected to a first current
terminal and a second current terminal of the current
mirror, respectively;

a third switch connected to a portion between a gate of the
first transistor and an output terminal of the operational
amplifier, the third switch being set in conductive state
while the first switch is in conductive state and being
set in non-conductive state while the first switch is in
non-conductive state;

a first capacitor connected to a portion between a gate of
the first transistor and predetermined voltage;

a fourth switch connected to a portion between a gate of
the second transistor and the output terminal of the
operational amplifier, the fourth switch being set in
conductive state for a predetermined length of period
while the second switch is in conductive state; and

a second capacitor connected to a portion between a
gate of the second transistor and predetermined
voltage, and

wherein the liquid crystal display device has offset
cancel function.

4. An operational amplifier in which a differential ampli-
fier circuit equipped with a current mirror circuit is incor-
porated, the operational amplifier comprising:

a first switch connected to a portion between an inversion
input terminal and a non-inversion input terminal of the
differential amplifier circuit;

a second switch connected to a portion between an
output terminal of the operational amplifier and the
inversion input terminal, the second switch control-
ling conductive state and non-conductive state con-
trary to the first switch,

a differential pair input circuit in which a current path
terminal for a first transistor and a current path
terminal for a second transistor are connected to a
first current terminal and a second current terminal of
the current mirror, respectively;

a third switch connected to a portion between a gate of
the first transistor and an output terminal of the
operational amplifier, the third switch being set in
conductive state while the first switch is in conduc-
tive state and being set in non-conductive state while
the first switch is in non-conductive state;
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a first capacitor connected to a portion between a gate
of the first transistor and predetermined voltage;

a fifth switch connected to a portion between a gate of
the second transistor and the non-inversion input
terminal, the fifth switch being set in conductive
state for a predetermined length of period while the
second switch is in conductive state; and

a second capacitor connected to a portion between a
gate of the second transistor and predetermined
voltage,

wherein the operational amplifier has offset cancel
function.

5. A line driver for amplifying at least one input signal(s)
by each input of the input signal every output period that
appears repeatedly, the line driver including operational
amplifier(s) allocated to respective input signals for ampli-
fying the input signals, each of the operational amplifier(s)
being equipped with a differential amplifier circuit in which
a current mirror circuit is incorporated,

wherein each of the operational amplifier(s) comprises:

a second switch connected to a portion between an output
terminal of the operational amplifier and the inversion
input terminal, the second switch controlling conduc-
tive state and non-conductive state contrary to the first
switch;

a differential pair input circuit in which a current path
terminal for a first transistor and a current path terminal
for a second transistor are connected to a first current
terminal and a second current terminal of the current
mirror, respectively;

a third switch connected to a portion between a gate of the
first transistor and an output terminal of the operational
amplifier, the third switch being set in conductive state
while the first switch is in conductive state and being
set in non-conductive state while the first switch is in
non-conductive state;

a first capacitor connected to a portion between a gate of
the first transistor and predetermined voltage;

a fifth switch connected to a portion between a gate of the
second transistor and the non-inversion input terminal,
the fifth switch being set in conductive state for a
predetermined length of period while the second switch
is in conductive state; and

a second capacitor connected to a portion between a gate
of the second transistor and predetermined voltage, and

wherein the line driver has offset cancel function.

6. A liquid crystal display device for applying an image
data voltage signal through plural data lines every horizontal
period that appears repeatedly, the liquid crystal display
device including operational amplifier(s) allocated to
respective image data voltage signals for amplifying the
input signals, each of the operational amplifier(s) being
equipped with a differential amplifier circuit in which a
current mirror circuit is incorporated,

wherein each of the operational amplifier(s) comprises:

a first switch connected to a portion between an inversion
input terminal and a non-inversion input terminal of the
differential amplifier circuit;
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a second switch connected to a portion between an output
terminal of the operational amplifier and the inversion
input terminal, the second switch controlling conduc-
tive state and non-conductive state contrary to the first
switch;

a differential pair input circuit in which a current path
terminal for a first transistor and a current path terminal
for a second transistor are connected to a first current
terminal and a second current terminal of the current
mirror, respectively;

a third switch connected to a portion between a gate of the
first transistor and an output terminal of the operational
amplifier, the third switch being set in conductive state
while the first switch is in conductive state and being
set in non-conductive state while the first switch is in
non-conductive state;

a first capacitor connected to a portion between a gate of
the first transistor and predetermined voltage;

a fifth switch connected to a portion between a gate of the
second transistor and the non-inversion input terminal,
the fifth switch being set in conductive state for a
predetermined length of period while the second switch
is in conductive state; and

a second capacitor connected to a portion between a
gate of the second transistor and predetermined
voltage, and

wherein the liquid crystal display device has offset
cancel function.
7. A line driver for amplifying at least one input signal(s)
by each input of the input signal every output period that
appears repeatedly, the line driver comprising:

operational amplifier for amplifying the input signal(s)
number of which is larger by at least one than number
of the input signal(s); and

a switch section for selecting and switching to operational
amplifiers in amplification operation by receiving
inputs of the input signals, the switch section switching
every output period,

wherein offset cancellation is made on operational ampli-
fier(s) not selected during the output period.
8. A line driver according to claim 7 further comprising:

operational amplifiers for amplifying the input signal(s)
number of which is larger by one than number of the
input signal(s); and

switch sections, provided for adjoining every two of the
operational amplifiers, the switch section selecting one
of the two operational amplifiers,

wherein offset cancellation is made on a non-selected
operational amplifier to which the input signal is not
inputted, and adjoining switch sections are switched in
order every output period.

9. A liquid crystal display device for applying an image
data voltage signal through plural data lines every horizontal
period that appears repeatedly, the liquid crystal display
device comprising:

operational amplifiers for amplifying the input signals
number of which is larger by at least one than number
of the input signal(s); and
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a switch section for selecting and switching operational tion in which differential voltage is cancel out from output
amplifiers in amplification operation by receiving voltage,
inputs of the input signals, the switch section switching

every output period, wherein offset cancellation is wherein, as reference voltage to be used in the offset

made on operational amplifier(s) not selected during voltage fetch operation, either input voltage prior to the

the output period. offset voltage fetching operation or output voltage after

10. An offset cancel circuit alternately conducting offset offset voltage cancel operation prior to the offset volt-
voltage fetch operation in which an offset value of an age fetching operation is used.

operational amplifier is fetched as differential voltage with
respect to reference voltage and offset voltage cancel opera- ok %



TRBR(F) EERARSE , EBREHRNES L Rl
K (BE)S US20050077957A1

HRiES US10/811431

FRIRE(FRR)AE) ELEHKSH

BRiE (TR A(F) FUJITSU LIMITED

MBI ERE(E RN A(E) MONTEREY RESEARCHERRZ=E/A T

[#R1 &% BB A KASAI TOSHIHIKO
UDO SHINYA
KOKUBUN MASATOSHI
KIZAKI YOSHIHIRO
KHEA KASAI, TOSHIHIKO
UDO, SHINYA
KOKUBUN, MASATOSHI
KIZAKI, YOSHIHIRO
IPCH & G09G3/36 G09G3/20 HO3F3/45 HO3F1/02
CPCo %= HO3F3/45753 G09(G3/3688
i 51X 2003352203 2003-10-10 JP
H AN FF 32k US7081792
SNEBEEE Espacenet USPTO
HEGE)

AEPRE-HEBERENBARNIKERBNEERAS , URBEBSE
B NKTPANNERRSENRRERES, EALXANEZERKAES
d,BNWTEN , AUBERBESFFENSE , FEE—NKEA
HH1R M EBEVO (ZE—NKEABZE ) HEL AR ERTEZ S
WsEBEE, At , BYRERG , UEIRBBEEVO (2) &S
BEVO (2) . EARKXHANLERIES , THTHEE RKIED1ZED6
KIZE M ASRHITREERRE , FESR— N KTARELEE M. B
FrEEEERENBTEERBICEMENE , R —SHE
— NIRRT ER

patsnap

2005-04-14

2004-03-29

VoD

e}

ol
*Eﬂﬁﬂm g

L vouT

(v0)

VBBo

e

e

GNDo

OyN)



https://share-analytics.zhihuiya.com/view/2de12ea6-925f-40f1-8256-f57df4636ac8
https://worldwide.espacenet.com/patent/search/family/034419833/publication/US2005077957A1?q=US2005077957A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220050077957%22.PGNR.&OS=DN/20050077957&RS=DN/20050077957

