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SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE FOR DRIVING LIQUID CRYSTAL
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese patent application No. 2005-157390 filed on May 30,
2005, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a semiconductor
integrated circuit device for driving liquid crystal (a liquid
crystal control driver IC) that drives a liquid crystal display
panel and, more particularly, to a technique effectively used
for a liquid erystal control driver IC having means for setting
characteristics and specifications of a liquid crystal display
panel used in a non-volatile manner.

[0003] In recent years, as displays of portable electronic
devices such as cellular phones and PDA (Personal Digital
Assistants), generally, dot-matrix-type liquid crystal panels
in each of which a plurality of display pixels are arranged
two-dimensionally in a matrix are used. In a device, a
display controller (liquid crystal controller IC) formed in a
semiconductor integrated circuit for controlling display of
the liquid crystal panel and a driver circuit for driving the
liquid crystal panel or a liquid crystal display driver (liquid
crystal control driver IC) having therein such a driver circuit
are mounted.

[0004] The specifications such as gamma characteristic,
drive voltage, operation clock frequency, and the like of a
liquid crystal display vary according to kinds of liquid
crystals used and driving methods, and the characteristics
vary due to manufacture variations. Manufacturers provid-
ing liquid crystal display drivers construct liquid crystal
display drivers so as to be adapted to liquid crystal displays
of different specifications and liquid crystal displays having
manufacture variations. The manufactures are devising
methods of increasing versatility of the drivers and decreas-
ing the manufacture cost.

[0005] Hitherto, as a measure for enabling liquid crystal
displays of different specifications to be driven, a method is
practically used in which a register is provided in a liquid
crystal display driver. Simultaneously, a nonvolatile
memory such as an EPROM is provided on the outside. For
initial setting or the like at power-on, setting information
such as drive conditions is transferred from the nonvolatile
memory to the register on the inside. Another method has
been also proposed. A setting circuit having a fuse and the
like is provided in a liquid crystal display driver. On
determination of a liquid crystal display applied, setting is
performed by disconnecting a fuse in accordance with the
specifications of the liquid crystal display. An invention of
adjusting operation characteristics of a liquid crystal driver
by using fuses is disclosed in, for example, Japanese Unex-
amined Patent Publication No. 2000-148064.

SUMMARY OF THE INVENTION

[0006] The method of setting information from the exter-
nal ROM to the register as one of the conventional methods
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of setting drive conditions has to make the setting each time
the power is turned on, so that it has a drawback that the load
on a CPU is heavy and starting of the system is slow. In the
method using a fuse, once setting is made, the setting cannot
be changed. The method cannot address to a change in a
liquid crystal display used or specifications of the display
after the setting, and the user cannot make setting. The
method therefore has a drawback of low usability.

[0007] Further, in the case where characteristic of a circuit
or the like is deviated from a desired value due to manu-
facture variations, generally, the deviation can be adjusted
by setting a resistance value or a capacitance value of a
resistor, a capacitor, or the like. In a liquid crystal display
and a liquid crystal driver, external devices are used as a
diode for protection, a capacitor for boosting, and the like.
The external devices are mounted together with a liquid
crystal driver IC on a flexible board or the like. Conse-
quently, there are drawbacks such that the number of exter-
nal parts is relatively large so that it is difficult to miniaturize
the apparatus, and the number of external terminals of the
liquid crystal driver IC is increased due to the external
devices and the chip size is accordingly increased.

[0008] An object of the present invention is to provide an
easy-to-use semiconductor integrated circuit device for driv-
ing liquid crystal capable of easily setting driving conditions
and the like in accordance with specifications of a liquid
crystal display used.

[0009] Another object of the invention is to provide a
semiconductor integrated circuit device for driving liquid
crystal, capable of adjusting a characteristic of a liquid
crystal display or the semiconductor integrated circuit
device for driving liquid crystal, which is deviated from a
desired value due to manufacture variations and, moreover,
realizing a smaller number of external parts and miniatur-
ization of a chip.

[0010] The above and other objects and novel features of
the present invention will become apparent from the descrip-
tion of the specification and the attached drawings.

[0011] Outlines of representative ones of inventions dis-
closed in the application will be described as follows.

[0012] An electrically-programmable nonvolatile memory
circuit (EPROM) or an electrically erasable and program-
mable nonvolatile memory circuit (EEPROM) is provided in
a semiconductor integrated circuit device for driving a liquid
crystal display, and setting information is stored in the
memory circuit. The memory circuit is constructed by a
normal device which can be formed in the same process as
a semiconductor manufacturing process of forming devices
of other circuits.

[0013] By providing the semiconductor integrated circuit
device for driving liquid crystal with the built-in nonvolatile
memory circuit, it becomes unnecessary to read setting
information each time the power is turned on unlike the
method of using an external ROM and a register. Conse-
quently, there are advantages such that the load on the CPU
is lightened and the system starts more promptly. In par-
ticular, in the case of performing resetting operation at the
time of starting a liquid crystal display applied to a cellular
phone or the like, the liquid crystal display may be reset
when the power of the cellular phone is turned on and when
the liquid crystal display changes from the standby state to
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an active state. In such a case, a microprocessor has to set
initial values to various devices (RF module, power supply
circuit, memory, semiconductor circuit for controlling the
liquid crystal display, and the like), so that the operation load
on the microprocessor is heavy. Consequently, hastening of
the setting at power-on in the semiconductor integrated
circuit device for driving liquid crystal is extremely effective
at reducing the load of the CPU and quickening the start-up
of the system.

[0014] By providing the built-in nonvolatile memory cir-
cuit, identification information (chip ID or module ID) of the
chip or the liquid crystal display including the chip can be
written in advance. Therefore, it is advantageous for a user
or the like which constructs a liquid crystal display by using
a semiconductor integrated circuit device having therein the
nonvolatile memory circuit, by utilizing the 1D, various
managements become possible. The ID can be stored by
using the remaining region after other setting information is
written.

[0015] A device which can be formed by the semiconduc-
tor manufacturing process for forming devices constructing
other circuits denotes a general device which is not a
nonvolatile memory device called an FAMOS having a
floating gate. Generally, a memory IC called EPROM or
EEPROM is constructed by using a nonvolatile memory
device having a structure which is more complicated as
compared with normal devices. Therefore, the manufactur-
ing cost is high due to a larger number of masks and the like.

[0016] If a nonvolatile memory circuit which can be
constructed only by normal devices is internally provided to
store setting information, a memory circuit capable of easily
setting drive conditions and the like in accordance with
specifications of a liquid crystal display used and, even if the
drive conditions and the like are changed, easily changing
the setting can be realized at low cost. According to the
invention, a deviation of characteristics can be adjusted by
changing a set value stored in a built-in nonvolatile memory
circuit without using an external device. Thus, the number of
external parts and the number of terminals for connecting
external devices can be reduced.

[0017] Effects obtained by the representative ones of the
inventions disclosed in the application will be briefly
described as follows.

[0018] According to the invention, the easy-to-use semi-
conductor integrated circuit device capable of easily setting
drive conditions and the like in accordance with specifica-
tions of a liquid crystal display used.

[0019] According to the invention, even if a characteristic
is deviated from a desired value due to manufacture varia-
tions, it can be adjusted without using external devices.
Thus, there is an effect such that a semiconductor integrated
circuit device for driving liquid crystal, realizing the reduced
number of external parts and miniaturization of the chip can
be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a block diagram showing the configura-
tion of a liquid crystal display system constructed by a liquid
crystal control driver IC having therein a nonvolatile
memory circuit and a TFT liquid crystal panel driven by the
driver IC.
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[0021] FIG. 2 is a block diagram showing an example of
an oscillator in the liquid crystal control driver to which the
invention is applied.

[0022] FIG. 3 is a circuit diagram showing an example of
an oscillator whose frequency can be adjusted by using an
external device.

[0023] FIG. 4 is a circuit diagram showing an example of
a timing controller.

[0024] FIG. 5 is a circuit diagram showing an example of
an LCD power supply circuit.

[0025] FIG. 6 is a circuit diagram showing an example of
an LCD power supply circuit whose voltage can be adjusted
by using an external device.

[0026] FIG. 7 is a timing chart showing operation timings
in writing operation of a nonvolatile memory circuit (ROM)
in the liquid crystal control driver IC of the embodiment of
FIG. 1.

[0027] FIG. 8 is a timing chart showing operation timings
in reading operation of the nonvolatile memory circuit
(ROM).

[0028] FIG. 9 is a circuit diagram showing a concrete
construction example of a memory circuit suitable for a
manufacturer information storing region in the nonvolatile
memory circuit.

[0029] FIG. 10 is a plan view showing an example of the
layout of memory cells constructing the nonvolatile memory
circuit.

[0030] FIG. 11 is a cross section showing the structure of
memory cells constructing the nonvolatile memory circuit
and application voltages at the time of writing.

[0031] FIG. 12 is a cross section showing the structure of
memory cells constructing the nonvolatile memory circuit
and application voltages at the time of reading.

[0032] FIG. 13 is a cross section showing the structure of
memory cells constructing the nonvolatile memory circuit
and application voltages at the time of erasing.

[0033] FIG. 14 is a circuit diagram showing an example
of a memory circuit suitable for a user information storing
region in the nonvolatile memory circuit.

[0034] FIG. 15 is a circuit diagram showing another
example of a memory circuit suitable for a user information
storing region.

[0035] FIG. 16 is a circuit diagram showing further
another example of the memory cell suitable for the user
information storing region.

[0036] FIG. 17 is a plan view showing an example of the
layout on a semiconductor chip of circuit blocks construct-
ing the liquid crystal control driver IC of the embodiment.

[0037] FIG. 18 is a plan view showing another example of
the layout on a semiconductor chip of circuit blocks con-
structing the liquid crystal control driver IC of the embodi-
ment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
[0038] Preferred embodiments of the present invention
will be described hereinbelow with reference to the draw-
ings.
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[0039] First, a semiconductor integrated circuit device for
driving liquid crystal (liquid crystal control driver IC) 200
having therein a nonvolatile memory circuit to which the
present invention is effectively applied will be described
with reference to FIG. 1. FIG. 1 is a block diagram showing
the configuration of a liquid crystal display system con-
structed by the liquid crystal control driver IC 200 having
therein a nonvolatile memory circuit and a TFT liquid
crystal panel 300 driven by the driver.

[0040] In FIG. 1, 200 denotes the liquid crystal control
driver IC for driving a liquid crystal panel by an active
matrix method to perform displaying, and 300 denotes the
TFT liquid crystal panel 300 driven by the liquid crystal
control driver IC 200. In the TFT liquid crystal panel 300,
source lines (source electrodes) as a plurality of signal lines
to which an image signal is applied and gate lines (gate
electrodes) as a plurality of selection scan lines sequentially
selectively driven in predetermined cycles are disposed in
directions orthogonal to each other on one of facing two
glass substrates.

[0041] Pixels each constructed by a pixel electrode and a
TFT (thin film transistor) as a switching element for apply-
ing a voltage according to an image signal on a source line
to the pixel electrode are arranged in matrix at intersections
of the source lines and the gate lines. On the other facing
glass substrate, electrodes common to the pixels are pro-
vided. A liquid crystal is sealed between the two glass
substrates on which the electrodes are formed. Since the TFT
liquid crystal panel 300 having such a configuration is
known, it is not shown.

[0042] The liquid crystal control driver IC 200 has a
source driver 210 for driving the source lines SL of the liquid
crystal panel 300 in accordance with an image signal, a gate
driver 220 sequentially scanning gate lines GL of the TFT
liquid crystal panel 300, and a common driver 230 for
applying a common voltage VCOM to an electrode common
to the pixels of the TFT liquid crystal panel 300. The driver
IC 200 also has an LCD power supply circuit 240 for
generating drive voltages necessary for the drivers 210 to
230, a nonvolatile memory circuit 250 for storing setting
information such as drive conditions, and a controller 260
for controlling the inside of the whole chip on the basis of
a command from an external microprocessor (hereinbelow,
also called an MPU or CPU) or the like.

[0043] Further, the driver IC 200 includes an oscillator
270 for generating a clock ¢r as an internal reference, a
timing controller 280 for generating signals ¢1, $2, and ¢3
which give operation timings of the drivers 210 to 230 and
the like on the basis of the generated reference clock ¢r, and
a display RAM 290 for storing image data to be displayed
on the liquid crystal panel 300. The driver IC 200 having
those circuits is constructed as a semiconductor integrated
circuit on a single semiconductor chip made of single crystal
silicon or the like.

[0044] The driver IC 200 has an external terminal to which
a power supply voltage VCC is applied and an external
terminal to which a ground potential GND is applied. In
addition, the driver IC 200 has external terminals to which
write voltages VPP1 and VPP2 higher than the voltage VCC
necessary to write data to the nonvolatile memory circuit
250 are applied.

[0045] The controller 260 of the embodiment includes an
index register 261 for setting a command code, a control
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register 262 to which data is written on the basis of the data
of the index register 261. a data register 263 for registering
data supplied from the outside and data read from the
nonvolatile memory circuit 250, and a read/write control
circuit 264 for performing read/write control on the non-
volatile memory circuit 250.

[0046] The controller 260 of the embodiment employs a
method of designating a command to be executed which is
written in the index register 261 by an external MPU and
generating a control signal. As a control method of the
controller 260, a method of receiving a command code from
an external MPU, decoding the command code, and gener-
ating a control signal may be also employed. The data
register 263 is provided for an output part of the nonvolatile
memory circuit 250, and the controller 260 may be provided
with a gate circuit for distributing read data held in the data
register 263 to a desired circuit.

[0047] Under control of the controller 260 constructed as
described above, the liquid crystal control driver IC 200
performs a rendering process of sequentially writing display
data to the display RAM 290 at the time of displaying an
image on the above-described TFT liquid crystal panel 300
on the basis of a command and data from an external MPU.
The controller 260 also performs a reading process of
sequentially reading display data from the display RAM 290
and makes a signal applied to the source line SL in the TFT
liquid crystal panel 300 and signals to be applied to the gate
line GL and the common electrode COM output from the
drivers 210, 220, and 230, thereby performing liquid crystal
display.

[0048] The nonvolatile memory circuit 250 for storing
setting information such as a drive condition is constructed
by the same element (a CMOS transistor in the embodiment)
as that of another circuit as described later. With the con-
figuration, the number of manufacture processes for forming
the nonvolatile memory circuit 250 is not increased, and rise
in the manufacturing cost is suppressed. The setting infor-
mation stored in the nonvolatile memory circuit 250 is
roughly divided into two kinds of setting information;
setting information to be stored in a manufacturer (vendor),
and setting information to be stored in a user (assembly
manufacturer). In actual use, one or both of the two kinds of
setting-information can be set.

[0049] 1In the liquid crystal control driver IC of the
embodiment, the nonvolatile memory circuit 250 has a first
region 251 for storing information to be set by a manufac-
turer and a second region 252 for storing information to be
set by the user. In the first region 251, data can be written
only once. In the second region 252, data can be written a
plurality of times.

[0050] The setting information to be stored in a manufac-
turer includes information for setting the frequency of the
clock ¢r generated by the oscillator 270 for generating a
clock as an internal reference, and information for setting
timings of clocks generated by the timing controller 280 for
generating the operation clocks ¢1, ¢2, ¢3, . . . on the basis
of the reference clock ¢r. Information for setting the level of
avoltage generated by the LCD power supply circuit 240 for
generating a drive voltage necessary for the drivers 210 to
230 is also included in the setting information to be stored
in a manufacturer. The oscillator 270, timing controller 280,
LCD power supply circuit 240, and the like are constructed
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to be changeable in accordance with the corresponding
setting information which is read from the nonvolatile
memory circuit 250.

[0051] FIG. 2 shows a configuration example of the
oscillator 270. The oscillator 270 in the embodiment is a ring
oscillator including an OR gate 271, inverters INV1 and
INV2 connected in series, and a feedback path. Switching
elements SW1, SW2, . . ., and SWm are provided between
connection nodes of a plurality of registers Rfl, Rf2, . . .,
and Rfm connected in series and provided on the feedback
path extending from the inverter INV2 in the final stage to
the OR gate 271 in the first stage and the output terminal of
the oscillator.

[0052] A decoder DEC1 for decoding the corresponding
setting information which is read from the nonvolatile
memory circuit 250 and held in the data register 263 is
provided. According to an output of the decoder DEC1, any
of the switching elements SW1, SW2, . . ., and SWm is
turned on. By the operation, delay time of a feedback signal
is changed and the frequency of the reference clock ¢r as an
output of the oscillator is changed. As a result, even in the
case where the frequency of the oscillator is deviated from
the desired frequency due to manufacture variations, the
deviation of the frequency can be adjusted. Moreover, the
frequency can be changed to the frequency of a specification
adapted to a liquid crystal display.

[0053] Asignal COSC supplied to the other input terminal
of the OR gate 271 in the first stage of the oscillator to which
the feedback signal is input is an oscillator activation signal.
When the signal COSC is set to the low level, the oscillator
oscillates. When the signal COSC is set to the high level, the
oscillator stops oscillating. Another configuration may be
also employed in which the decoder DEC1 is not provided
and the switching elements SW1, SW2, .. ., and SWm are
directly controlled according to the setting information held
in the data register 263.

[0054] When a built-in memory and an adjustment circuit
are not provided, to change the frequency of the reference
clock ¢r generated by the oscillator 270, for example, as
shown in FIG. 3, a resistor Rf provided for the feedback
path is connected as an external-device to the driver 1C 200
and the resistance value of the resistor Rf has to be changed.
According to the embodiment, such an external device is
unnecessary, so that the number of external parts can be
reduced and the system can be miniaturized. Further, the
number of external terminals for connecting the external
devices can be also reduced, so that the chip itself can be
also miniaturized.

[0055] FIG. 4 shows a configuration example of the
timing controller 280. The timing controller 280 of the
embodiment is constructed by a plurality of delay circuits
DLY1,DLY2, ..., and DLYn connected in series. Switching
elements SW11, SW12, . . . , and SWlm are provided
between the connection nodes of the delay circuits DLYT,

DLY2, . . ., and DLYn and the input terminal of the
controller.
[0056] By turning on any of the switching elements SW11,

SW12, ..., and SW1m by a signal TC1, TC2, TC3, or the
like of corresponding setting information which is read from
the nonvolatile memory circuit 250 and held in the data
register 263, the timing of an output signal TMD is changed.
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It is also possible to provide a decoder for decoding setting
information held in the data register 263 and control the
switching elements SW11, SW12, and SW1m in accordance
with an output of the decoder.

[0057] An example of a signal whose timing is adjusted by
the timing controller 280 is a signal for giving an operation
timing of the display RAM 290. Since the display RAM 290
is a circuit which operates at the highest speed in the liquid
crystal control driver, a deviation of the operation timing
exerts an influence on the operations of the whole system.
By adjusting the signal for giving an operation timing of the
display RAM 280 in the initial setting, desired operation
characteristics are obtained.

[0058] FIG. 5 shows a configuration example of the LCD
power supply circuit 240. The LCD power supply circuit
240 of the embodiment has ladder resistors RI1, RI2, . . .,
and Rln connected in series and switching elements SW21,
SW22, ..., and SW2r connected in parallel with the ladder
resistors. The switching elements SW21, SW22, . . ., and
SW2# are turned on/off according to corresponding setting
information which is read from the nonvolatile memory
circuit 250 and held in the data register 263. By the
operation, the level of a reference voltage VCOMR in the
LCD power supply circuit 240 is determined.

[0059] In FIG. 5, switches SWal and SWa2 provided in
the LCD power supply circuit 240 are switches for inverting
the polarity by switching between common potentials
VCOMH and VCOML to be applied to the common elec-
trode in predetermined cycles to drive a liquid crystal panel
with alternating current in order to prevent degradation of
the liquid crystal. Switches SWm1 and SWm?2 are switches
for switching the level of the common potential VCOMH as
one of the common potentials VCOMH and VCOML to be
applied to the common electrode in accordance with a
display mode or the like. The switches SWal and SWa2 (and
the switches SWm1 and SWm2) operate complementarily to
each other in accordance with a control signal from the
controller 260. Specifically, when one of the switches SWal
and SWa2 (SWml and SWm?2) is turned on, and the other
switch is turned off.

[0060] When a built-in memory and an adjustment circuit
are not provided, to change the level of the reference voltage
VCOMR, for example, as shown in FIG. 6, external resis-
tors Rt1 and Rt2 are provided for the driver IC 200 and the
resistance value of the resistor Rtl as one of the resistors is
changed. According to the embodiment, such an external
device is unnecessary, so that the number of external parts
can be reduced and the system can be miniaturized. Further,
the number of external terminals for connecting the external
devices can be also reduced, so that the chip itself can be
also miniaturized.

[0061] Next, a writing procedure and operation timings of
the nonvolatile memory circuit 250 by the controller 260
will be described with reference to FIGS. 1 and 7. In FIG.
7, signals CS, RS, WR, and RD are control signals which are
input from the outside of the chip to the read/write control
circuit 264. The control signal CS is a signal indicating that
the chip is selected, RS is a signal indicating that data DB
is latched in the index register or the control register, WR is
a signal for controlling the writing operation, and RD is a
signal for controlling the reading operation. The read/write
control circuit 264 generates a signal to be supplied to the
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memory circuit 250 on the basis of the control signals CS,
RS, WR, and RD and the clock ¢2 from the timing controller
280. WE denotes a write enable signal generated by the
read/write control circuit 264 and supplied to the memory
circuit 250. RE denotes a read enable signal generated by the
read/write control circuit 264 and supplied to the memory
circuit 250.

[0062] FIG. 7 show writing operation timings of the
nonvolatile memory circuit 250 by the controller 260.

[0063] Description of the writing operation relates to,
although not limited, the case where when a reset signal
RESET is input from an MPU after power-on, the level
changes from the high level to the low level. FIG. 7 shows
an example of writing data to four addresses 000, 001, 010,
and O11.

[0064] First, when the reset signal RESET is input, the
register in the chip is reset (timing t1 in FIG. 7). Subse-
quently, index data is input to the driver IC via a control bus
BUS connected to the MPU or the like in the period in which
the signal RS is at the low level. At the timing when the
signal WR changes from the low level to the high level, the
index data is stored in the index register 261 (timing t2 in
FIG. 7).

[0065] According to the index data stored in the index
register 261, the control register 262 as a ROM-type circuit
is selected. After the timing t2, data of control or the like
(hereinbelow, simply called “data”) is input to the driver IC
from the control bus BUS in the period in which the signal
RS is at the high level. At the timing when the signal WR
changes from the low level to the high level, the data is
stored in the control register 262 (timing t3 in FIG. 7).

Writing Period

[0066] At the timing t3, data of the control register is
ascertained. The data includes write data WDATA, a write
address ADDR, ROM control data OP0 and OP1, and the
like. In the case of writing, the control data OP0 is changed
from 0 (low) to 1 (high). At this time, when OP0 is 1 (high),
the read/write control circuit 264 is controlled to assert the
write enable signal WE to the high level, thereby performing
writing operation.

[0067] After completion of the writing operation, by
changing the data OP0 of the control register from 1 (high)
to 0 (low) in the period in which the control signal RS of the
control bus BUS is at the high level, the read/write control
circuit 264 is controlled to negate the write enable signal WE
to the low level. Tt finishes the writing operation (timing t4
in FIG. 7).

[0068] Inthe case of restarting the writing operation while
changing the address, the data OP0 of the control register is
changed from 0 (low) to 1 (high) in the period in which the
control signal RS is at the high level (timing t5 in FIG. 7).
Since the data OP0 is 1 (high), the read/write control circuit
264 asserts the write enable signal WE to the high level to
perform the writing operation. At this time, the address of
the data register is updated. By the operation, data is written
to a region of an address different from the address to which
data is written in the period between the timings t3 and t4.

[0069] After the timing t5, by setting the data OP0 of the
control register in a manner similar to the setting in the
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period from the timing t3 to the timing t4, writing is finished
(timing t6 in FIG. 7). After that, the above operations are
repeated.

[0070] Although the configuration of executing the writ-
ing operation in accordance with the control signals CS, RS,
WR, and RD input from the outside has been described in
the embodiment, another configuration may be also
employed. A ROM in which a plurality of microcommand
codes corresponding to one command code are stored is
provided in the chip. When a write command is set in the
index register 261, the microcommand code is read, a
control signal to the read/write control circuit 264 is gener-
ated, and the writing operation is automatically executed. By
employing a control method according to a control signal
from the outside like in the embodiment, the scale of the
controller 260 can be reduced.

[0071] FIG. 8 shows reading operation timings of the
nonvolatile memory circuit 250 by the controller 260. RE
denotes a read enable signal generated by the read/write
control circuit 264 and supplied to the memory circuit 250.

[0072] In the liquid crystal control driver of the embodi-
ment, after power-on, the reset signal RESET is asserted
from the high level to the low level from the MPU, thereby
resetting the register in the chip. When a read command is
set in the index register 261, “1” is set in a predetermined
control bit OP1 in the control register 262 by the index
register 261, the read enable signal RE is asserted to the high
level by the read/write control circuit 264, and the reading
operation starts (timing t11). At this time, the control bit OP0
is set to “0”.

[0073] A read address RADDR stored in a predetermined
field in the control register 262 is supplied to the memory
circuit 250 and the data reading operation is executed. Data
stored in a region corresponding to the address supplied to
the memory circuit 250 is read in a lump. In place of
providing the control bit OP1 for reading in the control
register 262, it is also possible to send the reset signal
RESET to a proper delay circuit or the like, use an output of
the delay circuit as a start signal of the read/write control
circuit 264, and output a high-level read enable signal RE.

[0074] Subsequently, a signal RSET indicative of a latch
timing is output from the timing controller 280 after lapse of
predetermined time, and data read from the memory circuit
250 is latched by the data register 263 (timing t12). After
that, the read control signal RE to the nonvolatile memory
circuit 250 is negated to the low level, thereby finishing the
single reading operation (timing t13).

[0075] Whenread data is stored in a plurality of addresses,
the read address RADDR stored in a predetermined field in
the control register 262 is updated while the read enable
signal RE is negated to the low level, and the above-
described operations are repeated.

[0076] Inthe embodiment, when the reset signal RESET is
input, “1” is set in the predetermined control bit OP1 in the
control register 262 by the index register 261, thereby
generating the read enable signal RE. Alternately, the read
enable signal RE may be generated by passing the reset
signal RESET to a proper delay circuit or the like. The liquid
crystal control driver IC of the embodiment can be con-
structed so that the read/write control circuit 264 reads data
from the memory circuit 250 on the basis of the control
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signals CS, RS, WR, and RD. The reading function may be
validated, for example, in a test mode of testing whether the
circuit operates normally or not.

[0077] FIG. 9 shows an example of a memory circuit
suitably used for the first region 251 for storing information
to be set by a manufacturer in the nonvolatile memory circuit
250 of FIG. 1. The nonvolatile memory circuit 250 of the
embodiment is constructed only by P-channel MOSFETs
(insulated gate type field effect transistors) and N-channel
MOSFETs as normal circuit configuration elements without
using nonvolatile memory elements such as FAMOS and
MNOS. Although FIG. 7 shows the memory circuit having
a storage capacity of one byte and constructed by eight
memory cells for convenience of the drawing, in reality, a
plurality of memory circuits each having such a configura-
tion are provided and selectively operated by an address
signal, thereby constructing a memory circuit having a
storage capacity of a plurality of bytes.

[0078] In FIG.9, 264 denotes a read/write control circuit
for generating a signal for writing/reading a memory circuit
on the basis of the control signals CS, RS, WR, and RD and
data DBO to DB17 from the control register 262. 254
denotes an internal power supply control circuit for gener-
ating power supply voltages VPPIM and VPP2M of a
predetermined level which are necessary in the circuit on the
basis of the write voltages VPP1 and VPP2 having a
potential higher than the normal power supply voltage VCC
necessary for writing. Further, 255 denotes a nonvolatile
memory cell, and 256 denotes a read/write circuit of each
memory cell. In the embodiment, eight pairs of memory
cells and read/write circuits are arranged in one direction so
that 8-bit data can be read/written at once. The write voltages
VPP1 and VPP2 are, for example, 9V and 7V, respectively.

[0079] Reference letters LDO to LD7 denote write data
lines for transferring write data which is output from the
read/write control circuit 264, and PU denotes a read control
line for controlling reading. CG indicates a control gate line
corresponding to a word line in a normal memory array for
reading/writing 8-bit data. Further, SL denotes a write volt-
age supply line for supplying write voltage to the memory
cell 255, PRGM denotes a write control line for controlling
writing, and VER denotes a potential control line for con-
trolling the potential of the memory cell. The control gate
line CG is driven in accordance with an output of an EOR
gate G0 for obtaining exclusive OR of the read control signal
RE and the write control signal WE. LS1 and LLS2 indicate
level shifters for shifting the level of an output signal of the
EOR gate G0 and the write control signal WE.

[0080] The read/write circuit 256 has an OR gate G1 that
receives signals of any of the write data lines LDO0 to LD7
and the write control line PRGM, and a transfer gate
MOSFET Qtl which makes an output signal of the OR gate
G1 pass when a signal CERB is at the high level. The
read/write circuit 256 also has a resistor R0 connected to the
read control line PU, a transfer gate MOSFET Qt2 con-
nected to the resistor R0 in seties, and a sensing inverter G2
for determining whether the potential of the resistor R0
drops or not when the transfer gate MOSFET Qt2 is turned
on. Although a fixed resistor is shown as the resistor R0 in
the example, alternately, a circuit performing an operation
corresponding to that of the fixed resistor may be employed.

[0081] The memory cell 255 has charge injection MOS-
FETs Qwl and Qw2 connected between the transfer gate
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MOSFET Qtl and the write voltage supply line SL so that
their channels are in parallel with each other, and MOS
capacitors C1 and C2 connected as capacitative elements
between the gate terminals of the MOSFETs Qw1 and Qw2
and the control gate line CG. The memory cell 255 also has
read MOSFETs Qrl and Qr2 connected in series with the
resistor RO and the transfer gate MOSFET Qt2 between the
read control line PU and the potential control line VER. The
gate terminal of the charge injection MOSFET Qw1 and the
gate terminal of the read MOSFET Qrl are connected to
each other. The gate terminal of the charge injection MOS-
FET Qw2 and the gate terminal of the read MOSFET Qr2
are connected to each other. The gate terminals are floated.

[0082] Further, the gate terminals of the transfer gate
MOSFETs Qtl and Qt2 are connected to each other. The
signal CERB obtained by inverting a control signal CER
from the read/write control circuit 264 by an inverter is
supplied to the common gate, and the gate MOSFETs Qtl
and Qt2 are controlled by the signal CERB. The potential
control line VER for controlling the potential of the memory
cell is driven by a level shifter LS3 which shifts the level of
the signal obtained by inverting again the control signal
CERB by an inverter.

[0083] Inthe memory cell 255 of the embodiment, a write
voltage is applied across the source and drain of the MOS-
FETs Qw1 and Qw2 in accordance with write data in a state
where the gate voltages of the charge injection MOSFETs
Qw1 and Qw2 are set to be high by the control gate line CG
via the MOS capacitors C1 and C2, thereby turning the
MOSFETs Qwl and Qw2 on or off. By injecting hot
electrons generated by selectively passing the drain current
to the MOSFETs Qw1 and Qw2 to the gate electrodes of the
MOSFETs Qwl and Qw2, data is written. Two charge
injection MOSFETs and two read MOSFETs are provided to
prevent deterioration in reliability of stored data caused by
leak of charges.

[0084] At the time of reading data, the gate voltage of the
read MOSFETs Qrl and Qr2 is increased via the MOS
capacitors C1 and C2 by using the control gate line CG. In
addition, the potential of the read control line PU is
increased and the potential of the potential control line VER
is decreased, thereby giving a potential difference between
the source and drain of the MOSFETs Qrl and Qr2. Whether
current flows in the MOSFETs Qrl and Qr2 or not is
detected by the inverter G2.

[0085] Concretely, when charges are injected to the gate
electrodes of the charge injection MOSFETs Qw1 and Qw2,
the gate voltages of the read MOSFETs Qrl and Qr2 become
relatively low to set an off state, and the drain current is
interrupted. On the other hand, when charges are not injected
to the gate electrodes of the charge injection MOSFETs Qw1
and Qw2, the gate voltages of the read MOSFETs Qrl and
Qr2 become relatively high to set an on state, and the drain
current flows. It makes the potential of the connection node
between the resistor RO and the MOSFET Qrl change. By
detecting the potential change in the inverter G2, the state of
the memory cell can be determined.

[0086] In the embodiment, even when charges of the gate
electrode of one of the charge injection MOSFETs Qw1 and
Qw2 are leaked in the reading operation, if charges of the
other gate electrode are not leaked, one of the MOSFETs is
turned off and no drain current flows. Therefore, deteriora-
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tion in reliability of stored data due to leakage of charges can
be prevented. Also in the case where a memory cell is
constructed by using one of the charge injection MOSFETs
Qw1 and Qw2 and one of the read MOSFETs Qr1 and Qr2,
the memory cell operates effectively, so that one of the sets
can be omitted. The memory circuit 250 of the embodiment
of FIG. 1 is not limited to a memory circuit having a
configuration as shown in FIG. 9 but may be a circuit having
similar functions.

[0087] A concrete device structure of a nonvolatile
memory used for the liquid crystal control driver of the
embodiment and operations of writing, erasing, and reading
data in the nonvolatile memory will be described with
reference to FIGS. 10 to 13. FIG. 10 is a plan view of a main
part of a memory cell region. FIGS. 11 to 13 are sections
taken along line D-D' of FIG. 10.

[0088] In the diagrams, reference numeral 1 denotes a
p-type semiconductor substrate made of, for example, a
single crystal silicon, reference numeral 2 denotes a field
oxide film selectively formed on the surface of the substrate
1, and reference numerals 19 and 20 denote interlayer
insulating films formed so as to cover the surface of the
substrate 1 and the field oxide film 2. 4A indicates a p-type
well region in which the MOS capacitors C1 and C2 are
formed, 4B indicates a p-type well region in which the
MOSFETs Qwl, Qw2, Qrl, and Qr2 are formed, and 3
denotes an n-type semiconductor isolation region provided
under the p-type well regions 4A and 4B. Reference numeral
5 denotes an n-type semiconductor region as a power supply
region for applying potential to the n-type semiconductor
isolation region 3. 14A denotes an n-type semiconductor
region as a buffer layer of the n-type semiconductor region
5, and 14B denotes an n-type semiconductor region as
source and drain regions of the MOSFETs Qwl and Qrl
(Qw2 and Qr2).

[0089] 15A denotes a p-type semiconductor region as one
terminal of the MOS capacitor C1, and 15B denotes a p-type
semiconductor region as a power supply region for giving
potential to the p-type well region 4B of the MOSFETs Qw1
and Qrl. 18 indicates a contact layer for reducing contact
resistance with an electrode formed on the surface. Further,
6 indicates a dielectric layer of the MOS capacitor C1. The
dielectric layer 6 is formed in the same process as the gate
insulating film of the MOSFETs Qw1 and Qrl. 7A denotes
a conductive layer as the other terminal of the MOS capaci-
tor C1, and 7B denotes gate electrodes of the MOSFETs
Qwl and Qrl. The conductive layer 7A is formed in the
same process as the gate electrodes of the MOSFETs Qwl
and Qrl.

[0090] At the time of writing, as shown in FIG, 11, for
example, 9V is applied to the n-type semiconductor isolation
region 3 via the n-type semiconductor region 5, and 0V is
applied to the p-type well region 4B in which the MOSFETs
Qwl and Qrl (Qw2 and Qr2) are formed via the p-type
semiconductor region 15B. 9V in the forward direction is
applied to the p-type well region 4A in which the MOS
capacitor C1 (C2) is formed via the p-type semiconductor
region 15A. Since the gate electrode 7B of the MOSFETs
Qw1 and Qrl (Qw2 and Qr2) and the electrode 7A as one of
terminals of the MOS capacitor C1 (C2) are connected to
each other, the potential of the electrode 7B is increased by
application of 9V to the p-type well region 4.
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[0091] 7V is applied to one of the n-type semiconductor
regions 14B as the source and drain of the MOSFET Qw1
(Qw2) for writing data, and OV is applied to the other n-type
semiconductor region 14B. Further, OV is applied to the
n-type semiconductor regions 14B as source and drain of the
data read MOSFET Qrl (Qr2). With the operation, current
flows in the channel of the data write MOSFET Qw1 (Qw2),
hot electrons (e-) generated at that time are injected to the
gate electrode 7B, and data is written. 9V is applied to the
n-type semiconductor isolation region 3 to prevent the PN
junction from being biased in the forward direction when 9V
is applied to the p-type well region 4A.

[0092] At the time of reading data, as shown in FIG. 12,
for example, 3V is applied to the n-type semiconductor
isolation region 3 via the n-type semiconductor region 5, and
0V is applied to the p-type well region 4B in which the
MOSFETs Qw1 and Qrl (Qw2 and Qr2) are formed via the
p-type semiconductor region 15B. 3V is applied to the
p-type well region 4A in which the MOS capacitors C1 and
C2 are formed via the p-type semiconductor region 15A. By
application, of 3V to the p-type well region 4A, the poten-
tials of the electrodes 7A and 7B are increased. According to
whether charges are accumulated in the electrode 7B or not,
the data reading MOSFETs Qr1 and Qr2 are turned on or off.

[0093] The n-type semiconductor regions 14B as the
source and drain of the data writing MOSFET Qw1 (Qw2)
is set to OV, OV is applied to one of the n-type semiconductor
regions 14B as the source and drain of the data reading
MOSFET Qrl1 (Qr2), and the voltage at the time of con-
necting, for example, one of the resistors R0 shown in FIG.
9 is applied to the other n-type semiconductor region 14B.
As described above, one end of the resistor R0 shown in
FIG. 9 is connected to the read control line PU. At this time,
current flows or does not flow according to the on/off state
of the data reading MOSFETs Qrl and Qr2. The current flow
state is detected by the inverter G2. 3V is applied to the
n-type semiconductor isolation region 3 for the reason that,
by applying 3V to the p-type well region 4A, the PN junction
is prevented from being biased in the forward direction.

[0094] FIG. 14 shows an example of a memory circuit
suitably used for the second region 252 for storing infor-
mation to be set by the user of the nonvolatile memory
circuit 250 of FIG. 1. The nonvolatile memory circuit 250
of the embodiment is constructed without using nonvolatile
memory elements such as FAMOS and MNOS in a manner
similar to the nonvolatile memory circuit 250 of the embodi-
ment of FIG. 9. The nonvolatile memory circuit 250 of the
embodiment has a configuration that stored data can be
erased. By setting “1” to each of the control bits OP0 and
OP1 of the control register 262, the nonvolatile memory
circuit 250 enters an erasure mode, and data can be erased.

[0095] Since the nonvolatile memory circuit 250 of the
embodiment has a configuration which is almost the same as
that of the nonvolatile memory circuit 250 of FIG. 9, the
description of the same configuration part will not be
repeated but only the different points will be described. The
first different point from the nonvolatile memory circuit 250
of the embodiment of FIG. 9 is that, in the embodiment of
FIG. 14, the power supply circuit 254 can generate an
internal voltage VPP3M based on the third voltage VPP3
supplied from the outside. The second different point is that
the internal voltage VPP3M is supplied as a power supply
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voltage on the low level side to the level shifter 1.S1 for
driving the control gate line CG.

[0096] The internal voltage VPP3M is set to the ground
potential such as 0V at the time of writing/reading data, and
is set to a potential such as -9V at the time of erasing data.
The internal voltage VPP3M is applied to the MOS capaci-
tors C1 and C2 connected to the floating gate via the control
gate line CG. As the MOSFETs Qwl, Qw2, Qrl, and Qr2
constructing the nonvolatile memory cell 255, elements
having the layout and structure shown in FIGS. 10 and 11
can be used.

[0097] In the memory circuit constructed by the elements
having such a configuration, to erase data, as shown in FIG.
13, for example, 9V is applied to the n-type semiconductor
region 3 via the n-type semiconductor region 5, and 9V is
applied to the p-type well region 4B in which the MOSFETs
Qwl and Qrl (Qw2 and Qr2) are formed via the p-type
semiconductor region 15B. -9V in the opposite direction is
applied to the p-type well region 4A in which the MOS
capacitor C1 (C2) is formed via the p-type semiconductor
region 15A. Further, n-type semiconductor regions 14BW1
and 14BR1 as the source regions of the data write MOSFET
Qwl (Qw2) and the data read MOSFET Qrl (Qr2) are set to
an open-circuit potential, and 9V is applied to n-type semi-
conductor regions 14BW2 and 14BR2 as drain regions of
the MOSFETs Qw1 (Qw2) and Qrl (Qr2).

[0098] The area of the capacitative electrode (gate elec-
trodes 7A) of the MOS capacitors C1 and C2 is larger than
that of the capacitive electrodes (gate electrodes 7B) for
generating gate capacitance of the MOSFETs Qw1 and Qw2
(refer to FIG. 10), so that the capacitance of the MOS
capacitors C1 and C2 is larger than the gate capacitance of
the MOSFETs Qw1 and Qw2. Consequently, the voltage
applied to the gate capacitors of the MOSFETs Qwl and
Qw2 is higher than the voltage applied to the MOS capaci-
tors C1 and C2. As a result, electrons (e-) accumulated in the
common gate electrodes 7B of the data write MOSFETs
Qw1 and Qw2 and the data read MOSFETs Qrl and Qr2 are
released to the p-type well region 4B by the FN tunneling
phenomenon.

[0099] A negative voltage (in the backward direction) is
applied to the p-type well region 4A in which the MOS
capacitors C1 and C2 are formed, and a positive voltage (in
the forward direction) is applied to the p-type well region 4B
in which the MOSFETs Qwl, Qw2, Qrl, and Qr2 are
formed. In such a manner, a potential difference (18V)
necessary for the data erasing operation can be assured with
a voltage (9V or less) which does not cause gate destruction
can be assured. 9V is applied to the n-type semiconductor
isolation region 3 for the reason that, by applying 9V to the
p-type well region 4B, the PN junction is prevented from
being biased in the forward direction. By using the memory
circuit with such a configuration, data can be written a
plurality of times.

[0100] FIG. 15 shows another example of a memory
circuit suitably used for the second region 252 for storing
information to be set by the user of the nonvolatile memory
circuit 250 in FIG. 1. The nonvolatile memory circuit 250
of the example is also constructed only by P-channel MOS-
FETs and N-channel MOSFETs as normal circuit configu-
ration elements without using nonvolatile storage elements
such as FAMOS and MNOS. The nonvolatile memory
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circuit 250 of the example is a circuit in the case where
erasure of stored data is not assumed.

[0101] In the example, to enable data to be written a
plurality of times, two banks BNK1 and BNK2 having the
same storage capacity are provided. Each of the banks
includes a memory cell having the same configuration as
that of the memory cell 255 shown in FIG. 9, and one of the
banks BNK1 and BNK2 is selected by bank instruction
signals B0 and B1 output from the read/write control circuit
264.

[0102] More concretely, NAND gates G10 to G17 and
NAND gates G20 to G27 receiving signals on write data
lines LDO0 to LD7 through which write data output from the
read/write control circuit 264 is transmitted and one of the
bank instruction signals B0 and B1 are provided. NAND
gates G30, G31, G32, and G33' receiving the bank instruc-
tion signal BO and signals on the control lines PU, CG,
PRGM, and SL, and NAND gates G40, G41, G42, and G43
receiving the bank instruction signal B1 and signals on the
control lines PU, CG, PRGM, and SL are provided.

[0103] By validating either the NAND gates G10 to G17
and G30 to G33 or the NAND gates G20 to G27 and G40
to G43 in accordance with the bank instruction signals B0
and B1, one of the sets of banks is selected. Therefore, a
memory circuit capable of seemingly rewriting data is
realized. It is also possible to provide a mechanism in the
chip such that after data is written into one set of banks, in
the next writing operation, the other set of banks is auto-
matically selected. With the mechanism, overwriting of data
by an erroneous process of the user can be prevented.
Although the number of banks is two in the embodiment,
three or more banks may be provided. In this case, a memory
circuit capable of rewriting twice or more times. Thus, a
memory circuit capable of seemingly rewriting data twice or
more times is realized.

[0104] FIG. 16 shows further another example of the
memory circuit suitably used for the second region 252 for
storing information set by the user of the nonvolatile
memory circuit 250 in FIG. 1.

[0105] In the example, to enable data to be written a
plurality of times, two banks BNK1 and BNK2 having the
same storage capacity are provided. Each of the banks
includes a memory cell having the same configuration as
that of the memory cell 255 shown in FIG. 7 and, as the
control gate line CG to which memory cells are connected,
a common gate line CG and gate lines CG1 and CG2 for the
banks BNK1 and BNK2 are provided. Further, the power
supply circuit 254 is provided with power supply terminals
P1 and P2 for applying a write voltage VPP1-1 for the bank
BNK1 and a write voltage VPP1-2 for the bank BNK2.

[0106] Internal write voltages VPP1-1M and VPP1-2M
generated on the basis of the voltages applied to the power
supply terminals are supplied to level shifters LS1-1 and
LS1-2 for driving the gate lines CG1 and CG2 for the banks
BNK1 and BNK2, respectively. With the configuration,
when the write voltage VPP1-1 is applied to the power
supply terminal P1, writing of data to the bank BNKI1 is
enabled. When the write voltage VPP1-2 is applied to the
power supply terminal P2, writing of data to the bank BNK2
is enabled.

[0107] By switching the terminals to which the write
voltage is applied, the banks to which data is written can be
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switched. Thus, a memory circuit capable of seemingly
rewriting data is realized. It is also possible to supply the
write voltage VPP2 to each of the banks. Further, the number
of banks and the number of terminals to which the write
voltage is applied may be set to three or more.

[0108] FIG. 17 shows an example of the layout of the
semiconductor chip of circuit blocks constructing the liquid
crystal controller driver IC of the embodiment. In FIG. 17,
the same reference numerals are designated to the same
circuits as those shown in FIG. 1. Reference letters G0 to G1
and Gi+1 to Gn denote terminals (output pads) outputting
gate drive signals generated by the gate driver 220, and
reference letters SO to Sm denote terminals (output pads)
outputting source line drive signals generated by the source
driver 210.

[0109] VPP1 to VPP3 and GND denote power supply
terminals (power supply pads) to which power supply volt-
age for writing ROM supplied from the outside are applied,
and DB0 to DB17 denote terminals (input pads) to which
signals supplied from the CPU via a bus are input. Although
not limited, for a liquid crystal panel having gate drive signal
input terminals on its right and left sides, the terminals
(output pads) outputting the gate drive signals are divided
into the two groups GO0 to Gi and Gi+l to Gn which are
provided on both sides so as to sandwich the terminals
(output pads) SO to Sm outputting source line drive signals.

[0110] As understood from FIG. 17, in the liquid crystal
controller driver IC of the embodiment, the output pads G0
to Gi, Gi+1 to Gn, and SO to Sm are disposed along one side
in the longitudinal direction of the semiconductor, chip, and
input pads DB0 to DB17 are disposed along the side on the
opposite side. In correspondence with the output pads GO to
Gi, Gi+1 to Gn, and S0 to Sm, a gate driver 220A, a source
driver 210, and a gate driver 220B are disposed on one side
of the chip. In almost the center of the chip, a circuit such
as a timing controller (280) as a component of the controller
260 is disposed, and RAMs 290A and 290B for storing
display data are disposed on both sides of the circuit.

[0111] Further, a ROM 250 is disposed close to power
supply pads VPP1 to VPP3, and a power supply circuit 240
for generating power for an LCD is disposed close to the
input pads DB0 to DB17. Since the ROM 250 is disposed
close to the power supply pads VPP1 to VPP3 to which the
power supply voltage for writing the ROM is applied, the
power supply line from the pads to the circuit is shortened,
and a power loss is suppressed. In addition, the power supply
pads VPP1 to VPP3 to which the relatively-high power
supply voltage for writing the ROM is applied are provided
at a corner of the chip. Thus, an electrostatic withstand
voltage generated between the power supply pads VPP1 to
VPP3 and the other pads can be increased. In the embodi-
ment, to further increase the electrostatic withstand voltage,
the interval between the power supply pads VPP1 to VPP3
and the ground pad GND is made wider than each of
intervals of the power supply pads VPP1 to VPP3.

[0112] FIG. 18 shows another example of the layout of a
semiconductor chip of circuit blocks constructing the liquid
crystal controller driver IC of the embodiment. In FIG. 18,
the same reference numerals are designated to the same
circuits and terminals as those shown in FIG. 17 and their
description will not be repeated. In the example of FIG. 18,
the ROM 250 is disposed adjacent to the controller 260
disposed almost in the center of the chip.
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[0113] 1In a liquid crystal controller driver IC, to transfer
write data and read data, the number of lines connecting the
controller 260 and the ROM 250 is relatively large. Conse-
quently, when the controller 260 and the ROM 250 are apart
from each other, the area occupied by the lines is large and
it causes increase in the chip size. Therefore, by employing
the layout as shown in the embodiment, there are advantages
such that the area occupied by the lines is reduced and the
chip size can be reduced. The embodiment is effective when
applied to the case where the storage capacity of the ROM
250 is large.

[0114] Although the present invention achieved by the
inventors herein has been concretely described on the basis
of the embodiments, obviously, the invention is not limited
to the foregoing embodiments but can be variously changed
without departing from its gist. For example, a memory cell
is provided with two charge injection MOSFETs and two
read MOSFETs in order to prevent the reliability of storage
data from deteriorating due to leak of charges. Alternately,
a memory cell may be provided with one charge injection
MOSFET and one read MOSFET.

[0115] Although the case where only the second region
252 for storing information set by the user is rewritable has
been described in the foregoing embodiment, it is also
possible to set the number banks of the memory circuit in the
first region 251 for storing information to be set by the
manufacturer to two and rewrite data in the region only once
seemingly.

[0116] The liquid crystal control driver for driving a TFT
liquid crystal panel in which charges are injected to pixel
electrodes by a thin film transistor as a three-terminal
switching element in the field of utilization as the back-
ground of the present invention achieved by the inventors
herein has been mainly described. The invention is not
limited to the liquid crystal control driver but can be applied
to a liquid crystal control driver for driving an MIM liquid
crystal panel in which charges are injected to pixel elec-
trodes by a two-terminal switching element, and the like.

What is claimed is:

1. A semiconductor integrated circuit device for driving a
liquid crystal display panel, for generating and outputting a
drive signal applied to a scan line of the liquid crystal
display panel and a drive signal applied to a signal line of the
liquid crystal display panel, and formed over a single
semiconductor chip, the device comprising:

an electrically programmable nonvolatile memory circuit
or an electrically erasable programmable nonvolatile
memory circuit,

wherein the nonvolatile memory circuit has an element
formed by a semiconductor manufacturing process of
forming an element of another circuit over the semi-
conductor chip.

2. A semiconductor integrated circuit device for driving a
liquid crystal display panel according to claim 1, wherein the
nonvolatile memory circuit is used to store initial setting
information in the semiconductor integrated circuit.

3. A semiconductor integrated circuit device for driving a
liquid crystal display panel according to claim 2, wherein the
nonvolatile memory circuit is divided into a plurality of
groups, a memory circuit in any one of the groups is used to
write setting information for correcting characteristic varia-
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tions in a circuit in the semiconductor integrated circuit
device, and a memory circuit in the remaining group is used
to write setting information adapted to characteristics of a
liquid crystal panel driven by the semiconductor integrated
circuit device.

4. A semiconductor integrated circuit device for driving a
liquid crystal display panel according to claim 2,

wherein the nonvolatile memory circuit is divided into a
plurality of groups, a memory circuit in any one of the
groups is used to write setting information to be stored
by a manufacturer for manufacturing the semiconduc-
tor integrated circuit device, and a memory circuit in
the remaining group is used to write setting information
to be stored by the user for manufacturing an apparatus
using the semiconductor integrated circuit device.

5. A semiconductor integrated circuit device for driving a
liquid crystal display panel according to claim 3, wherein the
nonvolatile memory circuit is a nonvolatile memory circuit
to which data can be electrically written only once, a
memory circuit in any one of the groups is set as a single
group, the remaining group is further divided into a plurality
of sub groups and, at the time of writing, a different sub
group is selected each time data is written, thereby enabling
rewriting to be performed a plurality of times seemingly.

6. A semiconductor integrated circuit device for driving a
liquid crystal display panel according to claim 3, wherein the
nonvolatile memory circuit is a nonvolatile memory circuit
to which data can be electrically written only once, and a
power supply voltage terminal to which a high voltage for
writing is applied is provided for each of the memory circuit
of any one of the groups and a memory circuit of the
remaining group.

7. A semiconductor integrated circuit device for driving a
liquid crystal display panel according to claim 1, wherein the
nonvolatile memory circuit is constructed by multiple
memory cells storing the same data.
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8. A semiconductor integrated circuit device for driving a
liquid crystal display panel according to claim 1, wherein
each of the nonvolatile memory circuit and the other circuits
takes the form of a CMOS circuit including a P-channel-type
field effect transistor and an N-channel-type field effect
transistor.

9. A semiconductor integrated circuit device for driving a
liquid crystal display panel according to claim 1, wherein the
semiconductor chip has a rectangular shape, terminals for
outputting a drive signal applied to the scan line and a drive
signal applied to a signal line are disposed along one of
peripheries in the longitudinal direction of the semiconduc-
tor chip, a power supply voltage terminal and an input
terminal to which a high voltage for writing of the memory
circuit is applied are disposed along the other periphery in
the longitudinal direction of the semiconductor chip, and the
nonvolatile memory circuit is disposed close to the power
supply voltage terminal.

10. A semiconductor integrated circuit device for driving
a liquid crystal display panel according to claim 1, wherein
the semiconductor chip has a rectangular shape, terminals
for outputting a drive signal applied to the scan line and a
drive signal applied to a signal line are disposed along one
of peripheries in the longitudinal direction of the semicon-
ductor chip, a power supply voltage terminal to which a high
voltage for writing of the memory circuit is applied is
disposed almost in the center of the other periphery in the
longitudinal direction of the semiconductor chip, a control
circuit for writing/reading data to/from the nonvolatile
memory circuit is disposed almost in the center of the
semiconductor chip, and the nonvolatile memory circuit is
disposed close to the control, circuit and the power supply
voltage terminal.
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