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POWER SUPPLY DEVICE, LIQUID CRYSTAL DISPLAY DEVICE,
| AND METHOD OF SUPPLYING POWER

Technical Field
The present invention relates to a power supply device, a liguid
crystal display device that includes this power supply device, and

a method of supplying power.

Background Art

An example of a prior art power supply device that is used in
electronic devices such as a liquid crystal display device is
shown in Fig. 33. It should be noted at this point that the
description below takes a power supply device used in a liquid
crystal display device by way of example only. This power supply
device.320 comprises a voltage regulation portion 322 and a multi-
value voltage.generation'portion 324.

In this case, the voltage regulation portion 322 has the
functioh of generating a regulated voltage Vreg by adjusting a
voltage between two supply voltages VS and VDD, and comprises a
control portion 314 and a voltage-divider resistor 313. The
control portidn 314 further comprises switches S1 to S4 that
control the resistance of the voltage-divider resistor 313 on the
basis of regulated-voltage sétting signals thgt are input thereto.

The vdltage—divider resistor 313 comprises resistors Rl to R4,

- these resistors R1 to R4 are selectively bypassed by control from

the control portion 314, this varies the resistance of the
voltage—divider resistor 3i3, and thus the regulated voltage Vreg
is determined. Enabling voltage regulation in this manner allows
the user to adjust the contrast of the liquid_crystal display.
The multi-value voltage géneration pérfion 324 further

comprises a voltage-divider resistor 312 formed of resistors Ra
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to Re. It has the function of dividing the regulated voltage Vreg
from the voltage regulation portion 322 to generate supply
voltages VO to V5 of different magnitudes. This generation of
multi-value supply voltages VO to V5 makes it possible to
implement a method such as a 6-level drive method to drive the
liquid.crystal display.

Another example of a prior art power supply device is shown
in Fig. 34. The power supply device 321 of this figure differs
from that of Fig. 33 in that a mulfi—value voltage generation
portion 326 thereof comprises operational amplifiers (OP-amps) 301
to 305 connected in a voltage-follower manner. Each of these OP-
amps 301 to 305 is connected to one of divider terminals (taps)
330 to 338 of the voltage—divider resistor 312. These OP-amps 30i
to 305 convert the impedances of the divided voltages generated
at the corresponding divider terminals 330 to 338. In this prior
art power supply device, all of the OP4aMps 301 to 305 have the
configuration that will be described later with reference to Fig.
10 (n—type OP-amp).

_The voltage regulation portion 322 shown in Fig. 33 and Fig.
34 turn.bn and off switches S1 to S4 of the control portion 314,
on the basis of the regulated-voltage setting signals. This
adjusts the number of steps in the voltage-divider resistor
connected between the supply voltages VS and VDD, to generate the
regulated voltage Vreg. This regulated voltage Vreg is then
divided by the voltage—divider resistor 312 of the multi—value

voltage generation portion 324 or 326. In the configuration of

"Fig. 33, these divided volfages are output without any impedance

conversion as the multi-value driving supply voltages VO to V5.
On the other hand, in the configuration of Fig. 34, the impedances
of these divided voltages are converted by the OP-amps 301 to 305

that are connected in a voltage-follower manner, to generate the
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multi-value driving supply voltages VO to V5 that are output.

These driving supply voltages VO to V5 are supplied to a
liquid crystal drive signal generation portion (LCD driver) that
is not shown in the figures. This drive signal generation portion
generates drive signals for driving the liquid crystal panel on
the basis of these driving supply voltages VO to V5.

. Liquid crystal display devices are often used in portable
electronics equipment. That is why it is considered that the
demand current of such a liquid crystal display device must be
made extremely low to reduce the power consumption. A further
concern is not only to reduce the power conSumption of the liquid
crystal display device in this manner, but alsc increase its
display quality. In order to ensure a lower power consumption for
the liquid crystal display device, it is necessary to reduce the
power consumption of a power supply device that supplies power to
the liquid crystal diéplay device. Further, in order to ensure a
higher display quality for the liquid crystal display device, the
supply voltages supplied from the power supply device must be such
that they do not adversely affect the display qualify of the
liquid crystal display device. _

In view of the above conceins, the prior art power supply
devices 320 and 321 of Fig. 33 and Fig. 34 have the problems
described below. ;

To enable the regulation bf the contrast of the liquid

crystal display as described above, the power supply deviée of the

.liquid crystal. display device enables voltage regulation. In the

prior art examples shown in Fig. 33 and Fig. 34, this voltage
regulation is provided by the voltége regulation portioﬁ 322
varying the number of divisions in the resistors connected.between
the supply voltages. Assume that the resistances of the voltage-

divider resistors 312 and 313 are R12 and R13. Thus the resistanc:
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R12 is fixed at R12 = Ra + Rb + Rc + Rd + Re. The resistance R13
is determined by which of the switches in the control portion 314
are on. For example, if the ratios of resistances R4 to Rl are set
to 8:4:2:1,'and switches S4 to 82 are turned off with Sl on, R13
= R4 + R3 + R2 = 14R (where the resistance of Rl is assumed to be
R). In this manner, the resistance R13 can be varied in steps
from, for example, O tq'15R (= R13tot) by turning the switches S4
to S1 on or off by.the regulated-voltage setting signals.

In these prior art power supply devices, the regulated
voltage Vreg is determined by the fatio of these resistances R12
and R13, as expressed by the equation below, Note that in the
description below, VDD ie assumed to be 0 V and VS is assumed to
be a negative voltage such as -9 V. |

Vreg = VS - R12/(R12 + R13) Equation 1

In this case, the resistance R13 can be varied between 0 and
15R (R13tot), as described above, so that the value of Vreg can
be varied as shown in Fig. 35A. For example, if R13 = 0 (S4 to Si
are all'on), Vreg has a maximum value Vrmax (negative) given by
the following equation:

Vrmax = VS Equation 2

Further, if R13 = R13tot = 15R (S4 to S1 are all off), Vreg
has a minimum value Vrmin (negative) given by the following
equation: |

Vrmin = VS - R12/(R12 + Ri3tot) | Equation 3

Therefore, a voltage regulation range Vrange is given by the
followiné equation: |

Vrange = | Vrmax - Vrﬁin |

= | VS | - Ri3tot/(R12 + R13tot) Equation 4

Since it is desired that a power supply device used in a

liquid crystal display device should provide a wide range of

contrast regulation, the voltage regulation range Vrange should
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also be capable of being set to as wide a range as possible. As
can be understood from Equation 4, if it is desired to widen the
voltage regulation range Vrange of either of the above prior art
examples, it is necessary to either reduce the resistance R12 of
the voltage-divider resistor 312 that sets the number of
divisions, or increase the total resistance R13tot of the-voltage—
divider resistor 313 that enables the switching of the steps.
However, with the former method, since the resistance of the
voltage-divider resistor is small, the consumption of current
flowing between the supply voltage VDD and the supply voltage VS

is large, the problem of providing a low power consumption cannot

be sdIVed} With the latter method, when this circuitry is mounted

in a semiconductor integrated circuit, the aspect ratio of the
resistors made of a material such as polysilicon becomes too
large, causing the problem that the chip drea increases.
Further, when voltage regulation is provided by a power
suppiy device of this type, it is necessary to set a central value
Ve for performing the voltage regulation. This central value Vc
becomes the value at the center of the contrast 5rightnéss range
when the contrastéof the liquid crystal display is adjusted. It
is desirable to sét the central value V¢ to, for example, S4 to
S1 = (0111) (wheré 0 means off and 1 means on ) as shown in
Fig. 35A. This engbles voltage regulation within a range of, for
example, seven lévels above and eight levels below the central
value, so .that antrast regulation can be provided over a rénge
that is the same on both the light side and the dark side.
However, manufacturing variations occur in the semiconductor
devices or liquid crystal display elements that include this power
supply device, due to factors such as changes in processing
conditions. If such variations occur, there will also be

variations in the central value Vc of brightness for contrast
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regulation. In such a case, the maximum value, minimum value, and

voltage regulation range of the regulated voltage in the prior art

power supply device are fixed by the resistances R12 and R13 of

_the voltage—divider resistor, as is clear from Equations 1 to 4.

Therefore, if a change in the central valué‘Vc should be caused

by manufacturing variations in this manner, it is not possible to

shift the maximum value, minimum value, and voltage regulation
range upward or downward. Thus, if, for example, the central value
Vc shifts to a value set by S4 to Si1 = (0100), as shown in Fig.
35B, voltage regulation in the range above Vc can be performed

over only four levels, and it is no longer possible to provide

"contrast regulation over ranges that are the same on both the

light side and the dark side of the center. This makes it
impossible to solve the problem concerning improving the display
quality. One method of solving this problem that has been
considered is to increase the number of divisions of the voltage-
divider resistor 313 and thus broaden the range of voltage
regulation, to allow.for manufacturing variations, but this method
causes a further problem in that it increases the area of the
semiconductor chip. Further, since voltage_regulation in the prior
art power supply device is provided by switching the number of
divisions of the voltage—divider resistor, it is necessary to
store the value for determining this central value Vc, such as the
value (0111) in Fig. 35A and (0100) in Fig. 35B, in means such as
non-volatile memory, which raises the problem of making _the
circuit éonfiguration complicated when it comes to building the
system. .

In the prior art examples shown in Fig. 33 and Fig. 34, it
is clear from Equation 1 that the regulated voltage Vreg is
determined by' the supply voltage VS or the 1like, and the

resistance ratio of the voltage-divider resistors 312 and 313.
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Therefore, there is a problem in that, if the supply voltage
should change, the regulated voltage Vreg will also change, such
that in a liquid crystal display device that uses a battery as a
power source, any change in the voltage of the battery will lead
to a change in display quality. .

Now consider the multi-value voltage generation portions 324
and 326 of Fig. 33 and Fig. 34.

In general, in a time-division (multiplexed) system for
driving liquid crystal, six supply voltages obtained by
calculation by a known 6-level drive method (method of voltage
averaging, amplitude selective'addreséing scheme) are used. These
voltages are called VO, V1, V2, V3, V4, and V5, starting from the
highest. A liquid crystal display device has common electrodes and .
segment electrodes, where the common electrodes are provided with
a common signal (scanning signal) for determining whether or not
lines are selected. Further, the segmént electrodes are provided
with a segment signal (data signal) for determining whether or not
display pixels are lit. The voltage of each common electrode ‘is
V5 (or VO) in a selected period or V1 (or V4) in a non-selected
period. When the voltage of a common electrode is V5 (or V0), if
the voltage of a segment electrode is VO (or V5) the corresponding
pixel is 1lit; if that voltage is V2 (or V3), the éorresponding
éixel is not 1it. Note that the values in parentheses in this case
ﬁndicate the supply voltages when the polarity of a frame (FR)
éignal is inverted. This frame signal is an alternation signal in
frame in§ersion technique or line inversion technique.

These multi-value supély voltages VO to V5 are generated by
either of the multi-value voltage generation portions 324 and 326.
In this case, the multi-value voltage generation portion 324 of
Fig. 33 divides the supply voltage by the voltage-divider resistor

312 and the resultant values are used unchanged as VO to V5.
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However, from consideration of display quality and power

consumption reduction, it is not preferable to use these

resistance—-divided voltages unchanged as supply voltages for

liquid crystal drive. In other words, to ensure a lower power

'consumption for the device, the re31stances of the resistors Ra

to Re that form the voltage-divider res1stor 312 must be as high
as possible, so that the currents flowing through the voltage-
divider resistor 312 are as low as possible. However, if the
resistances of Ra to Re are made high, the output impedances at
the divider terminals 330 to 338 of the voltage-divider resistor
312 will also be high. If the output impedances are made high in
this manner, changes in the supply voltages during the liquid
crystal drive .wili “be great, adversely affecting the liquid
crystal display quality. Therefore, this method of generating
multi-value supply voltages is not suitable for driving a large
liquid crystal panel.

On the other hand, in the method shown in Fig. 34, the above
problem is solved by using the OP-amps 301 to 305, which afe
connected in a voltage-follower manner, to convert the impedances
of the divided voltages generated at the divider terminals 3BQ to
338. In other words, the output impedances of the multi—vélue
voltage generation portion 326 are reduced by the impedance
conversion provided by the OP-amps 301 to 305, so %hat
deterioration of the liquid crystal display quality can be
prevented When such impedance conversion is provided, 1ncrer1ng
the output 1mpedances at the divider terminals 330 to 338 causes
no problems, so the resistances of Ra to Re can be increased. If

the resistances of Ra to Re are increased, the currents flowing

through the voltage—divider resistor 312 can be reduced,.and thus

it becomes possible to design a device with reduced power

consumption.
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To attempt to reduce the power consumption of the device
even further, it is necessary to restrain the power consumed by
the OP-amps 301 to 305 as well. Each of these OP-amps 301 to 305,

as will be described later with reference to Fig. 10, is provided

with a drive portion having a resistor or constant-current source

._cohnected at one end tb a high—potential'power—source side and an

n-channel drive transistor connected at one end to a low-potential
power-source side. In order to restrain the power consumption of
the OP-amps 301 to 305, it is necessary to reduce the current
flowing in this drive portion (said resistor or constant-current
source).

However, if the current flowing in this drive portion is
reduced in order to reduce the pbwer consumption, the problem then
arises that the phehomena of shadows and cross-talk will occur in
the iiquid qrystal display;.and the liquid crystal display quality
will become extremely low. With a drive method called'a 6-level
drive method (method of voltage averaging, amplitude selective
addressing scheme), the effective voltages applied to the pixels
during the drive period are averaged for all the on pixels and for

all the off pixels, to tr& to average the display status.

Therefore, an -averaging (equalization) state that 1is a

precondition of this 6-level drive method cannot be maintained,

" and thus the above phenomena of shadows and cross-talk will occur.

Therefore, it is a large technical concern_to determine how to
reduce power consumptions while making-sure that these phenomena
of shadoﬁs and cross—-talk do not occur. '
Note that if there are only four levels (VO to V3) of multi
-value supply voltages (a 4-level drive method), a configuration
could be considered in which, for example, a p-type OP-amp
(described later with reference to Fig. 8).is connected to a

supply voltage V1 on the high-potential side and an n-type OP-amp
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(described latef with reference to Fig. 10) is connected to a
supply voltage V2 on the low-potential side. The. reason for a
configuration of this type is as follows. The p-type OP-amp is
configured such that the input portion of its differential
amplifier portion has an n-channel transistor and a constant-
current source is cdnnected to the low—potential power source side
thereof. Therefore, in order to operate the n-channel transistor
of the input portion and an n-channel transistor of the constant-
current source normally (to make the voltage between the drain and
source of each transistor sufficiently large), a high potential
must be input to the transistor in the input portion, and that is
why a p—-type OP-amp is connected to V1. Conversely, the n—-type OP-
amp is configured such that the input portion of its differential
amplifier portion has a p-channel transistor and a constant-

current source is connected to the high-potential power source

' side thereof. Therefore, in order to operate the p-channel

transistor of the input portion and a p-channel transistor of the
constant-current source normally, a low potential must be input
to the transistor in the input portion, and that is why an n—-type
OP-amp is connected to VZ. This ensures that the operating voltage
range of the OP-amps can be widened. :

However, if there are five or more levels of multi-value
supply voltages, and thus at least three impedance conversion
means are necessary, it is not poss1ble to determ1ne what type of
OP—amp should be used for the third and Eubsequent 1mmedance
conver51on means, and thus it is a great technical problem to

determine how the type should be determined.
SUMMARY OF THE INVENTION

This invention is intended to solve the above problems, and has
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as its objective the provision of a power supply device, a liquid
crystal display device, and a method of supplying power that can
enable designs with lower power consumptions and can also enable
higher display qualities.

In order to solve the above described problems, a power
supply device in accordance with this invention comprises a
voltage regulation means, and is configured to supply a supply
voltage that has been regulated by the voltage regulation means
to an object to be driven, wherein:

the voltage regulation means comprises a first voltage
generation means for generating a first, constant voltage from a
supply voltage; an adder means for adding to the first voltage a
second voltage that does not depend on the first voltage; and a
control means for variably controlling the second voltége within
a predetermined voltage regulation range that is defined to
include the first voltage.

In accordance with the present invention, a first, constant
voltage is generated from a supply voltage. A second voltage that
does not depend on the first voltage is then generated, and this
second voltdge is added to the first'voltage. In this case, the
second voltage is variably controlled within a predetermined
voltage regulation range that is defined to include the first
voltage, and thus a desired regulated voltage can be supplied to
the object to be driven. A particular feature of the present
invention is the way in which the second voltage does not depend
upon the-first voltage. Therefore, even if the first voltage is
adjusted by means for adjuéting the first voltage, this does not
affect the way in which the second voltage can be regulated by the
control means within the predetermined voltage regulation range.
As a resulf, the first voltage can be adjusted independently of

other factors such as the voltage regulation range, and thus
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undesirable effects such as a narrowing of the voltage regulation
range due to changing of the first voltage can be efficiently
prevented. This enables an extremely flexible form of voltage
regulation that does not exist in the prior art, which leads to
improvements in the display quality and other characteristics of
the object to be driven that is driven on the basis of the
regulated voltage. '

- In this invention, the first voltage generated by the first
voltage generation means and the second voltage.added to the first
voltage by the adder means have a temperature characteristic which
compensates for a temperature characteristic of the object to be
driven.

In accordance with the present invention, the first and
second voltage have a temperature characteristic that compensates
for a temperature characteristic of the object to be driven. This
ensures that, if'the element characteristics of the'object to be
driven are changed by a change in temperature, the first voltage,
the second voltage, and the regulated voltage obtained by adding
the first and second voltages change in such a manner as to
compensate for this change in element characteristics. This makes
it possible to provide a stable bowér supply that is hot affected
by temperature chaﬁges, S0 that.a drive based on this regulated
voltage can be provided, enabliﬁg cxtremely good display quality
and other characteristics of fhé object to be driven.

In this invention, the sécond voltage added by the adder

-means is' fixed at a predetermined value during the initial

operation of the device.

In accordance with the present invention, the second voltage
added to.the first voltage is fixed at a predetermined value
during the initial operation of the device. This enables the

regulated voltage that is output from the power supply device to
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be fixed at a desired value during the initial operation. In other
words, the regulated voltage can be fixed at any value within the
vdltage'regulation range, such as the central value, the minimum
value, or the maximum value. This makes it unnecessary to include
any variation;adjustment program in the firmware used for
generating the regulated voltége, or provide circuitry for
detecting the output voltage of the voltage regulation portion.
As a result, the device can be made smaller, and also the chip
size can be reduced when this device is incorporated in a
semiconductor device.

In this invention, the first voltage generation means
comprises an operational amplifier, a reference voltage source
connected to a first input terminal of the operational amplifier,

a first resistor connected at one end to a second input terminal

_of the operational amplifier and at the other end to a fixed

potential, and a second resistor connected at one end to the
second input terminal of the operational amplifier and at the

other end to an output terminal of the operational amplifier; and

"the adder means comprises means for making a current from a

constant-current source, which is variably controlled by the
control means, flow through the second resistor.
In accordance with the present invention, the first voltage

is determined by a reference voltage from the reference voltage

‘source and the resistances of the first and second resistors. The

second voltage is generated by the flowing of a current from the
constant;current source, which is variably controlled by the
control means, through tﬁe second resistor, and this second
voltage is added to the first voltage. This ensures that the
desired regulated voltage caﬁ be obtained. In this manner, the
present invention ensures that the first voltage and the - second

voltage are generated independently. In other words, the first
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‘voltage can be adjusted by adjusting the resistance of the first

resistor. Further, the  second voltage can be adjusted

independently of the first voltage, by adjusting the current that

flows in the second resistor from the constant—-current source.

This also means that the voltage regulation range of the second
voltage can be made independent of the first voltage. Since this
broadens the voltage regulation range of the prior art, there is
no need to provide a large number of divisions for the switchable
resistors, and thus it is possible to make the device smaller and
reduce semiconductor chip sizes. By making the circuit
configuration simpler than that of the prior art, it becomes
possible to design for lower power consumptions. Since the first
voltage is determined by a reference voltage from the reference
voitage'source and the second voltage is determined based on a
current from the constant-current source, a stable regulated
voltage and voltage regulation range can be achieved, independent
of changes in the supply voltage.

In this invention, the reference voltage source and the
constant-current source comprise MOS transistors, and a reference
voltage from the reference voltage source and a constant current
from the constant{current scurce are generated by using the
threshold voltages of the MOS transistors.

The threshold voltage of a.MDS transistor has a negative
temperature characéeristic. This makes it possible to provide
negative temperatur% characteristics for the first voltage, second
voltage,.regulated voltage; anq voltage regulation range, Withoﬁt
having to add any element that has a temperature characteristic,
such as a thermistor. Thus the present invention can provide a
power supply device that is suitable for a liquid crystal display
device in which the contrast and other characteristics have

negative temperature characteristics.
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A power supply device of the present invention comprises a
multi-value voltage generation means and is configured to supply
multi-value driving supply voltages from the multi-value voltage
generation means, wherein: _

the multi-value voltage generation means comprises a voltage
divider means for generating divided voltages at divider terminals
thereof, and a plurality (at least three) of impedance conversion
means connected between the divider terminals and the objects to
be driven for converting the impedances of the divided voltagés-
generated at the divider terminals, thus generating multi—vélue
driving supply voltages intended for capacitive objects to be
driven; and

the configuration is such that a first impedance conversion
means ha&ing a drive portion that draws in a large positive charge
is connected to an object to be driven when the polarity of the
charge that must be transferred from the object to be driven to
the impedance conversion means during the drive period is positive
in total, and a second impedance conversion means having a drive
portion that draws in a large negative charge is connected to an
object to be driven when the'polarity of the charge that must be
transferred from the object to be driven to the impedance
conversion means during the drive period is negative in total.

In accordance with the present invention, divided voltages
are generated by a voltage divider means, and these divided
voltages are suppiied to the objects to be driven after their
impedancés have been converted by an impedancé conversion means.
When an object to be drifen is such that the polarity of the
charge that must be transferred from the object to be driven to
the impedance conversion means during the drive period is positive
in total, impedance conversion is performed by a first impedance

conversion means having a drive portion that draws in a large
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positive charge. On the other hand, if an object to be driven is
such that the polarity of this charge is negative in total,
impedance conversion is performed by a second impedance conversion
means having a drive portion that draws in .a large negative
charge. This ensures that a multi-value supply voltage that is
suited to the load applied to the corresponding driving supply
voltage is supplied to each capacitive object to be driven.
Further, no unnecessary currents flow through the drive portion
of the impedance conversion means, enabling improvements in the
display quality and other characteristics of the object to be
driven. ~

In particulaf, if it is necessary to provide three or more
impedance conversion means, this aspect of the present invention
can make it easy .to determine what type of OP-amp should be used
for the third and subsequent impedance conversion means. Thus, if
the present inventin is applied to a liquid crystal display device

that uses 6-level drive method, for instance, it is possible to

-easily determine what type of impedance conversion means should

be used for each of the four impedance conversion means.

o In this invention, each of the first and second impedance
éonversion means is formed of a voltage-follower connected
dperational amplifier comprising a differential portion and a
Qrive portion; the drive portion of the first impedance conversion
ﬁeans comprises a éonstant—current source or resistor connected
Et one end to a high-potential power-source side and at the other
end to aﬁ output-terminal side, and an n-channel drive transistor
connected at one end to a iow&potential power—-source side and at
the other end to the output—terminal side; and the drive portion
of the second impedance conversion means comprises a p-channel
drive transistor connected at one end to the-high—potential power-

source side and at the other end to the output—terminal side, and
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a constant-current source or resistor connected at one end to the
IOWhpotentiai power-source side and at the other end to the
output-terminal side.

In accordance with the present invention, the impedances of
the_ divided voltages are converted by the voltage-follower
connected operational amplifiers, and supply voltages of the same
voltages as the divided voltages are supplied to the objects to
be driven. The drive portion of the first impedance conversion
means comprises a constant-current source or resistor connected
to a high-potential side and an n-channel drive transistor
connected to a low~potential side, and the drive portion of the
second impedance conversion means comprises a constant-current.
source or resistor connected to the low—potentiél side and a p-
channel drive transistor connected to the high-potential side. In
this case, the first impedance conVersion means is connected to
an object to be driven when the polarity of the charge that must
be transferred from the object to be driven to the impedance
conversion means is positive in total. Therefore, this positive
charge can be sufficiently absorbed by the n-channel drive
transistor in the drive portion, and thus the current flowing in
the- constant-current source or the resistor can §be made
sufficiently small. Conversely, the second impedance conversion
means is connected to an object to be driven when the polarlty of
the charge that must be transferred from the object to be driven
to the impedance conversion means is negative in total. %herefore,
this negétive charge can be sufficiently absorbed by the p-channel
drive transistor in the drive portion, and thus the current
flowing in the constant—current source or the resistor can be made
sufficiently small. This enables improvements in the display
quality and other characteristics of the objects to be driven,

enables savings in the currents flowing through the drive
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portions, and also enables huge reductions in demand current . As
a result, the battery lifetimes of equipment in which the power
supply device of this invention is included can be greatly
extended.

A power supply device of this invention is characterized in
comprising a control means for controlling one or a plurality of
multi—valuc driving supply voltages generated by the multi-value
voltage generation means,'in such a manner that the voltage or
voltages reach predetermined levels within a predetermined period
immediately after the power is turned on.

This makes it possible to guarantee that these driving
supply voltages will reach cheir predetermined levels within the
predetermined period immediately after the power is turned on.
This can prevent any of the adverse effects that could occur if
these driving supply voltages shouid reach a transient state,
enabling improvements in the display quality and other
characteristics of the object to be driven.

A power supply device of this invention is characterized in

‘comprising a control means for controlling the one or a plurality

of multi-value driving supply voltages generated by the multi-
value voltage generation means, in such a manner that the voltage
of voltages reach pfedetermined levels within a predetermined
period immediately after the power is turned on; wherein the
control means comprises means for increasing the current flowing
into the low-potential power-source side of the drive portion of
the secohd impedance conversion means during the predetermined
period, when the high—poténtial power source acts as a fixed-
potential power source and the Iow¥potentia1 power source is
turned on. |

In accordance with the present invention, the current flowing

into the low-potential power-source side of the drive portion of
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the second impedance convefsion means is increased during the
predetermined period immediately after the power is turned on.
This ensures that one or a plurality of multi-value driving supply

voltages, such as V1 and V3 of the 6—ieve1 drive method, are
controlled in such a manner that the voltage or voltages reach
predetermined levels Within the predetermined period, and can also
prevent any adverse effects caused by the voltages at V1 and V3
going in a transient state. This prevents adverse conditions such
that the liquid crystal display goes completely black.

A power supply device of this invention is characterized in '
comprising a control means for controlling one or a plurality of
multi-value driving supply voltages generﬁted by the multi—value
voltage generation meaﬁs, in such a mannér that the voltage or
voltages reaéh predetermined levels within a predetermined period
immediately after fhe power is turned on; wherein the  control
means comprises means for increasing the current flowing from the
high-potential power-source side of the drive portion of the first
impedance conversion means during the predetermined period, when -
the low-potential power source acts as a fixed—potential power
source and the high-potential power source is turned on.

In accordance with the present invenfion, the current flowing
through the high-potential power—-source side of the drive portion
of the first impedance conversion meapsgis increased during the
predetermined period immediately aftef &he power is turned on.
This ensures that one or a plurality of mhlti—value driving supply
voltages; such as V2 and V4 of the 6-level drive method, are
controlled in such a'mannér that the voltage of voltages reach
predetermined levels within the predetermined period, and can also
prevent any adverse effects caused by the voltages at V2 and V4
going into a transient state. This prevents adverse conditions

such that the liquid crystal display goes completely black.
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In this invention, a voltage in a transient state from the
multi-value driving power source is controlled such that it is not
applied to the object to be driven during the predetermined
period.

In accordance with the present invention; during the
predetermined period until the dri#ing supply voltages reach their
predetermined levels, no voltage in a transient state that might
occur from the driving power source is transferred to the object
to be driven. After the predetermined period has elapsed and the
driving supply voltages have reached theif predetermined levels,
the driving supply voltages ére supplied to the objects to be
driven. This can moré completely prevent any adverse effects that
may be caused by driving supply voltages in a transient state,
enabling further improvements in the display quality and other
characteristics of the objects to be driven.

A power supply device of this invention comprises a multi-
value voltage generation means and is configured to supply multi-
value driving supply voltages from the ﬁulti¥va1ue voltage
generation means, wherein:

the multi-value voltage generation means comprises a voltage
divider means for generating divided voltages at divider terminals
thereof; a plurality of impedance conversion means connected
between the divider terminals and the objects to be driven for
converting the impedances of the divided voltages generated at the
divider terminals, thus generating multi-value driving supply
voltages'intended for capacitive objects to be driven; and means
for controlling the impedance conversion means;

the impedance conversion means is formed of a voltage-
follower connected operational amplifier comprising a differential

portion and a drive portion; and the drive portion comprises a

" constant-current source or resistor connected at one end to a



10

20

25

30

n

-21-

first power-source side and at the other end to an output-terminal
side, and a drive transistor connected at one end to a second
power—-source side and at the other end to an output-terminal side;
and |

‘the means for controlling the impedance conversion means
controls a current to flow through the constant-current source or
the resistor of the impedance conversion means only during a fixed
period immediately after the rise or fall of the reference clock
that is used ‘in driving the object to be driven.

In accordance with the present invention, the means for
controlling the impedance conversion means controls a current to
flow through the constant-current source or resistor within the
impedance conversion means only during a fixed period immediatel&
after the rise or fall of the reference clock. In other words;
when a capacitive object to be driven is to be driven, load is
applied to the driving supply voltages only during a'fiiéd period
immediately after the rise or fall of the reference clock.
Therefore, if current flows through the consfant—current source
or resistor only during this period, the object to be driven can
be sufficiently driven by this constant-current source or
resistor. This ensures ﬁhat current can be restrained from flowing
through the constant—cufrent source or the resistor during periods
other than the above périod, and thus the device can be designed.
to have an even lower éower consumptioh.

A power supply deice of this invention comprises a multi-
value voitage generation means and is configured to supply multi-
value driving supply voitages from the multi-value voltage
generation means; wherein: '

- the multi-value voltage generation means comprises a voltage

divider means for generating divided voltages at divider terminals

thereof; a plurality of impedance conversion means connected
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between the dividér terminals and the objects to be driven for
converting the impedances of the divided voltages generated at the
divider terminals, thus generating 1nu1ti¥va1ue driving supply
voltages intended - -for capacitive objects to be driven; and means
for controlling the impedance conversion means; _

the impedance conversion means is formed of' a voltage-
follower connected operational amplifier comprising a differential
portion and a drive portion; and the drive portion comprises a
constant-current source or resistor éonnected at one end to a
first power-source side and at the other end to an output-terminal
side, and a drive transistor connected at one end to a second
power—source side and at the other end to an outbut—terminal side;
and

when a frahe signal for driving an'object to be driven is at
a predetermined level, the means for controlling the'impedance
cohversion means puts limitations on a current that flows through
the constant-current source or the resistor of the impedance
conversion means.

In accordance with the present invention, the current flowing
in the constant-current source or the resistor within the
impedance -conversion means is limited by the means for controlling
the impedance conversion means when the frame signal _(an
alternation signal in frame inversion technique or line inversion
technique) is at a predetermined level. In other words, depending
on the driving supply voltage, it could happen that load is not
applied ﬁhen the frame sigﬁal is at the predetermined level.
Therefore, this configuratibn ensures that, if the current flowing
in the constant-current source or the resistor is controlled, the
flow of unnecessary demand current in the constant—cﬁrrent source
or resistor can be efficiently prevented. This enables the design

of devices with even lower power consumptions, without any
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deterioration in the display quality and other characteristics of
thé object to be driven. '

In this invention, the drive portion comprises a constant-
current source or resistor that is cohtrolled by the means for
controlliné the impedance conversion means, and another constant-
current source or resistor that is not controlled by the'control
means; _

With this configuration, the output voltage of the drive
portion can be held at a fixed value by the constant—curfent_
source or resistor that is not controlled by the control means.
In addition, if the current flowing in the constant-current source
or the resistor is controlled by the control means in accordance
with the 10ad applied to the driving supply voltages, a drive
portion having sufficient drive capability with a low power
consumption can be implemented.

A power supply device of this invention comprises a voltage
regulation means and a multi-value voltage generation means, and
is configured to supply multi-value driving sﬁpply voltages
generatéd by the multi-value voltage generation means from a
regulatgd Voltage generated by the voltage regulation means,
whereing

thé voltage regulaﬁion means comprises a first voltage
generation means for generating a first, constant voltage from a
supply %oltage; an adder means for adding to the first voltage a
second’voltage that does not depend on the first voltage; and a
control means for variably controlling the second #oltage within
a predetermined voltage fegulation range that is defined to
include the first voltage;

the multi—-value voltage generation means comprises a voltage
divider means for dividing a regulated voltage generated at the

voltage regulation means, thus generating divided voltages by
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divider terminals thereof; and a plurality (at least three) of
impedance conversion means connected between the divider terminals
and the objects to be driven for converting the impedances of the
divided voltages generated at the divider terminals, thus
generating multi-value driving supply voltages intended for
capacitive objects to be driven; and

the configuration is such that a first impedance conversion
means having a drive portion that draws in a large positive charge
is connected to an object to be driven when the polarity of the
charge that must be transferred from the object to be driven to
the impedance conversion means during the drive period is positive
in total, and a second impedance conversion means having a drive
portion that draws in a large negative charge is connected to an
object to be driven when the polarity of the charge that must be
transferred from the object to be driven to the impedance
conversion means during the drive period is negative in total.

In accordance with the present invention, the multi-value
vol.tage generation means can be used to generate multi-value
driving supply voltages whose impedances have been converted,
based on a supply voltage regulated by the voltage regulation
means. This ensures that the multi-value driving supply voltageé
generated by the mmlti—#alue voltage generation means can be

regulated. Further, multi-value supply voltages that are

_appropr1ate for the loads applied to the driving supply voltages

|

can be supplled to the capacitive objects to be driven. If devices
such as operatlonal ampllflers are used for voltage regulation in
the voltage regulation means, these operational amplifiers can
also be used as impedance conversion means.in the multi-value
voltage generatibn means. This enables the design of even smaller
devices. '

A liquid crystal display device of this invention comprises
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a voltage regulation means, wherein supply voltages for driving
liquid crystal elements are regulated by the voltage regulation
means, thus regulating contrast for a liquid crystal display, and
wherein: |

the voltage regulation means comprises a first voltage

generation means for generating a first, constant voltage from a

- supply voltage; an adder means for adding to the first voltage a

second voltage that does not depend on the first voltage; and a
control means for variably controlling the second voltage within
a predetermined voltage regulation range that is defined to
include the first voltage. |
In accordance with the present invention, the contrast of the
liquid crystal display is regulated by having the voltage
regulation means regulate.the supply voltages for driving liquid
crystal elements. In other words, regulation of a voltage that
acts as reference for the contrast regulation, such as a central
value, is enabled by regulating the first voltage. The user of the
liquid crystal display device can then obtain any desired contrast
by regulating the second voltage. In this case, regulating the
first voltage to change the Central_or other value will have no
effect on the second voltage.-Therefore,'the central or other
value, the second voltage, and the voltage regulation range can
be set individually and independently, to enable contrast
regulation-that is superior to that of the prior art. This enables
the_provision of the optimal contrast regulation method for the
liquid cfystal display devices that are often used in portable'
electronics equipment whefe small size and light weight are
necessary.
A liquid crystal display device of this invention comprises
a multi-value voltage generation means and is configured to use

a 6-level drive method to drive a liquid crystal element that is
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an object to be driven, on the basis of multi-value driving supply
voltages generated by the multi-value voltage generation means;
wherein: |

the multi-value voltage generation means comprises a voltage
divider means fbr generating divided voltages at divider terminals
thereof, and a plurality of impedance conversion means connected
between the divider ferminals and the objects to be driven for
converting the impedances of the divided voltages generated at the
divider terminals, thus generating multi-value driving supply
voltages intended for capacitive objects to be driven; and

if supply voltages for driving liquid crystal elements by
using the 6-level drive method are termed driving supply voltages
at a zero level, a first level, a sécond level, a third level, a
fourth level, and a fifth level from a high-potential side, each
of the second and fourth levels of driving supply voltage is
generated by a first impedance conversion means having a drive
portion that draws in a large positive charge from the object to
be driven to the impedance conversion means, and each of the first
and third levels of driving supply voltage is'generated by a
second impedance conversion means having a drive portion that
draws in a large negative charge from the objectéto be driven to
the impedance conversion means. | ,

In accordance with thé present inventionﬁ the second and
fourth levels of driving supply voltage, wheregthe charge that
must be transferred to the impedance conversion éeans is positive
in totai, are generated by a first impedance conversion means
having a drive portion thét draws in a large positive charge.
Similarly, the first and third levels of driving supply voltage,
where the charge is negative in total, are generated by a second
impedance conversion means having a drive portion that draws in

a large negative charge. This enables the provision of six supply
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voltages that are suited to loads applied to the driving supply
voltages, for a liquid crystal element. As a result, phenomena
such as shadows and cross-talk that could occur during liquid
crystal display are efficiently prevented from occurring, so that
the liquid crystal display quality can be improved and a device

with an extremely low power consumption can be designed.

BRIEF DESCRIPTiON OF THE DRAWINGS

Fig. 1 is a block diagram of a power supply device according to
a first embodiment of this invention;

Fig. 2A and Fig. 2B are diagrams illustrating the voltage
regulation method of the first embodiment;

Fig. 3 is a circuit diagram of a voltage regulation portion
according to a second embodiment of this invention;

Fig. 4 is a circuit diagram of the v01tage regulation
portion of Fig. 3, when the reference voltage source, constant-
current source, and control portion are configured of MOS
transistors;

Fig. 5 is a circuit diagram of an example of a liquid
crystal display device that uses the power supply device of this
invention; ' |

Fig. 6 is a graph of the. temperature charaéteristic that
appears in the driving suppiy voltage V5 in the second'embodiment;

Fig. 7 is a circuit diagram of a multi-value voltage
generatibn éortion according to a third embodiment of this.
invention; ﬂ

Fig. 8 is a transistof—level circuit diagram of a p-type OP-
amp; |

| Fig. 9 is a graph of the current characteristics of an n-

channel load transistor and a p—channel drive transistor;
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Fig. 10 is a transistor-level circuit diagram of an n-type
OP—-amp;

Fig. 11A is a table listing the relationships between the
voltages of common and segment electrodes and the voltages VO to
V5, and Fig. 11B illustrates an'example of the arrangement of
common and segment electrodes;

Fig. 12A and Fig. 12B are simple sketches showing how much

charge must be moved at the driving supply voltages when the

.voltages of common and segment electrodes are changed;

Fig. 13 is a timing chart of the FR signal and DCK signal;

Fig. 14 are diagrams of common and segment waveforms obtained
when the voltage of the segment electrode changes from V3 to V2
at the FR switchover point A; |

Fig. 15 shows the process of calculating the load applied to
V2 in Fig. 14, and the calculation results obtained thereby;

Fig. 16 are diagrams of common ahd segment waveforms obtained
when the voltage of the segment electrode changes from V5 to V2
at the FR switchover point A;

Fig. 17 shows the process of calculating the load applied to
V2 in'Fig. 16, and the calculation results obtained thereby;

Fig. 18 are diagrams of commdn and segment waveforms obtained
when the voltage of the segment_électrode changes from VO to V2
during the period B; :

Fig. 19 shows the process oﬁ calculating the load applied to
V2 in Fig. 18, and the calculatign results obtained thereby;

Fié. 20 are diagrams of common and segment waveforms obtained
when the voltage of the seément elecfrode remains unchanged at'VZ
during the period B; _

Fig. 21 shows the process of calculating the load applied to
V2 in Fig. 20, and the calculation results obtained thereby;

Fig. 22 shows the process of calculating the load applied to
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V1 when the voltage of the segment electrode changes from V5 to
V2, or from V5 to V0O, at the FR switehover point A, and the
calculation results obtained thereby{

Fig. 23 shows the process of calculating the load applied to
V1 when the voltage Qf the segment electrode changes from V3 to
V2, or from V3 to VO, at the FR switchover point A, and the
calculation results obtained thereby;

Fig. 24 shows the process of calculating the load applied to
V1 when the voltage of the segment electrode changes from VO to
V2, or from VO to VO, during the period B, and the calculation
results obtained thereby;

Fig. 25 shows the process of"calculating the load applied to
V1 when the voltage of the segment electrode changes from V2 to
V2, or from V2 to VO, during the period B, and the calculation
results obtained thereby.

Fig. 26 lists all the results of calculating the load on V1
to V4, _

Fig; 27 is a circuit diagram of an n-type OP-amp that
possess a current control function;

Fig. 28 is a_timing chart of DCK, centrol signals, and the
FR signal; |

Fig. 29A shows the configuration of a multi-value voltage
generation portion when the power source on the high-potential
side is a fixed power source, and Fig. 29B shows the configuration

of a multi-value voltage generation portion when the power source

~on the low-potential side is a fixed power source;

Fig. 30A and Fig. 30B illustrate the voltage changes at Vi
and V4 when the power is turned on, respectively;

Fig. 31 is a characteristic graph that illustrates the
voltage changes of V1, V2, V3, V4 and V5 when the power is turned

on;
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Fig. 32 is a schematic view of the power-on sequence in a
fifth embodiment of this invention;

Fig. 33 shows one example of a prior art power supply device

used in a device such as a liquid crystal display device;

Fig. 34 shows another example of a prior art power supply
device used in a device such as a liquid crystal display device;
and 3

Fig. 35A and Fig. 35B are diagrams illustrating the voltage
regulation method of the prior art examples of Fig. 33 and Fig;
34.

DETAILED DESCRIPTION

Preferred embodiments of this invention are described below.

First Embodiment
A first embodiment of this invention is shown in Fig. 1. A power
supply device 100 of this first embodiment comprises a voltage
regulation portion 102 and a multi-value- vbltage generation
portion 110, as;shown in Fig. 1, and it generates from a supply
voltage multi-vélue supply voltages VO to V5 for liquid crystal.
In this caée, the voltage regulation portion 102 comprises
a first voltagefgeneration portion 104, an adder portion 106, a
second voltage éeneration portibn 107, aﬁd a control portion 108,
and it generateg a regulated voltage Vreg.
The-first voltage generafion portion 104 has the function of

generating a first voltage Vx from supply voltages VS and VDD.

Assume that, for example, a central value Vc for providing

contrast régulation for a liquid crystal display is positioned as
shown in Fig. 2A. In this case, the first voltage generation

portion 104 is made to generate the first voltage Vx such that,
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for example, Vx = Vc. The second voltage generation portion 107
generates a second voltage Vy independently of the generation of
the above first voltage. In this case, the second voltage Vy is
variably controlled by the control portion 108 within a
predetermined voltage regulation range that is defined to include
the first voltage Vx. This Variably controlled second voltage Vy

is added in the adder portion 106 to the above first voltage Vx,

"and thus the regulated voltage Vreg is generated.

In the example shown in Fig. 2A, a positive or negative
value of the second voltage Vy is added to the first voltage Vx
to generate the regulated voltage Vreg. Whatever value of second
voltage'Vy is added is determined by regulated-voltage setting
signals that are input to the control portion 108. |

Thus, in this first embodiment, a variable second voltage Vy
that does not depend on the value of the first voltage Vx is added
to Vx to generate the regulated voltage Vreg. Therefore, if, as
shown.for example in Fig. 2B, the central value for contrast
regulation is changed by variations occurring during the
manufacture of thersemiconductor device or liquid crystal element,
the above described problem with the prior art technology will not
occur. In other words, in this case, the first voltage Vx is first
adjusted to match any change in the central value Vc, so that Vx
= Vc. Then, if the variably controlled sedond voltage Vy is added
to the first voltage Vx, the desired regulated voltage Vreg can

be obtained. This enables the user to adjust the contrast of the

| liquid crystal display to any desired brightness. This arrangement

differs from the prior art example shown in Fig. 35A and Fig. 35B
in that contrast regulation can be performed within a range of
substantially the same size on both the upper side and the lower
side. '

Note that it is not always necessary to make the first
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voltage Vx equal to the central value; it could be made equal to
either Vrmax or Vrmin in Fig. 2A and Fig. 2B. If Vx is made equal
to Vrmax, the second voltage Vy added for voltage regulation would
have a positive value; if Vx is made equal to Vrmin, it would have
a negative value. |

The multi-value voltage generation portion 110 will now be
described. In this first embodiment, the multi-value voltage
generation portion 110 comprises a voltagé divider portion 112 and
first and second impedance conversion portions 114, 116, 118 and
120. The voltage divider portion 112 performs dividing between the
regulated voltage Vreg and the supply voltage VDD, and divided
voitages are output from divider terminals 122, 124, 126, 128, 130
and 132. In this case, the divider terminals 126 and 130 are
connected to first impedance'conversion portions 116 and 120, and
supply voltages V2 and V4 which have been impedance-converted are
supplied therefrom to a capacitive quuid crystal element.
Similarly, divider terminals 124 and 128 are connected to second
impedance conversion portions 114 and 118, and supply voltages V1
and V3 that have,been impedance-converted are supplied therefrom
to the capacitive liquid crystal element.

E In the typé of liquid crystal drive called the 6-level drive
method, as will be described later, it has been found that the
polarities of charge that must be moved from the liquid crystal
élement to the power supply device during the drive period differ
According to the type of the supply voltage. For example, it has
been 'f.ou.nd that the polarity of this charge at V2 and V4 is
positive. Conversely, thé ﬁolarity of this charge at V1 and V3 is
negative. That is why, in this embodiment, first impedance
conversion portions 116 and 120, each haﬁing a drive portion that

draws in a large positive charge, are connected to V2 and V4.

. Similarly, second impedance conversion portions 114 and 118, each
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having a drive portion that draws in a large negative éharge, are
connected to V1 and V3. This ensures that the voltage averaging

(equalization) state of the 6-level drive method can be

"maintained, and the phenomena of shadows and cross-talk are

prevented from occurring. As a result, the liquid crystal display

quality can be increased to extremely high levels.

Second Embodiment
The description now turns to a second embodiment of the present

invention.' This second embodiment illustrates a specific

configuration of a voltage regulation portion 102.

The voltage regulation.portion of the second embodiment shown

in Fig. 3 comprises an OP-amp 6, a reference voltage source 7, a
constant-current source 8 having a plurality of current sources,
and a control portion 9 having a plurality of switches. A positive
input terminal (first input terminal) of the OP-amp 6 is connected
to the reference voltage source 7 and a negative input terminal
(second input terminal) thereof is connected to one end of each
of resistors 10 and 11 and to an output terminals of the control
portion 9. The other end of the resistor 10 is connected to the
output terminal of the OP-amp 6, and the other end of the resfstor
11 is connected to a fixed potential VDD. The control portion 9
is positioned between the constant-current source 8 andé the
negative input terminal of the OP-amp 6. The magnitude of the
current flowing from the constant-current source 8 to the fes&stor
10 is cdntrolled on the basis of the regulated—voltage setting
signals, and voltage reguiation'is performed by changing this
current magnitude. _

The regulated voltage Vreg (connected to V5) that is an
output of the voltage regulation portion is the sum of the first

voltage Vx and the second voltage Vy, as given by the following

-
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Vreg = Vx + Vy ' Equation 5

In this case, if the resistance of the resistof 10 is RI10,
the resistance of the resistor 11 is R11l, and the voltage of the
reference voltage source 7 is Vref, the first voltage Vx can be
expressed by the following generalized equation for the output
voltage at the OP-amp:

Vx = (1 + R10/R11) - Vref Equation 6

The second voltage Vy is determined by a current I10 flowing
from the constant-current source 8 via the control portion 9 to
the resistor 10. In this case, the current I10 can be_varied by
selectively turning on the switches in the control portion 9 by
the regulated-voltage setting signals. Therefore, the second
voltage Vy is given by the following equation:

Vy = I10 - R10 Equation 7

Thus, the regulated voltage Vreg is given by the following
equation:

Vreg = (1 + R10/R11) - Vref + I10 - R10 Equation 8

If, for example, the maximum value of the current I10
flowing from the constant-current source 8 to the resistor 10 is
assumed to be Imax and the minimum value is assumed to be Imin,
the voltage regulation range Vrange is given by the following
equation: _

Vrange =‘(Imax - Imin) - R10 | Eduation 9

It is clear from Equations 6 to 9 that, in accordance with
this embodiment, Vy is determined by R10 and thus the voltage:
regulation range Vrange is'also determined thereby. Similarly, Vx
is determined by R11, and thus the voltage that acts as reference
for voltage regulation is determined thereby. This voltage that
acts as reference for voltage regulation could be, as described

above, the central value of the voltage regulation range, or it
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could be the maximum or minimum value thereof. Thus, in accordance
with the voltage regulation portion of this embodiment, each of
the values of vx; Vy, and Vrange can be set independently.

An example of the circuitry when the reference voltage source
7, constant-current source 8, and control portion 9 of Fig. 3 are
configured of MOS transistors is shown in Fig. 4.

The reference voltage source 7 comprises a p-channel
transistor 15 and an n-channel transistor 20. The magnitude of
Vref generated by the reference voltage source 7 can be made
virtually the same as the threshold voltage of the p-channel
transistor 15 by reducing the current capability of the n-channel
transistor 20 and reducing the current flowing between the power'
sources. The constant-current source 8 comprises p-channel
transistors 16 to 19. The constant—-current source 8 provides a
constant current by making use of the constant-current
characteristic when saturated of the p-channel transistors 16 to
19 whose gate electrodes are connected to the reference voltage
Vref. The control portion 9 comprises p-channel transistors 21 to
24 that are connected to the drain regions of the p-channel
transistors 16 to 19 respectively, and the passihg and cutting off
of the current is switched by the regulated—voltage setting
signals connected to the gate electrodes of the p-channel
transistors 21 to 24. In this case, assume t@at the weighting of
the values of the currents flowing from the ilurality of current
sources within the constant-current source’ 8 is 2". In other
words, if the magnitudes of currents from the current sources are
in the ratios 8:4:2:1, fdur reguiafed—voltage setting signals
enables voltage regulation over 2* = 16 steps. Note that Fig. 3
and Fig. 4 show an example with four regulated-voltage setting
signals, but of course it is possible to set a different number

of signals than that of Fig. 3 and Fig. 4. Note further that,
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since the regulated-voltage setting signals can be obtained as
binary signals from régisters written to by means such as a
microprocessor, control by micrOprocessor is facilitated.

| In accordance with this embodiment, if the configuration is
such that the résistance of the resistor 10 is fixed and there is
means of varying the resistance.of the resistor 11, the voltage
that acts as reference for voltage regulation, such as the central
value, can be changed while the voltage regulation range is
maintained. Therefore, if variations should occur during the
manufacture of the semiconductor device or liquid crystal element,
these variations can be compensated for by adjusting the
resistance oflthe resistor 11 by the above resistance variation
means. In other words, assume that the adjustment is such that Vx
is made to match the central value Vc for contrast regulation, as
shown for examplé in Fig. 2. Sinée the resistance of the resistor
10 is fixed, it is clear from Equation 9 that the voltage
regulation range does not change, even if the resistance of the
resistbr 11 changes. Thus the desired regulated voltage Vreg can
be obtained within this unchanging voltage regulation range by
using the regulated-voltage setting signals. With the prior art
power supply devices shown in Fig. 33 and Fig. 34, if the central
value Vc that is the voltage that acts as reference for voltage
regulation should change, as shown in Fig. 35A and Fig. 35B, it
becomes impossible to provide voltage régulation (contrast
regulation) within substantialiy the same range above and below
this vaiue. Therefore, each of these ;prior art power supply
devices is configured with &n excessively large voltage regﬁlation
range, to ensure that voltage regulation can be provided over a
sufficiently broad range if there should be any change in the
voltage that acts as reference for voltage regulation. In other

words, it is configured such that the voltage-divider resistor 313
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of Fig. 33 and Fig. 34 has an excessive number of diQisions.

In contrast, the necessary lower limit required for the
voltage regulation range can be fixed by this embodiment, since
the voltage regulation range does not change even if the voltage
that acts as reference for voltage regulation changes. This means
that the number of current soﬁrces in the constant-current source
8 for voltage regulation and the number of switches in the control
portion 9 can be set to the necessary lower limits. Note further
that this means that, if voltage regulatibn control - signals can
be obtained as binary signals from registers written to by means
such as a microprocessor, the numbers of bits in the registers can
be set to the necessary lower limit and the linking wiring can
also be reduced. |

If a prior art power supply device has been adjusted to
allow for manufacturing variations, data on the number of
divisions in the voltage-divider resistor after the adjustment
(that is, the (0111) and (0100) data of Fig. 35A and Fig. 35B)
must be stored in means such as non—volatiie memory. However,
since this embodiment makes it possible to adjust to allow for
manufacturing variations by varying the resistance of the resistor
11, it is no longer necessary to store such data. |

Further, if control is b& microprocessor and the current from
the constant-éurrent source 8 has béen cut in answer to a system
reset signal, the output volt?ge of the voltage regulation portion
is determined solely by the’resistances of the resistors 10 and
11. Theréfore, there is no need to inélude a variation-adjustment
program in the firmware, nor is there need for circuitry to detect

the output voltage of the voltage regulation portion. For example,

"if the current from the constant-current source 8 is set to be cut

in this way at system reset, Vx can be equal to the minimum value

Vrmin shown in Fig. 2A. Further, if the configuration is such that
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some of the switches in the control portion 9 are turned on at
system reset, Vx can be equal to the central value V¢, for
example, as shown in Fig. 2A.

An example of a liquid crystal display device using the
power supply device of'this invention is shown in Fig. 5. This
liquid crystal display device comprises a power supply device 100,
a contrast regulation. portion 140, a drive signal generation
portion (LCD driver) 142, and a liquid crystal panel 144.

The regulated voltage Vreg that is an output of the voltage
regulation portion is supplied to the drive signal generation
portion 142 as supply voltage V5 for liquid crystal drive, and is
also connected to one end of the voltage-divider resistor 12 of
which the other end is connected to a fixed potential. Voltages
divided by the voltage-divider resistor 12 are connected to
positive input terminals of voltage-follower connected OP-amps 1
to 4, and outputs of the OP-amps 1 to 4 are input to the drive
signal generation portion 142 as supply voltages V1, V2, V3, and
V4. Note that in this case, the divider terminals 126 and 130 are
connected to n-type OP-amps 2 and 4 and the divider terminals 124
and 128 are connected to p-type OP-amps 1 and 3 respectively.
These OP-amps will be described in detail later. Note also that
the OP-amp 6 in the voltage regulation portion can provide

impedance conversion for V5, which can reduce the number of

‘circuit elements.

The drive signal generation portion 142 generates- drive
signals By'selecting any of these driving supply voltages VO to
V5 on the basis of, for exémple, the 6-level drive method. These
drive signals are used to drive liquid crystal elements. If the
user performs an operation to regulate the contrast by the
contrast regulation portion 140, the value of Vreg is regulated

by regulated-voltage setting signals that are output by the
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contrast regulation portion 140. The voltages V1 to V5 supplied
to the liquid crystal panel 144 are regulated in this manner, to
provide contrast regulation for the liquid crystal display.

In this case, the regulated voltage Vreg output.from the
voltage regulation portion bearé no relationship to the resistance
of the voltage—divider resistor 12, as shown by Equation 8.
Therefore, the current flowing between the power sources can be
made extremely small by increasing-the resistance of the voltage-
divider resistor 12. This makes it possible to design for
extremely low power consumptions in the power supply device and
liquid crystal displa& device. -

The power supply device of this embodiment can be applied to
a liquid crystal display device, as described above, and, since
a liquid crystal display device is light and has a low power
consumption; it is often used in portable electronics equipment
where small size and light weight are necessary: Therefore,
equipment provided with such a liquid crystal display device ought
to make the most of the inherent advantages of a liquid crystal
display device (small size and light weight), where smaller and
less power-hungry circuits are requested. The power supply device
of this embodiment is effective means of answering these.requests
when used in a liquid crystal display device.

The effect of this embodiment will now be described from the
viewpoint of the stability of the circuitry.

In thlslembodlment, the value of Vx, which is the voltage
that acté as reference for voltage regulation, is determined by
the value of the reference'voltage Vref and the resistance ratio
of the resistors 10 and 11, as is clear from Equation 6. In
contrast, in the prior art examples shown in Fig. 33 and Fig. 34,
the voltage that acts as reference for voltage regulation is

determined by resistance-division of the voltage difference
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between the supply voltages VDD and VS. Therefore, the prior art
examples had the'problem that a change in the supply voltage would
cause a change in the voltage that acts as reference for voltage
regulation. However, with this embodiment, Vx is kept constant
even if the supply voltage should change.

Further, in this embodiment, the voltage Vy that determines
the voltage regulation range is determined by the value of the
current I10 flowing in the resistor 10 from the constant-current
source 8 via the control portion 9 and the resistance of the
resistor 10, as shown by Equation 7. The current I10 from the
constant-current source 8 remains constant even if the supply
voltage changes. This means that Vy can also be kept constant with
respect to changes in the supply voltage, so that the' voltage
regulation range Vrange also remains constant. For example, Fig.
4 shows an example in which the constant-current source 8 of Fig.
2'or'Fig. 3 is configured of transistors, where the gate voltage
of a transistor operating in the constant-current region is
obtained from the reference voltage Vref and, since the gate
voltage is held fixed, the drain current is also fixed. This

ensures that the current flowing from the constant-current source

. is constant, even if the supply voltage changes, and thus Vy and

Vrange are also fixed.

As described above, this embodiment makes it easy to obtain
stable values of the fegulated voltage Vreg (= Vx + Vy) and the
voltage regulation range Vrange, independent of changes in the

supply voltage. This means that stable operation is enabled,

“irrespective of the supply voltage, when this embodiment makes use

of a battery as power source in equipment that has a wide
operating voltage range. Contrast regulation in a liquid crystal
display device is particularly dependent on this regulated

voltage. Therefore, if this embodiment is applied to a liquid
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crystal display device that is used in equipment that has a wide
operating voltage range, the voltage of the driving power source
is held fixed and thus fixed contrast can be obtained,
irrespective of the supply voltage. In the same way, the voltage
regulation range can also be held fixed despite changes in the
supply voltage. Therefore, in accordance with this embodiment, the
display quality can be greatly improved and also the pfoduct value
can be raised to an extremely high level.

A further problem occurs if the element characteristics of

- the object to be driven, which is the destination of the regulated

voltage, has temperature characteristics, in which case it is
desirable for the regulated Voltage to have a temperature
characteristics to compensate for these temperature
characteristics of the object to be driven. The display quality,
for example, of a liquid crystal display element is heavily
dependent on the surrounding temperature, so, in order to ensure
constant display quality, it is desirable to drive the liquid
crystal display with voltages that have negative temperature
characteristics with respect to the ambient temperature. In the
prior art, the usual method of implementing such negative

temperature characteristics involves connecting an element having

~ temperature characteristics, such as a thermistor, to the voltage-

divider resistor, to compensate the temperature characteristics.
| This embodiment, however, is provided with témperature
characteristics that. compensate for the temperature
characteristics of the object to be driven with respect to the
first and second voltages Vi and Vy. References in the description

below to Fig. 4 will make this clear. In other words, the value

- of the reference voltage Vref generated by the reference voltage

source 7 is roughly the same as the threshold voltage of the p-

channel transistor 15, as described above. Since the threshold
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voltage of a MOS transistor generally has a negative temperature
characteristic, the first voltage Vx, which is determined by the
value of this reference voltage Vref and the ratio of the
resistances of the resistor 10 and the resistor 11, also has a
negative temperature characteristict Further, the magnitude of the
current flowing' from the constant-current source 8 is also
dependent on the threshold voltage of the MOS transistor, and thus
also has a negative temperature characteristic, so the second
voltage Vy and the voltage regulation range Vrange have negative
temperature characteristics as well. In other words, the device
in accordance with this embodiment can possess negative
temperature characteristics with respect to both the regulated
voltage Vreg and the voltage regulation range Vrange. Thus, this
embodiment makes it possible to provide the regulated voltage Vreg
and the voltage regulation range Vrange with temperature

characteristics, without having to add any element having

temperature characteristics, such as a thermistor. This enables

a reduction in the number of components, and, when the power
supply device is incorporated into a semiconductor device, it
makes it possible to reduce the number of external components and
design a device that is smaller and less expensive. !

Note that Fig. 6 shows Just one example of a temperature
characteristic that can appear in the driving supply voltage V5
when this embodiment is used. As is clear from Fig. 6, V5 has a
negative temperature characteristic. Therefore, if this V5’1s used
as a driring snpply voltage for a liquid crystal element having
a negative temperature characteristic, a liquid crystal display
device with a good display quality can be obtained.

Further, if, for example, an element such as a resistor
having a temperature characteristic that differs from that of a

transistor is connected in series with the p-channel transistor
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15 of the reference voltage source 7 or the p-channel transistors
16 to 19 of the constant-current source 8 in fig. 4, the slope of
the temperature characteristic curve can be changed, as shown in
Fig. 6. This makes it possible to further increase the

adaptability with thé.témperature characteristics of the liquid

crystal element.

Third Embodiment

A. Configuration

Next, a third embodiment of this invention will be described. This
third embodiment illustrates a specific configuration of the
multi-value voltage generation portion 110.

The multi-value voltage generation portion in accordance with
this third embodiment comprises a voltage divider portion 203 and
OP-amps 1 to 4, as shown in Fig. 7. The OP-amps 1 to 4 are
connected to each of divider terminals 224, 226, 228 and 230 of
the voltage divider portion 203, and supply the voltages V1 to V4,
respectively. In this embodiment, OP-amps configured as shown in
Fig. 8 (hereinafter called p—typé'OP—amps) are used as the OP-amps
that supply V1 and V3, and OP-amps configured as shown in Fig. 10
(hereinafter-called n-type OP-amps) are used as the OP-amps that
supply V2 and V4. |

The voltage divider portion 203 comprises nine transistors
connected in series, *ith each drain region short-circuited to the
corresponding gate electrode, and these transistors are used
instead 6f resistors to divide the voltages. In this case, since
these transistors ére set to all have the same current supply
capability, the voltages between VO and V5 can be accurately
divided by nine (1/9 bias). Of the voltages divided into nine in
this manner, assume that the first voltage on the low side next _
to VO is called 'Vl and the second voltage is called V2, and the
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first voltage on the high side next to V5 is called V4 and the

second voltage is called V3. The voltage division could, of

. course, be done using a resistor as shown in the prior art

examples of Fig. 33 and Fig. 34. However, in order to try to
reduce the demand current, this resistor must have a large
resistance, but the use of such a large resistance in an IC causes
problems such as a large area is necessary and new fabrication
processes must be added. In contrast, instead of large
resistances, this embodiment uses transistors in which the drain
region and gate electrode are short—éircuited. This ensures that
the consumption of current flowing though the voltage divider
portion 203 can be restréined te the order of 0.2 pA.

A transistor-level circuit diagram bf the p-type OP-amp of
Fig. 7 is shown in Fig. 8. This p-type OP-amp comprises a
differential amplification portion 206 and a drive portion 200.
The circuitry of the differential amplification portion 206 has
two input terminals, a positive input terminal 208 and a negative
input terminal 209 and one output terminal 210, and the manner in
which the circuitry amplifies the voltage difference between the

two input terminals and outputs it from the output terminal 210

- is well known,_so further description’ thereof is omitted. The

drive portion 200 has a p-channel drive transistor 204 and an n-

channel load transistor 205. Furthe}, a capacitor 207 for

preventing oscillation is provided between the differential
amplification portion 206 and drive poréion 200. The configuration
is a Qoltage—follower connection, in other words, the
configuration is such that.the negative input terminal 209 of the

differential amplification portion 206 is connected to an output

‘terminal 211 of the OP-amp.

- The p-channel drive transistor 204 and n-channel load

transistor 205 in the drive portion 200 are connected in series,
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and this connection point is the output terminal 211 of the OP-
amp. Connecting the drain region and gate electrode of the n-
channel load transistor 205 together makes the transistor function
as a resistor. The output terminal 211 of the OP-amp is connected
to the negative input terminal 209 of the differential
amplification portion 206, and the output terminal 210 of the
differential amplification portion 206 is connected to the gate
electrode of the p-channel drive transistor 204. Connecting the
circuitry in this manner ensures that the voltage applied to the
positive input terminal 208 appears at the output terminal 211
remaining the same level. The differential amplification portion
206 ensures that the positive input terminal 208 and the output
terminal 211 of the OP-amp are at the same voltage by controlling
the gate voltage of the p-channel-drive transistor 204.

-Note that the application of a_éonstant voltage to the gate
electrode of the n-channel load transistor 205 would make the
fransistor function as a constant-current source.

The relationships between the current characteristics of the
n-channel load transistor 205 and p-channel drive transistor 204
of the p-type OP-amp are shown in Fig. 9. In Fig. 9, a curve 214
shows the current characteristic of the n-channel load transistor
205 and a curve 215 shows that of the p-channel drive transistor
204 when there is no load on the output terminal 211 of the OP-
amp. Further, a curve 216 shows the current characteristic of the
p—channel drive transistor 204 when a negative load is applied to
the outpﬁt terminal 211 of the_OP—amp and a curve 217 shows that
when a positive load is apﬁlied to the output terminal 211 of the
OP-amp.

Note that, in this case,. apply a negative load means
connect to a low-level voltage (potential) to draw out a current

(draw in a negative charge to the drive portion), and apply a
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positive load means connect to a high-level voltage (potential)
to draw in a current (draw in a positive charge to the drive
portion).

When no load is applied to the output terminal 211 of the
OP-amp, the current characteristic of the. p—channel drive
transistor 204 is as shown by the curve 215 in Fig. 9, and, at a
point A at which this current characteristic 215 intersects the
current characteristic 214 of the n-channel load transistor 205,
a current is flowing as a steady-state current.

~ For example, consider a case in which a negative load is
applied to the output terminal 211 of the OP-amp and the voltage

at the output terminal 211 drops (connection to a low-level

"voltage, to draw out a current). Since thé output terminal 211 of

the OP-amp is connected to the negative input terminal 209, the
voltage at the negative input terminal 209 drops. On the other
hand, since the voltage at the poéitive input terminal 208 does
not change, a voltage difference is generated between the positive
input terminal 208 and negative input terminal 209, and the
voltage at the output terminal 210 of the differential
amplification portion 206 is amplified by the differential
amplification_portion 2b6 and drops. This causes a drop in the
gate voltage supplied to the gate electrode of the p—channel drive
transistor 204, increas}ng the current supply capability of the
p—channel drive transiséor 204. The current characteristic of the
p-channel drive transis{or 204 becomes the current characteristic
216 -of Fig. 9, and the voltage of the output terminal 211 of the
OP—amp is pulled up by the-drawn-out current. |

Now consider the opposite case in which a positive load is
applied to the output terminal 211 of the OP-amp and the voltage
at the output terminal 211 rises (connection to a high-level

voltage, to draw in a current). In this case, the operation is
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completely opposite to. the case in which a negative load ié
applied, in that the voltage at the outﬁut~terminal 210 of the.
differential amplification portion risés when it is amplified by
the differential amplification portion 206. This causes a rise in
the gate voltage supplied to the gate electrode of the p-channel
drive transistor 204, decreasing the current supply capability of
the p-channel drive transistor 204. The current characteristic of
the p-channel drive transistor 204 becomes the current
characteristic 217 of Fig. 9, and the voltage of the output
terminal 211 of the OP-amp is pulled down by the drawn-in current
of the n-channel load transistor 205. |

As described above, the voltage at the output terminal 211

of the OP—amp is always held at the same level as the voltage of

. the positive input terminal 208 of the differential amplification

portion 206.

The demand current of this p-type OP-amp is determined by
the total of a demand current I1 of the differential amplification
portion 206 and a demand current 12 flowing between the p—channel
drive transistor 204 and the n-channel load transistor 205. In
this embodiment, the demand current Il is restrained to be of the
order of 0.7 pA. However, the steadily flowing demand current I2

bears no relationship with the current supply capability of the

| p-channel drive transistor 204 and is determined by the current

supply capability of the n-channel load transistor 205. If the
current supply capability of the n—channel load transistor 205 is
small, the demand current 12 of the steadily floWing current is
also small, but it cannot Beéome extremely small. The reason why

is because, when the voltage at the output terminal 211 of the OP-

- amp has risen (when a positive load has been applied), the

capability of pulling that voltage down again is determined by the
current supply capability of the_n-channel load'tranSistor 205.
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In other words, the voltage pulldown capability drops the more the
demand current is restrained, and the demand current increases the
more the voltage pulldown capability is increased.

However, as described later, the polarity of the charge that
must be moved for each of V1 and V3 to the op—amp side during the
drive period becomes negative. Thus, in this embodiment, V1 and
V3 are each connected to an OP-amp having a drive portion 200 that
draws in a large negative chdrge, in other words, a p-type OP-amp.
This ensures that sufficient negative charge can be pulled in from
both V1 and V3 during the drive period, and thus phenomena such
as shadows and cross-talk can be prevented from occurring and
deterioration of the display characteristics of the liquid crystal
can be prevented. On the other hand, when a positive load is
applied to a p-type OP-amp, a positive charge must be drawn in by
the n-channel load transistor 205. However, with V1 and V3, the
polarity of the charge'that must be moved t_o the op-amp side
during the drive period is negative. Therefore, in this embodiment
configured such that V1 and V3 are connected to p-type OP-amps,
the drive portion 200 of each p—-type OP-amp is no longer required
to be able to draw in so much of a positive charge. As a result,
this embodiment makes it possible to hold the current supply
capability of the n-channel load transistor 205 sufficiently low,
SO that;the demand current I2 steadily flowing through the drive
portion§200 can be restrained to be of the order of 15 pA. This
ensureslthat the total demand current I1 + I2 of each p-type OP-
amp can be restrained to be of the order of 15.7 nA.

A transistor-level circuit diagram of the n-type OP-amp of
Fig. 7 is shown in Fig. 10. This n-type OP-amp differs from the
above p-type OP—amp in the configuration of a drive portion 201
thereof, where the drive portion 201 comprises an n-channel drive

transistor 212 and a p-channel load transistor 213. The
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configuration of the negative input terminal 209 of the
differential amplification portion 206 and the output terminal 211

of the OP-amp is such that they are in a -voltage-follower

~ connection.

The n-type OP-amp is similar to the p-type OP-amp in that
the voltage at the output términal 211 of the OP-amp is pulled
down if it is higher than the voltage at the positive inﬁut
terminal 208, but pulled up if it is lower, so that the voltage
at the positive input terminal 208 is always kept the same.
However, the n-type OP-amp differs from the p—-type OP-amp in that,
if the voltage at the output terminal 211 of the OP-amp has risen
(when a positive load has been applied) the voltage pulldown
capability thereof is determined by the current suppiy capability
of the n—channel drive transistor 212. It differs further from the
p-type OP-amp in that, if the voltage at the output terminal 211
of the OP-amp has dropped (when a negative load has been applied)
the voltage pullup capability thereof is determined by the current .
supply capability of the p-channel load transistor 213. In this
case, short-circuiting the gate electrode and drain region of the
p-channel load transistor 213 makes the transistor function as a
resistor. Note that the application of a constant voltage to the
gate electrode of thé p—-channel load transistor 213 would make the
transistor function as a constant—current source.

The demand current I2 that flows steadily through the drive
portion 201 of the n-type OP-amp bears no relationship with the
current éupply capability of the n-channel drive transistor 212,
and decreases as the current supply capability of the p—channel
load transistor 213 decreases. In other words, the voltage pullup
capability drops the more the demand current is restrained, and
the demand current increases the more the voltage pullup

capability is increased.
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However, as described later, the polarity of the charge that
must be moved during the drive period for each of V2 and V4 to the
op—amp side is positive. Thus, in this embodiment, V2 and V4 are
each connected to an OP-amp having a drive portion 201 that drawsi
in a large positive charge,. in other words, an n—-type OP-amp. This
ensures that sufficient positive charge can be pulled in from both
V2 and V4 during the drive period, and thus phenomena such as
shadows and cross-talk can be prevented from occurring. On the
other hand, when a negative load is applied to an n-type OP-amp,

a negative charge must be drawn in by the p-channel 1load

transistor 213. However, with V2 and V4, the polarity of the

charge that must be moved to the op—amp side during the drive
period is positive. Therefore, in this embodiment configured such

that V2 and V4 are connected to n—-type OP-amps, the drive portion

+ 201 of each n—-type OP-amp is no longer required to be able to draw

so much of a negative charge. As a result, this embodimeht mékes
it possible to hold the current supply capability of the p—channel
load transistor 213 sufficiently low, so that the demand current
12 steadily. flowing through the drive portion 201 can be
restrained to be of the order of 15 pA. This ensures that the

-total demand current I1 + I2 of each n-type OP-amp can be

restrained to be of the order of 15.7 pA.

As described above, in accordance with this embodiment, the
demand current of the voltage divider portion 203 is 0.2 pA and
that of each of the p-type and n-type OP-amps is 15.7 pA.
Thereforé; the demand current of the entire multi-value voltage
generation portion can be festrained'to: 0.2 + 15.7 x 4 = 63 pA.
In this manner, it is clear that, in order to reduce the demand
current of the entire device to the maximum limit, without any
drop'in the liquid crystal display quality, it is best to connect
an n—-type OP-amp to each of the driving supply voltages (V2 and
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V4) where the polarity of the charge that must be transfefred to
the impedance conversion means during the drive period 1is
positive, and connect a p-type OP-amp to‘each of the driving

supply voltages (V1 and V3) where the polarity of that charge

quantity is negative.

B. Calculation of loads on driving supply voltages
The description below concerns an example'of driving an LCD panel
of a certain size; concentrating on how loads are applied to V1
to V4, which are the driving supply voltages, when a simple matrix
LCD is driven in a 1ine—byeliﬁe scanning, time-division
(multiplexed) manner.

The relationships between the common and segment electrode
voltages and voltages VO to V5 are listed in Fig. 11A. For
example, the voltage of a common electrode is V5 (V0) during a

period when the electrode is selected, and V1 (V4) when it is not

.selected. Further, when the voltage of a common electrode is V5

(V0), if the voltage of a segment electrode is VO (V5), the
corresponding pixel is lit; if it is V2 (V3), the pixel is not 1lit
(values in parentheses are those when the FR signal is low). A
typical arrangement of common and segment electrodes is shown in
Fig. 11B.

~The purpose of the calculations describgd below is to
determine the relative sizes of maximum loads? applied to. the
voltages V1 to V4. Therefore, the calculations ar% performed under.
the follbwing conditions, in order to simplify them: °
(1) The display capacity of the LCD panel is 64 x 100 pixels. In
other words, the LCD panel is provided with 64 common electrode
lines and 100 segment electrode lines (see Fig. 11B).

(2) Since there are 64 common electrode lines, time—-division

.- (multiplexed) drive is performed with a 1/64 duty cycle.
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(3) The values of the driving supply voltages VO to V5 are
determined by the 1/9 bias given by the equations derived by the
method of voltage averaging (amplitude seleetive addressing
scheme), but, to make the calculations easy, they are taken to be:
VOo=0V,Vl=-1V,V2=-2V,V3=-7TV, V4 =-8V, and V5 = -
9 V.

(4) To simplify the calculations, the capacity of one common

electrode line is assumed to be 1 Farad (F).

(5) Liquid crystel is a capacitive element, so an LCD element is
electrically equivalent to a capacitor. Therefore, the quantity
of charge that moves when charge is transferred through the
electrodes at each end of the capacitor (that is, the common and
segment electrodes) is given by: Q = C V (where Q is charge
quantity, C is capacitance, and V is voltage), and the various
magnitudes of Q can be considered to be loads applied to V1 to V4.
For example, when a status in which the voltage at the segment
electrode is V3 and the voltage at the common electrode is V4
changes such that the voltage at the segment electrode becomes V2
and that at the common electrode becomes Vl, the amounts of charge
that flow with respect to V2 are simply shown in Fig. 12A and Fig.
12B. In other words, in the status-shown in Fig. 12A, the segment-

‘electrode side of a equivalent capacitor (C = 1 F) used to

represent an LCD element is charged with: (-7) - (-8) = +1 coulomb

(CY. On the other hand, if status changes as shown in Fig. 12B,

the segment-electrode side of the equivalent capacitor becomes

. charged with: (-2) - (-1) = -1 C. Therefore, as shown in Fig. 12B,

a positive charge of +1 —‘(—1)-= 2 C must be drawn into V2 by
this change in status. In other words, in this case, a positive
load of +2 is applied to V2.

(6) The values obtained by these calculations are the maximum

values of the loads on VI to V4. Therefore, when it comes to
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calculating these loads, the directions in which thé voltages of
all of the segment electrodes change can be considered to be the
same. For example, when the segment electrode SEG1 of Fig. 11B
changes from V3 to V2 and the segment electréde SEG2 changes from
V5 to V2, there is no need to consider that the changes in voltage
at the segment electrodes might be in different directions. This
is because the magnitudes of the loads when these change
directions are different would be smaller than when the voltages
at all of the segment electrodes SEGL to SEG100 have changed in
the same direction (maximum load case).

(7) In these calculations, it is necessary to obtain the total
amount of charges which flow through V1 to V4 during the drive
period. In this case, it is assumed that the calculations are
divided into two, for a switchover point A of thé FR signal and
a period B away from that point, as shown in Fig. 13. Note that,
in Fig. 13, the FR signal is an alternation signal for liquid
crystal drive, and DCK (dot clock) is a clock used as reference
for the generation of drive signals. _

Taking V2 as a specific example, the calculations below will

"deal with the loads applied to V2.

As shown in the table of Fig. 11A, the value at each segment
electrode is any one of V0, V2 (when the FR signal is high), V5,
and V3 (when the FR signal. is low). Therefore, if the voltages at
the segment electrode aregconsidered to be changes into V2, there
will be the changes of: V% - V2, V2 - V2, V5 - V2, and V3 - V2.
At the éwitchdver point A of the FR signal, since this is a
transition point between périods, the changes VO - V2 and V2 - V2

can be ignored, and only the changes V3 - V2 and V5 - V2 need be

‘considered. Further, during period B, the changes V3 - V2 and V5

- V2 can be ignored, since they occur within the same period, and
only the changes VO - V2 and V2 - V2 need be considered.
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The common énd segment waveforms when the voltage of the
segment electrode changes from V3 to V2 at the FR switchover point
A are shown in Fig. 14. As shown in Fig. 14, segment electrodes
are selected by the sequential shifting of the period in which the
voltage reaches V5 (V0).. Note that, as mentioned above, since it
is permissible to consider only a change in direction of the
voltages of all of the segment electrodes where they all change
in the same direction, Fig. 14 shows only the relationships
between COM1 to COM64 and SEGI.

During the calculation of loads, the lines can be considered
to be divided into non-selected lines, selection—ended lines, and
selection-started lines. In this case, non-selected lines are
those which have not been selected by common signals; in Fig. 14,
these are the 62 (64 — 2) lines marked #1. A seleétion—ended'line
is a line where the line before it has been selected; in Fig. 14,
this is the line marked #2. A selection-started line is a line
that has been selected by a common signal; in Fig. .14, this is the
line marked #3. The load calculations refer to these lines #1, #2,
and #3.

The process of calculating the load applied to V2 when the
voitages of all of the segment electrodes change from V3 to V2 at
the FR switchover point A is shown in Fig. 15, together with the
calculation results. Assume that the segment electrode of each
non—-selected line (#1) changes from V3 to V2 and the common
electrode changes from V4 to V1. Therefore, as previously shown
with reférence to Fig. 12A and Fig. 12B, the charge stored in the
segment-electrode side of the equivalent capacitor that represents
the LCD element éhanges from +1 C to -1 C. Therefore, the charge
quantity that must be drawn into V2 in this case is +2 C. Since
there are 62 non-selected lines (#1), as implied by Fig. 14, a

total positive charge of 2 x 62 = 124 C must be drawn into V2.
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The calculations for the selection—ended line (#2) and
selection-started line (#3) can be done in a similar manner,.as
shown in Fig. 15. However, note that there is only one of each of
these lines, as shown in Fig. 14. Thus, the total charge fhat must
be drawn into V2 from these lines is small at -6 C for each.

From the above, the total charge when the voltage of the
segment electrode changes from V3 to V2 at the FR switchover point
A is: 124 - 6 - 6 = +112 C. In other words, a positive load is
applied to V2 in this case.

The common and segment waveforms when the voltage of the
segment electrode changes from V5 to V2 at the FR switchover point
A are shown in Fig. 16. In the same manner as described with
reference to Fig. 14, the calculations for Fig. 16 are divided
into non-selected lines (#1), selection—ended line (#2), and
selection-started line (#3). The calculation process and the
results obtained in this case are shown in Fig. 17. As shown in
Fig. 17, the total charge that must be drawn into V2 is -16 C. In
other words, a negative load is applied to V2 in this case.

The common and-segment waveforms when the voltage of the
segment electrode changes. from VO to V2 during a perlod B is shown
in F1g 18. For example, at a point Bl in the perlod B, COM1 is
a selection-ended line (#2), COM2 is a selection-started line
(#3)? and COM3 to COM64 are non-selected lines (#1). Similarly,
at 4 point B2, COML, COM2, and COM5 to COM64 are non-selected
linds (#1), COM3 is a selection-ended line (#2), and COM4 is a
selectioﬁ—started line (#3). The statuses at points B3 to B31 can
be considered in a similarimanner.

In the same manner as described with reference to Fig. 14,
the calculations for Fig. 18 are divided into non-selected lines
(#1), selection-ended line (#2), and selection-started line (#3).

The calculation process and the results obtained in this case are
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shown in Fig. 19. As shown in Fig. 19, the total charge that must
be drawn into V2 in this case is +128 C. In other words, a
positive load is applied to V2 in this case. Note that the
calculation results obtained at each of points Bl to B3l in Fig.
18 will be the same as that shown in Fig. 19.

The common and segment waveforms when the voltage of the
segment electrode does not change and stays at V2 during the
period B is shown in Fig. 20. In the same manner as described with
reference to Fig. 14, the calculations for Fig. 20 are divided
into non-selected lines .(#1), selectiqn~ended line (#2), and
selection-started line -(#3). The calculation process and the
results obtained in this case are shown in Fig. 21. As shown in
Fig. 21, the load apblied to V2 is zero in this case. |

The.load applied to V2 can be calculated for all of the
caseé, as described above. In bﬁher words, depending on the
display pattern, a charge of -16 C to +112 C must be drawn into
V2 at the FR switchover point A, and a charge of 0 C to +128 C
must be drawn into V2 during the period B.

The process'of calculating the load applied to V1 and the -
results obtained in this case are shown ih each of Fig. 22 to Fig.
25. Fig. 22 shows the case when the voltages of .all of the segment
electrodes changé from V5 to V2 or from V5 to VO at the FR
switchover point A, Fig. 23 shows. the case when the voltagés of
all of the segment electrodes change from V3 to V2 or from y3 to
V0 at the FR switchover point A, Fig. 24 shows the case wheg the
voltages'of all of the segment electrodes change from VO to V2 or
from VO to VO during the pefidd B, and Fig. 25 shows the case when
the voltages of all of the segment electrodes change from V2 to
V2 or from V2 to VO during the period B. _

The loads on V3 and V4 can be calculated in exactly the same

manner. All of the above qalculation results are listed together
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in Fig. 26. As shown in Fig. 26, a load of the same magnitude as
that applied to V2' is applied to V3, but in the opposite
direction, and a load df the same magnitude as that applied to V1
is applied to V4, but in the opposite direction.

It is clear from Fig. 26 that the polarity of the maximum
load (the polarity of the charge that must be moved to the op-amp
side during the drive period in total) on V2 is positive and the
polarity of the maximum load on V3 is negative. In contrast, since
both the positive and negative loads on V1 and V4 have roughly the
same magnitude, the polarity of the maximum load could be either

positive or negative and cannot be determined from Fig. 26 alone.

_Howevér, the FR signal is generally much slower than DCK; in this

embodiment, a signal of the order of 70 Hz is used. In contrast,
loads are applied during the period B at a timing that in
synchronized with DCK, so that in this embodiment the timing is
of the order of 4 kHz. Therefore, the number of times loads are
applied during the period B is far more than that at the FR
switchover point A. The number of times loads are applied in Fig.
18, for example, is once only at the FR switchover point A but 31
times during the period B, at the points Bl to B31. Further, since
capacitors called smoothing capacitors (not shown in the figures)
are connected between VDD (0 V) and V1 to V4, the voltages at V1
to-V4 are smoothed over time. In other words, if these voltages
are smoothed over time, the magnitudes of the loads applied to V1
to V4 during the drive period can be more-or-less determined by
the magnitudes of the loads applied during the period B.
Therefore, since the.negative—direction load applied to V1
during the period B is thé larger, the polarity of the maximum
load becomes negative. Similarly, since the positive—direction

load applied to V4 during the period B is the larger, the polarity

" of the maximum load becomes positive.
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Thus, as described above, the polarity of the maximum load

at V1 and V3 turns out to be negative. That is the reason why it

is appropriate to use p-type OP-amps for V1 and V3. Conversely,

‘the polarity of the maximum load at V2 and V4 turns out to be

positive. That is the reason why it is appropriate to use n-type
OP-amps for V2 and V4. These connections ensure that the demand
current of the entire multi-value voltage generation portion is
63 nA, which can achieve the technical concern of improving
display quality while designing for a lower power consumption.
In contrast, the impedance conversion for V1 to V4 in the
prior art example shown in Fig. 34 is performed by n-type OP-amps
alone. However, with such a configuration, the current supply
capability of the p-channel load transistor 213 (see Fig. 10) in
each of the n-type OP-amps that perform the impedgnce conversion
for V1 and V3 must be made fairly high. This is because, as
described above, a large negative charge must be drawn through V1
and V3 during the drive period, otherwise, if this charge is not
drawn through, the dveraging (equalization) state used in the
method of voltage averaging cannot be maintained, and thus
phenomena such as shadows and cross—talk will occur. Conversely,
if the current supply_capability of the pfchannel load transistor
213 in this prior art example were to be increased, in an attempt
to prevent these phenomena occurring, the demand current would
become something like at least 350 pAi which would make it

I

impossible to solve the problem of lower'power consumption.
Fourth Embodimént

In a fourth embodiment of the present invention, a current control
function is provided for the OP-amps that implement impedance
conversion, to reduce power consumptions even further.

An example of an n-type OP-amp possessing this current
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control function is shown in Fig. 27. The OP-amp of Fig. 27
differs from the n-type OP-amp of Fig. 10 in the configuration of
the drive portion 202. In other words, in addition to the n-
channel drive transistor 212 and p-channel load transistor 213,
the drive portion 202 also comprises a second p-channel load
transistor 218 and a current-controlling p—channel transistor 218.
The drain region and gate electrode of the second p—channeliload
transistor 218 are short-circuited, and the drain region is also
connected to the output terminal 211 of the OP-amp. The current-
controlling p-channel transistor 219 is connected in series to the
second p-channel load transistor 218, with its gate electrode
connected to a control terminal 222.

The drive signals that drive the LCD panel are generated
using DCK as a reference clock. Since an LCD element can be
considered to be electrically equivalent to a capacitor, the loads
applied to the driving supply volpages while the LCD is being
driven are generated only at the switchover of drive signals, that
is, at the DCK switchover point. In other words, in a system that
operates at the falling edge of DCK, load is generated only at the
fall of DCK; in a system that operates at the rising edge of DCK,
load is generated only at the rise of DCK. That is because, since
the LCD element can be considered to be equivalent to a capacitor,
once that capacitor has been charged at a certain voltage, there
is no other path along which other currents can flow, and thus
that voltage can be considered to be held. Note that the
description below refers to a system which operates at the rising
edge of DCK. . -

As previously described with reference to Fig. 26, the load

applied to each of the driving supply voltages is not necessarily

‘either positive or negative. For example, a positive load could

be applied to the p-type OP-amp connected to either V1 or V3, and
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in such a case a positive charge must be drawn in by the n-channel
load transistor 205 in the p-type OP-amp. Similarly, a negative
load could be applied to the n-type OP-amp connected to either V2
or V4, and in such a case a negative charge must be drawn in by
the p;channel load transistor 213 in the n—-type OP-amp. This means
that the n-channel load transistor 205 of the p-type OP-amp and
the p-channel load transistor 213 of the n-type OP-amp must have
a certain degree of current supply capability.

However, as described above, loads are applied to V1 to V4

only when DCK switches over. Therefore, the load transistors 205

and 213 need only allow currents to flow when DCK switches over

and for a fixed period thereafter; in other periods it is
sufficient to allow just enough current to maintain the voltage.

In this fourth embodiment, as shown in Fig. 27, the
configuration is such that a second p-channel load transistor 218
is provided parallel to the p—channel load transistor 213, and a
current-controlling p-channel transistor 218 is connected in

series therewith. A control signal that induces a low level is

input to the control términal 222 at the rise qf DCK and for a

fixed period thereafter. This turns the second p-channel load
transistor 218 on only atgthe rise of DCK and for a fixed period
thereafter, to allow a current I3 to flow. During all other
periods,'a small currentiIZ that is just enough to méintain the
ﬁoltage flows from the p#channel load transistor 213. A timing
chart of_DCK, the controf signal, and the FR signal is shown in
Fig. 28. The current-controlling p-channel transistor 219 is
turned on only at the fise. of DCK and for a fixed period
thereafter, and a CONT1 signal is used as the control signal for
allowing the current I3 to flow. This CONT1 signal is input to the .
gate electrode of the current-controlling p—channel transistor
219, through the control terminal 222.
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In this embodiment, the current I2 is restrained to 0.1 pA
and the control current I3 is 30 pA. Since the control current I3
is arranged to flow only during a period that is 1/4 of DCK, the
average current I3 is 7.5 pA. Therefore, the current consumed by
the drive portion 202 is given by: I2 + I3 = 7.6 pA. Since the
current I1 consumed by the differential amplification portion 206
is 0.7 pA, the demand current of the entire OP—amp is 8.3 pA. This
enables a reduction in OP-amp demand current to approximately
1/1:9 of the demand current (15.7 nA) of the n-type OP-amp of Fig.
10, which has no current control function.

The above description referred to an n-type OP—amp. However,
a p-type OP-amp can also be provided with a second n-channel load
transistor parallel to the n-channel load transistor 205, and a
current—controlling' n-channel transistor connected in series
therewith, to provide the same sort of current control function.
In such a case, a control signal that is the inverse of CONT 1 in
Fig. 28 is used.

To try to reduce the power consumption even further, the
control signals described below could be input to the control
terminal 222; |

As shown in Fig. 11A, the voltage of each of the common and
segment signals goes to one of VO, V3, V4, and V5 in the period
during which the FR signal is low..Similarly, this voltage goes
to one of VO, V1, V2, and V5 in the period during which the FR
signal is high. Therefore, there is no load on V1 and V2 in the
period dﬁring which thé FR signal is low, nor on V3 and V4 in the
period during which the FR signal is high. This means that a
further reduction in power consumption can be achieved by turning
off the second load transistor of each bP-amp connected to V1 and

V2 in the period during which the FR signal is low, and turning

off the second load transistor of each OP-amp connected to V3 and
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V4 in the period during which the FR signal is high.

If impedance conversion is provided for V4, for example, by
connecting an-OP—amp with a current control function thereto, as
shown in Fig. 27, a control signal obtained by ORing the CONT1
signal and FR signal of Fig. 28 is input to the control terminal
222. Since this turns off the second p—channel load transistor 218
in the period during which the FR signal is high, so that the
current I3 does not flow, it enables an even lower power
consumption. The above described current control of this
embodiment enables the average current I3 to be restrained to 3.75
pA, and thus the demand current can be restrained to: Il + I2 +
I3 = 4.55 pA. This enables a reduction in demand current to
approximately 1/3.5 of the demand current (15.7 pA) of the n—type
OP-amp with no current control function. Note that if the OP-amps
provided with-this current control function that are connected to
Vi, V2, and V3 are also controlled, and the CONT2, CONT3, and
CONT4 signals shown in Fig. 28 are input to the control terminal
222, the power consumption can be further reduced as described

above.

Fifth Embodlment
The configuration in the above thlrd and fourth embodiments is
such that V1 and V3 are connected to p—type OP-amps 1 and 3, and
V2 and V4 are connected to n-type OP-amps 2 and 4, which reduces
the cur&ents flowing through the drive portions of the OP-amps and
thus fac111tates designs w1th lower power consumptions. However,
it has been determined that a configuration of this type raises
the problem described below when power to the device is turned on.
For example, as shown in Fig. 29A, when the'configuration is
such that V0O, which is the power source on the high-potential

side, is VDD (0 V) 'and is handled as a fixed power source (when
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there is an n-type substrate), the problem occurs that it takes

an extremely long time for V1 and V3 to reach their predetermined

voltages (see Fig. 31). This is because the current supply
capability of the n-channel load transistor 205 that forms the
drive portion of each of the p-type OP-amps 1 and 3 connected to
Vi and V3 is made extremely small, in order to reduce the power
consumption. As shown in Fig. 30A, if VDD is handled as a fixed-
potenfial power source and the power to V5 is turned on, the
voltage of V5 drops gradually, and this makes the voltage of V1
also drop gradually. This drop in the voltage of V1 is_made by
flowing a current Ip through the n-channel load transistor 205 and
by dréwing charge out of a voltage-smoothing capacitor 270 (or the
LCD panel) as shown in Fig. 30A. However, since the current‘supply
capability of the n-channel load transistor 205 is small and thus
Ip is also small, it takes an extremely long time for the voltage

of V1 to reach its predetermined value, as shown in Fig. 31. This

phenomenon affects V3 in the same manner, but in this case V3

takes even longer to reach its predetermined value, as shown in
Fig. 31.
" When the configuratiop is such that V5, which is the power

source on the IOWbpotentiai side, is GND (OlV) and is handled as

.a fixed power source (when there is- a p-type substrate), as shown
in Fig. 29B, it is V2 and V4 that take a long time to reach their .

predetermined voltages. This is because the current supply |

capability of the p-channel load transistor 204 that forms the
drive portion of each of the n-type OP-amps 2 and 4 connected to
V2 and V4 is made extremely small. In other words, as shown in

Fig. 30B, when the power is turned on, a current Ip flowing from

—

VO has been made to be small, so that the rise in the voltage of .

V4 is extremely slow. This phenomenon affects V2 in the same

manner.
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When the above described phenomenon occuré, the liquid
crystal display quality drops dramafically. If, for example, it
takes a long time for V1 and V3 to reach their correct values, as
shown in Fig.” 31, a situation occurs in which the averaging
(equalization) state of the method of voltage averaging (amplitude
selective aﬁdressing scheme) cannot be maintained during this
time. Further, the felationship Vi < V2 < V3 that must be

maintained becomes V1 < V3 < V2 at a point A in Fig. 31, and this

~results in the liquid crystal display exhibiting a completely

black display.

In order to prevent the above situation, the current supply
capability of the drive portion of each OP-amp could be increased
during a predetermined period immediately after the power is
applied. This increase in the current supply capability can be
implemented by the configuration shown in Fig. 29A, as will be
described below. In other words, in this configuration, the p-type
OP-amps 1 and 3 are each an OP-amp with a current control function
of the configuration shown in Fig. 27 (the OP-amp of Fig. 27 is
an n—-channel OP-amp that has the current control function). In
other words, the configuration is such that'a second n-channel

load transistor is connected parallel to the n-channel load

transistor 205, and a current—controlling n—channel transistor is

connected in series therewith. During a predetermined period
immediately after the power is applied, a control signal that
turns current-controlling n—channel transistor on is input to the
control .terminal 222 connected to the gate electrode of the
current—-controlling n-chaﬁnel transistor. This increases the
current supply capability of the drive portion during the
predetermined period immediately after the power is applied, which
can speed up the fall time of Vl.and V3. This prevents the above

situation. The same control can be provided with the configuration



10

20

25

30

_65_

shown in Fig. 29B, by providing the n-type OP-amps 2 and 4 with
a current control function. |

Note that the method used to ensure that V1 and V3 (or V2
and V4) reach their predetermined levels within the predetermined
period immediately after the power is turned on is not limited to
the above method; various other methods can be used, such as
making the transistors of V1 and V2, or of V3 and V4, conductive.

To ensure that the liquid crystal display quality is not
deteriorated further, it is preferable to ensure that the above
control also makes sure that no transient voltége is applied to
the liquid crystal elements during the period until V1 and V3 (or
V2 and V4) have reached their _predetermined voltages. The
configuration is such that the normal driving supply voltages are
supplied once V1 and V3 have reached their prédetermined voltages.
This makes it possible to prevent the situation in which the
liquid crystal display is completely black.

A schematic view of the power-on sequence in this embodiment
is shown in Fig. 32. First, a control circuit (logic circuit)
within the device is reset by a reset signal (#1). An analog
power—-on command (#2) is then issued by the control circuit. This
starts the operation of the analog circuits witﬁin the device, and
the multi;value driving supply voltages are g%nefated. In this
case, the current supply capability of the OP-amps connected to,
for example, V1 and V3 is increased, as degcribed above, to
provide _control such that the driving supp&y voltages' reach
predetermined levels during a predetermined period set by a timer.
During this prédetermined beriod, all of the LCD driver outputs
are fixed to V0O, which is a fixed potential. This prgvents the
application of transient voltages to the liquid crystal elements.
After the predetermined time has elapsed, the connection between

the power suppl& device and the LCD driver is énabled, and the LCD
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driver is set to an output'enabled status. A display-on command
(#3) is then output by the control circuit, image information

stored in RAM is input to the LCD driver, and thus the liquid

crystal display is enabled. Note that, in this case, the display-

on command is ignored if it is output during the wait time.

Subsequently, if, for example, a power-save command (#4) is
output by the control circuit, the device goes into power-save
mode. If a power-save release command (#5) is then output, control
is again applied to ensure that the driving supply voltages reach
their.predetermined levels during the predetermined period set by
a timer. |

With tﬁe power—-on sequence performed as described above, the
situation in which the liquid crystal display is completely black
is prevented.

Note that this invention is not limited to the embodiments
described herein; it can be varied in many ways within the range
specified by the claims thereof.

For example, the descriptions of the above embodiments have
referred to VO as 0 V, which is a fixed potential, but this
inveniion can eqﬁally well be applied to a case in which V5 is at
the fixed potential of 0 V. _ ’

Further, the reference voltage source and constant-current
source used in the voltage regulation portion are not limited to
those shown in Fig. 4; sources of other configurations can also
be uéed. Similarly, the configuration of the control portion is
not limifed to that shown in Fig. 3, Fig. 4, and Fig. 5.

The configurations of the p-type OP-amp and n-type OP-amp

shown in Fig. 7 is not limited to those shown in Fig. 8 and Fig.

10; for example, OP-amps with different circuit configurations for

the differential portion and drive portion could be used.

Further, the liquid crystal drive method to which this
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invention is applied is not limited to the drive method discussed
in the above embodiments.

Similarly, this invention is not limited to a display device
driven in a line-by-line scanning, time-division (multiplexed)
manner; it can also be applied to a display device driven in a
time—-division (multipléxed) manner such that a plurality of lines
are simultaneously selected. Further, the display device to which
this invention is applied is th limited to a liquid crystal

display device.
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cL AIMS!

1. A power supply device comprising a voltage regulation means

and configured to supply a supply voltage that has been regulated
by said voltage regulation means to an object to be driven,
wherein:

said voltage regulation means comprises a first voltage
generation means for generating a first, constant voltage from a
supply voltage; an adder means for adding to said first voltage
a second voltage that does not depend on said first voltage; and
a control means for variably controlling said second voltage
within a predetermined voltage regulation range that is defined

to include said first.voltage.

2. A power supply device according to claim 1, wherein:

said first voltage gener;%ed by said first voltage generation
means and said second voltage added to_sdid first voltage by said
adder means have a temperature characteristic which compensates

for a temperature characteristic of said object_to be driven.

3. A power supply device according to claim 1 or 2, wherein:
said second voltage added by said adder means is fixed at a

predetermined value during the initial operation of the device.

4. A power supply device according to any one of claims 1 to 3,
wherein: | '

said first voltage geceration.means comprises an operational
amplifier, a reference voltage source connected to a first inpdg
terminal of said operational amplifier, a first resistor connectcd
at one end to a second input terminal of said operational

amplifier and at the other end to a fixed potential, and a second

N
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resistor connected at one end to said second input terminal of
said operational amplifier and at the other end to an output
terminal of said operétional amplifier; and said adder means
comprises means for making a current from a constant—-current
source, which is variably controlled by said control means, flow

through said second resistor.

5. A power supply device according to claim 4, wherein:

said reference voltage source and- said constant-current
source comprise MOS transistors, and a reference voltage from said
reference voltage source and a constant current from said
constant-current source are generated by using the threshold

voltages of said MOS transistors.

6. A power supply device comprising a multi-value voltage
generation means and configured to 'supply multi-value driving
supply voltages from said multi-value voltage generation means,
wherein: |

said multi-value voltage generation means comprises a voltage
divider means for generating divided voltages at divider terminals
thereof, and a plurality (at least three) of impedance conversion

means connected between said divider terminals and said objects

-to be driven for' converting the impedances of said divided

voltages generaﬁed. at said divider terminals, thus generating
multi-value driving supply voltages intended for capacitive
objects fo be driven; |

the configuration is such that a first impedance conversion
means'having a drive portion that draws in a large positive charge
is connected to an objecf to be driven when the polarity of the
charge that must be transferred from said object to be driven to

said impedance conversion means during the drive period is

O
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positive in total, and a second impedance conversion means having
a drive portion that draws in a large negative charge is connected
to an object to bemdriven when the polarity of the charge that
must be transferred from said object to be driven to said

impedance conversion means during the drive period is negative in

~total.

7. A power supply device according to claim 6, wherein:
each of said first and second impedance conversion means is -
formed of a voltage-follower connected operational amplifier
comprising a differential portion and a drive portion; the drive
portion of said first impedance conversion means comprises a
constant—current source or resistor connected at one end to a
high-potential power-source side and at the other end to an
output-terminal side, and an n-channel drive transistor connected
at one end to a low-potential power-source side and af the other
end to said output—terminal side; and the drive portion of said
second impedance conversion means comprises a p-channel drive
transistor connected at one end to said high-potential power-
source side and at the other end to said output-terminal side, and
a constant—current source or resistor connected at one end to said
low-potential power—-source side and at the other end to said

output—-terminal side.

8. A power supply device according to claim 6 or 7, further
comprisiﬁg:. . |

a control meéns"for cdntrolling-one or a plurality of multi-
vaiue driving supply ﬁoltages generated by said multi-value
voltage generation means, in such a manner that said voltage'or
voltages reach predetermined levels within a predetermined period

immediately after the power is turned on.

LR O -+
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9. A power supply device according to claim 7, further
comprising: |

a éontrol means for controlling said one or a plurality of
multi-value driving supply voltages generated by said multi-value
voltage generation means, in such a manner that said voltage or
voltages reach predetermined levels within a predetermined beriod
immediately after the power is turned on; wherein said control
means comprises means for increasing the current flowing into said
low-potential power-source side of the drive portion of said
second impedance conversion means during said predetermined
period, when. said high-potential power source acts as a fixed-
potential power source and said low-potential power source is -

turned on.

10. A. power supply device according to claim 7, further
comprising: .

a control means for controlling one or a plurality of multi-
value driving supply voltages generated by said multi-value
voltage generation means, in such a manner that said voltage or
voltages reach predetermined levels within a predetermined period
‘immediately after the power is turned on; wherein said control
means comprises means for increasing the current flowing from said -
;high—potential power-source side of the drive portion of said
ffirst impedance conversion means during said bredetermined.period,
|

when said low-potential power source acts as a fixed-potential

power source and said high-potential power source is turned on.

11. A power supply device according to any one of claims 8 to
10, wherein:
a voltage in a transient state from said multi-value driving

power source is controlled such that it is not applied to said
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object to be driven during said predet'ermined period.

12. A power supply device comprising a multi-value voltage
generation means and configured to supply multi-value driving
s_upply voltages from said multi-value voltage genefation means,
wherein: | |

said multi-value voltage generation means comprises a voltage
divider means for generating divided voltages at dividér terminals
thereof; a plurality of impedance conversion means connected
between said divider terminals and said objects to be driven for
converting the impedances of said divided voltages genérated at
said divider terminals, thus generating multi-value driving supply
voltages intended for capacitive objects to be driven; and means
for controlling said impedance conversion means; h

said impedance conversion means is formed of a voltage-
follower connected operational amplifier comprising a differential
portion and a drive portion; and said drive portion comprises a
constant-current source or resistor .connected at one end to a
first power-source side and at the other end to an.output—termihal
side, and a drive transistor connected at one end to a second
power-source side and at the other end to an output-terminal side;
and -

said means for controlling said impedance conversion mearis
controls a current to flow through said constan’;—current fgsource

|

during

‘a fixed period immediately after the rise or fall of the reference

clock that is used in driving said object to be driven.

13. A power supply device comprising a multi-value voltage
gene_ration means and configured to supply multi-value driving

supply voltages from said multi-value voltage generation means,
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wherein:

said multi-value voltage generation means comprises a voltage
divider means for génerating divided voltages at divider terminals
thereof; a plurality of impedance conversion means -connected
between said divider terminals and said objeéts to be driven for
converting the'impedances of said divided voltages generaﬁed at
said divider terminals, thus generating'multi—value driving suppiy
voltages intended for capacitive objects to be driven; and means
for controlling said impedance conversion means;

said impedance conversion means is formed of a voltage-
follower connected operational amplifier comprising a differential
portion and a drive portion; and said drive pbrtion comprises a
constant-current source or resistor connected at one end to a
first power-source side and at the other end to an output—-terminal
side, and a drive transistor connected at one end to a second
power—-source side and at the other end to an output-terminal side;
and

when a frame signal for_driving an object to be driven is at
a predetermined level, said means for controlling said impedance
conversion means puts limitations on a current that flows through

said constant-current source or said resistor of said impedance

conversion means.

14. A power supply device according to claim 12 or 13, wherein:

said drive portion comprises a constant-current sourcé'or
resistor.that is controlled by said means for controlling said
impedance conversion.meahs,.and another constant-current source or

resistor that is not controlled by said control means.

15. A power supply device comprising a voltage regulation means

and a multi-value voltage generation means, and configured to
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supply multi-value driving supply voltages generated by said:
multi-value voltage generation means from a regulated voltage
generated by said voltage“regulation means, wherein:

said voltage regulation means comprises a first voltage
generation means for generating a first, constant voltage from a
sﬁpply voltage; an adder means for adding to said first voltage -
a second voltage that does not depend on said first voltage; and
a control means for variably controlling said second voltage
within a predetermined voltage regulation range that is defined
to include said first voltage;

said mulfi—value voltage éeneration.means comprises a voltage
divider means for dividing a regulated voltage generated by said
voltage regulation means, thus generating divided voltages at
divider terminals thereof; and a plurality (at least three) of
impedance conversion means connected between said divider
terminals and said objects to be driven for converting the
impedances of said divided voltages generated at séid divider
terminals, thus generating multi-value driving supply voltages
intended for capacitive objects to be driven; and

the configuration is such that a first impedance conversion

means having a drive portion that draws in a large positive charge

-is connected to an object to be driven when the polarity of the

charge that must be transferred from said object to be driven to
said impedance conversion means during éhe drive period is
positive in total, and a second impedance anversion means having
a drive ﬁortion that draws in a large negative charge is connected
to an object to Ee driven when the polarity of the charge that
must be transferred from said object to be driven to said
impedance conversion means during the drive period is negative in
total.
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16. A power supply device according to claim 15, wherein:

said first voltage generation means comprises an operational
amplifier, a reference voltage source connected to a first input
terminal of said operational amplifier, a first resistor connected
at one end to a second input terminal of said operational
amplifier and at the other end to a fixed potential, and a second
resistor connected at one end to said second input terminal of
said operational amplifier and at the other end to an output
terminal of said operational amplifier; and said adder means
compfises means for making a current from constant-current source,
which is variably controlled by said control means, flow through
said second resistor; and

each of said first and seéond impedance conversion means is
formed of a voltage-follower connected operational amplifier
comprising a differential portion and a drive portion; the drive
portion of said fifst impedance conversion means comprises a
constant—current source or resistor connected at one end to a
high-potential power-source side and at the other end to an
output—terminal side, and an n-channel drive transistor connected
at one end to a low-potential power-source side and at the other
end to said output—terminal side; and the drive portion of said
second impedance conversion means comprises a p-channel drive
transistor connected at one end to said high-potential power-
séurce side and at thé other end to said output-terminal side, and
'a-constant-current source or resistor connected at one end to said
low—poteﬁti_al power-source side and at the other end to said

output-terminal side.

17. A liquid crystal' display device comprising a voltage
regulation means, wherein supply voltages for driving liquid

crystal elements are regulated by said voltage regulation means,
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thus regulating contrast for a liquid crystal display, and
wherein: _

said voltage regulation means comprises a first voltage
generation means for generating a first, constant voltage from a
supply voltage; an adder means for adding to said first voltage
a second voltage that does not depend on said first voltage; and
a control means for variably controlling said second voltage
within a predetermined voltage regulation range that is defined

to include said first voltage.

18. A 1liquid crystal displéy device according to claim 17,
wherein:

said first voltage generation means comprises an operational
amplifier, a reference voltage source connected to a first input
terminal of said operational amplifier, a first resistor connected
at one end to a second input terminal of said operational
amplifier and at the other end to a fixed potential, and a second
resistor connected at one end to said second input terminal of
said operational amplifier and at the other end to an output
terminal of said operational amplifier; and said adder means
comprises means for making a current from said constant-current
source, which is variably controlled by said control means, flow
through said second resistor.
19. A liquid crystal displiy device characterized in comprising
a multi—?alue voltage genération means and configured to use a 6-
level drive method to drive a liquid crystal element that is an
object to be driven, on the basis of multi-value driving sppply
voltages generated by said multi-value voltage generation means;
wherein: ' .

said multi-value voltage generation means comprises a voltage
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divider means for generating divided voltages at divider terminals
thereof; and a plurality of impedance conversion means connected
between said divider terminals and said objecté to be driven for
converting the impedances of said divided voltages generated at
said divider terminals, thus generating multi-value driving supply
voltages intended for capacitive objects to be driven; and |
if supply voltages for driving liquid crystal elements by
using said 6-level drive method are termed driving supply voltages
at a zero level, a first levei, a second level, a third level, a
fourth level, and a fifth level from a high-potential side, each
of said second and fourth levels of driving supply voltage is
generated by a first impedance convefsion means having a drive
portion that draws in-a large positive charge from said object to
be driven to said impedance conversion means, and each of said
first and third levels of driving supply voltage is generated by
a second impedance conversion means having a drive portion that
draws in a large negative.chargé from said object to be driven to

said impedance conversion means..

20. A liquid crystal display de#ice according to claim 18,
wherein: '

each of said first and second impedance conversion means is
formed of a voltage-follwer connected operational amplifier
comprising a differential portion and a drive portion; the drive
portion of said first impedance conversion means comprises a
constant-current source or resistor connected at one end to a
high—potential power—sourcé side and at the other end to an
output-terminal side, and an n-channel drive transistor connected
at one end to a low-potential power-source Side and at the other
end to said output-terminal side; and the drive portion of said

second impedance conversion means comprises a p-channel drive
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transistor connected at one end to said high-potential power-
source side and at the other end to said output-terminal side, and
a constant-current source or resistor connected at one end to said
low-potential power-source side and at the other end to said
output-terminal side.
'
21. A power supply method for supplying electrical power with

respect to an object to be driven such that voltage division is

~performed and the resultant divided voltages are subjected to

impedance conversion and are supplied as multi-value (at least
five values) driving supply voltages, wherein:

impedance conversion is performed in such a manner that a
large positive charge is drawn in from said object to be driven
when the ﬁolarity of the charge that must be transferred from said
objept to be driven during the drive period is positive in total,
and impedance conversion is performed in such a manner that é
large negative charge is drawn in from said object to be driven
when the polarity of the charge that must be transferred from said

object to be driven during the drive period is negative in total.
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