DESCRI PTI ON  SUPPLY VOLTAGE CONVERSI ON Cl RCUI T,
CONTROL METHOD THEREOF, DI SPLAY AND PORTABLE TERM NAL
Technical Field The present invention relates to a
supply voltage conversion circuit, a control nethod
thereof, a display and a portable termnal, and
particularly to a supply voltage conversion circuit
enpl oying a charge punp circuit that
char ges/ di scharges a capacitor, a control nethod
thereof, a display having the supply voltage
conversion circuit, anBEgcﬁ%P?g%ﬁe terminal typified
by a cellular phone enploying the display as its
screen display part. Background Art In recent years,
spread of portable termnals, such as cellular phones
S PR SRy BRE HPN aC TRSBT Bt aRPNTROpoMEIDIE THEREOF,
information term nals), have been remarkable. One
D¥dEdior A0tk dditd 8dadlof t hese portable
termnals is, for exanple, liquid crystal displays
i ncluded as a screen display part of the portable
termnals. The reason for this is that the liquid
Teortysitcad 1 IFidiigpl ays are di spl ay devices that have a
characteristic of requiring no power for driving
t hemseheepreBepti Neivphei onandihhesetore augpol, keWage
power consunption. The portable term nal enploys as
carlve oW SURRIM ,2 5 control method thereof, a display

and a portable terminal, and particularly to a supply
voltage conversion circuit employing a charge pump
circuit that charges/discharges a capacitor, a control
method thereof, a display having the supply voltage
conversion circuit, and a portable terminal typified by a
cellular phone employing the.diSplay as its screen

display part.

Background Art

In recent years, spread of portable terminals, such
as cellular phones and PDAs (Personal Digital Assistants;
portable information terminals), have been remarkable.
One factor of the rapid spread of these portable
terminals is, for example, liquid crystal displays
included a&s a screen display part of the portable

terminals. The reason for this is that the liguid crystal




battery of a single supply voltage. In contrast, in
the Iliquid crystal display, a horizontal drive
circuit for driving pixels arranged in rows and
colums enpl oys DC voltages that are different
between a logic part and an analog part thereof.
Furthernore, a vertical drive circuit for witing
information to the pixels enploys a DC voltage having i
the absolute value larger than that of the voltages L
for. the horizontal drive circuit. Therefore, used for i
dIFRLAN AP FHyRrEY HLpisss iatudedrs @ (e rasdriapite ©
termnal is a supply voltage conversion circuit that
Ol offet 1B P sThgPevDe ¥BFt dgeviBIplticapekivRds 16f rognciple,
vol t ages having different magni tudes, a so-called
arpC-he r <foiveerate .o IComre mavsaldon sEtDEconver t er s
enpl oying an inductor are typically used for liquid
cryst dhedipopltapse tHoweved, cgpdove recems rrerdssobply a
portable termnals toward | ower power consunption and
bagmEtterosSiazesinysle cfuprdhange iy DChDEocbmueltt elis has
been increasing (for exanple, refer to Japanese
1 iRatiehtc dyad toh lopEirs tNaa v ,2 Q0 2vo rizff s I idr ipar tdiatdwairt, for
par agr aphs 0005 to 0013 and Figs. 2 11 to 14)). The
d:xehairge gl DGRGephy et efoWmsan cAadwan age 1fys DC
contributing to mniaturization of the portable
vderdidrlt i nee d tdietididiat e @diget 1O JISe @t and an
i nductor as an external part, although the current

arf@RACId M-t helafod S eampakatbyel Yastakkical drive

circuit for writing information to the pixels employs a
DC wvoltage having the absolute value larger than that of
the voltages for the horizontal drive circuit. ~Therefore,
used for the liquid crystal display included in the
portable terminal is a supply voltage conversion circuit
that converts a single DC vcltage to plural kinds of DC
voltages having different magnitudes, a so-called bC—DC
converter.

Conventionally, DC-DC converters employing an
inductor are typically used for liquid crystal displays.
However, due to recent trends of portable terminals
toward lower power consumption and smaller size, use of
charge pump DC-DC converters has been increasing {for
example, refer to Japanese Patent Laid-open No. 2002-

176764 (in particular, paragraphs 0005 to 0013 and Figs.




In a conventional charge punp DC-DC converter, the
gate voltage of a transistor for driving a flying
capacitor is controlled by changing its voltage sw ng
controlled by the input voltage. Therefore, when
realization of a DC-DC converter of |arge current
capacitance is ained, |arge size transistors need to
be forned, which leads to a large circuit size. This
circuit size increase is problematically significant
when the <circuits are fabricated using devices having
Ll difpariatlivelles rBREIROBRIPt YCsBENCaBVESREEehBEr dfur e
oly-silicon TFT (Thin Film Transistor), which are
a#&ﬂﬂﬁﬁﬂecﬁfzﬁ@ﬁ Witlingg tSuBFsfiater iggddion ¢l Ihpe when
formng a charge punp DC-DC converter on a so-called
portave e (Yramiipledr &lincegiidn edfind nditsys @y reresia tgartse et a
display integrally with the display area part (pixe
irparator tdwe an rorteage lofragitr,cuiltt Isiwd dfhet ke rDErDC
converter causes the increase of the frane size.
cakherigfyortéye rae cfferiisoumpprebd] iemlar isses. lwhen
mniaturization of a display is ainmed. The present
i nventhon tsniadeibnatonkkdeeapuop DE-DB tbAverter, the
above-descri bed problem and a desire thereof is to
gereovicde zqyes WIplay trelntsage ozomrver siraRiely Guif valdqow ng
fabrication of a charge punp circuit having |arge
capiidiatr iGARARRIHANY ¥ ) arsiRlinaried, W 1¢eRl Qlying
met hod thereof, a display including the supply
coHAAGR LW QR Ll GiifLageANdTR: POEL AR ey grm nal
enpl oying the display as its

realization of a DC-DC converter of large current
capacitance is aimed, large size transistors need to be
formed, which leads tc & large circuit size. This circuit
size increase 1s problematically significant when the
circuits are fabricated using devices having
comparatively small mobility such as low-temperature
poly-silicon TFT (Thin Film Transistor), which are formed
on an insulating substrate. Specifically, when forming a
charge pump DC-DC converter on a so-called frame
(peripheral region of a display area part) of a display
integrally with the display area part (pixel part), the
increase of circuit size of the DC-DC converter causes
the increase of the frame size. Therefore, a serious
problem arises when miniaturization of a display is aimed.

The present invention is made in consideraticn of




screen display part. Disclosure of Invention In order
to achi eve the above-described desire, according to
the present invention, in a supply voltage conversion
circuit enploying a charge punp circuit that includes
a capacitor and a pair of transistors for
char gi ng/ di schargi ng the capacitor and converts a
first supply voltage to a second supply voltage that
is larger than the first supply voltage, the
anplitude of a control pulse is converted by using
theealsecomte supiglad ol alalgsn, rasslila i g o m heoraal siorto
by the charge punp circuit, and then the capacitor is
pichardred digghlar ged wgd tdera rorofci tqaitsislt lorst iy
using the control pulse having the converted
fampl adtuiden FHurd hgrawgee, punye csiuppl iyt veltiage 1acory ensiomt
circuit is used as a power supply circuit of a
cabspl Byt v lwitadd tdnon, 1 aaxksplaydmodaldinmg Hde Suppyf, a
vol tage conversion circuit is used as a screen display

désped¢ Ofcrudpiid ale despinalol dayd hesrsuppd yorvaltagei t,
conversion circuit wwth the above-described

ar&@Nd 1 g 100, + APl 4 U deu SRV S 111k i s NP} enented to
convert fromthe control pul'se wwth anplitude

s&U L esponh ng gohe first supply voltage to the
control pulse with anplitude corresponding to the

second supply voltage. The control pul se having the
converted anplitude is then applied to the. pair of

Disclosure of Invention

In order to achieve the above-described desire,
according to the present invention, in a supply voltage
conversion circuit employving a charge pump circuit that
includes a capacitor and a pair of transistors for
charging/discharging the capacitor and converts a first
supply voltage to a second supply voltage that 1is larger
than the first supply voltage, the amplitude of a control
pulse is converted by using the second supply voltage
resulting from conversion by the charge pump circuit, and
then the capacitor is charged/discharged with the pair of
transistors by using the control pulse having the
converted amplitude. Furthermcre, the supply voltage
conversion circuit i1s used as a power supply circuit cf a
display. In addition, a display including the supply

voltage conversion circuit is used as a screen display




transi stors for chargi ng/di schargi ng the capacitor.
Thus, the voltages between the gate and source of the
pair of transistors are increased. Accordingly, the
on-resi stance of the transistor pair is decreased,
and therefore the transistor sizes of the transistor
pair can be decreased. As a result, a supply voltage
conversion circuit having a large current capability
can be achieved with a small ~circuit scale. Brief
Description of Dramngs Fig. 1 is a circuit diagram

P3Ny Rt Pt g Eh exdite!@lof the configuration of a

charge punp DC-DC converter according to a first
enbodiReRf©of UPRe YpEERUS RPBNEIGA OTIFICG rCcpijts wath the
circuit diagramillustrating one exanple of the -
absyeridg s dded guirdti o afian | evel idhide egonveaggion jis
a timng chart explaining the circuit 5 operation of
imrheerehvdrage Yurge rDGDC foonv eriteercadoorldipgl g0 withie
first enbodiment at the tine of power-up thereof. Fig.
anmpli i wieciqoouigspdiragimamtid [wst riatiatg apekanplleagt tde
configuration of a charge punp DC-DC converter
theceandineg troilsses eciornd aandiadi ndntcafrddiermtiesentio the
invention. Fig. 5is acircuit diagramillustrating
sanidherupmExanpl e Rfe t hehgpeehkirelcpnflisguhation ohea
| evel shifter. Fig. 6 is a timng chart expl aining

cdri@ &l Wnip 10ReIERt 110N ttferd hgpohiarge Puhr PeribC or
converter according to the second enbodi nent at the
£ Ad B Ao ROVRS- W AMehROfdischarging the capacitor. Thus,
the vcltages between the gate and source of the pair of
transistors are increased. Acccrdingly, the on-resistance
of the transistor pair is decreased, and therefore the
transistor sizes of the transister pair can be decreased.
As a result, a supply voltage conversion circuit having a

large current capability can be achieved with a small

circuit scale.

Brief Description of Drawings
Fig. 1 is a circuit diagram illustrating an example
of the configuration of a charge pump DC-DC converter
according to a first embodiment of the present invention.
Fig. 2 is a circuit diagram illustrating one
example of the specific configuration of a level shifter.

Fig. 3 is a timing chart explaining the circuit




Fig. 7 is a schematic configuration diagram
illustrating an exanple of the configuration of a
liquid crystal display according to the present
invention. Fig. 8 is a circuit diagramillustrating an
exanple of the configuration of a display area part
of the liquid crystal display. Fig. 9 is an outline
view illustrating the schematic configuration of a
cellular phone that is a portable term nal according
to the present invention. Best Mde for Carrying .out
OPFRE et GHCERDEdRe RUEPoP THE FPESERT S nG&TA oY to
will be described in detail below with reference to
thend igpdweRgSs A 1MERtr 8 ERBodiiRENCL 6OFRg VP fthegeot.
circuit diagramillustrating an exanple of the
confi Gu¥ at # ohS ot @l DEl¥bl €hgeradnyeteFbRaEiRgupn, example
i.e., a charge punp DC-DC converter, according to a
olf ithet coafpadirmsarnob it Re cpregenPuithy BRtDEN CoRMesteas
one exanple, description wll be nmade about a DC DC
accomviéntert os wppdahd winbpdifdristoposhe i peesappl ynvention.
vol tage VDD1 of 2.75 V and a negative supply vol tage
VSS ofi@. Vb (gsoanditevet )diandambobbstsngathegf ansther
positive supply voltage VDDl to twice the voltage
ex¥bPles bfethet @pacs€cendopdsiguirve isupplty a vekttagehVbb2r.
of 5.5 V. As is apparent fromFig. 1, a DCDC
converigr 40isagcoiding tQathesppeseningnbrdi AeRtuit

i ncl udes a charge
operation of the charge pump DC-DC converter according to
the second embcediment at the time of power-up thersof.

Fig. 7 is a schematic configuration diagram
illustrating an example of the configuration of a liquid
crystal display according tc the present invention.

Fig. 8 is a circuit diagram illustrating an example
of the configuration of a display area part of the liqguid
crystal diéplay.

Fig. 9 is an outline view illustrating the

schematic configuration of a cellular phone that is a

portable terminalil according to the present inventicn.

Best Mode for Carrying out the Invention
Embodiments of the present invention will be
described in detail below with reference to the drawings.

[First Embodiment]




punp circuit Il,.a level shifter 12, a buffer 13, a
swtch elenment 14 and a power supply start-up contro
circuit 15. The charge punp circuit 11 includes a
flying capacitor Cl and a pair of transistors for

chargi ng/ di scharging the flying capacitor Cll, i.e., a
PchMOS transistor Il and an NchMOS transistor nll.
The PchMOS transistor pll is connected between one

end of the flying capacitor Cl1 and a power supply

line L11 for the first paqsitive su vol t age VDD1

and t RéINChNER &t Féﬁ%PéFoiﬂléﬁFF‘ml élﬁeﬁ%éeﬁéa%@f%éﬁmple

the one end of the flying capacitor Cl1 and a power
ofs g yaifdgures gy athe FREPE s GEPTE Bd e ge reSS L

7 In the charge punp circuit 11, an NchMOS transi stor
1.enli2,2 Wiiagws $uEps MG Es ﬁgvntwearrtgarst gccarsliggnfectted irst

bet ween the other end of the flying capacitor Cl1 and
enttygl 1msawe o fs iihysl yrdaeat linvent igddi t Home, aaPchhBSexample,

transi stor @12, which is a switching transistor, is
decommgdtied widtlwden ntehle etdvert endCofDCt kenfveyiteg supplied

capacitor Cl1 and an output line L13. The output line
wilth3 a Siadt mpesfian veouwtupytitd g ltthejes #0ond qpoi.t7isve and a

supply voltage VDD2. The gate of the MOS transistor
ne@al?2 ves seppigcted thee MIs edt ltode @froandl cde<D}]l. athe

anode of the diode DIl is connected to the power
besidalny thee fildst igake Qfupbhe WMIBalfeansicat e ke

is connected to the cathode of a diode D12. The anode

tHf dhe djcoderl2 i ¢ conpect @l bLed Resitcive supply

voltage VDD2 of 5.5 V.

As is apparent from Fig. 1, a DC-DC converter 10
according to the present embodiment includes a charge
pump circuit 11, . a level shifter 12, a buffer 13, a
switch element 14 and a power supply start-up contral
circuit 15. The charge pump circuit 11 includes a flying
capacitor Cll and a pair of transistors for
charging/discharging the flying capacitor Cl1, i.e., a
PchMOS transistor Qpll and an NchM(CS transistor Qnll. The
PchMOS transistor Qpll is connected between one end of

the flvying capacitor Cll1 and a power supply line L11 for

the first positive supply voltage VDD1l, and the NchMOS
transistor QOnll is connected bhetween the one end of the
flying capacitor Cl1 and a power supply line L12 for the

negative supply voltage VSS.




power supply line L12. Connected between the out put
line L13 and the power supply line L12 are a
capacitor Cl4 and an NchMOS transistor nl 3. The gate
of the MOS transistor @13 is supplied with a standby
pul se STB via an inverter 16. The level shifter 12 is
an anplitude conversion circuit that enploys as its
operating voltage the second positive supply voltage
VDD2 supplied via a power supply Iline L14 and the
negative supply voltage VSS, and. _converts a control
puIsel?pﬁﬂ%iE@gﬁﬁ?s%§%ﬁaﬁ?ﬁ§ubﬁp¥%tuﬂ% NehMYZst farga stor
VDD1 (2.75. V) to a control pulse having 8 anplitude of
Onggg Wingpb 165 a5 sy tER& NEoRERBE L5Pse Wit Konarpitetude
of VSS - VDD2, which results fromthe anplitude
begumear §ihen obfrcrhenfPepé| toki flging2 capacdtppl Féd ang the
the buffer 13 to each of the gates of the MOS
popeansiveprdis 11gpl Lland Qnl #ddapdons supphied vianshetor
capacitors Cl2 and Cl13 to the gates of the MOS
OpttPansihdrdr 4§ sQal2wandh@pd2 tranespéctr, veby coBhgct2di s a
circuit diagramillustrating one exanple of the
bespeenrf theconhegueratli ofi ohet féyliegekapshitber C12. ambean
| evel shifter 12 of the present exanple has NchMOS
cutpansilsher $1Qn12thancupl22] ihesel 30U cesl afe £doth
grounded, and has a differential circuit
oue@nticgugathensehronhi eBsthever aupe19f vbhe aNeSvpp2.
transistors Q121 and 122 are cross-coupl ed.
Specithe€akh¥e éhethe MOS transistor Qnl2 is connected to

the cathode cf a diode D11. The anode of the diode D11 is
connected to the power supply line L1l. The gate of the
MOS transistor Qpl2 is connected to the cathode of a
diode D12. The anode of the dicde D12 is connected to the
power supply line L12. Connected between the cutput line
L13 and the power supply line L12 are a capacitor Cl4 and
an NchMOS transistor Qnl3. The gate of the MOS transisto£
Onl3 is supplied with a standby pulse STB via an inverter
l6.

The level shifter 12 is an amplitude conversion
circuit that employs as its operating voltage the second
positive supply voltage VDDZ supplied via a power supply
line L14 and the negative supply voltage VSS, and
converts a control pulse (pumping pulse} having amplitude

of V55 (0 V} - VDDl (2.75 V) to a control pulse having




drains of the MOS transistors Qnl 21 and n122 are
connected via PchMOS transistors Ql 2 and Q122 to
the power supply line L14 for the second positive
supply voltage VDD2. The gates of the MOS transistor
Q121 and Q122 are connected to the drains of the
MOS transistors @122 and nl1l21, respectively. The
gate of the MOS transistor nl21 is supplied wth the
control pulse with anplitude of VSS - VDDl, and the
gate of the MOS tranS|stor 122 Is supplied with the
angynt rste gl st W Rl §3-udeof UBS 50VDE§91| RVePeel 15}
a 9 CMOS inverter 121. Thus, anplitude conversion is
anyinipl et tald U coridia; fborAtt e seoritsr dlrqultde wimpH 1tude
anplitude of VSS - VDD1 to the control pulse wth
comgsttitide of W8S lewDBhMHicoh 1% der iswarp ficegintilge the
drain of the MOS transistor Qnl22. The control pul se
budidr lahpld tamdeh off IS gMRERP dfs e pUts Hrares imifder
122 conposed of cascaded two stages of CMOS
Op v errtaergn 1 1Refaerd i3y sagad I b WHiag.thlk, ddpediufdrer CII? izmd
configured by cascading two CMOS inverters 131 and
CiBZo the EMSS idtverHeemak3 k ras stiarasedrof? arke s,
transi stor @14 and an NchMOS transistor Qnl4 that
réde@onnacted in  series between the power supply |ine
L14 for the positive supply voltage VDD2 and the
DOWETFﬁgPDQYi%IBec&%%uﬁ@rdﬁﬁgraﬂegaihg%réH@ﬁbyoM@'tage
VSS, and have gates connecte each other.” The CMOS

eddmerd & 132 i15Lamesed i R RIMB of the 1evel
shifter 12. The level shifter 12 of the present example
has NchMOS transistors OnlZ?l and Cnl22 whose sources are
both grounded, and has a differential circuit
configuration in which the drains of the MOS transistors
Onl21 and OnlZ22 are cross-coupled. Specifically, the
drains of the MOS transistors QOnl2z2l and Qnl22 are
connected via PchMOS transistors Qpl2l and Qpl22 to the
power supply line L14 for the second positive supply
voltage VDD2. The gates of the MOS transistor Qplzl and
Opl22 are connected to the drains of the MOS transistors
onlZ22 and gnl21, respectively.

The gate of the MOS transistor Oni21 is supplied
with the control pulse with amplitude of VSS - VDD1l, and
the gate of the MOS transistor Qnl22 is supplied with the

control pulse with amplitude of VS8 - VDD1 inverted by a




transi stor Q15 and an NchMOS transistor nl5 that are
connected in series between the power supply lines L14
and L12, and have gates connected to each other. The
switch elenent 14 is provided in order to couple the
output line L13 to the power supply line LIl for the
first positive supply voltage VDDl during a certain
period at the tinme of power-up. The switch elenent 14
is made up of a PchMOS transi stor Q13 connected
between the power supply line LIl and the 10 out put
CMOSndne3teTo [PRe ghltes of 2FRel PEAMOSCRYaRsi QR ot S 13,
a power supply start-up control pulse STT is applied
impilgmeRé egower coBFiry Starm the conticol eidesi with at
the tinme of power-up. The power supply start-up
anpdatvdle eifr §6iSt —150D8  tpr diedednitmodr ged seowstihel y
turn on the switch elenent 14 at the tine of
ampdwerdap ofaNést o FDEl, y whach off dehle veswiftrol éhemdmtin
14 after the second positive supply voltage VDD2 has
ofbedn HCS vatedisThe pawer .supptycstard: ppleonyioh
circuit 15 includes a resistance elenment R and a
amp@Vv eldshifit @5s151vopanest edtbntpatial kebuwirkl the
resi stance elenent R The resistance elenent R

cofipbeetl i supphkiies the pewskssupplwost ahtzwpecentrol
pul se STT to the gate of.the MOS transistor Ql13. The

levelpshitteng dgdihmpbeneytsia teyebyghiftsto;gonvert

fromthe power Supply start-up control pulse STT with
coﬁ%ﬁbh&%@eb9fc¥§§aﬁing two CMOS inverters 131 and 132.
The CMCS inverter 131 is composed of a PchMOS transistor
Opld and an NchMOS transistor Qnld that are connected in
series between the power supply line L14 for the positive
supply voltage VDDZ2 and the power supply line L12 for the
negative supply voltage VS8S, and have gates connected %o
each other. The CMOS inverter 132 is composed of a PchMOS
transistor Qpl% and an NchMOS transistor Qnl5 that are
connected in series between the power supply lines L14
and 112, and have gates connected to each other.

The switch element 14 is provided in order to
couple the output line L13 to the power supply line L11
for the first positive supply voltage VDDI during a
certain period at the time of powesr-up. The switch

element 14 is made up of a PchMOS transistor Qpl3

connected between the power supply line L11 and the

10




VDDl to the power supply start-up control pulse STT
wth anplitude of VSS - VDD2. As the level shifter
151, one having the circuit configuration shown in
Fig. 2 can be wused for exanple. The circuit operation
of the charge punp DC-DC converter 10, at the tinme of
power -up thereof, according to the first enbodi nent
with the above-described configuration will be

descri bed below with reference to 11 the timng chart

of Fig. 3. Itﬂ on power-up at tinme t1l, initially.the
owfirs Tigssitive Spply vortagh VBRLTARHOPNbEpBNAF ox

supply start- up _control pulse STT are _activated.
OPBdri Ag PR YEET S&PR L Yp &edd AR SShtth@de&s vt orF to

time t12, the standby pulse STBis at the |ow |evel
apPdriGGhd lte Féle) Poasd StRErer Gite tthelrMos tttadsicsivsii icn 139

is in the on-state. Thus, charges of the capacitor
atCtpcatdngi s¢haoged-UN- the tine t12, the standby

pul se STB is switched to the high Ievel (VCCl), which

t ur nsTbéf poher MOSopianst-storuontdntknladdicti:oh, 26r om

the tinme t12, the power supply start-up control pulse
pr&VLdiesl Kepboratkert e |soweleyelurndwn ridea sedrtchi relperendgd 14

T12, and is applied via the resistance elenent Rto
att héegatieeobb it pewhos uor, arsidsttar su@ell3, twhirch fifs ttHae

switch elenent 14. Thus, the MOS transistor Qol3
swalticer ¢ lhenen-1st atfe.e rwineh seeuplepdie i veutspigollyi ne

L13 to the power supply line 1,11. Therefore,
voltage VDDZ2 has been activated. The power supply start-
up control circuit 15 includes a resistance element R and
a level shifter 151 connected in parallel with the
resistance element R. The resistance element R directly
supplies the power supply start-up control pulse STT to
the gate of.the MOS transistor Qpl3. The level shifter
151 implements a level shift to convert from the power
supply start-up control pulse STT with amplitude of VS5 -
VDDl to the power supply start-up control pulse STT with
amplitude of VS8S - VDDZ. As the level shifter 151, one
having the circuit configuration shown in Fig. 2 can be
used for example.

The circuit operation of the charge pump DC-DC

converter 10, at the time of power-up thereof, according

to the first embodiment with the above-described

configuration will be described below with reference to

11




the first positive supply voltage VDDl is output from
the output line L13 initially. The positive supply
voltage VDDl is also supplied to the level shifter 12
via the power supply line L14. The level shifter 12
initializes its operation with the positive supply
vol tage VDD1 as the supply voltage, and supplies the
control pulse with anplitude of VSS 12 VDDl as a
punpi ng pul se directly to the charge punp circuit 11
via the buffer 13. Upon receiving the control pulse,
thehe lﬁﬁéﬁbéjﬁﬂﬁbcgi %t 11 initializes boosting
operation (punping o eratlon according to the control
pu|seUpgab§@daénPPy, aFlF?nE 131“éFﬂéglvh§h§I§6§étof
the certain period T12, the power supply start-up
PREGHIS Sl s VORT §us e @nch thise ORWgH [ses Darfd-art-
thus the MOS transistor Q13 is turned off. Thus, the
urhoesttingg PoPecatiioh dny tavd iokdiege pOnpioor guFertain
gradually raises the potential of the output line L13
pefrrigi tHe DRI [tdwelact iamd it itwattelme ttHe ,pathentstaindby
converges on the VDD2 | evel. The second positive
puEllgEp 3T By dlst age tVRDZ ows 1sup! | (edcurnida lidhves Ipowamndsuppl y
line L14 to the level shifters 12 and 151.
t Heorsfeque nthey Mashe dagmwals teid nars 12 iinphererts-state.
anpl i tude conversion (level shift) to convert fromthe
THEN (0la S & it anpladitde ofl VeSS e MBRhatrgdde At the
control pulse with anplitude of VSS - VDD2, and

LiSkPH12ES ke steonwsr ©ted sRulse e tha tehRge PUHR high
circuit 11. Simlarly,

level (VCC1l), which turns off the MOS transistor Onl3.

In addition, from the time t12, the power supply
start-up control pulse STT is kept at the low level
during a certain period T12, and is applied via the
resistance element R tc the gate of the MOS transistor
Qprl3, which is the switch element 14. Thus, the MOS
Lransistecr Qpl3 énters the on-state, which couples £he
ocutput line L13 to the power supply line L11l. Therefore,
the first positive supply voltage VDDl is output from the
cutput line L13 initialiy. The positive supply voltage
VDDl is also supplied to the level shifter 12 via the
power supply line L14.

The level shifter 12 initializes its operation with
the positive supply voltage VDDl as the supply voltage,

and supplies the contrel pulse with amplitude of VS3 -
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the level shifter 151 inplenments anplitude conversion
to convert fromthe power supply start-up contro
pul se STT wth anplitude of VSS - VDDl (|l ogic |evel)
to the power supply start-up control pulse STT with
anpl i tude of VSS - VDD2, and supplies the converted
pulse to the gate of the MOS transistor l3. 13 As
descri bed above, in the charge punp DC-DC converter
10 that converts the supply voltage VDDl to the
supply voltage VDD2 according to the first enbodi nment,
VDRdp Pt Gd@UBEAVEr BHEAS; §lirﬁﬁltgbfeﬁf>e8hteo CEERYEr PUPom
the control pulse with anplitude of VSS - VDDl to the
cigeniitoll 1 Fhksé@i PRIARY! ftudelpPn vSSTeiypmp, the control
Subsequently, by use of the control pulse having the
pudéshveithed chapbit pderasiacuptinpilngnptiseé izefRebbbyiagy
capacitor CIl is driven by the MOS transistors Ql
opgndtQohl (pandiswi ptokiragioh)t hecMD8ingr &psibtorsonQnd2
and 12 connected to the output of the flying
pudapaci $aps&iphenslgondt ol lred. t Thusaftde viodtabesse of the
bet ween the gate and source of the MOS transistors
ce@pblin p@rlibd Q122 ahd Qpl2rbecppeyl acger-apnpanedowi t h
the case of inplenmenting drive control with the
pucent 8ol pyl serwetihtcafpki higa 0&v¥SSandVeRls thet HDS
exanpl e, the voltages becone twi ce as |arge. Thus,
trbRgienotesbsbancetonthe oIS trans] Stiof So&Pdt ing Al I,
Nl 2 and QI 2 is lowered. Accordingly, the sizes of

op%EgﬁgoNcﬁyt%ﬁﬁshﬁbgﬁé pAfpbeideqk easedyandat her ehoLes

the potential of the output line L13 from the VDDl level,
and ultimately the potential converges on the VDDZ2 level.
The second positive supply voltage VDDZ is supplied
via the power supply line L14 to the level shifters 12
and 151. Consequently, the level shifter 12 implements
amplitude conversion (level shift) to convert from the
control pulse with amplitude of VSS - VﬁDl to the control
' pulse with amplitude of VSS - VDDZ2, and supplies the
converted pulse te the charge pump circuit 11. Similarly,
the level shifter 151 implements amplitude conversion to
convert from the power supply start-up control pulse STT
with amplitude of VS8S - VDDl (logic level} to the power
supply start-up contrecl pulse STT with amplitude of VSS -
vDD2, and supplies the converted pulse to the gate of the

MOS transister (Qpl3.
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formati on areas of the MOS transistors Qll, ll,
12 and Q12 can be reduced. As a result, the charge
punp circuit 11 having a large current capability can
be achieved with a small circuit scale. This
advantage is significant particularly when
transistors having large 14 threshol d val ues Vth,
e.g., thin filmtransistors, are used as the MOS
transistors Qll, Oll, Q12 and Ql 2. In addition, at
the ti me of MOS. transistor Qpl3, whi ch
i's th@ssﬂﬁﬁgﬁlgﬁgnéﬁpvf4 180iPFeSNEHE BUMBULCPhe L13
to the power supply line LIl for the voltage VDDl to
quﬁﬁﬁﬁﬁF(ﬂﬁ;ﬁﬂaQFﬁ?GWQ%ﬁs;RﬁﬁtﬁWR?%Muﬂﬂ%FagﬁﬂWQRka“ﬂ]ﬂhe
fromthe output | ine L13. Thus, the supply voltage
SWINBYY i %013 SRR s At ihe povier Toupil yemkiaesimenty,
to the level shifter 12. Therefore, the level shifter
arpl idglsh e @pkaatia nicr dmpl¢nmr§@chttq oviand dfrqyovidre
supply start-up, which allow ng stable start-up
copearclt iton.s<Spaidilf iasgllyudche éidd -shibtlertcl 2 hanvicghtrol
operates with the second positive supply voltage VDD2
purdegiwidil ygmpicidnms «opéistt e nomtal | gubtetthentilge bl use
power supply start-up since the supply voltage VDD2
othashenatorleen acdtdevatad ryettheThensfcaaied tdhe ldanidolas a
pul se cannot be supplied to the charge punp circuit

pubdoirdd) oMd,asthd @ 1ytihics cdpaccawd ing. tihe Ut Yy Rge
L13 to the power supply line LIl at the tinme of

MW i, s ¥ SRl Yanveoldrage VRl svdlstc‘iﬁﬁﬁ;;' lgd dhe bR
| evel shifter 12. Therefore, the |evel

transistors Qnl2 and Qpl2 connected to the output of the
flying capacitor C1l1 is controlled. Thus, the voltages
between the gate and source of the MOS transistors Qpll,
Onil, Onl2 and QplZ2 become larger compared with the case
of implementing drive control with the control pulse with
amplitude of V33 - VDDl. In this example, the voltages
become twice as large.

Thus, the on-resistance of the MOS transistors Qpll,
Gnll, OniZ and Qpl2 is lowered. Accordingly, the sizes of
these MOS transistors can be decreased, and therefore the
formation areas of the MOS transistors Qpll, Onll, Onl2
and Qpl2 can be reduced. As a result, the charge pump
circuit 11 having a large current capability can be

achieved with a small circuit scale. This advantage is

significant particularly when transistors having large
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shifter 12 operates normally also at the tine of power
supply start-up, which allows normal supply of the
control pulse to the charge punp circuit 11. The power
supply start-up control pulse STT, which 15 controls
on/off of the MOS transistor 13, needs to contro
the potential of the output line L12, and therefore
needs to have the sane voltage value as the potentia
of the output line L12. However, at the stage before
the MOS transistor @13 is turned on at the tinme
tggree SSupsiyest é(rtth-fuﬁ %-hi $MVI ffade VPG 1GARES @ée
ensured sufficiently. Consequently, at the tinme of
ussshves g Hop §t1@rﬂt5—1l§§OrtSh@PéémenQﬂél}ppleﬂ@t and Gpl2.
control pulse STT at the logic level is applied via
t he ré8ij atddhtéonel ehehbcRiiBet B8 paver ofpt heh®JE0S
transi stor l13. Furthernore, after the second
trposiitsitye Spdpl y widlchage tVBDZWhthbeéﬁmgmtiﬁdbe@pupﬂ@s
power supply start-up control pulse STT resulting
thier omtiphe: 2eviel IdRi frlo et bewelrevelppdlyi fittee 151 ifer the
applied to the gate of the MOS transistor @l3 to
valhereb wbodnttoo it hewictghiong paf: the MXSstt parsicdtver sQpbly
Thus, stable start-up operation is allowed. Although

valheger esent fewhodheent:thas beae describeds, byntakipgly
as an exanpl e the charge punp DC-DC converter 10 that

voa@RVer vptihe of iansb Repiotiiive &li@pltylevgbmaqe sMBRLy 19ne
the second positive supply voltage VDD2 | arger than
L14 to the level shifter 12. Therefore, the level shifter
12 can be operated ncrmally alsco at the time of power
supply start-up, which allowing stable start-up operation.
Specifically, the level shifter 12, which operates
with the second positive supply voltage VDD2 originally,
cannot operate normally at the time of power supply
start-up since the supply voltage VDDZ has not been
activated yet. Therefore, the control pulse cannct be
supplied to the charge pump circuit 11. In contrast to
this, by coupling the output line L13 to the power supply
line L11 at the time of power-up, the supply voltage VDDI
is supplied to the level shifter 12. Therefore, the level
shifter 12 operates ncermally also at the time of power
supply start-up, which allows normal supply of the

control pulse to the charge pump circuiit 11.

The power supply start-up control pulse STT, which
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the voltage VDDl (boosts to twice the voltage VDD1, in
this exanple), the invention is not limted thereto.
The invention can sinmlarly be applied to a charge
punp DC-DC 16 converter that converts (by a factor of
m nus one) the first positive supply voltage VDD to
a second negative supply voltage VSS2 (e.g., -2.75 V)
(refer to a second enbodinment to be described bel ow).
In addition, it is obvious that the invention is not
limted to a charge DC- DC converter that
cEYmvErt 1Y Aupptly W »@93% RRNS I (el 3ol 1RRFES drC by
a factor of m nus one. [ Second EnbodlnenR%¥F|g 4 is a
CRETRU; tti agren g sty d%h%gD%PLékalmmeé L
configuration of a DC voltage conversion circuit,
therelone givmdie Punp \BC-DE comertertagecmdingg ¢ he
second enbodi ment of the present invention. Here, as
parrant iexdanp] &;hadescrnyt ildmanil2 be Homdecaboet: ahBCSD@ge
converter supplied with a first positive supply
ba/gl teagerVDOLS dfrarsiAof aipd B ifd ristrmeeyathi e suppltyime
vol tage VSS1 of 0 V (ground level), and boosting the
off igeatepasipp ve supplyup ,vaitiagerdBRAgd ors secodithot be
positive supply voltage VDD2 of 5.5 V (boosting to

eriaM:GRy ther vioditeagel WDDEbnardueanvert kRgthkhe ivel baggower
VDDl to a second negative supply voltage VSS2 of

supd 1AP M {GONMEN tiHHg et | ry oft AT, Ot r IS uSlse

appar ent fron1F|g 4, a DC converter 20 according
s1t10 dthe HY eseitc e_L'm/%dl NNty 49 coResed Hf Ltéylesecance
element R to the gate of the MOS transistor Qpl3.
Furthermore, after the second positive supply voltage
VDDZ has been activated, the power supply start-up
control pulse STT resulting from the level shift by the
level shifter 151 is applied to the gate of the MOS
transistor QOpl3 to thereby control switching of the MOS
transistor Qpl3. Thus, stable start-up operation is
allowed.

Although the present embodiment has been described
by taking as an example the charge pump DC-DC converter
10 that converts the first positive supply veltage VDDI
to the second positive supply voltage VDDZ larger than
the voltage VDDl (boosts to twice the voltage VDD1, in

this example), the invention is not limited thereto. The

invention can similarly be applied to a charge pump DC-DC
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bl ocks: control circuit unit 21, 5.5 V generation
circuit wunit 22, and -2.75 V generation circuit unit
23. The 17 control circuit unit 21 enploys the
positive supply voltage VDD1, which is the logic
| evel voltage, and the negative supply voltage VSS1
as its operating voltage to thereby generate two
power supply start-up control pulses STT1l and STT2
based on a reset pulse RST and a standby pulse STB
and generate a control ,pulse DDC to serve as a
OBt G pUFbecBASEA SN (Phe staRtBY Bal BengrRons) mibeer
.clock MCK and a node signal. In the control circuit
LigRit POgLLENE FEBBLYpUPSE2RSTVPPY fRvar £8GOBY agdative
inverter 211 to be supplied to one input of an AND
SUBRLE ¥22TLaPReVSPandByIpul 5€- 3BV s (raifeactpy asggprned
to the other input of the AND gate 212. The AND gate
embedipgréstphbe ANDs6EibRE bethvwi npuis. ad@itbeiputt pukse
fromthe AND gate 212 is inverted by an inverter 213
obvgobecbhett hbepoweensappl ysshatt lapitent tol a phesge
STT1l. In addition, the reset pulse RST is inverted by
puap PAvefCt epnZédteo bbesbnmeotiherpewer ssppply vellaateupo
control pulse STT2. The control circuit unit 21 is
twioet hee poovhdedorwbiyhaafdrvbdeslymGAukr eguency
di vider 215 that 1/64- divides the master clock MK,
[stebnaxempbaimand]a di vide- by-256 frequency divider
216 that 1/256-divides the master clock MK, for
exanptey . Thei diyi@derbyrbhfL@QENLY ustrating an example

of the configuration of a DC voltage conversion circuit,
i.e., a charge pump DC-DC converter, according to a
second embodiment of the present invention. Here, as one
example, description will be made about a DC-DC converter
supplied with a first positive supply voltage VDDl of
2.75 V and a first negative supply voltage VSS1l of 0 V
I(ground level), and boosting the first positive supply
voltage VDDl to a second positive supply voltage VDDZ2 of
5.5 V (boosting to twice the voltage VDD1l) and converting
the voltage VDDl to a second negative supply voltage VSS2
of -2.75 V (converting by a factor of minus one}.

As 1is apparent from Fig. 4, a bC-DC converter 20
according to the present embodiment is composed of three
blocks: control circuit unit 21, 5.5 V generation circuit

unit 22, and -2.75 V generation circuit unit 23. The
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di vider 215 enters the operation state when the node
18 signal is at the high level (H = nornmal node), and
generates the control pulse DDC resulting fromthe
1/64 frequency division of the master clock MCK. The
di vi de- by-256 frequency divider 216 enters the
operation state when the node signal is at the | ow
| evel (L = low power node), and generates the contro
pul se DDC resulting from the 1/256 frequency division
of the master clock MCK. The control pulse DDC thus
CYENEHatEd G5t lcotiidnI4t SigRlP Y tthife B9 55 W e gl son
circuit unit 22 and the - 2.75 V generation circuit
Vaiiagded PiNot et hd I8 5 ogiqydssiedt ivenl teideouiandurilte
22 and the -2.75 V generation circuit unit 23 do not
ngErdssardupp e ew lite des &/ 9%He ascoms olpgpud tsiew DRA teend g
the sane frequency, but may use the control pul ses
tIBDChavdare d tef énentpdwegguengiles.startaddi tdaerrol pulses
al t hough this exanple generates the control pul ses
STDOC amd BT querel es ebtadswed thyl s 6ET dind di g ariib y
master clock MCK in the normal node, and
plll BT ,viadidhgydrie iat d ke doowpawerulInmedepd ke serve as a
frequencies are not limted thereto. The contro
pug isey PRG sM tWaany o teguencivdesy aaidable,as Ineng a8
a necessary power capability is ensured. Furthernore,

cloMx pawerarslRPInbdestargraup control pul ses STT1 and
STT2 may be generated at another place in the system

The 513 Vhgepehathbonc-¢hrayit uHALt 222 Lpel vdestapyuise RsT
is inverted by an inverter 211 to be supplied to one
input of an AND gate 212. The standby pulse STB is
directly supplied to the other input of the AND gate 212.
The AND gate 212 takes the AND of the both inputs. An
output pulse from the AND gate 212 is inverted by an
inverter 213 to become the power supply start-up control
pulse STT1. 1In additioﬁ, the reset pulse RST is inverted
by an inverter 214 to become the power supply start-up
control pulse STTZ.

The contrel circuit unit 21 is further provided
with a divide-by-64 frequency divider 215 that 1/64-
divides the master clock MCK, for example, and a divide-
by-256 frequency divider 216 that 1/256-divides the
master clock MCK, for example. The divide-by-64 fregquency

divider 215 enters the operation state when the mode
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19 charge punp circuit 221, a level shifter 222, a
buffer 223, a switch elenent 224, and a power supply
start-up control circuit 225. The charge punp circuit
221 includes a flying capacitor C21 and a pair of
transistors, i.e., a PchMOS transistor 2l and an
NchMOS transi stor n21. The PchMOS transistor Q2| is
connect ed between one end of the flying capacitor C21
and a power supply line L21 for the voltage VDD1l, and
the NchMOS transistor. Qn21 is connected between the
sigiglend Gt tHhe AiEhhd dsdacitt or "exra lampde powierd
supply line L22 for the voltage VSSI. In the charge
qqm%&&%%é@q<¥mﬁﬂﬁhﬂw%wm§mim%%ﬂ§%%3éﬁ%ﬁwmﬁawﬁ%
a swtching transistor, is connected between the
frsthvemaeshdliofi sise fdfyithe cwsdein erloa®MEnhd The gowéde-
supply line L21. In addition, a PchMOS transistor
byQed®t whattenay alismidechiig tardmesisstidre, drsradammectted e
bet ween the other end of the flying capacitor C21 and
wheem duteputodd e dr23. iFhextouthputi dw neevie23 (1s =a ldwneowfor
out putting the second positive supply voltage VDD2.
moHs ,gatrel efertdren tMES theansiratrerl @122 d oeonrecilad nigo from
t he cathode of a diode D21. The anode of the di ode D21
tHes 1 /Qaneaateefidne it he pewen supplhe hiske d2L1cHhe Maat.e
of the MOS transistor 22 is connected to the

cat hodgeotoat rdiogal BR2ppthenanodenetathe dsodemkR211S
connected to the power supply Iine L22. Connected

uRe! ween Hde eutPYerdd D@ i3 circuit unit 22 and the -

2.75 V gereration circuit unit 23. Note that the 5.5 V
generation circuit unit 22 and the -2.75 V generation
circuit unit 23 do not necessarily need to use the
control pulses DDC having the same frequency, but may use
the control pulses DDC having different frequencies.

In addition, although this example generates the
control pulses DDC with freguencies obtained by 1/64-
dividing the master clock MCK in the normal mode, and
1/256~dividing it in the low power mode, the frequencies
are not limited theretc. The control pulse DDC with any
frequency is available as long as a necessary power
capability is ensured. Furthermore, two power supply
start-up control pulses STT1 and STTZ? may be generated at
another place in the system.

The 5.5 V generation circuit unit 22 includes a
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L23 and the power supply line L22 are a capacitor C24
and an NchMOS transistor Qn23. The gate of the MOS
transistor 23 is supplied with the above-descri bed
standby pulse STB via an inverter 226. The |evel
shifter 222 is an anplitude conversion circuit that
enpl oys as its operating voltage, the second positive
supply voltage VDD2 supplied via a power supply Iline
L24 and the second negative supply vol tage VSS2
supplied fromthe -2.75 V generation circuit unit 23
CRAES &'PBet SUPH Y Ainé U2y e Tmditdedl i et ider
converts a_ caontrol pul se (punping pul se) having
223pld tte O 10 2%, angDp1 HOers SWPRIY & teaTiis!
pul se having anplitude of VSS2 (-2.75 V) - VDD2 (5.5
capt. T oph & IdsittirtolZ pul sEheDehargh Pumpl Ftugeisf 298s2ncludes
VDD2, which results fromthe anplitude conversion by
a ey ey elapstsiifiogy G222 anids a sl iodd bwicanstilvd o f ér- €223 a
to each of the gates of the MOS transistors 2l and
PaOAR]S taredhdiss tsupplnZdd avida arh@lchdiyfadirtagrss. s€22- m@ 1C23The
to the gates of the MOS transistors Qn22 and 22,
Patégfedtiavel st @p2a. iis aotinectiddd icagream idnleustidatd g
one exanple of the specific configuration of the
tHeevdly irghiddperc 1222, CPhe drevel phidit e, adeer diong Aqr
the present exanple is conposed of a circuit part
the2 2A 1andica WiliGUiandPate 222B0sThe GishiGudr partl 222A

initially 21 inplements anplitude conversion to
capardd Heamddie the one end of the flying capacitor C21
and a power supply line L2Z for the voltage V3S1.

In the charge pump circuit 221, an NchMOS
transistor Qn22, which is a switching transistor, is
connected between the other end of the flying capacitor
C21 and the power supply line L21. In addition, a PchMOS
transistor Qp22, which is a switching transistor, is
connected between the other end of the flying capacitor
C21 and an output line LZ3. The output line L23 is a line
for outputting the second positive supply voltage VDD2.

The gate of the MOS transistor On22 is connected to
the cathode of a diode D21. The anode of the diode D21 is
connected to the power supply line L21. The gate of the
MOS transistor Qp22 is connected to the cathode of a

dicde DZZ. The ancde of the diode D22 is cecnnected to the

power supply line LZ22. Connected between the output line
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control pulse DDC with anplitude of VSSI - VDDl to the
control pulse DDC with anplitude of VSS1 - VDD2. The
circuit part 222B then inplenments anplitude conversion
to convert fromthe control pulse DDC with anplitude
of VSS1 - VDD2 to the control pulse DDC with
anplitude of VSS2 - VDD2. The circuit part 222A has
NchMOS transistors Qnl 3l  and nl32 whose sources are
both grounded, and has a ‘differential circuit
onfiguration in which the drains of the
L%% aqfsqgsftltﬁ PO B SRR e Fiss s WC@&OI C24 and
Specifically, the drains of the MOS transistors Qnl 3
argMtEhNOHL 32 arsel Worhddted viraePeRMES Ot r £hsi ¥P6r $repsdstor
and Qo132 to the power supply line L24 for the
Onibl tiages WDD2Led THe fgdttess adfo ehed VO] threah si tstroio Qs e
and Q132 are connected to the drains of the MOS
STH ansi sgtrorinv@tt3 atitb. Qn131, respectively. The gate
of the MOS transistor Qnl131 is supplied wth the
cont r @heplilese lwishi fappl R2Padeé soknVaEh 14 tMBBl coand rstibe
gate of the MOS transistor nl32 is supplied with the
cicontoltHd senplidys anplidddeafa ISl vo MAYL i mres tettond
by a CMOS inverter 131. Thus, anplitude conversion is
pd ST BN 1 EONRTd Fmm i 1cent ol RUls8aM tdipply
anplitude of VSSI - VDDl to the control pulse with 22
1 8l A pde o NSSle o WP g i &h é%ﬁ% ived dgomddre

drain of the MOS tranS|stor 13 e control pul se
s&%ﬁfﬂed from the -2.75 V generation circuit unit 23 via
a power supply line LZ5. The level shifter 222 converts a
control pulse (pumping pulse) having amplitude of V3S1 (0
V) — VDDl (2.75 V) tc a control pulse having amplitude of
V832 (-2.75 V) - vDD2 (5.5 V). The control pulse DDC with
ampiitude of VSS2 - VDDZ, which results from the
amplitude conversion by the level shifter 222, is
supplied via the buffer 223 to each of the gates of the
MOS transistors QpZl and ¢n2l, and is supplied via the
capacitors C22 and €23 to the gates of the MOS
transistors Qn22 and Qp22, respectively.

Fig. 5 is a circuit diagram illustrating one

example of the specific configuration of the level
shifter 222. The level shifter 222 according to the

present example is composed of a circuit part 222A and a

circuit part 222B. The circuit part 222A initially
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anpl i tude of VSS1 - VDD2 passes through a buffer 132
conposed of cascaded two stages of CMOS inverters, so
as to be supplied to the circuit part 222B as pul ses
havi ng opposite phases. The circuit part 222B has
PchMOS transi stors Q133 and Q134 whose sources are
both connected to the power supply line L24 for the
vol tage VDD2, and has a differential circuit
configuration in which the drains of the MOS
o transistors Q133 and Q134 are cross-coupl ed.
ImgheBeR |8 afryl L Fhee dFanns T o Ot he® MER Y Bhsf 5¢6r 8hep133
and @134 are connected via NchMOS transistors Qnl33
coppyel gaubas t BOE hel powerrsuppfy PTnESER5-f¥PLEiheo the
vol tage VSS2. The gates of the MOS transistor Q133
comnto Qut84sar BDC conhlecaep ! i budheclr 4pRs of VPhe. MBe
transi stors Q134 and @133, respectively. The gates
cipfut hepMIS t2aRsiseor smgpddananda@pliiudar eosuppsied to
with the control pulses with anplitude of VSS1 - VDD2
cotrawtngf opposhé ecphases. piThas, DaGpi t uderptbhvee SbONVESL
i mpl enented to convert fromthe control pulse with
- apptitodehof cMSStor MPDRet DD hei€hnimpl i puksecrwish2 -
anpl i tude of VSS2 - VDD2, which is derived fromthe
vpdrain of the MOS transistor Ql134. The control pul se
with 23 anplitude of VSS2 - VDD2 is output via a

buf f emel 33 r GoMPesad of2 castaded-riwes stages Ofo MR 131
inverters. Referring again to Fig. 4, the buffer 223

anaSQn132 whose sources are both grounded, and has a
differential circuit configuration in which the drains of
the MOS transistors 9nl3l and Onl32 are cross-coupled.
Specifically, the drains of the MOS transistors Onl3l and
Onl32 are connected via PchMOS transistors Qpl31 and
0pl32 to the power supply line LZ4 for the voltage VDD2.
The gates of the MOS transistor Qpl3l and Qpl3Z are
connected to the drains of the MCS transistors 0Onl32 and
On131, respectively.

The gate of the MOS transistor Qnl31l is supplied
with the control pulse with amplitude of V831 — VDD1, and
the gate of the MOS transistor Qnl32 is supplied with the
control pulse with amplitude of V3851 - VDDl inverted by a
CMOS inverter 131. Thus, amplitude conversion is
implemented to convert from the control pulse with

amplitude cof V331 - VDDl to the control pulse with
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conposed of two cascaded CMOS inverters. One inverter
is conposed of a PchMOS transistor Q24 and an NchMOS
transistor n24 that are connected in series between
the power supply line L24 for the voltage VDD2 and
the power supply line L25 for the voltage VSS2, and
have gates connected to each other. The ot her
inverter is conposed of a PchMOS transistor Q25 and
an NchMOS transistor Qn25° that are connected in
series between the power supply Ilines L24 and L25, ‘
algRd- thglfe Ofat’es leonifébiled Whg C@adld stedrvedrie ogwiftheh drain
el enent 224 is provided in order to couple the output
of] ithe MXB tta ativd syewe Rrduigpl yTheneonrolf pplekewibht age
VDDl during a certain period at the tinme of power-up.
amfid tawiet ot dlSerent V222 ips srede tuyr cofgha 2 RPoHNES 132
transi stor Q23 connected between the power supply
cdmpee ek b fama staeleguttpuet sltage: sL23. CHOSt Hevvgatte iof, tdve as
MOS transistor (23, the above-descri bed power supply
tostoar tsuppd ieanttoolt hpulcde cST T plag ta@@i2ine chsvipar e pawemg
supply start-up control circuit 225 at the tine of

opposEreUphakRe .power supply start-up control circuit
225 is provided in order to surely turn on the swtch

el enefhe 224catttperti ppoof nROWBENMPS aRENEOsEURLEl Y133
turn off the 24 switch elenment 224 after the supply

anvPldage VB2 has heenr -a¢t ivathedontRe dRenels SURPlbwer
start-up control circuit 225 includes a resistance

BRI RN L AR, e
differential circuit configuration in which the drains of
the MOS transistors Qpl33 and Qpl34 are cross—-coupled.
Specifically, the drains of the MOS transistors Qpl33 and
Qpl34 are connected via NchMOS transistors Qnl33 and
onl34 to the power supply line L25 for the voltage VSS2.
The gates of the MOS transistor Qnl33 and Qnl34 are
connec£ed to the drains of the MOS transistors Qpl34 and
Qpl33, respectively.

The gates of the MOS transistors Qpl33 and Qpl34
are supplied with the control pulses with amplitude of
VS35l - VDDZ2 having cpposite phases. Thus, amplitude
conversion is implemented to convert from the control
pulse with amplitude of V3S1 - VDD2 tc¢ the contrel pulse

with amplitude of V832 - VDD2, which is derived from the

drain of the MOS transistor Qpl34. The contrel pulse with
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The resistance elenment R11 directly supplies the power
supply start-up control pulse STTI to the gate of the
MOS transistor Q23. The |evel shifter 152 inplenments
a level shift to convert fromthe power supply
start-up control pulse STTI with anplitude of VSS1 -
VDDl to the power supply start-up control pulse STT1
with anplitude of VSS1 - VDD2. As the |evel shifter
152, one having the circuit configuration shown in
Fig. 2 can bhe wused_for exangle. The -2.75 V generation
ampilfEUPE Bhi V583 Tn¥PHdedSacutRul g purpPeftedi £3231, a
| evel shifter 232, a buffer 233, a switch el enent
copgasegn@facperarcduppPySsedpe- ap CUeAt FBVCERPEGIt 235.
The charge punp circuit 231 includes a flying
capackebrr1C319 atek B ped rFod - t4anshstrsiey 223 Bs
PchMOS transi stor Q@31 and an NchMOS transi stor n31
comMpesePchMOBwEr ansicstied CHBE isveohneset edbet Wweesrioie is
~end of the flying capacitor C31 and the power supply
cofuppeceti2df foPchMeSvoktagesVDDlQpahndabhtdeaNcRVIBOS
transistor 31 is connected between the one end of
trbheikkypirn@nedpabktonrE3tonaadttteiporver isappkywkenethe
L22 for the voltage VSS1. In the charge punp circuit
pordt, sapPehMDbntr angi sber the@Svep8ageWnDOD hfdathe power
switching transistor, is connected between the other
suppdyofi ihBerbbyirBg eapacbleng&3tssnd Lhe hpowerasupply
Ine L22. In addition, an NchMOS transistor 32,
cotfkelehstad sWEhCRLAEGrL T ansl stidfer | Shonnect ed -hglveen
the other end of the flying capacitor C31 and an

of a PchMOS transistor Qp25 and an NchMOS transistor Qn25

that are connected in series between the power supply
lines L24 and L2Z5, and have gates connected to each other.

The switch element 224 is provided in order to
couple the cutput line 1L23 to the power supply line L21
for the voltage VDDl during a certain period at the time
of power-up. The switch elemént 224 is made up of a
PchMOS transistor Qp23 connected between the power supply
line L21 and the output line L23. To the gate of the MOCS
transistor QpZ3, the above-described power supply start-
up ceontrol pulse STT1 is applied via the power supply
start-up control circuit 225 at the time of power-up.

The power supply start-up control circuit 225 is
provided in order to surely turn con the switch element

224 at the time of power-up, and to surely turn off the
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output line L26. The output line L26 is a line for
outputting the second negative supply vol tage VDD2.
The gate of the MOS transistor 32 is connected to
the anode of a diode D31. The cathode of the diode
D31 is connected to the power supply line L22. The
gate of the MOS transistor n32 is connected to the
anode of a diode D32. The cathode of the diode D32 is
connected to the power supply line L21. A capacitor
C34 is _connected between the output |line L26 and the
SWIbWlr SdGPSPY Fiifie 28T FhE FPevBILYsHPRitesc2dPDlshgy been
anpl i tude conversion circuit that enploys as its,
actpEracicng Vort BYECT t FePREEoRbA T HodPt FVRt ERppFyr vl age®
. VDD2 supplied via the power supply line L24 and the
1ngdeeied Redatiivé aggepky cventagdl v8S2asdppriedhfifsmirt A2
-2.75 V generation circuit unit 23 via a power supply
coninge te27 inTherbdvel ghitht dhe232sisonnert ¢ lancont ROl -
pul se having anplitude of VSS1 - VDD to a contro
Theulree ilsdeincg afphentd®1df AV882t1yVBDRplAksothas poher
| evel shifter 232, one having the circuit
suppifyi gitnati-ap sbawrolnphilge STtantbethsedater oéxanpl €0S
26 The control pulse DDC with anplitude of VSS2 -
t ¥R s towhioplt 3r.esThé s1évom shefaapl i s udempsOanen 65 0 byvel
the level shifter 232, is supplied via the buffer 233

shigteaeh cehvetriie rgateshef pbie rMeBpbn gnsicst-erspQedhtand
3l, and is supplied via the capacitors C32 and C33

pull@et RETIALEE HOhmph he uMESolr @RS StOoKPHEP33 aRd RA2r
respectively.

supply start-up control pulse STT1 with amplitude of VSS1
- VDDZ. As the level shifter 152, one having the circuit
configuration shown in Fig. 2 can be used for example.

The -2.75 V generation circuit unit 23 includes a
charge pump circuit 231, a level shifter 232, a buffer
233, a switch element 234, and a power supply start-up
contreol circuit 235. The charge pump circuit 231 inciudes
a flying capaciteor €31 and a pair of transistors, i.e., a
PchMOS transistor Qp3l and an NchMOS transistor Qn3i. The
PchMOS transistor Qp3l is connected between one end of
the flying capacitor C31 and the power supply line L21
for the veltage VDD1l, and the NchM(OS transistor Qn3l is
coﬁnected between the one end of the flying capacitor €31
and the power supply line 122 for the voltage VSS1.

In the charge pump circuit 231, a2 PchMOS transistor
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The buffer 223 is conposed of two cascaded CMOS
inverters. One inverter is conposed of a PchMOS
transi stor Q34 and an NchMOS transistor n34 that are
connected in series between the power supply line L24
for the voltage VDD2 and the power supply line L27
for the voltage VSS2, and have gates connected to
each other. The other inverter is conposed of a
PchMOS transi stor @35 and an NchMOS transi stor Qn35
that are connected in . series between the power supply
O e 5T ol 4 2L Ui v o e oo Ut 4 S
other. The switch elenent 234 is provided in order to
belotipte tHe Vutputetd mf 198 (ol 1 g goacShippl G5 Y g the
L22 for the voltage VSS1 during a certain period at
PeYfer tTHRP L ofl Power<4p. Thédshiitien e PENBIFNMES, tirg ngdgd or
up of an NchMOS transistor On33 connected between the
Q r"ishEplds 4 sl UBirghd aies igtitput 19 meoriigssterd t he
gate of the MOS transistor Qn33, the above-described
bglovwesn stupplatistarand upf ddmt rioly igd serSciX s Gipplaret an
via the power supply 27 start-up control circuit 235
owtputhel trnarelbF . pdver cupputTAénpowdc seppl tiskarforup
control circuit 235 is provided in order to surely
odtysut oimd hehswdein@®lresmpntive? 3Famgil ¢ heo tiagee ofDD2.  The
power -up, and to surely turn off the swtch el enent

g2 &f tiee tNUES St 94 ol 4 Qs VSR dwmasidiaen] tactinatachde
The power supply start-up control circuit 235

ofl gagl@m:se aIesi shancataberent RhZ andda bevek sshihhekted
te the power supply line LZ22. The gate of the MOS
transistor On32 is connected to the anode of a diode D32.
The cathode of the diode D32 is connected to the power
supply line L21. A capacitor C34 is connected between the
output line 126 and the power supply line L22.

The level shifter 232 is an amplitude conversion
circult that employs as its operating voltage, the second
positive Suppiy voltage VDDZ2 supplied via the power
supply line L24 and the second negative supply voltage
VSS52 supplied from the -2.75 V generation circuit unit 23
via a power supply line L27. The level shifter 232
converts a contrcol pulse having amplitude of V381 - VDDI
to a control pulse having amplitude of V3852 - VDD2. Also

as the level shifter 232, cne having the circuit

configuration shown in Fig. 5 can be used for example.
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connected in parallel with the resistance el enent R12.
The resistance elenment R12 directly supplies the power
supply start-up control pulse STT2 to the gate of the
MOS transistor Qp33. The level shifter 153 inplenents
a level shift to convert fromthe power supply
start-up control pulse STT2 with anplitude of VSS1 -
VDDl to the power supply start-up control pul se STT2
with anmplitude of VSS2 VDDl. As the level shifter
153, one having the circuit _configuration shown in
ThEj §onETedn Myd S@s e o téx afpilé tudgowdy 552 + ¥DPével
shifter having the circuit configuration show in Fig.
whi ghs ngsed tas free [tévelampdhitiader cPBIerisAoR §y Zhevbbprel
VDDl and VSS1 need to replace VSS2, VSS1 and VDD1,
shiddpactidvel ys angpltiedngiist dhe oluftfiee @Pposiot @ach of
conductivity type need to replace all the NMOS and
theMg8 ttersandi Sther $10ST e acisrictior so@eddt ko @h3flhe aclkiarige
punp DC-DC 28 converter 20, at the tinme of power-up
supiparieafl viacacordicagadia otrie CSecand enBodicnehk Wattlk st e
above-descri bed configuration will be described bel ow
thel Mosr efrehenee oire gplle ind e 3charkesekdtiige16.. I n the
control circuit unit 21, two power supply start-up

controhepyhsesrSIi3 and-Sifdsanecgengsated-hasedcmon
the reset pulse RST and the standby pul se STB, and the

in%lrﬂtreqls pubge PRGeiscgensratgdobagedron bheustandby
pul se

transistor Qp34 and an NchMOS transistor ¢n34 that are
connected in series between the power supply line L24 for
the voltage VDDZ and the power supply line L27 for the
voltage V332, and have gates connected to each other. The
other inverter is composed of a PchMOS transistor Qp35
and an NchMOS transistor On35 that are connected in
series between the power supply lines L24 and L27, and
have gates connected to each cther.

The switch element 234 is provided in order to
couple the ocutput line LZ26 to the power supply line L22
for the voltage VSS1 during a certain period at the time
of power-up. The switch element 234 is made up of an
NchMOS transistor On33 connected between the power supply
line L25 and the output line L26. To the gate of the MOS
transistor On33, the above-described power supply start-

up control pulse STTZ is applied via the power supply
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STB, the master clock MCK and the node signal. In
addition, the control pulse DDCis commonly applied to
the 5.5 V generation circuit unit 22 and the -2.75 V
generation circuit unit 23 as a punping pul se, and the
power supply start-up control pulses STT1 and STT2 are
supplied to the 5.5 V generation circuit unit 22 and
the -2.75 V generation circuit unit 23, respectively.
Upon power-up at time t21, initially the supply
vol tage VDD1 and the power supply start-up contro
SIHASe® PRI AN FISERE tare’ actt vidted- 1 Murd ng &' TertRai n
period T21 fromthe activation to tinme t12, the .
st andbyepBPy¥erSTBPPs Y &fatheUPoworévell Cgreund Eevwely,
and therefore the MOS transistor On23 of the 5.5 V
pryefaiat iion @ideguito wrne 122 tym jan tihe orwistadt el emrist
charges of the capacitor C24 are discharged.
2 Fyratherheortemet e owesrs -supplandttar tsuye 1 e dntrrol o fful tee
STT2 is activated, and is applied via the 29
swigsilstedroe gl éignta REX tihd hewgaltye weflttdve MO$2 has been
transistor 33. Thus, the MOS transistor Qn33 enters
adtheraaredst afae pohiechsaopplesthhe -apt pohtlrone ci2Gutia 235
the power supply line L22. Therefore, the negative
irsupRlas Wlicage oSk I8 erliitputl £ rom the orutipuni it 153
L26 initially. The negative supply voltage VSSI is
cAlrs@euppld et tdhe Jievelt hesShiddieftem? anghl32 pia
the power supply lines L25 and L27. At the tine t22,

THh e St andhe P13 SB R swidLhed, supplies the power

supply start-up control pulse STTZ2 to the gate of the MOS
transistor Qp33. The level shifter 153 implements a level
shift to convert from the power supply start-up control
pulse STT2 with amplitude of VSS1 - VDDl to the power
supply start-up control pulse STTZ with amplitude of VSS2
- VDDL.

As the level shifter 153, one having the circuit
configuration shown in Fig. 2 can be used for example.
However, if a level shifter having the circuit
configuration shown in Fig. 2 is used as the level
shifter 153, in Fig. 2, VDD2Z2, VDDl and VSS1l need to
replace V3852, VS81 and VDDl, respectively, and
transistors of the opposite conductivity type need to
replace all the NMOS and PMOS transistors.

The circuit operation of the charge pump DC-DC

28




to the high level (VCO), which turns off the MOS
transistor n23. In addition, the power supply
start-up control pulse STT1 is turned to and kept at
the low level during a certain period T22, and is
applied via the resistance element R11 to the gate of
the MOS transistor Q23. Thus, the MOS transistor
Q23 enters the on-state, which couples the output
line L23 to the power supply Iline L21. Therefore, the
ositive supply voltage VDD is output fromthe ,
CO§HP56€I|?He BE53tNEi £8P 9 PRECHOEPt 8T e8hpppycording
voltage VDDL is also supplied to the level shifters
topsheafgcosd eMRoEhBepbWER LEUPPRY 2bPHE-H24CrThed evel
shifters 222 and 232 initialize operation wth the
cophdpriraéisupphyivekt dgecvbbtdahdloHevhsgariefereagpplty
vol tage VSS1 as the supply voltage, and supply the
theontimghgpghsstwethFagpl ftude of VSS1 - VDD directly
to 30 the charge punp circuits 221 and 231 via the
buf f efis 228 camidr 2B3citipoint recei vihg tihe wontr obupul ge
DDC, the charge punp circuits 221 and 231 initialize
stpunpupgcoperati pnlsascordiingntiostrite eent gehepul.se DBE=d
Subsequently, at tinme t23, after the el apse of the
onCehkairasper balsE2RsTt hadpener ssdpaby stiakt- BPBGOAKHOk he
pul se STT1 is turned to the high | evel and thus the

coMBPBo 1t pansksbot Q23chsrhvenedaokll bA the 3ranMby pulse
generation circuit unit 22. Thus, the punping

sTeperati ARsbYrt hecckhREgeaRHMPRET heHEt 52819 adual |y
rai ses the potential of
addition, the control pulse DDC is commonly applied to
the 5.5 V generation circuit unit 22 and the -2.75 V
generation circuit unit 23 as a pumping pulse, and the
powar supply start-up contrcel pulses S5TT1 and STT2 are
supplied to the 5.5 V generation circuit unit 22 and the
-2.75 V generation circuilt unit 23, respectively.

Upon bower—up at time t21, initially the supply
voltage VDDl and the power supply start-up control pulses
STT1 and STTZ2 are activated. During a certain period T21
from the activation to time tl2, the standby pulse STB is
at the low level (ground level), and therefore the MOS
transistor Qn23 of the 5.5 V generation circuit unit 22
is in the on-state. Thus, charges of the capacitor C24

are discharged. Furthermore, the power supply start-up

control pulse STTZ is activated, and is applied wvia the
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the output line L23 fromthe VDD I|evel, and
ultimately the potential converges on the VDD2 | evel.
The supply voltage VDD2 is supplied to the |evel
shifters 222 and 232 via the power supply line L24.
Simlarly, also in the -2.75 V generation circuit
unit 23, the power supply start-up control pulse STT2
is turned to the low level at the tine t23, and thus
the MOS transistor Q33 is turned off. Thus, the
punpi ng operation by the charge pu circuit 231
regrladrl sy sarses Rive Yoottt igmteofoh e diGutt 9ansd 1%
fromthe VSS1 level, and ultimately the potentia
Orsighy ef§ES - o hehMOFSERapeYelor PRE3SEBPEYSYEIEage-vEs2e,
is supplied to the level shifters 222 and 232 via the
whgsie rcsupslsy HHenesitims: dnidie 226 Theudhet peweavelupply
shifter 222 inplenents anplitude 31 conversion to
ligenJérz. f Fbrrehiereonthel npgbksevBEDEUNPLlE vahphizeud8Sof is
VSS1 - VDDl to the control pulse DDC with anplitude
oudfpMSS2-om D2 ,ovanpch ts uppld 82 & henigcdrMdnt.edThpuhsgatave
the charge punp circuit 221. Simlarly, the |Ievel
s180p Ift ero 133y d mHAnen s lanplduppde eebrverdison ave 1
convert fromthe control pulse DDC wth anplitude of

siMSSkers MDEAD Adre GenttHd gawlese PG Wt nypliAsuded
of VSS2 - VDD2, and supplies the converted pulse to

1,4He charge punp circuit 231. In addition, the |evel
shifter 152 inplenents anplitude conversion to

convent thHeM tRe POYer t8HPRLYndby pulse STB is switched
to the high level (VCC1l), which turns off the MOS
transistor Qn23. In addition, the power supply start-up
control pulse STT1 is turned to and kept at the low level
during a certain period T22, and is applied via the
resistance element R11 to the gate of the MO5 transistor
Qp23. Thus, the MOS transistor QpZ3 enters the on-state,
which couples the output line L23 ta the power supply
line L21. Therefore, the positive supply vcltage VDDl is
output from the output line L23 initially. The positive
supply voltage VDDLl is also supplilied to the level
shifters 222 and 232 via the power supply line L24.

The level shifters 222 and 232 initialize cperation

with the positive supply voltage VDDl and the negative
supply voltage VSS1 as the supply voltage, and supply the

control pulse with amplitude of VSS1 - VDDl directly to
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start-up control pulse STT1 with anplitude of VSS1 -
VDDl to the power supply start-up control pulse STT1
with anplitude of VSS1 - VDD2, and applies the
converted pulse to the gate of the MOS transistor
Q23. Simlarly, the level shifter 153 inplenents
anpl i tude conversion to convert fromthe power supply
start-up control pulse STT2 wth anplitude of VSSl -
VDDl to the power supply start- up contr ol pulse STT2
with anplitude of VSS2 - VDD1, an applies t
theoRPBFPEIPPRPSELE6UEhE At e2BH ?ﬁé Nos tP?aﬁgﬁ§?6? 223
anénss As descri be above, the charge punp DC- DC

AVErt e[PPOIEOf%f%%JoYHF%gU?% et dtidt Ebdet nerte tHa rae
converts the supply voltage VDDL to the supply
pPuyp| FagesivED2ZandanysSs2]l 3picaplaehi evering spfpvation
advant ages as those of the charge punp DC DC
acconventetolOhacecontding rolshePPCrst enbodi nent, by
I mpl ementing punpi ng operation with the control pulse
DDC hawisgeecowverdted anpltiideafisem punp: g pulsie. the
In particular, the second enbodi nent can achi eve nore
ceexaehl pariadvandf agesesposeri subpsyastantigor abhoncin
whi ch the supply voltage VSS2 generated by the -2.75 V
pugeserationsctededl yai th23highsuppkiedntiothhie tBwelos
shifter 222 of the 5.5 V generation circuit unit 22,

trafdistBe opppl ysveltage ¥PP2:igengpeated Hygtherat Do

generation circuit unit 22 is supplied to the |evel
c:l%ghfﬂaetngzzgf. s - ZHS Pgeney o€l St Uy i t
charge pump circuit 221 gradually raises the potential of
the cutput line L23 from the VDDl level, and ultimately
the potential converges on the VDD2 level. The supply
voltage VDDZ2 is supplied to the level shifters 222 and
232 wvia The power supply line L24.

Similarly, also in the -2.75 V generation circuit
unit 23, the power supply start-up control pulse STTZ is
turned to the low level at the time t23, and thus the MOS
transistor Qn33 is turned off. Thus, the pumping
cperation by the charge pump circuit 231 gradually raises
the potential of the cutput line L26 from the V331l level,
and ultimately the potential converges on the V352 level.
The supply voltage V382 is supplied to the level shifters

222 and 232 via the power supply lines L25 and 1L27.

Thus, the level shifter 222 implements amplitude
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Specifically, the above-described configuration

allows | arger anplitude of the control pulse DDC

supplied to the charge punp circuits 221 and 231

conpared with the first enbodi ment. More

specifically, the second enbodi nent obtains the

control pulse with anplitude of VSS2 - VDD2 in

contrast to the first enbodi ment, which obtains the

control pulse with anplitude of VSS1 - VDD2.

Therefore, the MOS transistors (p2l, n2|, g?
CC@a‘éﬁfS@m GP3Y SHid Topae thsn O&éltf]mlt IPéJrlSrﬁ Dé& i

onpared with the MOS transistors %E%H 12 and

arft@alll?%%e tHe WY lst~ efdditiferdt:e ﬂ%trqlh@% G p -

circuit 20 having a |large current capability can be 33
argelitelasd af (W smallEr @nde fiwprddase they Aspiviegdtsicon

Exanpl e] Charge punp DC-DC converters (supply voltage
Pularey drsitdie clivaguget Purgc cordivid 28 t-heSaboverdegsckhbed

enbodi nents are used as, e.g., a power supply circuit
lepfel gifilfatemaitd idirdmimeyn ttsy pinfdldd Unle ldoguied: sdroys tea

di splays in which pixels that enploy |iquid crystal
careldrs. dsoreltést rrergptdlc aluledee et sviafe ampiitude of VSS1

two-di nensionally arranged in rows and colums. Fig.
- ®ol ust ratcesone @xalse abe therceribigwiald @ vss2 -

thereof. Here, description will be made by taking as

VIAD e3P i 12t itte: MRlnier ddwha <& Y&t alhe drsPlRY pump
Referring to Fig. 7, nounted on a transparent
circuit 231.

In addition, the level shifter 152 implements
amplitude conversicon to convert from the power supply
start-up control pulse STT1 with amplitude of VSS1 - VDDl
to the power supply start-up contrel pulse STT1 with
amplitude of VS31 - VDD2, and applies the converted pulse
to the gate of the MOS transistor Qp23. Similarly, the
level shifter 153 implements ampiitude conversion Lo
convert from the power supply start-up control pulse STT2
with amplitude of V351 - VDDl to the power supply start-
up control pulse STT2 with amplitude of V3$S2 - VDDl, and
applies the converted pulse to the gate of the MOS
transistor QOn33.

As describe above, the charge pump DC-DC converter

20 accerding to the second embodiment that converts the

supply voltage VDDl to the supply voltages VDDZ2 and VSS2
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insul ating substrate, e.g., a glass substrate 31 are a
di splay area part 32 in which a nunber of pixels
including liquid crystal cells are two-dinmensionally
arranged in rows and columms, a pair of upside and
downsi de H drivers (horizontal drive circuits) 33U and
33D, a V driver (vertical drive circuit) 34, and a
supply voltage conversion circuit 35. As the supply
vol tage conversion circuit 35, a charge punp DC- DC
converter according to any of the above-descri bed
SR ShS SR HRGh dhd isHISE Vit dgwrae
circuit may be disposed on any place on the ‘
PUR NS paentoi Rt @k i hYy 266SErate, tPt tB2 ifd rgtefaasiaent,
to dispose it near a signal coupling termnal to the
byexigr e tRe. ghagst ieliisstaatel B Wist e difisosen tgfolg pulse
first substrate in which a nunber of pixel circuits
DOGhdlaudingg @ axtriver tedcermantlsl (ualeg . as ta angisig Pulaee In
di sposed in a matrix, and a second substrate di sposed
pefrdcing athe g stecaubsntatdimirtth @rcerdtdiavegapre
therebetween. A liquid crystal is enclosed between
extded fdrrtstachnch tsegond irsub Sittr dtzess 4 e drifeirgabnys tfigmmim
liquid crystal panel (display panel). Fig. 8

wHildhusiteaategpone wxarpje Wsa herspeaidd 6y aonf i-gurat ivon
of the display area part 32. Here, for sinplification

gedfe di€ o awinghitdescrd pt3 ans WddpiBedade tHy 1takiing as
an exanpl e pi xel arrangenent of three rows

shifter 222 of the 5.5 V generation circuit unit 22, and

the supply voltage VDD2 generated by the 5.5 V generation

circuit unit 22 is supplied to the level shifter 232 of

the -2.75 V generation circuit unit 23.

Specifically, the above-described configuration
allows larger amplitude of the control pulse DDC supplied
to the charge pump circuits 221 and 231 compared with the
first embodiment. More specifically, the second
embodiment obtains the control pulse with amplitude of
VSS82 - VDD2 in contrast to the first embodiment, which
obtains the control pulse with amplitude of V3381 - VDD2.
Therefore, the MOS transistors QOp2l, OnZ2li, Qn22, Qp22,
Ep3i, On3l, On32 and Qp32 can be further miniaturized
compared with the MOS transistors Qpll, QOnll, OnlZ and

QplZz of the first embodiment. Thus, the charge pump

circuit 20 having a large current capability can be
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((n - 1)throwto (n + 1)th row and four colums ((m
- 2) th colum to (m+ 1) th colum). Referring to
Fig. 8 wred on the display area part 32 are
vertical scan lines 36n - 1, 36n, 36n + 1, and data

lines (signal Ilines) 37m- 2, 37Tm- 1, 37m 37m+ 1,
Unit pixels 38 are disposed at intersections between
these lines. The unit pixel 38 includes a thin film

transistor TFT that is a pixel transistor, a liquid
crystal cell LC and a storage capaC|tor Cs The
aCPF&HF& @ﬂ§§t§ISE§PﬁeECClﬁ§§ﬁg §d€i-t ance gener at ed
bet ween a pi xel el ectrode 35 forned of the thin film
[Arpaaspsion TERMRAG!a counter el ectrode facing the
pi xel el ectrode. The gate el ectrodes of the thin film
transfkabes PTRT BfeDeonppeeeelers therpveért vearagean
lines 36n - 1, 36n, 36n + 1, The source el ectrodes
coplvereabnarce regonnecbedotrolitiye tdattdiel ey e3Tmscrdpedl7m
-1, 3tTm 37m+ 1, . As for the liquid crystal cel
enbGdimketspiaxel uekdctsede .igs ;canpeeied supptilye cdraiunt of
el ectrode of the thin filmtransistor TFT, and the
a caantenneliedtispdey itypddirelctbed ltioud dcamysnalli nd spl.ays
The storage capacitor Cs is connected between the
indizalirhepegtnedehat the1bli n iqiklkdmdansilisten 1EFhsand
the conmon line 39. The conmon Iline 39 is supplied

e1WictRoa of@R taln eDemokkage «as wad ~-cla MR i ovel tage rYeaked
One end of each of the vertical scan |ines 36n

in rows and columns. Fig. 7 illustrates one example of

the confiquration therecf. Here, descripticn will be made

by taking as an example an active matrix liquid crystal

display.

Referring to Fig. 7, mounted on a transparent
insulating substrate, e.qg., a glass subsirate 31 are a
display area part 32 in which a number of pixels
including liguid crystal cells are two-dimensionally
arranged in rows and ccolumns, a pair of upside and
downside H drivers (horizontal drive circuits) 33U and
33D, a V driver (vertical drive circuit) 34, and a supply
voltage conversion circuit 35. As the supply veltage
conversion circuit 35, a charge pump DC-DC converter
according to any of the above~described embodiments is

used. Although the supply voltage circuit may be disposed

on any place on the transparent insulating substrate, it
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- 1, 36n, 36n + 1, is connected to an output term na
of a corresponding row of the V driver 34 shown in
Fig. 7. The V driver 34 is nmade up of a shift
regi ster for exanple. The V driver 34 sequentially
generates vertical selection pulses and supplies the
pul ses to the vertical scan lines 36n - 1, 36n, 36n +
1, insync with a vertical transfer clock VCK (not
shown) to thereby inplenent vertical scanning. In
.contrast, in the display area part 32, for exanple,
1 5o i e S8 S dich BISRARE ddd €36 ruriderned dav®lintes 37m
-1, 3Tm+ 1, is connected to an output termnal of a
tegarimespdiditiy esitgrnalof the H driver 33U shown in
Fig. 7. In addition, one end of each of the
even- Bbsbeledsdathskicngs 3Tmis 2omBZapdi sfcenfiected to
an out put termnal of a corresponding colum of the H
sufrdtvert 33D stowh ian nkimper7.0fl pitded adtrord treatimioduding
liquid crystal display with the above-descri bed
acranfd gureatdrmry, (hey.supplansdelticage acen\ErsicGRCiimcw t
35, to which a charge punp DC-DC converter according
mata iany 0fd thecahove stestrrshed diemedidrenics nigs tappliiatt
Is integrated on the glass substrate 31 that is the

s A% Wiesubsidrala o aphicel rthe Wdiespl ay afgaipart
32 is integrated. Here, the display area part 32

crH0YS & hediled JoPuldeaneingt ofi rHeT 2881 eachnpi xel

transistor. Therefore, if thin filmtransistors are
s MR8 1385 (e S ANSIRE U § 1IRGlUded e it Re rsuppl Y
(display panel).

Fig. 8 illustrates one example of the specific
configuration of the display area part 32. Here, for
simplification of the drawing, description will be made
by taking as an example pixel arrangement of three rows
({n = 1)th row to (n + 1)th row) and four columns ((m -
2)th column to (m % 1)th column). Referring to Fig. 8,
wired on the display area part 32 are vertical scan lines

-+, 36én - 1, 36n, 36n + 1, --- and data lines (signal
tines) ---, 37m - 2, 37m - 1, 37m, 37m + 1, ---. Unit
pixels 38 are disposed at intersecticns between these
lines. The unit pixel 38 includes a thin film transistor
TET that is a pixel transistor, a liquid crystal cell LC

and a storage capacitor Cs. The liquid crystal cell LC

means capacitance generated between a pixel electrode
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vol tage conversion circuit 35 and at |east these
transistor circuits are forned in the sanme process as
that for the display area part 32, the conversion
circuit 35 can be fabricated easily at |low costs in
the integration thereof. In addition, when formng
the supply voltage conversion circuit 35 on the gl ass
substrate 31 integrally with peripheral drive
circuits such as the H 37 drives 33U and 33D and the V
drive 34, it s adv nta geous internms of th

Logrgdueti Fhey thépidvid &nﬁé\ﬁéprsﬁﬁﬁl §1dodt ﬁEantef
term nal 30A for extractln% to the outside of the

61§G5§Pﬁ§t§a§l§ﬂpﬁpﬁ VPaEeag&lehérsfed by the supply
vol tage conversion circuit 35, and a power supply
i nput The e @t Aafl80Bredes bef ngiagtihnt helRnsraesoftpha
substrate the supply voltage that has been extracted

- TElo arise comnsicded drrd Supplspithigrahesswt thigee s o- each3on - 1,
circuit part, and to electrically couple the

3oner Fictnalts 130A-and BOB sotsrdectihetredbdsttheesolhései s
because the provision of these termnals allows each

cotinectiict] itn the slappl yivelt age, &dnver &i,037gi Fcdi, t 335,
to be checked through the power supply output

37ermilnal- -30A. At nfbhetlabovegdescet betlh appéicalt pnthe
exanple, a charge punp DC-DC converter according to

pigey eflstheodabeverdesericbad tenbadi aratis asethecguppley

vol tage conversion circuit 35 is formed on the gl ass
theUbstihatr@ 18l t ransistor TFT, and the counter electrode
is cennected to a common line 39. The storage capacitor
Cs is connected between the &rain electrode of the thin
film transistor TFT and the common line 39. The common
line 39 1is supplied with a certain DC voltage as a common
veltage Vcon.

One end of each of the vertical scan lines ---, 36n

-1, 36n, 36n + 1, -++ 1is connected to an butput terminal
of a corresponding row of the V driver 34 shown in Fig. 7.
The V driver 34 is made up of a shift register for
example. The V driver 34 sequentially generates vertical
selection pulses and supplies the pulses to the vertical
scan lines ---, 36n - 1, 36n, 36n + 1, --- in sync with a
vertical transfer clock VCK (not shown) to thereby

implement vertical scanning. In contrast, in the display

area part 32, for example, one end cof each of the odd-
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integrally with the display area part 32. However, the
DC- DC converter does not necessarily need to be forned
integrally with the display area part 32. The DC- DC
converter may be used as an external circuit of the
liquid crystal display. Furthernore, it may be forned
not on the glass substrate 31 but on anot her
substrate. However, it should be obvious that
integral formng on 38 the sane substrate as that of
the display area part 32_is nore_advantageous for the
nugpEFEdeetri BddeFeason. 3Ear thér mor® *talehar ge isunp
DC-DC converter according to any of the ,
corperécdeser FHe @UERBSILRERLE2daRt AcKPEVESPAREE NEuFPemEn
capacitance with a small circuit scale. This
ofadventlage ivere¥tlembloynsiignifigeadt: pant 2édt bt py, when end
using transistors having large threshold values Vth
ofsgelrhae ft Hitre fadamtmarsistchré&ta Thisref ore;, f 97m ng2t hém,
DC- DC converter as the supply voltage conversion
- +ci deuicbnds citetiegpakiny cwitplrtt herdiigpllapf ar earpaspod@ing
on the sanme substrate can significantly contribute to
codastn pediueki endrtikieek388s shedunctinomrignd7.savi ng of
unnecessary spaces of a set including a liquid
crystah dhsphayivApphteaki dDhgeidt Beypresedt spoNenkion
is not limted to liquid crystal displays. The
thieNVi@Rtie0BGan 18ks0 cba r iaprhbicednt 0 tathear, gqgﬁ @ 1MRLEl X
di spl ays, such as el ectrol um nescence L) displays

coBRRIY iR 3R Bk tekeMeRL which a charge pump DC-DC
converter according to any of the above-described
embodiments is applied, is integrated on the glass
substrate 31 that is the same as the substrate on which
the display area part 32 is integrated. Here, the display
areca part 32 employs the thin film transistor TFT as each
pixel transistor. Therefore, if thin film transistors are
alsc used as the transistors included in the supply
voltage conversion circuit 35 and at least these
transistor circuits are formed in the same process as
that for the display area part 32, the conversion circuit
35 can be fabricated easily at low costs in the
integration thereof.

In addition, when forming the supply voltage
conversion circuit 35 on the glass substrate 31

integrally with peripheral drive circuits such as the H
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as an el ectro-optical elenent of each pixel, in a
simlar way. Furthernore, a display according to the
present invention is used as a display of QA
apparatuses typified by personal conputers and word
processors, and television receivers. In addition,
the display is preferably used 39 for a screen display
part of portable terminals, such as cellular phones
and PDAs, in which mniaturization and saving of
unnecessary spaces of the device main body have been
dripgncing angl patt ifdd &he B ¢rigs sdan Gutlsi GeVIrERIcTgUs
_illustrating the schematic configuration of a
ipdEras eft ralcdvetg vity toePr@varcpRomeves WiPeH v
the present invention is applied. The cellular phone
oudeadr diengnitng 1t [0S dxanpixd thad iag donfthgurattisdala @t the
whi ch a speaker 42, a screen display part 43, an
suppdraticor parp 144 vanid agemoenephdeel 4y ate sdipgpaesed on
the front side of a device case 41 in that order from
valhe geppenvsirdd cof dibreudhorssd., knd ke peelkrulsabplghdngut
with such a configuration, a liquid crystal display
tdrsnisad Fomr fidhe pdiispliay par tthd3 iherdexafphee anthsasate
the liquid crystal display, one having a DC DC
th@ors\t@fgﬂgzr vo(1uRRl Y heel hage eenveksiraR teld €Yl fthe cutside
according to any of the above-described enbodi nents

arlc® M§RMyilly aHd %r%a@rey%toalea@lhs Rhiayuhavidgta BeuDeo
converter accordlng to any of the above- descri bed

electrically couple the terminals 30A and 30B outside the

substrate. This 1s because the provision of these
terminals allows each circuit in the supply voltage
conversion circulit 35 to be checked through the power
supply output terminal 30A.

In the above-described application example, a
charge pump BC-DC converter according to any of the
above-described embodiments as the supply voltage
conversion c¢ircuit 35 is formed on the glass substrate 31
integrally with the display area part 32. However, the
DC-DC converter does not necessarily need to be formed
integrally with the display area part 32. The DC-DC
converter may be used as an external circuit of the
liquid crystal display. Furthermore, it may be formed not
on the giass substrate 31 but on another substrate.

However, it should be obvicus that integral forming on
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enbodi nents is thus used for the screen display part
43 in portable termnals such as cellular phones and
PDAs, there arises an advantage of significantly
contributing to reduction of power consunption of the
portable termnal, and mniaturization and saving of
unnecessary 40 - - - - - - - - - -- spaces of the
devi ce nmai n body since the supply voltage conversion
circuit can achieve large current capacity wth a
smal | circuit scale. As described above, according to
ththesPressmstighems dhat wh CHargepiip SippIgart 32 is
vol tage conversion circuit, the anplitude of a
magshtadlargi s us loonvidre edbo s dRrp o idmw argasgbrsuppl y
vol tage and the control pulse having the converted
anpl i tudéhegsmogsed as chapgepipngppliiCseC ronvketeby
charge/ di scharge a capacitor. Thus, the voltages
adyetnbiory tthre sgat e fanthes aurae: -afe st ikans i csikard ipatrrt s farm
char gi ng/ di schargi ng the capacitor are increased,
aathiieche dldams dihedrrtansistcir: &iaesyiath thesmalansiistarit
pair to be designed snaller. Therefore, a supply

sotld agehieonvehSi-afeCiikC ikt rhavilRg saghargeaatr r ent
capability can be achieved with a small circuit

pas0al @1 A LChNYD sk Yy SURR 34 MO EAGE GO e AN

circuit conprising: a charge punp circuit that
tHAd RS v 1IGRRAGHIP T @ & RAH i Of i 1Tl NSIRd QS fOr
Therefore, forming the DC-DC converter as the supply
voltage conversion circuit 35 integrally with the display
area part 32 on the same substrate can significantly
contribute to cost reduction, thickness reduction and
saving of unnecessary spaces of a set including a liquid
crystal display.

Application of the present invention is not limited
to liquid crystal displays. The invention can also be
applied to other active matrix displays, such as
electroluminescence (EL) displays employing an EL element
as an electro-optical element of each pixel, in a similar
way.

Furthermore, a display according to the present
invention is used as a display of OA apparatuses typified
by personal computers and word processocors, and television

receivers. 1In addition, the display is preferably used

39




char gi ng/ di schargi ng said capacitor, and converts a
first supply voltage to a second supply voltage that
is larger than the first supply voltage, an anplitude
conversion circuit that converts anplitude of a
control pulse for driving said pair of transistors by
using said second supply voltage resulting from
conversion by said charge punp circuit, a switch
el enent that couples an output |ine of said charge
punp circuit to a power supply line for said first
foguppbyreeht dgerdari Rgra eér parhraperi 68rainehé t SHENORS
power- up, a resistance elenent that applies to a gate
cedfludairdpbwheechastleRBAE , alvonbiohl magliapukdéasappl red
at the time of power-up, and a level shift circuit
savhaty b§ oconmeetedriynspacakl elf whehdsaiider ssiint ey have
el enent and shifts a level of said controlling pulse
beby wsivagcsapdiaepandisuppky voltage resulting from
conversion by said charge punp circuit. 2. A supply
vol t ageg COnVEE ShiONo €t & Cdk: t dE@IPNd St hgusarattsy char ge
punp circuit that includes a first capacitor and a
schiehst 1 pakbnef guthanshskber s pertebaegicbghdinachargigng a
said first capacitor, and converts a first positive
ceidRRkY ¥abhageot gnacsecandppeskhitVensUpRlibNYalst agelied.
that is larger than the first positive supply
vol tagg. @.5ECPRH SHaYe: PUNPALhE Cbt o hat ckaghudesad
second capacitor and a second pair of transistors for
cofarginghdlscharging saldosgeond capaci oty adp1ay
converts the tirst positive supply voltage to a
pa0ahl Ve, SUBRLY YOI BAFt A4l LES! AafRLL LS Eonker 0N
Eir cart “Chat convert anpliitude of a control pul se for
driving said first pair, of transistaors b in [
dl§@8§ﬁ§ 885Fgﬁv5r836pﬁﬁd$opga8egFg§ﬁFtFﬁﬁ% %ﬁo%%‘%%aq
conversion by said first ch e punp circujf and,said
. Orﬂ@ﬁa&?&@'§Eﬁppﬁp96lﬁé88 O&e?&%t?ﬁ@“?ro EOFGSrS?%§U%§I
sai d second charge punp circuit; and a secon .
ShZRST 1 tide SRV r SPBR “CPFEGEE e hat (AOHVEr EEVanpth Figelay
~of a control pulse_ for driving said second pajr of
ist pgRsh $08r $1By AisPAGYs BEd Ls8CoR@ TpEERTIVE s @Rt 5 the
liﬁﬂi%?%ﬁystal display, one having a DC-DC converter

(sﬁpply voltage conversion circuit) according to any of
the above~described embodiments 1s used.

If a2 liguid crystal display having a DC-DC
converter according to any of the above-described
embodiments is thus used for the screen display part 43
in portable terminals such as cellular phones and PDAs,
there arises an advantage of significantly contributing
to reduction of power consumption of the portable

terminal, and miniaturization and saving of unnecessary
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42 resulting fromconversion by said first charge punp
circuit and said negative supply voltage resulting
from conversion by said second charge punp circuit. 3.
The supply voltage conversion circuit according to
claim2, further conprising: first and second switch
el ements that couple an output line of said first and
second charge punp circuits to a power supply line for
said first positive supply voltage and said negative
supply voltage, respectively, during a certaln peri od
SpaltcetSh@ft iChE %ﬁ"lﬁ@v\é‘ﬁlﬁp bogly fFPr@C@u%Brey SPBPtLygdoltage
conversion circuit according to claim3, further
CQ@Sﬁﬁﬁﬂ§mn§lr§Uﬂ¢r§ﬁnré§h§?§ﬁcéaé9€wéﬁﬁrﬁﬁétCéﬁﬁPPéy to
a gate of said first swtch elenment a controlling
Wlﬁ@lgesy@éélpedcaﬂttﬁéaﬂﬁne of power-up; a first Ievel
shift circuit that is connected in parallel with said
firstAsedestanced ebementaapdrdhindtscatheveresensaid
control ling pulse by using said second positive supply
inwenttdge ,r ésulat ichg rigeo puoen vepsllon vioy tegied chinvstr sélear ge
punp circuit; a second resistance elenment that applies
cifreud tgate@eofampaiid usilec ord aswichthroél e ia comtvealtkidng
pul se supplied at the time of power-up; and a second
us|1$1\§e|a shiinfe r&lelic @lubpll@ratvoll%a@;@n Rect etdel Ropaialll ekilwet h
sai d second resistance elenent and shifts a | evel of

naSAind GoR! IQhieRg cRULER 18 udSi NE S@led BEJAl WepiSPRY se
vol tage resulting from conversion by said second

tcPQ@k&%k@“%ﬁa%@%?@h%ch%rg@ %EEB%%cﬁko%OntTQbélnghé
supply vol tage conversion circuit that incl udes a

c. rg;te Lharge . flpw;% LhCuist and 3 $eeend ¢hargs RWIP pair

the first charge punp CIrCUIt i ncluding a

C hs glr‘r“?q?%/ldtl% %l}g; 3R fi ' %t o c1(E 3RS 'r?ﬁ%‘iregsegir

schar f|r ¢ capaC|tor

hC OCI?’LV %rltlI Qv% % fel rt“i’:taln%Q%Ittolrv%lsélé%p lo)f \é%l t%%%ntsq % o3 %%q%

p03|t|ve supply vol'tage that i's “larger
t th d ch
reE PR A Rg 1S age%ﬁaggigéé’.”?o%uﬁé%y 9gecoﬁa
f t t f h / di
e Baort et b e ander e sty FeaRe ity e

suppl vol tage to a negat.ive suppl vol t age,
be a%%lyeved Wi h a smallg circuit %% )_(Le. 9
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the nethod conprising: 43 converting anplitude of a
control pul se by using said second positive supply

vol tage resulting fromconversion by said first charge
punp circuit and said negative supply voltage
resulting fromconversion by said second charge punp
circuit; and chargi ng/discharging said first and
second capacitors with said first and second pairs of
transistors in said first and second charge punp
circuits, respectively, by using the control pulse

CLAH“ShaV|ng the converted anplitude. 6. A display including

1.

a dlsplay area part in mhich pixels havi ng an

A% ect r 0: Opt | [ Uﬂ mare. two- di mensi onal |y
aPP%Hégggr?wwﬂg %ﬁ&z 5P Rﬁ%saand a supply vol tage
converchame punp circtit tHadtindwles ex tcapacitoe ptdian pair rog dtansistors for

c@éfbi’#gﬂ cﬁé‘#@ﬂ{g saYaOl:%;?a,%ﬁort %nd. %H%}lsy F"ff?ét s é/h\?o‘fﬂaEQ t& a second

ent
serni edliepe that isr |@[gef ti‘@o_rim fn§i ﬁlg)plyavcdthaqz ge apwhtpde icprvgirgion circuit
tﬁali‘ %nv‘eﬂ§ EMQﬂﬁ fof %Is%ﬁj ARk did Pfaur b @J}%‘s%rg by usmg said
arglng |sc ar gi ng sa| capaci and converts

sacqnﬁ s4pPhs VREDg resylting ffemt Gondersien b gaid shpisrpurel drag

t hat 5igitbiRle@Bient BN bifed lahduts AL Yor \s8ldt §8€ge Blknp cwcwt to a
nplltude conversion circuit that converts a i tud

pewersupghifingfor saifl Jest peely \pipgs ﬁ‘g’”’@a&l eerigi perige @ the time Of power-
upransi stors by using said second supply voltage

resulting fro conver Si by sajd cha

i 1 onirte Sy el AR e SRl B SR B APETq fRnoling
poﬁesaﬁﬁa@bﬂhgempumpoweﬁwyahdto a power supply l'i ne

for said,fi vol tage during . ain_ peri od

at t ﬁi evel %I% ]:cuiig V\% S corbnecge% n glagallglq%@ %ax% r%ms(tari%ﬁ ae[lement and
shipphiles! Ofosaa:l cratrelliog pdae ty swing shid skemmeingupaly cohidgeatebulhgg from

C@ﬂﬁﬁ%ﬁ%ﬁg&déﬁ%égﬁ&m§m e of power-up, and a |evel

clr cul i's”Cohnected in parallel with said
resi stance elenent and shifts a level of said
controlling pulse by using said second supply voltage
resulting from conversion by said charge punp
circuit.

A supply voltage conversion circuit Eomprising:

a first charge pump circuit that includes a first capacitor and a first pair of
transistors for charging/discharging said first capacitor, and converts a first positive
supply voltage to a second positive supply voltage that is larger than the first positive
supply voltage;

a second charge pump circuit that includes a second capacitor and a second pair
of transistors for charging/discharging said second capacitor, and converts the first
positive supply voltage to a negative supply voltage;

a first amplitude conversion circuit that converts amplitude of a control pulse for
driving said first pair of transistors by using said second positive supply voltage resulting
from conversion by said first charge pump circuit and said negative supply voliage
resulting from conversion by said second charge pump circuit; and

a second amplitude conversion circuit that converis amplitude of a control pulse

for driving said second pair of transistors by using said second positive supply voltage
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7. The display according to claim®6, wherein said
supply voltage conversion circuit is forned on a
transparent insulating substrate that is the sane as a
substrate on which said display area part is forned.
44 8. The display according to claim?7, further
conprising: a power supply output term nal for
extracting to the outside of the substrate a supply
vol t age output fron1said supply vol t age conversion

cuit ut term nal
el o BT REiogl BB VeS8 ibabr Gt Sl praptve sueely
voltdge agaulimgtiput cdnvensiop aly dadeeerndsaprdeypuowyt gretitt er m nal |
said power supply output termnal and said power
supply input termnal being electrically coupled to
Toashprit Yrtrge cersietéon direuit seoxtingipelaid 2, rtergompyising:
i ncl rh%lt Afd %e%rﬁpk chaél%eﬂt@%aﬂ E’o o &hﬁiﬁ'nﬁef@Véaﬂﬂ first and
an el ectro-optical elenent are - di mensi onal | :
Sa@r"dﬁ@é@el qu%ﬁw@ %@?WPNMG@ H)@Gﬁipf!f?‘ RpSItivegepply voltage
aR@RYRI Sdfafive SlifphH UdiiagBatespOAVEY ! SurhgCeIcbAbIA JlibEGE the time of
current supply voltage to a supply voltage having a
PEVETHent vol tage val ue, said supply voltage
conversion circuit conprising: a first charge punp

ircuit that includes a firsf capacito nd a fjrst
ThG SiibRlY vOIaRe RISl s R Soeh e o
fi lrsta festrasisiante e@ﬁﬁanbﬂ*@vebiﬂ&saefa} b5tk cPC@hd fu\sﬁ swigthppleynent a
Vi age osi tive s voltage that is
cPtE Blsd SplB A e R PR Y 1 vl ager a
secoadlrsihlavejeshprmpcmthatuust cannetted nic Ipaddisl witls seinfitst resistance
Feﬁ%ﬂ?%:tioo% fr[’é’]g |&EF&CS%WC0%§JO”IH gfﬂaé Bg%&'ng tsgiHssecglgd positive supply

ar gl ng |scharg|ng sal tor
veltngeeesuingdiom ¢dnvension by saidifive csarpplpymp@frma@e to a

negatais¥@orﬁ"r@§ét¥nééoélérﬁ&ﬁ'th::ﬁ‘ Fbl §tto '&Qﬂe'c}f'égi@ s@&ih\é%ﬁtl:ﬁ’ﬁlement

circult that converts a a control pu se for
dri vRsgnisding wiseﬂlmgi@mat tpwmfwsfﬁbws 3§ using said

secopdsdR@rd LIbWE SHIfP RirYuit el 58 eccfn%@éﬂe@ |iR9parbllePith said second
conversion by said first char circuit and said

TR VRCBR AN Sl adwrel RRETLN tq0ﬂ§o % ANIED RY SKdGRIG pegative
sSEpIEvarge Rbulting Fre® dOHVEISiEN b Bhitl se@nd charge pump circuit.

A method of controlling a supply voltage conversion circuit that includes a first charge
pump circuit and a second charge pump circuit, the first charge pump circuit including a
first capacitor and a first pair of transistors for charging/discharging said first capacitor,
and converting a first positive supply voltage to a second positive supply voltage that is
larger than the first positive supply voltage, the second charge pump circuit including a
second capacitor and a second pair of transistors for charging/discharging said second
capacitor, and converting said first positive supply voltage to a negative supply voltage,

the method comprising:
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a second anplitude conversion circuit that converts

anplitude of a control pulse for driving said second

pair of transistors by using said second positive

supply voltage resulting from conversion by said

first charge punp circuit and said negative supply

vol tage resulting fromconversion by said second

charge punp circuit. 10. The display according to

claim9, further conprising: first and second switch

el ement s t hat l e, an _outp ne of said first

SecoRthEREGRTEIE £ £ dante misbponde SibaroPd s thg surply

veltdge felultiig ﬂosn ddnverseupl yaish Gt agsrge@mdlrﬁﬂl ghd said negative

sg@%? i{l(:)ﬂr\;/?%(ﬁz%'l Iuglgg gfalontc:?gg?rm%%sg t (\:/oen ydhsgg%&)lf_n argutt and

di splkbargmgiccbirpingtsaidcirst amdl@gcoﬁcdl nawm:rtonsombws%esd figt avd second
' [ t I .

ol F Rt A6 AP ERE oot nBR Ry bl FEolely. by using

thegamitrobreiiset having the wverﬂecbwelﬂuclﬁo, a first level shift

circuit that is connected in parallel with said first

resi stance elenment and shifts a |level of said )

Aedimrlmoinciudige pulisiahgrea Perdn vaicH PHElORY NSy elpdteo-antispl glement

a\"e,o M@&ﬁ)eﬁﬁ@hﬁil& IaR@n§EPM ©RB\ERH %b%rﬁ?’aﬁ@'a@ubbiy %Ité“déaécgﬁersmn
circuirt, a Second resi stance el enent that ap lies

CtrﬁiJ'Tath@'a'f%'V%'i‘S 3 5pipig SieH FUBRPL SURPY | VEliRas to 3 SRpht \‘%‘F‘Q‘? H@V'”g a
drﬂélré‘rfb v@lta@f@ vaKed, suid édw:ywon@geocfonp@wh 'cg@.ut @hfprisingecond

eve ift circuit s, connected in par
sai os Tt Ponb oL VAR s GeBrd SantciCn e B Ba & dralgors for
cﬁ&igﬁgﬂﬁxmhﬁrglnlgl s pﬂﬂ:&tﬁorbyandScl:dmgemBCf rtegaiplyv eoltagei ppl 2y second
vol ta resul tin Vi sai d second
<Y Gk BRIt hER T RERRY BB, 22 0 ST re o
cl ai am @mplheieetamveraiod tsrlqplpltlyat\mhtfeagseamplﬂvcm sf ercontrol pulse for

dg’llnhg LEa‘d gir JfodeH%Q cﬁg bga%%r?g%&@rg n8 %#E@t\yontg € r%sulting from

rat t hat sar S a substra
cenyetisien b)p$€a@cfaﬁf@%lpwplr¢td formed. 13. The displ ay

aCC%dévﬂlghtéPerﬁérﬁ"tH%tlc%uplﬁeQratnh&ﬁpnﬁqmrdfséaﬂ:gcha@g@%%b cnrcwt to a
supply output termnal for extracting to the outsid

Peek Hiprlyipe for spid ﬁést§u[ﬁgy yoltage during a certain period at the time of power-
up,

a resistance element that applies to a gate of said switch element a controlliing
pulse supplied at the time of power-up, and

a level shift circuit that is connected in parallel with said resisténce element and
shifts a level of said controlling pulse by using said second supply voltage resulting from

conversion by said charge pump circuit.

The display according to claim 6, wherein said supply voltage conversion circuit is
formed on a transparent insulating substrate that is the same as a substrate on which

said display area part is formed.
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10.

vol tage out put from said supply voltage conversion
circuit; and a power supply input term nal for
bringing in the inside of the substrate the supply
vol tage out put from said power supply output termn nal
said power supply output termnal and said power
supply input termnal being electrically coupled to
each other outside the substrate. 14. A portable
term nal enploying as a screen display part a display
that has a supply voltage conversion circuit, the
supply voltage conversion circuit conprising: a charge
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of transistors for charging/discharging said second capacitor, and converts said first

positive supply voltage to a negative supply voltage;

a first amplitude conversion circuit that converts amplitude of a control pulse for
driving said first pair of transistors by using said second positive supply voltage resulting
from conversion by said first charge pump circuit and said negative supply vcliage
resulting from conversion by said second charge pump circuit; and

a second amplitude conversion circuit that converts amplitude of a control pulse
for driving said second pair of transistors by using said second positive supply voltage
resulting from conversion by said first charge pump circuit and said negative supply

voltage resulting from conversion by said second charge pump circuit.
The display according to claim 9, further comprising:

first and second switch elements that couple an output line of said first and

second charge pump circuits to a power supply line for said first positive supply voltage
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11.

12.

13.

14.

vol tage conversion circuit, the supply voltage
conversion circuit conprising: a first charge punp
circuit that includes a first capacitor and a first
pair of transistors for chargi ng/discharging said
first capacitor, and converts a first positive supply
voltage to a second positive supply voltage that is
| arger than the first positive supply voltage; a
second charge punp circuit that includes a second

tor .and a transi staors
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pooavep.ts said first positive supply voltage to a
negati ve supply voltage; a first anplitude conversion
circuit that converts anplitude of a control pulse for
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shid'dddplay\rd £ ParBls@R2H. @ control | ing pul se supplied at
the tine of power-up; a first level shift circuit that

is connected in parallel with said first resistance
The display according to claim 12, further comprising:

a power supply output terminal for extracting to the outside of the substrate a supply
voltage output from said supply voltage conversion circuit; and '
a power supply input terminal for bringing in the inside of the substrate the supply
voltage output from said power supply output terminal, said power supply output terminal
and said power supply input terminal being electrically coupled to each other outside the

substrate.

A portable terminal employing as a screen display part a display that has a supply
voltage conversion circuit, the supply voltage conversion circuit comprising:

a charge pump circuit that includes a capacitor and a pair of transistors for
charging/discharging said capacitor, and converts a first supply voltage to a second

supply voltage that is larger than the first supply voltage,

46




15.

16.

el ement and shifts a |l evel of said controlling pulse
by using said second positive supply voltage
resulting fromconversion by the first charge punp
circuit; a second resistance elenent that applies to a
gate of said second switch elenent a controlling
pul se supplied at the tine of power-up; and a second

| evel shift circuit that is connected in parallel wth
said second resistance elenent and shifts a | evel of

said controll pul se b sjing said negative
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up,

a resistance element that applies to a gate of said switch element a controlling
pulse supplied at the time of power-up, and

a level shift circuit that is connected in parallel with said resistance element and
shifts a level of said controlling pulse by using said second supply voltage resulting from

conversion by said charge pump circuit.

The display according to claim 14, wherein said supply voltage conversion circuit is
formed on a transparent insulating substrate that is the same as a substrate on which a

display area part of said screen display part is formed.

A portable terminal employing as a screen display part a display that has a supply
voltage cb'nversion circuit, the supply voltage conversion circuit comprising:

a first charge pump circuit that includes a first capacitor and a first pair of
transistors for charging/discharging said first capacitor, and converts a first positive
supply voltage to a second positive supply voltage that is larger than the first positive
supply voltage;

a second charge pump circuit that includes a second capacitor and a second pair
of transistors for charging/discharging said second capacitor, and converts said first
positive supply voltage to a negative supply voltage;

a first amplitude conversion circuit that converts amplitude of a control pulse for
driving said first pair of transistors by using said second positive supply voltage resulting
from conversion by said first charge pump circuit and said negative supply voltage
resulting from conversion by said second charge pump circuit; and

a second amplitude conversion circuit that converts amplitude of a control pulse

for driving said second pair of transistors by using said second positive supply voltage
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17.

18.

19.

resulting from conversion by said first charge pump circuit and said negative supply

voltage resuiting from conversion by said second charge pump circuit.

The portable terminal according to claim 16, further comprising:
first and second switch elemenis that couple an output line of said first and
second charge pump circuits to a power supply line for said first positive supply voltage

and said negative supply voltage, respectively, during a certain period at the time power-

up.

The portable terminal according to claim 17, further comprising:

a first resistance element that applies to a gate of said first switch element a
controlling pulse supplied at the time of power-up;

a first level shift circuit that is connected in parallel with said first resistance
element and shifts a level of said controlling pulse by using said second positive supply
voltage resulting from conversion by the first charge pump circuit;

a second resistance element that applies to a gate of said second switch element

a controlling pulse supplied at the time of power-up; and

a second level shift circuit that is connected in parallel with said second
resistance element and shifts a level of said controlling pulse by using said negative

supply voltage resuiting from conversion by said second charge pump circuit.
The portable terminal accerding to claim 16, wherein said supply voltage conversion

circuit is formed on a transparent insulating substrate that is the same as a substrate on

which said display area part is formed.
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