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(57) ABSTRACT

A liquid crystal display apparatus includes a liquid crystal
display panel having gate lines and source lines, a GIP circuit
which drives the gate lines and a source driver IC3 which
drives the source lines. The source driver IC3 includes a gate
control signal generator which generates gate control signals
SOUT1-SOUTn which control the GIP circuit. The gate con-
trol signal generator is configured so that it is possible to
control the waveforms of the gate control signals SOUT1-
SOUTn in software.
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DISPLAY APPARATUS AND DISPLAY PANEL
DRIVER

CROSS REFERENCE

[0001] This application claims a priority on convention
based on Japanese Patent Application No. JP 2013-076271.
The disclosure thereof is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a display panel
driver and a display apparatus, and more particularly relates
to a display panel driver that has a function of controlling a
circuit which drives gate lines (also, to be referred to as
scanning lines or address lines) of a display panel, and a
display apparatus that uses the display panel driver.

BACKGROUND ART

[0003] Display panels such as a liquid crystal display appa-
ratus typically include gate lines (also, to be referred to as
scanning lines or address lines) for selecting a row of pixels
and source lines (also, to be referred to as signal lines or data
lines) to which a signal corresponding to image data showing
a gradation of each pixel. For this reason, a driver (sometimes,
to be referred to as a gate driver) for driving the gate lines and
a driver (sometimes, to be referred to as a source driver) for
driving the source lines are assembled in a panel display
apparatus that contains the display panel.

[0004] One example of the panel display apparatus is con-
figured such that a function of generating a control signal
(gate control signal) which controls a gate driver for driving a
gate line is assembled in an integrated circuit (IC) which
functions as a source driver, and the generated control signal
is supplied to the gate driver through wirings integrated in a
display panel. At this time, the gate driver may be integrated
on a glass substrate of the display panel by using a COG
(circuit on glass) technique (hereinafter, the gate driver is
sometimes referred to as a GIP (gate in panel) circuit). Also,
an IC chip functioning as the gate driver may be joined to the
display panel. Such configuration is preferable because a
signal is not required to be supplied to the gate driver from
outside the display panel and the number of the signal lines
connected to the display panel can be reduced. The panel
display apparatus configured in this way is disclosed in, for
example, JP 2008-224798A and JP 2012-181543A.

CITATION LIST
[0005] [Patent Literature 1]: JP 2008-224798A
[0006] [Patent Literature 2]: JP 2012-181543A
SUMMARY OF THE INVENTION
[0007] One problem which the inventor recognized about

such a panel display unit is in that a control system for driving
the gate lines may be different for every manufacturer of the
display panel or gate driver IC or for every product. The
waveforms of a control signal which controls a GIP circuit or
a gate driver IC (gate control signal) are different, depending
on the specification of the display panel or the gate driver IC.
However, it is not economical to manufacture a source driver
IC of an exclusive use corresponding to the specification of
each manufacturer or each product.

[0008] As one measurement corresponding to the above
problem, a plurality of hardware circuits for the specifications

Oct. 23,2014

of respective manufacturers are integrated in the source driver
1C and an actually validated hardware circuit is selected (e.g.
to be selected through the setting). However, in such a mea-
surement, many hardware circuits of exclusive use are
required when the number of manufacturers or products to be
dealt with increases, and the circuit scale and the design
man-day increases. Also, because a hardware circuit is used,
it is difficult to deal with a new design specification after
design completion, and it becomes difficult to measure a
specification change.

[0009] Therefore, an object of the present invention is to
provide a display panel driver which can generate a gate
control signal which measures a gate driver (a GIP circuit or
a gate driver IC) of different specification while reducing a
circuit scale.

[0010] According to an aspect of the present invention, a
display apparatus includes: a display panel comprising gate
lines and source lines; a gate driver configured to drive each of
the gate lines; and a source driver configured to drive each of
the source lines. The source driver includes a gate control
signal generator configured to generate a gate control signal
to control the gate driver, and wherein the gate control signal
generator is configured to allow a waveform of the gate con-
trol signal to be controlled in software.

[0011] Here, the gate driver may be integrated on the sub-
strate of the display panel. Also, the gate driver may be the
gate driver IC integrated in the semiconductor chip. In this
case, the gate driver IC may be mounted into the display
panel.

[0012] A display panel driver includes: a source driver cir-
cuit section configured to drive source lines of a display
panel; and a gate control signal generating section configured
to generatea gate control signal to control a gate driver which
drives a gate line of said display panel. The gate control signal
generating section is configured to be able to control a wave-
form of the gate control signal in software.

[0013] According to the present invention, the source driver
can be provided such that the gate control signal can be
generated to conform to the gate driver (the GIP circuit or the
gate driver IC) of a different specification while reducing a
circuit scale.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1is a conceptual diagram showing an example
ofaconfiguration of a liquid crystal display apparatus accord-
ing to a first embodiment of the present invention,

[0015] FIG. 2 is a conceptual diagram showing another
example of the configuration of the liquid crystal display
apparatus in the first embodiment;

[0016] FIG. 3is ablockdiagram showing a configuration of
a source driver IC in the first embodiment;

[0017] FIG. 4is ablock diagram showing a configuration of
aportion related to generation of internal gate control signals
SINT1 to SINTn in the source driver IC in the first embodi-
ment;

[0018] FIG. 5 is a timing chart showing an example of a
waveform of an internal clock signal generated by a pulse
generator in the first embodiment.

[0019] FIG. 6 is a timing chart showing an example of the
waveform of the internal clock signal generated by the pulse
generator in the first embodiment;

[0020] FIG. 7 is a timing chart showing an example of a
waveform of a multi-level internal clock signal generated by
a multi-level pulse generator in the first embodiment;
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[0021] FIG. 8 is a timing chart showing an example of the
waveform of the multi-level internal clock signal generated
by the multi-level pulse generator in the first embodiment;
[0022] FIG. 9 is a timing chart showing an example of
waveforms of gate control signals SOUT1 to SOUT9 gener-
ated by the source driver IC in the first embodiment;

[0023] FIG.10is atiming chart showing an example of the
waveforms of the gate control signals SOUT1 to SOUTY
generated by the source driver IC in the first embodiment;
[0024] FIG.11 is a timing chart showing an example of the
waveforms of the gate control signals SOUT1 to SOUTY
generated by the source driver IC in the first embodiment;
[0025] FIG. 12 is a timing chart showing an example of rise
timings and fall timings of power supply voltages Vpyp, to
V pums at a time of a startup in the first embodiment;

[0026] FIG. 13A is a block diagram showing a configura-
tion of a TPC built-in source driver IC in a second embodi-
ment;

[0027] FIG.13B is a timing chart showing an example of a
waveform of a signal exchanged between an MPU (Micro
Processing Unit) and an LCD driver (Liquid Crystal Display)
driver in the TPC built-in source driver IC in the second
embodiment;

[0028] FIG. 14 is a block diagram conceptually showing a
configuration of a liquid crystal display apparatus in the sec-
ond embodiment;

[0029] FIG.151s ablock diagram showing an example of a
configuration of a touch panel controller integrated in the
TPC built-in source driver IC in the second embodiment;
[0030] FIG. 16 is a timing chart showing an example of a
waveform of a general 10 data signal generated by the MPU
in the TPC built-in source driver IC in the second embodi-
ment; and

[0031] FIG.17 is a timing chart showing an example of the
waveforms of the gate control signals SOUT1 to SOUT10
generated by the TPC built-in source driver IC in the second
embodiment.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0032] FIG.1isa conceptual diagram showing an example
of the configuration of a liquid crystal display apparatus 1
according to a first embodiment of the present invention. The
liquid crystal display apparatus 1 contains a liquid crystal
display panel 2 and a source driver IC 3. A display section 5
and a GIP (gate in panel) circuit 6 are formed on a glass
substrate 4 of the liquid crystal display panel 2. Gate lines
(also, referred to as scanning lines or address lines), source
lines and pixels are integrated on the display section 5. The
GIP circuit 6 is a circuit for driving the gate lines of the
display section 5 and is formed on the glass substrate 4 by
using the COG (circuit on glass) technique, for example.
[0033] The source driver IC 3 has a function as a display
panel driver for driving the source lines disposed on the
display section 5 of the liquid crystal display panel 2. In
addition, the source driver IC 3 also has a function of supply-
ing gate control signals SOUTI to SOUTn to the GIP circuit
6. The GIP circuit 6 drives the gate lines of the display section
5 in response to the gate control signals SOUTI to SOUTa
supplied by the source driver IC 3.

[0034] In the configuration of FIG. 1, the gate lines are
driven by the GIP circuits 6 integrated on the liquid crystal
display panel 2. However, as shown in FIG. 2, a gate driver IC
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6A integrated as a semiconductor chip may be mounted onthe
liquid crystal display panel 2 to drive the gate lines of the
display section 5. In this case, the gate driver IC 6 A drives the
gate lines of the display section 5 in response to the gate
control signals SOUT1 to SOUTn supplied by the source
driver IC 3.

[0035] As mentioned above, a design specification of the
GIP circuit 6 (FIG. 1) and a design specification of the gate
driver IC 6A (FIG. 2), namely, the gate control signals
SOUT1 to SOUTn to be supplied are different depending on
amaker or a product. In order to deal with such a problem, the
source driver IC 3 in the present embodiment is configured
such that the waveforms of the gate control signals SOUT1 to
SOUTn can be programmed in software. The source driver IC
3 configured as mentioned above can generate the gate con-
trol signals SOUT1 to SOUTn having the waveforms corre-
sponding to the GIP circuit 6 or gate driver IC 6A of various
specifications. The configuration ofthe source driver IC 3 will
be described below in detail.

[0036] FIG. 3is a block diagram showing the configuration
of the source driver IC 3 in the present embodiment. The
source driver IC 3 in the present embodiment contains an
interface 11, a command register 12, a control register 13, a
non-volatile memory 14, a frame memory 15, a source driver
circuit 16, an LCD drive power supply circuit 17, a timing
generator 18 and a panel interface driver circuit 19.

[0037] Theinterface 11 is a circuit for receiving image data
and control data from an external apparatus (for example, a
host processor) and transmitting data generated by the source
driver IC 3 to the external apparatus.

[0038] The command register 12, the control register 13
and the non-volatile memory 14 configure a circuit group for
storing data used to control the source driver IC 3. The com-
mand register 12 stores a command included in the control
data received from the external apparatus, and the control
register 13 stores register values used to control the source
driver IC 3. The frame memory 15, the LCD drive power
supply circuit 17 and the timing generator 18 operate in
response to the command stored in the command register 12
and the register values stored in the control register 13. The
non-volatile memory 14 stores the register values that are
initially set in the control register 13 (for example, set at the
time of startup of the source driver IC 3) in a non-volatile
manner. When the source driver IC 3 is started up, the register
values stored in the non-volatile memory 14 are read and
stored in the control register 13. The register values stored in
the control register 13 and the non-volatile memory 14 can be
re-written through the interface 11 from the external appara-
tus.

[0039] The frame memory 15 and the source driver circuit
16 configure a circuit portion for driving the source lines
disposed on the display section 5. The frame memory 15
stores image data supplied from the external apparatus. The
source driver circuit 16 generates source drive signals S1 to
Smin response to the image data read from the frame memory
15. The source drive signals S1 to Sm are supplied to the m
source lines of the display section 5 and written into the pixels
which are connected to the gate line selected by the GIP
circuit 6 or gate driver IC 6A through the m source lines.
[0040] The LCD drive power supply circuit 17 generates
various power supply voltages used in the source driver IC 3.
In the present embodiment, the LCD drive power supply
circuit 17 also has a function of generating the power supply
voltages V oz, 10V pym4 to be supplied to the GIP circuit 6 or
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gate driver IC 6A. The operation of the LCD drive power
supply circuit 17 is controlled in response to a command
stored in the command register 12 and the register values
stored in the control register 13.

[0041] The timing generator 18 is a circuit for carrying out
the timing control of the respective circuits included in the
source driver IC3. The timing generator 18 supplies signals to
the frame memory 15, the source driver circuit 16 and the
LCD drive power supply circuit 17 to control the operation
timing of them.

[0042] Inaddition, the timing generator 18 also has a func-
tion of carrying out the timing control of the GIP circuit 6 or
gate driver IC 6A. In detail, in the present embodiment, the
timing generator 18 supplies internal gate control signals
SINT1 to SINTn to the panel interface driver circuit 19, and
the gate control signals SOUTT to SOUTn are generated from
internal gate control signals SINT1 to SINTn.

[0043] The panel interface driver circuit 19 operates as a
level shifter which performs a level shift operation on the
internal gate control signals SINT1 to SINTn so as to make
the signal levels match to the input signal level of the GIP
circuit 6 or gate driver IC 6 A, and outputs the signals after the
level shift as the gate control signals SOUT1 to SOUTn. That
is, the gate control signals SOUT1 to SOUTn are generated as
signals which are different in amplitude from the internal gate
control signals SINT1 to SINTn although having same wave-
forms as those of the internal gate control signals SINT1 to
SINTn.

[0044] FIG. 4 shows the configuration of a circuit portion
(internal gate control signal generating section) that is related
to the generation of the internal gate control signals SINT1 to
SINTn. The circuit portion shown in FIG. 4 and the above
panel interface driver circuit 19 configure a gate control sig-
nal generating section for generating the gate control signals
SOUT1 to SOUTa.

[0045] Inthe source driver IC 3 of the present embodiment,
the waveforms of the internal gate control signals SINT1 to
SINTn, namely, the waveforms of the gate control signals
SOUT1 to SOUTn can be programmed in software. In detail,
it is possible to adjust the waveforms of the internal gate
control signals SINT1 to SINTn by setting the register values
in the registers included in the control register 13.

[0046] In detail, the control register 13 contains a main
counter control register 21, a sub-counter control register 22
and a waveform control register 23. The timing generator 18
contains a main counter 31, sub-counters 32 to 35, pulse
generators 36 and 37, multi-level pulse generators 38 and 39
and a pulse swap circuit 40.

[0047] The main counter 31 carries out an operation of
counting pulses ofa clock signal CLK in response to a register
value held by the main counter control register 21. In the
present embodiment, the main counter control register 21
holds the register value that indicates the number of pulses of
the clock signal CLK that is to be counted up by the main
counter 31 (increases the count value by “1”). In this case, the
main counter 31 counts up at a speed corresponding to the
register value held by the main counter control register 21.
[0048] Each of the sub-counters 32 to 35 carries out an
operation of counting a change in the counter value of the
main counter 31 in response to a register value held by the
sub-counter control register 22. In the present embodiment,
the sub-counter control register 22 holds the register value
that indicates a change amount of the counter value of the
main counter 31, which is counted up by the sub-counters 32
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to 35 (increases the count value by “17). In this case, each of
the sub-counters 32 to 35 counts up at a speed corresponding
to the register value held by the sub-counter control register
22.

[0049] The pulse generators 36 and 37 function as an inter-
nal digital signal generating section controlled on the basis of
a register value held by the waveform control register 23 and
generating a group of internal digital signals having different
waveforms. In detail, the pulse generator 36 generates inter-
nal clock signals CLK1 to CLKp (p is an integer of 2 or more)
while referring to the register value held by the waveform
control register 23 and the counter value of the sub-counter
32. FIG. 5 shows an example of the waveforms of the internal
clock signals CLK1 to CLKp generated by the pulse genera-
tor 36. The pulse generator 36 can generate the internal clock
signals different in phase from each other and can generate
the internal clock signals different in period differ from each
other. That is, with regard to the internal clock signals CLK1
to CLKp, their periods and phases can be adjusted.

[0050] Referring to FIG. 4 again, the internal clock signals
CLK1 to CLKp are generated by the pulse generator 36 as one
example as follows. The register value to set the period and
phase of each of the internal clock signals CLK1 to CLKp is
set in the waveform control register 23. The pulse generator
36 compares the set register value with the counter value of
the sub-counter 32 and sets each of the internal clock signals
CLK1to CLKp to a high level ora low level on the basis of the
result ofthe comparison. By suitably setting the register value
in the waveform control register 23, it is possible to adjust the
period and phase of each of the internal clock signals CLK1 to
CLKp.

[0051] Similarly, the pulse generator 37 generates internal
pulse signals PLS1 to PLSq (q is an integer of 2 or more)
while referring to the register value held by the waveform
control register 23 and the counter value of the sub-counter
33. FIG. 6 shows an example of the waveforms of the internal
pulse signals PLS1 to PL.Sq generated by the pulse generator
37. The pulse generator 37 can generate the internal pulse
signals different in phase from each other, the internal pulse
signals different in period from each other and the internal
pulse signals different in duty ratio from each other. That is,
with regard to the internal pulse signals PLS1 to PLSq, their
periods, phases and duty ratios can be adjusted.

[0052] Referring to FIG. 4 again, the internal pulse signals
PLS1 to PLSq are generated by the pulse generator 37 as one
exampleas follows. The register value to determine the period
and phase of each of the internal pulse signals PL.S1 to PLSq
is set in the waveform control register 23. The pulse generator
37 compares the set register value with the counter value of
the sub-counter 32 and sets each of the internal pulse signals
PLS1 to PLSq to the high level or the low level on the basis of
the result of the comparison. By suitably adjusting the register
value set in the waveform control register 23, it is possible to
adjust the period, phase and duty ratio of each of the internal
pulse signals PLS1 to PLSq.

[0053] Note that as the internal pulse signals PL.S1 to PL.Sq,
the signal in the high level may be always generated (in FIG.
6, the internal pulse signal PLS (q-1)). Also, the signal of the
low level may be always generated (in FIG. 6, the internal
pulse signal PL.Sq).

[0054] Also, note that the internal clock signals CLK1 to
CLKp and the internal pulse signals PLS1 to PLSq are dif-
ferent only in at least one of the period, the phase and the duty
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ratio. Thus, attention should be paid to a fact that there is no
essential difference as the digital signal.

[0055]  Also, both of the multi-level pulse generators 38 and
39 function as multi-level internal digital signal generating
sections, which are controlled on the basis of the register
values held by the waveform control register 23 and generate
a group of multi-level internal digital signals having different
waveforms. Here, each of the multi-level internal digital sig-
nals is a signal that has three or more allowable signal levels.
In the present embodiment, the multi-level internal digital
signal of three values is generated.

[0056] In detail, the multi-level pulse generator 38 gener-
ates multi-level internal clock signals MCLK1 to MCLKr (ris
an integer of 2 or more) while referring to the register values
held by the waveform control register 23 and the counter
values of the sub-counter 34. Fach of the multi-level internal
clock signals MCLK1 to MCLKr is a clock signal that has the
three or more allowable signal levels. In the present embodi-
ment, each ofthe multi-level internal clock signals MCLK1 to
MCLKTr is generated as a 3-valued clock signal.

[0057] FIG. 7 shows an example of the waveforms of the
multi-level internal clock signals MCLK1 to MCLKr gener-
ated by the multi-level pulse generator 38. The signal levels
allowable for each of the multi-level internal clock signals
MCLK1 to MCLKTr are the three values of V 6z Vagp and
V; o Here, the voltage V.- is a voltage that is used as the
internal clock signals CLK1 to CLKp and the internal pulse
signals PLS1 to PLSq, and the voltage V, ;- is the voltage
that is used as the low level of the internal clock signals CLK1
to CLKp and the internal pulse signals PLS1 to PL.Sq. Also,
the voltage V,;, is a middle voltage between the voltages
V e and V; oy Each of the multi-level internal clock sig-
nals MCLK1 to MCLKr has a waveform that is kept at a
middle level (the voltage V, ;) for a constant time in a course
while each of them is shifted between the low level (the
voltage and the high level (the voltage V ;5z). The multi-
level pulse generator 38 can generate the multi-level internal
clock signals of different phases and can generate the multi-
level internal clock signals of different periods. That is, with
regard to the multi-level internal clock signals MCLK1 to
MCLKT, their periods and phases can be adjusted. Also, in
each of the multi-level internal clock signals MCLK1 to
MCLK, a length of a time while each of them is kept at the
voltage V., can be adjusted.

[0058] Referring to FIG. 4 again, the multi-level internal
clock signals MCLK1 to MCLKTr are generated by the multi-
level pulse generator 38 as follows. The register values to
determine each period and phase of the multi-level pulse
generator 38 and the length of the time while keeping at the
voltage V, - are set in the waveform control register 23. The
multi-level pulse generator 38 compares the set register value
with the counter value of the sub-counter 32, and sets each of
the multi-level internal clock signals MCLK1 to MCLKr to
the high level, low level or middle level on the basis of the
result of the comparison. By suitably adjusting the register
value set in the waveform control register 23, it is possible to
adjust the period and phase of each of the multi-level internal
clock signals MCLK1 to MCLKr and the length of the time
while each of them is kept at the voltage V, ;.

[0059] Similarly, the multi-level pulse generator 39 gener-
ates multi-level internal pulse signals MPL.S1 to MPLSs (s is
an integer of 2 or more) while referring to the register values
held by the waveform control register 23 and the counter
values of the sub-counter 35. Fach of the multi-level internal
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pulse signals MPLS1 to MPLSs is the pulse signal having the
three or more allowable signal levels. In the present embodi-
ment, each of the multi-level internal pulse signals MPLSI1 to
MPLSs is generated as a 3-valued pulse signal.

[0060] FIG. 8 shows an example of the waveforms of the
multi-level internal pulse signals MPLS1 to MPLSs gener-
ated by the multi-level pulse generator 39. The signal levels
allowable for each of the multi-level internal pulse signals
MPLS1 to MPLSs are the three values of V5., V0 and
V,on Each of the multi-level internal pulse signals MPLS1
to MPLSs has a waveform that is kept at the middle level (the
voltage V) for a constant time in a course while each of
them is shifted between the low level (the voltage V, ;) and
the high level (the voltage V,;5;). The multi-level pulse
generator 38 can generate the multi-level internal clock sig-
nals of different phases and can generate the multi-level inter-
nal clock signals of different periods. That is, with regard to
the multi-level internal pulse signals MPLS1 to MPLSs, their
periods and phases can be adjusted. Also, in each of the
multi-level internal pulse signals MPLS1 to MPLSs, a length
of atime while each of them is kept at the voltage V, ,,, can be
also adjusted.

[0061] The multi-level internal pulse signals MPLS1 to
MPLSs are generated by the multi-level pulse generator 39 as
follows. The register values to determine the period, phase
and the length of the time to be kept at the voltage V, -, for the
multi-level pulse generator 39 are set in the waveform control
register 23. The multi-level pulse generator 39 compares the
set register values with the counter values of the sub-counter
32, and sets each of the multi-level internal pulse signals
MPLS1 to MPLSs to the high level, low level or middle level
on the basis of the result of the comparison. By suitably
adjusting the register values set for the waveform control
register 23, it is possible to adjust the period, the phase and the
length of the time to be kept at the voltage V, -, in each of the
multi-level internal pulse signals MPLS1 to MPLSs.

[0062] Note that the multi-level internal clock signals
MCLK1 to MCLKr and the multi-level internal pulse signals
MPLS1 to MPLSs are different only in at least one of the
period, the phase, and the duty ratio. Thus, attention should be
paid to a fact that there is no essential difference as the
multi-level signal (3-valued signal).

[0063] The pulse swap circuit 40 generates internal gate
control signals SINT1 to SINTn from the internal clock sig-
nals CLK1 to CLKp, the internal pulse signals PL.S1 to PL.Sq,
the multi-level internal clock signals MCLK1 to MCLKr and
the multi-level internal pulse signals MPLS1 to MPLSs. The
internal gate control signals SINT1 to SINTn can be gener-
ated by various operations. Each internal gate control signal
SINTi may be selected from the internal clock signals CLK1
to CLKp, the internal pulse signals PLS1 to PLSq, the multi-
level internal clock signals MCLK1 to MCLKr and the multi-
level internal pulse signals MPLS1 to MPLSs. Here, a same
signal may be used as two or more signals among the internal
gate control signals SINT1 to SINTn.

[0064] Also, each internal gate control signal SINTi may be
generated as a signal obtained when a logical operation (for
example, AND, OR, NAND, NOR or XOR) is performed on
a plurality of signals among the internal clock signals CLK1
to CLKp, the internal pulse signals PLS1 to PLSq, the multi-
level internal clock signals MCLK1 to MCLKr and the multi-
level internal pulse signals MPLS1 to MPLSs.

[0065] The register values to control an operation of the
pulse swap circuit 40 are set in the waveform control register
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23. The pulse swap circuit 40 carries out the operation based
on the set register values and generates each of the internal
gate control signals SINT1 to SINTn. In detail, the pulse swap
circuit 40 outputs a signal selected from the internal clock
signals CLK1 to CLKp, the internal pulse signals PLS1 to
PLSq, the multi-level internal clock signals MCLK1 to
MCLKTr and the multi-level internal pulse signals MPLS1 to
MPLSs, or a signal obtained as a result of a logic operation of
a plurality of signals among the above-mentioned signals as
the internal gate control signals SINT1 to SINTn, in response
to the set register values.

[0066] Thegenerated internal gate control signals SINT1 to
SINTn are supplied to the panel interface driver circuit 19.
The panel interface driver circuit 19 converts the internal gate
control signals SINT1 to SINTn to signals that have the signal
levels corresponding to the input levels of the GIP circuit 6 or
gate driver IC 6 A, to generate the gate control signals SOUT1
to SOUTn. As one example, when the high level of the inter-
nal gate control signals SINT1 to SINTn is 5V, the low level
thereofis OV and the middle level thereofis 2.5 V, the internal
gate control signals SINT1 to SINTn are converted into the
signals in which the high level is 15V, the low level is 0V and
the middle level is 7.5V, so as to generate the gate control
signals SOUT1 to SOUTn. The generated gate control signals
SOUT1 to SOUTn are supplied to the GIP circuit 6 or the gate
driver IC 6A.

[0067] FIG. 9 to FIG. 11 are timing charts showing
examples of the waveforms of the generated gate control
signals SOUT1 to SOUT9. In the example of FIG. 9, the
internal pulse signal PLS1 is selected as the internal gate
control signal SINT1, and the gate control signal SOUT1
having the waveform corresponding to the internal gate con-
trol signal SINT1 is supplied to the GIP circuit 6 or the gate
driver IC 6A. Even the other internal gate control signals
SINT2 to SINT9 are selected from the internal clock signals
CLK1 to CLKp and the internal pulse signals PLS1 to PL.Sq.
[0068] In an example of FIG. 10, the internal clock signal
CLK2 is selected as the two internal gate control signals
SINT3 and SINTS. The gate control signals SOUT3 and
SOUTS having the waveforms corresponding to the internal
gate control signals SINT3 and SINTS are supplied to the GIP
circuit 6 or the gate driver IC 6A. In this way, the same signal
may be selected as the two internal gate control signals SINT3
and SINTS5.

[0069] Also, in an example of FIG. 11, the multi-level
internal clock signals MCLK1 to MCLK4 are selected as the
internal gate control signals SINT2 to SINT5, respectively,
and the gate control signals SOUT2 to SOUTS having the
waveforms corresponding to the internal gate control signals
SINT2 to SINTS are supplied to the GIP circuit 6 or the gate
driver IC 6A.

[0070] Here, as shown in FIG. 12, the rising timing and/or
falling timing of the power supply voltages (in the present
embodiment, power supply voltages Vpjz; 10 Vs ) which
are supplied from the LCD drive power supply circuit 17 to
the GIP circuit 6 or gate driver IC 6A may be also pro-
grammed in software. In this case, the register values to
control the rising and falling orders of the power supply
voltages Vppp, 10 Vs that are supplied from the LCD
drive power supply circuit 17 to the GIP circuit 6 or gate
driver IC 6A and a wait time are set in the control register 13.
The LCD drive power supply circuit 17 raises or falls the
power supply voltages Vpyz, t0 Vs on the basis of the
register values set in the control register 13.
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[0071] As explained above, the source driver IC 3 in the
present embodiment is configured such that the waveforms of
the gate control signals SOUT1 to SOUTn (and the internal
gate control signals SINT2 to SINTS) can be programmed in
software. According to the thus-configured source driver IC
3, itis possible to generate the gate control signals SOUT1 to
SOUTn corresponding to the gate drivers (the GIP circuit or
the gate driver IC) whose specifications differ from each
other, while miniaturizing the circuit scale.

[0072] Note that in the present embodiment, as mentioned
above, the 2-valued internal digital signals (namely, the inter-
nal clock signals CLK1 to CLKp and the internal pulse sig-
nals PLS1 to PL.Sq) and the multi-level internal digital signals
(namely. the multi-level internal clock signals MCLK1 to
MCLKTr and the multi-level internal pulse signals MPLS1 to
MPLSs) are generated by the timing generator 18. However,
the multi-level internal digital signal may not be generated if
it is not required. In this case, the sub-counters 34 and 35 and
the multi-level pulse generators 38 and 39 may not be
installed.

Second Embodiment

[0073] FIG. 13A is a block diagram showing the configu-
ration ofthe source driver IC according to the second embodi-
ment of the present invention, and FIG. 14 is a block diagram
showing the entire configuration of a liquid crystal display
apparatus 1B in the second embodiment. In the second
embodiment, as shown in FIG. 14, in addition to the liquid
crystal display panel 2, a touch panel 7 is mounted on the
liquid crystal display apparatus 1B. Also, a function of driv-
ing the touch panel 7 and carrying out an operation to detect
a contact to the touch panel 7 is installed in the source driver
IC. Hereinafter, the source driver IC used in the second
embodiment is referred to as a TPC built-in source driver IC
3B. In addition, the non-volatile memory § is installed in the
liquid crystal display apparatus 1B so as to control an opera-
tion of the TPC built-in source driver IC 3B. As the non-
volatile memory 8, itis possible to use EEPROM (Electrically
Erasable Programmable Read Only Memory). Note that in
the configuration of FIG. 14, the liquid crystal display panel
2 in which the GIP circuit 6 is integrated is shown. However,
instead of the configuration in which the GIP circuit 6 is
integrated in the liquid crystal display panel 2, the gate driver
IC 6A may be installed in the liquid crystal display panel 2.
[0074] As shown in FIG. 13A, the TPC built-in source
driver IC 3B in the present embodiment contains an LCD
driver 51, a touch panel controller (TPC) 52 and an MPU
(Micro Control Unit) 53. Here, in the present embodiment,
attention should be paid to a configuration in which the LCD
driver 51, the touch panel controller 52 and the MPU 53 are
monolithically integrated into one semiconductor chip.
[0075] The LCD driver 51 contains a circuit group for driv-
ing the liquid crystal display panel 2, and specifically contains
a frame memory 61, a source driver circuit 62, a timing
controller 63, a clock generator 64, a timing controller 65 and
a panel interface driver circuit 66.

[0076] The frame memory 61 and the source driver circuit
62 are a circuit group for driving the source lines formed on
the display section 5. The frame memory 61 stores image data
supplied from the external apparatus. The source driver cir-
cuit 62 generates source drive signals S1to Sm in response to
the image data read from the frame memory 61. The source
drive signals S1 to Sm are supplied to the corresponding
source lines in the display section 5, respectively, and written
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to the pixels connected to a gate line selected by the GIP
circuit 6 (or the gate driver), through the source lines.

[0077] The timing controller 63 receives a clock signal
Clock and a horizontal synchronization signal HSYNC2 from
the MPU 53 and controls operation timing of the source driver
circuit 62 in synchronization with the clock signal Clock and
the horizontal synchronization signal HSYNC2.

[0078] The clock generator 64 and the timing controller 65
are a circuit group for generating a synchronous signal to
synchronize an operation of the MPU 53 with an operation of
the LCD driver 51, and specifically, generating a horizontal
synchronization signal HSYNC1 and a vertical synchroniza-
tion signal VSYNC. In detail, the clock generator 64 gener-
ates the clock signal used in the LCD driver 51. The timing
controller 65 generates the horizontal synchronization signal
HSYNC1 and the vertical synchronization signal VSYNC in
synchronization with the clock signal generated by the clock
generator 64.

[0079] The panel interface driver circuit 66 generates the
gate control signals SOUT1 to SOUTn and supplies the gen-
erated gate control signals SOUT1 to SOUTn to the GIP
circuit 6 or gate driver IC 6 A. As described later, in the present
embodiment, the panel interface driver circuit 66 operates as
alevel shifting section, which performs a level shift operation
on general [O data signals GP101 to GP1On supplied from the
MPU 53 so as to match with the signal level of the input of the
GIP circuit 6 or gate driver IC 6 A and outputs the signals after
the level shift as the gate control signals SOUT1 to SOUTn.

[0080] Referring to FIG. 14 again, the touch panel control-
ler 52 is a circuit for driving the touch panel 7 and acquiring
digital data indicative of an electronic state ofthe touch panel
7. In the present embodiment, the touch panel controller 52
has a function of each of driving lateral electrode patterns 7a
of the touch panel 7 and detecting a capacitance between the
lateral electrode pattern 7a and a longitudinal electrode pat-
tern 7b. Here, the lateral electrode patterns 7a are electrode
patterns that extend in the horizontal direction (first direction)
of the touch panel 7, and the longitudinal electrode patterns
7b are electrode patterns that extend in the vertical direction
(second direction) of the touch panel 7.

[0081] FIG.15is ablock diagram showing the detail of the
configuration of the touch panel controller 52. The touch
panel controller 52 contains Y-drivers 71, X-sensors 72, a
calibration RAM 73, a selector 74, an A/D converter 75 and a
scan RAM 76.

[0082] The Y-drivers 71 are connected to the lateral elec-
trode patterns 7a, and supply drive pulses to the connected
lateral electrode patterns 7a, respectively. Thus, the Y-drivers
71 sequentially supply the drive pulses to the plurality of
lateral electrode patterns 7a.

[0083] The X-sensors 72 are connected to the longitudinal
electrode patterns 7b, and acquires detection signals which
have signal levels corresponding to the voltages of the con-
nected longitudinal electrode patterns 7b, respectively. The
voltage of each longitudinal electrode pattern 75 when the
drive pulse is supplied to a certain lateral electrode pattern 7a
is based on the capacitance between the lateral electrode
pattern 7a and each longitudinal electrode pattern 7. Thus,
by acquiring the detection signal that has the signal level
corresponding to the voltage of each longitudinal electrode
pattern 75, it is possible to obtain data of the capacitance
(capacitance data) between the lateral electrode pattern 7a
and each longitudinal electrode pattern 75,
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[0084] More specifically, the X-sensor 72 contains a cor-
recting circuit 72a, an integrating circuit 726 and a sample
holding circuit 72¢. The correcting circuit 72a corrects the
acquired detection signal on the basis of calibration data
stored in the calibration RAM 73. The integrating circuit 725
integrates an output signal of the correcting circuit 72a. The
sample holding circuit 72¢ samples and holds a voltage gen-
erated at an output of the integrating circuit 725.

[0085] The calibration RAM 73 stores the calibration data
used in the correction by the correcting circuit 72a for each of
the combinations between the lateral electrode pattern 7a and
each of the longitudinal electrode patterns 75.

[0086] The selector 74 selects one of output signals from
the X-sensors 72, and the A/D converter 75 carries out analog-
digital conversion on the output signal from the selected
X-sensor 72. The scan RAM 76 stores the digital data output-
ted by the A/D converter 75 as digital capacitance data indica-
tive of the capacitance between the lateral electrode pattern
7a and the longitudinal electrode pattern 74.

[0087] The capacitance data between a certain lateral elec-
trode pattern 7a and each longitudinal electrode pattern 75 is
acquired as follows. The Y-driver 71 connected to the above
lateral electrode pattern 7a supplies a drive pulse to the above
lateral electrode pattern 7a. When the drive pulse is supplied,
the capacitance between the above lateral electrode pattern 7a
and each longitudinal electrode pattern 75 is charged so as to
generate a voltage in each longitudinal electrode pattern 7.
As this result, a detection signal that has a signal level corre-
sponding to the voltage of each longitudinal electrode pattern
7b is acquired by the correcting circuit 72a in each X-sensor
72. The detection signal acquired by the correcting circuit 72a
is corrected on the basis of the calibration data stored in a
corresponding region of the calibration RAM 73 and sent to
the integrating circuit 72b. The operation of supplying the
drive pulse and the operation of acquiring the detection signal
by the X-sensor 72 are carried out a plurality of times. Con-
sequently, the voltage corresponding to the capacitance
between the above lateral electrode pattern 7a and the above
longitudinal electrode pattern 75 is generated at the output of
the integrating circuit 72b. The voltage generated at the out-
put of the integrating circuit 725 is acquired by the sample
holding circuit 72¢. Moreover, the selector 74 sequentially
selects the output signals of the X-sensors 72 (namely, the
output signals of the sample holding circuits 72¢), and the
selected output signal of the X-sensor 72 is supplied to the
A/D converter 75. The A/D converter 75 performs the analog-
digital conversion on the output signal of the selected X-sen-
sor 72. The digital data obtained by this analog-digital con-
version is written as the digital capacitance data into the scan
RAM 76. The digital capacitance data written to the scan
RAM 76 are sequentially read out to the MPU 53 and used in
the processing by the MPU 53.

[0088] Referring to FIG. 14 again, the MPU 53 has a func-
tion of acquiring the digital data indicating the electronic state
of the touch panel 7. from the touch panel controller 52 and
detecting the contact of a physical body to the touch panel 7
from the digital data. In the present embodiment, the MPU 53
reads the digital capacitance data from the scan RAM 76 of
the touch panel controller 52 and calculates the coordinates of
the contact point with the physical body (for example, a finger
of auser) on the touch panel 7. Moreover, the MPU 53 detects
a touch operation to the touch panel 7 (namely, the operation
to the touch panel 7 carried out by the user) from the calcu-
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lated coordinates of the touch panel 7 and generates touch
panel detection data indicating a manner of the detected touch
operation.

[0089] In order to improve the stability of detection of the
touch operation, the LCD driver 51 and the MPU 53 exchange
timing control signals with each other. As mentioned above,
the timing controller 65 of the LCD driver 51 transmits the
horizontal synchronization signal HSYNC1 and the vertical
synchronization signal VSYNC to the MPU 53. On the other
hand, the MPU 53 transmits the clock signal Clock and the
horizontal synchronization signal HSYNC2 to the LCD
driver 51. The clock signal Clock is generated by a clock
generator 53a of the MPU 53.

[0090] FIG. 13B shows the timings of the horizontal syn-
chronization signal HSYNC1 generated by the timing con-
troller 65 of the LCD driver 51 and the clock signal Clock and
the horizontal synchronization signal HSYNC?2 that are gen-
erated by the MPU 53. The clock generator 53a in the MPU
53 generates the clock signal Clock in synchronization with
the horizontal synchronization signal HSYNC1 received
from the timing controller 65. The MPU 53 further generates
the horizontal synchronization signal HSYNC?2 in synchro-
nization with the clock signal Clock and supplies the clock
signal Clock and the horizontal synchronization signal
HSYNC2 to the LCD driver 51.

[0091] The MPU 53 recognizes a timing when drive noise
of the liquid crystal display panel 2 is generated, from the
horizontal synchronization signal HSYNC1 and the vertical
synchronization signal VSYNC that are supplied by the LCD
driver 51. In case of generation of the touch panel detection
data, the MPU 53 detects the manner of the touch operation to
the touch panel 7 in consideration of the timing when the drive
noise is generated and consequently generates the touch panel
detection data indicating the detection result.

[0092] Referring to FIG. 13A again, one feature of the TPC
built-in source driver IC 3B in the present embodiment is in
that the waveforms of the gate control signals SOUT1 to
SOUTn are generated by using the MPU 53 which is used to
generate the touch panel detection data. The MPU 53 has a
high function of allowing the detection of the manner of the
touch operation. Therefore, in the present embodiment, the
function of the MPU 53 is used to generate the waveforms of
the gate control signals SOUT1 to SOUTn in software.
[0093] In detail, the waveform data indicating the wave-
forms of the gate control signals SOUT1 to SOUTn are set in
the non-volatile memory 8. The MPU 53 generates the gen-
eral 10 data signals GPIO1 to GPIOn on the basis of the
waveform data. Here, the general IO data signals GPIO1 to
GPIOn are signals of the data sequences corresponding to the
waveforms of the desirable gate control signals SOUTI to
SOUTn. In the present embodiment, the general IO data
signals GPIO1 to GPIOn are used as the internal gate control
signals that serve as the sources of the gate control signals
SOUT1 to SOUTn. In detail, the general IO data signal GPIO1
becomes a first value (for example, data of “1”) at a timing
when the general IO data signal GPIOi should be set to the
high level, and becomes a second value (for example, data of
“0”) that is complementary to the first value at a timing when
the general 10 data signal GPIOi should be set to the low
level. The general 10 data signals GPIO1 to GPIOn are gen-
erated in synchronization with the above clock signal Clock.
[0094] The general 10 data signals GPIO1 to GPIOn are
supplied to the panel interface driver circuit 66. The panel
interface driver circuit 66 performs the level shift operation
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on the general 10 data signals GPIO1 to GPIOn to make those
signals match with the signal level of the input of the GIP
circuit 6 or gate driver IC 6 A, and outputs the signals after the
level shift as the gate control signals SOUT1 to SOUTn.
[0095] The TPC built-in source driver IC 3B in the present
embodiment can generate the general 10 data signals GPIO1
to GPIOn having the desirable waveforms, namely, the gate
control signals SOUT1 to SOUTn having the desirable wave-
forms, by suitably setting the waveform data of the non-
volatile memory 8. That is, even in the TPC built-in source
driver IC 3B in the present embodiment, the waveforms of the
gate control signals SOUT1 to SOUTn can be programmed in
software.

[0096] FIG. 16 shows an example of the data sequences of
the general 10 data signals GPIO1 to GPIOn generated by the
MPU 53, and FIG. 17 shows an example of the gate control
signals SOUT1 to SOUTn generated in response to the gen-
eral 10 data signals GPIO1 to GPIOn.

[0097] The MPU 53 sets the general IO data signal GP1O1
to the data of “1” at the timing when the gate control signal
SOUT should be set to the high level, and sets the general IO
data signal GPIOi to the data of “0” at the timing when the
gate control signal SOUTi should be set to the low level. The
gate control signals SOUT1 to SOUTn are generated as the
signals having signal amplitudes different from each other,
although having the same waveforms as the general 10 data
signals GPIO1 to GPIOn, respectively. The data sequences
(namely, the waveforms) of the general 10 data signals
GPIO1 to GPIOn are determined on the basis of the waveform
data set in the non-volatile memory 8. That is, the general IO
data signals GPIO1 to GPIOn can be programmed on the
basis of the waveform data set in the non-volatile memory 8.
This implies that the waveforms of the gate control signals
SOUT1 to SOUTn can be programmed.

[0098] As mentioned above, the TPC built-in source driver
1C 3B in the present embodiment is configured such that the
waveforms of the gate control signals SOUT1 to SOUTn (and
the general IO data signals GPIO1 to GPIOn used as the
internal gate control signals) can be programmed in software
style. According to the source driver IC 3 having such a
configuration, it is possible to generate the gate control sig-
nals SOUT1 to SOUTn corresponding to the gate drivers (the
GIP circuitor gate driver IC) whose specifications differ from
each other, while reducing the circuit scale.

[0099] Tt should be noted that in the present embodiment,
the waveforms of the gate control signals SOUT1 to SOUTna
are generated by use of the MPU 53 which is used to detect the
manner of the touch operation. However, the waveforms of
the gate control signals SOUTI to SOUTn may be generated
by use of any processor (MPU or CPU) that is monolithically
integrated in the source driver IC. However, as described in
the present embodiment, it is possible to generate the gate
control signals SOUT1 to SOUTn with a small scale of hard-
ware circuit by use of the MPU 53 used to detect the manner
of the touch operation.

[0100] As mentioned above, the specific embodiments and
examples of the present invention have been described. How-
ever, the present invention should not be construed to be
limited to the above-mentioned embodiments and examples.
A matter that the present invention can be embodied together
with various modifications would be self-evident for one
skilled in the art. In particular, the above-mentioned explana-
tions describe the embodiments of the liquid crystal display
apparatus. However, attention should be paid to a fact that the
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present invention can be applied to a different panel display
apparatus (for example, a display apparatus which uses an
organic EL display panel or a plasma display panel).

1. A display apparatus comprising:

a display panel comprising gate lines and source lines;

a gate driver configured to drive each of the gate lines; and

asource driver configured to drive each of the source lines,

wherein said source driver comprises a gate control signal
generator configured to generate a gate control signal to
control said gate driver, and

wherein said gate control signal generator is configured to
allow a waveform of the gate control signal to be con-
trolled in software.

2. The display apparatus according to claim 1, wherein said

gate control signal generator comprises a register, and
wherein the waveform of the gate control signal is con-
trolled in response to a register value retained in said
register.

3. Thedisplay apparatus according to claim 1, wherein said
gate control signal generator comprises:

a waveform control register;

an internal digital signal generator configured to generate a
plurality of internal digital signals, whose waveforms
are different from each other, in response to a first reg-
ister value held by said waveform control register;

a pulse swap circuit configured to output an internal gate
control signal generated from the plurality of internal
digital signals; and

a level shifter configured to perform a level shift on the
internal gate control signal to generate the gate control
signal, and

wherein said pulse swap circuit outputs a signal selected
from the plurality of internal digital signals as the inter-
nal gate control signal, and outputs the internal gate
control signal generated by performing a logical opera-
tion on a plurality of signals among the plurality of
internal digital signals, in response to a second register
value held by said waveform control register.

4. The display apparatus according to claim 3, wherein a
period and phase of each of the plurality of internal digital
signals are adjusted based on the first register value held by
said waveform control register.

5. The display apparatus according to claim 3, wherein said
gate control signal generator further comprises an internal
digital signal generator configured to generate a plurality of
multi-internal level digital signals different in waveform from
each other in response to a third register value held by said
waveform control register,

wherein each of the plurality of multi-level internal digital
signals is a 3-valued or more digital signal, and

wherein said pulse swap circuit is configured to output a
signal selected from the plurality of internal digital sig-
nals and the plurality of multi-level internal digital sig-
nals as the internal gate control signal, or to output the
internal gate control signal generated by performing a
logic operation on a plurality of signal of the plurality of
internal digital signals and the plurality of multi-level
internal digital signals, in response to the second register
value held by said waveform control register.

6. The display apparatus according to claim 1, wherein said
source driver has a built-in type MPU (micro processing unit),
and

wherein the waveform of the gate control signal is con-
trolled by said MPU in software.
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7. The display apparatus according to claim 1, further
comprising a touch panel,

wherein said source driver comprises:

a touch panel controller configured to generate data show-
ing an electronic state of said touch panel;

a MPU (micro processing unit) configured to detect a man-
ner of a contact to said touch panel from the data
received from said touch panel controller,

wherein the waveform of the gate control signal is con-
trolled by said MPU in software.

8. The display apparatus according to claim 7, wherein said

source driver comprises a level shifter,

wherein said MPU generates the internal digital signal
based on the waveform data stored non-volatilely, and

wherein said level shifter performs a level shift on the
internal digital signal to generate the gate control signal.

9. A display panel driver comprising:

a source driver circuit section configured to drive source
lines of a display panel; and

a gate control signal generating section configured to gen-
erate a gate control signal to control a gate driver which
drives a gate line of said display panel,

wherein said gate control signal generating section is con-
figured to be able to control a waveform of the gate
control signal in software.

10. The display panel driver according to claim 9, wherein

said gate control signal generator comprises a register,
wherein the waveform of the gate control signal is con-
trolled in response to the register value held by said
register.

11. The display panel driver according to claim 9, wherein
said gate control signal generator comprises:

a waveform control register;

an internal digital signal generator configured to generate a
plurality of internal digital signals different in waveform
from each other in response to a first register value held
by said waveform control register;

a pulse swap circuit configured to output an internal gate
control signal generated from the plurality of internal
digital signals; and

alevel shifter configured to perform a level shift on internal
gate control signal to generate the gate control signal,

wherein said pulse swap circuit is configured to output a
signal selected from the plurality of internal digital sig-
nals as the internal gate control signal, or, output the
internal gate control signal generated through a logic
operation of a plurality of signals of the plurality of
internal digital signals in response to a second register
value held by said waveform control register.

12. The display panel driver according to claim 11, wherein
aperiod and a phase of each of the plurality of internal digital
signals are controlled based on the first register value held by
said waveform control register.

13. The display panel driver according to claim 11, wherein
said gate control signal generator further comprises an inter-
nal digital signal generator configured to generate a plurality
of multi-level internal digital signals different in waveform
from each other in response to a third register value held by
said waveform control register,

wherein the multi-level internal digital signal is a 3-valued
or more digital signal,

wherein said pulse swap circuit outputs the signal selected
from the plurality of internal digital signals and the
plurality of multi-level internal digital signals as an
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internal gate control signal, or, output the internal gate
control signal generated by a logic operation of a plural-
ity of signals of the plurality of internal digital signals
and the plurality of multi-level internal digital signals, in
response to a second register value held by said wave-
form control register.
14. The display panel driver according to claim 9, further
comptrising a MPU (micro processing unit),
wherein the waveform of the gate control signal is con-
trolled in software by said MPU.
15. The display panel driver according to claim 9, further
comptrising:
atouch panel controller configured to generate data show-
ing an electronic state of a touch panel; and
aMPU (micro processing unit) configured to detect a man-
ner of a contact to said touch panel from the data
received from said touch panel controller,
wherein the waveform of the gate control signal is con-
trolled in software by said MPU.
16. The display panel driver according to claim 14, further
comprising a level shifter,
wherein said MPU generates an internal digital signal
based on waveform data stored non-volatilely, and
wherein the level shifter performs a level shift on the inter-
nal digital signal to generate the gate control signal.

I I T T
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