8 January 2004 1 BOOST CIRCU T BACKGROUND OF THE INVENTION 1. Field of the
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The present invention relates in general to a boost <circuit
cularly to a boost circuit which is designed idsHeR sonay

reduce the power source current when activating the boost circuit. 2.
Description of the Related Art A confiquration of a prior art exanple

boost circuit is shown in Fig. 15 and
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t he basi®heofptdeent invention relates in general to a boost

circuit, and more particularly to a boost circuit which is

dezigned in such a way as to reduce the power source current when

activating the bopst circuit.
2. Description of the Related Art

A configuration of a prior art example of a boost circuit
is shown in Fig. 15 and a timing chart thereof is shown in Fig.
16.

In this circuit, boosting operation is terminated by
setting CTL at a low level. Since output node Pl of a NAND 151
which has rgceived that input is held at a high level
irrespective of the level of the input from CLK, the boosting
operation is not carried out in each of pumping circuits 1583 to
158H.

On the other hand, CTL is set to a high level to allow
the boosting operation. A clock signal which has been inputted
to the CLK is inverted to be outputted from the NAND 151. The

pumping circuits 158A to 158H, each of which has received the

inverted clock signal, start the boosting operation at the same

time.
Some semiconductor devices receive an external electric
wave to activate the internal power source on the basis of the

electric wave thus received. One example is the noncontact IC



el ectric wave thus received. -One exanple is the noncontact |IC 8 January
2004 2 card, for which an increase of demand is expected. In such device
there arises the problemthat the power source voltage isgjsRdgegosue to
the increase of the power source current when starting the boosting
operation. In this connection, Fig. 19,is a graphical representation
showi ng the sinulation result of this Circuit. in the figure, reference
nuneral 251 designates a waveform of a boosted voltage (VPP) and reference
nunmeral 252 designates a waveform of a power source current (I1DD). The

boost ed t b [ (% 17, d.th K t h foi
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842 A Next, a circuit ram di' SC n
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shown in Fig. 18. In this circuit, a clock signal 1s inputted froma CLK
and punpi ngedicedii dge 20dAthe 204tt@ac hodf tivdi shwdasssasei veddde wleack
signal thus inputted thereto start the boosting operation. A point of

di f f er enceSbaf Ghe SoprFéP toRfIRtAt circuit shown in Fig. 15 is that

t he vol tage which .ha en _hoosted in the punping .circuit 204A in the
previ ous stage is %‘5289555‘3 1€ ponet Fqsgdui?:elsof?‘ %r%vKa hEPT &P Sfhi ch

i's the conshéowilenttied QR at9bnt B PUMIMNG 1ale CHi-L,204B () the rot age.
Li kewi se, the voltages which have been respectively boosted in the punping
circui ts inefdeepreviuesadtagesicalignases asavBEopawet = BuBbees8dofoltage

A(VPP} and reference numeral 252 designates a waveform of a power

source current (IDD). The boosted voltage of this circuit is

17.0 V and the peak current thereof is 842 pa.

Next, a circuit diagram disclosed in Japanese Patent
Application Laid-open No. Hei 268294 is shown in Fig. 17 and a
timing chart thereof is shown in PFig. 18.

In this circuit, a clock signal is inputted from a CLK
and pumping circuits 204A to 204H each of which has received the
clock signal thus inputted thereto start the boosting operation.
A point of difference between this circuit and that circuit shown
in Fig. 15 is that the voltage which has been boosted in the
pumping circuit 204A in the previous stage is used as the power
source of a level shifter 201B which is the constituent element
of the pumping circuit 204B in the next stage. Likewise, the
voltages which have been respectively boosted in the pumping
circuits in the previous stages are used as the power sources of
level shifters 201C to 201H, respectively.

However, in this boost circuit, the level shifters are
used in the clock driver. As a result, since the output of each

of the level shifters becomes equal to or lower than 0 V when



| evel shifters 201C to.201H,-respectively. However, in this boost circuit,
the level shifters are wused in the clock driver. As a result, since the
output of each of the level shifters becomes equal to orgligiry E

when 8 January 2004 3 starting the boosting operation, the swtching deV|ce
provi ded between the punping circuits3needs to be conprised of an N
channel enhancenent MOS transistor having Vt which is larger than 0 V.
Therefore, the voltage which is transferred to the next stage during the
boosting operation is expressed by the following expression: VDD - Wt

..... (1) %ﬁﬂithégcéhthODsEmngeﬂpemitdahtagﬁel§WIggﬁlngydgbla§ eppassd W th
the prior art exanple. Since the loss of voltage in the transterred voltage
occurs i n A ES! EH%R*%S(ﬁlﬂqmétSUMpﬁﬂg tor begi temRd4Aetio c204d Khere

arises th t Y9l L ag problemthat it takes a lot of time to In
this conngzchta%?%)ﬁr%,§ ?:‘uhgg S eO\?\:II ﬁ%s tHENS FhP At e S MBipting® dgrasanehan

circuits af f.our 261 designates

Therefore, the voltage which is transferred to the next

stage during the boosting operation is expressed by the following

exXpression:
VDD - Vvt (1)

and hencg the transferred voltage is lost by Vt as compared with
the prior art example.

Since the loss of voltage‘in the transferred voltage
occurs in each of the stages of the pumping circuits 204A to
204H, there arises the problem that it takes a lot of time to
boost the voltage.

In this connection, Fig. 20 is a graphical representation
showing the simulatién result of this c¢ircuit which has the
pumping circuits of four stages. In the figure, reference
numeral 261 designates a waveform of the boosting voitage (VPP),
and referencg numeral 262 designates a waveform of the power
‘source current (IDD) . The boosting voltage of this circuit is
5.3 V and the peak current thereof is equal to or larger than 10
mA.

In addition, Fig. 21 is a graphical representation
showing the simulation result of this circuit which has the
pumping circuits of eight stages. In the figure, reference

numeral 271 designates a waveform of the boosted voltage (VPP)



and reference nuneral source current (I1DD). 20 is a graphical
representation of this circuit which has the stages. In the figure,
reference a waveform of the boosting voltage (VPP), _262_gg§hm§1§§§4a

wavef orm of the power The boosting voltage of this circuit is 5.3 V and the
peak current thereof is equal to or I4arger than 10 mA. In addition, Fig. 21
Is a graphical representation showing the sinulation result of this

circuit \GlafdiéR HUNPH [ 4ot ] | gure,
refer enc\é\&}l nurégr aletngﬁ;l fr de?gﬁg;%rggésfé;w ﬁv@o&n@%ﬁmﬁégg%gg #fe}ﬁﬁt\r@?@gge (VPP)
8 January 2004indlighi@f it Eregeing, nurmed aikisk72 mresidgmatms] howvaeéuit whivh it he

ower sou r; t, (1.DD). Ln light, of the foregoing, a need exists to
Br ovi de a&én\s%g# 1{5%@% gjcvlw?‘ cf %0 Wﬁjiug‘?‘ltﬂ?escoﬁg@fe ﬁgﬁg{.l%w thActyafiay tg% P&tr educe
the consugiegitcurrent when activating the boost circuit. SUMVARY The first
aspect of the present invention provides a boost circuit conprising: a
plurality of charge punp circuit stages conprising at |east three said
circuit s ch charge punp circuit stage having a Vi input, a clock
i nput that receives a clock signal, and a Vo output, each circuit stage
provi ding a voThafest aspdchef Vit prebditytinwition prdviddsod Bbost tdyanit @oMpkikAgeaat t he
Vi_input, .the Vi_ input of a first of the circuit stages being connected to
a power sﬂBﬁ‘ﬁV %?}Pg%eel?m’é%ﬁlﬁc‘ﬁﬁ‘ stegre cpMpFigingta) legst threecwid cisquiigegest ¢nsh t han
the firsteatRdfump circuit stage having a V; input, a clock input that receives a clock signal,
and a V, output, each circuit stage providing a voltage at the V, output which is higher
than a voltage at the V; input, the V; input of a first of the circuit stages being connected
to a power supply voltage, each of the plurality of circuit stages other than the first stage
having its V; input connected to V, output of an immediately preceding circuit stage.
During a startup condition, each clock signal transitions from an inactive state to a
reciprocating state, the transition of each clock signal being delayed by at least one clock
cycle with respect to each transition of the clock signal supplied to each preceding stage.
In addition, the second aspect of the present invention provides a boost circuit
comprising a first multi-stage charge pump circuit receiving a first clock signal and an
input voltage, the first multi-stage charge pump circuit producing a first output voltage
having a higher voltage level than the input voltage, a level shifter receiving the first
output voltage, the level shifter having a level shifter clock input and a shifted clock
output, the level shifter producing a second clock signal at the shifted clock output having
a predetermined higher voltage level than an input clock signal received at the level
shifter clock input, and a second multi-stage charge pump circuit receiving the first
output voltage and the second clock signal, the second multi-stage charge pump circuit
producing a second output voltage having a higher voltage level than the first output
voltage. Each stage of the second multi-stage charge pump circuit has a clock input
which receives a clock signal at the predetermined higher voltage when the level shifter
reached steady state,
wherein said first multi-stage charge pump circuit comprises a plurality of first
charge pump circuit stages, each said first charge pumyp circuit stage having a first V;
input, a first clock input that receives said first clock signal, and a first V, output, each
said first circuit stage providing a voltage at the first V, output which is higher than a

voltage at the first V; input, the first V; input of a first stage of the first circuit stages



having its Vi input connected to Vo output of-an' inmrediately preceding
circuit stage. During a startup condition, each clock signal transitions
froman inactive state to a reciprocating state, the tragghhip{p2064 each
cl ock signal being delayed by at |east one clock cycle with respect to
each transition of the clock signal §Epplied to each preceding stage. In
addition, the second aspect of the present invention provides a boost
circuit Bl fa I~ I . G . i Vi a
Firat ol g rarmiendd fo b fohier TOREY S ARG SOF R MR of s GEER A 0
circuit prbefdbamg a first output voltage having a higher voltage |evel
than the input voltage, a |level shifter receiving the first output

voltage, the level shifter having a |l evel shifter clock input and a shifted
clock output, the level shifter producing a second clock signal at the
shifted cl ock output having a predeterm ned higher voltage |evel than an

i nput clock signal received at the level shifter clock input, and a second
nmul ti-stage charge punp circuit receiving the first output voltage and the
second cl ock signal, the second nulti-stage charge punp circuit producing
a second out put voltage having a higher voltage |level than the first out put
vol tage. Each stage of the second nulti-stage charge punp circuit has a
clock input which receives a clock signal at the predeterm ned higher

vol tage when the |l evel shifter reached steady state, wherein said first
~nmulti-stage charge punp circuit conprises a plurality of first charge punp
circuit stages, each said first charge punp circuit stage having a first Vi
input, a first clock input that receives said first clock signal, and a
first V. output, each said first circuit stage providing a voltage at the
first Vo output which is higher than a voltage at the first Vi input, the
first Vi input of a first stage of the first circuit stages 8 January 2004
4a bei ng connected to a power supply voltage, each of the plurality of
first circuit stages other than 8 January 2004



5 the first stage of the first circuit stages having said first V, input
connected to said first V. output of an inmediately preceding said first
circuit stage, and said second multi-stage charge punp cigggh&ﬁyggmu|5|ng a
plurality of second charge punp circuit stages, each said second charge
punp circuit stage having a second V& I nput, a second cl ock input that

' Ld.second ¢l o si.gnal, and a second Vo, output, each said
second ci r clif ¥ F%&%O{Cﬁ’s%ﬂi Wgulé sipars iy et et YelgHtcapnesigd feaidhird iV s
hi gher t harougput O bR BfmediateREp B SEsall fifsbBiduit il ageond V; input of a

first stage of the second circuit stages receiVving said first output
vol tage, each of Spiesoepigd multi-ptage charge mamir cirewit comprigiag aoplnelity loése¢dmel

first sta | . CU havi sai d. second V. . input
connect ed gfc 5 glfsggﬁﬂﬁgiéégﬁg ds\t@e(%’u#ﬁia ¢ gi%l]% g(goﬁlldi %f&?pa% ?r%‘}légg%ﬁ h%v_lg%la ﬁe%oé’(flo nd
circuit st¥gsputpheeceind dock inpua thet acdeives Gaiddiccomh cloel slgnal, @aladsq‘cbﬁ@t\{o t
cl ock signal ransit.i,ons .fro n inactive state to a reciprocating state,
said t ragsi({u?pd“ﬁi’ K nﬁéaég fecgpd §H?'g& %P&f‘slfm@idaia@ V‘éqa&ﬁ&'f @‘GSEW’?& ‘8&%3"}5‘;}1 Y

| east one Mighek tharncd QolddelnttRS B&ohd Vg ittt RBSId VOl 0B @i kst thgeSbr AlOCK
signal supplied to each preceding stage, and each of said second Clock
signals t S&FRINC:GIESHY Sfaessnrensiving 8aifl EstsQuipw vadtage,raseh off dleaplumaity fseconshi d

transition i ' ' I [ . l\gast
e ol ook Cacl S SR naIEn URHERNSaly Ofhe SRR el e E A i p iy ¥
si gnal supphiugomescieddh spdscanidng, etpgef aAdmarediangy poeceding dhidertandodirdlie
present i ny ion, the charge punp circuits are prevented fromstarting

t he boosting~operation at the sane time when activating the boost circuit.
As a result, themhetein doting meﬂamtlep@{di@mﬁi, etablabfitsaidi ﬁrtsﬁ@ﬁsg:kmi%ﬂ;aﬂﬁtraﬂﬁﬁhf%et_ i
t he power ource_current consunption en starting e boosting operation.
Accolrodi ng tﬁ%’nbﬁ%tl?ﬂ? ve sitecte %Fec’énlﬁgc"ﬁ%sséﬂ?’ sapd, HARsition of prebeof; @Kgﬁtﬁ&ich&l} a

boost  ci r eiginhis RMY delhd: byRatdRUR onS QgEeycld Rith respect to said transition of said
first clock signal supplied to each preceding stage, and each of said second clock signals

transitions from an inactive state to a reciprocating state, said fransition of each of said
second clock signals being delayed by at least one clock cycle with respect to said
transition of said second clock signal supplied to each preceding stage.

According to embodiments of the present invention, the charge pump circuits are
prevented from starting the boosting operation at the same time when activating the boost
circuit.

As a result, there is obtained the effect that it is possible to reduce the power
source current consumption when starting the boosting operation.

According to another aspect of the present invention, there is provided a boost
circuit comprising:

a power source line;

an oufput terminal from which a boosted voltage is derived,;

at least three, first, second and third transistors electrically connected in series
between said power source line and said output terminal, said second transistor being
inserted between said first and third transistors;

at least three, first, second and third capacitors each having a first end and a
second end, the first ends of said first, second and third capacitors being electrically
connected to gates of said first, second and third transistors, respectively; and

a clock generator coupled to supply first, second and third clock signals to the

second ends of said first, second and third capacitors, respectively, said first clock signal



an output termnal fromwhich a boosted voltage is derived; at -least three,
first, second and third transistors electrically connected in series

bet ween sai d power source |line and said output termnal, 83aRugi¢eond

transi stor being inserted between said first and third transistors; at

| east three, first, second and third ca"?j%lcitors each having a first end and

a second h f| rs rst cond and . thi r .ca tors
bei ng el ect?dr'l'ﬁlc,gaﬁtnl Dhas ‘gghj{% %a]lf é’sgn F?cfogfl clock gerp é‘m}f qrent
transi st or sphaseeﬁmﬁcshidwﬁhﬁ cloRRGighalioomhkt m@&arvoﬁ.@gaxls %@n{r&i ﬁb&lﬁ%ﬁﬂ quﬁ&tt
second and th|r gnhals to the second ends said first, second

and third éﬁrﬁﬁe 't%ar1 erczﬁﬁ‘?fﬁo@éﬁaﬁmgst&SBPPIB’rS§ld tb—]ré@l@chSW1 tegthg spesadyernzln 04
5a bei ng i phrRBAS gnal
s Tn dirt o emasintiighoRg: 8 4 st A0S B ROt B0 # Ui d RGN CVEEK o8]
vol t age i s fHerqleakpignadin started to be puppliet éo thersactqndwad@bf sdid Ckstgepeeitat. or
starting to supply said third clock signal to the second end of said third
capacitor at a first timng that is delayed froma second timng at which
said first clock signal is started to be supplied to the second end of
said first capacitor. 8 January 2004 6 BRI EF DESCRI PTI ON OF THE DRAW NGS
The above and ot her objects, features, and advantages of the present
invention will beconme nore apparent fromthe follow ng detailed
description when taken in conjunction with the acconpanying draw ngs
wherein: Fig. 1 is a circuit diagramshow ng a configuration of a boost
circuit of a first enbodi nent of the present invention. Fig. 2 is a block
di agram showi ng a configuration of a clock generating circuit of the first
enbodi nent .




Fig. 3is atimng chart explaining the operation of the first enbodi nent.
Fig. 4 is a block diagram show ng a configuration of the boost circuit of
a second enbodi ment of the present invention. Fig. 5 is gJghigypbosi agram
showi ng a configuration of a first boost circuit of the second enbodi.nent.
-Fig. 6 is a circuit diagramshow ng a gonfiguration of a second boost
circuit of the second enbodinent. Fig. 7 is a circuit diagram show ng-a
configuration of a I|evel shifter of the second enbodinent. Fig. 8 is a
timng chart explaining the operation of the second enbodinent. Fig. 9 is
a bl ock diggﬁgg]Shomﬁn a configuration of a third enbodi nent of the
present in ofESEHF T P& ARE; PRATANGH agr am showi ng a configuration of

a first boost circuit of a third enbodinment. Fig. 11 is a circuit diagram
showi ng a configuﬁgFiS cgF “‘ééﬁﬁﬁﬁdo 9BStS ci PfeﬁfE?H%aQH?PBa%ﬁ%dﬂgnent.

8 January 2R84 Jr-&H 121 ,8n@ Gl ' QUi dj . i n > fi grgti n of a
uary 0 17 ddhe 12ni8ne &h I GG ?gé@éﬂ %@é‘ %ﬁ)}_:gacli%g.l ' g om '%‘

| evel shifter of the third enbodi nent. 1315 a agram s dﬂﬁng a
confi gur at fohlofimy delatkeganar@atiptg ot wedt talbnthe bRk € dirRNthe Fi 0.

14 is a timng chart explaining the operation of the third enbodi nent.
Fig. 15 isa%F%TP%%H#ﬂQﬁiiﬁwéﬁgghwhﬁr@F%ﬁconfiguration of

Fig. 1 is a circuit dilagram showing a configuration of a
boost circuit of a first embodiment of tﬁe present invention.

Fig. 2 is a block diagram showing a configuration of a
clock generating circuit.of the first embodiment.

Fig. 3 is a timing chart explaining the operation of the
first embodiment. |

Fig. 4 is a block diagram showing a configuration of the
boost circuit of a second embodiment of the present invention.

Fig. 5 is a circuit diagram showing a configuration of a
firs; boeost circuit of the second embodiment.

Fig. 6 is a circuit diagram showing a configuration of a
second boost circuit of the second embodiment.

Fig. 7 is a circuit diagram showing .a configquration of a
level shifter of the second embodiment. |

Fig. 8 is a timing chart explaining the operation of the
second embodiment. '

Fig. 9 is a bloqk diagram showing a configuration of a
third embodiment of the present invention.

Fig. 10 is a circuit diagram showing a configuration of
a first boost circuit of a third embodiment.

Fig. 11 is a circuit diagram showing a configuration of

a second boost circuit of the third embodiment.

—



a boost circuit of a prior art exanple. Fig. 16 is a timng chart
expl ai ning the operation of the boost circuit of the prior art exanple
shown in Fig. 15. Fig. 17 is a circuit diagram show ng a gqahiagyress on of
the boost circuit of another prior art exanple. Fig. 18 is a timng chart .
expl aining the operation of the boost gircuit of another prior art exanple
showmn in Fig. 17. Fig. 19 is a graphical representation show ng the
simulation result for the boost circuit of the prior art exanple shown in
Fig. 15. Fig. 20 is a graphical representation showi ng the sinulation

result for the bopst ci£CU|t of, ang thg 6££|or art exanpl e shown in Fig.
17. Fig. 21 is a gr%p cat® F%ﬁ?&?&ﬁFa 13RS EhR csrimguaEtdsnr edul t

for the baolevenr si Fedbi 6 drs. LIk Eda fen:Shandi ng the configuration of
t he boost circuit of another prior art exanp % shown in Fig. 17. Fig. 22

is a graphical repigsem als an koW Bgabhgn SHdhat boRck sl tad i Like sboost
circuit of the first enbodinent shown in Fig. 1. 8 January 2004 8 -Fig. 23

is a graphilesk E@ﬁ?é@éh@%l¢¥ﬁ¢i§howﬁnghehehlﬁﬁraMh@ﬁnmantesult for the boost
circuit of the seg ond enbodlnent shown in Fig. 4_ Fig. 24 is a graphical
representation show?hg“t HE 2sTHUIRG FBATE cBW P IPSRTt e BBSERt EPR @i thehi ch

i's obtainethil¥ embodiment .

Fig. 15 is a circuit diagram showing a configuration of
a boost circuit of a prior art example.

Fig. 16 is a timing chart explaining the operation of the
boost circuit of the prior art example shown in Fig. 15.

Fig. 17 is a éircuit diagram showing a configuration of
the boost circuit of another prior art example.

Fig. 18 is a timing chart explaining the operation of the
boost circuit of another prior art example shown in Fig. 17.

Fig. 19 is a graphical representation showing the
simulation result for the boost circuit of the prior ért example
shown in Fig. 15.

Fig. 20 is a graphical representation showing the
simulation result for the boost circuit of another prior art

example shown in Fig. 17.

Fig. 21 is a graphical representation showing the
simulation result for the boost circuit which is configured by
changing the configuration of the boost circuit of another prior
art example shown in Fig. 17.

Fig. 22 is a graphical representation showing the

simulation result for the boost circuit of the first embodiment

shown in Fig. 1.



changi ng the configuration of the boost- circuit of the second enbodi nent
showmn in Fig. 4. Fig. 25 is a graphical representation show ng the
simulation result for the boost circuit of the third enbogiameiry 260wWn in
Fig. 9. Fig. 26 is a diagramshowi ng the sinmulation results of the peak
current, the boosting tinme and the boosied voltage in the individual boost
circuits. DETAILED DESCRI PTI ON OF THE FERRED EMBODI MENTS [ Enmbodi nment 1]
The boost circuit of the first enbodi nent includes: a control signal CTL
which is used to control the boosting operation; a clock signal CLK;, an

N- channel non-doped MOS transistor 5 whose source is electrically
connected to a powed- BﬁrcESVBD géaPmVEﬂtereﬁrﬁhﬂgsnnutpubhowlﬂ¢eaﬂkacalIy
connected ¢tQ,8.93%LE 2k p e han non-doped MOS transistor 5; and
punping circuits 4A to and tire 8?%‘&1{316%%'?? i iseeaps ampesiiment
successi vekjosnipil yHikg @espectlvely the clock signals. The punping circuits
4A to 4H conpri ses N-channel non- doped MOS transistors 3A to 3H

capaci tors 2A to ZHoand2énviert er SgrdphidallHrepesp@otd o4y - sHBG: N C h%ﬂ?e|
MOS transistors 3A to 3H 8 January 2004 9 are electrically connecte

series bet %%%%W@Nﬁ%ﬂﬁelf%mh@dwmnmmumah 5 sansbtelitpdt by
term nal 9§?1§Q= Ong gaC|tors 2A to 2H are reﬁfectlvely
electrlcally ‘conirect 6d B ﬁﬁ%gaﬁé BsObf thRebReshafieduiNoo | ridimsi sadsmsl 3A to
3H. The  embodiment shown in Fig. 4.
Fig. 25 is a graphical representation showing the
simulation result for the boost circuit of the third embodiment
shown in Fig, 9. |
Fig. 26 is a diagram showiﬁg the simulation results of

the peak current, the boosting time and the boosted voltage in

the individual boost circuits.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[Embodiment 1] |

The boost circuit of the first embodiment includes: a
control signal CTL which is used to control thé boosting
operation; a clock signal CLK; an N-channel noﬁ—doped MOS
transistor 5 whose source is electrically connected to a power
source VDD; a inverter 6 whose output is electrically connected
to a gate of the N-channel non-doped MOS transistor 5; and
pumping circuits 4A to 4H; and the clock generating circuit 7 for
successively supplying respectively the clock signals.

The pumping circuits 4A to 4H comprises N-channel non-
doped MOS transistors 3A to 3H, capacitors 2A to 2H and inverters

14 to 1H,.respectively. The N-channel MOS transistors 3A to 3H



inverters 1A to 1H receive the respective clock signals at the input
termnals and provide the inverted clock signals of the «clock signals to
the other termnals of the capacitors 2A to 2H The cl ock8dem@mrplDog
circuit 7, as shown in Fig.2, includes a NAND 9 through which both of the
control signal CTL and the clock signab CLK are inputted, and the del ay

el ements 8A to 8H_ According to this construction, the punping circuits 4A
to 4H are prevented fromstarting the boosting operation thereof at the
sanme time when activating the boost circuit. As a result, there is obtained
the effect Ll sible to.reduce .the power source current -
consunptiohlaﬂgﬁbgg¥§??l gc?ﬁ@eﬁgsgt*?uf?ﬁ&?ﬁa??%ﬂ?eqTﬁﬂﬁ N-chagngdsoaed t hat

t he frequerpeal Mbher £496Ks t S @néhdcéﬁﬁ' p f the outside is 4 Mz,
and the delay value of each of the de‘%&'gg%ﬁgﬁéigﬁéro ghe FB% 8%ahPfe, is

1.5 tinesapararges agdithe perand-wfsddieich ke Bd@nalcGhY% i-pputteds from

t he outsidg In this connection, alternatively, if the ¢Clock signals Ato
J are 180 gﬁréﬁgxﬁhtg%fLﬁﬁa@bC%ﬁpheéaﬁﬁsoﬂhemsibnorhiSAorﬂ@rachenTh@e
boost circyigf, e.gonfigured in such a way that the delay value of each
of the del ay Sgg%‘!]é%sl%A ?oﬂgl-fecieswf 5hgr rREReCtivieeslosk gigeads ehetheri od

ol ternatively. the B Sanuary 2004 15 MSQ0eNercer PRECKI BERTa1gnal BR from
t he Outsid@l@gy alsmbe to the other terminals of the capacitors 2A to 2H.

The clock generating ecircuit 7, as shown in Fig.2,
includes a NAND 9 through which both of fhe control signal CTL
and the clock signal CLK are inputted, and the delay elemenﬁé 8A
to 8H.

According to this construction, the pumping circuits 4A
to 4H are prevented from starting the boosting operation thereof

“at the same time when activating the boost circuit.

As a result, there is obtained the effect that it is
possible to reduce the power source current consumption when
starting the boosting operation.

Then, it is assumed that the frequency of the clock
signal CLK inputted from the outside is 4 MHz, aﬁd the delay
value of each of the delay devices 8A to 8H, for example, is 1.5
times as large as the period of the clock signal CLK inputted
from the outside. In this connection, alternatively, if the
clock signals A to J are 180 degrees out-of-phase with each other
in this ordexr, then the boost circuit may be configured in such
a way that the delay value of each of the delay devices 8A to 8H

is 1.5 or more times as large as the period of the clock signal

CLK inputted from the outside. Likewise, alternatively, the



equal to or lower than 4 MHz-as |ong as the boost circuit can be operated
inthis state. Next, the operation of this enbodinent will be hereinbel ow
described with reference to a timng chart shown in Fig.83ankey 00w
centrol signal CTL to low |evel stops the boosting operation. As a.
result, all of the outputs of the cloc§ generating circuit 7 becone high

| evel to stop the boosting operation. ®n the ot her hand, when starting the
boosti ng operation, the control signal CIL is set to a high level. As a
result, the clock signal CLK becones valid. Then, the clock signals Ato J

are succesglrg L¥neptputied it d omthe out uts of the clock
generating ci r%cuft@"}'I 7 at evceroy%k nggg%f&‘{x et dene g %‘?n‘ﬁaﬁe"’}]a’ip Bor the

out put si gaaklAotde 1e>b:@ektlsélgmale Salui tedq {0 s to.be 180
degrees out -of -phase with respect tg iahe (g?%gk s#gna%%l%&g T btane

out put si gRBRPTBLeE hin digek séhgmal is outputted in such a way as to be in
phase with the cl (C),bik Si gnal CLK and also as to be delayed with respect to
the clock signal r%@éfatEPReV\P% thihe ckobddbiegrtal WGlls iwputt ed

in such a wWa¥easpeiQy hase with the cl ock signal CLK
and as to beedeI%yedQ%lst %QJnggpec e eﬁ«?”@EoE‘R Ri'giamIcEReBy F5orhsiat ;

the clock siignak.D is outputted in such a way as to be in phase wth the
clock signal CLK and as to be delayed with respect to 8 January 2004
Setting control signal CTL to low. level stops the

boosting operation. Aas a result, all of the outputs of the clock
generating circuit 7 become high level to stop the boosting
operation. A |

On the other hand, when starting the boosting operation,
the control signal CTL is set to a high level. As a result, the
clock signal CLK becomes valid.

Then, the clock signals A to J are successively outputted
in this order from the outputs of the clock generating circuit
7 at every lapse of a predetermined time delay; For the output
signal A, the clock signal is outputted in such a way as to be
180 degrees out-of-phase with respect to the clock Signal CLK,
and for the output signal B, the clock signal is 6utputted in
such a way as to be in phase with the clock signal CLK and also
as to be delayed with respect to the clock gignal CLK by 375
nsec.

Likewise, the clock signal C is inputted in such a way as
to be 180 degrees out-of-phase with the clock signal CLK and as
to be delayed with respect to the clock signal CLK by 750 nsec;
the clock signal p is outputted in such a way as to be in phase

with the c¢lock signal CLK and as to be delayed with respect to



11 the clock signal CLK by 1;025 nsec; the clock signal Eis outputted in
such a way as to be 180 degrees out-of-phase with the clock signal CLK and
as to be delayed with respect to the clock signal CLK byslakéynees; the
clock signal F is outputted in such a way as to be in phase wth the clock
signal CLK and as to be delayed with rgspect to the clock signal CLK by
1,775 nsec; .the clock signal Gis outputted in such a way as to be 180
degrees out-of-phase with respect to the clock signal CLK and as to be

del ayed with respect to the clock signal CLK by. 2,250 nsec; the clock

signal H i sheutguddeds{s,Suc y ;as.,Lo _be in phase ith the clock
signal CLK and as to Sbe&ael agLefg Wt ﬁ’?éépé‘&ecfo t%teh CIrDeksigmhal EClie by

2,625 nsecouspdtthe-ic! 0okh S R ad kS pOULPMLIEHA D SUEh A as tq be
180 degrees _out-of-phase with the clock si gnale‘rz\g%_fzJ anggaggt’\é@ e d”elrtg'i/ed

wi th respeétet 61PRE sépmek Silgrmid @K toy 12, 3Aapsecwi NoWe yhant StOpRidg t he
boosti ng ops§ra ig{] ch of the outputs of the clock generating circuit 7
is held at the higirat &l Pyad. 409 daqfas, thenetodactiapklt Feisnputsuttoed he

punpi ng CiihCHiLLE £A, l,s0 .becones high | evel, no boosting operation
is carried out. On thateyotfaftéIr_1|ré§31 and, p\%ﬁ%ﬁ Ea %‘ﬁgcﬁ?ﬁk tsr?éinaﬂo%gi‘ﬁ@d as

oper ati on, tbhke cledGlyesi gnath A dpsck Yt ed-{ Lomd; I nerating
circuit 7 to the punping ci rCliP?C4A a 3750nsec %@%& gﬁellkéoyggf?lére I%Sh%‘l evel

of the inplitef @rckheiconir 61 isi gnalpu€ed hHas deen L£hangedsf ramyche; d pw
| evel to tgg Qigh | evel io that the punping circuit 4A starts the
boost i ng opEratt o NG Phage ik FeseReEKE s itgsar 180k ssiomalt Cal 410d the

punpi ng ci gguhd &giayed with respect to the clock signal CLK by 2,250 nsec;
the clock signal H is ocutputted in such a way as to be‘in phase
with the clock signal CLX and as to be delayed with respect to
the clock signal CLK by 2,625 nsec; and the clock signal J is
outputted in such a way as to be 180 degrees out-of-phase with
the clock signal CLK and as to be delayed with respect to the
clock signal CLK by 2,900 nsec.

Now, when stopping the boosting operation, each of the
outputs of the clock generating cirecuit 7 is held at the high
level. As a result, since each of the inputs to the pumping
Circuits 4A to 4H also becomes high lewvel, no boostihg operation
ig carried out. On the other hand, when carrying out the
boosting operation, the clock signal A is inputted from the clock
generating circuit 7 to the pumping circuit 4A a 375 nsec time
delay after the level of the input from the control signal CTL
has been changed from the low level to the high level, so that
the pumping circuit 4A starts the boosting operation. Next,
since the clock signal B is inputted to the pumping circuit 4B

a 375 nsec time delay after the pumping circuit 4A has started



a 375 nsec tine delay after the punping circuit 4A has started 8 January
2004 12 the boosting operation, the punping circuit 4B starts the boosting
operation. Likew se, the punping circuits 4C to 4H startg tsfudppesid ng
operations, respectively, at every lapse of a 375 nsec tine delay after
the punping circuits in the respective previous stages have started the
boosting operations. Therefore, when agtivating the boost circuit, fromthe
foll owi ng expression: The power source current = LQ At = AV x C At .....
(2) it becomes clear that AQ becones ideally 3/4 of the prior art and
hence it is possible to reduce the power source current. Fig. 22 is a

gr aphi cal &fr RPN NoBEBAE ¥t hehe sipwrpatforrinesilkt ©f thiasteirchdt. | n
the fi gureﬁggo% erence nuperal 281 designates a waveform of the boosted

vol tage (V and PRPEFRHEL nuidFa¥ o2 ohesi RIMIeY £iksversr ACoftat HEl power
odBE; |,ng vl t f .0 ireuit | 117.0V d
source currrt-+(LBD) gg@l@%%ér%% FE!S a]ggsorﬁtlfie Cireuit | Se r?efn?n

the peak current thereof Is nmbodi he®SeCORYY

features aa edustimed Nntihe MERET apfeCORSLI t ingl eABPAL S ASighowy i n
Fig.4, the boost circuit according to the second enbodi ment of the present
i nventi on EEFPPF§ede pHgvisus bbagts daveustas2d séeohobdiniost operatidnd3 and

a level shifter 54  for_obtaining fromthe first clock signal M a second
clock signal MB. herefore, when™ activating the boost circuit, from the

following expression:
The power source current = AQ/ At = AV x C/ At
it becomes clear that AQ becomes ideally 3/4 of the prior art and

hence it is possible to reduce the power source current.

Fig. 22 1is a graphical representation showing the
simulation result of this circuit. In thé figure, reference
numeral 281 designates a waveform of the boosted voltage (VPP)
and reference numeral 282 designates a waveform of the powex
source current (IDD). The boosting voltage of this circuit is
17.0 V and the peak current thereof is 553 pA.

[Embodiment 2]

The second embodiment features a reduction in the number
of constituent elements.

As shown in Fig.4, the boost circuit according to the
second embodiment of the present invention comprises a first
boost circuit 52, second boost circuit 53 an& a level shiftexr 54
for obtaining from the first clock signal M1 a second clock
signal M3.

The first boost circuit 52, as shown in Fig. 5, comprises
a clock terminal CLK receiving a first clock signal M1, an output

terminal VOUT’, an inverter 55 receiving the first clock signal



The first boost circuit 52, as shown in Fig. 5, conprises a clock term nal
CLK receiving a first clock signal ML, an output term nal VOUT', an
inverter 55 receiving the first clock signal 8 January 208dad&rivP004n
inverter 56 receiving an output signal of the inverter 55, an N--channel
MOS transi stor 57 receiving an output of the inverter 56 at the gate

el ectrode, and punping circuits 61A and G B. The punping circuits 61A and
61B have N--channel MOS transistors 60A3and GOB, capacitors 59A and 59B,
and inverters 58A and 58B, respectively. The N-channel MOS transistors 60A
and 60B are electrically connected in series between the N-channel M35
transi st or'57 3hdWREEBHt Uk eFei HirmanVOUTPUt GAenakrafi mhle iufewaeh 56f, t he

capaci tors_b9A. . 59B i.s . electrically connected, to the gate of the
N- channel ?/%B%{ ?dgl%gin% or@%oi\r%rh%lséﬁ%),/ ST eSBERI VIR yanTIRUGHWFer B THEA

. th : f i d i th
recei ves BvEl 08K < ghakyQ ?é@el@l&% dgergﬂ&]gjélmﬁiggag&&g&%sl dﬁe]%v&n%er 58B

out put signal to the other erm na t he capac e

receives t6eB.output signal of the inverter 55 and provides the out put

signal to the other end of the capacitor 59B_ The second boost circuit 53,

as shown in Fig. &hehagugping cekraudtsi rdlla Gind r etei wiang thehseaend Mdsock
the level shifter 54, an output term nal

signal whigh is.an o%ogjgélngf C

VOUT, an [nVerter 62 1 i 17t hEARXTHAF ScPEEK 2B gRER; 2w | Hvernterss3

ST, 858 WD Bl bl XSS 0l BIEL Yok 0 1
60B are electrically connected in series between the N-channel
MOS transistor 57 and the output terminal VOUT’. One terminal
of each of the capacitors 59A and 59B is electricaily connected
to the gate of the N-channel MOS transistors 60A and 60B,
respectively. The inverter 58A receives the clock signal of the
clock terminal CLK and provides the output signal to the other
terminal of the capacitor 59a&. The invertéL.SBB receives the
output signal of the inverter 55 and provides the output signal
to the other end of the capacitor 59B.

The second boost circuit 53, as shown in Fig. &6, has a
clock terminal CLX receiving the second clock signal which is an
output of the level shifter 54, an output terminél VOUT, an
inverter 62 receiving the second clock signal, an inverter 63
receiving an output signal of the inverter 62, an N-channel MOS
transistor 64 feceiving an output of the inverter 63 at the gate
electrode, and pumping circuits 68A to 68D.

The pumping circuits 68A to 68D have N-channel MOS
transistors 67A to 67D, capacitors 66A to 66D, and inverters 65A

Lo 65D, respectively. The N-channel MOS transistors 67A to 67D

are electrically connected in series between the N-channel MOS



el ectrode, and punping circuits 68A to 68D. The punping circuits 68A to 68D
have N-channel MOS transistors 67A to 67D, capacitors 66A to 66D, and
inverters 65A to 65D, respectively. The N-channel MOS tr&dsnsdrpe80H67A to
67D are electrically connected in series between the N-channel MOXS 8
January 2004 14 transistor 64 and the output term nal VOUT. The power
supply termnals of the inverters 62 ¥ 64 and 65A to 65D receive the

out put signal of the first boost circuit 52. The |evel shifter 54, as shown
in Fig.7, includes: P- channel MOS transistors 69A and 69B sources of which

are electrically connected to a power source termnal VP1; an N channel
MOS transi Stol TORIWGs &0 &P P¥terecEeTrHIdly hiThecThe powerheuPpthannel

MOS transisd Q5 L£I9A %r%dt?l@,i&{}cleté)gs \gtyogt% %%Bag(ligg%in&g}g connected to

ground; and an N-channe Fansi refeiye the

el ectri caldyrmanngehad be the A-chappgke I\%’ﬁrﬁﬁqnghstor 69B and a source of
which is electrically connected to ground, erein a gate of the P-channel

MOS transistor 6JRei Sewkcthitadt yseonnectieshd om Wrain ahcilaeb: shannel
MOS transi stor 69B; a gate of the P-channel MOS transistor 69A is
el ectrical§ IE@ﬁ‘ne@P%d P ighara of9A hen®- 6@RanmelrdddS of angiisttor aB8A; t he

clock sig .S 4LN ted t a gate of the N-channel MOS transistor
70A; a si ggr?llia? %lcléaﬁlka;%%% SgﬁengSi ed°BY i APBFET n§eE " EIdckVRY gnat BEK in

an invert efhathel SloknPEdteddd- t - ransi st or .70B;
and a signal QX which isin pﬁgge&vﬁehhtgﬁéﬁ;%%{}gg%ﬁ%%]éf_lgoélﬁﬁcge‘i

to the P-channel MOS transistor 692 and a source of which is
electrically connected to ground; and an N-channel MOS transistor
70B a drain of which is electrically connected ﬁo the P—chanﬁel

- MOS transistor 69B and a Vsource' of which is electrically
connected to ground, wherein a gate of the P-channel MOS
transistor 69A is electrically connected to a drain of the P-
channel MOS transistor 69B; a gate of the P-channel MOS
transistor 69A is electrically connected to a drain of the P-
channel MOS transistor 69A; the clock signal CLK is inputted to
a gate of the N-channel MOS transistor 70A: a signal which has
been obtained by inverting a clock signal CLK in an inverter 71
is inputted to a .gate of the N-channel MOS transistﬁr 70B; and
a signal CLX which is in phase with the clock signal CLK and
which has been level-shifted is generated from the draiﬁ of the
P-channel MOS transistor 69B.

Thus, in the boost circuit of the second embodiment, the
prior art boost circuit having eight stages in total is divided
into the two boost circuits. That ig, the first boost circuit
52 in the previous stage is configured in such a way as to have

the two stages of the pumping circuits 614 and 61B, and the



whi ch has been |l evel-shifted is generated fromthe drain of the P-channel
MOS transi stor 69B. Thus, in the boost circuit of the second enbodi nent,
the prior art boost circuit having eight stages in total8iasndiryPd@t into
the two boost circuits. That is, the first boost circuit 52 in the

previ ous stage is configured in such a way as to have the two stages of
the punping circuits 61A and 61B, and the 8 January 2004 15 second boost
circuit 53 in the after stage is configured in such a way as to have the
four stages of the punping circuits 68A to 68D. In addition, the boosted
vol t age V\/nisghmiqg obtained in the first boost circuit 52 in the previous
stage is enployedu®E FErpbhet’ dduibe Fidren Keagectndobdogtred riouigudd in
the after gt ) |-S,C egtion, each aof the power source of the
inverters 62@§§daéégx# glra%go(relggo ¥hg 1Aves FPARIRGE BAT B Ehef 82 écond

boost circebb. of It hidigiibayi thantbdNePIWRE 2§OWNEROT st hEL o § Averd ertzl 65A to
65D for carrying out the electric charge accCunulation/transfer of. ch of

the capaci F&FSt 680at0 BEDULS Fhein dHeprevobhage: MRP 10f chPEofdd Sis ha@st
circuit 52, Next, the description will hereinbel ow be given with respect
to the cir€OFer g°WIE SeEokie sifseadnbaes widircuétefrice theoafitet igtang .chart
shown in Fig. 8. %ht'g}?iéi{‘ygm\{mcn the | evel of the control signal CTL has
been changed from'the BVeTC TS heangHPY eVRE RAYRT sBar¥ragott kde

b_oost I ng opevattars $@ tah_at(:'j h?o:tcbgﬁlﬁréifgﬂ?gl £ M@éi&'ar;[sr}.%tofri gftop%%%t
circuit starts the boosting operation. However,
second boost circuit of this circuit and the power source of the
inverters 65A to 65D for carrying out the electric charge
accumulation/transfer of each of the capacitors‘GSA.to 66D is the
output voltage VPP of the first boost circuit 52.

Next, the description will hereinbelow be given with
respect to the circuit of the second embodiment with reference
to a timing chart shown in Fig. 8.

At the time when the level of the control signal CTL has
been changed from the low level to the high level when starting
the boosting operation so that the clock signal is valid, the
first boost circuit starts the boosting operation. However,
since the clock signal CLX is not inputted from the level shifter
54 to the boost circuit 53 until the boosted voltage VPP of the
first boost circuit 52 has been boosted up to the power source
voltage with which the level shifter 54 can be operated, tﬁe
second boost circuit S$3 does not carry éut the boosting operation
at all.

Therefore, at the time when starting the boosting
operation, only the first boost circuit 52 carries out the

boosting operation. Thus, since the number of stages of the



since the clock signal CLX is not inputted fromthe level shifter 54 to
the boost circuit 53 until the boosted voltage VPP of the first boost
circuit 52 has been boosted up to the power source voltagdamadrip20d¢4 ch t he
| evel shifter 54 can be operated, the second boost circuit 53 does not
carry out the boosting operation at aI% Therefore, at the tinme when
starting the boosting operation, onIy he first boost circuit 52 carries
out the boosting operation. Thus, since the nunber of stages of the 8
January 2004 16 punping circuits is two, which is 1/4 of the nunber of
prior art S t.he elght st.ages, ,fro e expression (2), it
becones cFeglag' £ % aﬁ? e %&&ﬁb' 5u?é%‘€ﬁ#&@n?uﬁ FF R PréfticREt down
to 1/ 4 of sith egrlqreert axa I t p AN bo t ed, voltage
IS expressed@r by the fO||OMP£%9%Xp$%SSIOH B%%$>€E§ %%&%%%ir soﬁﬁce voltage

VDD) X (tBecomeberclsfar stragesiddallig PUHEI fighel IEdlidce Qudhebaqst i Bg
circuit) 3) Therefore in the prior art circuit, the follow ng expression
i s est abl FSHEgGedyppwa W)[i&* 8>fstt§ge§r3:018\ﬁD[D exampl¢4) whereas in the second
enbodi nment , the f Ilogé pression is established; VPP = (the boosted
vol tage of the boost RAS IP PYLPT heX th PBSF oo f Vel tasiss it exrEcEsest

circuit 53%) the following expression:

VPP = (the power source voltage VDD) x (the number of
stages of the pumping circuits of the boosting
circuit)y .. {3)

Therefore, in the prior art circﬁit, the following
expression is established:

VPP = VDD x 8 stages = 8VDD
whereas in the second embodiment, the following expression is
established:

VPP = (the boosted voltage of the boost circuit 52)

x (the number of stages of the boost circuit 53)

= 2VDD x 4 = 8VDD ... .. (5)
Thus, it becomes clear that though the number of stages of the
pumping circuits is decreased by two, by only addiﬁg the level
shifter thereto, it is possible to obtain the boosted voltage
which is equal to that of the prior art circuit.

In addition, there is obtained the effect that the number
of stages of the pumping circuits of the boost circuit in the
first stage is made into four stages, whereby with a total of
eight stages of the pumping circuits, as in the prior art,
ideally, the boosted voltage can be obtained which ig 2 times as

large as that of the prior art.




= 2VDD x 4 = 8VDD (5) Thus, it becones clear that though the nunber of
stages of the punping circuits is decreased by two, by only adding the

| evel shifter thereto, it is possible to obtain the boossgghuepy be@e Wwhich
is equal to that of the prior art circuit. In addition, there is obtained
the effect that the nunber of stages of the punping circuits of the boost
circuit in the first stage is made iRyo four stages, whereby with a total
of eight stages of the punping circuits, as in the prior art, ideally,

t he boosted voltage can be obtained which is 2 tinmes as |arge as that of
the prior, art. 8 January 2004 17 Fig. 23 is a graphical representation

showi ng the simygsation,r lt, o is circuit in ich each of the first
boost circuit 52 5%% tﬁg g%%o%ﬁ %5%@%”%%¢cﬁfpr§§e?%gg%Wﬁiﬁﬂ?ﬁﬁpgiﬁjghch a
way as toshaveationt séages.od nedire &0 HENRLEACQaRUNE 331 ot

desi gnates a waveform of the boosted voltage (VPP) and reference nuneral
312 desi ghaPet aly@idf GiZmeefd the pewend senstc eitnients (L OQonfftfired
boosted-vghta%g?of this circuit is 20.3 V and the peak current thereof is
432 LA | i"a@drtidonevreg. tasheee Loymastinesr - r epr ddentfagiion, stitavarnge he

si mul ati opuhesy tafprgdhi preuit _in.which the first _boost circuit 52 is
configureduin such a w§§g§$%F8 ave’ &%““§P%52§i 2GRVt bTFt

circuit 53nfls refatéeqes efuhdrSUCIT A NGBS <0 DNAYVE Sy %tfagcg% L,he '
figure, reference nuneral 321 designaf%s a maveforn1o% t he oo§%§ﬁﬂ€oltage
(VPP) andSPEBFfefefgerent (IDD). The boosted- voltage of this circuit is

20.3 V and the peak current thereof is 432 UA.

In addition, Fig. 24 ig a graphical representation
showing the simulation result for this circuit in which the first
boost circuit 52 is configured in such a way as to have two
stages, and the second boost circuit 53 is configured in such a
way as to have four stages. In the fiqure, reference numeral 321
designates a waveform of the boosted voltage (VPP) and reference
numeral 322 designates a waveform of the power source cuxrent
(IDD). The boosted voltage of this circuit is 19.0 f and the

peak current thereof is 224 HA.

[Embodiment 3]

As shown in Figs.9 to 14, the third embodiment of the
boost e¢ircuit is configured in such a way that the first
embodiment of the boost circuit is combined with the second
embodiment of the boost circuit.

That is, in the same manner as that in the first
embodiment, the clock signals A2 to C2 are applied to a first

boost circui; 91 at every lapse of the successive time delay

using a clock generating circuit 90.



nunmeral 322 designates a waveform of the power source current (I1DD). The
boosted voltage of this circuit is 19.0 V and the peak current thereof is
224 LA. [ Enbodi nent 31 As shown in Figs.9 to 14, the thi8damumdrp@dint of
the boost circuit is configured in such a way that the first enbodi nent
of the boost circuit is conmbined with ige second enbodi ment of the boost
circuit. That is, in the sanme manner as“that in the first enbodi nent, the
clock signals A2 to C2 are applied to a first boost circuit 91 at every

| apse of the successive tine delay using a clock generating circuit 90. 8
January 2004 18 In addition, in the same manner as that in the first

embodi ment, the cl8cRIEEGHNANs B3 tHBeHSaBEe TappRT edst Shatsdsoride Hogstc
circuit 93 I e of the. successive tinme delay,,and also in the
same nanne?ﬁégé%: %%'i§8§h89%%%d%lIgﬁﬁbzﬁnéﬁt%BSGEE a%%%ﬁ?ysﬁinﬁﬂ%?ﬁﬁQ§
successi vebyoslppktad: te LRess8ePNG R0 j } r;Qug I I
shifter 91 in the sane nmanner éﬁp tﬁ%? ?%t¥ﬁ%%ggg%ﬁ%§g%E8 %ngﬁ%gﬁFf§¥§25 IS
a graphi catlsepheddnt atamenmshowt ngs t tieat Sirmuhat iserohasdhbo@indhd S Sidrcui t.

In the figure, reference nuneral 331 designates a waveform of the boosted
vol tage (VPFICK aRtEhafer 8FR e SHERRFRIvEL derphirs eso a thay efesomdofbades power

source curgent i enle go%%te vol t age_ ' of iscircuit is 19.0 V and
the peak curreﬁt therear P8 § gvei sglfter %P in the same manner as
that in the second embodiment .

Fig. 25 is a graphical representation showing the
simulation result of this circuit. In the figure, reference
numeral 331 designates a waveform of thé boosted voltage (VPP)
and reference numeral 332 designates a waveform of the power
source current (IDD). The boosted wvoltage of this cirecuit is

12.0 V and the peak current thereof is 218 pA.

Therefore, the boost circuit of the third embodiment
provides the greatest reduction of power source current among the
above-mentioned three boost circuits of the first to‘the thixrd
embodiments.

Since the boost circuit according to the present
invention is_configured in the manner as described above, it is
possible to reduce the current when activating the boost circuit.

The present invention is not limited by the embodiments
and it is ob¥ious that they can be modified within the spirit and

the scope of the present invention.



Therefore, the boost circuit-of the third enmbodi ment provides the greatest
reduction of power source current anong the above-mentioned three boost
circuits of the first to the third enbodinentss. Since thg jBaasl 2604 cuit
according to the present invention |gdconfigured in the manner”as

descri bed IS possible to A uce the current when activating the
boost C|HQ§E&A§The present invention is not limted by the enmbodinents and
it is obvious that they can be nodified within the spirit and the scope of
the present invention. 8 January 2004 19 CLAIMS 1. A boost circuit

conpri sing: a Albdoglcirtyit edmprisih punp circuit stages conprising at |east
three said circuit stages, each said charge punp circuit stage having a V,
input, a capact PBwalifx\afriharge punpiciant sleges pemprisies ableastobkeessaithaircuiand a
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' t than the first stage having.
Pput contiBeedl 16 et Whigh s enerdham vpies s BpHe et wgugpggesf
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cl ock si glfa;ircmésﬂages cahfbrathudthbﬁrslistd@émfmglsadéllmmut cyrlecteditd baid &% peatut t 0
each tran§4 ti.on 1 ck { %nal supplied to each preceding stage. 2.
The boost® &M EF%F?F@%?H baim 1, wherein said charge punp circuit

st age corrprl sderean MOBng reasiaitep awondieon] m&rs&idnd@&@tsf@m hehsmidiR! ok apl d

capaci t of ac&ve State to a reciprocating state, said transition of each said clock signal being
delayed by at least one clock cycle with respect to each transition of said clock signal
supplied to each preceding stage.

2. The boost circuit as claimed in claim 1, wherein said éharge pump circuit stage
comprises a MOS transistor, and wherein another terminal of said capacitor being
connected to a gate electrode of said MOS transistor and a first terminal of said MOS
transistor, said first terminal of said MOS transistor being connected to said V; input, a

second terminal of said MOS transistor being connected to said V, output,

3. The boost circuit as claimed in claim 1, further comprising a clock generating
circuit, said clock generating circuit providing a separate said clock signal for each said
charge pump circuit stage, said clock generating circuit comprising delay elements to

provide said delay between said clock transitions.

4. A boost circuit comprising;

a first multi-stage charge ptimp circuit receiving a ﬂst clock signal and an input
voltage, the first multi-stage charge pump circuit producing a first output voltage having
a higher voltage level than said input voltage,

a level shifter receiving said first output voltage, said level shifter having a level
shifter clock input and a shifted clock output, said level shifter producing a second clock
éignal at the shifted clock output having a predetermined higher voltage level than an

input clock signal received at the level shifter clock input, and



connected to a gate el ectrodé of said MOS transistor and a first term nal
of said MOS transistor, said first termnal of said MOS transistor being
connected to said Vi input, a second term nal of said M3BJammng?@4pr being
connected to said Vo output. 3. The ost circuit as clainmed in claim1,
further conprising a cl.ock generating circuit, said clock generatin

circuit provi dt AeoRd sEPtstage cherse P@#chif@ltgﬁ%ﬂmﬂglsaléefﬁﬁ @Hpe vadtage ged punp
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conpri si ngatpwat vfoiltagdhmﬂgahlghmltﬁg’all’egd thamqidfiistoutputrv@liggs/i ng a first clock

signal and an i $ ﬁl tage, the first nmulti-stage charge punp circuit
producing a fi¥ Tei,$450Stags] ¢f a%‘@ serndnggul t‘aStﬁgf‘gF@FgQ/BWBg(émP’é\}@ﬁ & HaRK sai d

i nput vol Qtewhﬁh | EeBles %@1&?@&%&%@’%&@ %l-nl Ghdd lﬁgﬂergwggg%ﬁv}ﬁ% gﬁ@?eve aid

| evel shif having a | eve ter nput “an cl oc
out put, ssinﬂierlrea.obbdsihadstmte,produm ng a second clock signal at the shi fted

cl ock out put hayi m ned, hi gher vaoltage | eyvel than an

Clock oional raluPd.REARE R ool dimn P s AIaiBamaR 2004
20 a secaﬁeg JTpbrhp cﬁ:t:ﬁg@tagébareg& wmr@ dh‘ﬁi;#et dn?;?%ir&dlf‘&aééj‘h&lwﬁg laSfirsP Wt put
vol tage and said second c sai d second nulti-stage charge punp

C|h rcuit pinpdeifiret QO%m@nUthabrmgmes se@cll fiag) eldeksigngl, anfiagfinst Vy oltpaiesakievel
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si gnal atvdliage pt eefist M; i thﬂhghﬁgt Voinbager avfies ﬁ@b%ﬂtﬁé’@irst dftfttsedges €ached
steady state, wherein sai first nmul ti-stage charPe punmp circuit corrprlses

a pl ur al i Y5EhPORTERSH to @HRgvE Syapky Y,qlﬁas@u qeck ©f gessplugadity of dirst giscpitstagear ge
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circuit si:aabﬁrspVooutputhal mmﬂletdaaegeiy@tecbmysmdﬁrst\éupumsl:lage;tand\hi ch is higher

than a said second multi-stage charge pump circuit comprising a plurality of second
charge pump circuit stages, each said second charge pump circuit stage having a second
Vi input, a second clock input that receives said second clock signal, and a second V,
output, each said second circuit stage providing a voltage at the second V,, output which
is higher than a voltage at the second V; input, the second V; input of a first stage of the
second circuit stages receiving said first output voltage, each of the plurality of second
circuit stages other than the first stage of the second circuit stages having said second V;
input connected to said second V, output of an immediately preceeding said second
circuit stage,

wherein during a startup condition, each of said first clock signals transitions from

an inactive state to a reciprocating state, said transition of each of said first clock signals
being delayed by at least one clock cycle with respect to said transition of said first clock
signal supplied to each preceding stage, and each of said second clock signals transitions
from an inactive state to a reciprocating state, said transition of each of said second clock

signals being delayed by at least one clock cycle with respect to said transition of said

second clock signal supplied to each preceding stage.

5. The boost circuit as claimed in claim 4, wherein each said first charge pump
circuit stage comprises a capacitor and a MOS transistor, one terminal of said capacitor
receiving said first clock signal, another terminal of said capacitor being connected to a

gate electrode of said MOS transistor and a first terminal of said MOS transistor, said



.voltage at the first Vi input, the first Vi input of a first stage of the
first circuit stages being connected to a power supply voltage, each of
the plurality of first circuit stages other than the firstasiapgeo®f the
first circuit stages having said first Vi input connected to said first Vo
out put of an inmediately preceding sdild first circuit stage, and said
second nufitst tsmigd of sardgBIQRIMGansistoe being compedtal tgs#d st 9| idpyt,of seadnd

charge punp ciycuit,.s es,. each, said second , rge punp circuit stage

havi ng a Wﬁ{i"ﬁ’%dM ansigtog E’Gﬂ&oﬁmﬁéqgtPﬁﬁath%%tﬁétomei ves sai d second
clock signal, and a second Vo output, each said second circuit stage
providing a voltage at the second Vo output which 1is higher than a voltage
at the sednnd The bogsticircuihas deimarddin\flaimfuwhertinaeath il sstaglectaigd pemp second

circuit st.ages.receiving said first. o vol tage, .each of. the pluyrality
of secondm%ﬁrséﬁetco’sr{pﬁﬁgssa S?I’r?&_mrt e méli"ia?sﬁtorsg’ﬁﬁée ng! jpd S%‘ECCGEQFIE’H cui t
st ages hamtélgingahid ste@nclodd si%:hdl,pzi!fotm RIBRAASE @f bAd SRPRUSEEARE cHnecRUitpUt  Of
an i medi ately preceeding said second circuit stage, wherein during a

startup coEYFelesodeakinibMQ% tranyistprand Sest teiminal|of seid OIS frasistdry ed  an

I nactive L: e | ransiti o f each of said
first cl o@ﬁ%ﬂse?raﬁg} gfgag(gl n‘ggﬁbé‘g%a%%@‘%a‘%"“ﬁ%é% Eoosﬁaéds?ﬁcg%@vgwug WER es pect
to said tteanisalifeaiddOSarasiior dtinglcotecteditg Baill ssdopp iV, @ditgue. each precedi ng

stage, and each of said second clock signals transitions froman i-nactive
state to a reciprocating state, said transition of each of said second

clock signal SA‘B%%Q%;Q@E é&ﬁﬁi@{ag:at | east one clock cycle with respect to

said transition of sai second cl ock signal supplied to each preceding
stage. 5. The dpwowdr seunceling; as clainmed in claim4, wherein each said first

charge punp circuit stage.co iseg a c i tor .and a MOS transistor, one
termnal of saﬁ“@%ém%ﬁﬁoﬁh@éi%i%o tg&ggﬁqgﬁgi detfsdk signal , anot her

termnal of sajtdesamaes, @kt Reédid SENMMEAL ©ehstsRord ol BRic8lIf c8hidcRdEInOdermai d MOS
transistor and a first termnal of said MOS transistor, sald 8 January 2004

21 firstbotwess ypid pewes sowicaviier end seidsewsputiieimigalc sridected transisordbding st Vi
input, a in&HA %etwcen said first and third transistors;
at least three, first, second and third capacitors each having a first end and a
second end, the first ends of said first, second and third capacitors being electrically
connected to gates of said first, second and third transistors, respecﬁvely; and
a clock generator coupled to supply first, second and third clock signals to the
second ends of said first, second and third capacitors, respectively, said first clock signal
being in phase with said third clock signal and said second clock signal is in different
phase from said third clock signal so that said boosted voltage is derived from said output
terminal, said clock generator starting to supply said third clock signal to the second end
of said third capacitor at a first timing that is delayed from a second timing at which said

first clock signal is started to be supplied to the second end of said first capacitor.

8. The circuit as claimed in claim 7, further comprising a fourth transistor inserted in
series between said power supply line and sﬁid first transistor, said clock generator being
further coupled to supply a fourth clock signal to a gate of said fourth transistor, said
fourth clock signal being in phase with said second clock signal, said second clock signal
being started to be supplied to the second end of said second capacifor at a third timing
that is delayed from a fourth timing at which said fourth clock signal is started to be
supplied to said fourth transistor.



-termnal of said MOS transistor being connected to said first Vo output. 6. .
The boost circuit as clainmed in claim4, wherein each said second charge
punp circuit stage conprises a capacitor and a MOS transg $driary 200
term nal of said capacitor receivina sai d second cl ock signal, another
term nal of said capacitor being con écted to a gate el ectrode of said MOS
t ransi st or 9andTke ditonittas chimedil claiin & avlbrdifSaitl saconidsindihg o8&irs bethicts baid
term nal of said transi stor peing connected to said_second V; input, a
socond . it 7 FogF B MENand Saith GHek g oRgre Seheeenetnid dirslaangd seeBdd V.
out put. 7g ﬁ%§post circuit conprising: a power source line; an out put
terninaI'PPo whi ch a boosted voltage is derived; at |least three, first,
second and third transistors electrically connected in series between said
power sour l.i,ne .and said output., termnal, sald second transistor being
i nserted bg‘ﬁwe %}5}“& Fi aé‘f’e‘gHﬁc #Ht g’d‘m??rﬁ‘ﬁ‘s"'iagf kto Pﬂﬁé‘é%‘f‘g% PRMES Suehr st |
second anglat d1iidad GRIASHKIRisbs BF BenBYeb@id fithfrilan@duefddRg thiggnd end, the
first ends of said first, second and third capacitors being eléctrically
connected to gates of said first, second and third transistors,
respectively; and a clock generator coupled to supply first, second and
third clock signals to the second ends of said first, second and third
capacitors, respectively, said first clock signal beihg in phase with said
third clock signal and said second clock signal is in different phase from
said third clock signal so that said boosted voltage is derived from said
output termnal, said clock generator starting to supply said third cl ock
signal to the second end of said third capacitor at a first timng that is
del ayed froma second timng at which said first clock signal is started
to be supplied to the second end of said first capacitor. 8. The circuit as
claimed in claim7, further conprising a fourth transistor inserted in
series between said power supply line and said first transistor, said clock
generator being further coupled to supply a fourth clock signal to a gate
of said fourth transistor, said fourth clock signal being in phase with
sai d second cl ock signal, said second clock signha



being started to be-supplied- to the second end of said second capacitor at
athirdtimng that is delayed froma fourth timng at which said fourth
clock signal is started to be supplied to said fourth trgosmseprood
January 2004 22 9. The circuit as clainmed in claim8, wherein said second
timng occurs between said third and fourth timngs and said third timng
occurs between said first and second 23 mngs. 10. The circuit as clai ned
inclaim9, wherein said first to fourth timngs occurs such that at |east
one cl ock exists between a preceding timng and a succeeding tim ng.

BOOST CI RCUI T ABSTRACT A boost Big@g;jtm@g#ﬁes the consuned current during
a startup condition of the boost <circuit. e boost circuit conprises a
plurality of charge punp circuit SIX (41A-4H). Each charge punp circuit
stage (eg 4A) has a respective V[err %?{ﬁb% , a clock input, and a V[err]
out put. £ Lt G L provi des a voltage at the respective output
which is ?ibgﬁtg!r:ﬁ%ﬁ{a%ed%g&g&et %Od]éulgthCHéwV[ aWing arstartup Wreitiqrent the bpod: of a
first of.: Lkrcuit stages (4H) is connected to a power supply voltage
(VIN). Ifgtgﬁﬁ'o?f I ehléooﬁf ﬁ’tr‘équ fompises i pluralits vAgbagotphe &ikait dthesfapsiy) st age
(4H) haj;@F rFs ective V[err] input connected to the V[err] output of an

i medi a a&}clii%%@éamr@rcvﬁét@rer(wﬂm beagecspiuiveny iapdf AElUR iGRAM L £, each
of the t%L}gﬂE( Ei nals transitions froman inactive state to a reci procating
st at e, ‘r 1 elreant stdgeqaotided a vbleagel D ale Bk I DG yed at
| east one clock cycle with respect tc;g@each tr%ﬁg‘%’(fs?lgﬁﬂo‘?&tcﬁg (ﬁ:ll?ég%rkttﬁg'i’gnal

suppl i ed vofagaatithpVe gttt NOhs Vamput &1 &Gidt of the circuit stages (4H) is connected to a
power supply voltage (VIN). Each of the plurality of circuit stages other than the first
stage (4H) has a respective V; input connected to the V, output of an immediately
preceding the circuit stage. During a startup condition, each of the clock signals transitions

from an inactive state to a reciprocating state, the transition of each of the clock signals

being delayed by at least one clock cycle with respect to each transition of the clock si gnal

supplied to each preceding stage.

FIG.1



