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AND METHOD OF SUPPLYI NG POVNER Techni cal Figld ; , The_present
inventign-relates to a power supply device, a li éﬁﬂdp’g’“f'éé‘ry tal display
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inaliquid crystal display device by way of exanple only. This power
supply devi ce 320 conprises. a voltage regul ation portion 322 and a
multi- Techrdload Wdkefldge generation portion 324. 15 In this case,

t he voltage regul atiqQn portion 322 has the function of generating a
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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
10 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_exa.mple only. This power supply
device 320 comprises a voltage regulation portion 322 and a multi-
value voltage .generation'portion 324.
.15 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
20 control the resistance of the voltage-divider resistor 313 on the
ba.sis of regulated-voltage se.tting signals that are input thereto. -

The vdltage—divider resistor 313 comprises .resistors R1 to R4,

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

the control portion 314, this varies the resistance of the

25 voltage—divider resistor 31.3, 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 p{;rfion 324 further

comprises a voltage-divider resistor 312 formed of resistors Ra

i
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in Fig. 34. The power supp evice 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 diyider 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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10 portion 326 t her eof conprises operational anplifiers (OP-anps) 301
to 305 connected in a voltage-foll ower manner. Each of these OP- anps
301 to 305 ismxconnected to one of divider terpinals (taps) + 330 to 338
of the vol tage-divider resistor 312. These (P?anps 301 - to 305 convert
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o 10 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
15 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

20 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

- 25 crystal display as described above, the power supply device of the.
-liquid cfystal.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

30 the supply voltages. Assume that the resistances of the voltage-
divider resistors 312 and 313 are R12 and R13. Thus the resistanc:



- 3- . mblti-value driving supply voltages VO to V5 that are output.
These driving supply voltages VO to V5 are supplied to a li"qui d
crystal drive signal generation portion (LCD driver) that is not shown
in the figd#es. This drive signal generati-gf portion 5 generates drive.
signals for driving the liquid crystal panel on t he basis of these
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supply device of the
and R13, as expressed by the equation below, Note that in the
description below, VDD ié 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
15 " 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:
20 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 + R13tot) Equation 3
25 Therefore, a voltage regulation range Vrange is given by the

following equation:
Vrange = | Vrmax - Vrﬁin |
= | VS | - Ri3tot/(R12 + R13tot) Equation 4
Since it is desired that a power supply device used in a
30 liquid crystal display device should provide a wide range of

contrast regulation, the voltage regulation range Vrange should



liquid erystal display device enables voltage regulation. In the
prior art exanples shown in Fig. 33 and Fig. 34, this voltage

regul ation is. provided by the voltage regulation portion 322 varying
t he nun®er of divisions in the resistorg-connected between 30 t he supply
- voltages. Assune that the resistances of the voltage- di vi der
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and VS 1S B aeveE. W2th the Former Wetnoa, %siR0S THE" R3islatce of the
voltage-divider resistor is small, the consumption of current
10 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

15 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 fof performing the voltage regulation. This central value Vc
becomes the value at the center of the contrast 5rightnéss range
20 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
25 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
30 conditions. If such variations occur, there will also be

variations in the central value Vc of brightness for contrast



Vreg = S . R12/(R12 + R13) Equation 1 15 I n

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 exanple, if Rt8—= 0 ($4 to S1 are all. on),
Vreg has a nmaxi mum val ue Vrnmax (negative) given by the follow ng
equation: 2Z@gulation. m™®ach ¥Scase, the maximum value, minimum value, and
Equation 2 Further, if R13 = R13tot = 15R (S4 to S1 are all

of f), Vregvoltage rmdaml@mammlufetuenrmm@i ivodfagevian the phior art
fol |l ow ng
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of being Sghitf% %%ewm%?u%mrnan%?u ﬁ?ﬁ?ﬂlgxlnevaﬁsle, 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.
10 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
15 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 broadén 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
20 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
25 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
30 determined by the supply voltage VS or the like, and the

resistance ratio of the voltage-divider resistors 312 and 313.



can be#understood from Equation 4, if it is desired to wi den the

vol tage regul ati on range Vrange of either of the above prior art

exanples, it is necessary to either reduce the resistance R12 of 5 t he
vol tagé&-divider resistor 312 that <séts the nunber of di vi si ons,
or increase the total resistance R13tot of the voltage- di vi der
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' segment electrodes, where the common electrodes are provided with

15 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 V0) in a selected period or V1 (or V4) in a non-selected

20 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 1it; if that voltage is V2 (or V3), the corresponding

éixel is not 1it. Note that the values in parentheses in this case

ﬁndicate the supply voltages when the polarity of a frame (FR)

25 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

30 Fig. 33 divides the supply voltage by the voltage-divider resistor

312 and the resultant values are u'sed‘uncha,nged as VO to V5.



30 comditions.. |If such variations occur, there wll also be
variations in the central value Vc of brightness for contrast

- 6- regul ation. In such a case, the maxi mumval ue, m ni num val ue, and
vol t age¥regul ati on_range of the regul at@d voltage in the prior art

power supply device are fixed by the resistances R12 and R13 of t he
vol t age- digwd r esi r, ' f Lem LEONS :
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concerning inproving the display 15 quality. One nethod of solving
this prolisemosisible, has thesnthe currentsdélewing tbroughetbe vbbtagerer
of divisiagns.qQf the voltage- divider resistqr 313 .and t hus broaden
t he range%6V188Ft56§15t°r %12 are as low as poss1%1e. However, if the
resistances of Ra to Re are made high, the output impedances at
10 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
15 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

20 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 qaﬁ be

25 prevented. When such impedance conversion is provided, increring
the outpﬁt impedancés 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

30 .it becomes possible to design a device with reduced power

consumption.



regul atiron, to allow for manufacturing variations, but this nethod
causes a further problemin that it increases the area of the 20
sem conductor chip. Further, since voltage regulation in the prior
art power supply device is prOV|ded by -9a t chi ng the number of

di vi sions of the voltage-divider resistor, it is necessary to store
the value for eghﬁg )i FediRR! r@le VBbWEr VEon Sttt i tde the devidale
(0111) in Fig. q%SA an OlOO)f?|1 Fig. 35B, 1 n neans such as
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-7- ef ore, ereis a pr em 1 n that e supply voltage

shoul d chaogaectbe aeg&i@teﬁﬂ ol 4 dgbghrmstesitilalapswechamgece wide and amhat
inaliquid crystal display device that uses a battery as a

 source, amycbeangé dnivedrapsiager sfonnes ted: aérgnavend F@dH]SWVP°$6n§1%hange
‘N dISplaﬁo %%ngﬁrce side. In order to restrain the power consumption of
the OP-amps 301 to 305, it is necessary to reduce the current
10 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

15 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

20 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

25 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

30 (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



Now consi der the multi-val ue vol'tage generation portions 324 and 326

of Fig. 33 and Fig. 34. In general, in a tinme-division

(mul tipl exed) system for driving liquid crystal, six supply voltages
obt ai néd by 10 cal cul ation by a knawp-6-1evel drive nethod (method of
vol t age averaging, anplitude sel ective addressing schene) are used.
These I ed V. a | rom
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a segnent signal (data ig al) for determ ning, whet her n di_spl ay
pixel's_ ar@ORHIET SrRagdt chen BHoNDOFLIRORE 195 Ciffapentiplvy

voI fsa;gl g&éﬁcﬁf‘#m?rg ﬁo‘éc *éfé gﬁ g-?h?n@%}‘ %?Fﬁgisﬁ'o? dpg{ é;"gbﬂ ‘%” the

segnment eé@ﬁﬁérﬂﬂ%oh%ce(QéQron\i‘éktbﬁet(‘i%ee&@ﬂnﬂbﬂﬁntlal po%’f'eéomscé 'stlde' f
that voltage is V2 (or V3), the correspondi ng pixel is not lit. Note

that the Viares . Theaedorkesén Ondehi®o copexrate thei ndchanmel herangisiter
vol tages when the polarity of a frame f}FR 25 signal is inverted. This

frame si g%lth% 1R U Perﬁa@mo@n%agharc annel trﬁl}sd-rﬁéoirW@rE]P%rPthque or
to V5 ar coabnar SouREd formally (to gl Wtkhed Hefve ¥ SEAEIEE, o1
porij ons $gdr@dtoB28ach trandl%tfo*i" %u‘i’?ieieﬁf‘gy MUafge V2l dlen vl tﬁ(ﬂl?éntlal
generation portion 324 of Fi di vi des the supply vol'tage by the
vol t age- dinwstidve rimpiutt do the traﬂmﬁsi:rmd' ihethesinmentpordlions amd thedd is
unchangedwla§ aV % ttcy)'p\e/ 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-
13 eurrent 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
20 OP-amp is connected to VZ. Thié 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 imfpedance conversion
means are necessary, it is not poss1ble to determme what type of

25 OP—amp should be used for the third and L‘ubsequent 1mpedance
conversmn 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



However? from consideration of display quality and power consunpti on

reduction, it is not preferable to use these resi stance-di vi ded
vol t ages unchanged as supply voltages for . liquid crystal drive. In
other wbrds, to ensure a | ower power 5-1i-consunption for the device, the
resi stances of the resistors Ra to Re that formthe voltage-divider

: . 5 hi . i.b scurrent.s f.l.ow ng
i ough the. vl Cages v P P SR 8Tk B S, BRFIE LA Gl

However, ¢fystel displagsidevdoessand &andthd® off suppd9 ik Ibowd MecHat Righ
i npedances at 10  the divider termnals 330 to 338 of the voltage-divider
resi stor enableidesjgns yiddh Bewargpower cinsuwwtionsi apddeaneslso enaide hi gh

[ t 0y ., changes.,i.n the supply voltages during the liquid
Ichst al @i@%@%’fﬁplﬁe‘/ g?r“g;tl,tleﬁdver sely affecting the |iqui Iol I crystal
di sp a ual it f , | h LRg ti-valu
supE%yyvgltagegniEHﬁ%? gﬁft%%Pg§fg$édgﬂsgégggg?g?éé& P}éb}?ﬁ%1daCF§@P§

panel .  supply de@ceheimt hecordabe | withe ¢FEtshOdnSEOM b ncEﬁlgﬁiéﬁs bhe
above ﬁroblen1is sol ved by using the OP-anps 301 to 305, I ch are

connect edvo htages oregiylen trion aveansmamndr ,is canfrigared: e isuppdgneesuddly of
e b 5 PN e By Shet T2 et on means™
' to an object to be driven, wherein:

10 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

15 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

20 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

25 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.

30 As a resulf, the first voltage can be adjusted independently of

other factors such as the voltage regulation range, and thus



vol t age generation portion 326 are reduced by the inpedance

conversion provided by the OP-anps 301 to 305, so that
deterioration of the liquid crystal display quality can be 25 prevent ed.
When sdach j npedance conversion is prowided, increasing t he out put

i npedances at the divider termnals 330 to 338 causes no probl ens, so

the resi sypfeesrafleRarracks s@h by Ianﬁaeeeﬁﬂnglaf the vo‘l'ﬁﬁgéef‘éédﬁ['ﬁ% of

Ra to Re are increased, the currents flow ng hr oug

voltage_dramgmrdueststchaﬁginganfbeheedhaed \ad¢agbU$aﬂ)beléfﬂﬁ@nnﬁﬂy
possible to design_ a device wth reduced power consunption.
- 9- preventeﬂo afiehpenablesdare e@cmsepewér fdensbhpt formofoft Heoledgece

Cp-amps sBeEvAtar ARCTRESLn0R BRILHCLE B2 RRISEARS W leads, 44
be descri bagréAnint¥ GA t8ECAEEEEY Oc%f aLi tyl Gnd StReVcHEfacteridtids drive

portion having a resistor or constani-current source connected at one
end to a bhghobgeent ital owdrisenr thasi dis addiven on the chasie! ofr ithe

transi stor connected at one end to a | ow potenti al power - sour ce si de.

I n order regukxtadiiveltie€epower consunption of the OP-anps 301 to 305,

'tis necesear¥ tgh{éu%ﬂ¥%nhg%nfur gntlrst voltage generated by the first
voltage generation means and the second voltage added to the first

10 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

15 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

20 compensate for this change in element characteristics. This makes
it possible to provide a stable bower supply that is hot affected
by temperature chaﬁges, S0 that.a drive based on this regulated
voltage can be provided, enabliﬁg extremely good display quality
and other characteristics of thé object to be driven.

25 In this invention, the second 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

30 during the initial operation of the device. This enables the

regulated voltage that is output from the power supply device to



10 flowing in this drive portion (said resistor or constant-current

source). However, if the current flowing in this drive portion
i's reduced in order to reduce the power consunption, the problemthen
ari sessthat the phenonena of shadows ang3<€ross-talk will occur in 15 t he
~liquid crystal display, and the liquid crystal display quality wi ||
becone ex law, X i | k --ﬁ@gg ; |
met hod (n%?ﬁ{)r{?&é/oq a&oﬁtg%%p%%%é;éﬁg@gnp itt?%dgﬁgg %gté ve tion. %1% rﬁesﬁég} ng
schene), wbedef fed inegulatedges] tagd icath be fhgediadelany valuedwi thin tihe
drive period are averaged for all the on pixels and for 20 all  the off
pi xel s, veltage resulatdragdanghe guehlasy thetaentral valuper therminimum

e oy 0E 5 Bl P Mg b 10 anp R, b ldd
Fhe”PWE”aﬁﬁ? SPQPPX‘EMH]%(@ fieh®! Kp élLanPCCig{s- the gimﬁ-ﬁ%orﬁsedt for. @
arge tecnnl ca re

concern t etermne how to uce power consunptions

whi | e makgegesst ing hathet hesgubbesdmnd tage, o6f Spwesioie aredrendssyt ade do
not occur. o Note that if there are only four levels (VO to V3)
of multi detectinal thke sopipuyt wilteges ofa thel swditagei regudatbon , pertion.

fi ' d i dered in which, f , -ty
GPamp. 50AS”3( 8SBLEa NP B8V IGF | AR cher BALE PRAKIEE c8nd S Lthrid SR o
supply voktage o OBe! NeedUdl PRAER! 'HisS! 6vALE 3R NAYEHETER®P in a

10 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

15 _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 addef means comprises means for making a current from a

20 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 é reference voltage from the reference voltage
‘source and the resistances of the first and second resistors. The

25 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

30 present invention ensures that the first voltage and the - second

voltage are generated independently. In other words, the first



-10- = (described later with reference to Fig. 10) is connected to a
supply voltage V2 on the | owpotential side. The reason for a
configuration of this type is as follows. The p-type OP-anp is

configdred such that the input portionygf-its differential 5. _anplifier
portion has an n- channel transi stor and a constant - current source is

' or der 1o basds cePRCBAIR TR BV HaMRIRE, thiéCresiptandfidh me dTaSEY S

an n- chanfgdi gffoansi SFletﬁgrthetH@”S%é@bnd volt@ighl eNdarPouUpEe N IRitkd (to

make t he vol tage between the drain and 10 source of each transistor
suf fi ci eniridepeadga)]yaofii tie ftrestt lvalltage bwea:d,]mstunguthe occutrentr dhaitst or
in the input portion, and that is p-type OP-anp is connected to

V1. Converk@s,, 1n hkhe. 59%@@3?931St01én§)1‘91% '&%f?%'@@"s%ﬂeﬁl&t StONé'CPnput

Pt ot o p L BB Bl the 3FFbaEE ERPLAL N Bgd irg BB Bpgona

hi gh- pot ey 1 £l g e QUeY b%ohk'éaé 1ndeperﬁiéift tJiertﬁ@f £iF88r 95 Pt Lge | fSlec‘éerthtlg
operate the p-channel transi stor of the input portion and a p-channel

transi st dsraddense the voltagst regulaticantranger of shenprigr artoviheateeisi al
must be i nput to the transistor_in the input portion, and that is why
an n- typerl@meedoﬁnaaﬁOV5d%o¢1ri@étg@dnm €D, ofrrdléfwwseﬁorhmet%t&@@béﬁi ng
vol t age i f

Uher 295 resintdiiloaRy HiGeiTt 3P RosRinlg, th W the device smalied®4ai,
thug at | ganicd hr@&nwa}m% CQfH’iGiJ’S'ﬁ‘zes | BFToAKEng neRgSTnoult | °

not possi to determ ne what typé of 25 oul d be used for the
t hi rd andcenfhissupariion ngiegtdreee 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
vol.tage' source and the second voltage is determined based on a
15 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
20 voltage from the reference voltage source and a constant current
from the constant-—écurrent soﬁrce are generated by using the

threshold voltages of the MOS transistors.
The threshol{i voltage of a. MOS transistor has a negative
temperature charac’izeristic This makes it possible to provide
25 negative temperatur’e characteristics for the first voltage, second
voltage, regulated voltage, and voltage regulation range, w1thout
having to add any element that has a temperature charac.terlstlc,
such as a thermistor. Thus the present invention can provide a
power supply device that is suitable for a liquid crystal display
30 device in which the contrast and other characteristics have

negative temperature characteristics.



conversjon nmeans, and thus it is a great technical problemto .

determ ne how the type should be determ ned. ‘ SUMWARY OF THE

| NVENTI ON This invention is intended to sol ve the above probl ens,
and hasz . as its objectiwvgsthe provision of a power supply
device, a liquid crystal display'device and a nethod of supplying

power that camng poyer %ui%dt 16850W the! ﬁi‘ééeﬂ@"‘ﬁﬁvé‘rﬁﬂl%imd@@\‘iséﬁdacan
al so enabl e | gher ay qualities. In order to solve the

above desmyltiedraluebveitage gemtratlon meanpphndde5|cenfngnunbﬁdammppmwth
this invention conprises a vol tage requl ati on nmeans, and is

confi gur @i U-ga@dpueydalgmpgwupply Voolcﬂatg@ge ramt thasmpbbirvalje oddage t he
vol t age requl ati.on neans an object to be driven, wherein: 10

t he volt%éh? ratdon DEeBS . n@gﬁger%onprlses a first voltage

gengration meapge fiff1 t4€R318k! P91 Badd gehersieh MEanClcbReiesm avolta,ge
divider means for generating divided voltages at divider termlnals
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-
10 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
15 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
20 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
25 voltages are supplled to the objects to be dr1ven after their
1mpedances have been converted by an 1mpedance 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
30 in total, impedance conversion is performed by a first impedance

conversion means having a drive portion that draws in a large



supply wol tage; an adder neans for adding to the first voltage a
second voltage that does not depend on the first voltage; and a

control neans for variably controlling the second voltage within 15 a
predetetmned voltage regulation ranrge- that 1is defined to

include the first voltage. I n accordance mﬁth the present

i nventionpogiftivet chEPES! AN the othé®! hafe, 'ffgéﬁeﬁéﬁ ead§E98hy

vol tage. A second vol tage that does not depend” on t e flrst I%age
i s then geuehatEhgt abHet lpiod a2@ty ofectinis vohhpge iis assiertitve the ftbltal
voltage. I.n this case, the second voltage is variably controlled

within a jrPeeaBER] %@bversmn \lfemeaxg@megubatademdgempedanm coavensiono

| ude t d d | at ed vol t
be supp! | Sans’ Having pa " B8l ndioh, ek “SRegs ho aibFea, Begalivene
presgnt ZihargE“VQtho@nsﬁrbgetﬁ§¥ g %?hvﬁbﬁesﬁﬁ ﬂ?¥v9hiﬁgglrs o?%age

depend upon the first voltage. erefore, eve

is atiideted obytheedroad @prddjeds tiongthehec drresipondli hgodrivihg @ﬁﬁﬁl*j‘o'f
affect the way in which the second voltage can be regulated by th

control n¥daget nisy suepbiedieter matdy oapacijel vegabaettn tloarigfe dBd)venAs a
resul . UHES X8, LARECER0ARE ARkURA ANPIRINEI G arive o8HEEn
-12- of the impedance conversion means, enabling improvements in the

10 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

15 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.

20 - 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
grive portion; the drive portion of the first impedance conversion
ieans comprises a eonstant—current source or resistor connected

25 Lt 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

30 drive transistor connected at one end to the-high—potential power—

source side and at the other end to the output-terminal side, and



undesi rabl e effects such as a narrow ng of the voltage regul ation
range due to changing of the first voltage can be efficiently
prevented. This enables an extrenely flexible formof voltage
regul ation that does not exist in the pidifer art, which leads to 5

i nprovenents in the display quality and other characteristics of t he
obj ect to deodkituan- bﬁfii'enﬁ ghuneen o@Nréfes s icondectB8 at one & Jfbt

vol t age. In this invention, the first voltage generated by the
first lowtplottagélgbn@mrosoueaas side tdrd setorthevobthee atdedts othbe
first 10 vol tage b% i dder means have a tenperature characteristic
whi ch ou dREBiRal 19 % tenperature characteristic of the object to

b d h th h
Phrst and ' gesordspee WEtRCOH SRR LRSI B PG ibedincal: ob"®
conpgnsat eghel 5dividied avdﬁf‘a%r At ure C@&Wé?ﬁt%rd shiyC fhet Neo PRI RLLr fl%%r

driven. This - ensures that, if the elenent characteristics o
obj ect to dpmnected dpévaticenal (almprigédebs, amhaugelynvbttageatef ehet Baméi r st
vol t age, t he second volta and the regul ated vol tage obtai ned by

adding  Voltagesi pssthandivide dVQbﬁ%&:ﬁesﬂtﬁnmlllﬁdswh en@jectastoo 20
conpensat §, f S el enment c r t dstics. This makes It

possi bl e ﬁ)oe parrolw gﬂ?@tngw% RE 0 R ]1 ISt o efonversigy

t enper aturnﬂ:a%@a%ﬂ@rl?z@stHatcoﬁs‘ﬂhh’dec@laféiﬁ % ureS P REARDr conge\é?h&age

can be provided, enabling extrenely good display quallt

charldct eritsx i as high-‘mtentdal tside dndvean 25-channel dimfréll S rianegstoen,
t he second volt age added by the adder means is fixed at a
pr edet er mGPPe¢iede taui A@Wrﬁ@temmalamlde, apferthe drive mortdeni o. 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
15 this case, the first impedance con\}ersion 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
20 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
25 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
30 quality and other characteristics of the objects to be driven,

enabl-es savings in the currents flowing through the drive



In accordance with the present invention, the second voltage added to
the first voltage is fixed at a predeterm ned val ue 30 during the
initial operation of the device. This enables the regul at ed vol t age
that is®output fromthe power supply delBee to .

-13- be fixed at a desired value during the initial operation. In

ot her potidns ! BAd £Ds6 arpbleel hage redudis dnisxed abm&ny oereatw. tAsn
the vol tage regul ati on range, such as the central value, the m ni num
val ue, or & heeswbd ,mbtheybadéeryhl ifetimas iof emeinmendr \int whiigbl e BOwer any

variation-adjustnment, program _ in_  the  firmware sed. for enerating
the regul &UWRPVo| daytce oOIpr BRige IBVERELORY Sor 1ncfug%qet S8R ket B eﬁghﬁut

vol t age ciﬁﬁﬂgadg%gtage regul ati on portion. As a result, the device can
be made s ,~and al so the chip si ze can be reduced when this

devige is incorpop@kerd duppdylBevics st GHIGGnende¥hCes characterizelinihhis
i nvention, the first voltagé generation means conpri ses an

oper at i onadonprdlsifigera, cantedkrmearss font apatsolliirg one oranmpdatrad ity af
first input termnal of .the operational anplifier, %Héir t .resistor
connect ed Bl tidmadyg 05 1¥1BECHRP IhIal tagesi ggnerated by % 1aVAsHEl

anpl i fier ¥ fieté&ié?&%%%ne%gahg,aiﬁiéﬁgh a manner that the voltage or

voltages reach predetermined levels within a predetermined period
10 . immediately after the power is turned on.

This makes it possible to guarantee that these driving
supply voltages will reach ﬁheir 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

15 these driving supply voltages should 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
20 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

29 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. |

30 - In accordance with the present invention, the current flowing

into the low-potential power-source side of the drive portion of



potential, and a second resistor connected at one end to the second
I nput termnal of the operational anplifier and at the other end to an
output term nal of the operational anplifier; and t he adder neans
conpri ses neans for meking.a current f+bgra 20 constant-current source,
which 1is variably controlled by the control neans, flow through the

second reghat Yecond imp dancbnc%ﬁ%&ﬁ%ﬁem‘éﬂahﬁ like HEEYed W NgONEhd he

first vol tage eterm ned by a reference voltage fromthe reference
vol t age predesennmechrlﬁhﬁmi rimmediatedy of telre thier giowerd isecturhedE sorst or s.

The 25 second voltagg I's generated by the flowing of a current fromthe
const ant - ThipepRSuURRsItEEL QRS OF & Blumfhﬁr wi suhtiovalue driviag supply

| h h d
SO woed vo1Eages; - aflen: A%, A L98, B K IdUe) BN pathog, 4iE9°
regugatedc%ﬁkgagfe&apnbg eﬂté'ﬁﬁﬁne nghBtst ”98[taé@eo§0v01€£§é€”feach

I nvention ensures that e frrst voltage an the second tage are

generatede@d@béﬁﬂEﬁéd)LevbnsOWhthlnMﬂm@SprédEmérmxned.perlod, and can also
-14- vol tage can be adjusted by adjusting the resistance of the first
resi st or. PTEVERheANy a@%ersge%ﬁﬁﬁfts/aamgd bycihe weltagesisebdVl and V3

|ndependent|£got the J&ﬂgTén %gge is ﬂﬂé%%n@g a ééfégréﬁﬂal%qons such
that the liquid crystal display goes completely black.

10 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

15 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

20 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.

25 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 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 V2 and V4

30 going into a transient state. This prevents adverse conditions

such that the liquid crystal display goes completely black.



flows kn_the second resistor fromthe constant-current source. 5 Thi s

al so neans that the voltage regul ati on range of the second vol t age can
be made i ndependent of the first voltage. Since this br oadens t he

vol tage regul ation range of the prior -&g- there.is no need to provide
a large nunber of divisions for the swtchable resistors, and thus it

ble t h I d; 40 )
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chip sizes. maki ng Cl rcui con

t hat of tﬂnﬂw-hmwumvin@emfmsource weonkirelted dasilgthaer it e nopover
consunptions. Since the first voltage is determned by a reference
vol t age fapphiate tef ethencebject toolheagdriven cduningt Hhesepredeteaomiagd is
determ ned based on a 15 current fromthe constant-current source, a
stabl e r eRfefE%d vol tage and vol tage regul ation range can be

achigved, i ”de?ﬁnd&%o dance WwitR2NgRS égb‘?ltsuﬁﬁlvgn*f%ﬁagedl}]rltné“ the !N

this invention, thée're erence voptage sd@#ce and current
sour ce. coppedesite Mipeld pasi 6d Qirtti 1a8He alrFiafitige 8GHp PP vol tugekansadi dhelie

reference voltage source and a constant current fromthe

const ant -predetermigwedr devedse peneobtage iy asitrgnshent state Nthaghalight
vol t ages of t he, MOS transi stors. The threshol d voltage of a MOS
transi st oPCHE Erom iving PPUeHeS WL ishiransEeTEed cto 'Iﬂ?% Iesd it

possi bl e %6’ e Od’fﬂf‘er?5 Afte@eQﬁFt é?e&% el ge‘f'f aﬁégréf#scesq faHg RS

first voltage;, Seco ate tage
regul ati ogriwivge, supﬂlfyowtoltages have nﬁeééheilﬂd:mfi)& Qk‘édéﬁérrhﬂ%d mft&leds,
tenperature characteristic, such as a therm stor. Thus the present
i nvent i onthandpmvngiesapply voibbaxges sapp| guppliedk thathesobjechsl &of be a

liquid crystal display 3 device . in which the contrast do
char act er #51 Y&&- can moﬁ%g%ﬁWngqﬁéﬁpBFﬁY%ﬁﬁeﬁﬂﬁé @@F?s?f%%ﬁ Iyiat

may be caused by driving supply voltages in a transient state,

enabling further improvements in the display quality and other
15~ 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:

20 the multi-value voltage generation means comprises a voltage
Q 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
25 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

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

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



-15- > A power supply device of the present invention conprises a
mul ti-val ue voltage generation neans and is configured to supply

mul ti-val ue driving supply voltages fromthe nmulti-val ue voltage

gener att on neans, wherein: 5 t+&lrul ti - val ue vol tage generation
means conprises a vol tage di vi der neans for generating divided

vol tages first Wosr-sourceaside and athtfiedtheandnd Pb Wrbbutputatetmasdl
three ) of inpedance conversion means connected between the divider
t er m nal ssidel, t BadoBj dativet dransistor dohneatedr atooner endg tohe | $geenthces

of the divided voltages .10 enerated at t di vider termnals, thus
Gener at | nORST TFOuEAE 8106 and gty Fhicd Bl iend Eof A imuSieming) S48

capacitivgn@bjects to be - driven; and : the configuration is
such that "a first inpedance conversion means having a drive portion

thatsdraws in ghban@anBosidr Veorti1d4ngd the | Empeduife eforwe®di oib) mednd o be
driven when the polarity of the : charge that nust be transferred from

t he obj ectontribs ca icurens to flow Hdnomghdihe ecenstantsiomrreninsounee My t he
drive period is positive . Intotal, and a second ippedance copyversion

means haviRg ZeShStar of the jIMEIRCENEPRYRLIAON Means Ly fidng, a8 titkde i s
gonnectedpépiga immediately after the rise or fall of the reference clock

that is used ‘in driving the object to be driven.

10 : 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;

15 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

20 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.

25 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

30 divider means for generating divided voltages at divider terminals

thereof; a plurality of impedance conversion means connected



20 object to be driven when the polarity of the charge that nust be

transferred fromthe object to be driven to the inpedance _ conver si on
means during the drive period is negative in total. In
accordance with the present invention~2®-vi ded .volt ages are generated
by a voltage divider neans, and these divided 25 vol tages areée supplied
to the obpepicer otie giviMRT afddiinalei and the iobjedances haevdrieen for
converted by an inpedance conversi on neans. When an object to be

driven iscengrting thheimpedances of the dividedchaltpgeshgenanstedat the

transferred fromthe pobject to be driven_ to . the inmpedance conversion
means dur h‘@lc{% Efﬂ‘mbnérlﬁ’i o%h'ﬁl§ |§€§P'Fﬁ§én%0mu“i1ﬁv?'§‘ﬂ%l driyingaSuerly

conver si o1 iRl TAIBARY By LEphcd (RRIMIBets o BONFLPLED AP HRaHEY 1O

a drive por raws rn

-16-5 for Pesnirold iaBarte. ikPedarecdldnive’adion mbal§; obj ect to be driven
S such that the polarity of this charge is negative.in total

i npedance convthei dmpedapeef @omyerisjon swamsd ispddamed oxfhver sioditage-

means having a drive portion that draws in:a |large negative_ 5 char ge.
Thi s ensuf%glqm canparted \ppeyatiopal ampdiifd§E ¢OMRTisSIng a dlfsﬁﬁne@alﬁg t he

| 070 2no! g idh | TAFFVE ELPR A Wil SHPRtve portidl! Whskissyoy! ! o0
constant-current source or resistor connected at one end to a
10 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
15 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
20 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
25 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
30 or resistor can be efficiently prevented. This enables the design

of devices with even lower power consumptions, without any



Further, no unnecessary currents flow through the drive portion of

t he i npedance conversion neans, enabling inprovenents in the 10 di spl ay
guality and other characteristics of the object to be driven.

In parficular, if it is necessary to ppR@wi de three or nore I npedance
conversion nmeans, this aspect of the present invention can nmake it
casy 10 Git@ribRgtybalid iR QlispPagGusloty Gt othgs dRaracielistiest b d
and subsequent i npedance conversion freans.” Thus, | t he present

i nventi n the abjkicedtbobae drimenl crystal display device t hat uses
6-1evel drive nethod, for instance, it is possible to easily

det er m ne whatlIn yidd sofinviepddane ethendsi €e cPONREO eumNiges a copstaséd for

h of the f ' d ' .2 I his i i on,
cach of (T TEReSOMRGCa BEoRA S RERRaRRaL 15 coBgRoLIEd By baonEans o FHEy o
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di fferential portion anc i on; t'he "drive portion

first i nmuagdeese ¢00yYeeShPNresistormadat deMabitSeendrePhed dyt -ther contredurce
or resistor connected 25 at one end to a high-potential power-source

si de and mg@anshe ot her end to an output-term nal side, and an

n- channel drive, transjstor .. connected at, one end to a | o otenti al
pOWer - sour ce ﬁ‘?{ﬁh aﬂﬁlsatconflguliar%o&’heﬁ‘eenﬂqﬁﬁi hEO btagsut oF eFHP ndF1¥P de:
and t he ' ortj ' of, 4+t dl danc n ' '
conprise (gﬁgp@hé%%grb%ohelddﬁﬁvgft?gﬁg?syggago% e?ied gfﬁéﬁéytigg%?gnfhe
hi dit- pot eydurle RAVWatfesistor thatr €€ Abtlecantralldd ettty contriod means.

output-term nal side, and :
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
15 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

20 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

25 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

30 divider means for dividing a regulated voltage generated at the

voltage regulation means, thus generating divided voltages by



-17- : a ‘constant-current source or resistor connected at one end to
t he | ow- potential power-source side and at the other, end to the
out put -term nal side. I n accordance with the present invention,
_the inpedances of 5 the divided vol4ages are converted by the
vol t age-fol | ower connected operational amplifiers, and supply

vol tages @ivider SeéEminals bMrterdes sl tdhepdindldey Valtt dgestarthreejpldfed to
the objects to be driven. The drive portion of the first inpedance -
conver si oimpedancercanyersipniRaaNsS, COBAEE bedweent the ¢iydder texnihads

connected 1Q tQ a high-pptentjal I de _and,.an n-channel driv

transi st opd the ‘gﬂrﬁ?@é’{ &8 8% ‘gr’r‘fﬁﬂ e FPPEFT LG &mpﬁgaBPW&ﬁJ#}% on
of the - 0 ' n Si S £ S E$ ARAmE ant rent
sour.ce or d}géﬁi%‘gow%io%%?eg%flgggﬁgal o%?po ent i%‘?ﬂge e zﬁg’"gﬁg?é’ e
changel dgbXerifansi wdtticoanast edrividde supphypoienidgys sideended 15for
this case, the first inpedance conversion neans is connected to an

obj ect tochpaditires othjectishdopbeadiriyenf amé charge that nust be
transferred fromthe gbject to be dri cCOonver.si on

en. to the i npedance
means is positithe FAREbEErat gl st SUE F’Hﬁg %o@iIfﬁr%e‘mpe%_anc@hﬁPB‘ée]é%\]norbe
oot oo kR e DB S e 6 I 1E8ES SRS Lherek Ve
source Ofig RBnebLEASES an CAWjedE tdBSE driven whkhi ¢henpbyasiey!of the
Conversely, the second | npedance conversion means 1s connected to an
obj €0t t o chargdei thatwinest tbe pramsfanredf 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
pértion that draws in a large negative charge is connected to an
object to be driven when the polarity of the charge that must be

15 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,

20 based on a supply voltage regulated by the voltage regulation
means. This ensures that the multi-value driving supply voltageé
generated by .the multi—{ralue voltage generation means can be
regulated. Further, multi-value supply voltages that ar?
appropriate for the loads appliéd to the driving supply voltage_is

25 .can be supplied to the capacitive objects to be drivén. If device’s

| such as 6perétional amplifiers aré used for voltag'e regulation in
the voltége regulation meéns, 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

30 devices.

A liquid crystal display device of this invention comprises



t he charge that nust be transferred fromthe object to be driven 25 to
t he i npedance conversion neans is negative in total. Therefore, this
negative charge can be sufficiently absorbed by the p-channel drive
transistor in the drive portion, and tk@&-the current flowng in the,
constant-current source or the resistor can be nade sufficiently

smal | . Thigs walgRs rdgilateoRNEahs, tWRe £é 5P| SUpP0y voliitddst foandravhag

characteristics of the objects to be driven, enabl es savings in the
currents fliowidg driysdadh etllemeritsvere regulated by the voltage regulation

- 18- portlons and al so enabl es huge reductions in demgand curren

As ameshs t thuferesel aving ioostrast HOT o Jilgvis: crystnl i SHEYpo R
supply devi,c of Ahis invention is included can be greatly extended. 5
A power sdgﬁﬁy Hevice of this invention is characterized in conpri si ng

a control "Eanstﬁf”'v%9@5§8|'fé%hriﬁﬁoﬁf ﬁhéﬂéJVQBMbYlﬁ%s a fﬂFé%"vﬁikﬁge
tages genera

driving supply vo ed by t mul ti-val ue t age

gener at i orgerAationnmeunb ﬁonngmmﬂraﬂnng mhé1wsttagenstant voLMﬂgeagenmraach
predeterm ned | evels within a predeterm ned period | medi ately after
t he power §upnlyr ved tege; an adder mean§ §orardding ﬁ@sﬁh%lﬁﬂf%ﬁgﬁﬂiﬂéﬂ?eé

that these dr'\ﬁ'¥%ltage that does not depend on the first voltage; and a
control means for variably controlling the second voltage within
10 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
15 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
20 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
25 the provision of the optimal contrast regulation method for the
liquid éfystal 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
0 a multi-value voltage generation means and is configured to use

a 6-level drive method to drive a liquid crystal element that is



i .

supply=voltages will reach their predetermned |evels within the
predeterm ned period inmmedi ately after the power is turned on. Thi s
can prevent any of the adverse effects that could occur if 15 t hese
driving supply vol tages should reach a36Gansient state, enabl i ng
I nprovenents in the display quality and other characteristics
of the obpactbjecheodbevériven, on the basipovErmslipptyaldeyidee¢vohigtdupply
invention is characterized in conprising a control means for
control | i Hgltagespnaeneratas thyal they mo ti-veduauvoil tege ugeneratinn Jugans;
vol t ages ﬁﬁneratgd by the nulti- : val ue vol tage generation nmeans, in
such a nafAEF€tRat the vol tage or vol tages reach predetermnined |evels
within a predeleemeth-velue RBTLAL |SUIRATBhmELAE cdlt 1BRLCE Vo1 ddtianed
on; wherein the control neans conprisées neans for "I ncreasing e
currgnt flewidgr deans Forogdivardtdwgp@ieidedivolduges SOt dis idetet@fmime dri ve
portion of t he second i npedance conversi on neans during the
- predet er nithegeof, angear ipldiraltiés ofieimpedanca aranvarsjonemesnsrcennrtteds a
fixed- otenhial, pwer source and t w-pot ential power, sourge is

the dpﬁl rﬁ%

|
t ur ned Onbe%@gn %o?‘?i%{w_éb’llxﬁ t@‘{]eﬁé‘egr _tsi e -1 %8k 1AQF rent
flowng  convebPifs e ifPe@MA&ENY ¥ tHQV@f\ii%?a'}‘lrlgﬁl%ggs Yerle¥atdh' ¥ fRY 10N
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divider terminals, thus generating multi-value driving supply
10 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
15 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
20 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
25 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
30 impedance conversion means having a drive portion that draws in

a large negative charge. This enables the provision of six supply



t he second i npedance conversion neans is increased during the
predeterm ned period inmmedi ately after the power is turned on. Thi s
ensures that one or a plurality of multi-value driving supply

vol tages, such as V1 and V3 of the 6-1edl- drive method, are 5
controlled in such a manner that the voltage or voltages reach

predet er mwsictdgReelthaw talven stuligefir edel oads neppbied oth el dwirvialgssupply
prevent any adverse effects caused by the voltages at V1 and V3 goi ng
in a transvaalritagﬁsat orTH slm@dem@s;tmler@@me@rtd. #sorss BeRHt, phenegedane

devi ce of ‘THIL PhySHANBNS| BndnATacSatEbBathAt Sould.GesHFeidiy iRe: AR
reans for eantel 191361900 de Ay Yphlvented £ bikaking! 44 Mat

supply vol §gene tage generati on

nmeans; in ﬁh@hlfqﬁ‘ﬁ”tﬁfyéﬁﬁt dike149! §agLi DY can be Vhhproesl radch device
predeterm ned levels within a predeterm ned period 15 i mredi ately after

the power wsth lamesktoremellyed ewnpower coonswiption capebesdesignedes means for
increasing the current flowng fromthe hi gh- pot enti al power-source
side of the drive portion of the first | mpedance conversi on neans

during the ﬁg@@?@gﬁd@gﬁ%ioﬂebFoéﬂgmﬁﬁwaNGs the | owpotential power source

acts as a i"al” power source and the high-potential power
source is turned on. I n accordance with the present invention,
the current flow ng t hrough the hi gh-potential power-source side of
the drive EDg‘tIl)nlS a blodk tdimgramstofi rep gdaece suppl¥r devicereageordiqg to

i ncreased during pr edet er m_ned gerlod i medi ately after the
power is t@rﬁéﬁsﬁwﬁmbﬁﬁlmenﬂm°§ &Ri8r EBVERBIOne or a plurallty of

oL R0 R gy, KBRS RTRei AL Oy e
vol tages regghlation 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
15 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
20 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.
25 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;



predeterm ned | evels within the predeterm ned period, and can al so

prevent any adverse effects caused by the voltages at V2 and V4 30 goi ng
into a transient state. This prevents adverse conditions such that
the liguid crystal display goes conpl et8By bl ack.

- 20- In this invention, a voltage in a transient state fromthe
mul ti-val ue dripidg IRPWY a5 AHag8isEofolével | €frdiah difdirait offS aROh-type
applied to the object to be driven during the predeterm ned period. 5
In accor@amp;with the present invention, during the

predeterm ned period until the driving supply voltages reach_their:

predet ermi ned |Ei&l slliolsod t bfelg nl LSting il rekadionshipsybghween theccyr

o fven - ANOhtahs” BEChoBRh: G oY R1CErhfed af MR crolgeesSiuien,

supplsy volymgegdiaysg ! eﬁfﬁ‘egllﬁﬂfaﬁs‘edﬁi eeRamsTe | 6¥Ckhe arrangbfiéntr b¥i ng
supply voltages are supplied to the objects to be driven. This can
mor e conpleimilon andveegmeny ebbetrelesf;f ects that may be caused by
driving supply voltages in a transient state enabl ing further

i nprovenent s i iFithe WA mnd Figal 128 arg simple 18ketcham shavaings hiows myeht he

0bJeCtS‘“%ﬁ§}é¥'ﬂﬁ§% be moved at the driving supply voltages when the

voltages of common and segment electrodes are changed;
10 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
15 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
20 V2 in'Fig. 16, and the calculatiqn 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
25 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
30 V2 in Fig. 20, and the calculation results obtained thereby;
Fig. 22 shows the process of calculating the load applied to



A power supply device of this invention conprises a mul ti - - val ue

vol tage generation neans and is configured to supply nmulti- val ue
driving supply voltages fromthe multi-val ue vol tage generation
means, *wherei n: 20 t he nulti-vg Pe vol t age generati on neans
conprises a vol tage di vi der neans for generating di vi ded vol t ages at
divider termnals t her eof plurality o edance conyer si ans
connected(v1 d%enbé@ﬁeeﬁlﬁﬁgedpglag? F%$%ﬁ?&t%9 IHA? COInEES s Fmeggd Pven
for t | nc I ne eghat
the 25 m%alﬁ?e@hugﬁggﬁgra | géd'}ﬁrrtt% %lv-%\?al ?%r%g’ nég'jl?('isugpﬁl
voltageS_Id&kﬁﬁd@ﬁlhﬁrrégﬁﬁest¢wfatﬂadeehereaybe driven; and neans for
controlling the inpedance conversi on neans; t he i npedance

conver si on mearBigs 23oshewsothe proiceageof calculadiingwshecboadappd ied to

oper ati onal anpllfler cqQnpri si ng differenti p rt|on nd a_drive
portidon; abd when h@/é’oé&atgﬁoﬁgcﬁrﬁﬁrﬁ@%er&t ef‘e‘:t]&ﬁ%t é'ﬁ'tn ¥gu?’8e or

resistor ne 0
oa O SRR e Y ATCLOS B She R (il tshoveromeiag dy and the
out put - te”dﬂﬂﬁﬂlatlon rggﬁetsaggtéqﬁgd\ﬁhe&5395|stor connected at one end to

a second power -source side and at the other end to an output-term nal
si de; Fig. 24 shows the process of calculating the load applied to
V1 when the voltage of the segment electrode changes from VO to
10 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
15 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; |
20 Fig. 28 is a timing chart of DCK, control 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
25 of a multi-value voltage generation portion when the power source
~on the low-potential side is a fixed power source;
F1g 30A and Fig. 30B illustrate the voltage changes at V1
and V4 when the power is turned on, respectlvely,
Fig. 31 is a characteristic graph that illustrates the
30 voltage changes of V1, V2, V3, V4 and V5 when the power is turned

on;



and 5 : the neans for controlling the inpedance conversi on neans
controls a current to flow through the constant-current source or t he
resi stor of the inpedance conversion neans only during a fixed '~ period
i medi ately after the rise or.fall of ti3g-reference clock - that is
used in driving the object to be driven. 10 In accordance with the
present inventi ; n ; ; ' el :
conver si on neanlgfgc'on:%ir]gjlésmi %%é%anﬁlct Ov1e9P'btfr]?c{Hg'Wri?)hdreg‘u8h”PE§ﬁQﬁ8e n a
const ant - clirfrdntendodinener of eshsd cinwdrtiion;t he | npedance conver si on
means only during a fixed period i mediately after the rise or fal

of the referenddlg] @Sk showsoenrrexpdrde, of5a prigrears powerisuppdyodewicet o

be driven.is o be iven, load is .. .applied.tq.the driving supply
vol t ages JHISP ddt ith GXIFPxﬁHCEe?$o% IIQUI&ﬂé%ﬁgipgtap§p§§¥ e¥HLri se or
fall zof the ref n c T gl f .ren I hr, t he
conséant-curreﬁ?f 'o(lj:f‘%:e\éﬁ)&'!i’S a%ﬂtqﬁ£s?§?§&ﬁ%nP§ u&#ﬁg%t%Fg @ng%dFB?ﬁgy

obj ect to dwvitd weRdcan g0devié® swdH fdsCiaentigniddetyetal Qi spgliys device;
constant-current source or resistor. This ensures that current can
be restraiamt from fl ow ng t hrough the constant-current source or the

fovi oo can be BT B anthisSt B A ot B e NS shie
power S;hgegm[a%me%oa he. LRYCBEL oF gpfm&air?;&%y%ﬁlﬁ. 33 anaggygé

vol tage g at1on neans and is conirgured to's

driwvigng syl y voltages fromthe nulti-value voltage generati on
means; wherein: the nulti-val ue voltage generation neans
conprises a voltage 30 di vider neans for generating divided voltages at

di vider t ' I hereof; a plurality of inpedance conversi on neans
Comnect od DETAYLED DESCRIPATON pruratity ot 1 verst

Preferred embodiments of this invention are described below.

First Embodiment

A first embodiment of this invention is shown in Fig. 1. A power
15 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
20 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 voltagé Vx from supply voltages VS and VDD.
25 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,



-22- between the divider termnals and the objects to be driven for
converting the inpedances of the divided voltages generated at the
divider termnals, thus generating nulti-value driving supply

- val tages intended for capacitive object3lto be driven; and neans 5 for
controlling the inpedance conversion nmeans; t he i npedance
conver si ofioreerampbe f ovired V. artwd! deamd voltafg@' lseneratPpRepdLlion 107
operational anplifier conprising a differential portion and a drive

portion; gederatesird \sequd ivod tagarpVY simdependentdonifarthec genenat sanurafe or

resistor nnected at one e d to first power-source side and at the
ot her end ﬁ ﬁogﬁt LESt oY %n théﬁdéasﬁmdtaedﬁPQQHQr&%&t%ﬁQN Yy is

connect od gk BBy Sl 1%%00%@ the BRNREOTOUBSRLERT 08 A, O

end to an t ef i na

for girivi pﬂed@t@ﬂhﬁ?éd tv@llt%gérré@maﬁo@i rafage tﬁa’ﬁ’rf‘@'%ﬁrﬂeﬁe@o' ﬁY@iudé he

means for controlling the 1 npedance . conversi on neans puts
I|n1tat|omheoﬁlastuvmkﬁugaIVm: ﬂhmﬂsvahrmhbm controlled sensnngebtugenﬂy
source t he agélstor of fhe inpedance conversi on mean

In accordéﬁc@d hik Heh&raskdedt pp %ﬁ‘fllb(?ls i hethe rahave ffllé‘ﬁnthOItage vx,
and thus the regulated voltage Vreg is generated.

In the example shown in Fig. 2A, a positive or negative
.10. 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
15 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,
20 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
25 be obtained. This enables the user to adjust the contrast of the
liquid cfystal 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

30 side.

Note that it is not always necessary to make the first



20 i-n the constant-current source or the resistor within the
| npedance conversion neans is |imted by the neans for controlling

t he i npedance conversi on nmeans when the frane signal (an alternation
signal sin frame inversion techni que or _lgisne i nversion techni que) is.
at a predeterm ned level. In other words, depending 25 on the driving

supply vol C P, t a no t

frame sign vté)ﬁ%%geatﬁlxt ﬁgﬁ%} h@‘gt%%ﬁl{aquﬁlﬁe it q‘%elrde%)é? éd a‘%gh%gﬁgl 98
confi guraldiQhe@N9vhgR 6P rmid inN@igyr pLNdnd P, nep. If vx Nid hfade equal
constant-current source or the resistor is controlled, the fl ow of
unnecessarto ¥emard the rseebndnvo hbage Vgt addedufmervtoliagecne@.ﬁ)latlmr wouddst or

can be efficiently prevented. This _enables the design of devices with
even |Ommagmrp@@hgwﬁ)tvadﬁg, Wt ¥ouks fagle equal to Vrmin, it would have

- 23- deteri.oration in the display quality and other characteristics
of d 'tﬁen@ﬁa@&t tgg'éedrlven In this invention, the drive

portion conpri gﬁ% %ﬂ%ﬁ%ﬂh@ voltagérg@ﬂéra?eit&z?%d}ftﬂoﬁsuab%ﬂﬂahow%e

controlled by t nmeans controlling the i npedance conversion
means, andiestatibed. cohstahus firstcuembodinmmir,cethe medititvaludatvoiltaget

controlIexgégg;gliogogé£€qon 110 ggggglses a voltage divider portion 112 and
first and second impedance conversion portions 114, 116, 118 and

10 120. 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

15 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

- 20 to the capac1t1ve 11qu1d crystal element.

In the type 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

25 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

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

. Similarly, second impedance conversion portions 114 and 118, each



Wth this configuration, the output voltage of the drive portion can

be held at a fixed value by the constant-current 10 source or resistor
that is not controlled by the control neans. In addition, if the
current- flow ng in the constant-current3%ource, ' or the resistor is
controlled by the.control -nmeans in accordance with the | oad applied
to the drhyy{ge SR ive’ Poird98H, tRaklldrévs in a DRFdd GledrtivRd cRHTPES Clar
drive capability with a’| ow power 15 consunption can be inplenented. -
A power sopphgctedite W afd sV3 nvBrits ensuresr ithad dheobbdyege averaging °

regul ati on neans and a nulti-val ue vol tage_generation neans, and S

conf i gur edegeakigptiomil tstat@ uetdr ibiieng bsdgpe) veri¥gesmethod afer feed by
the nul ti-val pe. voltage .generation neans f.rom a, 20 requl at e | t age
gener at edmﬁWFW_en 1t§8§ r@b‘%l _Rb?BPFlmi’anQ,f &ado%epggn%ross—%aiﬁ a?&%e

vol tgge reguyéht _M%&a%&hgeSA$élfe%h1\eql tRECliquid 99322l 4PSpIBANS
for generating a first, constant voltage froma suppl'y voltage; an
adder neagaal bty aclah rige tindteaseidr $0 eatremel m Righ lesmdend vol t age t hat

does not depend on the first voltage; and a control neans for
variably controlling the second voltage within’ a predeterm ned

vol tage requl ati range that is defined to. i nclude the first

vol t age; ggcon& ﬂﬂboéﬁé@?ﬁnti-value vol t age generati on neans conprises a

You!soe S, fesieessmaniolony ) 10 edaaigbedinphtat sEpep e
invention. This second embodiment illustrates a specific
10 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
15 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
20 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
25 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

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



-24- = divider termnals thereof;. and a plurality (at |east three) of

| npedance conversi on neans connected between the divider termnals and
the objects to be driven for converting the inpedances of the di vi ded
vol tages generated at.the divider terni84ts, thus 5 generati ng

mul ti-value driving supply voltages intended for capacitive

obj ects t edumtdoinuen; and the configuration is such that a first
i npedance conversi on neans having a drive portion that draws in a

large positive C¥RF ge VX + W connected to an object to be didMétifReR the

polarity of the; 10, ._C e .t.h . n ed fr. he ,obj.e to be
driven to I%h‘éh]isn‘pét}?f%ce‘fc%ﬁ@gﬁg%bgfﬁé%sos%%%gwgpgh 38 Efﬂirﬁ%@l' S
positive the rddisitahak, ofNthd SEHYGT TREISNREL COME IOV ITRARE BAVERS 2
drive portion that draws 1n a |l arge negative charge is connected to
an § aig ferterice veldageesouwhes T hes pbiref, thheoff itfsd clodtgeet Mat cansbe be
15 transferred from the object to be_ driven to the inpedance
conver si ore¥RtasSedutivhgthenef el o nge gepgrad ined acnvationt fon the output

I n accordqﬂﬁg mﬁtg&tQﬁgpgggent i nvention, the multi-val ue vol t age

generation n 8 b generate nulti-val ue driving supply

vol tages whose yppedancesiitprg iheenyggpverted, 20  based on gmys4ikhY6
vol tage regul ated by the voltage regulation means. Thi s ‘ensures that

the mul ti-val ueTlds isdcomdsuppbtage Olst dgedeterminatebgr at edrbent HALOnfllbivingl ue
vol t age generation neans can be regul ated. Further, multi-value
supplly voframethe tqnnstagtecurrent 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:
15 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
20 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 Equation 9
25 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
30 acts as reference for voltage regulation could be, as described

above, the central value of the voltage regulation range, or it



appropriate for the loads applied to the driving supply voltages 25 can

be supplied to the capacitive objects to be driven. If devices such
as operational anplifiers are used for voltage regulation in t he
vol t age regul ati on neans, these operatigpgpal anplifiers can. al so be
used as i npedance conversion neans in the nulti-val ue vol t age

generation i he:desi '

A qui o EPYREde GhE Rafiidh X mififER LG (REER0R TN, R accbRiE

- 25- wifhVehéagel tgeel Aésn AN Dorshencof thogl ymbolinges, feackrof/i ng
liquid crystal elements are regul ated by the voltage regul ation nmeans,
t hus. regulthei ngluesntofisix f ofy ,a dandg¥irdngeyeanl beli ¢t aindeprndentlywherein: 5
the voltage regulation neans conprises _a first generation

means for geneAlt S¥YIRl§ iafsthe &ﬂﬁs?c"éﬁ?yv‘ﬁﬁ‘?%gté‘% F'S*glgteggg volLage SOURts age:
Goeainot deptims bn fraitirly spifes &2 ot coeFo? portiod UK RS, Sderd N

and a |© means —f or

variably EeﬂFighi‘édl‘gof heo$ ecaid i%ebrages Wehbimh 1 Figa 4redet erni ned
egul ati d to

vol tage r on range that is define i ncl ude the first
vol t age. 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

10 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

15 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

20 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

25 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

30 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;



I n accardance with the present invention, the contrast of the liquid
crystal display is regulated by having the vol tage regul ati on nmeans

regul ate the supply voltages for driving liquid 15 crystal elenments. In
ot her viords, regulation of. a voltage tha3g- acts as reference for the

contrast regul ation, such as a central val ue, is enabl ed by

regul atingsimee f thet réphl AEQ-vh1tageese?ftihBe signals! caHi %ec.ro\b%ta"ihea' ag!l ay
devi ce can then obtain any desired contrast by regul ating the second
vol t age. |binditys sageals edwbmt iregisiterd0 writftiensttosoby ageane Guwhoead he
central or_other value will have no effect on the second voltage.
Ther ef or e, R} FROREARESSOTor CORREPL DY migRanrocessersésofieci/bitatgd. and t he

't | atj : be set individual Ly and jndependent!y,
to enabl e cont r it 2cCbRbancE i th Shi¥ Sbodingnte, 13, the Sonyigiraienoisor

art. §INis eaabl@mt2he réSEsPIMY HrORnE! rbBEsON IRk SCORLERSInd SPMAAL AN

nmet hod for the l'iquid crystal display devices are orte

portabl e means edfectargrings thequesisbanvbeot shal tesidtior and dhegRo1vaEeht
are necessary. A liquid crystal display device of thrs

i nvent i on ERpraicdSsagorefergneg £prved Lkageregybatbors suchnaseties candrad
confiour et RdSeean be ofagad A1 ® R V5l fade’ tegurh ol Fangd 512
maintained. Therefore, if variations should occur during the

10 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

15 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
resistor 11 changes. Thus the desired regulated voltage Vreg can

be obtained within this unchanging voltage regulation range by

20 using the regulated-voltage setting signals. With the prior art
power supply devices shown in Fig. 33 and Fig. 34, if the central

value V¢ that is the voltage that acts as referencé for voltage
regulation should change, as shown in Fig. 35A and Fig. 35B, it
becomes impossible to provide voltage régulation (contrast

25 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

30 voltage that acts as reference for voltage regulation. In other

words, it is configured such that the voltage-divider resistor 313



an object to be driven, on the basis of nulti-value driving supply
vol tages generated by the nulti-val ue voltage generati on neans;

wher ei n: the nulti-val ue voltage generati on nmeans conprises a

vol t age 5 di vi der neans for generati@dd-di vi ded vol tages at divider
termnal s thereof, and a plurality of inpedance conversion nmeans
connect ed of Fig.b8Bwead Flig.dB4i hes 4drereddedisdvendumnberobf e¢iwidionse driven
for converting the inpedances of the divided voltages generated at '
t he di vi dar eent¥aslt s, the hpecgsaarut ilogerullimital rrawimed nfosupbey 10
vol t ages | '

t.ended _f It bj ect be .dri X d .. . f
suppl y vol¢°&§g§%f Jﬁgﬁ#ggfﬁﬁl F!flég? gc e;@?saf P’Eﬁ‘ﬁr@’:& elgi/ e?“%‘)dlm@é]itngsﬂﬂ%é
6- | | drg YA . t
Povel o o rONECVBLEARE PeEuLEELIBK Hidd R BBLY oML Uen 15 Gl VBITRRE |

and g fiftghdtewelsl s9nrefdiaiverFoenvobtaged degugathodSchan®ds ! Mhigemenfls and
fourth levels of driving supply voltage Is generated by a first
i npedance thaivéhei numberref feawninegtasduress in thepoonstant-+eurmmbwsoiince

| arge positive charge fromthe object to be driven to the inpedapce
conver si orf ,#ang(,)f é'é&‘l‘lé‘ﬁupﬁeé?‘frg{e number 4y spiiitehepeln| they£ogEiret ng

suppl y Voi}}oqqeiohs QQEQﬁr?{%ggePyt@ tztger arxec%‘as%ﬁgg ingaﬁ%itl%.g\f\go#%i Wirfhaps

having a driveé portion W™ | ar g€ nega arge fromthe

obj ect to fitdrjhi@N me@ns thatt Nefi WBEYAEE er&@IMEY DO IMAdL-- signals can | N
accordance wth the present invention, the second and fourth levels

of dili vi ndres pixtlayined| asagbinahersigried sc faoperepiste@s writiten e fyamsbrsr ed
to the i npe%%gce conyversion nmeans | s positive i,n total, are generated

by a firstSU éaaﬁdﬁm}”&%ﬁéﬁrm’&hﬁ% numbersnef;itid s 18 the TRFSteTs: paR
draws in g,d afge RPSIHd VEe SN AY lower limit and the linking wiring can

also be reduced. _
If a prior art power supply device has been adjusted to
13 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
20 manufacturing variations by varying the resistance of the resistor
11, it is no longér necessarsfr 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 voltgage of the voltage regulation portion
25 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—curr-e_nt source 8 is set to be cut
30 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



Simlarly, the first and third levels of driving supply voltage,

where the charge is negative in total, are generated by a second 30

| npedance conversion nmeans having a drive portion that draws in a

| ar ge regati ve charge. This enabl es the3dfrovision of six supply

-27- voltages that are suited to | oads applied to the driving supply

vol t ages, some afl ithe dwirtichesl ial ¢henconbpod poBUién PhaReNElBned onSiEh as
shadows and cross-tal k that could occur during |iquid crystal display

are efficis¥gitien presadht e¥xf cam dicueaual, too theat central hevalugquivt cr st al
di splay qual.ity can be iaﬂrov .an% a device with an extrenely | ow
power con i16n B8nSheWReld . 2A. BRI EF DESCRI PTI ON OF THE DRAW NGS

L oo el PR BF 8 MOMRSGEUROLACASHASUANG Ying e
di agfans igowest isupply deeivel bAJehis invéREImti9NsHGINIOLh OFighesfiT]is
enbOdlnenHEquid 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
10 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
15 positive input terminals of voltage-follower connected OP-amps 1
to 4, and outputs of the OP—amps 1 fo 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
20 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 thé number of
circuit elements.
25 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
30 contrast regulation portion 140, the value of Vreg is regulated

by regulated-voltage setting signals that are output by the



Fig. 3=is acircuit diagramof a voltage regulation portion accordi ng

to a second enbodi nent of this invention,; Fig. 4 1s acircuit

di agram of the voltage regulation 15 yortion of Fig. 3, when the

ref ererdce vol tage source, constant- ~ current source, and control

portion are configured of MOS transi stors; Fig. 5is a

circuit d¢@@'ﬁ%ﬁﬁbfreﬁll@tanpl pootian| 140i dThe voltagess avl dt@pV&ysu@lMGt hat
i nvention; Fi g. S

ESSfaLEeo 0t %%at%g\élécghg{’é%&r%% iare eagulated appthis manmewr, did vi tng
r cui
S!Jppl y Vg#f'@\gfd Vscdrﬂ'.l‘tag% §8g§f‘91éf5ﬁ’°f’61”et% rlaﬁqiu&rq 66y§t8:[|gdja%p;jos a circu

di agram | -val'ue vo %1ng to a

third enbOdInEﬁtthQé thke, 2Qhe I‘?ﬁﬁﬁ%éanvoltage Vreg %h&pu%'f%&& the _
tran3|stor-level circuit dlagran1o a p-type OP

9 i 9 a grephtage iregutatiemtportidoacbearsticsedbtaonship to thehﬁémﬁétdrﬁﬁd
tranS|stor a%% channel drive transistor;
- 28- e yljagegdiyider siesiister- | kel agi rshown durgEamasionn &-type

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

10 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

15 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

20 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 efféct of this embodiment will now be described from the
viewpoint offthe stability of the circuitry. .

25 In’this’embodiment, 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,

30 the voltage that acts as reference for voltage regulation is

determined by resistance-division of the voltage difference



OP- anp? Fig. 11Ais a table listing the rel ationshi ps between

t he vol t ages of common and segnment el ectrodes and the voltages VO to 5
V5, and Fig. 11B illustrates an exanple of the arrangenent of cormon
and sednment el ectrodes; Fi g-402A and Fig. 12B are sinple-

sket ches showi ng how nuch charge nust be noved at the driving supply
vol tages pbeweéethe suppldl vddeages VODRAd . SREERTre, e%héOﬂ? Ja [%2
changed; 10 Fig. i3 is a timng chart of the FR signal

signal ; examples hag @helprabbemi|té1@,¢aaschﬁngmrmmmamhge]gnmﬂtngy@im1@

obt ai ned when the voltage of the s 1gjment el ectrode changes fromV3 to
V2 GRUSH 2 FRhange dibibe yoilkage athat acts as Iﬁf@rensesﬁ@wqulﬁ@ge

process o pdil & n F| . 14, a

cal cul ati %ng‘?ieéﬁjf@s g%?‘é%\ﬁeed t etag %}{ g én?oojélmen a) I %ptdf%‘br;%r‘?é‘r{of
comm®pn angvéﬁgmanthé/w%?q oqlgta éngﬁou]_d ch the vo tage of the segnent
el ectrode changes fromV5 to g éﬁﬁgw t chover point A

Fig. 17 shows Fhethencems titflsczehﬂnoldameng, tthae Ima]ctmplvlyedthh@ @dtermiviési n
Fig. 16, dt cal cul atjon results obtained thereby Fig. 18
are di agrgﬂ% Ea8froheante HngiAngRa i di&ﬁ@lmimdnéx!’ the valiwen offhdhe

beri ggeso&‘fpeené B i85 581 56 PR Sher dll Thons e cans e o iond
appl i ed tgowfce 8V2'1'a” ﬂﬂ& c&%ro&”%&fﬁ&ﬁ'@“hﬁ&' tHe' 1ts%a8?éa' ?eﬁ;&em

t her eby; are di agrans of common an se ment ~wave

obt & ned res1stmhehOI hes vshbagebyf Eghetsegn@nt mleecdurq@gtr 418 T3omngpanged
at V2 during the period B; Fig. 21 shows the process of
cal cul at | FPY VRN AT TEPY isaunce 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.
I 4 sho'ws 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
20 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 -regulated voltage Vreg (= Vx + Vy) and the
25 voltage regulation range Vrange, independent of changes in the
supply Qoltage. 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
30 display device 1is particularly dependent on this regulated

voltage. Therefore, if this embodiment is applied to a liquid



30 V2 in Fig. 20, and the cal cul ation results obtained thereby;
Fig. 22 shows the process of calculating the | oad applied to

- 29- V1l when the voltage of the segnent el ectrode changes fromV5 to
V2, or*romV5 to.VO, at the FR swi tchedk+r point A and the
cal cul ation-results obtai ned thereby; Fig. 23 shows the process

of cal cul %txig%atl héiéﬁﬁ%miic%d thet5is u¥dd Wiereduipmealtt 858t Ohas he widgrent
el ectrode changes fromV3 to V2, or fromV3 to VO at the FR

swi t choveoperating, vahtagheange, thecubhtape ofestiie siniviiagnpdwehesebgce
Fig. 24 shows the process of calculating the |oad applied en

the vol t agé oheilfe §é§ﬁénta@¢ec¥h%%e3%H§Hbe§“¥ﬁ6ﬁﬁvo Pénlogg QbFag%e.ronl
et Sy 46BUCETRREE Bk Sy, KATERBEUAIAL soms e thi bl gpe
EPLE eapsril, ek, b ol agheohe s eaaeatogl e guiesl e o7
15 r esigippl9bial tegk t Maeebfore, 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

10 - 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,

15 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

20 _ 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

25 | 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

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

channel transistor 15, as described above. Since the threshold



Fig. 26 lists all the results of calculating the |oad on V1 to V4,
Fig. 27 is a circuit diagramof an n-type OP-anp that possess a
current control function; 20 Fig. 28 is atimng chart of DCK,
control signals, and the FR si gnat42- . Fig. 29A shows the
configuration of a multi-value voltage generation portion when the

power sour e@lgagthefhaghopotrasidtor genesallky ikas 4 incgdtivectemperaiureand
Fig. 29B shows the configuration 25 of a multi-value voltage 3eneration

portion mh@ha@‘aétpm\etleoumﬁe first vehtage wavﬂvtoénmsmde:temlne DY i thed

Pover SO SGue of syt ereinin Holbies SWRerLARh The OGE, 6Yune

R S DU e S R

-30- 5 negative temperature characteristic. Further, the magnitude of the

current flowing' from the constant-current source 8 is also

dependeht on the threshold voltage of the MOS transistor, and thus

also has a negative temperature characteristic, so the second

voltage Vy and the voltage reguiation range Vrange have negative

10 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 poesible to provide the regulated voltage Vreg

15 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

20 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

[

as a driving sﬁpply voltage for a liquid crystal element having

25 negative temperature characteristic. Therefore, if this V5 is used
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

30  having a temperature characteristic that differs from that of a

transistor is connected in series with the p-channel transistor



Fig..32 is a schematic view of the power-on sequence in a fifth

enbodi nent of this invention,; Fig; 33 shows one exanple of a
prior art power supply device used in a device such as a liquid
crystaF display device; 5 Figﬂ‘éa‘shoms anot her exanple of a prior

art power suppl¥ device used in a device such as a liquid crystal
di spl ay ddvi €€; the refergnce voltage squnge JsAratbieFpgcha@tilateadsagtans
regul ati on net ho he prior art exanples

illustrating,the, voltage of
of Fig. 3é%aﬁ8 E?g‘?lL 1@99 coggtant=CurremdsQunes S@R%Fﬂ”i cdy the slope o

Pr ef d ' (.S, i d ' . Fi r st
Erbod! moatie SEnBERRPufe Cilltad RTREEAoR e ERE M Shatledl! as showp 115 o
power 15 Figsupply @BikcemdRsof it higoddisite erdpdifBthetOMincs88s& VEhd age

regul ation portion 102 and a nulti-val ue vol tage generation portion
110, 9as skhdantphiFity witlanthet temperature fohamazterppkics of thel 1ageid

mul ti-value s Ig voltages VOto V5 for liquid crystal. In this
case,.thecggﬁggge LemeB &t i on portion 102 conprises 20 a first voltage
generation portion 104, an adder portion 106, a second vol t age
generation portion 107, and a control portion 108, and it generates a

regul at ed The rfaBabYd Bflent
A. Configuration
Next, a third embodiment of this invention will be described. This
10 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

15 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

20 (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

25 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 _

30 to VO is called V1 and the second voltage is called V2, and the



The first voltage generation portion 104 has the function of
generating a first voltage Vx from supply vol tages VS and VDD. 25 Assune

that, for exanple, a central value Vc for providing cont r ast
regul afion for a liquid crystal. display4$s positioned as ~ shown in
Fig. 2A. In this case, the first voltage generation portion 104 is

made to gedérstevohéagersen théthigh\Ridechexthato V5 is called V4 and the
- 31- The _secaond vol t age generation portion 107

f le, VX =V .
“gener at es §egr8¥§§)r(l?}’%%tg§g)e(lS\/ycglmh%‘ﬂ)eﬁéent'm}e oVolhegqefdvasion eould, athe

above firs ag I | S.case,, t d_yol VAL .variably
controlledkgyg%hé gg%t@%ﬁ@pgﬁgﬁgnalogg%ﬁfﬁﬁﬂ %5555%%§réﬁét§Pﬁ1ﬁﬁa°€oﬁF‘ e
regul ati onexampeeshatf iFggdefjneathd origcl gade H hejfi okhageyV
This variably gontrolledggecond voltége Vy owev?é aﬁ%eg§?%¥thg gg eﬁm
porti bn l0@educehethehodeménd stcurcensge this resistow mhes theve egul kirge
vol t age Vre% I,S. gener at ed. | n the exanpl e shown in Fig. 2A, a
positive ofcféghance. myt tha use &f sHehseclange spsigtange iin anded cansese

(LS e BBl such By 050TogE, g SEbALETRIRY BAE hSorab RS
Lg?ﬁ!g;egbg?béé§§e§ethﬁ§9 be ad86@al SThhagoRfFadPUlidddie G 'AUrge
resistances, this embodiment uses transistors in which the drain
10 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
15 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
20 two input terminals and outputs it from the output terminal 210
- is well known,_so further descriptionfthereof 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 ietween the differential
25 amplification portion 206 and drive poréion 200. The configuration
is a voltage-follower connection, 1in 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. |
30 - The p-channel drive transistor 204 and n-channel load

transistor 205 in the drive portion 200 are connected in series,



Thus, &n this first enbodi nent, a variable second voltage Vy 15 t hat
does not depend on the value of the first voltage Vx is added to VX
‘to generate the regul ated voltage Vreg. Therefore, if, as shown for
exanpl & in Fig. 2B, the central value 4% contrast regulation is
changed by variations occurring during the manuf acture of the

seni conduandr theyi cenmectiauimbimty disalthel emtptit 2Ormind he2Hbafe thes ©P-bed
problemw th the prior art technology will not occur. In other words,
in this ca@®; Faenectingyheagdeain regippsand gatesglestradeoofmtbr any

vari abl y ShAmREf o kBniTotes B YoBhuidhmates fhe'trgn¥idter Lintiiopage
Vx, the desiserbd Ragal aevBhifee MMiRnEaN22P of DenORIPUAREC: o ThmhARR €3

the user to adjust the contras lTquird crys di Spllay to any
desi§ed btoghthessneght$verr dngetenterminal di 20%r sof r othé hed pf férerdyital
exanmpl e shown in Fig. 35A and Fig. 35B I n that contrast regul ation
can be pef®plikircahiion perkiayc2f, and thepbouitmutateyminal s2h@ eofzdhen

both the r_side-.and t.he..l ower 30 .sid . te that it is
not almayéPﬁg%%gﬁﬁﬁ%}t49 écgﬁéopipgrtlon §b6 is connectég)to gﬁe gate

- 32- el¥OLEGEE o Brab-ditad¥ GRIVeAltriBkYStol t 262Y! ColifedBYE qoual to
circuitry in this manner ensures that the voltage applied to the

10 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.

15 -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

20 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

25 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

30 connect to a low-level voltage (potential) to draw out a current

(draw in a negative charge to the drive portion), and apply a



either:Vrmax or Vrmin in Fig. 2Aand Fig. 2B. If Vx is made equal to
Vrmax, the second voltage Vy added for vol tage regul ati on would have a
positive value; if W is made equal to Vrmn, it wuld have 5 a negative
val ue. * N The mul ti-val ue vol t agg-generation portion 110 will now
be described. In this first enbodinent, the nulti-val ue voltage
generatio | C 5 SE€8nfe 40! I oYL o¢h 1 Adhti

first andqggggﬁg%?#%éganggaggngersf%ﬁ1%%%??%5? %%Z?Plg%%ﬂ%?%gghd 181a1)120.
The vol t ageo divaweinpar tdurreht? (Raworims ali posi tivéetherge the the drive
regul ated voltage Vreg and the supply voltage VDD, and divided

vol t ages ap@rtoimmut from divider ternminals 122, 124, 126, 128, 130

d 132. In thi he. di vi d 1t I nal.s 12 d,130.
o L2 0 eSS AR LY AR TR R RS ot
I I V2 d Leh | d ;
Suprly voldgy 2 880 ArYihE" DRV ISR shRCapC o RO pIBAI ariye |

di vi der tetrangistor2404andsla8 ghiewc Gynaticeduroesetdnin Fig. 9, mpedanae a
conversion portions 114 and 118, and'supgly voltages V1 and V3 that
have been pojretdafcat odniadr tBd sarcuryeppl cearabteristin A5 intenseets the

capacitive liquid ¢rystal el epen In the type of l.iquid ysta
G e cal | UFTERE EhATGErent FoLe 214 of o d-chatinef | 1084 JRang isthon 208y it
has been fpu . . | arL1J ar t nmust be noved from
t he quuidgcggéiéﬁg fé“?lqglgﬁeﬁg ?oéf%§£$§§£§ﬁéﬁggféﬁ evice during the -

drive period di FéLreRémple ACEORSHdEr (9 &8¢e t yREewRichhe negRltYveOllbageiskFor

exanple, it has been found that the polarity of this charge at V2 and
V4 is appbisd itwe th€ooudputl yernimalpdldr iofy the ORtamphendethae witagd V3
S negative. That is why, in ihis enbodj ment, first inpedanCﬁ

conver si onagort’hieor&utﬂ@ ah@rminal o3Lh KEPPSg eAmerdignr (tQnat Hpw-level

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

the OP-amp is connected to the negative input terminal 209, the

15 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

20 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

25 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

30 at the output terminal 211 rises (connection to a high-level

voltage, to draw in a current). In this case, the operation is



30 draws in a large positive charge, are connected to V2 and V4.
Simlarly, second inpedance conversion portions 114 and 118, each

- 33- .having a drive portion that draws in a | arge negative charge,
are # connected to V1 and V3. This-@f¥sures that the voltage averaging
(equal i zation) state of the 6-1evel drive nmethod can be mai nt ai ned,

cand the p&&%{@fayofow 86d t8e0SErdedl kn aWRith a Phéxetiws load is

occurring. a result, the liquid crystal display quality can be

i ncr easedappl ed s eitel thdt gthd exelltage at theSeurhpaitErteoutiimadt 210 of THhe
description now turns to_a second enbodi nent, of the present ..Jnvention
This secohiferaniddilmamplifieakiomartion Jisess whenoit 1%cﬁﬁ9kﬁﬁ%§& M of a

of the sclndRteRtiAL Spalrrication poppioh U TG LRRHeE AR Ih O
bl ural 1 {y g GE6F SRR fupBlied to J00S dlte BloRbdEDNt CEne B o
pluralitydpfvevirtarsdstoA P04 tdecrebsing theuturmemi sapplfi capabilitty of
termnal) of the OP-anp 6 is connected
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
10 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
15 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

20 this embodiment, the demand current I1 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

25 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

30 capability of pulling that voltage down again is determined by the

current supply capability of the_n-channel load transistor 205.



to the:reference voltage source 7 and a negative input term nal

(second input termnal) thereof is connected to one end of each - of
resistors 10 and 11 and to an output term nals of the control . portion
9. The~other end of the resistor 10 is ©d¥mected to the 20 out put
termnal of the OP-anp 6, and the other end of the resistor 11 is
connect ed n atliexewrdst etii¢ ato1t@Pe ghkldowt rcapapdlitprdrdps the mere the
positioned between the constant-current source 8 and the negative .

i nput t er nfigBanGfeunTendPi e rainedrnand tihee dgmandecurrent inereases (thei ng
fromthe constagéécur%ent SO &ae 8 to t,he resi.star 10 is controlled

25
on the basP87%f “the’? Cat® BV?aﬁﬁp%Q&{ﬁqﬁgls lncrgﬁﬁﬁgrsz and vol t age
regulation is peplayard e@’d%@%?@b@&f esr,vgmetgg%r'éf‘iew O@Qﬁbt&gﬁ%eutthat

The regul ated voltage Vrég (connecte 0 I'sS "an of the

vol t agje regubdtbomep@d ifor esch hef SUMankd VBetditlsd oP-amp ¥9Hé adigrive ameé t he
second voltage Vy, as given by the follow ng

- 34- dréyeapepied becomes negatéye= Thus, \in this embodiment, V1 and
Equation 5 t he resistaqfe,of thgiresistor 10 is

RI0, VBhRre &acty Shg’@é‘gﬁ‘%ﬁg’sgﬁs@Tmp PRVIDERA 10T i PORE1 98| 40 dhet the

draws in a large negative charge, in other words, a p-type OP-amp.

This ensures that sufficient negative charge can be pulled in from

10 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

15 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

20 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

25 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

30 thereof, where the drive portion 201 comprises an n-channel drive

transistor 212 and a p-channel load transistor 213. The



5 reference voltage source 7 is Vref, the first voltage Vx can be
expressed by the follow ng generalized equation for the out put

vol tage at the OP-anp: VW = (1 + R1I0/R11) * Vref

Equati en 6 The second.vol tagé9%y is deternined by a current 110
flow ng 10 fromthe constant-current source 8 via the control portion 9

to tdomfigairat 06n 100f | nthdi snesttivet henpwtr eterhifaban20® vef i ethdy
selectively turning on the switches in the control portion 9 by t he

regul at ed-didifexgotial tampd ifiigasion powrticmo286 antk thecowtput termippdaghl vy
I's given by the faollow ng, equation; 15 Vy .= 110 * R10Q

Equation Pf the OP-ampn ks such, obhatt ddeyol 2Eqe W ey VO L4P6ERTRLLOWRF
foIIovvingc0 ?8 ation: Vreg = (1 + RIO/R11) * Vref + 110 *
R10 - n@&ﬁé roh 8 - If, for exanple, the maxi mum val ue of the

currgnt 110 20 The fA-Gpeog OP-afibt A @dmGUart teuthenp-$ppe cOPSamp imethat
resistor 10 is assuned to be Imax and the m ni mum value is assuned to
be Imin, the vdltegeolatagher eyipati dermingé Yiingé thegOPFeampyishpulled

fol |l owi ng equat i on:

Equation oy if 'it i highaabhgn o\ﬁ/’{‘%g%g’tlﬁé%gn?@)%t btkgﬁnlﬁéﬁitf‘%?oaéEBVElance
\rMeEgBI ati onteﬁlgrlk@@%wg%gs{lt gyg%)é(ge%ﬁﬁ r?e‘i'(;(af%te)jer/();‘%]/r.Q %i%(rjﬁt?lgtrﬂlsﬁhgs&xﬂaégei S
det erm nedy py+Rd 1 podi¥ibEUS nphe RirndsR1t 208 agss adwaysl depicethe saméor
vol tage regulation is determned thereby. This voltage that 30 acts as
r ef eflence Howewedal,t dhe n-egueaOPoamp ald ffdns faomdthe pHype OP-ammtisy &hathe
central va{iy ethoef VBT%aES ! ;1(:51 gteher %%%!p%gci %gr&ﬁ?&e’gﬁr oift the OP-amp has risen
(when a positive load has been applied) the voltage pulldown
capability thereof is determined by the current supp'iy capability
of the n—channel drive transistor 212. It differs further from the
15 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
20 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 n
25 - 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
30 the demand current increases the more the voltage pullup

capability is increased.



-35- s could be the maxi mrum or m ni mum val ue thereof. Thus, in

accor dance with the voltage regul ation portion of this enbodi nent,
each of t he val ues of Vx, VW, and Vrange can be set independently.

An exampl e of the circuitry when the refdence vol tage source 5 1,
constant-current source 8, and control portion 9 of Fig. 3 are

configured of NISwevemsiast describedhdwatem FEhg.pdlarity of the dharge dhatence

voltage source 7 cqnprises .a p-channel, transi stor 15 and an
n- channel B4sthdespgvedoduning idgnirive rariod foyr gpchedierV @adpy4 tine the

ref erence vol e..spur.ce_7 n_pe 0. Ir || S@%e h

t hreshol d ?%T%rg)gglﬁ tl%eprg-sgﬁéﬁgélm’ ]19{ rtél\r‘{gi %ﬁ@?dﬁ}&ﬁg’ re u@?ﬁﬁé}“t ﬁé‘e
current capady lddnheRftelin€oNask NP having! 4 38ivd Pordd oRNol eEhicH aalie
current flow ng between the power sources, The constant-current

- sourde 8 cimm ilaggeppobitined charge,timrsihetrowsrds, t an I9-typecOP-amp. This

constant-current source 8 provides a 15 constant _current. by nakin
use of teRsur@shdbaht seff reirnt positivarcharge sepcborul legh dpafeen dothne

Prohanmel A SBEASYE! Bubbnk epp, rilf, HIRTBATT A" RGN SHERRRaSIUERCHED, L
L nanoey O s, cr i 4 3, WIBIAA R o g tncpne
cutting oféther hand, when a negative load is appliéd to an n-type OP-amp,
10 a negative charge must be drawn in by the p-channel load
_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
15 - 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
20 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
j25 that of each of the p-type and n-type OP-amps is 15.7 nA.
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
30 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



of thezcurrent is switched by the regul at ed-vol tage setting signal s
connected to the gate el ectrodes of the p-channel transistors 21 to
24. In this case, assune that the weighting of t he val ues of the
currents flowing fromthe plurality of-dlirrent 25 sources within the
constant-current source 8 is 2 . In other words, if the magnitudes
of currenty ) r@Ereh@heUps B BPWIC@hedlcBarge thah mibet sy ixan8féreed, téour
regul at ed-vol t age setting signals enabl es vol tage regul ati on _over
2[err] = ihest dmpedhbce tdoavedisjon3 means dhrimigy. theshdnivn ®@exdpfle Whth
four regul ated-vol tage, setting 30 si gnal.s, but of cqurse it i ossi bl e
to set. a AGFLIYe ARdhetonnect &iPstypel gi’t'ﬂ’aﬂ tRat Ii?fg. {"geaaﬁﬁﬁ.g 4.
Note furth tyhat : -

since the Sﬁ@é’&l atveoal-t\?‘éetsag(g 1se dl n‘{:]3 )sivékh% % E%% 881%{")}{9{ n%%l gfslg@ char%ela nary

signgl s framnQeystier aephtive€n to by neans such as a - m croprocessor,
control by mcroprocessor is facilitated. I n accordance with
this enbodinent, if the configurationis 5 such that the resistance of
the resistor 10 is fixed and there is means of _varying the resistance

of the redst@laulatine o6 leads on driving sUPRl¥sVPLERERHNce for vol tage
\r,g?,ltj ;Stel ?@tﬂsgﬁé&%ﬁp;ﬂgg e(gltorwalconcernsvﬂl “xantfit e 89?@9&? Med bgﬁel
of a certain size, concentrating on how loads are applied to V1
to V4, which are the driving supply voltages, when a simple matrix
10 LCD is driven in a 1ine—by_~liﬁe 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

15 period when the electrode is seleéted; and Vi (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

20 typical arrangement of common and segment electrodes is shown in
Fig. 11B.

~The purpose of the calculations describ:ed below is to
determine the relative sizes of maximum 1_oads_5 applied to. the
voltages V1 to V4. Therefore, the calculations ar',e performed under.

25 the folfowing 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

30 .- (multiplexed) drive is performed with a 1/64 duty cycle.



mai nt atned. Therefore, if variations should occur during the 10

manuf acture of the sem conductor device or liquid crystal elenent,

these variations can be conpensated for _Qy adjusting the resi stance
of thesresistor 11 by the above resi stanée variation means. | n other
wor ds, assunme that the adjustnment is such that WVx I s_made to_match
the centraf3lalThe vwalves coft rither deijiing i swophEs vgltagesold i @&aﬁﬁ?e in

Fig. 2. Si h ' f. the r.esi s fi b |
Cl oar T r o ERPISH By HRR: L/ el di53n Y the, equtbiod ddihed . e,
change, evgiyyidg t e r@éiéﬁ%“‘av%fra@i‘ﬁg (%nplriecsid_%tOeelécﬁhaegemdrﬂetsanghe

desired regulated vol tage eg can e obtained within this unchangi ng
vol t age r egeHenid )onbusnoko malk0the e¢slaul dtfiensegaspt echesolaragtaken tinpe:

signals. Wth the prior art power supply devices shown in Fig, 33 and
Fig. 534, i¥0thd dbntilar -1 V,vB2ue & WhdB Fs—Th¥, v¥ttageBthatange Vd Fs-
referenceaé vol t age regul ati on should change, as shown in Fig. 35A
and Fig. it becones i npossible to provide voltage regul ation

(contrast ege b o) Wt A I a n a nd
el ow - CFpy TOUSrhBHLA0) i RBalcRyREiGHS, Pbhd LhBagRty, bTTRo" LKA
devi ces i sereudiiaile ddnel 18 apsené@sto Visd Y1 IRarge (@)t.age regul ation

range, to-ensure that voltage regulation _can be provided over a ]

suf fi ci ent(¥) brbbguidrmpysitelt bera canadidive ehsmenting® iaf LGB gbementydist age

cont 1Gur océ LREH KOt 1R I8P8HE 4P AQGRPPELFEF or ThEEeTore, tHE diintity ©

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
15 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
20 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 eegment—
‘electrode side of a equivalent capacitor (C = 1 F) used to
represent an LCD element is charged with: (-7) - (-8) = +1 coulomb
| (C). On the other hand, if status changes as shown in Fig. 12B,
25 the segment-electrode side of the equivalent capacitor becomes
. charged rvith: (-2) - (-1) =-1C. 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.
30 (6) The values obtained by these calculations are the maximum

values of the loads on VI to V4. Therefore, when it comes to



of Fige 33 and Fig. 34 has an excessive nunber of divisions. In

contrast, the necessary lower limt required for the vol t age ,
regulatlon range can be fixed by this enbodlnent si nce t he vol t age
regul ati on range does not change even T93The voltage 5 that acts as
reference for voltage regul ati on changes. This neans ‘that the nunber

of currencasdoutabing nthese doadsantheudieacttons cin which gheovoldagesgeof

regul ation nd t nunber of swi.tches in the control ion 9, can be
Lot o' nalioetcthe S ¥an Y s 1Ctro0RS, chehds EAN BE considerBl LonBanthe nar

|f Vol a08,nEaukgti Ag,GRnsT %héﬂg%@é sEBRertl c1eOErofl Amef 6P PiPAY1p

S|gna S fromregl sters fte as a mm Croprocessor,

the riunbeghafifedi £om VE R® V20hsd etlfe G¥gment elBetH6de LRGN RNAREESSAFOM
lower limt and the linking wiring can al so be reduced.

a prdor avb bovZ, siereyisdevi qeadatobeens kigmdthad theléhanged limwolbage
manuf act uri n vari ati ons data on . the di,visio s |n

the vol t agé& ghel §§@“¢%§|%¥Qﬁtr§ﬂﬁér“‘PS@taHFué{lgah%ferem d(ltrmttlpgs t

(0111) an f Fi | 35 n
nmeans sucﬁ %gg% %% q?% Eﬁgﬂﬁggéégbakve%h %badglnéggf ¥§€§ gﬁ%eﬁé
makes it H‘i?éb@i@n& Og B¢l distif dr@nd! ’w@’d’lﬁobeZQmalléfﬁnkﬁﬁptvﬂférﬁgzhéa'vb%agé§ by
varying the resistance of the resistor I's no | onger necessary
to store amchldabﬁ the segment éle&ﬁnndesfSEﬁﬂnhuﬂSEGiOByhawerohange&snn and

the current fr t he constant -curr.ent sgurce 8 has been cut in answer
o dlsyst &he same diseetionymaxipym doedueaselt age of the vol t age

reQU|at'0Q7gorHBPQhese 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

15 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

20  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

25 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

30 - V2 can be ignored, since they occur within the same period, and
only the changes VO - V2 and V2 - V2 need be considefed.



25 ts determined solely by the resistances of the resistors 10 and

11. Therefore, there is no need to include a vari ation-adj ust nent
programin the firmvare, nor is there need for circuitry to detect

t he output voltage of the voltage regul-&t4i-on portion. For exanple, i f
the current fromthe constant-current source 8 is set to be cut 30 in
this way at systed t6ffibn Xﬁgcgegﬁsn@quabef@rm@ewnml FHE %'1‘ﬂﬁge of tHem n
shown in Fig. 2A. Further, the configuration is such that

- 38- segent @ﬂebhﬁodw d¢lehees romeV3 dmt Val apotlie GTR Qwatehmwm@@mm at
systemreset, Vx can be equal to the central value Ve, for

as shown ik ¢r@ shown in Fig. 14. Aﬁseﬁéﬁﬂpelﬁf égFléédeQSW%@%JekﬁQ§§°Q9s
devi ce usin u t hi ventlo

Fro 5. Tt s¥leden By atiie SERBeLPEY i inech? b Heradd, TR 18
devige 10 r ul t ia@N ; d S
generatlogVOItage f%aﬁﬁﬁb ?ﬁcﬂyg?lvgggénky%¥’ 3 méﬁléSPgdcéezféﬁ %%ggg 111:44
The regul aigdpéﬁhiﬁgﬂol\é egot kdhsidennonlypa (ﬂ‘iang'va inl ddgecidon of the
regul ation portion is supplied to the drive signal generation portion

142 as supyoltages afe ald fofr tihegsiegmenysedectrodes g sthey allgjchgnge

connect ed to %?1 esna(}]neOf dwgct\:lﬁl)r},agﬁldl vi qersﬂéav?s' S%ﬁiylzthoef "relationships

between COM1 to COM64 and SEGI.

10 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

12 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.

20 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

25 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

30 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.



which the other end is connected to a fixed potential. Voltages
di vided by the voltage-divider resistor 12 are connected to 15 positive

i nput term nals of valtage-follower connected OP-anps 1 to 4, and
outputs of the OP-anps 1 to 4 are.input-dd the drive si gnal
generation portion 142 as supply voltages V1, V2, V3, and V4. Note

that in this cathe tdacuilatdenst om nthe k2[eatdon3énded line Cbhheendd to
n-type OP-anps 2 and 4 and the divider termnals 124 20, _ and 128 are

connect ed selectigre-strriedslinant#3) reapcheidens . in a simijade MEGBNGEHs AR | |

be d ibed in d il | ater. Not | th - in . th

be deserogt I Seta T ol o tote 3las U s S0STE B S belfSg,
whi ch can tﬁg £9 1A% nHEb&i%gf in Fig, i 4 CqiHyse! eABEtalle arge thatMigisdri ve

signal genératton portron generates drive signals Dby sel ecting
any of thesge @rawh nthisg/W2 ¥reml thees Vihé® is smalS atn —6h€ fosi each, for
exanpl e, the 6-1evel drive nethod. These drive signals are used. to

drive liquid crfsoml theembove, thetfotal chagger whenf dhes vadtager afi dhero
Val'ue of \FRGRPRL rigtdbas Chanees, FFBRLYAr b FoRt ats S o 5CBp g By
are OUtpUtAbXSEh?24 - 6 -6 = +112 C. In other words, a positiV%Sioad is
applied to V2 in this case.
10 . 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
15 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
20 segment electrode changes from VO to V2 during a period B is shown
in F%g. 18. For example, at a point Bl in the peridd B, COM1 is
a sélection—ended line (#2), COM2 is a selection-started line
(#3);, and COM3 to COM64 are non-selected lines (#1). Similarly,
at é point B2, COML, COM2, and COM5 to COM64 are non-selected
25 linds (#1), COM3 is a selection-ended line (#2), and COM{ is a
' selectioﬁ—started line (#3). The statuses at points B3 to B3l 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
30 (#1), selection-ended line (#2), and selection-started line (#3).

The calculation process and the results obtained in this case are



cont r ast regul ation portion 140. The voltages V1 to V5 supplied to

the liquid crystal panel 144 are regulated in this manner, to provi de
contrast regulation for the liquid crystal display. In this
case, the regul ated voltage Vreg output-56emthe 5 vol t age regul ati on
portion bears no relationship to the resistance of the

vol t age- di whd®h (€SPt Or19l2 AsagheW@Wh BigEaust i €ReBtotal chaliger €het emudthe
current flow ng between the power sources can be made extremnely smal |

by i ncreasibeg drteaiy ebintd al2e iof this voaseagés +128 @i viderothesi standsi2.a

This makes it possihle to design for 10 extrenely | ow pogwer consunptions
in the pom@PSéEb}.’)ﬁy loagdi cks apBPlied toj (74 q1By S ~GRES ayoaévifg’@.t n%)he

e PO SURBLYG U ol 4 STRREL FE Ae ST SRR ¥ 98 oy, jppd 0

crystgl di ggl gy1depecehe Ssdmdds AHAthhowm! oW Pogerigs  consunption, it

Is often used in portable el ectronics equi pnent where small size
and |ight weigifhe aronmoec esshrsegmetiie vafveferms whenediiepmerilitageovafdethen t h
such a liquid, crystal display device qught to make the nost of the

i nherent ad@gMeRGeslsctrode gdogscmpdt ghange ang sptays dabi 2 (during sthe
and |ight [ )p MWhere snall.er a 2 ess. power-hungry circui.ts. are
equested. SERASI e Sty Thefia.c 20 “tn the e BABRGF n dasErabru i
means of a ' t hgsgirFeqygst ; | igiqshd y

i api ay dourecroiide! RESPIECTAET She calcWIRPIUEFLIOR Big! W0 el 8 Tlded
descrlibbed fingm trhm-selectedevhidies ¢#1) heselebtionvyemded héiner i),y . ab
In this enbodinent, the value of - Vx, which is_the voltage that acts

as referené€lestiopretaptedglingi d#3)i s The efalevlabion Drocess wadueths
(e e ST eI Bt BRS YR PR 8 SRR R mig. 28! ADSRG LS
Fig. 21, the load applied to V2 is zero in this case.
The.load applied to V2 can be calculated for all of the
13 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 -
20 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
25 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. _
30 C The loads on V3 and V4 can be calculated in exactly the same

manner. All of the above qalculation results are listed together



contrast, in the prior art exanples shown in Fig. 33 and Fig. 34, 30 t he

vol tage that acts as reference for voltage regulation is. det er m ned
by resistance-division of the voltage difference

-40- = bet ween the supply voltagé§5@DD and_VS. Therefore, the prior
art exanpl es had the problemthat a change in the supply voltage
woul d in Fagse26. cAmrajowm inh&igol 2ageat hoad ft thes semeemageitydsy as
vol t age regul ation. wever, with this odinent, Vx.is kept_.
constant %hat apmlied ke s{pphy ARR sﬁBuIeﬁ:Pch o.in the’ dpposite

vol 1 age r SEPaE TR e d Toad. E, HiG B, MEaRTShaEAS e anp L icd ST

current
110 f1owi fi? hppl PEd " €514 Orbult0 iy Akt Bppesise adi reeticnt source 8 via
the control portion 9 and the resistance of the 10 resi stor 10, as shown

by Efuation 7. Ithdscwleart firbm figm 2Bethat theopelanityuef ebihe smaxigwng
remai ns constant even if the su

Wy can a|g@age(R@@ﬁquﬁﬁﬁnﬁﬂpfwﬁﬁglgharge,&@;&L@ﬁggdggan = t%E%ﬁﬁgﬁg%ﬁg{cat
LR SR BlnhF b verighRY, BOLET) AN B 158, g
constant - g @Rty SO 3R HaRimfhoad on V3 is negative. In contrast, since
both the positive and negative loads on V1 and V4 have roughly the
10 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
13 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
20 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
25 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
30 load applied to V4 during the period B is the larger, the polarity

" of the maximum load becomes positive.



2 or Fig. 3 is configured of transistors, where the gate voltage of a
transistor operating in the constant-current region is obt ai ned from
the reference voltage Vref and, since the gate voltage is held fixed,
the drain current is also fixed. This 2®8- ensures that the current
flowing fromthe constant-current source I's constant, even if the
supply voltage Thaggess destribed ¥hoesgd the poVaripe of ethd smaximuad.load

As descri bed above, this enbodi nent nakes it easy to obtain st abl e
val ues of aheVi eand M3edurost ayd o e (negativevy Thatdishthesreasqmmhygd t
regul ati on, range Vrange, . i ndependent changegs_if, the suppl

vol t age. TH$ saﬁm&r& Lo M5 PrEPSL B%h-alpgs eﬁ%ﬁlgh,and V3. iq(?’é‘}s)egres}cfetliy\)e of
t he supply I . whene t hi | SylS t @Y HAsS
pover oour B3¢ ROREGH Bt ' Phe RARER CRiad e v Tna va 18n8, BEL' POV IE
Cont rast rg@@i@ix}@ﬁ Thatailsi gHedreayei athBat isdiapproyrideyi te use n-type

particularfTy dependent on this regulated vol tage. Therefore, if
this enmbodOPeamps sfappld exhd F/4a [Thesied connections ensure that the demand

-41- crystal display device that is used. in equipnment that has a w de
operating Yerferfe ofinkke Qwr\?olni‘&d:é‘émlflﬁevﬂfmgﬁg %&Et%rwtlon 1Sg

held Tixedgand, st hug fixed, 5o hdaleC Ah L8R &80 concern of improving

display quality while designing for a lower power consumption.

10 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

15 - 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 ziveraging (equalization) state used in the
method of voltage averaging cannot be maintained, and thus

20 phenomena such as shadows and cross—talk will occur. Conversely,
if the current supply capability of the p-;channel load transistor
213 in this prior art-example were to be increased, in an attempt
to prevent these phenomena occurring, tlgle demand current would
become something like at least 350 pA, which would make it

I

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

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

30 An example of an n-type OP-amp possessing this current



i rrespective of the supply voltage. In the sanme way, the voltage 5

regul ation range can al so be held fixed despite changes in the supply
vol tage. Therefore, in accordance with this enbodi nent, the di spl ay
qual'ity can be greatly inproved and al 3997 he product wvalue - can be
raised to an extrenely high | evel. A further problem.aoccurs if
the el emeobnthat adusctsoncdsofsiom inhEigbj &t tTheeOBramenof whidh % t he
destination of the requl ated vol t . _has.tenmperature. .

char act er BffeEs {rpmyfihe, nciyge; PPyamp oafg%lgesif)ab?eﬁ}eorcot‘ﬁég%ﬁm%?eocf

| t to.h .a t : hsti G : -
For 0% nibe” fhide, FUREIRE P02, In, SERETHERS, R AddigioRTOrHE
driven. Theadhspl ayiGeabrasidfor 21PramkaMohannedf 1aalli qradstsyor a213,

di splay element is heavily dependent on the surroundi ng tenperature,
so, §n ordhe tdriemsupertion 2@2nailant comppliagsqaal $egond tprehamngl abvad t o

drive the liquid crystal display with voltages that, have ne |ye

t enper at ut&ansistor & angr & QUIZENL-CANEEShEIRE PG%gﬁﬁnﬁﬁbVéqﬂs %3932#%% e.
In the 20 rior _art h ual d [ i C
negative IBe UTaLR LEEIoR eé%(ﬁaﬁa;%t 2er1ie§$|§ étsigi oo %%S@OOE%EZ ticﬁgngﬁye %d

havi ng tran%?gi%f‘aﬁi’ﬁ €a Fd AR/ iTouE Sed S USRD aBhét diiimTirelgdon B9 dhso

vol t age- vider resistor, to conpensate the tenperature
char act er icghinegted to the oufihits teamindln@ibl, ofobles OP-amp .pThei dudrenth
tenperature 25 characteristics t hat conpensate . .for

t endlr at ucontrollipgzehanned: tEansistoe ) 8t qrnagted, Weﬂew tshh%PeEkﬂ)%ct
descr pti dioond Tydigmelo Ty WA N L LSRR Bk Ergte
vol tage 36 egseR 88 B e hr sshol d vol t age of the
p- channeihd rérivet 9i gidls ashalesdrivedtlaboléD Saned wire wenerhded
using DCK as a reference clock. Since an LCD element can be
15 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
20 fail 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,
onée that capacitor has been charged at a certain voltage, there
is no other path along which other currents can flow, and thus
.25 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
30 ‘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



-42- -, voltage of a MOS transistor generally has a negative

t enperat ure characteristic, the first voltage Vx, which is determ ned
by the value of this reference voltage Vref and the ratio of the
resistances of the resistor 10-and the ¥g@&+stor 11, also has a 5

negative tenperature characteristic. Further, the magnitude of the

current fl gy hgﬁcd}{ raor@aggea ﬁ% EH&E‘Q@tm@é)(!“H’eed%Wﬁ Bl 9 the n-€epandent

on the thres voltage O t e MOS transistor, and thus al so has a

negati ve t dopdr araneister @0FErirstie p—swpehe)PevampndSmllarl/y)l t agne g4t el
t he vol tage regul ation range Vrange have negatlve 10 t enper at ure
char act er i dopdsceldvdia apPAiedhtd s & tyPgee BeWEeconneCteidntﬁcébF]@J%c\éz

with this enbgdi nen can ssess ne at e i cs
with respeff t%g’bﬁ{l Fﬁe  G3P gea‘}:&lvteaggta%gg ﬁ@%g ﬁ?\ &%@faﬁg By
regul ationg gﬁ%qe | gl RERtHEEESant [ o]
provi ge thehragg-e?ﬁ/ V(%Ptlgggr%ﬁéeiftfg 213and t he \S/'gl t age ﬁreggligtlﬁ%ﬁlé
range Vrar@at \thehn—él@mlatwai transisttara@0sr oft ithe, pwtybeudP+amp nand o

add any el ement havi ng enperature characteristics, such as a

t her m st or thehpscbmmlesload traasagagct%% of the nrliyber OBraBBBBsENRave
and, when the %%
a ce a1n degree of current supply capability.

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

10 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

15 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 terminal 222 at the rise of DCK and for a

20 .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 current iIZ that is just enough to maintain the

iroltage flows from the pf—channel load transistor 213. A timing

25 chart of DCK, the controf signal, and the FR signal is shown in

Fig. 28: The current-controlling p-channel transistor 218 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 .

30 gate electrode of the current-controlling p-channel trans_istor
219, through the control terminal 222.



suppl y.device is incorporated into a sem conductor device, it 20 makes it

possi ble to reduce the nunber of external conponents and design a
device that is snmaller and | ess expensive. Note that Fig. 6
shows just one exanple of a tenperaturgbfl- characteristic that can
appear in the driving supply voltage V5 when this enbodi nent is used.

As is clear frdm Rhds émbvBinesta 2% curnemnti V& tienpesirainedhbeatleritdstic.
Therefore, if this V5 is us [

T ot oot 10 (69 Yibbe HEE bR
aliquid cr ' i
obt ai e, 18’ rPandbd PV ow only il b O kIO NISH ARH DU T AhOC

resistor 3Qerabavilfrént erPefature y@hamaererbpé | Cthdadurdiditeconktmed tiyat  of
a transistor 1s connected in series with the p-channel transistor

-43-5 thel@rdiet pertébnr 802eisogiver byurt2 ¥ &8 #h&.p- vAanBiénce the
transi stors 16 to 19 of the constant-current sgurce,S in fi
1

sl ope of currenthdlteonmmadby éh&r%&f%ﬁqﬁﬁﬁﬂﬁlcéwpé bﬁa¥&99ﬂﬁﬂﬂ§égp ggsthe
Shoun L i, 07 e BRpBERREr s BICEOR! o ol HHIRR PCE TR 0612
crystal e'e‘ﬂﬁ%mes 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 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
15 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
20 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
25 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
30 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



Third Enbodi ment A. Configuration Next, a third enbodi ment of

this invention will be described. This 10 third enbodinent illustrates
a specific configuration of the _mul ti-value voltage generation
portion 110. The nul ti -val ue "vol tage gener ation portion in
accordance W th this third enbqdi rrpr| tage divider
portion 20% dfy the per@pda%glqgtvgl %atrsﬁa% a]? OlL]’he OP-amps 1 to

tAfhgr \e/0|1'?age g?\r)ﬂégr r%?m Saagér sup&*l%wﬁgavop gg%szﬁptﬁfqed B30

respect i velghnddt i@ aneopaéihﬁ&mith @ clfirentorbhvs bdf @sc Stvwthiereto, asFig.
8 (hereinafter called p-type OP-anps) are used as the OP-anps t hat

supply Vi sirmm\/a,n dig OB cantfiodursigred sihdadined byg ORiog2dhe CONT1

h ft d th t
Supphy V2 Shemalsand P $Pgnal; wﬁp@%a ;% 13 IrBBt B8, the OB dorhsminel ni ne
t t i .
o<t iR g rebhd BRORAIEY TobOk i stor 215

transi st org afife UsEFi P durimpstwisibPftiesSFRt 8igndP 5 Vhdght hsovehhedehe I N
this case, since these transistors are set to all have the sane

current supmnent I3 Odi]lﬂﬁf)l oty , £1dve, vdltt agesbbes wean @eandl wgerapober

accurately di vided by njne (1/9 bl%g O the voltages divided_ into
nine in consumptdopanndhe’ aaBaKe t ARSCTHRE] | \GUIRRRY A ROTdK OLhe O owlhilde

next;430 ol déRent SRADESS thePBYek e SEATUAL 51 89D Febibhffled %o 3NG5t Ne

pA, and thus the demand current can be restrained to: I1 + IZ2 +
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
15 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.

20 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 curlrents flowing through the drive portions of the OP-amps and
25 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

30 side, is VDD (0 V) 'and is handled as a fixed power source (when



-44- first voltage on the high side next to V5 is called V4 and the

second voltage is called V3. .The voltage division could, of cour se,
be done using a resistor as shown in th 3eror art - exanples of Fig.
33 and:Fig. 34. However, in order to th to 5 reduce the denand
current, this resi stor nust . have resi stangce t, the use

of such a therge isegnsnahyrei ﬁuhﬁt?@%)&usfé'@ PTObIeE‘r S6CuEs heh h takes ge
area i s necess em/fabrl ro S

contr ast | AhakEadmelY | Ltk tine T8p B and, ¥a ROy FRECETURET, Rt aRtEEHined
transi st org iy g@@' clsddepega! n311)0 Thi§9'1%“ BéEa gk © thkecéurkhiAr Supply
short-circuite Thi's ensures the consunption of current flow ng
though theapabtiageydio¥i dve n—channeltLloadZGiSanansb@rrmsrhhm‘edfoms hther der

of 0.2 [err]A A tran3|stor-level circuit, di agram of the p-type
OP- afip. of drive pprgion 0§ eadhwof the g-tygpeTHPzamps b eang% 32 RONBERH Rbed sk a

15 diff npl i f d d
The ci reuithang 83 % meder xtPamB LR R Cociror bttty toBigen; 2he "Bbuer
i nput ter %@a | ?oHOSA%' Yo PLt Ft]]egr g‘iﬂgﬁl and&"ﬁlgd@‘ HEMAddVas a flxéd'-PUt

term nal one output termn manner in whi ch the
circuitry Iﬂm@ﬂtfllaes goervaidiege dirfd etlencpowet weenVbhds turned on, the

voltage of V5 drops gradually, and this makes the voltage of V1

10 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
15 Ip is also small, it takes an extremely long time for the voltage
v 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.
20 * When the configuration 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 Dbecause the current supply

25 capability of the p-channel load transistor 204 that forms the
drive poftion of each of the n-type OP-amps 2 and 4 connected to
V2 and V4 is made extremeiy 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 .
30 V4 is extremely slow. This phenomenon affects V2 in ihe same

manner.



20 fwo input termnals and outputs it fromthe output termnal 210

Is well known, so further description thereof is omtted. The drive
portion 200 has a p-channel drive transistor 204 and an n- channel

| oad transistor 205. Further, a capaci +e1-207 for preventing
oscillation is provided between the differential 25 @ anplification

portion 206 anqyif VEh@OTdHove 288scried OpheAmER6®N occurs,! Sthéd liquid
vol t age-f ol | ower connection, 1In ot her words, t he

confi gur atdrgigtiad ddsplapatubbhetyededps edranatti ciaddyi. ndlf ,2F8roexample, it
differential anplification portion 206 is connected to an output
term nal Zekesf at hengrt ims fo30V1 and V3 Ty regchnihadr copreqt valigsisedr

204 and Bt Fig®2%1, o STEAEISH ObclRs' T WhilH VEnBO'deRagtRE 2" C

and this C(%El‘i‘ig'bgfigﬂi Medt Bgetl’i’(%“ni%'t oHGBP"\Rﬂ'ta%Ela%r&EFnﬁ'aénﬁlitudea”p-

~Connecting the drain.region and gate electrode of the n- annel | oad
transi st orsed@etiogetddtiredeliag (Sehenedngatinot fhenchadntained darimgeshssor.

The output termnal 211 of the OP-anp is connected 5 to the negative
i nput tertdingal Feothemf thae rediatienshiralVl < Vangl iV¥3 c4bhadn Mt i b
206, and the QULRYS LELMI 28 <% at a point A in Fig. 31, and this
~results in the liquid crystal display exhibiting a completely

10 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
15 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
20 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
| 25 turns current-controlling n—channel transistor on is input to the
control .terminal 222 connected to the gate electrode of the
current—-controlling n-cha.nhel transistor. This increases the
current supply capability of the drive portion during the
predetermined period immediately after the power is applied, which
30 can speed up the fall time of Vi .and V3. This prevents the above

situation. The same control can be provided with the configuration



differential anplification portion 206 is connected to the gate

el ectrode of the p-channel drive transistor 204. Connecting the

circuitry in this manner ensures that the voltage applied to the 10
positive input term nal 208 appears at —#6le out put termnal 211

remai ning the sane level. The differential anplification portion 206

ensur es t Istiownhd np@digt.i 29Bi, npyt previdivg €88 mridhidObuimpst 2 and 4t erithnal
211 of the OP-anp are at the sane voltage by controlling the gate
vol t age ofd tvrnendhganérolr furciiansi st or 204. 15 Not e that the

application of const gnt,_.vol tagge .to the gate el ectrod t,he

n- channel | oad b??%&i&%rt%@%pdwaetgh@nsure W&n&ﬁs@&ﬁ ?ffénc,(f’froxzas a
const ant - t : | [ b nt
character %si{dl ?smo?e#g%ethelr pﬁ?gﬁgﬁﬁﬁgﬁ?%giﬂérlﬁﬁlgpgp %g gncﬁéﬁgﬁgﬁﬁgl
drivg transdrdtodr iRfidd28tely Qff tidie thet poRe Pt fNfuraied 9hoWs hot Al Gnited k6
Fig. 9, a curve 214 shows the current characteristic of the n-channel

| oad transihs oabove metiosd anvanious voethes medshedshatanofbe hesed chanckl adri ve
transi st or when, there is_no | on the rmnal 211 of

the op  making tReFtFeREHS LTS, oty V1o0BS w1 S BB VEn e anAUstZer ¢ of
e 25 ol CoeReLeASlNe (RASELL 0% tHEsteDoUSboYEy. G0y |y 200106
a positiveldtead oratadpfueehésp, tNe Potpréféiblidalo Znsfe (it the aBdvanp.
Note that, in this case, apply a negative |oad neans 30 connect to
a | ol | evetontaiolagd sepmabkasi aiyet that ano otramsent emltage ig dappdied &o
negat i_ve “%he ei.qtu?dt Q%yg{aitl\/eel%(x)r{etnit%nz‘lhr?ﬂg ﬁ@lﬁ/eraiod 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 prledete'rmined voltages.
15 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
20 power—on command (#2) is then issued by the control circuit. This
starts the operation of the analog circuits with-;in the device, and
the multi;-value driving supply voltages are éenei*ated. In this
case, the current supply capability of the OP-amps connected to,
for example, V1 and V3 is increased, as de_iscribed above, to
25 provide _control such that the driving supp&y voltages'reach
predetermined levels during a predetermined period set by a timer.
During this prédetefmined 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.
30- After the predetermined time has elapsed, the connection between

the power suppl& device and the LCD driver is énabled, and the LCD



-46- positive | oad neans connect to a high-level voltage (potential)
to drawin a current (draw in a positive charge to the drive portion).
When no |load is applied to the output termnal 211 of the 5 OP-anp, the
current characteristic of the p-chaffel drive . _ transistor 204 is-
as shown by the curve 215 in Fig. 9, and, at a point A at which this

current clgaigetreriksiset 245 annbetpact enhbbed statusi reendisplayaohecomnand 214
-of the n-channel |oad transistor 205, a current is flowng as a

st eady- st dt#8 Jcurs ethen 10utput by mbe oomirod cidesiider imaggsdnfermptéana
negative load is ., lied to th t .t i nal 21 f D- d
oo aSben in et O S0RE b nEnS) LA obFHER! oo BuRbo e Tl
| ow | evel t t); B : L nal
oo of ¢ crvstal ikaNEy 10 dllaBtedl NBLE HEAD tin PhiSCORSE, Mic WishBaEne

the §5  omoldopfi@ndt isheghesed ¥ ithps dutptitndurzfif dhepwaiOntinee ot her
hand, since the voltage at the positive input termnal 208 does not
change, a vol t fybstiguentépceifs fenaxampd chenpowerhsaywstammand (#4) isput
term nal 208 and _negative input term_nal 209,. and the . volta%e at
the out pRUtPUy hndhe oontigl qiReuidus ideedevice Eoes into powel-save

mode. If a power-save release command (#5) is then output, control
is again applied to ensure that the driving supply voltages reach

10 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.

15 ' 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

20 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

25 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
30 - the differential portion and drive portion could be used.

Further, the liquid crystal drive method to which this



20 anmplification portion 206 is anplified by the differential
anplification portion 206 and drops. This causes a drop in the gate
voltage supplied to the gate el ectrode, the p-channel drive

transi stor 204, increasing the current Ippl y capability of the

p- channel  drive, transi stg 504 The current charact eristic_of the 25
p- channel 1RY¢REL0n disjappdiedols il dddited tar thediive methodsdiscussed 216

of Fig. 9 I . e output termnal 211 of the OP- anp
is pulled USP% ?ﬁe‘yegréé%%&&enﬁgr'rent Now consi der the opposite
case in which gipesatiye tmaad 1h$ent10n BPRotedihPtbfeL QY I&‘i%fﬁ‘i&”&é‘@icezll

of the OP-anp and the vol tage 3 at the output term nal ri ses
(connectidnivenaihi gh- lmeery—llne szlahajag,t ¢ideadivishonu{madtipléxed hi s
case, the operation is -4
co etel'}la’é%’ésl it %ntﬁlaS%ab% applind ta sedbsplay | devics drlvenapim i&d,

that t { t I diff tial
ot PP DR B Bl e otuneid o SE DAY

ifi I
ooty ot e g 104

decr easi nghideinveneidn supplappddpdbiils twotof limitedt 86 xr chiquiiel dfyslﬁil
transi stor 204. The current characteristic of
display device.



the p-~channel drive transistor 204 becones the current
characteristic 217 of Fig. 9, and the voltage of the output 10 term nal
211 of the OP-amp is pulled down by the drawn-in current of the

n- chanfel | oad transistor 205. ~68-As descri bed above, the voltage
at the output term nal 211 * of the OP-anp is always held at the sane

| evel as the vol tage of the positive input term nal 208 of the
differenti al jfication 15 portion 206. The demand current
of this p-Eiﬁ%ﬂE#ianp i s deternined by the total of .a denmand current
|1 of the differential anplification portion 206 and a_ depmand current
12 fl ow ng*bet wBeROYE %lmﬂahﬁavme Comﬂ?ﬁ/‘é’& Baoliege Zéﬁuhﬁﬁquh@eans

n- channel d 2 h t rent
e et PP RO oot £ Sypmt 451 GBI R e, e Pt ai M
steadily be’Wé@Qdde\F@%g‘éurf@%\ildt?ion meazﬂeafé A% ¢BAIdONEH BeW dri viehe
current supply capability of the p- channel drive transistor 204 and

i s deferm wheréint he current supply capability of the n-channel |oad
transi stor 205. If the 25 current supply capabiljity of the n-channel

| oad transistor Sadg voltage rgglatippe mf@@ﬁndc‘ﬂmmérﬁs K- d"flrﬁﬁe wWldage| y

The t asonE&fiPkatfon meangd £ FERLrarii 4 (£iGRRIOCOREERNE Fotisue stoh'R
211 of thesﬁﬁbl% voltéﬁg)'EESaddé%eﬂeahﬁh?ﬂraa&&ﬁhé'V@ séﬂ&dff¥§%t¥%i%age

applied), capablllty of pulling that voltage down again is
det er mi nedabgetbmd voltageurthett dsepphyt cdgysnd iony safidt fiérst cheltesde ;| aad
transi stor 205.
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
15 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

20 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 geﬁeration.means comprises an operational

amplifier, a reference voltage source connected to a first inpdg

25 terminal of said operational amplifier, a first resistor connectgd
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




-48- In other words, the voltage pulldown capability drops the nore

t he demand current is restrained, and the demand current increases

t he nore the vol tage pul | down capablllty i s increased.

Howeve#, as described later, the pol arir of the charge that 5 must be
moved for each of V1 and V3 to the op-anp side during the drive

peri od bersgistoregsnineetedhat, one tends tontsalidresecond amplit termividlard each
connected to an OP-anp having a drive portion 200 that dr aws |n a

| ar ge neg¥aid eopebaionaln ki 1T cRnd a2p- e Qj?h%lhpend to aphjautdiur es

t hat ff t t h I f d V3

ot ng 1 reSmitAd o0 'é?dérnay i Shncn i teen A8 S3ia, 88T e

Cross- ta'(go é%% P& ge n&lrnla C;}{rbﬁgr ﬁﬁ from Qek%hsea@ei&mgsntt he
act t he a

di splay c eristics o cryst can be prevente

t he st hersdaruh, Wideha 11@05'at'!15‘§1$'0@&m1&311ed byappliide¢ohtrel pnéame, @-canp, a
positive charge must be drawn in by 15 the n-channel | oad transistor

205. Howetlwrqugh tgaidl sgeond3reshstor. polarity of the charge that nust be
noved to the op-anp side during the drive period is negative.
Therefore, in this enbodinent “configured such that V1 and V3 are

tdt 0 h p-t
oPanp | 2o héer req I°réd glce ?BSBP&i% e9€r61£ﬂn29 .*Heﬂ%%ﬁh of ype

OP- anp |s ho |10 o draw I'n so mnmuc
positive Charg§a1d¥5ﬁéfb?§nbb, voltageths@uﬁméodmﬂBnsaﬁikeanstantsauﬁﬂenﬁ()
hol d the current supply capability of the n-channel |oad transistor
205 suf f i sowree compwise MOS tganshstorse andangeferenne Vol txgsadirem gaishi ng
thr?ugh the, drive
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

15 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

20 means connected between said divider terminals and said objects
-to be driven for' converting the impedances of said divided
voltages genera&ed. at said divider terminals, thus generating
multi-value driving supply voltages intended for capacitive
objects fo be driven;

25 the configuration is éuch 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




portiaon 200 -can be restrained to be of the order of 15 [err]A This 25
ensures that the total demand current 11 + |2 of each p-type OP- anp
can be restrained to be of the order of 15.7 [err]A

transistor-level circuit diagram of 4hel@=type OP-amp of Fig. 7is”
shown in Fig. 10. This n-type OP-anp differs fromthe above p-type
OP- anp i npbbétiwafimgwodhilonand @& skcond dmpedenceodom@ersionh@eens, haviige t he
drive portion 201 conprises an n-channe] drive ) transi stor 212 and a
p- channel al @aive moTdilenothat Jrapsein a large negative charge is connecte

- 49- configuration of "the negative.inp L N
differenthla&nﬁl???taﬁpoﬁepgfﬁyﬁﬁ gg%naﬁhgtﬁélgg{g%tg#eﬁﬁgngﬁaé§% that of
the OP-anfysf B tehabréfryg Ateon! Sald! b@ctol toWee drivéPnigClsam S
The n-type -anp is simlar to the p-type -anp in that t he vol t age
at the outippedarcei crlver’ionf mehns QRumimg ithepdiried period dewneghtiveiin

hi gher than the voltage at the positive input termnal 208, but
pul | ed uptotalt is Iower, so that the voltage at the positive input
termnal 208 is always kept the sane. 10 However, the n-type OP-anp
differs fromthe p-type OP-anp in that, i f the voltage at the out put

termnal 211 0%.b@%egpéﬁﬁpl?qéeJiéé”hccording to claim 6, wherein:

each of said first and second impedance conversion means is-

formed of a voltage-follower connected operational amplifier

10 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

15 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-
source side and at the other end to said output-terminal side, and

20 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
comprising:. .
| 25 a control meéns"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.

LR O -+




(when @a positive |oad has been applied) the voltage pul | down

capability thereof is determ ned by the current supply capability of
t he n-channel drive transistor 212. It_gdiffers further fromthe 15

p-type® OP-anp in that, if the voltage at™ the output termnal 211 of

t he OP-anp has,dropped (when a negative |oad _has heen applied) t he
vol t age g% I upAca?)g‘gﬂi tﬁpﬁpﬂé(r eg'PgFgede@‘"e‘F‘?ﬁqfié’@ b&ot hézilé&l“r eht furthegy,pny
capamIitébﬁﬁrfg¥h¢?channel | oad transistor 213. In this case,
short-circurting .the gate el ectrode and drain region of the 20 p- channel
| oad transistos 2ddtrekesedde foranntirel1iHACcCs4P® 68edr a plulslityolof Note
that the application of a constant voltage to the gate el ectrode of
the p- chﬂhﬁm-r\@ldlet daiyingosupnly wolltdgeakeendmsated by saidsisl bi—valmet i on
as constant -current squrce. ) demand currenf |2 that flows

The
steddi |y YR &R genReTatilpen means, nin. suph @ 1marneRethat ygal rel#igse&%s no

rel ati onshi ' [ 1 f .the.n-channe

i ve e il 77)%n prede eyl JU0BLE GPRRON A Deferelfiiod BB
of the p-piitstieltely afferadcle astedt As 2hBrdRE GRS Svhedi P EId WrfiSo1t he
vol tage pul | up - capability drops the nore the demand current 1s

rest r ai netganhdoBPrisesheeankfordincreasing theccensast filveringointo tdadd

vol t age uII%P . ., capability is increased, . ) .
ow-potential power-source side of the drive portion of said

10 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
15 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

20 ‘immediately after the power is turned on; wherein said control
means comprises means for increasing the current flowing from said -
ghigh—potential power-source side of the drive portion of said
ffirst impedance conversion means during said bredetermined.period,

|

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

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

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

* c L M s *




However, as described |later, the polarity of the charge that must be

noved during the drive period for each of V2 and V4 to the op-anp side
is positive. Thus, in this enbodinent, V2 and V4 are each ‘connected to
an OP-anp having a drive portion 201 that2draws 5 in a large positive
charge, in other words, an n-type OP-anp. This ensures that
sufficient opgecti ve whaltierepadurdéngushed predetwrmtioled periodV2 and V4
during the drive period, and thus phenonena such as shadows and
cross-tal k can be prevented fron1occurring On the ot her hand, when a

e droun 12n bj TRET. cHBRRG avils CombThsing e aqur@% imv@r%ﬁ e

V2 and V4, [ 98 ot nq&@

op- anp sid§E§§¥?ggﬁ§h%¥%$§véha conflgﬁggg ﬁ% E%I tlve lli]ﬁl‘here ore |n ghls
enbodi ment gappl i gwo ttlaga hf rom saitdmﬁul\fa—&laduhmv@&@ag@ngéﬁéﬁ@lti(m e 8t
OP-anps, the drive portion 15. 201 of each n-type OP-anp is no Ionger

requived twhbeedble to draw so nmuch of a negative charge.

result, this enbodi,ne t.nakis i t EOSSI |e to hold the current_%#f
capability of tK§&lf- ojalue voltage EPRaRat LR MEARS COMRYiSesh21 YR}

that the dgg t | d riion
201 can beaggﬁlgefres %alf(r)lg Itz)detﬁ %lgaﬁ] %({%Q/erﬂg g&g #J%I]]vi%?hfééﬁgln@arstes
that the therebpjala dpnmclﬂyr rent imbedahde Ofcordersiohy B add- agPnadt die

restrained to be of the order of 15.7 [err] A As descri bed
above, in hetweemnsaidvdilyiders tenmmahserand tdeid objectientindbeudrivan dion he

vol tage divider portion 203 i 2 [err 2 that of each of. the
ooty B and OV pELES. Hhpeimpadenges o ?ﬁ]ra]l W videarial Brens eehar bttt

current. of sbB8 E1idet, Pubhia¥Pl “na! Lalerating ndFEPLALT Y RIVERE SR P

restrai ned
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-
13 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
20 power-source side and at the other end to an output-terminal side;
and -
said means for controlling said impedance conversion means
controls a current to flow through said constant—current?source

|

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

or said resistor of said impedance conversion means only during

clock that is used in driving said object to be driven.
13. 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,

* [ L L s *




In this manner, it is clear that, in order to reduce the denand

current of the entire device to the maxinumlimt, wthout any 30 dr op
in the liquid crystal display quality, it is best to connect" an
n-type: OP-anp to each.of the driving sugpry voltages (V2 and

-51- V4) where the polarity of the charge that nust be transferred to
t he | npedameeedanversion neans during the drive period is positive,

and connect a p-type OP-anp to each of the driving vol %ges (Vi
and V3) wher e tsaddomudtitvabie m&taeage;@retlonqaeM$ tcpmpg 1ﬁ%ée?c ’VQL

B. Cal cul
bel ow condémidegmesHe spnttbrhg A el yofiFes at GIPRoCEREEARRARE.
Concentratﬁx{(%q?%gdpg%vggw 1856 P irﬁi?e&zﬂtmc\él conve ;. mébhsh cagct bed

driving supp en a sinpl'e matrix is driven in a
| i negby- | igstwesnaraidodividéereteimimilen and saldnub§e¢¢$xhﬂﬁxnmhneen for

The rel ationshi ps between the common and segnent el ectrode
converting the impedances of said divided voltages generated at
said divider terminals, thus generatlng'multl—value driving supply
voltages intended for capacitive objects to be driven; and means
for controlling said impedance conversion means;

10 said impedance conversion means is formed of a voltage-
follower connected operational amplifier comprising a differential
portion and a drive portion; and said drive pertion 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

15 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

20 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 source'or

25 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

* € L M s o+




vol tages and voltages VOto V5 are listed in Fig. 11A For exanpl e,

the voltage of a common electrode is Vb (VO during a 15 peri od when
the electrode is selected, and V1 (V4) when it is not sel ect ed.
Further, when the voltage of a comon et&trode is V5 (VO, if the
vol tage of a segnment el ectrode is VO (V5), the correspondi ng pi xel
is lit; ifsupply walt¥syalude dpixéngi supmlyl i voltages (geherated pir araildeses
are those wh the FR sigpal is |lo A 20 i cal arra ement f common
and segnenmugfbc\mlderesw CasrwAensration pegps 1 TRoR a Teguls )

of the cal e he relatlve

si zes of g{ll?rfu#) oatgessg{) f?’g&te?ggm%ééui&m%&etaa%ésQ@f??ohv4 Ther ef or e,
the cal cul ationgaage mrtfa%é”%(g'm‘i%ﬁonz%eanst h@oﬁpfisw ng crinditt i @ilssagen
order to sinplify them The display capacity of the LCD panel is
64 x 900 pgeeé¢ration means diolregenerating he fidB3thaensitanpr vol tiage viirtom @4
common el ectrode | ines and 100 segnent el ectrode lines, (see Fig

11B). supply Wphkagenate asddercnesBimbATeREELREIE0| Fakd, P15 brevclitag on

30 (rul Ei Bégé(ﬁéi)vo rt'.a,vgee 't?xa‘%e%(% ”Egt Vﬁéﬂ]enad ]t!nG%aqldt ¥‘1%¥%' voltage; and
a control means for variably controlling said second voltage
within a predetermined voltage regulation range that is defined

10 to include said first voltage;

said muli:i—value voltage éeneration means comprises a voltage .

divider means for dividing a regulated volta_ge generated by said
voltage regulation means, thus generating divided voltages at
divider terminals thereof; and a plurality (at least three) of

15 impedance conversion means connected between said divider
terminals and said objects to be driven for converting the
impedances of said divided voltages generated at sé,id divider
terminals, thus generating multi-value driving supply voltages
intended for capacitive objects to be driven; and

20 the configuration is such that a first impedance conversion
means having a drive portion that draws in a fla.rge positive charge
-is connected to an object to be driven when the polarity of the
charge that must be transferred from said ol_;)ject to be driven to
said impedance conversion means during 1},he drive period is

25 positive in total, and a second impedance chnversion means having
a drive ﬁortion that draws in a large negative charge is connected
to an object to i)e 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

30 total.
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-52- . (3) The values of the driving supply voltages VOto V5 are
determ ned by the 1/9 bias given by the equations derived by the

met hod of vol tage averagi ng (anplitude sel ective addressing schene) ,
but, to make the cal cul ati ons easy, the{Sare taken.to be: 5 VO=0V, Vi
=-1V, V2 =-2V, V3=-7V, V4 =-8YV, and V5= - 9 V. (4)TO

sinplify 18e cal powari supply rdexdaqsa@cmrdﬁngnbocohwm 15, whegieddtrode |ine
is assuned to be 1 Farad (F) ui d crgstal is a-capacjfiv

el ement, so anSE&D g;%mol,tggelgenexgqg% 26| GOMRRASEA @t OPerational
o tr anst BFR LG [ oy iR eLEe Yol page, soitod WHRdeRR  fPATELIRE IR, DO

(that is, téﬂﬁlﬁé?m sand operatlsdiﬁ'IEQ:hpPiiﬂFéf o@esirst Srém\éﬁtl&rbb!onﬁétéa %

(where le char ge guantity, Cis capamtance and V is voltage), and
the ¥arioat ldne lengnitmdes sécandainpatcotestmigradd od lﬂﬂdoadpea@’piomi to
V1l to V4. exanpl e, when a status in which the voltage at the

segnent mﬂpll@l@ét&f&j@-ﬁ $hezother tend 9 @a@éxﬁ‘ﬁl Pofentdddnoangd| acseed i s

and that EPSTRESEORMBRECHEh TociteBaF.E0 1afq SEURM, POt} " ER R
that flowgysgh ob%ga%%nap Yapdi £i 6+ MahY Sa*towehé noﬁ'l@l‘ 434 28d 45 Youtput

12B. In ot er wor he status shown in Fig. 12A, the segnent-

el ectrodetergénal afeqgaidhl epérabimmdll oampnleér ) anl&eetand adder rmeamsent
an LCD elenent is charged with: (-7) - (-8 = +1 coul onb (©. On the
ot héd hangomprlge&tmﬁﬁgé@alﬁ@%ﬁoomrren ifgom) penspant-curgent source,

segmen.t eL,,ﬁE_ flogg \%rdleabofy tcrbente%lflealg sgf‘c?agén&ro beCe S flow through
said second resistor; and

each of said first and seéond impedance conversion means is

formed of a voltage-follower connected operational amplifier

15 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

20 at one end to a low-potential power-source side and at the other

end to said output—termina'l 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

25 '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

30 crystal elements are regulated by said voltage r_egulation means,

[T




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

positive charge of +1 - (-1) = 2 C nust be drawn into V2 by this

chandge in status. In other words, in this case, a positive | oad of +2
“is appfied to V2.°30. (6) The val ues’dbtai ned by these cal cul ations are
t he maxi num val ues of the loads on V1 to V4. Therefore, when it cones
to - thus regulating contrast for a 1ligGBd crystalcalésbbiyngandese
| oads, the . directions in which the voltages of all of the segnent

el ectrodes % can be considered to be the sanme. For exarrpl e, when

the segnent el eg ﬁf_% fromV3_t nd the
segment el ectrodé d% ?;3 nges@flrg%}#é‘? MmegBS o&@g%lﬁ?gre i lﬁﬁ né’é’cﬁ?ge
consi der tdmiertdtd oahmedas £orVeéiading a ffﬂrs‘thecé Ef@ﬁ‘fz \%ﬁg«f mThght
be in different directions. This I S because t e magni t udes the

| oadd whersuidse veldage; an adderemeamsisfor eaddidgeremt saill £ fast Sﬂmﬂzhgé

t han when the volta all of the segnent electrodes SEGL to

at
SEGL00 havk $8£9Rge %ﬁa&e tha’f H&D%?ar?é)tdudﬁ@@ndoﬁn( ﬁﬁkdnﬁhr$bdcplda£6), and
7) In th th t
gf)chgrge?\/\,ﬁ?@kﬁl a}nb?ﬁsofgq% \gaﬂoacrf}}s %F%{o)n a%lipﬁeég seconger\qo&aagggun
this casewithins lagredRLerRdhed o PAE!| AL i¥1e range that is defined

to include said first voltage.

10 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
15 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
20 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-
25 level drive method to drive a liquid crystal element that is an
object to be driven, on the basis of multi-value driving supply
voltages generated by said multi-value voltage generation ﬁeans;
wherein: ' .

said multi-value voltage generation means comprises a voltage

A




divided into two, for a switchover point A of the FR signal and 15 a
period B away fromthat point, as shown in Fig. 13. Note that, I n
Fig. 13, the FR signal is an alternatigz signal for Iiquid crysta
drive,~and DCK (dot clock) is a clock u gd as reference . for the

generation of drive signals. . ... .Taking V2 as ecjfic exa e,
the cal cuddilggg WQ)SN%\%I'I gengratingdivided ¥ q&?&d@%ﬁﬁwd@@ ﬁsr%nms

eF et ode TREARS - ofbd of RENHFS tHins, REBaHFe ol fiths, gonnected .

V3 (when taeweBnSsad! dividdroWerninan 8f anhe said tdwjecdlst 3@epealiriven e

segnent el ectrode are considered to be changes into V2, there 25 will be
t he changeonvert¥ig- the, iPedani®s \( -saidl dindded voVzages gendratdk at
swi tchover point A of the FR signal, since this is a transition, point

bet ween pé&iildadivider deamiBalyo thug egRaTybing yul ti-value dnjy ingnsveRlY and
ontY e SRITESs\ Fut et ToN S patR 108 hfecks obp W RTRRL, o (DT Lo
since they occure Widh1y LA t38ER ReT AhiviRE liquidOBrystdP ehafeees by~ V2
- 54- using sajdes-devwindaive segdind aveved mietd dethe ing heupadlyt sgeétaged he
at a zero level, a first levei, a second level, a third level, a
10 - 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
15 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,

20 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

a3 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

30 second impedance conversion means comprises a p-channel drive

* [ L M - *




segnment el ectrode changes fromV3 to V2 at the FR sw tchover point A

are shown in Fig. 14. As shown in Fig. 14, segnent el ectrodes are
sel ected by the sequential shifting of the period in which the 5 vol t age
reaches V5 (VO . Note that, as nentionéd®above, since it “is

perm ssible to consider only a change in direction of the . ,voltages of
al | of thdreagistorelconnectied wherane resd atp Sdddgdrish-poteptiak BoWer-

and_Secr, ‘sapire S1a8 R gt thart ot B P cpput-EREUFERL Sk fad 0t
consi der ega constafslgl—glgpéﬂ’ﬂ %ﬁr'b@t@f IS0 PCEEANS L ORE atS Bh8 éndroesd ed

| i nes, an ion-started lines. In this case, non-selected |ines
are I tehite Al hpowereboticed sélectand byt ceheomthegnami to Bapd 14,
these are the 62 (64 - 2) lines marked #1. A selection-ended l[ine 15 IS
a |ike whendtputeterméndbkfoideit has been selected; in Fig. 14, this
is the line marked #2. A selection-started line is a line t hat has
been sel ected:by a common signal; in Fig. 14, this is the l'ine

mar ked #3.,4The | o I i . : , #3.
20 21r1c hrBel Sibaty MUl Son Sy ine PASGHRLCES power, it

vol t ages ofegildctoftd @ wbgeent tel bet dedesn chaclgethiapnvoBtdge Mivdsion is the
FR swi tchover point Ais shown in Fig. 15, together with the

cal cul at i grerfosmieds. asstine resultant séiwided eveltagee ereesvhjected to

non-sel ected |jne (#1) changes fromV3 to Y2 and the .cammon 25 I rode
changes f riiRedencs \eoOnversianoead ALenSuppddery asn 1‘Va1uﬁﬁéﬁtrnggtnce

to Fig. 12 Rig. \12B. t in S segnent - el ectrode
Si deiogf th@%ﬂf%‘%@ ta?&?o’é\ggt%M%ﬁtvﬁlg%%%gén@%em' t he LCD el ement
changes from +1jfné@ance conbtaisebflr §s Peefelmedein suchquamanhgrt thatnmast
be drawn into V2 in this case is +2 C. Since . )
large positive 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 positive in totalf
15 and impedance conversion is performed in such a manner that a
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.

A



30 there are 62 non-selected lines (#1), as inplied by Fig. 14, a

total positive charge of 2 x 62 = 124 C nust be drawn into V2.

The cal cul ations for the selection-endgp line (#2) and

sel ection-started |line (#3) can be done %n a simlar manner, as shown
in Fig. 1£§ %ﬁﬁgfer, note that there is only one of each of t hese

i nes, as ) n Fig. 14. Thus, the total charge that nust 5 be drawn

into V2 fRawertSuppdy |Devdse, Siquidl Crpdtalbpispgiay mIsEe, And Method ofé%lg%@ Power
above, the total charge when the voltage of the segnent ere
changes fpAAMYFedtive2 ot thdridient iARENEI o AN to provide iaSpowdf sufply 6 =

+112 C. In other words, a positive load is ' applied to V2 in this

case. 10 device, dHdquidnorystal sdigpéay devides mndwaane thod ofl sapelping he
segnent el ectrode changes from V5 to V2 at the FR switchover pojnt A
are shownPPWeFi that ccan nenall & /S i ofi s lowes, powarwcoRSUMption:fandnce

onr b3 ectan’ BEsES UbTY MRk el ilatissod, fist 'Witage vx,

sel ecti ongffapt §§i nd itﬁé’nsiféﬁ?t) ‘volltgeel ¢4l %Eh@?a’@é%d’cggs aangh #d¥e voltage

resul-ts obtal ne IS case are shown 1n Fig. 17. shown 1 n Fig.
17, the tgeakrabtbogepbhdionudin be dodtvagentregu2atsonlPoCtibn. A second

voltage Vy having a value independent of that of Vx is generated
by a second voltage generation portion, and Vx and Vy are added
10 by an adder portion to generate a regulated voltage Vreg. A
control portion provides variable control of Vy within a voltage
regulation range that is defined to include Vx. The regulated
voltage Vreg is divided by a vol_tage divider portion within a
multi-value voltage generation portion. The impedances of voltages
_15 V2 and V4 are converted .by first impedance conversion portions (n-
|  type OP-amps), and the impedance-s of voltages V1 and V3 are
converted by second impedance conversion portions (p-type OP-

amps) .

Fig.l. _ | ;



other mords, a negative |oad is appl i|e}g§o V2 in this case. The

common and segnent waveforns when the voltage of the 20 segnent
el ectrode changes. fromVOto V2 during a period B is shown in Fig.
18. For exanple, at a point Bl in the period B, COM is a
sel ection-ended line (#2), COM is a selection-started |ine (#3);,
and COMB to COVb4 are non-selected lines (#1). Simlarly, at a point
B2, COML, COWR, and COWb to COVB4 are non-sel ected 25 lines (#1), COWB
is a selection-ended |ige (#2), and &@OW is S | ecf® on-started |ine
(#3). The statuses at pqint B3 to B31 can be €onsiGered in a sinilar
manner . I n tihe sqnme manner- as degcribed wth reference to Fig.
14, : the cal cul atijons for Fig. (18 Vi Lnt.o o cted |ines
30 (#1), selection-erjded fine (#2], and s¢lection-|startjed |ing (#3).
The cal cul ati op pr 5= oA d—{-hre—r estit-s obtafned T s ar
- 56- shewn in Fi d. [19. hown {nfFig. 19, the }dtall charge that
nmust be d¢ra intd V2 i A1his cz¢ ils +124 ¢. | nDf Her Iwor , a
positive | oad sa}l)pliedto VOIiln it ld¢age. 3\Sxfe |t h Qhd '
calculation regultg obtgin edqc @ P e, lito @ iln 'ig_.5 18
will be the sallre a§ that s%ﬁn Eguifol=z<El |-<w
| oIS [he>] |083] B> |
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The common and segnent wavef orns when th§3§pltage of the segnent
V. u

el ectrode does not change and stays at ring the period B is
shown in Fig. 20. In the sane manner as described with reference to
Fig. 14, the calculations for Fig. 20 are divided 10 i nto non-sel ected
lines (#1), selection-ended line (#2), and sel ection-started
line (#3). The calculation process and the Lesul obtained in
this case are SWG 2} 21. As shown in F he Ioad applled
to V2 is zero i césé. The | oad ap ed to V2

calculated for all of the 15 cases, as WidEN ég? '
words, depending on the di spl ay pat tMANUFAGéﬂdB o +112 C
nmust be drawn kpto V2 at the FR sw tchover )t and a charge of 0
Cto +128 C nmu

od B. The
0 results

ig. 25. Fig.

nt el ectrodes
Wi t chover point A

f the segnent

t the FR swi tchover

be drawn into V2 during thg SI
process of cal{e®@W)i pg the | oad applied to V1 an CE‘Z
obtained in this cas¢ are shown in each of Fig. 22 to
22 shows the case wheén the voltages of all of the seg
change fromV5 to V2ior fromV5 to VO at the FR

Fig. 23 shows the cage when the voltages of al |
el ectrodes change frgm V3 to V2 or fromV3 to 25 VO

poi pt A, Fig. 24 sho t he case when the vol tageq of all of the
segnent el ectrodes change from VO to V2 or from to VO during the
period B, and Fig. 25 shows the case when t he voht ag 4%§ all of the
segnent el ectrodes cllange fromV2 to V2 or from Iﬁurlng t he
period B. 30 The | oads on V3-and V4 can be cal cul atfed in exactly
t he sane manner;. Al of the above calculation resplts| gye |isted
t oget her : _ '
' Vrmin | T
DARK 1
T
1 _ T 7 LEVELS
B I 2 |
\'
T |7 LEVELS . - V°+ X
Ve Vx | 8 LEVELS
T [8 LEVELS 1
1 | | + Vy
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O A Y2
IR |
LIGHT
V'rmax/
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-57- = in Fig. 26. As shown in Fig. 26, a |load of the sane nagnitude.as

that applied to V2 is applied to V3, but in the opposite di rection,
and a | oad of the same nagnitude as §y§§ applied to V1 is applied to
V4, but in the opposite direction. 5 It is clear from.Fig. 26 that
the polarity of the maxi num l.oad (the polarity of the charge that

must be noved to the op-anp side during the drive period in total) on
V2 is positive and the polarity of the maxinmum/load on V3 is
negative. In contrast, since both the positive and negative | oads on
V1 and V4 have roughly the 10 sanme magni tude, the polarity of the

maxi mum | oad coul d be either positive or negative and cannot be
determ ned fromFig. 26 al one. However, the FR signal is generally
much sl ower than DCK; in this enbodi nent, a signal of the order of 70
Hz is used. In contrast, | oads are applied during the period B at a
timng that in 15 synchroni alt , SO that in this enbodi nent the
timng is of the order oFl/d/m;z-. '%grefore, t he nunber of tinmes |oads
are applied during the period Bis far nore than that, at the FR

swi tchover point A The nunber of tines |oads are applied in Fig. 18,
for exanple, is once only at the FR switchover point A but 31 20 tines

during the period B, at the points Bl to B31. Further, since
capacitors called snoothing capacitors (not shown in the figures)

1 ' - * VoD
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are cormected between VDD (O:V) and V1 to V4, the voltages at V1 to
V4 are snoot hed over tine. In-other words, if these voltages are

~snoot hed over tinme, the magnitudes of tihe |oads applied to V1 25 to V4
during the drive period can be nor-e-oj hSéés determ ned by t he
magni tudes of the | oads applied during the period B. Ther ef or e,
since the negative-direction |oad applied to V1 during the period B
is the larger, the polarity of the maxi mum | oad becones negati ve.
Simlarly, since the positive-direction 30 | oad applied to V4 during the
period Bis the larger, the polarity of the maxi num | oad becones
positive. : - 58- Thus,
as descri bed above, the polarity of the maxi num | oad at V1 and V3
turns out to be negative. That is the reason why it is appropriate to
use p-type OP-anps for V1 and V3. Conversely, wthe polarity of the
maxi mum | oad at V2 and V4 turns out to be 5 pottive. That is the reason
why it is appropriate ta use n-type OP-anpsehdr V2 and V4. These
connecti ons ensure tkmuéﬁhe demand current the entire multi-val ue
vol t age generation portjon is 63 [err]A f 't he
techni cal concern of in?roving display quality while desighing for a
| ower power consunption ©0
2
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10 : In contrast, the inpedance cqnversion for V1 to V4 in the
prior art exanple shown in Fig. 34 is bﬁbrned by n-type OP-anps
al one. However, with such a configuration, the current supply

capability of the p-channel |oad transistor 213 (see Fig. 10) in each
of the n-type OP-anps that performthe inpedance conversion 15 for V1
and V3 nust be made fairly high. This is because, as descri bed
above, a | argefnegartrve charge mo e O oW T T ougm v _ and V3 during
the drive peribd, otherwise, if this charge is not drgwn t hrough, the
averagi ng (equplization) state uged in the met hod of Vol t age
aver agi ng cannpt be naintaiggg <and thus 20 phenonena sych as shadows
and cross-tal kjwi Il occur. verselly, ‘if the current [supply
capability of {he p-channel Dvad’t 8gnsi stor ' 213 in thils pgior art
exanpl e were t9 be increased@iaattenpt to preventptifse
phenonmena occufring, the demahd,gu@cent woul d becone dqonething |ike
at | east 350 err] A, which would make it 25 i npossi bl e ffo solve the
probl em of | ower—power—ecorstAptton— ot L oth+rer In a
fourth enbodi nent of the present i'1z’tion, a current contro
function i s pr iLded 0 he (P-ank 03 Lol enen Lmedan (5]
conversion, tojreduce power consumgions even further. 30 An
exanpl e of an p-type OP-anp possesgFng this current
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-59- =~ control function is shown in Fig. 27. The OP-anp of Fig. = 27
differs fromthe n-type OP-anp of Fig. 106¥b5the configuration of t he

drive portion 202. In other words, in addition to the n- channel drive
transi stor 212 and p-channel |oad transistor 213, 5 the drive portion
202 al so conprises a second p-channel | oad transi stor 218 and a
current-control ling p-channel transistor 219. The drain region and
gate el ectrode of the second p-channel |oad transi stor 218 are
short-circuited, and the drain region is al so connected to the output
termnal 211 of the OP-anp. The cur 7’ 10 control ling p-channe
transistor 219 is connected in seri‘es"t0 th second p-channel | oad
transi stor 218, with its gate el ectrode connected to a control

term nal 222. The drive signals that drive the LCD panel are
gener at ed using DCK as a reference clock. Since an LCD el enent can be
15 considered to be electrically equivalent to a capacitor, the | oads
applied to tgeldriving supply voltages while the LCD is being driven
are generate Jn_y at the switchover of drive signals, that is, at
the DCK swi t chbET point. In other words, in a systemthat oper at es
at the falling eflge of DCK, load is generated only at the 20 fall of

DCK; in a systemthat operates at the rising edge of DCK, |l oad is
generated only@t. the rise of DCK. That is because, since the LCD

el ement can be cpnsidered to be equivalent to a capacitor, once t hat
capaci tor has begn charged at a certain voltage, there is no other

pat h al ong whi ch]other currents can flow, and thus

A\
\{

.20 0 25 50 80 (°C)
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25 tthat voltage can be considered tgQ be held. Note that the
description below refers to a systen1mhiz gperates at the rising

edge of DCK. As previously désCribed with reference to Fig. 26,
t he | oad applied to each of the driving supply voltages is not
necessarily 30 ei ther positive or negative. For exanple, a positive |oad
could be applied to the p-type OP-anp connected to either V1 or V3,
and - 60- in such a - pogjtive charge nust be drawn in
by the n-channel | oad transi spey i/ the p-type OP-anp. Simlarly,
a negative | oad could be applied to the n-type OP-anp connected to

ei ther V2 or V4, and in such a case a negative charge nust be drawn in
by 5 .the p-channel l|oad transistor 213 in the n-type OP-anp. This neans
t hat "t he n-channel IQ@? transi stor 205 of the p-type OP-anp and t he

p- channel | oad transi r 213 of the n-type OP-anp nust have a certain
degree of current supyly capability. However, as descri bed above,
| oads are applied to Y1 to VRQD only when DCK switches over. Therefore,

the | oad transistors 205, / and 213 ne nly allow currents to flow when
DCK swi tches ove and-for _a fixed ﬁerl od thereafter; in ot hgveeri ods
it is

(224 l
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I

sufficient to allow just enough current to nmmintain the voltage.

In this fourth enbodi nent, as shown in Fig. 27, the 15 configuration is
such that a second p-channel |oad transi qgg—218 is provided paralle
to the p-channel |oad transistor 213, an current-controlling
p- channel transistor 219 is connected in series therewith. A control
signal that induces a |low level is input to the control term nal 222
at the rise of DCK and for a 20 fixed period thereafter. This turns the
second p-channel |oad . transistor 218 on only at the rise of DCK and
for a fixed period thereafter, to allowa current 13 to flow During
all ot her periods, a small current 12 that is just enough to maintain
t he - voltage flows fromthe p h el |oad transistor 213. Atimng 25
chart of DCK, the control signal, é é signal is shown in Fi g.
28. The current-controlling p- chann ansistor 219 is turned on
only at the rise of DCK and for a fixed period thereafter, and a
CONT1 signal is used as the control signal for al l owi ng the current
I3 to flow. This CONT1 signal is input to the 30 gate el ectrode of the
current-controlling p-channel transistor 219, through the control
term nal 222. -61-
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In this enbodi nent, the current
the control current 13 is 30 [err]A Since the control
arranged to flow only during a period t

1/ 4 of DCK,

2 is restrained to 0.1 [err]A and
current |3 i's
t he aver age

current’. 13 i-s 7.5 [err] A Therefore, thg?&agfent consuned by 5 t he
drive portion 202 is given by: 12 + 13 = 7:6 [err]A Since the

current |1 consuned by the differenti al

anplification portion 206 IS

0.7 [err]A, the demand current of the entire OP-anp is 8.3 [err]A This

enabl es a reduction in OP-anp demand current to approxi mately 1/1.9
of the demand current (15.7 [err]A) of the n-type OP-anp of Fig. 10 10,
whi ch has no current contro

functi on. -
referred~to an n-type OP-anp. However,

The above

descri ption

a p-type OP-anp can al so be

provided with a second n-channelxtggqs? transi stor parallel to the
d / .

n- channel | oad transi stor

205, a

transi stor connected in series 15 therewith,

current control function.

the inverse of CONT 1 in

I n such a case,
Fig. 28 is used.

current-controlling n-channel
to provide the sane sort of
a control si

ghal that is

To try to reduce

t he power consunption even further, the ' control signals described
bel ow could be input to the control 20 termnal 222. As
shown in Fig. 11A, the voltage of each of the comon and segnent
signals goes to ond 8§ VO V3, V&, _and V5 in the perrod ‘Lduring whi ch
the FR signal is Igqw \Simlarly, this voltage goes to ope of VO VI,
V2, and V5 in the fderio duriggsyhich the FR 25 signal is high.
Therefore, there i94 no I dad on V1 and V2 in the '
216
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!
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period during which the FR signal is low, nor on V3 and V4 in the

period during which the FR signal is high. This neans that a further
reduction in power consunption can be achi eved by turning of f the
second’ | oad transistor of each OP-anp c ted to V1 and 30 V2 in the
period during which the FR signal is | oW d turning of f the second
| oad transistor of each OP-anp connected to V3 and

-62- V4 in the period during which the FR signal is high.

| f i npedance conversion is provided for V4, for exanple, by
connecting an OP-anp with a current control function thereto, as
shown in Fig. 27, a control signal obtained by OR ng the CONT1 5 si gnal

and FR.signal of Fig. 28 is inputFE? e rol term nal . 222. Since
this turns off the second p-chandel I@d {Qﬁsistor 218 ~in the period
during which the FR signal is high, so that the current |3 does not
flow, it enables an even | ower power consunption. The above descri bed
current control of this 10 enbodi ment. enabl es the average current 13 to
be restrained to 3.75 [err]A and thus the denmand current can be
restrained to: 11 + 12 + ¢§§: 4.55 [err] A This bles a reduction in
demand current to approx? ely 1/3.5 of .the deﬁgg current (15.7
[err]A) of the n-type _ OP-jnp with no current contyol function. Note
that if the CP-anPs -
VoD VoD
Y
213
. ' [jEi/’
208 |, - J209 211
>+ HE J—0
20?/’
. —
| 212

| [ . Jﬁzlo !
| | é»——EL: | i
! ‘II | lrz . |

V5 \'4+)

n-TYPE OP-AMP



15 provided with this current control sfunction that are connected to

V1, V2, and V3 are also controlled, andlif3® CONT2, CONT3, and ~ CONT4
signals_shown in Fig. 28 are input to the control term nal 222, the
power consunption can be further reduced as descri bed above. 20

Fi ft h Enbodi nent The configuration in the above third and fourth
enbodi nents is such that Vi Y3 fr onnected to p-type OP-anps 1
and 3, and V2 and V4 are C(ﬁm thtype OP-anps 2 and 4, which
reduces the currents flow ng through .the drive portions of the

OP- anps and-25 thus facilitates desig

ns.
a configur at (r[hls tyS
h
vvnEi n Fi (E]ED(Z)Q S\%‘égc[ﬁgus

'S the powerjsource on thne

dis %dl ed ps a fV(Fd power
63- theye is

However , it has been {deternined th
rai ses . t he probl em dejde R bSHGINA bw
turned on. For lexanple, as s
configuratifon 15 Suchy tnat vO, Wni ¢

hi gh- pot ent}i al 30 side, s
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an exteenely long tinme for V1 and V3 to reach their predeterm ned
vol tages (see Fig. 31). This is because the current supply capability
of the n-channel |oad transistor 205 t gforms the 5 drive portion of
each of the p-type OP-anps 1 and 3 connected to - V1 and V3 is nuade
extrenely small, in order to reduce the power consunption. As shown in
Fig. 30A, if VDD is handled as a fixed- potential power source and the
power to V5 is turned on, the vol tage of V5 drops gradually, and this
makes the voltage. of V1 10 al so drop gradually. This drop in the voltage
of V1 is made by fl ow ng WJr t | ough the n-channel | oad
transi stor 205 and by drawf n arg of a vol tage-snoot hi ng
capacitor 270 (or the LCD panel) as shown in Fig. 30A. However, since
the curfent supply capability of the n-channel |oad transistor 205 is
smal|l and thus 15 Ip is also small, it takes an extrenely yongoyme for
t he vol t age of V1 to reach its predeternined val ue_.__as_gﬁc’l) vn Fig.
31. This phenone SEGMENTS V3 in the manner ,hut gﬂ%mcase
' §”sh in

V3 takes even | opEECTR® its val ue, )
Fig. 31. 20 V\héEﬂ'tEhe conf{ on is such tha -7Vt he

power source on the | ow pote al side, is G\D (0 ¥W—any4 ¢ 8%1)dl ed
as a fixed power source en there is a p-type substray g {-@¥/)shown
in Fig. 29B, it is V2 and V. at take a long tinme to reach their

predet er mi ned vol t ages. i s because the current supply 25 capability
of the p-channel |oa 204 that forns the drive portion of
each of the n-typ nd 4 connected to V2 and V4 is made
extrenmely smnal L~ " i@@ﬁf-‘%‘l@: Fig. 30B, when the power
is turned on” a currﬁ[ﬁl;/l' @ f VO has been mdgéqd\g)srml |,
so that the rise in vt &e :

I n ot her

of | VI (-1V)

- —V2(-2V)

COMMON /\/\—\\;3 A
ELECTRODE ————vg OV)
FIG. 126 ___vo(oV)

m— AP

SEGMENT T )
ELECTRODE — V3
——V5 (-9V)

Qe
n-/_@_@ (-2)-{-N==1IC | \\//o EOY/))
_ I (-1

x _t+t2C . ——V2 (-2V)

Y - ——V3 (-7V)

COMMON ——V4 (-8V)

ELECTRODE —V5 (-9V)



30 V4 is extrenely slow. This phenonmenon affects V2 in the sane

manner . - 64- When t he
above descri bed phenonenon occurs, the liquid crystal display quality
drops dramatically. If, for exanple, ig 25 takes a long tine for V1 and
V3 to reach their correct values, as shown in Fig. 31, a situation
occurs in which the averaging 5 (equal i zation) state of the method of
vol t age averagi ng (anplitude sel ective addressi ng schene) cannot be
mai nt ai ned during this time. Further, the relationship V1 < V2 < V3
t hat nust be mai nt ai ned beconmes V1 < V3 < V2 at a point Ain Fig. 31,
and this results in the liquid crystal display exhibiting a conpletely
10 bl ack di spl ay. In order to prevent the above situation, the
current -supply capability of the drive portion of each OP-anp could
be increased during a predeterm ned period i mediately after the
power is applied. This increase in the current supply capability can
be
o =)
il
-
N K

TGO

FIG. I3

FR
DCK™



15 | npl enented by the configuration sho iga Fig. 29A, as will be
described below. In other words, in thistHg¥ guration, the p-type

OP-anps 1 and 3 are each an OP-anp with a current control function of
the corffiguration shown in Fig. 27 (the OP-anp of Fig. 27 is an

n- channel OP-anp that has the current control function). In 20 ot her

wor ds n- channel | oad

, the configuration is such t?EE,C§5eﬁQ§E -
transistor is connected parallel #t e M- @nhannel | oad transi stor
205, and a current-controlling n-channel transistor is connected in

series thereV\WHENJFmEaV@E‘FﬂGETTOEdEWCI-DOBEGMENWEL&GWSR@UEF the
power is appl CefA EfS't '“ﬁ% tT(EtV@ ATLTHE PR @WICF@IQ{@V'ERQ

n- channel traFﬁ3 AN 1S |nput control term na

connected to the gate el ectrode of currept-controlling n-channe
transistor. This increases the . TT1 of the drive
portion during tR& predeterii ned period i medi ately aft

is applied, which 30 can speed |up CoOMMON twavEFO®Mand V3. This

prevents the above[VO - situation. The(sane contr can be i ded with
the configuration |VI = -1&3«\\ 'S#hWWFTTT1#1g - ovj di ng. t he
1 ° T SEGMERT halEoRN |
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Not e that the nethod used to ensure that V1 and V3 (or V2 and V4)

reach their predetermned levels within tﬂgapredeterm' ned 5 peri od
i medi ately after the power is turned on ot linmted to t he above
met hod® vari ous ot her nethods can be used, such as maki ng t he
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 10 control also nmakes sure that
no transi ent voltagq | pplied to Jthe Tiquid_crydqtal|el ementsjduring
thedp'teri od ugti I|¥/1 d 3 (or : _ ndt?_‘;4) gvggéfﬂej Eﬂei
predeterm ned vol t adet.- i raigon fs 9 a e
driving supply volt3 re d ehce Y1 and! V3 havewre
their predeterm negrt\é gds akg_ i—tl\!]o_ogi' eut p prev
situation in whi ch<%|ig [ al “di spilay i s~go@plet &y
A schematic view of|tR \ . llnphlﬁegpold-ln@.(o.
in Fig. 32. Firs §$ roll _:clrc | JC$II’C§$'[>> o Mtﬁgn
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supply vol t ages mg@nﬂa&‘)e_g_.&l n,,';@,‘h case, the durrént ~su
capability of th -Finps| sossct s> D, for exanplle, V1 and
I ncreased, as desckd] prjovide control | su¢h thaf tjhe
driving supply ue prgdeter mred | eydl s during| a~
predet er m ned pe%ﬁd | ri ngtl} redé¢term p
period, all of t ' Jre fi xéd 9 VO ch=+q a .
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t he power suhply device and the LCD driver

is enabled, and the LCD

- 66- driver is set to an output enabl;gfgtatus. A display-on comrand
(#3) is then output by the control circuit, rage information stored
in RAMis input to the LCD driver, and thus the liquid crystal display

is enabl ed. Note that,

in this case, the display- 5 on command is

ignored if it is output during the wait tine. Subsequently, if,
for exanple, a power-save comrand S out put by the control
circuit, the device goes into po e node. If a power-save

rel ease connand (#5) I's then output contr ol I's again applied to

ensure'that
| evel s dum
Wth the po
situation in

prevent ed.
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referred to VOas 0V, whichis a fixed tial, but this 20 i nvention

can equally well be applied to a case in ch V5 is at the fixed
potential of 0 V. Further, the reference voltage source and
constant - current source used in the voltage regul ation portion are
not limted to those shown in Fig. 4; sources of other configurations
can al so 25 be used. Simlarly, the configuration of the control portion
IS not limted L in Fig 3 Fig 4 and Fi 5
The confi gurati ons, of p-type OP-anp arjd n-type OBsany shpwn {i n
Fig. 7 is not Ilmqed o_tjhose shown in Filg. ¥ an® Fixy. > 10; for
exanpl e, OP-anps thﬁ ferue tici nCl:lli ccnfi uraﬁro ®@gr 30 t he
differential portgon em ‘ |¢n coyl e_t_ﬁ_da; ) W o FurtRer,
the liquid crystajgdrlive] to'wm(':ht >3 st !
-67- I nventgon iga |sm(5tullmtedtc‘)‘"the dit v fret Hod
di scussed thq‘-_ab.vﬁv $-1 _ Siqi rE/ t® s
invention is n m i@ levijce > ;dri)egimalimePby-line
scanni ng, ti nme-$x sié_ﬁj |ltlp exe'd) » medner ;Il.tq)cp.n W $0 be hpplfi ed
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are si4nul taneously selected. Further, the display device to which this
I nvention is applied is not limted to ﬁﬁgggurd crystal di spl ay

devi ce. - 68- CLAI VEB:

1. A power supply device conprising ‘a vol tage regul ation neans . _and
configured to supply a supply vol tage that has been regulated ) by said
vol tage regul ati on neans to an object to be driven, wher ei n:

sai d voltage regul ati on neans co 4%?; d(g;kst voltage generatron
means for generating a first, const v age froma .supply vol tage;

e, S ORGP RE T W B,

vol t age regul #ERM gd3that i s defined to i ncl ude said first
vol t age. A
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A qpower supply device according to tﬂebﬁ 1, wherein:

2. sai d
first voltage generated by said first voltage generation 15 nmeans and
said second voltage added to said first voltage by said adder neans

have a tenperature characteristic which conpensates
characteristic of said object to be driven.

3.

for

a tenperature

A power supply

devi ce according to claiml or 2, wherein: sai d second vol tage -
added by said adder neans is fixed at a 20 pr edet ermi ned val ue during
the initial operatio (ér ffne device. T A POWET] Suppry e
according to any one claims 1 to. 3, 'Wnergn$> sjai dffirst
vol t age generation n’&@gcorrpﬁises ap pperjat g@@nal & o dnpl {fier,l a
ref erence voltage souﬁt_zco ncﬁ.ed 5t¢) b fijrstlinggt 25 v | te mepal | of }sai d
operational anplifierl;ndfji STy esi:st:o{ cqgnnédt ‘QJ-Letu_pﬁe endj tola
second i nput term nal] {f daii per at itohal > aml ﬁi}r onfl as the (ther
end to a fixedppotent|i@I landigrsevowd) % U Bl (o
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resi stor connected at one end to said second input termnal of sai d

operational anplifier and at the other end to an out put term nal of
said operational anplifier; and said addgl ans “conprises neans for
maki ng a current from a constant-current g source, which is variably
controlled by said control neans, flow t hrough sai d.second resistor.

5. A power supply device according to claim4, wherein: sai d
reference vol tage source and sald zhgsant- 1 ent source conprise MOS
transistors, and a reference vol tag d 10 reference voltage

source and WHER! aAHE CW ”TAdEO'OFSE CH SEGMEN TCELECTRODECe

6. 92”3232‘5} "EXB“ B FAP REMAING AT o2, DURINE! <tors

generation gur ed to supply mul ti B/al ue driving 15 supply

vol tages from said mul ti - val ue, vol t age—gemerat O Eans; >~ wherein:
said nulti-val ue voltage gener'QN‘ N B®ans %mpr |7§/ a vol BRje di vi der
means for geneFdRing diwi e§ at diVvider terninals? ‘___Lheyeof,
and a plurality (a; Ieast three) of | edancgﬂconvﬂ [ smeans
connect ed between [P (o pllet-4y AL -rn1‘ s ang sai d JOpb be driven
for conver t_he .-‘ saMiarvided .\ d at
said divid tﬂ%gé ﬁé s, thus generiating mul ti-val ue drivijng{supply
vol t ages i nt 2 f\ms <apacitive | Db @(MMONOWE‘FQRMn
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25 : t he conflguratlon I's such that a first inpedance conversion

means having a drive portion that draws iR a | arge positive charge _ S
connected to an object to be driven vvhenz)tbﬁ polarity of the char ge
that must be transferred from said object to be driven to sai d
| npedance conversion neans during the drive period is
- 70- positive in total, and a second inpedance conversi on neans
havi ng a drive portion that draws in a |arge negative charge is
connect ed to anfEPerT TOo DE arrven When the polarify i thelchdrge
t hat must be trg ferredfromsaidolw'n to>b¢$dyvento safd
| npedance conver si on gg_n dur i.ng ,the-drlve |® aﬁgatlvedn
total . 7. Al acqg,rd Ai M{6, twher eijn:
each of said first a1d)¥£ N\ $ _E%r%a# id| » {orned of
a vol tage-fol kewar cpdnee npti fier 10 2 | Bifpr 8 hg
differential rtionj gne= ;| the drigge = rntign ¢f spid
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high-pptential power - source side and at the other end to an

out put-term nal side

one end to a | ow potenti al

said output-termnm na

si de;

and an n-channel
power - sour ce

driyve transi stor
2242 and at the ot her
and the drive portion of said

connected 15

at
end to

second

i npedance conversi on nmeans conprises a p-channel drive transi stor
connected at one end to said high-potential power- source side and at
the other end to said output-term nal side, and 20 a constant-current
source or resistor connected at one end to said | ow pot enti al
power - source side an@=atr TMme OtNer ena to] saxd > gi(ay:put-tern1mal Si de.
8. A power supfdy dlevice acgording to claifm6 Ouf t hqgr
conprising:. 25 alcofptlr pI peaps fpr ntE_quLigg. oJiTs or9-a ﬁ)l urplity
of multi- “valuge driying istipply Vol thge §é_er§ﬁ oy>qai 8§ mjl ti} val ue
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T

9. A -power supply device according to claim 7, further

conpri si ng: a control neans for controlling said one or a
plurality of mul ti-val ue driving sugﬂﬁ/voltages generated by said
mul ti-value 5 vol t age generation neans; PA such a manner that said
vol t age or " voltages reach predetermned levels within a predeterm ned
peri od I mredi ately after the power is turned on; wherein said control
means conprises nmeans for increasing the current flowing into said
| ow- potential power-source side of the drive portion of said 10 second
| npedance conver si of-mrears—durrTg—SartTP! ggcta-rri:u'eg ' ' en
sai d hi gh-potential power fixxed> > ¢tengi al
source and said | ow got entfi o ¥ '@récl on| 0. A
power supply device dccordi fudhefb1s o ¢op i Pnd.
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10,
di vi der

t her eof ;
ai d

suppl y

wher ei n:

5

is not applied to said

it

I -val ue voltage
| ti-val ue driving

pt

_£DMMBLSLDD_HEAHS_QQQHBGLGd—

a voltage in a transient state fromsaid nulti-val ue

source is controlled such that

power

i npe

object to be driven during sai-d predeterm ned period.

A power supply device conprising a

. A power supply device according to éhy one of clains 8 to

wher ei n:
said nmulti-value voltage generation neans -conprises a voltage

vol tages fromsaid nulti-val ue vol tage generation means,
means for generatinyg divided voltages at diwvider termnals

gener ation nmeans and configured tog sup

11.

driving

-72-

12.
plurality of
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for controlling said i npedance conversi on neans; sai d i npedance
conversion neans is forned of a voltage- 15 fol | ower connected '
operational anplifier conprising a differential portion and a drive
portion; and said drive portion conprises g;}yg constant-current source
or resistor connected at one end to a first power-source side and at

the other end to an output-term nal side, and a drive transistor
connected at one end to a second 20 power - source side and at the other
end to an out put-term nal side; and said nmeans for
controlling said inpg ; ' rs CUTt TS C U T T, O
fl ow t hrough sai d const ant e S Sor Ssard| reqi sgor [of Sai d
| npedance conver si on {meang Ch.erea'dﬁ' [ dijate] y
after the rise or fal|l of ctoeq ?i us|&€5dd wn driv| ng
said object to be drijven. bower  supply Ebigge @mMris|ng a
mul ti-value vol Qge ns and QOnLiQQUGdz totsugpl y
mul ti-val ue dr i_7|sg frDmsii»d)imJTt Walug‘vqltage
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wherei n”

vol t age di vi der-
term nal s t her eof ;
5

said nulti-value voltage generati on neans conprises a

a plurality of

converting the inpedances of said divided v
thus generating nulti-
i ntended for capacitive objects to be dH
control ling said inpedance conversion neans;
conversion nmeans is formed of a voltage-

di vider term nal s,

oper ati onal
portion;
or

si de;

anplifier conprising a differential
and said drive portion conprises a
resi stor connected at one end to a

the other end to an output-term
connected at one end to a second
end to an output-term nal

and

for driving an object to be driven is at
means for controlling said i npedance 20
limtations on a current that flows through
source or said resistor of said inpedance

Fl6 28,

means for generating divided voltages at divider
i npedance conversi on nmeans connected
bet ween said divider termnals and said objects to be driven for

ages generated at

Zdriving supply

s
and nmeans

follomer

said
vol t ages
for
sai d i npedance
connect ed

portion and a drive

constant-current source
first power-source side and at

and a drive transistor
ource side and at the other

when a frame signa
a predeterm ned | evel,

sai d,

conversi on’'nmeans puts

constant-curr

conver si on neans.

sai d

ent

{or

14. A power uppT tevirce—accorgi g to a2 or— 13— phereirm
said drivefporti o constant -curfent source PPOIARITYSI S
that is . co roIIe %%Zm ns for controlling said |oF Mmmm
conver si on |means, chnstaf-currknt sddrce o LOAD
(CHARGE) (CHARGE)
NEGATIVE | -118 | -134
\"Al , NEGATIVE
POSITIVE | +13 4 +118 .
NEGATIVE -16 o) -
va POSITIVE
POSITIVE +1 1 2 +128
NEGATIVE -112 -128
V3 . NEGATIVE
POSITIVE + 16 o)
NEGATIVE | -1 3 4 -{18 SR
v4 - POSITIVE
POSITIVE +118 +1 34

(UNITS: C)



resistor that is not controlled by said control neans. 15. A power
supply device conprising a voltage regul ati on neans and a nulti-val ue
vol t age generati on neans, and configured to '
-74- ¢ supply multi-val ue driving if
mul ti-val ue voltage generati on neans ?T

y vol t ages generated.by sai d
a regul ated vol t age

“generated by said voltage regul ati on neans, wherein: sai d
vol tage regul ati on neans conprises a first voltage 5 generation nmeans
for generating a first, constant voltage froma supply vol tage; an
adder neans for adding to said first voltage a second vol tage that
does not depend on said first vol '\tfﬁi?ndZ? a control neans for
variably controlling said second Voltage* ® wi thin a predeterm ned
vol tage regul ation range that is defined 10 to include said first
vol t age; said nulti-value voltage generati on neans conprises a
vol t age di vider neans for dividing a regul ated vol tage generated by
sai d vol tage regul ati on neans, thus generating divided vol tages at
divider termnals thereof; and a plurality (at | ea@22hree) of
206 = 202 b
N - )
Voo | VDD Voo

4
Fa

[ o

V5

n-TYPE OP-AMP PROVIDED WITH
CURRENT-CONTROL FUNCTION



15 i-npedance conversion neans connected between said divider

termnals and said objects to be driven for converting the i npedances
of said divided voltages generated at said\divider termnals, thus
generating multi-value driving supply vous%ggs i nt ended for

capacitive objects to be driven; and 20 the configuration is such
that a first inpedance conversion means having a drive portion that
draws in a |arge positive charge is connected to an object to be

- driven when the polarity of the charge that nust be transferred from
said object to be driven to sai d i npedance conversion neans during the
drive period is 25 positive in total . and a second i npedance conversion
means havi ng a drive portion that draws in a,l afge negative charge is
connect ed to ap—obj qct totgg drivén fen the pol arity off the charge

t hat must be t sf d m sai-§l opj ect to|bejdriv o] ;

i npedance conver si on ang during|the dfi ve periodjfis|{negative ip 30

total. - -F5- 16! power
supply device according t a hTﬁS, wher e n: sard|fi St voltage

[
generati on neans co 'Se n operjati ongl anplifjer, a re¢fefence
vol t age source conngFEad toh flrst inpfpt ]
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termnal of said operat{onal anplifier, a fira%éiesjstor connected 5 at

one end to a second input termnal of saiﬁﬁ at i onal anmplifier
and at the other end to a fixed potential, and a second resi stor
connect’ed at one end to said second input term nal of sai d
operational anplifier and at the other end to an out put term nal of
sai d operational anplifier; and ggg;gggﬂs 10 conpri ses nmeans for
maki ng a current from constant-Curr which is variably .
controll ed by said control nmeans, flom1through sai d second resistor;
and each aof o\/fi rst and second inpedance conversion nmeans is
formed of a vol tage-f PPomer connected~operational anplifier 15

conprising a differentjal portion and a drive portion; the driviﬂj

portion of said first TTS85— 4
constant-current souwkgre or[Tesi co bd al ong end to a
hi gh- pot enti al power - Sour ce“s+ An at e pthey end to i
out put -term nal side, L effannel drive p5|s or (onnectéﬁ 20 at
one end to a | ow poteryi al = rce sidel at the ot her end to
sai d out put-term nal de pnd.the drive poffionjof 5ai d second
i npedance conver si on ans co z elidrive trapsi st or
connected at one end tJo sai -potential powel: source side and at
the other end to sai dsbut puf=te | side, and a ¢onstant-current
source or resistor. coqgnect el end to said ; | oy~ potenMg
power - sour ce side and rend to sard output-Ter al side.
17. Aliquid crystal d spla; } conprising a voktagé regul ati on
means, wherein supply ol t ajess{ o4 diri ving |iquid -lzﬁc3

N V4
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30 crystal elements are regul ated by said voltage regul ati on means,

- 76- thus regul ating contrast _for a liquid crystal display, and

wher ei n: sai d vol tage regngdgg means conprises a first voltage
generation nmeans for generating a first? ‘COnstant veltage froma 5

supply voltage; an adder neans for adding to said first voltage a
second vol tage that does not depend on said first voltage; and a
control neans for variably controlling said second voltage ‘Wthin a

predeterm ned volta ul.gtiop range that is defined to include
said first vol tage.ﬁ/]& ?M A TiqgVobOWtal display device according
to claim17, wher ei n: d first voltage generation neans
conpri ses an operati onal anplifier| a reference voltage source
connected to a first input term na 1 ronal anplifier, a
first resistor connected 15 at o ehd to a secorjd input termnal of

sai d operational anplifier an he other end to (Sixed potenti al,

and a second . ; I
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resi stor connected at one end to said second input termnal of said

operational anplifier and at the other end to an out put term nal of
said operational anplifier; and said adder, neans 20 conpri ses neans for
maki ng~a current fron1said.constant-CLwr§¥* 4 source, which is variably
controlled by said control neans, flow t hrough said second resistor.
19. A liquid crystal display device characterized in conprising a
nmul ti-val ue vol tage generati on nmeans and configured to use a 6- 25  |evel
dri've nmethod to drive a liquid crystal elenment that is an object to
be driven, on the basis of nulti-value driving supply vol t ages
generated by said multi-value voltage generation neans; wher ei n:
said nulti-value voltage generation neans conprises a voltage
-77- - di vider neans for generating divided voltages at divider
termnal s t hereof; and a plurality of .i npedance conversi on neans
connect ed bet ween sqjd divider termnals and sai d objects to be
driven for convertirgg the inpedances of said divided voltages
generated at g\ :
|
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5 said divider termnals, thus generating nulti-value driving supply

vol tages intended for capacitive objects to be driven; and if
supply voltages for driving liquid crystal, el ements by using said
6-1evet drive method are termed driving aaggiy vol t ages ~at a zero
level, a first level, a second |evel, d level, a 10 fourth |evel,
and a fifth | evel fron1a high-potential si de, each of said second and
fourth levels of driving supply voltage is generated by a first
i npedance conversion neans having a drive portion that draws in a
| arge positive charge fromsaid object to be driven to said i npedance
conversi on neans, and-each of said 15. first and third levels of driving
supply voltage is generated by a second i npedance conversi on neans
having a drive portion that draws in a |l arge negative charge from
said object to be driven to sai d i npedance conversi on neans.
20. Aliquid crystal display device according to claim19, 20 wher ei n:
each of said first and second i ngedabhcg popversion neans is forned of
a voltage-follwer connected operatifjopal fnplifier conprisjng a
differential portion and a drive jpqr{ipn| fhe drive portipn of said
first inpedance conversion neans |c risesfa 25 constant jcurfent source
or resistor connect ed—at—eneltbad—t - f-gi=—potent+at—] =sour ce
side and at the other end&go n DU th}LennlnaI si de, fand an
n-channel drive tragsi stomg necft gdl | al pBe end to a fow potenti al
power - sour ce side dﬁd at ubt hey ehd! ®ppsai d out put{term nal side;
and the drive porti®n of ara I -conver$i-on—aeans
conprises a p-channgl driye
i
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-78- . transi stor connected at one end to said high-potential power-
source side and at the other end to said output-termnal side, and a
constant-current source or resistor connegted at one end to said

|.ow- potential power-source side and at ¥B¢3gther end to said 5

out put-term nal side. 21. A power!supply nethod for supplying

el ectrical power with respect to an object to be driven such that
voltage division is performed and the resultant divided voltages are
subj ected to . i npedance conversion and are supplied as multi-value (at
| east 10 five values) driving supply vol tages, wherein:

| npedance conversion is perforned in such a manner that a | ar ge
positive charge is drawn in fromsaid object to be driven when t he
polarity of the charge that nust be tra ferrgg from,said . object to

be driven during the driv® periodgs pogtivezn totgl, 1@ and i npedance
conversion is perforned ip such apmannerjthat p | ar g¢ negative charge
is drawn in fromsaid object to bi driven when|{the p¢larity of the

charge that nust_be_ fransferre d .. —
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obj ect_to be driven during the drive period is negative in total.
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WHEN VARIATION IN
MANUFACTURE OCCURS
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