S04P0609 DESCRI PTI ON SUPPLY VOLTAGE CONVERSI ON
CIRCU T, CONTROL METHOD THEREOF, DI SPLAY AND PORTABLE
TERM NAL Technical Field The present invention rel ates
to a supply voltage conversion circuit, a contr%IO4PO609
nmet hod thereof, a display and a portable term nal”

and particularly to a supply voltage conversion

circuit enploying a charge punp <circuit that

char ges/ di scharges a capacitor, a control nethod
thereof, a display having the supply vol tage

conversion circuit, andpgsperbtabhe termnal 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

aBdPfi%BVQEEKGENUﬂNV@RQEDE|Cfﬁ@Uf@E”@éNTRdﬁ“ME@@bg THEREOF,
information term nals), have been remnar kabl e.

f acs pravfanheorapbde spradizaf these 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
Crychmicall $04PA609 di spl ays are display devices that
have a characteristic of requiring no power for

drivi ngThhepsetemets inveprtiibai peBates to a supply voltage
conversion circuit, a 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 as a screeﬁ display part of the portable

terminals. The reason for this is that the liquid crystal




and therefore are of | ow power consunption. The
portable term nal enploys as its power supply a
battery of a single supply voltage. In contrast, in
the liquid crystal display, a horizontal drive

circuit for driving pixels arranged in rows and S04F0609
columms enploys DC voltages that are different

between a logic part and an anal og part thereof.
Furthernore, a vertical drive <circuit for witing
information to the pixels enploys a DC voltage having

t H@s?paﬁ% W valpeslaggel dhandhah.af a Elqgré/@ééﬂ%%? <

for the horizontal drive circuit. Therefore, use

the Ligwi &gy b Eﬂou@rsﬁ:o@y d-RGh Hgeghddsd N s RYY E)@?hg%ple,

termnal is a supply voltage conversion circuit

CanyefisSrerctdghe DE Yol tader tRnRlipakoki nds of DC
vol t ages having different magni tudes, a so-called

DC-DC  @9RvVebl ikl LoMMENRHAN Y oy PG PG GOEELeESpply a
enpl oying an inductor are typlcayly used for liquid

Chystaty Bspl atigle HOMBYBF .vAURGLQ IBC&IMNntra@RASiRf the
portable termnals toward | ower power consunption and

SIBdh Bl SR alugesplaghad g W LBC- BEi 60 NVeriis bas
been increasing(for exanple, refer to Japanese Patent

Lat oy 0pe b iNe120@2raddéd 64 (dowspanti edl éhns PaAG2P DS
0005 to 0013 and Figs. 2 SO4PO609 11 to 14)). The

chal ey halCabe aonverdred Heasical aalvygind age-t0fand an
contributing to mniaturization of the

analog part therecf. Furthermore, a vertical drive
circuit for writing information to the pixels employs a
DC voltage having the absoclute value larger than that of
the voltages for the horizontal drive circuit. Therefore,
used for the liguid crystal display included in the
portable terminal is a supply voltage conversion circuit
that converts a single DC voltage to plural kinds of DC
voltages having different magnitudes, a so-called DC~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.




portable termnal since it elimnates a need to use an
i nductor as an external part, although the current
capacity thereof is conparatively small. In a
conventional charge punp DC-DC converter, the 9% 0600
voltage of a transistor for driving a flying

capacitor is controlled by changing its voltage sw ng
controlled by the input voltage. Therefore, when
real i zati on of a DC-DC converter of l|large current
capacitance is aimed, |arge size transistors need to
ber foried, . wWahehcheads b Deabgecshy&iidr HazeanThi s
circuit size increase is problematically significant
WReRahPEge W @é‘n&%iﬁﬁ@iﬁ?bﬁé Gatred tush Rgr d8Ni gescravi ng
comparatively small mobility such as |owtenperature
pob¥tsbléd crmimbi( $hhBe Fit M HnARSItskOk) nedll €8 e an
formed on an insulating substrate. Specifically, when
f 9hELBEA aLhay gatBYAR] DG EC conveibar tR eusaseal | ed
frame (peripheral region of a display area part) of a
desphayty i tHea@oal by Bbhpatdnei wlisplsayiarea part (pixel
part), the increase of circuit size of the DC DC

convert @n @adsfsentihdNaiease ohmbhBcirv@mdSiez@er, the
Therefore, a serious problemarises when
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invention is nmade in consideration of 3 S04P0C609 the

abapec tlescridbednprobl et banthangdesi nest hel enfe isvitrey

provi de a supply voltage conversion circuit allow ng
controlled by the input voltage. Therefore, when
realization of a DC-DC converter of large current
capacitance is aimed, large size transistors need to be
formed, which leads to a large circuit size. This circuit
size increase is 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 consideration of




fabrication of a charge punp circuit having |arge
current capability with a snall area, a contro

nmet hod thereof, a display including the supply

vol tage conversion circuit, and a portable terméﬁ%90609
enpl oying the display as its screen display part”

Di scl osure of Invention In order to achieve the
above-descri bed desire, according to the present
invention, in a supply voltage conversion circuit

enpl oying a charge punp circuit that includes a

CRPachbo¥e Ak & iRRWN p@ELIEANSIRY U YeE9%e thereof is to
char gi ng/ di schargi ng the capacitor and converts a

fibkstias WPRluppiQ) tRAeaLe BosReANGSURRPLY: V0Lt AGS: dat
is larger than the first supply voltage, the

ampbirivgde Hf & corhbehe PSS iTHONVELERE DYrdSidiirent
the second supply voltage Tresulting from conversion

byabhBi Chaf g8 tAURP skhl CUbtea ANY cdriteB1t REtEER AL U1, S 5
charged/ di scharged with the pair of transistors by

ugh Bg14 el cnidiely RHESSuPBYY NEb Qe €BAVEFEEEh circuit,
anpl i tude. Furthernore, the supply voltage conversion

CahU& tpdiscdisied tagmanROVEHp SaPIMoY telel BEH18Y & its
display. In addition, a display including the supply
vektrage LiyplensipamtCircuit is used as a screen display
4 S04P0609 part of a portable termnal. In the supply
vol tage conversion circuit with the above-described
configuration, anplitude conversion is
Disclosure of Invention
In order to achieve the above-described desire,
according to the present invention, in a supply voltage
conversion circuit employing 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 is 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. Furthermore, the supply voltage
conversion circuit is used as a power supply circuit of a

display. In addition, a display including the supply

voltage conversion circuit is used as a screen display




i npl enented to convert fromthe control pulse with
anplitude corresponding to the 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(ﬁo‘lpo609
transi stors for charging/discharging the capacitor.

Thus, the voltages between the gate and source of the
pair of transistors are increased. Accordingly, the
on-resistance of the transistor pair is decreased,

apd. thgeef e dha e tE3RSLeIOr sizes of the transistor

pair can be decreased. As a result, a supply voltage

conver sigQ +gief b Hays NG Jd%%ggngﬂréggcﬂ¥ny¥t I ¥

can be achieved wth a sndl | circuit scale. Brie
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illustrating an exanple of the configuration of a

Chapgendmiay G PenceRYeELEh tRCCU-RE b1 defi{st
enbodi nent of the present invention. Fig. 2 is a

ClahpWi tudd airamdpohushyat b nﬂw.é)r]ﬁrs%xéﬂ'?bﬁy ofoitye to
speci fic configuration of a |evel shifter Fig."31is

a thent8gt £dardu196Pkatni Bgpt hendd 1Hirk spoRPHRPOAD the
operation of the charge punp DC DC converter according

t gecbhe éugSity emhedyaentrial doherbil NBubie RANBMGURhe
thereof. Fig. 4 is a circuit diagramillustrating an

- exanpketedfandla toasf i gutnéh pifica ¢hacge pap SC- DC
converter
transistors for charging/discharging the capacitor. Thus,
the voltages between the gate and source of the pair of
transistors are increased. Accordingly, the on-resistance
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 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




according to a second enbodi nent of the present
invention. Fig. 5is acircuit diagramillustrating

anot her exanple of the specific configuration of a

| evel shifter. Fig. 6 is atimng chart explainE%%PO609
the circuit operation of the charge punp DC DC

converter according to the second enbodi nent at the
time of power-up thereof. Fig. 7 is a schematic
configuration diagramillustrating an exanple of the
configuration of a liquid crystal display according

! ?FEP&Péﬁstﬁf‘ttHe”\éﬁﬁﬂﬁg%%xf@ thed SoBvELELH &caﬁfﬁ%&l@%

ustrating an exanp the configuration o

di G| AYr&¥ CaRA At LPCcAd QUi & %%t«é!s-l% Sl eBeorhl -
9 is an outline viewillustrating the schematic

configuraly on of 2 caldyilaiRhens lﬂ?&sﬁfﬁé&ngpghtéQéﬁple
term nal according to the preSent invention. ‘Best Mde
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present invention will be described in detail bel ow

Wh&éof@iﬁifﬂ§&at§édJﬁa drawhngsnt &FI £18d G-t lnbion.
SHUPC609 Fig. 1 is acircuit diagramillustrating an

exanpl e riQf. thescoOntiguriat ileBgebmai DeiyH4888 another
conversion circuit, i.e., a charge punp DC-DC
CORMRFILIof AGROLPLBIFLIO SodiffiratgabBodirneniefl (8 fter.

present invention. Here, as one exanple, description

w || berigdecaboud @in3erDChe@RYekpesisuppliRdcircuit
operation of the charge pump DC-DC converter according to
the second embodiment at the time of power-up thereof.

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

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

Fig. 9 is an outline wview illustrating the

schematic configuration of a cellular phone that is a

portable terminal according to the present invention.

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]




with a first positive supply voltage VDDl of 2.75 V

and a negative supply voltage VSS of 0 V (ground

| evel ), and boosting the first positive supply

voltage VDDl to twice the voltage VDDL, i.e Agog 0609
second positive supply voltage VDD2 of 5.5 V. 3
apparent fromFig. 1, a DC-DC converter 10 according
to the present enbodi nent includes a charge punp
circuit 11, a level shifter 12, a buffer 13, a swtch
el ement 14 and a power supply start-up contro

circuit Flg The, cyaél%ﬂgmlgbf:gﬁu ilﬂlﬂseﬁ%&as}eénaexample

flying pacitor CII and a pair of transistors

CQ@&&@%&H&%@BQ&BS &Peafﬂdlmtg%%g%mr&% al(rﬁmta

PchMOS transi'stor (1l and an transi st or

The, PQPNQQIP%aﬁﬁhEtﬁE 5! dordvereernegtes-HEIPREN 0B rst
end of the flying capacitor Cl1 and a power supply

| ifSodilderdt0lor tRE HHESLnPOSIIdME o UPPhYrd 0ldag8 e VERImp 1 e,
and the NchMOS transistor nll is connect ed between

thes O Qfi1thge fdyd NbRAapPacipbobc Adnddta RO ggnled
supply line L12 for the negative supply voltage
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transi stor Qnl2, which is a swtching transistor, is

craqect-Rd supetiveen1 tige ofdierorend vofigt-Bend | MRA ), and
capacitor Cl1 and the power supply line L11. In

aglehd i 01y thePEhVEB béasivd Fupp@Rl2ol WAGE WIS @0 twice
swi tching transistor, is connected

the voltage VDD1l, i.e., to a second positive supply
voltage VDD2 of 5.5 V.

As i1s apparent from Fig. 1, a DC-DC converter 10
according to the present embodiment inclgdes a charge
pump circuit 11, a level shifter 12, a buffer 13, a
switch element 14 and a power supply start-up contrecl
circuit 15. The charge pump circuit 11 includes a flying
capacitor Cll1 and a pair of transistors for
charging/discharging the flying capacitor Cll, i.e., a
PchMOS transistor Qpll and an NchMOS transistor @Qnll. The
PchMOS transistor Qpll is connected between one end of
the flying capacitor Cl1l and a power supply line L11 for
the first positive supply voltage VDD1l, and the NchMOS
transistor Qnll is connected between the one end of the
flving capacitor C11 and a power supply line L12 for the

negative supply voltage VSS.




between the other end of the flying capacitor Cl1 and
an output line L13. The output line L13 is a line for
out putting the second positive supply voltage VDD2.

The gate of the MOS transistor Qnl2 is connected ég

the cathode of a diode Dl11. The anode of the di ode“FA%%?
is connected to the power supply line L11. The gate

of the MOS transistor l2 is connected to the

cat hode of a diode D12. The anode of the diode D12 is
connected to the power supply line L12. Connected

bet vieen ey QUi pllad i, L13cand {he DOuRhSUPPLYLingy

L12 are a capacit transi stor

QG Tha date of hhe ME thapsister, Q1 dacadap! i ed

‘a standby puls TB Via an invefter . The | evel
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enp oys as its operating voltage he second positive
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and the negative supply vol tage VSS, and converts

%%P‘?t R duligeal Wi%ﬂhglgo LHr%%lsﬂ%%kngl@"%drIelé@%d of
- VDDL (2.75 V)" to a cont r ol pul se havi ng
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pul se wwth anplitude of VSS -V which results
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12, 'is supplied via the buffer 13 to each of the
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supplied via the capacitors Cl2 and Cl13 to the gates

of the WBE §aedsdsStiols MB12randi sPd2.0n12 is connected to
the cathode of a diode D11l. The anode of the diode D11 is
connected to the power supply line L11. The gate of the
MOS transistor Qpl2 is connected to the cathode of a
diode D12. The anode cof the diode D12 is connected to the
power supply line L12. Connected between the output line
L13 and the power supply line Ll12 are a capacitor Cl4 and
an NchMOS transistor Qnl3. The gate of the MOS transistor
Onl3 is supplied with a standby pulse STB via an inverter
16.

The level shifter 12 is an amplitude conversion
circuit that employs as its oberating voltage the second
positive supply voltage VDDZ supplied via & power supply
line L14 and the negative supply voltage V5SS, and
converts a control pulse (pumping pulse) having amplitude

of V85 (0 vV} - VDDl (2.75 V) to a control pulse having




respectively. Fig. 2 is a circuit diagramillustrating
one exanple of the specific configuration of the

| evel shifter 12. The level shifter 12 of the present
exanpl e has NchMOS transi stors @121 and Qnl22 whos%
sources are both grounded, and has a di fferential®1060?
circuit configuration in which the drains of the MOS
transi stors Q121 and 122 are cross-coupl ed.
Specifically, the drains of the MOS transistors nl2l
and n122 are connected via PchMOS transistors (pl21

ando$Piade LOr WA PWRL 9Py | i RR.L14n{ 08, 1hA Seqeng
positive supply voltage VDD2. The gates of the MOS

tLaRsk 898 (PXEL angppRP1gr: &t e LONNECednt Pnl NGus1 i tude
drains of the MOS transistors 122 and (Qnl21,
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supplied wth the control pulse with anplitude of VSS
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supplied wth the control pulse with anplitude of VSS

- O¥PP1lahaveried by as9s3P4Pe9% EMB e BUBEECFodLlc12 and

Thus, anplitude conversion is inplenented to convert

fcom theckonddls Pl s8eWMibd tadiidrede oh1YSSha E%z@Eé
to the control pulse with anplitude of VSS - VDD2,

Wekepettigeryved fromthe drain of the MOS transistor

M122. The control pulse with anplitude of VSS - VDD2

I's outputigui @ asbdf efcdid? diagram illustrating one
example of the specific configuration of the level
shifter 12. The level shifter 12 of the present example
has NchMOS transistors Qnl2l and 0Onl22 whose sources are
both grounded, and has a differential circuit
configuraticen in which the drains of the MOS transistors
Onl21 and Qnl22 are cross-coupled. Specifically, the
drains of the MOS transistors Qnl2l 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
Qnl22 and Qnl2l, respectively.

The gate of the MOS transistor Qnl2l 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 VSS - VDDl inverted by a




conposed of cascaded two stages of CMOS inverters.
Referring again to Fig. 1, the buffer 13 is

configured by cascading two CMOS inverters 131 and

132. The CMOS inverter 131 is conposed of a Pch
transistor QP14 and an NchMOS transistor nl4 t RYEF0609
are connected in series between the power supply |line
L14 for the positive supply voltage VDD2 and the

power supply line L12 for the negative supply voltage
VSS, and have gates connected to each other. The CMOS

iB%@étﬁ{v g §2§9MPARRd %ﬁi?ﬁ@é@ﬁéﬂ%&sﬁgr Q15
an 5t

an NchMOS transistor On at are connected in

Seql EsnbRINEER LhRyDOWEE - SHRRLY Lhoes: Lidh o and 12

have gates connecte each ot . e swtch

ebepeitydé J55 vBEOVI ¢B6h | b Hrdeloh@rotOMR] S LG rout put
1 ne Lfé to the power %upply Ifﬁe filoﬂﬁoﬁéthgj#irst
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at the time of power-up. The switch elenent 14 is

nggec pip 1¥fs & rBeBMIBoE r@nsiSt 0rndddht £onnReatked,bef ween
the power supply line L11 and the 10 S04P0C609 out put

| ife1 1d3ie BF e gayspofid he BehMISat £ apst &tor 22Q13,

a power supply start-up control pulse STT is applied

VeSS PO aSBRREN S dldrdde sCORt ERbs Cikddbiderkd at
the tine of power-up. The power supply start-up

control reirkedibg 1&ydis tRr evpded, i thoneredro 13uRgl y

turn on the switch el enment 14

configured by cascading two CMOS inverters 131 and 132.
The CMOS inverter 131 is composed of a PchMOS transistor
Qpl4 and an NchMOS transistor Qnl4 that are connected in
series between the power supply line L14 for the positive
supply voltage VDD2 and the power supply line L12 for the
negative supply voltage VSS, and have gates connected to
each other. The CMOS inverter 132 is composed of a PchMOS
transistor Qpl5 and an NchMOS transistor Qnl5 that are
connected in series between the power supply lines L14
and Ll12, 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 L1l
for the first positive supply voltage VDDl during a
certain period at the time of power-up. The switch

element 14 is made up of a PchMOS transistor Qpl3

connected between the power supply line L11 and the

10




at the tinme of power-up, and to surely turn off the
swtch elenent 14 after the second positive supply
vol tage VDD2 has been activated. The power supply
start- up control circuit 15 includes a resistang
element R and a level shifter 151 connected in
parallel with the resistance elenent R The
resi stance elenment R directly supplies the power
supply start-up control pulse STT to the gate of the
MOS transi stor Q13. The level shifter 151 inplenents

ORIl P <e SPF W T il Tui arveeeter
V| §SIT
N RE A PR AR e e T
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Fig. 2 can used for exanple. The circuit operation

ogttgﬁéc@@&g%fp%ggegihgx: converter 10, at the tine of
power - up thereo according to the first enbodi nent

with thQ‘h@bﬁéﬁﬁege&%ﬁl@?%ta‘ignﬁbgééﬁlti@ Wdduikers is
descri bed below with reference to 11 S04P0609 t he

thpbpoacdant ekl 9o SurdBPrReneh- UReabywi i dithent 14
initially the first positive supply voltage VDDl and

the poverinUpRR Yoaballp, Whed rs@'re@¥| S€r® It Alt@e
activated. During a certain period T1l fromthe

ashival ioRmdedtt naeakddy the s%tc%&@bﬁosﬂ‘e'i§@ SEP1s at
the low | evel (ground level), and

voltage VDD2 has been activated. The power supply start-

%4P0609

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 VSS -
vDDl to the power supply start-up control pulse STT with
amplitude of VS5 - VbD2. 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




therefore the MOS transistor 113 is in the on-state.
Thus, charges of the capacitor Cl4 are discharged. At
the time t12, the standby pulse STB is switched to

the high Ilevel (VCCl), which turns off the MOS
transistor Qul3. In addition, fromthe tine t12, SLABO60?
power supply start-up control pulse STT is kept at

the low level during a certain period T12, and is
applied via the resistance elenment Rto the gate of

the MOS transistor @l 3, which is the switch el ement

14, T %nﬁf,ﬁ‘?l@?@fc’ft gtg.sit%éor Q13 enters the

on-state, oup output line L13 to the

pouer <Ugahyoblae il TIRESLoTe. snt e iy ShePasiil ve

supply ['ta DDl is output fromt tput [ine
s 4 i gd R Ity ply eV €5 St Syt
'al§ 144 4d a;J:L%%)ltyolatSrl]EQ?é VS SHRP'h 1%!:&@:9 th\@[}l t3irt

so suppli evel shifter via the “power

SYPPLyndidie dulde he Level o shifbar Igudnd ialklkzesihts
h

operation w't the positive supply voltage VDD as

tHe APl VQlhagRe 280, SURR] i8S chife £05! rale RULSELY
wth anplitude of VSS 12 S04P0609 VDDl as a punpi ng

PPl BSe TGl %tt @nkheofNadea RYMBunal 16vk1) 1lang a the
buffer 13. Upon receiving the control pulse, the

ChRdfer UM Hel bl Erddsifidd &nhizes shoasthddon-0nerat i on
(punpi ng operation) according to the control pul se.

Subsequaitdges afr th8tcddadi@fit efat BecehapsigaRfed.NeAt the
certain period T12, the power supply start-up contro
time t12, the standby pulse STB is switched to the high
level (VCCl), which turns off the MOS transistor Qnl3.
In addition, from the time t12, the power supply
start-up control pulse STT is kept at the low level
.during a certain period T1l2, and is applied wvia the
resistance element R to the gate of the MOS transistor
Qpl3, which is the switch element 14. Thus, the MOS
transistor Qpl3 enters the on-state, which couples the
output line L13 to the power supply line L11l. Therefore,
the first positive supply voltage VDDl is output from the
cutput line L13 initially. The positive supply voltage
VbD1l 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 control pulse with amplitude of VSS -

12




pul se STT is turned to the high level and thus the MOS
transistor Q13 is turned off. Thus, the boosting
operation by the charge punp circuit 11 gradually

raises the potential of the output line L13 fromthe
VDDL level, and ultimately the potential conver G&§F8R0°
the VDD2 | evel. The second positive supply voltage

VDD2 is supplied via the power supply line L14 to the

| evel shifters 12 and 151. Consequently, the |evel
shifter 12 inplements anplitude conversion (level

' t I I |
S e SRREED bORG P aridb el rBH hatte b,
. %i SPhz 2r . . ceivin ro
SIPLLLCE 0ot VIR a0 Syon)| g IOt

| gyele shirfd emalal LoRbeoents @np! hyde, conve ﬁfdo%&isg

convert fromtheée power supply start-up contro

Sdferid idh apRidcti vdec 9t r ¥SRm) \éla@lorﬁhﬁgi_rﬁro 'Wa%/éh?'c)ont&otlhe

power supply start-up control pulse

appl 44 Ud@uBbe¥SShe1 VDA aRd sWPP! A £Sed N LANUBLLELE the
pul se to the gate of the MOS transistor Ql 3. 13

SO4PEHOP hs-ideserbbethabower istiphbhe SPhaE ge Wi, 61 DC

converter 10 that converts the supply voltage VDD to

thelssuppl ¥ svehtage ¥PD2haashdiaget oOgtherfid Sthe Mos
enbodi ment, anplitude conversion is inplenented to

corved tsddromptiBeiscomtkad qrH sermhih alddisdengf VSS
- VDDI to the control pulse with anplitude of VSS -
VERZxa Suhis egueREl ¥habye USnp circuit 11 gradually raises
the potential of the output line L13 from the VDDl level,
and ultimately the potential converges on the VDD2 level.
The second positive supply voltage VDD2 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 - VDDl to the control
pulse with amplitude of VSS - VDD2, and supplies the
converted pulse to the charge pump circuit 11. Similarily,
the level shifter 151 implements amplitude conversion to
convert from the power supply start-up control pulse STT
with amplitude of V38 - VDDl (logic level) to the power
supply start-up control pulse STT with amplitude of VSS -

VDD2, and supplies the converted pulse to the gate of the

MOS transistor Qpl3.

i3




of the control pulse having the converted anplitude as
a punping pulse, the flying capacitor CIl is driven

by the MOS transistors Qll and vl l, and swi tching

of the MOS transistors Qnl2 and Qpl2 connected %‘64@6%09
out put of the flying capacitor Cl1 is controlled.
Thus, the voltages between the gate and source of the
MOS transistors Qoll, @ll, Ql2 and Ql2 becone

| arger conpared with the case of inplenenting drive
control with the control pulse with anplitude of VSS

- VDDL. alsndbBbsigX@rgidse,t ha vakt 8888ge hasgMctwrce as
| arge. Thus, the on-resistance of the MOS transistors
Qoddver€dy 1.0 @nb2 anfvéPpd tre |soppn@dvoPes®s dinial Yo the
the sizes of these MOS transistors can be decreased,
agdpp hereflarget Wep2f cavtd oy alceaneotitbe Md»diment,
transistors Ql1l, Qll, l2 and Q12 can be reduced.
Asmpl 1tesdd toortvhe sebar ge mpiemeGiteaUict ddnhemt Mrch the

| arge current capability can be achieved with a small
ctoctitdl sadlse. wihsaapvanidge i ¥sssi-gubbi cantthe control
particul arly when transistors having | arge 14 S04P0609
t buesdotidhy almpéd ttl, o£. Y8 -t WDD2f.i | Soddansinstior Shy atise
used as the MOS transistors Qoll, ll, 12 and Ql2.

| of adte tacortrodt phiheet hareirgf theweonsuprtédiear)S tude as a
transi stor ol 3, which is the switch el ement 14,
coumpiasy pieeoutthat fl1yimey LR atco tblmeCpbdwes dutippdny blyi nee
L11 for the voltage VDD to thereby output the first
ﬁ@@$ttm&&sﬂgﬂ@p¢ Opll and QOnll, and switching of the MOS

transistors QOnl2 and Qpl2 connected to the output of the
flying capacitor Cl1l is controlled. Thus, the voltages
between the gate and source of the MOS transistors Qpll,
Onill, Onl2 and Qpl2 become larger compared with the case
of implementing drive control with the control pulse with
amplitude of VSS - VDDl. In this example, the voltages
become twice as large.

Thus, the on-resistance of the MOS transistors Qpll,
ini, onl2 and Opl2 is lowered. Accordingly, the sizes of
these MOS transistors can be decreased, and therefore the
formation areas of the MOS transistors Qpll, QOnll, ©Onl2
and Qpl? 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

14




vol tage VDDl fromthe output [ine L13. Thus, the

supply voltage VDD is also supplied via the power

supply line L14 to the level shifter 12. Therefore,

the level shifter 12 can be operated nornally also_at

the time of power supply start-up, which allow R§AF0609

stable start-up operation. Specifically, the |evel

shifter 12, which operates wth the second positive

supply voltage VDD2 originally, cannot operate

normal ly at the tine of power supply start-up since

t I g as > [V, y

T e?é#%ﬁé?V%ﬁég%oﬁfggﬁgﬁﬂVsg%gén%gﬁﬁbgg%%%ﬁg#ﬁgd ?%e

the. $NAr 48, PUPR ELLEUI L 01C0BLEASt ol 0 LI $1BY
IR R, et RRLEEE 2 i e?

coupl i ng the outpu I'me 13t o't Ae” power ‘su I ne
LIl at e Lk he; -up;.th ﬁggg ie] e

is suppﬁpea&?gg%ééff%gxghesﬁﬁ?%egfl : f%é#gf%?g,M%%i3 '
?XQS:LSSJHI]C b 5.3:,[2WRP(?1{ afsescﬂéog%ﬁkhfﬁ Q!Lérger% ltﬂ.,lh,e CU-IBFGS

power supply start-up, which allows normal supply

o} ntr. se,t a . C1 TG Ui 1
R R B R e e R R
P4 VAt 8l $hoRLSE foltipulth@nlOB; L5 ansd St eRlBp1y

needs to control the potential of the output line

L3 and vodherebar @h@qlﬁgﬁjdto 1havertihe sane vehtaggply

value ‘as the potential of the output |ine L12.

Houevefe vipit B8 gt 3gesuhiefiie vihe cNOSbhansd ik, Opad
is turned on at the tinme of power supply start-up,

thi s voldreoe ovah ush Canot1 D€ Therefore, the level shifter

I
0

12 can be operated normally also 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 wveoltage VDD2 has not been
activated yet. Therefore, the control pulse cannot be
supplied to the charge pump circuit 11. In contrast to
this, by coupling the output line L13 to the power supply
line L1l at the time of power-up, the supply voltage VDDl
is supplied to the level shifter 12, Therefore, the level
shifter 12 operates normally also at the time of power
supply start-up, which allows normal supply of the
control pulse to the charge pump circuit 11. |

The power supply start-up contreol pulse STT, which

15




ensured sufficiently. Consequently, at the tinme of

power supply start-up, the power supply start-up
control pulse STT at the logic level is applied via
the resistance elenent Rto the gate of the NCSSO4PO609
transi stor ol 3. Furthernore, after the second
positive supply voltage VDD2 has been activated, the
power supply start-up control pulse STT resulting
fromthe level shift by the level shifter 151 is
applied to the gate of the MOS transistor @l3 to

t behehyr £ O/ oFe W Lbiwss afrdoae sMEB %Eai@,nsf&éédy t@13.
a

Thus, stable start-up operation is owed. Although

t BenprEsae eediMBNtohashDernpdeser hbegh 2 byadaki ng
as an exanpl e the charge punp - DC converter 10 that

convestcérd heeldsr 8b POSd tine ssuRPhy1¥abt agel MORL the
the second positive supply voltage VDD2 | arger than

therarpd tAagfVEB: oheest sLie tizce fdewal,t age NP add
this exanple), the invention is not Iimted thereto.

Thefotanvert MO3 €aansisidardplbesappkhed 40 & ahar geme
punp DC-DC 16 S04P0609 converter that converts (by a

fattmswenf suippay epeytilie dhikssiopesyéi valsdipfinyiot be
voltage VDD to a second negative supply voltage VSS2
(engured ZufFiviehtefer Consaqgaeadny, £hodi went b0 Pover
described below). In addition, it is obvious that the
| sty Grrairs-0pt theigeddt cuwpthasgertpuheddEAC pulse
converter that converts a supply voltage to

STT at the logic level is applied via the resistance
element R to the gate of the MOS transistor Qpl3,
Furthermore, after the second positive supply voltage
VDDZ2 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 Qpl3 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 voltage VDDl
to the second positive supply voltage VDD2 larger than
the voltage VDDl (boosts to twice the voltage VDD1l, 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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twi ce the voltage or by a factor of m nus one. [Second

Enbodi nent] Fig. 4 is a circuit diagramillustrating
an exanple of the configuration of a DC voltage
conversion circuit, 1i.e., a charge punp DC DC

converter, according to a second enbodi nent of pR&FP0603
present invention. Here, as one exanple, description
will be nade about a DC-DC converter supplied with a
first positive supply voltage VDDI of 2.75 V and a
first negative supply voltage VSSI of 0 V (ground

'Sé!x?éérteél”‘%hgﬁlo%h{?&rﬂ‘e(ﬂy [SleaRQ8EL LY em:’?z‘dPsP'&ﬁe) the

vol t age VI to a second p05|t|ve supply vol tage VDD2

Oflrs:’c %o\él(tqqgsghﬂlgl§ Oy d S%% %%1\/91;[ §g§eé&)@-)neﬁgglve

converting the voltage Vi to a second negative

SHRR 1y wQ1tage V8§2 (Ofg - 2--£27% (GONYEELE NG, Y s@cond

factor of mnus one). As is apparent fromFig. 4, a

DGt Xa GRME e b e 20e s @ERU LA L9 . t heh RIRBSALR, it is
enbodi nent i s conposed of three blocks: contro

ChbEids Whiate 2he §n€%ﬁ£iﬁﬂ7%%athlehi€é&ttolH“dha%%e
and -2.75 V generation circuit unit 23.

ﬁgﬂﬁgfﬁElUGJQBhebrﬁéfCtﬂétlabdve%%seﬁpb@y§1$fv%ﬂ¥a§bttMe
supply voltage VDD1l, which is the logic |evel

vali@ge:heaRd1th8e HLOR} i/ EaztR! ¥rvaltagenasSl as its
operating voltage to thereby generate two power

S gyt Ah S tEiblodipesont rol pul ses  STT1 and STT2 based on
a reset pulse RST and a standby pulse STB, and
generatgig.conis o qicse tDBCagpadeiMB1ATa®ing an example
of the configurafion of a DC voltage conversion circuit,
i.e., a charge pump DC-DC converter, according toc 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 VDDLI of
2.75 V and a first negative supply voltage VSS1 of 0 V¥
{(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 VDDl) 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 DC-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

17




punpi ng pul se based on the standby pul se STB, a naster
cl ock MCK and a node signal. In the control circuit

unit 21, the reset pulse RST is inverted by an

inverter 211 to be supplied to one input of an AND
gate 212. The standby pulse STB is directly suppPiB@®02
to the other input of the AND gate 212. The AND gate
212 takes the AND of the both inputs. An output pul se
fromthe AND gate 212 is inverted by an inverter 213
to become the power supply start-up control pulse

SIdderdin &%E%Eoﬂnl%hfl r&r?p%h g@u'tﬁg Bods tfv ‘ﬁg;”%d by

an 1 nverter econe 't povver supply

C\%‘It%er Ri¥loie ggI@ %etrﬁzpritor c %H’%yl‘%req 2]andsthe

furt provid a divi ency

dl'lé[cﬁzgt,el ez%%pblf@ft vai@age q}'é‘glb%% E@g Hﬁé£§{l 3%{} ggré to

for” exanpl e, and di vi de y-256 frequency

ZQﬁEEJEv n%@gtg|¥%QG§DJJF3sdﬂ%&&egtgkgcﬁphé&%tgaarpulses
exanpl e. "The divi de-by-64 frequéncy divider 21

egtef saﬁdﬂ%z@@ebagégno@@tleeé@%e@u&es ﬁ@ﬂ%é@ aS%P%Q?

signal is at the high level (H = nornal node), and

genesatass, t ReacgRhephtdW S@on@@@lr gaukeimsc feromLhe as 2
1/ 64 frequency di vi sion of the master clock MCK. The

dﬁ)erh;gﬁ‘rg %1%56bgéggl’@ﬁ]c%éj|s\ﬂa%% Zﬁﬁlgé]t@fﬁ theaster
operation state when the node S|gnal is at the | ow

| evedk (Mer= anawapaYveEs simde)., and generates the control
pul se DDC resulting from

In the control circuit unit 21, the reset pulse 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 inputé. An
cutput pulse from the AND gate 212 is inverted by an
inverter 213 to become the power supply start-up control
pulse STT1. In addition, the reset pulse RST is inverted
by an inverter 214 to become the power supply start-up
controcl pulse STTZ.

The control 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 21¢ that 1/256-divides the

master clock MCK, for example. The divide-by-64 frequency

divider 215 enters the operation state when the mode

18




the 1/256 frequency division of the master clock MCK
The control pul se DDC thus generated is comonly used
inthe 5.5 V generation circuit unit 22 and the - 2.75
V generation circuit unit 23. Note that the 5.5 V
generation circuit unit 22 and the -2.75 V gener59ﬁ89609
circuit unit 23 do not necessarily need to use the
control pul ses DDC having the sane frequency, but my
use the control pulses DDC having different
frequencies. In addition, although this exanple

SESLal o5, the piEonLiely Ailse COLWLD foshenpies |
NOEBL S o, 1L 25 L0 Ll o e DY ROMO

copt Lol RHISE s DG W £ ht@@xnasftre%%geex Uk 9V%lea§£€i@é-

| ong as a necessary power capability is ensure

gj%‘_{rrllli"&% M LruchW) BOYEheSUPR] LntSkar LrUPoSORN¢iQYdn RELEES

and STT2 may be generated at another place in

.t\l?ﬁersytﬁ{eerﬁodgh%i nélvigedf\_erfﬁei %WCELE{GHM (]E'n—i tJ.o%lzpower
i ncludes a 19 S04P0609 charge punp circuit 221, a

| gv&d) shidd ¢end2dted WM &Nt 223 pudsevbbe & aMBRY from
224, and a power supply start-up control circuit 225.

Thge ChaT0e AAIBeREY Coi$iA2h idiCluderagrdt Yéntk Mek.
capacitor C21 ‘and a pair of transistors, i.e., a

PchMOS trhansbst 851 QrAlscamdcanne hddXe t@ansiist ebmdR] v
The PchMOS transistor 2l is connected between one
efsedfin the 5.5 V generation circuit unit 22 and the -
2.75 V generation 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 frequencies 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 theretoc. 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 STT2 may be generated at

another place in the system.

The 5.5 V generation circuit unit 22 includes a
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the flying capacitor C21 and a power supply line L21
for the voltage VDDl, and the NchMOS transi stor n2
is connected between the one end of the flying
capacitor C21 and a power supply line L22 for t
vol tage VSS1. In the charge punp circuit 221, an
NchMOS transistor Qn22, which is a swtching
transistor, is connected between the other end of the
flying capacitor C21 and the power supply line L21.
In addition, a PchMOS transistor Q22, which is a

S%éﬁ%@ Nindy @888 0r221 5 a cRRRACLEd rbet veen teh%u‘%th%r
end of the flying capaC|tor C21 and an out’put 1ine

L2323, THesadpubibnegr L2 | Saridl |l BSwet OOt P Lgttar@gubh €
second positive supply voltage VI The gate of th

MVESH ¢ F SN 1St £ Qp28 . | @h@oaaa@;g@grpwp dhegat b@@elﬂél@des
di ode D21. The anode of the dio D21 is connected to
ther ppWRY cspRRLiYoki 081 L& aTheigabe efadkdestdMS i.e., a
transi stor Qp22 is connected to the cathode of a

di oo PXEanEie tanoge? Dfaddh e rdinedeob22r &8s Coyreghed .t Orhe
the power supply line L22. Connected between the
OBEENGS 121526 tSOAGEBD % 4 Zbrad tbhebpowesn sdiRpleyidl bre
L22 are a capacitor C24 and an NchMOS transi stor

Qu23. £ [ieggakeaef téhec MOSHd anposter sufFR3 lisesuppl Fed
with the above-described standby pul se STB via an

| tiveertert a226 vDDhe develheshidhiiMels 222nkSsasr anall tede
conversion circuit that enploys as its operating
vobirege,ed hetgeeonthe one end of the flying capacitor C21

R84p0609

and a power supply line L22 for the wvoltage VSS1.

In the charge pump circuit 221, an NchMOCS
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 1s a switching transistor, is
connected between the other end of the flying capacitor
C21 and an output line L23. The output line L23 is a line
for outputting the second positive supply voltage VDDZ.

The gate of the MOS transistor Qn22 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
diode D22. The anode of the diode D22 is connected to the

power supply line L22. Connected between the output line
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positive supply voltage VDD2 supplied via a power

supply |line L24 and the second negative supply

vol tage VSS2 supplied fromthe -2.75 V generation
circuit unit 23 via a power supply line L25. The

level shifter 222 converts a control Pulse (pumpA§eeo?
pul se) having anplitude of VSS1 (0 V) - VDD (2.75 V)
to a control pulse having anplitude of VSS2 (-2.75 V)

- VDD2 (5.5 V). The control pulse DDC with anplitude

of VSS2 - VDD2, which results fromthe anplitude

conyer s %ebszeowg% lss ofﬂtr{g 612222, %S%ﬁ%g@%e%z\ai &nd

t he buffer 3to ea gates o

téﬁ”ﬁé}%ﬁ@é%r@h%hsgﬂg Q@% %EQ §t8u 'érﬁed @,\gggtwﬁsistor

capacitors C22 an to the gates o

t hansi 84 U HN24 l@ﬂ@n@@@,aﬂ&%&%y&%x %dlﬁ( 13186

circuit diagramillustrating one exanp

spegi$ic spnfivaukati opgof the level shifter 222. The
| evel shifter 222 according to the present exanple is

conposean@f 1avEi I §iH frRanb2222A;aNnghéh 1 GideC lé'ohv@@éion
222B. The circuit part 222A initially 21 S04P0C60

I apf&m@mttaqaa;mggcugs £OMveS %ﬁé‘%aﬁ:@n@o{?éﬁfégé r qmet Recond
control pul se wi th anplitude of "VSS| VDD to the

COBE I Pl vP W 19D M A de anild tughe19E64VeST 5 PAIE sThB1y

circuit part 222B then inplenents anplltude conver si on
t Din€ OMErdnd OB EBEoKOMIRt iR SapPPE %Itha%fﬁﬂs'stzllde

of VSSI - VDD2 to the control pul se DDC
agpbp1ide AHomVERE =-2.75 V generation circuit unit 23 via
a power supply line I125. The level shifter 222 converts a
contrel pulse (pumping pulse) having amplitude of VSS1l (0
V) - VDDl (2.75 V} to a control pulse having amplitude of
VSSZ2 (-2.75 V) — VbD2 (5.5 V). The control pulse DDC with
amplitude of V382 -~ VDD2, 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 Qp2l and Qn2l, and is supplied via the
capacitors C22 and C23 to the gates of the MOS
transistors ¢n22 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 2222 and a

circuit part 222B. The circuit part 2227 initially
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VDD2. The circuit part 222A has NchMOS transistors
131 and 132 whose sources are both grounded, and
has a differential circuit configuration in which the
drains of the MOS transistors 131 and Qnl32 ar
cross-coupled. Specifically, the drains of the P0603
transistors Q131 and 132 are connected via PchMOS
transi stors Q131 and Q132 to the power supply line
L24 for the voltage VDD2. The gates of the MOS
transi stor Ql 3] and 132 are connected to the

dfﬁﬁf@héﬁté'&ﬁ NE@U&&aééﬁééfgfbé3ﬁ%3%oﬂ99rtC%%éﬂ'the
respecti vel y. The gate of the MOS transistor nl31 is

SUBRLE & o Dbhewgaman@hmad%e oM {85 APl yihde Of e
VSSI - 5b and the gate of the MOXS transistor (nl132

' éoéEER:Pl s\@' bHBct Pech COP T AludRulbseviasi ho apgid t ugg, of
VSS1 - V inverted by a CMOS inverter 131. Thus,

aBPié&iE“%é%%ﬂ%@@%‘Qﬂeﬁsxmﬁﬂgﬁéﬂf%nhﬁ.11Eh&%”EBHUéff&%H1to
the control pulse with anplitude of VSSI - VDD to

t B6n Ot rlomPéhee c¥ht Fo 23 S04PERR9 wabR| Adbider Rfe ¥BSKss1
VDD2, which is derived fromthe drain of the MOS

tramsh sty t@133ntFHE GONd WpAWlise Wb i+ @mdldst yedeoof
VSS1 - VDD2 passes through a buffer 132 conposed of

casgaded two stages of CMOS inverters, so as to be
supplied to the circuit part 222B as pulses havi ng
opposi t ghphasesuit part 222A has NchMOS transistors Onl131

and On132 whose sources are both grounded, and has a
differential circuit configuration in which the drains of
the MOS transistors Qnl3l and Qnl32 are cross-—-coupled.
Specifically, the drains of the MOS transistors Qnl3l and
QOnl32 are connected via PchMOS transistors Qpl3l and
Qpl32 to the power supply line L24 for the voltage VDDZ.
The gates of the MOS transistor Qpl3l and Qpl32 are
connected to the drains of the MOS transistors Qnl32 and
Onl3l, respectively.

The gate of the MOS transistor Onl3l is supplied
with the control pulse with amplitude of VSS1 - vDD1, and
the gate of the MOS transistor QOnl32 is supplied with the
control pulse with amplitude of V3S1 - VDBD1l inverted by a
CMOS inverter 131. Thus, amplitude conversion is
implemented to convert from the control pulse with

amplitude of VSS1 — VDDl to the control pulse with
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The circuit part 222B has PchMOS transi stors (133

and Q134 whose sources are both connected to the

power supply line L24 for the voltage VDD2, and has a
differential circuit configuration in which the drglggog
of the MOS transistors Q133 and 134 are
cross-coupled. Specifically, the drains of the MOS
transi stors Q133 and Q134 are connected via NchMOS
transi stors Qn133 and 134 to the power supply line
L25 for the voltage VSS2. The gates of the MOS

I nstq% rtohgg %&and\’%3%h§. R i %3§Q§£$§cgé)r%n{ I%%e drain

transi‘stors

r@f&&é ﬁ)%' serailzgﬁsgﬁt g@ﬂoiz the éf%ﬁ&;ﬂag]s' %tlggs wi 33

are supp W th t e cont ses with

%&if% Qe v¥8P!  -vPL haws nghgeagﬁlzsempﬁaéegsz

itude conversion is |np emented to convert

fLomde %%nkgghad&w% vgéa@e%nehfl EMge ﬂtvé{%%lrs, \S@Dgs

to the control pulse wth anplitude of VSS2 -

Wad, 6l i3 ianiuedof 2 &4 3aRc0bobh eaév%ltsre%n%%&ﬁ
Q134. The control pul se with 23 S0420609 anplitude o
VSosit ssesoutput 'via a buffer 133 conposed of
cascaded two stages of CMOS inverters. Referring again

to Fig. rfie EDEcRUf FiIrt223 2BShasopPsRd 19fankWaL6as

CMCS inverters. One inverter is conposed of a Pch

t LSSt wQégé 38dr s NohMdBtnt kansbsted €N24het Baler
are connected in series between the

supply line L24 for the wvoltage VDD2, and has a

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
Qrl34 are connected via NchMOS transistors Qnl33 and
Onl34 to the power supply line L25 for the voltage VSS2.
The gates of the MOS transistor 0Onl33 and Qnl34 are
connected to the drains of the MOS transistors Qpl34 and
Qrl33, respectively.

The gates of the MOS transistors Qpl33 and QOpl34
are supplied with the control pulses with amplitude of
VS51 - VDD2 having opposite phases. Thus, amplitude
conversion is implemented to convert from the control
pulse with amplitude of VSS1 - VDD2 to the control pulse
with amplitude of V3SS82 - VDD2, which is derived from the

drain of the MOS transistor Qpl34. The control pulse with
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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 other inverter is
conposed of a PchMOS transistor Q25 and an “bh¥5§90609
transi stor Qn25 that are connected in series between
the power supply Ilines L24 and L25, and have gates
connected to each other. The switch element 224 is
provided in order to couple the output line L23 to
the power supply line L21 for the voltage VDDl during
AaBS1i@ide R ivedoat s ti MBut@futPQWRT & UPur Adie 19 tch
el enent 224 is made up of a PchMOS transistor Q23
coennesiad dretiapendtiec POl a fPRIFY cubNenddeand the
output line L23. To the gate of the MOS transistor
Q023, trerabevegdasciy hed FRgUVen, SHRP| M St o3ups
control pulse STTlI is applied via the power supply
Statfipodyr Gl cebegddd GRID ahviehectkle mic PAWBELYP. is
The power supply start-up control circuit 225 is
ptambekett idT @r GenMde StHedisddl 0pen bhe swiNeimozl enent
224 at the time of power-up, and to surely turn off

t hear?dli SOAPOHQA shit Chrel @erict224 iaf seridhar<upphy the
vol tage VDD2 has been activated. The power supply
spawdr lupednt lahecl2cufdr 22 vionekgdespe2 r&sd Hhangewer
el ement R11 and a | evel shifter 152 connected in
pau@ablelliwiet M2Bhéor eshestwaricacel ¥s80; &hd .havEheates
resistance elenent RI|I directly supplies the power
sopplactstdardo- epchbontited . phseoSdt trovdrergatecofipddei
MOS

of a PchMOS transistor Qp25 and an NchMOS transistof on25b
that are connected in series between the power supply
lines L24 and L25, and have gates connected to each other.

The switch element 224 is provided in order to
couple the output line L23 to the power supply line L21
for the voltage VDDl during a certain period at the time
of power-up. The switch element 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 MOS
transistor Qp23, the above-described power supply start-
up control 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 on the switch element

224 at the time of power-up, and to surely turn off the
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transi stor Q23. The level shifter 152 inplenents a

| evel shift to convert fromthe power supply start-up
control pulse STTI with anplitude of VSS1 - VDD to
the power supply start-up control pulse STTI wth

anpl itude of VSSI - VDD2. As the level shifter $8%P0603
one having the circuit configuration shown in Fig. 2
can be used for exanple. The -2.75 V generation

circuit unit 23 includes a charge punp circuit 231, a

| evel shifter 232, a buffer 233, a switch el enent

2 - u e 3 c Ukt <233an
AR B S P COPLE s Rt a0

C C3 1 e
FA RO i T At

Tﬂ%llPdé“sNQSrggéegaﬁé@rel%ntl ®1§08R8CL efb-het weer+ape; s,

end of the flying capacitor C31 and the power supply

| éd¥hdedla figr phhg1 Vol taas, YRRl reandhhe NehMBe r11.

transi stor Qn3l is connected between the one end of

thes fAadinG -68Rach EREntC3h 1 aNdetheyPOuss: SUPRne bbRer
L22 for the voltage VSS1. I n the charge punp circuit

233pp1a; RERMESubI 8Bt 83 10p1ABeS@4PP609 R3%yatehicehths Mos

switching transistor, is connected between the other

etehrofi dthe bbysng 0RPACEOr skBAtand 32he mpReMehit S UPPl ke
line L22. In addition, an NchMOS transistor 32,

WHiCH ith @osWelk€hEngm (AN FowEe! supbl ¢ 0saat-eg cBatweeN
the other end of the flying capacitor C31 and an

oplid STTnewh2h. arphei tiideplr Kspne L26pHB b ldheepber
supply start-up control pulse STT1 with amplitude of VSS1
— VDD2. 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
control circult 235. The charge pump circuit 231 includes
a flying capacitor C31 and a pair of transistors, i.e., a
PchMOS transistor Qp3l and an NchMOS transistor ©n3l. The
PchMOS transistor Qp3l is connected between one end of
the flying capacitor C31 and the power supply line L21
for the voltage VDD1l, and the NchMOS transistor Qn3l is
connected between the one end of the flying capacitor C31

and the power supply line L22 for the voltage VSS1.

In the charge pump circuit 231, a PchMOS transistor
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out putting 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. gpﬁ 0609
gate of the MOS transistor Qn32 is connected to g
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
power supply line L22. The level shifter 232 is an

gggéi tyde gonye ESEQ?ECMJL& uagdantsagkpﬁ P} OV Sordtie dlesy

rating voltage, e seton positive supply voltage

VQQZW%éwpéﬂee%tﬁgé gngy&@ e ﬁw@gycgwsi% @nd ke che

second negative supp vol t age S2 supplied fromthe

- \, hany ebrcul f Bt A
N e A e T E

s o 3 Hydeo s Sslon BB] Lot

|S¥ ,eéﬁ“éﬂ%@%t%%%’eﬁ&eohaﬂﬂémfﬂyﬁ%gcEEﬁH&ltor C31 and an
configuration shown in Fig. 5 ¢an be used for exanple.

2911%9&@%(}% he . cotd dudpieseiPPC.M tis anliinkugerof
VSSZ - VDD2, which results fromthe anplitude

CORVEhSE QY hdt Bechayehegshidd @upd3?, vbstasppinmd Vike
the buffer” 233 to each o the gates of the MOS

t papsi St Are Wo3ltaBdsQ8dr @b iis coHpRLted t8 aHdh@node

capacitors C32 and C33 to the gates of the MOS

tpangi giadess dAN32 el Qrddder 8$PERE I ¥Bbde D31 is connected
to the power supply line L22Z. The gate of the MOS
transistor On32 is connected to the anode of a diode D3Z.
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 power supply line L22.

The level shifter 232 is an amplitude conversion
circuit that employs as its operating voltage, the second
positive supply voltage VDD2 supplied via the power
supply line L24 and the second negative supply voltage
V$S2 supplied from the -2.75 V generation circuit unit 23
via a power supply line LZ7. The level shifter 232
converts a control pulse having amplitude of VSS1 - VDDl
to a control pulse having amplitude of VSS2 - VDDZ. Also

as the level shifter 232, one having the circuit

configuration shown in Fig. 5 can be used for example.
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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 Iin% LZé
for the voltage VDD2 and the power supply |ine §7P0603
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

| bRescb24 and. L2l pBRdy: hays,Halen.capnees £d typach

e elenment 234 is provided in order to

Eggf)&ﬁoggﬁhﬂ%t E#t ml LRE %gﬁdif}g}&éﬂ%om@gié# ytﬂéd rigetvel

e voltage VS ng a certain perio

t Qﬁ%&&e 2 of  pAwer=UP; o J NG SWiHLR glreients 23¢ d3Hmde
an NchMOS t

up o ransi stor Qn33 connected between the

peﬂ@rgmlc}f tll'lienﬁogzt?r@ﬂ]&gi éﬁlﬁrso %@lit ahéi n@nﬂ-ﬁaanﬁo itshe
gate of the MOS transistor Qn33, the above-descri bed

D_Qiﬂ\ﬁltsla‘?élcPRJj)é $har baphPi €O reo RWSe3STIS 1% apRldsed s
via the power supply 27 S04P0C609 start-up contro

CLAEUds 23%urali stBest bPB2 odnPAed, URespd B ROMEr  suppl y

start-up control circuit 235 1s provided in order to

surely tipenpQReiher s itL R ib@BRAL of 284 aladda@eli BROSS
power -up, and to surely turn off the swtch el enent

234veft&Fs t hens upperted tiageoMpSiehast hearnmast i vat ed.
The power supply start-up control circuit 235

transistor Qp34 and an NchMOS transistor On34 that are
connected in series between the power supply line 1L24 for
the voltage VDD2 and the power supply line L27 for the
voltage VS8S2, and have gates connected to each other. The
other inverter is compeosed of a PchMOS transistor Qp35
and an NchMOS transistor QOn35 that are connected in
series between the power supply lines L24 and L27, and
have gates connected to each other.

The switch element 234 is provided in order to
couple the output line L26 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 QOn33 connected between the power supply
line L25 and the output line L26. To the gate of the MOS
transistor Qn33, the above-described power supply start-

up control pulse STT2 is applied via the power supply
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i ncludes a resistance el enent R12 and a | evel shifter
153 connected in parallel with the resistance el enent
R12. The resistance el enent R12 directly supplies the
power supply start-up control pulse STT2 to the %%?8609
of the MOS transistor Q33. The level shifter 15
inplements 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 anplitude of VSS2 - VDDl. As the

| §¥§J_:t§.m fé&ftr%§30198§i@_32/35‘91tt ReeChifyi br power—-up.
configuration shown in Fig. 2 can be used for exanple.
Hovever rrif pgwt £Velpsih fdeal-thayl Bont e dihCiiit 235 is
configuration showm in Fig. 2 is used as the |evel

SPLbY £led 53 Jrlek 8o fur urYDEh 2Rd ¥elcheadndt

replace VSS2, VSSI and VDDI, respectively, and
t pansi st tQhet BE SHROSIYS GRRAWG! kMELYy tyP& ngad the
replace all the N and PMOS transistors. The circuit

0pR{ 8¢t 0N @fentthe3ghar g8r P dIppDe 281 804PID has been
converter 20, at the tine of power-up thereof,

ageoI gt . t ohé heowdc pnghparbedhpentp Wddt e circuit 235
above-described configuration will be described bel ow

Wihdludf £1LAee ik0antB e 1dnEritg RAPABhdOs i@l Ghilfterhess
control circuit unit 21, two power supply start-up
cottiti@ttqallise pabIThe ek (H TEheane sgenenas es dasad R12.

The resistance element R12 directly supplies the power
supply start-up control pulse STT2 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 STTZ with amplitude of VSS1 - VDDl to the power
supply start-up contrel pulse STTZ with amplitude of VvsSS2
- VDDI1.

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
cbnfiguration shown in Fig. 2 is used as the level
shifter 153, in Fig. 2, VDDZ2, VDDl and V531 need to
replace V332, V351 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
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on the reset pulse RST and the standby pul se STB, and
the control pulse DDC is generated based on the

standby pul se STB, the master clock MCK and t he node
signal. In addition, the control pulse DDC is

commonly applied to the 5.5 V generation ci rcui £OFRPE0?
22 and the -2.75 V generation circuit unit 23 as a
punpi ng pul se, and the power supply start-up contro

pul ses SM and STT2 are supplied to the 5.5V
generation circuit unit 22 and the -2.75 V generation

Cj j [ 2 p Lvety o p p ' o
PR P ERBDESRS VAL o ORDRNEL P, Mol

SUBPLYe S%@c!c?rfdJ RrBBREHOht Wiﬁ?sthesg-glov@ng?ggfb%{e e

activated. During a certain period T21 rom-t

aghbh¥abh o0 10 if® bd2qe L0 I anAAY YL R IR ishcAlo
the low [ evel (ground level), and therefore the MOS

t caRsSEsh Oy @23 tobst heg5. &V generation circuit unit
22 is irl%he on-state. Thus, charges of the capacitor

C24  ar grdicpehasgeds1 RUNNBMRe: bhe RRWgowePRLYp1y
start-up control pulse STT2 is activated, and is

apphi-edyy i&ﬁﬂi—%lﬁ&@@é&’@@ﬁh rasd sirancerel apata Rl da@ed
the gate of the transi stor @33. Thus, the MOXS

t bANghStAIsdNP3 168t /EB Lhe Ok FRiGby BhiEh SMIPIRLH the
the output line L26 to the power supply |ine L22.

Thehef o1 ullhe Dhegati yenstply vadldiage VSS| stsnauiRuke

fromthe output line L26 initially. The negative

spppl YeNoldage rVeddck sMak Sthe WY medet 8ighel | eval
addition, the control pulse DDC is commonly applied to
the 5.5 V generation circuit unit 22 and the -2.75 V
generation c¢ircuit unit 23 as a pumping pulse, and the
power supply start-up control pulses STT1 and STTZ are
supplied to the 5.5 V generation circuit unit 22 ana the
-2.75 V generation circuit unit 23, respectively.

Upon power-up at time t2l1, 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 STRB is
at the low level {(ground level), and therefore the MOS
transistor QOnZ3 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 S5TTZ2 is activated, and is applied wvia the
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shifters 222 and 232 via the power supply lines L25

and L27. At the tinme t22, the standby pulse STB is
switched to the high level (VCCl), which turns off

the MOS transistor n23. In addition, the power

supply start-up control pulse STTI is turned t o S31§0e0?
kept at the low level during a certain period T22,

and is applied via the resistance elenent Rl to the
gate of the MOS transistor Q23. Thus, the MOS
transistor Q23 enters the on-state, which couples

gs_lo_ EMe lélréﬁleh%3Rﬁ_9 tr:get éﬁr esg@pa{e [%d).@ecéa%:lslstor

ere ore, the positive supp tage VI out put

fbﬁgFth%%%%tpﬂﬁe'M@§ éﬂytgkabFXB Qﬁ%% h%'%ﬁ state,

stupply voltage VDDl is al'so supplied to evel

snhiéﬁréo&a?esar&ﬁeZ%t%u@ 16 ROMEL S HHQ' ﬁ{odréf]esd-;%ﬁy

The level 'shifters 222 and 232 initialize operation

Wi § Be T2 POSHELY EoSUPRINE %@g%%geev%gn%tﬂ&% eg@&tvss
supply voltage VSS1 as the supply voltage, supply

tagtp§€”¥fda,tﬁ%|§ﬁt %hlfﬂgﬂﬂﬁ6“¥%lQEaY§§l THgDQEgatlve
directly to 30 SOMP0C609 the charge punp circuits 221

apgdppsy xydlaaatglaevbgﬁf €5 Sa 223 s 1233 coUpRd 18£8 Vi ng
the control pul se DDC, the charge punp circuits 221

aBHi 28drd A ahliZ @3PUHPh NEhORRSRE @lppae COILHANG, 50 ahhe
control pulse DDC. Subsequently, at tine t23, after

the7el apse of the «certain period T22, the power
supply start-up contr ol
At the time t22, the standby pulse STB is switched
tco the high level (VCCl), 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 wvia the
resistance element R11 to the gate of the MOS transistor
Qp23. Thus, the MOS transistor Qp23 enters the on-state,
which couples the cutput line L23 to the power supply
line L21. Therefore, the positive supply voltage VDDl is
output from the output line L23 initially. The positive
supply voltage VDDl is also supplied to the level
shifters 222 and 232 via the power supply line L24.
The level shifters 222 and 232 initialize operation
with the positive supply voltage VDDl and the negative

supply voltage VSS1 as the supply voltage, and supply the

control pulse with amplitude of V3S1 - VDDl directly to
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pul se STT1 is turned to the high | evel and thus the
MOS transistor @23 is turned off inthe 5.5V
generation circuit unit 22. Thus, the punping
operation by the charge punp circuit 221 gradual
rai ses the potential of the output line L23 froﬁdﬁ%@609
VDDl | evel, and ultinmately the potential converges on
the VDD2 | evel. The supply voltage VDD2 is supplied
to the level shifters 222 and 232 via the power
supply line L24. Simlarly, also in the -2.75 V
gener bk ol Gl rHRLL 23 dgrtuf P4 'aSHFQ'%’TEE@.‘Jé s
ul se ow

control p TT2 is turned to the evel at the

ti , ot Lt or I s . ur r
PP 35, Wi el Do ARSLS! O S S e

Chbfdi ti 234« agyalhy sai Sﬁ?ﬁt:}ﬂ%z%obﬁﬁfﬂiﬁlgl ol g o

output line L26 fromthe VSS1 |level, and Ultim

thecBoheRy i@l GRNeREes1 OBuide pfeS2 I evel .  The supply
vol t age S2 is supplied to the level shifters 222

and 232 Mkﬁeﬁﬁ@n@@%@rats upRley thisnesrkdp @ didfseTBY¥S the
the |l evel shifter 222 inplenments anplitude 31 S04P0609

COBY-E $h OFk A1 ANYET EnE I 98N hes Nt Gkapulgs LA Mt h
awmitudgﬁﬁ VSSI - Vujﬁtotrm cm%rof;nf%e DDC w t h

apph k& ugter 0fi V$S2neq VBB harkh gHnReS ahler Kevad es
pul se to the charge punp circuit 221. Simlarly, the

| eyehssiddt efp2232si ApLeE@NG S5 aPldHeude 5 CONYEESH AN drD

convert fromthe control pulse DDC wth anplitude of

V8Bkcuit unit 22. Thus, the pumping operation by the
charge pump circuit 221 gradually raises the potential of
the output 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 via the power supply'line L24.

Similarly, also in the -2.75 V generation circuit
unit 23, the power supply start-up control pulse STTZ2 is
turned to the low level at the time t23, and thus the MOS
transistor {On33 is turned off. Thus, the pumping
operation by the charge pump circuit 231 gradually raises
the potential of the output line L2¢ from the VSS1 level,
and ultimately the potential converges on the VSS2 level.
The supply voltage V882 is supplied to the level shifters

222 and 232 wvia the power supply lines L25 and L27.

Thus, the level shifter 222 implements amplitude
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- VDD1 to the control pulse DDC with anplitude of VSS2

- VDD2, and supplies the converted pul se to the charge
punp circuit 231. In addition, the level shifter 152

i mpl ements anplitude conversion to convert from bgg 09
power supply start-up control pulse SMwth anp PPEGR8
of VSS1 - VDDI to the power supply start-up contro
pul se STTI with anplitude of VSSI - VDD2, and applies
the converted pulse to the gate of the MOS transi stor
Q23. Simlarly, the level shifter 153 inplenents

apphd e %V%ﬁb@ﬂtt@m&%\ee tonft&ein LhEs PIRY 4RP! Y
start-up control pulse STT2 wth anplitude of VSSI -

N ﬁ&&éﬂ%fp%@ﬁ SUPRhY &4 Altler CQHtEQPtIIBQisePLﬂ[}CCew%-EEZ
w th anplitude of VSS2 - VDDl, and applies the

C%%}%f_{&ﬁﬂe R §8sb0- t‘!ﬂﬁDﬂataﬁicpfsutpEBQlypsthé rc%}ﬁe%:tt‘éﬁ

As descri be above, the charge punp DC- DC

CORVEL 1&S th%ocﬁseeédw}g?t&g&ﬁtsgg@nd #nhadi-Tent chhat
converts the supply voltage VDDl to the supply

voLiapes, a2 and VSPerden 204RE00%u0aN-a6H AVt e

same advant ages as those of the charge punp DC DC

copNeLtersrteh @660FghH8o1 e oncsti erbath enide J¥y vssi
I mpl ementing punping operation with the control pulse

DDGy g i g theCeBYEEbE0o@igY ifnddeias ampuiphdyy qulvsss -
In particular, the second enbodi nent can achi eve nore
exop) eild adypnt ageshsi dserddtdm@puaseond i g alHa0yel Pump
circuit 231.

In additicn, the level shifter 152 implements
amplitude conversion to convert from the power supply
start-up control pulse STT1 with amplitude of VSS1 - VDDl
to the power supply start-up control pulse STT1 with
amplitude of VSS1 - VDD2, and applies the converted pulse
to the géte of the MOS transistor 0Op23. Similarly, the
level shifter 153 implements amplitude conversion to
convert from the power supply start-up control pulse STT2Z
with amplitude of VS$1 - VDDl tc the power supply start-
up control pulse STTZ with amplitude of V352 - VDDl, and
applies the converted pulse to the gate of the MOS
transistor QOn33.

As describe above, the charge pump DC-DC converter

20 according to the second embodiment that converts the

supply voltage VDDl to the supply voltages VDDZ and VSS2
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whi ch the supply voltage VSS2 generated by the -2.75 V
generation circuit unit 23 is supplied to the |evel
shifter 222 of the 5.5 V generation circuit unit 22,
and the supply voltage VDD2 generated by the 5. VP0609
generation circuit unit 22 is supplied to the |e &
shifter 232 of the -2.75 V generation circuit unit

23. Specifically, the above-described configuration

all ows | arger anplitude of the control pulse DDC
supplied to the charge punp circuits 221 and 231

CorRak gl d hHh@anki Eabagbhod BNtL MR 8 the charge
specifically, the second enbodi nent obtains the

C@hinp Obc Pt s€oWddteamMlo dde raf ng VaS2the VR Nembodiment,
contrast to the first enbodi nent, which obtains the

copt iablodree Ny pPhmpiRli bpehes OforVRShh- tNPDRontrol pulse
Therefore, the MOS. transistors 2, 2, 22,

QpE2, hatddd) ,a Qddhver@32ampi R 628 BEmpURE NBl1se. 1In

mniaturized conpared with the MOS. transistors Qpll
Qobkti&lak anthe Q3naf etibeafndrd cerbadhiBRd . mdhws,

the charge punp <circuit 20 having a |arge current
capabilénty apantagdsd SOHEOG00 raghizeved Wyt ha @i sivald er
circuit scale. [Application Exanple] Charge punp
D@k DEh cany endrelly (sUpphy Vil aghera@BMEb$i €l Cix.c1 ts)
according to the above-descri bed enbodinents are used
agenergtiomm qiewed tsuppt y2 i 1< uivppafiedatd| ette panedl
di splay typified by liquid crystal displays
shifter 222 of the 5.5 V generation circuit unit 22, and
the supply voltage VDDZ 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
V832 - VDDZ in contrast to the first embodiment, which
obtains the control pulse with amplitude of VSS1 - VDD2.
Therefore, the MOS transistors Qp2l, 0On2l, Qn22, Qp22,
Qp31, On3l, 0On32 and Qp32 can be further miniaturized
compared with the MOS transistors Qpll, 0Onll, ¢nl2 and
Opl2 of the first embodiment. Thus, the charge pump

circuit 20 having a large current capability can be
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in which pixels that enploy liquid crystal cells as

el ectro-optical elenents are two-di nensionally

arranged in rows and colums. Fig. 7 illustrates one
exanple of the configuration thereof. Here,

description wll be made by taking as an exaan§O§EO609
active matrix liquid-crystal display. Referring to

Fig. 7, mounted on a transparent insulating

substrate, e.g., a glaS3.substrate 31 are a display
area part 32 in which a nunber of pixels including

| L gl 0,84 Vst acehbh$1af ecimgsdi nenskonal |y arranged

inrows and colums, a palir of upside and downside H

SE%%§¥§?4@gﬁ£%&Ehghegrive circuits) 33U and 33D, a V

vertical drive circuit) 34, and a supply

voItageC%ggggr§E§$ §@Jﬁaﬂabn%%rté§sth§%§§%¥¥€bl%gbéage

conversion Circ 35, a charge punp converter

agERLEL Nhdd 130%10E ) t HE-8RGME; dRS Thihgl eahadi NS i s
used. Al though the supply voltage circuit may be

di8PO8 Bfkn AN 220 uBLACEs ONe the, td JAKBAr 88bpi NSl MY of
substrate, it 34 S04P0609 is preferable to dispose it

ngag] s Shanal dqggmhyngypiﬂéﬁ ) 1Quiheceysesnalispihgs
gl ass substrate 31 is conposed of a first substrate

| DnWah £bh BikeTRernat PhXeby CiiGlid SriyBehudiam s agd i ve

elenents (e.g., transistors) are disposed in a

Mat EbKro-adptida3€eQBfle S UDSiFatlvdHidspesedohari Phdhiged

first
in rows and columns. Fig. 7 illustrates one example of
the configuration thereof. Here, description 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.g., a glass substrate 31 are a
display area part 32 in which a number of pixels
including liguid crystal cells are two-dimensicnally
arranged in rows and columns, a pair of upside and
downside H drivers {(horizontal drive circuits) 33U and
33p, a V driver (vertical drive circuit) 34, and a supply
voltage conversion circuit 35. As the supply %oltage
conversion circuit 35, a charge pump DC-DC converter
according to any of the above-described embodiments is

used. Although the supply vcltage circuit may be disposed

on any place on the transparent insulating substrate, it
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substrate with a certain gap therebetween. A liquid
crystal is enclosed between the first and second
substrates to thereby forma liquid crystal pane
(display panel). Fig. 8 illustrates one exanpl e qf th%
specific configuration of the display area partsé)fPO 09
Here, for sinplification of the draw ng, description
will be nade by taking as an exanpl e pi xel

arrangenment of three rows ((n - 1)th rowto (n + 1)th
row) and four colums ((m- 2) th colum to (m+ 1) th

C%“Hl?%f? %?}f S 8958 ET Be ﬁea W rs%i}nQEs{é&?pPir?go' ay

area par are vertical scan I nes 36n,

3 d nes (S|gnal lines) - - -, 37m
Qgrmﬁﬁal £ gﬂ%?ﬁ%%%gﬁ$£ 1, - - . Unit pixels 38

are dis e i s .he |
The Un'?%%IGl?g%8Q?§% udéiqg‘ﬁ%l%$$§€5é$sgﬁ§}§?g§% TFT

tBabst Safe PInGhnilhaAShehoL» @flﬁl%lldcmfé_{@é el ludiGg
and a storage capacitor Cs. The liquid crystal cell LC

”EéE%v& aPAGIdARCQ Y gner @%&%Pseéd/i%%n age p!i%@ﬂao&l»cﬁc_ﬁrf Qde
SHAPC609 formed of the thin filmtransistor TFT and

amSQHDI; eranelLeallede fasipsideiRipsebacEssin®de Mg st
gate el ectrodes of the thin filmtransistors TFT are

conpset e ta trh@ ¥eLkthERl g8 ahdrdbREweedbN x 15quidon,

36n + 1, The source el ectrodes thereof are connected

ter{/beadaia ddd18Sed BéBheer, tid/ Mirst, aBdMecond
substrates to thereby form a liquid crystal panel
{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 - 1LYth row to (n + 1l)th row) and four columns {({(m -
2)th column to {m + 1l)th celumn). Referring to Fig. 8,
wired on the display area part 32 are vertical scan lines

+, 36n - 1, 36n, 36n + 1, --- and data lines (signal
lines) +++, 3Im - 2, 3/m - 1, 3/m, 37m + 1, -++. Unit
pixels 38 are disposed at intersections 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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37m+ 1, . As for the liquid crystal cell LC, the

pi xel electrode is connected to the drain el ectrode of
the thin filmtransistor TFT, and the counter

el ectrode is connected to a common |ine 39. The
storage capacitor Cs is connected between the drdi
electrode of the thin filmtransistor TFT and the
“comon |line 39. The common line 39 is supplied with a
certain DC voltage as a cormmon vol tage Vcom One end
of each of the vertical scan lines , 36n - 1, 36n,

3§Brﬁe& of 'ﬁleCQ:'?ﬁﬁcﬁfggﬁt Qr%J%&UtTFtI‘eEHHngl cmﬂ{tea.r

corresponding row o e Vdriver 34 showm in Fig.

T@sﬁzeytﬁsaé/efa&% $hEBHEUD Ofed YU lt register for

exanpl e. river 34 sequentially generates

verti Ca'TheSEE%Et L oA P RES ﬁn‘%h\%UEHih e&irﬁ‘%x&‘r‘ﬂs&%%o!:@
the vertical scan lines , 36n - 1, 36n, 36n + 1, 1In

SYR¢ Wk hodnna&ldd Gl th%aQ%E%Ecgi0&&5&“%3&@@0t .showg), - 1,
to thereby inplenent vertical scanning. In contrast,

i Behhesgh splay - .arearpardod2e LOE-EXSHRY eﬁhé%ré%feﬁge‘)f
each of the odd 36 S04PO609 numbered data |ines -

3éBhnedieB M thh data tSnegOnnectzed tosanzpytput, 37m,
term nal of a corresponding colum of the H dri'ver
33@mshown in Fi s For lthaddiguiancrpgeaenek110frcgaeheof
the even-nunbered data |ines ---, 37Tm- 2, 37Tm ...

i pigeNnerddattdie arR evhputtd®rid Ndle dkadnCOI&ESRRANRAICTY
colum of the Hdriver 33D shown in Fig. 7.

the thin film transistor TFT, and the counter electrode

4#0609

is connected to a common line 39. The storage capacitor
Cs is connected between the drain electrode of the thin
film transistor TFT and the common line 39. The common
line 39 is supplied with a certain DC voltage as a common
~voltage Vcom.

One end of each of the wvertical scan lines ---, 36n
-1, 36n, 36n + 1, -+- 1s connected to an output 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, cone end of each of the odd-
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In the active matrix liquid crystal display with the
above-descri bed configuration, the supply voltage
conversion circuit 35, to which a charge punp DC-DC
converter according to any of the above-describe%04PO609
enbodi ments is applied, is integrated on the gl ass
substrate 31 that is the same as the substrate on
which the display area part 32 is integrated. Here,
the display area part 32 enploys the thin film
transi stor TFT as each pixel transistor. Therefore,

| hubiBeRed idd0d napgisstors gy - al sg7gsedias.the;g
transistors included in the supply voltage conversion
CbfHbtt 3D @Ndmbukpast tEARSE1 JARSESLOEsSbAEHd AN
formed in the sanme process as that for the display
abeatRart BAverN83¢0BMEkSI DR Eid.CUi.t 1B3%&BiRR, one end
fabricated easily at Iow costs 1n the integration
tBeregtn & aedidvnnumbenshoa8t a0 1 suppl Bwolt age sy,
conversion circuit 35 on the glass substrate 31

i At egi @l donnMdiedpeni phesatpl i A8mGnEEULE Sa S r & drid@ ng
H 37 SO4APO609 drives 33U and 33D and the V drive 34,

| tolsmadyRHRYE0dSiveA 380 NShd¥n tiReFpEoductivity to
provi de a power supply output term nal 30A for

extract iragthe hbeivditnsdide 0flighed sipstd1atd sp1sYPREYh
vol tage generated by the supply voltage conversion

cthe udhoB5,deana iBefonesh £ Sappltyi dojpthe sepPipalo13RBf or
bringing in the inside of the substrate

conversion circuit 35, to 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
area part 32 employs the thin film transistor TFT as each
, pixel transistor. Therefore, if thin film transistors are
also 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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t he supply voltage that has been extracted to the
outside and supplying the voltage to each circuit

part, and to electrically couple the term nals 30A

and 30B outside the substrate. This is because %BE 0609
provision of these termnals allows each circui il
the supply voltage conversion circuit 35 to be

checked through the power supply output term nal 30A.
In the above-described application exanple, a charge
punp DC-DC converter according to any of the

aQpyes dessy ihed 38pbodi merdt sy as-jtRe 35uppl Vi ¥l 4298 ageous

i
conversion circuit 35 is formed on'the glass subst?éte

f’%xé EOLROTAH leheWo b BatBe: ¢ SPIY 2668403 tpider HAMRMET |

DC- DC converter does rnot necessarily need to be

f8ﬁ€§§k ddi8ghal Byawedh dhe Adisplaycargd pardi 32.o£Thee
DC- y b

converter ma e used as an external circuit of

tBebst i & Ghysh @l voi st @YgerdeattREN BRI ehe | dudpY, be
formed not on the glass substrate 31 but on another

SYHBt A @ondRWRYAN citdusShoid d Be abybeels $liy input
integral form ng on 38 S04P0609 the sane substrate as

t patmPiatt pdirsR! BYiAG 88y PR tehd2 ihSid806L ey NtREeaus
for the above-described reason. Furthernore, a charge

PuR® HpPG GRNvahbetha@0eas dids terabyt8d tdehe outside
above-descri bed enbodi nrents can achieve |arge current

CaRACHEFHNGANY theavsBdde Cid Gaidh cS€ahet JgdWS, and to
advantage is extrenely significant

electrically couple the terminals 30A and 30B outside the
substrate. This is because the provision of these
terminals allows each circuit in the supply voltage
conversion circuit 35 to be checked through the power
supply output terminal 30A.

In the above-described application example, a
charge pump DC-DC converter according to any of the
above-described embodiments as the supply voltage
conversion circuit 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 glass substrate 31 but on another substrate.

However, it should be obvious that integral forming on
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particul arly when using transistors having |arge
threshold values Vth such as thin filmtransistors.
Therefore, form ng the DC-DC converter as the supply

vol tage conversion circuit 35 integrally with th%0490609
display area part 32 on the sanme substrate can
significantly contribute to cost reduction, thickness
reducti on and saving of unnecessary spaces of a set
including a liquid crystal display. Application of

the present invention is not Iimted to liquid

CEus! SlndlilBYaceThE LANEN AhLalsBLIY bfea GRAM &4 15
to other active matrix displays, such as

ehEEL I O4HUASRCRRC 8ok Bl o Al AYS SBIPLOY | AYa &tk FL
element as an electro-optical elenent of each pixel,

in a siFhiherMe¥e, RIS TOLempandl 50! @hRGERKdI Ng TO
the present invention is used as a display of OA

apRab i HSES d ¥R bedehbYaRey SQNAl- G BERULSRH Sa Aikdh 0 TGn
processors, and television receivers. In addition,

t en i $P! BM-deS RE-RERE 8Bk ¥a b5 R9 wSAPD6OR f Ol Brcuit

screen di splay part of portable term nals, such as

cgkthut ar TRhanggvanth RDAS dxitrehbeh £ dhiatiddngati on and
savi ng of unnecessary spaces of the device nmain body

hayetibeer13dvansel 09ihd PAdtd EHAE. hElOng 914 558N
outside drawing illustrating the schenmatic

contéghs it ivanuek @tposhaR|£s tieriM #alm €rénsiftors.
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 significantily
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 processors, and television

receivers. In addition, the display is preferably used
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cel lul ar phone to which the present invention is
applied. The cellul ar phone according to this exanple
has a configuration in which a speaker 42, a screen
di splay part 43, an operation part 44 and a
m crophone 45 are disposed on the front side of S§4F0603
device case 41 in that order fromthe upper side of

the phone. In the cellular phone with such a
configuration, a liquid crystal display is used for

the display part 43 for exanple, and as the liquid

S%%é?t 2l s disn] %Si:sggﬁgi §§¥£?§k }o%‘a?i‘%ﬁ‘:@@m{ﬁesisb . (sﬁ{éf]ﬁg'a%

ol tage conver si cul ccor g to an

a - ' odhpent s i.s. .used.. L I, CpL
QQYE?%%%%E%% %gtva_ dhRE! D%'Vﬁu% ﬂlnhgtérligllﬂcgjl and

crysta ing a DC-DC™ converter according to

?Q)ﬁv%gt&e AR bQQFQrgﬁa?ges QGmRAL S Sméﬂy%d&ﬁﬁl‘i’aave

or the screen display part 43 in portable termnals

SUEbn asanhldiMannPRepes @l PDAs, there arises an
advantage of significantly contributing to reduction

of powerr;gONsuUPt 49N 8fsidae apartal!l £11 4 &Ny tARd
m niaturi Zati on and savi ng of unnecessary 40 S04P0609

SRak&sa td‘éﬁf‘i‘é‘;}é&ﬁ%iaﬁi &t h@%ﬁa@qe £ BemsHpD) Ye.g., a
vol tage conversion circuit can achieve |large current

capachidr pMdnd @cSWBLEN CERE Yo s26@] €nvAStAesCrd ReR1ied.
above, according to the present invention, in a

charge puapcsuppl ¥r YHJRIQ CORYERS 08 titid GHzlplENBas a
anplitude of a control pulse is converted
configuration in which a speaker 42, a screen display
part 43, an operation part 44 and a microphone 45 are
disposed on the front side of a device case 41 in that
order from the upper éide of the phone. In the cellular
phone with such a configuration, a liquid crystal display
is used for the display part 43 for example, and as the
liquid crystal display, one having a DC-DC converter
{supply voltage conversion circuit) according to any of
the above-described embodiments is used.

If a liquid 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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using a converted supply voltage and the control pul se
havi ng the converted anplitude is used as a punping
pul se to thereby charge/di scharge a capacitor. Thus,
the voltages between the gate and source of a
transi stor pair for charging/discharging the S04P0603
capacitor are increased, which allows the transistor
sizes of the transistor pair to be designed snaller.
Therefore, a supply voltage conversion circuit having
a large current capability can be achieved with a
Sgﬁ%éeg'éwﬁe FEQL & é&n?%‘&é?%%@%%?@ s %1; wmaﬁg
voftage conversion Circuit conprising: ac ge pu

Cj Li.that .includ | thar...an L r -
e e e o T e thar g ST o canas o,

apge Oé‘Vﬁ{aIﬁ %i&kh%‘c.é&#?éy voltage to a second
supply voltage that is larger than the first supply

vol t agei, apd<ap: 3Op! dAdAHAE GRRUEHSHON. &1 HbidreLRAL

converts anplitude of a control pulse for "driving

SahfeR@idn Ofin b 2RaESE OpSmPYsutti1Ng vE L Sgs CCANL SURRI ¥
voltage resulting from conversion by said charge punp

CLEpdtt, ZtheTB%lpi_EEQHé! ¥P!4 ags 1GNVENEON: &1 dSiidrted
according to claiml, further conprising: a swtch

el;6 RSt thalvceunl 88paly oM PUgd A8 fhe SEHE-LNR TR
punp Circuit to a power supply line for said

having the converted amplitude is used as a pumping pulse
to thereby charge/discharge a capacitor. Thus, the
voltages between the gate and source of a transistor pair
for charging/discharging the capacitor are increased,
which allows the transistor sizes of the transistor pair
to be designed smaller. Therefore, a supply voltage

conversion circuit having a large current capability can

be achieved with a small circuit scale.
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first supply voltage during a certain period at the
time of power-up. 3. The supply vol tage conversion
circuit according to claim?2, further conprising: a
resi stance el enent that applies to a gate of said
switch elenent a controlling pulse supplied at t F@4F0603
time of power-up; and a level shift circuit that is
connected in parallel wth said resistance el enent

and shifts a level of said 42 SO4P0O609 controlling

pul se by using said second supply voltage resulting
from conversion by said changgspunp circuit. 4. A
supply voltage conversion circuit conprising: a first

charge UMy Shﬁﬁi@]fvélhcaégé: 'E%'n'&%?%?nféjfxséuitC%B%HQEng:

and a first pair of transistors

Chargin%/@hégaér . Sl hiftl Eabt CARACIAL o %@gacitor and
converts a first positive supply voltage to a second

PEShii Ve SuRRIn i s¥8LE ager thalr JiSigl/ak §6hat hady tha o i 1 st
positive supply voltage; a second charge punp circuit

t Pabad NdMARR R c8860REs £apaid Qupdld Rosespndpal r of
transi stors for charging/discharging said second

C8pa6hd MuprAd veQRYEE T Shat Nes flihrGbrPesLh i Mee SHIRRY
voltage to a negative supply voltage; a first
agpbh 1@ dey1GQRNEGr shan circuit that converts
an amplitude conversion circuit that converts
amplitude of a control pulse for driving said pair of
transistors by using said second supply veoltage resulting
from conversion by said charge pump circuit.

2. The supply voltage conversion circuit according
to claim 1, further comprising:

a switch element that ccouples an output line of
said charge pump circuit to a power supply line for said
first supply voltage during a certain period at the time
of power-up.

3. The supply voltage conversion circuit according
to claim 2, further comprising:

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
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anplitude 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 punp circuit and said negative supply vol
resulting fromconversion by said second chargesbg%§609
circuit; and 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

Cegngéifirhf?gﬁtgleﬁg i ﬁéin& hoaJiQf s%%o§g4glg'§19§y RHIR 2 ge

circult an ative supply voltage resulting

fT EQQ’uEQ £S5 BY v Rk Ho3 8PN iGN ULY S GRUTRS T L0t + 5.

e supply voltage conversion circuit according to

claimd4, fur Eaﬁﬁl§Wﬂaﬁ;}éﬁ%bnﬁrle&§io§%§ﬁﬂ@@o§ﬁ%:§.ghng:
el enents that couple an ™ output line of said first and

Second_%P%&Qgtpéﬂiiéé'ﬁﬂﬂﬂf%irkgié PRYETi URRIY ki Rerst
for said first positive supply voltage and said

n@Q?&&i’&n?% % ¥okLageaiFf esPasldnigkyors desi Ng a
certain period at the time of power-up. 6. The supply

Vehb AGEnEQNRMSIFGANG T E&814 tr AEAOIGipAdi tbP, CAd Mdhverts a
further conprising: a first resistance el enent that

a@@kgesﬁaéﬁﬁv@atsappw $&1 thdd s aSWek6ha ehSBiitved supply

controlling pul se supplied at the time of power-up; a

fbestad@vialatshist taeheguihant hale ifS re@Npest €dvd Nsupply
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 posifive 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 resulting from conversion by said first charge
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parallel with said first resistance el enent and shifts
a level of said controlling pul se by using said
second positive supply voltage resulting from
conversion by said first charge punp circuit; a
second resistance el enent that applies to a gate
said second switch elenent a controlling pul se
supplied at the time of power-up; and a second | evel
shift circuit that is connected in parallel with said
second resistance elenment and shifts a 44 SO4P0609

| gueb Ofrsaid LeNGLEOL! hoga Pills &b 1Ys LBt 35 d-Lqaatiiye
supply voltage resulting from conversion by said
Seeandc ot GRrPYIPsSEACo dond -cHA YRt BREL Of i reuit .
controlling a supply voltage convérsion circuit

enpl oyi g @nehangs1 PUr 1GigeC dohvh Pat on | A MARS a@cording
capacitor and a pair of transistors for

char gi &4 di s Ehait8ergcther Lapagi tor, the charge punp
circuit converting a first supply voltage to a second
suppl y vaktagend hedcdrsd saigenh thanedhe dHdSkouphBl ¥n
vol tage, said method conprising: converting anplitude
0buBpEOMiIre oFulsaedbyi bst Nghd SHHnSeeRRLGS URBY circuits
voltage resulting fromconversion by said e charge
PUBPa Chdwat tsupdlg Thas gf svy/ <l iSC Fakrgik Ngosat the apagilkor
with said pair of transistors by using the contro
pubseada\driy sbi@ negative supply voltage, respectively,

Sq%90609

during a certain period at the time of power-up.

6. The supply voltage conversion circuit according
to claim 5, 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 said
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
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converted anplitude. 8. A nethod of controlling a
supply voltage conversion circuit that includes a

first charge punp circuit and a second charge punp
circuit, the first charge punp circuit includin% g 0609
first capacitor and a first pair of transistors PEF
char gi ng/ di scharging 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 45

SPEFBOe %qgiggoﬁeg@lf%ﬁig%%léggﬁqgﬁggasa?ﬁ? q{b?_;;ative

capaclitor an secon ansistors fo

ggaf,;gigwﬂt% ! 3&%99&% dfr(ﬁﬁ%@e%@?@ﬁiﬁ rsai%econd

onverting sai irst positive supply voltage to a

negal iy & PR YKot t age, the nethod conprising:
converting anplitude of a control pulse by using said

second BOSkt j¥ELSYRPE Yo otthbadenkesullpg, Fedkge _
conversion by said first charge punp circuit and said

Negat V& sHIRRK¥uY el ERGE ¥ BRI IdhG riE OO NVEF &N thk ¢
said second charge punp cirtcuit; and

char ghdd i sehardibg 83k th fldist ANdragsoncLrLaRaci tors
with said first and second pairs of transistors in

Séhghrdi APl ianea$6€AG Ot KDAE G AR, CkhEUkhSrge pump
respectively, by using the control pulse having the
cenveiied-arRirtti Hgea first supply voltage to a second
supply voltage that is larger than the first supply
voltage, sald method comprising:

converting amplitude of a control pulse by using
said second supply voltage resulting from conversion by
said e charge pump circuit; and

charging/discharging said capacitor with said pair
of transistors by using the control pulse having the
converted amplitude.

8. 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 capaciter 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
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9. Adisplay including a display area part in which

pi xel s having an el ectro-optical elenent are two-

di mensionally arranged in rows and colums, and a

supply voltage conversion circuit that converts AP0GOS
certain direct current supply voltage to a supM%}

vol tage having a different voltage val ue, said supply
vol tage conversion circuit conprising: a charge punp
circuit that includes a capacitor and a pair of

transi stors for charging/discharqging said 46 S04P0609

capacht Opumpnd 1¢oNverhe1adfhd St SRRl XRAL OS5
second supply voltage that is larger than the first

SHRBbMAVShi2GE t2RdsABt8AP! £ MU LANEY 8L OBh LI G tsaid
that converts anplitude of a control pul se for

deb¥bng S@babit@id, ahd beARSHSIRY SN ¥skBe S& o second
supply voltage resulting fromconversion by said

cbapgey P e @di b. ndQatifie siipﬁﬂlyaym@%ﬁ?é,di 8 R thod

claim9, further conprising: a swtch elenent that

ceupbessatgout put |ine of said charge punp circuit to

a power supply line for said first supply voltage

during a&otektaingpafiplidiie Weat toBLrol ROWRY byPusidg

The di splay according to claim 10, further

coapdi sedgid 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

charging/discharging said first and second
capacitors with said first and second pairs of
transistors in said first and second charge pump circuits,
respectively, by using the control pulse having the
converted amplitude.

9. A display including a display area part in which
pixels having an electro-optical element are two-
dimensionally arranged in rows and columns, and a supply
voltage conversion circuit that converts a certain direct
current supply voltage to a supply voltage having a
different voltage value, said supply voltage conversion
circuit comprising:

a charge pump circuit that includes a capacitor and

a pair of transistors for charging/discharging said
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a resistance elenent that applies to a gate of said
swtch elenent a controlling pulse supplied at the

time of power-up; and a level shift circuit that is
connected in parallel wth said resistance el enent

and shifts a level of said controlling pulse b338§F8809
sai d second supply voltage resulting from conversion

by said charge punp circuit. 12. The di splay according
to claim9, wherein said supply voltage conversion
circuit is forned on a 47 SMPO609 transparent

iogé él'i‘%t%]&g,afagl@is'é%%f/{@aé fi%cy%iug_@?gr?réeﬁ.@a%es%s%r ate

_ display area part 3. The
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power supply output term nal for "extracting to

ogagﬁg% 4qlggg%;sggatrate a supply voltage output from

sal pply voltage conversion circuit; and a power

suppl y igipUkni ef fadalod vy BERNEE PGui P 4 doRSEdES Of
the substrate the supply voltage output,-from said
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output term nal and said power supply input term na

bel 89 £4 €ty bsakkYng§ o8R! 8 dQrRaGhppl beto Dtdsd destii®ing

substrate. 14 A diSplay including a display area part
| Bromhé Gy igiehsphayhng ahejegu®- eptieat. el ement are
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10. The display according to claim 9, further
comprising:

a switch element that couples an output line of
said charge pump circuit to a power supply line for said
first supply voltage during a certain period at the time
of power-up.

11. The display according to claim 10, further
comprising:

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 sald second supply veltage
resulting from conversilon by said charge pump circuit.

12, The display according to claim 89, wherein said

supply veltage conversion circuit is formed on a
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di mrensional ly arranged in rows and columms, and a
supply voltage conversion circuit that converts a
certain direct current supply voltage to a supply
vol tage having a different voltage val ue, said ggog
vol tage 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 48 S04P0609
voliRgeatdiatl insuhat9ss {hadtANe finht 1 posid | M WRPLY
vol tage; a second charge punp circuit that includes a
S8GIHE 2 CARALIWhOERaBEi @ $eGaNM, Rakh Bhrtransighis for
char gi ng/ di schargi ng sai d second capacitor, and
convertgs sehd &igstapesidorvengupsl ¥140l 1age fhetBer
negative supply voltage; a first anplitude conversion
Ctémphisidiat converts anplitude of a control pul se
for driving said first pair of transistors by using
sai d segopdwpoSslpp/B8; VP ¥ekhagel rasulddtrgcting to
conversion by said first charge punp circuit and said
negat bivies iseppiry trel sager rasdld istgpllr 081 €y iiipart By on
said second charge punp circuit; and a second
aspld tugs 1G0ReEahONcEhFErH fort Rdlrc@BYyests anplitude
of a control Pulse for driving said second pair

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.

14. A display including a display area part in

which pixels having an electro-coptical element are two-

dimensionally arranged in rows and columns, and a supply

voltage conversion circuit that converts a certain direct

current supply voltage to a supply voltage having a
different voltage value, said 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

48



of transistors by using said second positive supply

vol tage resulting fromconversion by said first charge
punp circuit and said negative supply voltage

resulting from conversion by said second chargespunp
circuit. 15. The display according to claim14, S04F0609
further conprising: first and second switch el enents
that couple an output line of said first and second
charge punp circuits to a power supply line for said
first positive supply 49 S04P0C609 vol tage and said

i I e ctively, o ' ¥
B L L
di;splay. according to claim15, further conprising: a

first resistance element that applies to a gate of

said fi ra_stseé%ac@hﬂmﬁngafcﬁgem?' a Sﬁq}l&flgl%eguapg%sgnd

at the tine of power=up; irst leve Circul
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resistance el emrent and shifts_a [ evel o sal
CQH&f@irﬁcj/!ﬁé&Wa%‘éiﬁ?fté,‘a“icﬂ‘%e%%r@ 2608REtoPOSIAd Wonverts

suppl y vol tage résulting from convéersion by sai
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that applies to a gate of said second swtch el efren
av6Pdgo 1ing pulse supplied at the time of power-up;
and

a first amplitude conversion circuit that converts
amplitude of a control pulse for driving said first pair
of transisters 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 thaﬁ 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.

15. The display according to claim 14, 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
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a second level shift circuit that is connected in
parallel wth said second resistance el enent and
shifts a |evel of said controlling pul se by using
said negative supply voltage resulting from
conversion by said second charge punp circuit.
The di splay according to claim 14, wherein said
supply voltage conversion circuit is fornmed on a
transparent insulating substrate that is the sane as a
substrate on which said display area part is forned.
0609, 18. .Th S 0
furfﬁﬁﬂe and SFlglngggli% F%ﬁ% @ghgg%% {é%ﬂéﬁ%ﬁ%&ﬂy,

818 TASLIG. Loc ey o Sige ol L e a

supplygvof t'age out om ‘sai suppl vo t ge

conver sign C P ut 1 phal

for bri %g. ngh‘l£ néjﬁ?ela@iq%gl%ae gﬁgtﬁg (£s)lu lsn% :lg)t efﬁlﬁ{:m"?
s vq1 .age output from said power supply output
na sald power supply output term nal and said

power Suppk Yo i npégjhgt%rn@enahgmgstn&laed egidiiieal L:x o® gate

coupl ed to each ot her outsi substrate.
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a display that has a supply voltage conversion

Cht Ciid .+ itRe s3UBBLYr V@bt age conversion circuit
conpri si ng:

a first level shift circuit that is connected in

§9§P0609

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 said
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 resulting from conversion by said second
charge pump circuit.

17. 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 said display area part is formed.

50




a charge punp 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 |arger than the fir%t
supply vol tage; and an anplitude conversion ci rcqPfF0e0?
that converts anplitude of a control pulse for

driving said pair of transistors by using said second
supply voltage resulting fromconversion by said

charge punp circuit. 51 S04P0609 20. The portable

swi toh dfarenr thint BnoisteldRo g phi i ol or - ghr

cggﬁggﬁéa ) circuit to a power supply line for said
fr'rst suppl’y voltage during .a certain period at the

time O%_ %%@E%%€%$é§“ou %tp%%&ﬁ?hgltfgfﬁéy%ra%%gﬁ5dkgg

to claim cornmprising: a resistance el enent

t pﬁé é:ﬂcfes otfo tﬁegéﬁﬁf&f:atc'@iad su%\gl&cbofkgg@rgu&mt from

controlTing pul se supplied at the tinme of” power-up;
aggiglé ly %%'lft'égg' LG e i 0 discaernegted in

paralle Wi th said resistance el ement and shifts a
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supply voltage resulting fromconversion by sa

ChﬁggébFBﬁn%Hg %QBEErate the supply veoltage 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.

19. A portable terminal employing as a screen
display part a display that has a supply vecltage
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; and

an amplitude conversion circuit that converts
amplitude of a control pulse for driving said pair of

transistors by using said second supply voltage resulting

from conversion by said charge pump circuit.
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22. The display according to claim19, wherein said
supply voltage conversion circuit is fornmed on a
transparent insulating substrate that is the sane as a
substrate on which a display area part of said SEL%0s00
di splay part is fornmed. 23. A portable term na

enpl oying as a screen display part a display that has
a supply voltage conversion circuit, the supply

vol tage conversion circuit conprising: 52 S04P0C609 a
first charge punp circuit that includes a first

capaci t gp, a@ﬁeapéftfaﬂleo% E:m%alré’é‘ééﬂl‘}fgs tfoEéalm 19,

charglng/dlscharglng said first capacitor

COMWVELLS Bmph h5§hgp05|t|ve supply voltage to a second
positive supp y Vvoltage that is larger than the first

positive sypply ei@%éﬂ%g%ha% S6GENEL ChAT QR pRWR i £& F SHli t
that includes a second capacitor and a second pair of
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capacitor, and converts said first positive supply
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anpl i tude conversion circuit that converts anplitude

obf p&t-h@l. pul se for driving said first pair of
transi stors by using said second positive supply
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further comprising:

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.

22. The display according to claim 19, 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.

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

comprising:
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punp circuit and said negative supply vol tage

resulting from conversion by said second charge punp
circuit; and a second anplitude conversion circuit

that converts anplitude of a control pulse for

driving said second pair of transistors by usi ng948Pf%2?
second positive supply voltage resulting from
conversion by said first charge punp circuit and said
negative supply voltage resulting from conversion by
said second charge punp circuit. 24. The portable

ter m nal, ggeor djng. 40 Ghal M2, 53,504P0009, Lur Lher ..

conprising: firrst a on wi tch el ene hat
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el enent a controlling pulse supplied "at the tine
pouetsdp, a first level shift circuit that is
connected in parallel with said first resistance

el ement ja0d-shiifdiSaiye [RYE! OFcsSat doeantinRhhiaeg RUkSEond
by using said secon positive supply vol tage
r§§§géﬂﬁ5}'%%@anQQMSﬁéiﬁgﬁfnbﬂIﬁ%ansistors 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
veltage resulting from conversion by said first charge
pump circuit and said negative supply voltage resulting
from conversion by said second charge pump circuit.

24. The portable terminal according to claim 23,
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first charge punp circuit; a second resistance el ement
that applies to a gate of said second switch el enent

a controlling pulse supplied at the tinme of power-up;
and a second |l evel shift circuit that is connect%%4gg609
paral l el with said second resistance el enent and

shifts a level of said controlling pul se by using

said negative supply voltage resulting from

conversion by said second charge punp circuit. 54
S04P0609 26. The portable termnal according to claim

28urtMber &l Saiidgsuppl y voltage conversion circuit is
formed on a tranSparent insulating substrate that is

the sangidst angUbSid Al &R WEEBLSAEd disPlavpakean
part is fornmed. 55

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.

25. The portable terminal according to claim 24,
further comprisings:

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 sececnd resistance element that applies te 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 resulting from conversion by said second

charge pump circuit.

54




S04P060%

26. The portable terminal according to claim 23,
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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