8 January 2004 1 BOOST CIRCU T BACKGROUND OF THE INVENTION 1. Field of the
I nvention The present invention relates in general to a boost <circuit, and
nmore particularly to a boost circuit which is designed i sHeR ooy as to
reduce the power source current when activating the boost circuit. 2.
Description of the Related Art A confiquration of a prior art exanple of a
boost circuit is shown in Fig. 15 and*a timng chart thereof is shown in
Fig. 16. In this circuit, boosting operation is termnated by setting CTL
at a low level. Since output node P1 of a NAND 151 which has received that
input is held at a high level irrespective of the |evel of the input from
CLK, the boosting operation is nd%ar FIREUBHt in each of punping.
circuits 158A to 158H On the other hand, CTL is set to a high level to
all ow the boosting operation. A clock signal which has been inputted to

t he CLK isB%Q%?%ﬁﬁﬁhﬁﬁ'Qﬁﬁo ﬁ%ﬁ% fromthe NAND 151. The punping

circuits 15 each o has received the inverted clock
signal, startridmes hgostikngnopsfadd on at the sane tinme. Sonme sem conduct or
devi ces receive an external electric wave to activate the internal power
source on the basitheofpitdeente| Botantd owave lizhes raceyqameshalOnecexamydasd S t he
noncontact | C 8 January 2004
' circuit, and” more particularly to a boost circuit which is
dezigned in such a way as to reduce the power source current when
7activating 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
linverted c¢lock signal, start the bocsting 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



2 card, for which an increase of demand is expected. In such device there
arises the problemthat the power source voltage is reduced due to the
increase of the power source current when starting the bggsiidgo6per ation
In this connection, Fig. 19 is a graphical representation show ng the
simulation result of this circuit. in the figure, reference nuneral 251
desi gnates a waveform of a boosted vol fage (VPP) and reference nuneral 252
desi gnates 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 A Next, a

[ it di j ' Pat ent | i cati i d- No. Hei
268204 15 heah R F o7 And CC TR i GRAPPAL Ry GPePEeSnowd A TSy, 1.

In this cidevide therle0kiségnale bSobMOHIIRE LHOM Gl KRR PYIPLLL Qi CUi TS
204A to 204H each of which has received the clock signal thus i1nputted

t heret o staeduedrk Geostdnghepénatédse ofA fiod npowdr diédifere noa-feitwagrert hi s
circuit and that circuit shown in Fig. 15 is that the voltage which has
been boost BT thdNHBREFRINSi PRAHALIPO4A in the previous stage is used as
t he power sour celqutﬁil evel shifter .2015?Whi ch is the constituent el enent

of the punping circuit 204BIT tRE febd & atfe TT RN, TERESS A HgRs

whi ch havesheeing especdinaky iBROSE &eh d bt g 1RUIRI-RY; ¢ Ci it #ﬁe ! fh%&

previ ous stages are used as the power sources of Ilevel shifters 1C to
201H, respreif¢veige ndowesdr25i meshgsabeost weivieCuih, of he bbewekashbfdLys are
used in th? clock driver. As a result, since the output of each of the

| evel shif {878 b FsLeEgnas 1wesrl] gbrdasigmagey atfegveform 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



8 January 2004 3 starting the boosting operation, the sw tching device
provi ded between the punping circuits needs to be conprised of an N
channel enhancement MOS transistor having Vt which is |argggnddiaBoés V-
Therefore, the voltage which is transferred to the next stage during the
boosting operation is expressed by the3follow ng expression: VDD - Wt
..... (1) and hence the transferred voltage is lost by Vt as conpared with
the prior art exanple. Since the.loss of voltage in the transferred voltage
occurs in each of the stages of the punping circuits 204A to 204H, there
ari ses thestHEdsg the bobthjey quebitedht haheiswitahSnga deot cef pkbBat® I n
this connection, -Fig. showi ng the sinulation result punping nuneral
circuits SEHSEEH JEF JIERIMSt <5 nand tFeherdac&on e raimprssec @£ i ent

(1DD). 20 4 r i cal representation of this circuit which has the
st ages. Ind}t%ﬁ%e igﬁlséér?%me g’r gﬁ%etrﬁm\fé%‘?’ér}iﬁvdf’gt‘ﬁ‘é W68t i hd-arsleragean VPP)

o V.

Therefore, the voltage which is transferred to the next

stage during the boosting operation is expressed by the following

exXpression:
VDD - Vt (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)



262 designates a waveform of -t he power 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 show ng Bt]_ﬁnl%rﬁub@i' on
result of this circuit which has the punping circuits of eight stages. In
the figure, reference nuneral 271 désignates 'a waveform of the boosted
vol tage (VPP) 8 January 2004 4 and reference nuneral 272 designhates a

wavef or m &id refterR@ Wane B 472 Besistlated Alwdve ity of the bW soffce LhGedi QTSB! N9, 2
Whr Ch i g ned 1

need exists to provide a novel boost circuit _ esi g _;uch a
way as to redubelighiof denfuegning arneedtexisteto Erotide atnavel b{!irgst bimsit) Whﬁl![hrle!,ll t. .
SUMVARY fhr.st._aspect of th resent invention ovi des a bpo Ci rcui
conpri si n%_é:}?%le%llﬁ rsfelﬂ?tl1 vV BF S HLF gg%ﬁl}%c%sp@ﬁﬁtcugp%tggéerb artpratias HEF g?"qteast

t hree saidramitr cuit stages, each charge punp circuit stage having a Vi
input, a clock input that receives a clock signal, and a Vo output, each
circuit stage providing a voltage at the Vo output which is higher  than a

vol t age amﬁgg}( input, the Vi input of a first of the circuit stages
bei ng consnecte |Yto a power supply voltage, each of the plurality of
circuit stagesTlot fiest abtan of He: ettt isteagon phaNddRTa bb{sst\égﬁuirﬂ%hlpﬁeﬂtﬂgetﬁt ed to
Vo output_.of .an' imediately preceding circuit stage. During a startup
condi t 1 orPiBrof it I SO SiRgeS CPBIRESInE Gl egpt ﬁhrﬁo%aid/@r@_@ta‘tt@esfeaahd .
reci procagy Sl ircdi I 4 ‘ e | . be el a y
at Igast aécl)jr?gﬁ cl oc kelr?:%}gfggé‘{/\nﬁﬁ\h ggg‘elg Utt %%gggﬁﬁﬁatﬁgt%@?%ﬁgso% @g’ﬁg b ggk

si gnal sugndld ¥el otipubzebh piredestagrprevisire a boltadit thoW, outpat seéand mgpect of

' ' vid boost ci [ conprising a first
ot o & R S b Vel Rre YRRt Sl the eEo e el commectad
i nput  vol toagsowd Repdly KBkags, Eédh‘o‘-f&ﬁ@?lufé]ﬁ‘* O ciptisthdel GHel t}P&QﬁH%ﬁFé@%a%ef :ar st

output voltage having a higher voltage 1evel than” the input v
| evel shilavge itede inmq%g:omp@tqdi fosVo 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



out put voltage, the |level shifter having a |l evel shifter clock input and a
shifted clock output, the level shifter producing a second cl ock signal at
the shifted clock output having a predeternined higher vgUha@fybeygl than
an input clock signal received at thﬁ | evel shifter clock input, and a
second nulti-stage charge punp circuf® receiving the first output voltage
and the second cl ock signal, the second nulti-stage charge punp circuit

produe] b esaRdct b A 385 IR0k BERPEIHIL) BT YR By e

circuit hdberdbast ock i nput which receives a clock signal at the

predet ermi ned hi gher voltage when the |level shifter reached steady state,
wherein said first nulti-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 being 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 imediately preceding said first
~circuit stage, and said second nulti-stage charge punp circuit conprising a
plurality of second charge punp circuit stages, each said second charge
punp circuit stage having a second -V, input, a second clock input that
recei ves said second clock signal, and a second Vo output, each said
second circuit stage providing a voltage at the second V. output which is
hi gher 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

vol tage, each of the plurality of second circuit stages other than the
first stage of the second circuit stages having said second V;



i nput connected to said second Vo output of an inmediately preceding said
second circuit stage, wherein during a startup condition, each of said

first clock signals transitions froman inactive state tgjgnifgbogocating
state, said transition of each of said first clock signals being delayed
by at |east one clock cycle with respéct to said transition of said first

| ock si I ed h precedi ng.stage, and, each of said second
ol ock si onate TR RlEEE P M8 S ishi aer OB BIL b ) MpUbcerRieriBh desd At e

sai d transiduynn oPhn BaGBdiafelPRkeediBeGRN st PGt SiQNAF being del ayed by at

| east one clock cycle with respect to said transition of said second clock
si gnal supplied ts8lidetsepndg prudiédiagg cherggunyc cisewll nompusiagrizopluraiity of stcdrie

present iny ' C i rCUit re revented fromstarting
t he boosti n%gfgﬁgr atplt %ﬁcugt@%%g’ EEs%l(*?llﬂrr;gal isrer(golﬁ\gh%n St vp;;lf’llr%udE fet_ﬁ%e %%Vdgg a Sgg it.
As a resul tVi inpef e sesomdbtlaclnimput et eddebet shidadecord thckGhigial)l dtDsecordlOLe
t he power 0s?purce cur.r.ent ﬁonsu tion starti ng t he bqqsting operation.

Accordi ng t éﬁbﬁaﬁ}éfaigéifé’g CPFUL FRSHRTRY Feﬂqo’ar 123 Abie seenpieYq QiR ielts a

boost  ci r digtier AlIPA WEkdYS: atahd SWBHA SQUARE, tHeNReoRNVO MR b S fate HF 818
whi ch a boos%ﬁgd volt:ﬂge@s derived; at 1east three, lflprrast, second and third

transi st or SCRANECHTHE Aasps sensharg sad ifistsanpisvolisss, aeh of shelplyoalisy of Gafglml
line and sakgy ' Mo Y-V ] ' ' .

bet ween sal%gég‘n?rws?? éga%%&{tﬁ??g{%frhgﬁ%tlg%%or s;gqg(%oli@e%?gﬁﬁg f?#g%l&g?g g%l,&%ééeogon\é' and
third capadinucgnuests thasidsgeandfVy sittpwnd aanicinedizddy praeding saidnecdridr dtcuginds
of said fi siloe second and third capacitors being electrically connected to
gates of sard first, second and third transistors, respectively; and a

cl ock generator cdepieduting sugiphyp tordition, saclpd sairdfiishiclodk Cligels Shnedds t O
the second ends.of said first, second and third capacitors, resEgctlvel Y,

f :
said first R TACHKS Flale 198, [EGIRFOOIRG sie,8ich ransiiqialk eachi efrsaich figpt cchckd
clock si gnalgnaRthesi e1HRAMYHaClels on® I cycle Withdefelf &Ntaid 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



phase fromsaid third clock signal so that said boosted voltage is derived
fromsaid output termnal, said clock generator starting to supply said
third clock signal to the second end of said third capacguafusay 2004 rst
timng that is delayed froma second timng at which said first clock
signal is started to be supplied to the®%econd end of said first capaci tor.

8 J RI.EF .DESCRL.PT OF. THE NGS The ab d ot
ob] oot o, f ANt Dbk ORI L S0 sigpplang e poonsd Florks DAl f i Bulbare
nor e appar qihasd from shidethirl oldcR s ghg! stethad daRThdiRRd VoRhgOR deheR akeRid dhput

conjunctiog mLtq thg acconpanyi ng. drawi ngs wherein: Fig. 1 is a circult
di agr am shd@PHEasd ﬁ%chlﬁﬁaﬁrﬁf@ﬁ s@fung tosypRly saidrthisfl clogk signa] tosthe spenndiamdnt

of the pres#Rhidit j Ei i | ' kNG . .
configuration of Hgég%%%gobgnde%g% ﬁlr%ﬁgct?l? ‘?Sfat%c‘)’gd F E{enaﬁer%gﬁa\% N d%?trrvélﬁlf: h S?:lldg. 3
is a tim ndirstrdeak gl & starteg to be segudiedté the sefondlead of baid firgmbpatitoent . Fig. 4
is a block diagram showi ng a configuration of the boost circuit of a
second enbodi nent of the present invention. Fig. 5is a circuit diagram
showi ng a configuration of a first boost circuit of the second enbodi nent.
Fig. 6 is a circuit diagramshow ng a configuration of a second boost
circuit of the second enbodinent. Fig. 7 is a circuit diagram show ng-a
configuration of a |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 diagram showi ng a configuration of a third enbodi nent of the
present invention.




—

Fig. 10 is a circuit diagramshow ng a configuration of a first boost
circuit of athird enbodinent. Fig. 11 is a circuit diagram show ng a
configuration of a second boost circuit of the third enb®dameny 2084 January
2004 7 Fig. 12 is a circuit diagramshowi ng a configuration of a |evel
-shifter of the third enbodinent. Fig. }3 is a block diagramshow ng a
configuration of a «clock generating circuit of the third enbodi nent. Fig.
14 is a timng chart explaining the operation of the third enbodi nent.

Fig. 15 is a circuit diagramshowi ng a configuration of a boost circuit of

a prior ar 16 is a timng chart explaining the operation of
t he boostg@?é%ﬂg?sgﬁr%ﬁi?NbPFoFHEr? e shown in Fig. 15. Fig. 17 is a
circuit dlagramshﬁEa a _con Q¥{atl n of the boost circuit of another
prior art exanple PoYg 79 £ RGI_RGT ¢ ﬁ%@ﬁPéFﬁlﬁﬁ“&ﬁévéﬁéﬁa?$dﬂ:of

the boosttgér Catidsdfc a@%@ﬁ&&%'%ﬂ“ﬁ&‘:‘&{@' CioF 30 ésueﬂ ffrom l'boost

is a graphical representation show ng the sinulationTe or

circuit of fohkopindreant ! edaigdf-ipthowwidh Ehgen ik th%unc?&dr§ w@tgr@}@“ cal
representation showing the sinulation result for the ost circuit of

anot her prPBFOBRANY g fleeisgewsheéreimiy. 17. Fig. 21 is a graphical
representation sh%w g.the sinmulatiqgn result for the boost circuit which

i s configured by citndi A T HE TN GAREFRBERG PR bt sirrEdpe of a

another prih8bst circuit of a first embodiment of the 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.



art exanmple shown in Fig. 17. Fig. 22 is a graphical representati on show ng
the sinmulation result for the boost circuit of the first enbodi nent shown
in Fig. 1. 8 January 2004 8 Fig. 23 is a graphical represguaaldrp208how ng
the simulation result for the boost circuit of the second enbodi nment
shown in Fig. 4_ Fig. 24 is a graphical4representation show ng the
sinmulation result for the boost circuit which is obtained by changing the
configuration of the boost circuit of the second enbodi nent shown in Fig.
4. Fig. 25 is a graphical representation showng the sinulation result for
the boost circuit gf tf; third enbodinent shown in Fig. 9. Fig. 26 is a

di agr am showi ng t he? si il 4 ifoFiFEddFt S1397a% FhoYEaR @ PPRIused oBosst i ng

tinme and thecheostadsvol t@Ia Hd 1 Lndi vi | boost circuits. DETAI LED
DESCRI PTI ON OF THE PREFERRED EN§ E?%E Jny[‘%#ﬁ"o‘dimsnt 1] The boost circuit

of the first enbodigentsincladasickadisqpih qéhosdiggb &dks LG dics, Wged to
control the boosting operation; a clock signal K; an channel non-doped

MOS tr an$il&Chr 9snaRBEEng atitmriits of| eber tichld yerbodheeted to a power source

VDD; a inverter 6those out%ut,is el ectrically connected to a gate of the
N-channel non- dopet® MO tFansi Y9 shaghe>*iaiping e eprratigniaf 4He and

the cl ock wggrer akbBaigthcuit 7 for successively supplying respectively the
cl ock signals. )

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.



The punping circuits 4A to 4H conpri ses N-channel non- doped MOS
transistors 3A to 3H, capacitors 2A to 2H and inverters 1A to 1H,
respectively. The N-channel MOS transistors 3A to 3H 8 Jaguarmyarg@0d4 9 are
electrically connected in series between the N channel non- doped MOS
transistor 5 and output term nal VOUT. One end of the capacitors 2Ato 2H
are respectively electrically connect ec®to the gates of the N-channel MOS
transistors 3Ato 3H The 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 ock generating ¢¥cui £37,1%s ashetmphirai grepremetudesn MAND S t loreugh

whi ch bot h . contr sikgnal. CIL and the clock signal CLK are
i nput t ed, g%@u%{%%e%?gge%]f@%go%;) B CUAE cBF ditify SEECRAI gnleeshigtanict i on,

t he punpi nghewt Cit tiSq4Aq 10 4H are prevented fromstarting the boosting
operation thereof at the sanme tinme when activating the boost circuit. As a

result, there is diained the effgeiphiftall i kepSesdOs e LALEAYCE HheE
power source current consunption when starting the boosting operation.

Then, it iS'BERARP tiRaelthe o ddirerkyossf dirmuditosthichi gral olEla rieap it ed
fromthe ogﬂ%%%d' Sk Mz, -.and t he del ag val ue of each of the del ay
devices 8A to 8H" for exar}ﬁ)llgél,rafcéoigf Prekoast | aiyaiigs afhdhsersenbnst t he
clock si gnehbéddfdrtputbed shremthe outside. In this connection,
alternatively, if the <clock signals Ato J are 180 degrees out-of - phase

with each ot her Fig. 25 is a graphical representation showing the
simalation result for the boost circuit of the third embodiment

shown in Fig, 9. |
Fig. 26 is a diagram showing 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



in this or
t he del ay
as large a
Li kew se,

der, then the boost circuit may be configured in such a way

t hat

val ue of each of the delay devices 8Ato 8H is 1.5 or nore tines
s the period of the clock signal CLK inputted 8denuarph@0@4dit si de.

alternatively, the 8 January 2004 10 frequency of the clock

signal CLK fromthe outside may al so bey equal to or |Iower than 4 MHz as

long as th
operation
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| evel stop
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7 at every
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e boost circuit can be operafed in this state. Next, the
of this enbodiment will be hereinbel ow described with reference
g chart shown in Fig. 3. Setting control signal CTL to | ow

Srhe1.ROPSLI Y, O eratkég..As a.result, all of the outputs of the

erating Circuit 7 Decsiee ntyratevsl bebvesn g-hen & -sdsanesgnon-
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HhEpHRtEE aobr s8et dhwhaedel | MOSdelrapsiBoors heRoWPUBH . Si gnak

[ ' tputifed in.such a way as to be 180 degrees
ihgggkﬁkgeggeg? %% THEWPolResFERRtCtEMe clask sépnehe atit phe

A

tiheuel eeknshanal 54 it ed J nsuehqa as.to be in phase
ok Y ﬁ%gw%&aqg}oqﬁ%%gg?d ggéftﬁl?%i %c?ftgh?he

| ock signal CLK and also as ayg

clock si gnafloCkKsbynBES tonske. otidieWesRiniNe oF 06k ShoNA G d SA pRULLed in

such a way

as
The clock generating circuit 7, as shown in Fig.2,

includes a NAND 9 through which both of the control signal CTL
and the clock signal CLK are inputted, and the delay elements 82
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



to be 180 degrees out-of-phase with the clock signal CLK and as to be

del ayed with respect to the clock signal CLK by 750 nsec; the clock signa
Dis outputted in such a way as to be in phase wth the glagglarspgmpl CLK
and as to be delayed wth respect to 8 January 2004 11 the clock signal CLK
by 1,025 nsec; the clock signal Eis ? tputted 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 1,400 nsec; the clock signal F is
outputted in such a way as to be in phase with the clock signal CLK and as

to be de'af@ggﬁéﬁgyr@§”9ﬁ;5h%°kh%iﬁhgfkcfig§3#b%b§ %é@éi%%S nsec; .the

cl ock signal is outputted in such a way gragsalso be
out - of - phasguwilt to respeatrt ohihea ¢ugck ngle CLK andl, . be del ayed
with respect to the clock signal CLK bs. 2, gﬁ nsec; E%igl%?gé %?% al His
out putt ed PRe¥AERD aleyrigs stetbe in phase with the clock signal CLK and as
to be del ayed mﬁtﬁgrespect to the clock signal CLK by 2,625 nsec; and the-
clock signal J is NGthputtéd ipetaehor waf ashie bembdBimteyr eesill be
out - of - phagg ¥k hbe1 &8 GIQG K81 ghal and as to be delayed with respect
to the clock si gnal gfkc%ygﬁaggﬂah§%%§rﬁ8ﬁf Wheh StUPEI AERFResoEstitg
operation, Fegchzof the outputs of the clock generating circuit 7 is held
at the high level. As a result, since each of the inputs to the punping
circuits 4A to 4H3dtddngecomesrdli ghigeyel cmoO HOOWNTLGREN AkkePs! Sparri ed
out. On thg ot her hand, when carrying out the boosting operation, the
cl ock si gnaP A 137 iWGTELAE7f r df BheeW ok algenlrtite ngtpit< witt tHe talddie

[ [ j ti d ft the | | of the i t f
PP nd, Cppetkadhd ATP880s {biBond *haYn A0t 18 |05 e WSy oM

operation. '

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



has been changed fromthe low |l evel to the high level, so that the punping
circuit 4A starts the boosting operation. Next, since the clock signal B
is inputted to the punping circuit 4B a 375 nsec tine de§asnairyeood he
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 4Cto 4H start the boosting 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 acti vahkeng-1tdie b. o [ f.r the follow Xxpression: The
power source current = (3’1 A('?ﬁg &Y/ xl’%q]_sAtnSEC; th(ez)gﬂ?"ﬁ‘ bEtorRs El ebF t hat
AQ becores culpabtyd 314 eicH he waki @k @bt b@ndso NeNER Jdt ol -BPSSi DL E 1. educe
the power source current. Fig. 22 is a graphical” representation showi'ng the
si mul at i on tR&s GLOChf signal cFhk And den tcheef idgangedr ef €k ERESHe JUNRY &l L8l
desi gnat escﬁo\é@vgforr%of t he boosted voltage (VPP) and reference nuneral
282 desi gnat s ~a°wavet orih &F £he0ddiRac: $bar ebodursiamil( FDDs . oTheuttoast i ng

vol tage of jhhk§cgid Gl 4iS 7.Q V and the peak current thereof is 553 A
[ Enbodi ment. 2] The segtC)ra\LLé técﬁij%edgr?e ga?%a"fllﬁlg§%ﬁ F et ieRainChReardiser  of

consti t uentoebeni¥itasedAsi SHAMpkBt AP the ENS:P [ [ cgording to the
second enbodi ment of the preserlljte i nvent ieon c%np%?“%gg %ﬁ?ib&s?’gg%o%§ Trcuit
52, secondtB&ostosikr Giignad3 Ganig: aod et eghiift e a fwdy OBk ai-pi pg fygym t he

first clock si gnal M a second cl ock
egrees out-of-phase with respect to the clock signal CLK and as

to be delayed 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



signal M3. The first boost circuit 52, as shown in Fig. 5, conprises a
clock termnal CLK receiving a first clock signal ML, an output term nal
VOUT', an inverter 55 receiving the first clock signal 8 gaaany2@504 13
M, an inverter 56 receiving an output signal of the inverter 55, an
N--channel MOS transistor 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 60A and 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 GRes peesising oppsyatinh t heheutpupiter minaluiYOUM: . sGaet & ergHenal

of each of btoh%tcgﬁaci tors, 59A and 59B is electrically connected to the
gate of the R ChaAn8PERB T ans koY sS B0 A P BUE Y (Es58dtpy Ly toTHE

inverter 58Azkecenye ;. £l i o] he . .clack termnm nal K an

provi des the oEt Sﬁ‘t\é g?%%%f% o&é%]e tgtgﬁ%f I»?é en(‘:ltnlérle(igf fiﬁeeggﬁﬁéc%%sfe» éng. The
inverter 58B BeBeines théme ouWldiul, shanal ehet NRuPiver t&lr&B @nd;pravides
the output signal to the other end of the capacitor 59B_ The second boost
circuit 53rcg@eshovh HrevHiogs 8fades havechkoaked®thinabol My epeiat Nghd he
second cl ock signa,} which is an output of the |evel shifter 54, an out put
termnal VOUT, an “} & §PePe RERVY M thd e QINE te IcdERUET gnBFom dhe

inverter 6%F,1ReGehyI Qutput signal of the inverter 62, an N channel
MOS transistor 64%%%@%% ng an output of the inverter 63 at the gate

el ectrode, and punPhdlPHiekCHbhBcEALRNEBD.AG/ At = AV x €/ At ..... (2)
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 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 transistors 67A to 67D are electrically codidemised20t seri es
bet ween the N-channel MOS 8 January 2004 14 transistor 64 and the output
term nal VOUT. The power supply termnals of the inverters 62 to 64 and
65A to 65D receive the output signal of the first boost circuit 52. The

| evel shifter 54, as shown in Fig.7, indbudes: P- channel MOS transistors
69A and 69B sources of which are electrically connected to a power source
termnal VP1; an N channel MOS transistor 70A whose drain is electrically
connect ed Mto Fhd"PEERARME TRESIY i Sinspetr 0 Aigndl oofs Ghecnoéruvdy Gis i S

el ectri cal npect ed t round;. and an. N-chapnel MOS transistor 70B a
drai n of V\%%{cﬁpi@}%&nggt rlﬁ%csgl FYARGHTES et t 5SPREY BIEhaRn Ut ¢ PEngihst or

69B and a spusEeeOfsavhicChyks gl ectrigal to;ground, wherein a
gate of the P-channel MOS t?ansistor %gﬁ'i&gg&;{bg%{pﬁggaﬁgc%%tnsne%%G? 0 a
drain of tBeBP- channel MOS transistor 69B; a gate of the P-channel MOS
transi stor 69A is electrically connected to a drain of the P- channel MOS
transi stor 69A, t@_eclwlsiggn%ir@_iKSi Silitnpand ef1® o hagegat-ehahnthe Mog
N-channel MX Lransi st600|rA é(ﬁ)lé; a_signal which has been obtained by

Qrs

inverting & cl ock si gna PRBanCirrRertads 722 REA; ARt taRf t brerfdiersof t he
N-ch | ' BSt "y i gr o LCh is.i h ith th
ook S gnal LI aaa apa g o R ot OB L iR PR i e

cl ock signal CLK and which has eve IS gen e
drain of tfeBPachashett MBI aREhEE0EeBUB sBHUSe bBriben boasty iy Giid; of

t he second enbodi nent, the

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



prior art boost circuit having eight stages in total is divided into the
two boost circuits. That is, the first boost circuit 52 in the previous
stage is configured in such a way as to have the two stagdsndry 208 punpi ng
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 68Ato 68D. In aHHition, t he boosted voltage which is
obtained in the first boost circuit 52 in the previous stage is enpl oyed
as the power source for the second boost circuit 53 in the after stage. 'In
this connection, each of the power source of the inverters 62 and 63 for

control | i ng- THE B tafSstde 6utartt hermisrdontPBoos Thei powetr efpphis

circuit and.the, f ree,of the _jnverters 65A to 65D for carrying out
the electric chgggg%fagggn%ﬁg TR/ r%ndPef *ofealt d° 1570 6&6&&??0%@666A to

66D i s theoutgmipuiignaht agec MPR ifsct BEoEET SirRAQSE,Circuit 52, Next, the
description will hereinbel ow be given with respect to the circuit of the

second enbodi ment Thet Aevel esbiteert 94 A. ad | $hdvgh chiarti SHOWA ncnuREY. 8. At
the tine W@%? the | evel of the control signal CTL has been changed from
the | ow | V8™ t HEShitgirsdvePraherPist andi f§R t heuwhwost phig wipertat kea SO

that the clogk,si is.valid he first boost circuit starts the
boost i ng gierafﬁéﬁgakbﬁgvgﬁfkegih8eatﬁ@WEFo@?u§F§n5Fr@iB@¥SV%bt ampltt ed

from the |ewalneshibbetrahd 4.t heahposic %EEEHHE %%eugm if1e boost
52 has ? up t

voltage VPP of the first boost circuit een booste F%g power
source v0iQ alges wPtdharkiach Md®e dwewelissbi-f 6en Rddcansberepesat §d;i ot hes
second txxg%eéﬁggég&&dfggéggﬁiegpéocarrydeut(ghe b?osting operatioq
ground; and an N-channel M0OS 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



at all. Therefore, at the tinme when starting the boosting operation, only
the first boost circuit 52 carries out the boosting operation. Thus, since
t he nunber of stages of the 8 January 2004 16 punpi ng ci r&udamsry 80040,
which is 1/4 of the nunber of prior art stages, i.e., the eight stages,
fromthe expression (2), it becones clear that ideally, the power source
current can be reduced down to 1/4 oflfhe prior art exanple. In addition,
the prior art boosted voltage is expressed by the follow ng expression:
VPP = (the power source voltage VDD) x (the nunber of stages of the

punpi ng cirggiltl k?f the.boosting circuit) (3) Therefore, in the prior art
circuit, tRe frol TRy lespresyl dn theeaftasl Sshae: iv/RRNEIYDER B stages =

8vDD ..... (4) r i econd enbodi_nent, the foll ow ng expression
is establ ?sheﬁé\:/@%/P'%ginazvltahgéﬂgoocs’ Iédscl;vaéllefaﬁg DRS HERIGgs £ EF R ELF (6 8fp)to X

(the nunmbessdf stmgesiiefichherBOOSIoMdC Yl tI3) wimaV & 5, &YIR Thus,
it becones clear that though the n?mber of s?ag“éslo Q’?hébt%h?r%ﬁynlgn ((%;?%ecui ts

i s decreasédrsy kagst yjirenliy sedimglerkbevels shidd ek bhgTejds dd s
possi ble to obtain the boosted voltage which is equal to that of the prior
art circui P¥Fh S 6T thrreccadobrashed naudtesd aigt thhasftée swmgeer  of

stages of the punﬁﬂpgkﬁigcggﬁgkégiégra§§5§to igﬁgiéoagrtggurce of the
inverters 62 and 63 for controlling the MOS transistor 64 of the
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



first stage is made into four stages, whereby with a total of eight stages
of the punping circuits, as in the prior art, ideally, the boosted voltage
can be obtained which is 2 times as large as that of the8pamgiy2004. 8
January 2004 17 Fig. 23 is a graphical representati on show ng the
sinmulation result of this circuit in whjch each of the first boost circuit
52 and the second boost circuit 53 is & nfigured 1in such a way as to have
four stages. In the figure, reference nuneral 311 designates a waveform of
t he boosted voltage (VPP) and reference nuneral 312 designates a waveform

of the po :S.QU ent (1DD)..., The bogsted-yoltage of this circuit is
20.3 V and t éﬁgegﬁg%ﬁﬁgens £her e%k?l;fgé 1E3§9f£fdlt Sabdfies 0Pt prgoroarts a

graphi cal gtepeesent al.ionhshowhg the si mutation re r.this circuit in
which the first boost circui%éSZ %s %oﬁfid%%gdﬂra §%%ﬁﬁ%gﬁﬁy g@’tol%ave

two stagéscoard thlesgecdnt bD®SilGi,r CiHd BRvdrs SOAMfdegUnad-drt SUGh Be Way
as to have four stages. In the figure, reference nuneral 321 designates a
wavef or m GE¥REDEBYER el vbi4 ®fe th¥PPyiantantefespepte. numeral 322 desi gnat es
a waveform of the Ho%gé.éourcE_current %é[[». The boosted voltage of this
circuit is 19.0 V and the PrakPEUPFERT PHeMOortrd voltage 1o EwbsarfRAt 31

As shown m@-Ethfglleiﬁg égg}égyigg:enbodinent of the boost circuit is
configured in such a way that the first enbodi nent of the boost circuit is

conbi ned with VRe second perhodionest 061id OOt xCifkdlidumpERat,si s, in the
sanme manner as that in the first
stages of the pumping circuits of the boosting

circuit)

..... (3)
Therefore, in the prior art circuit, the following

expression is established:

VPP = VDD x 8 stages = 8VDD  ..... (4) -
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.



enbodi ment, the clock signals A2 to C2 are applied to a first boost
circuit 91 at every | apse of the successive tinme delay using a clock
generating circuit 90. 8 January 2004 18 In addition, in 8psuwgaRO@®ANNEr as
that in the first enbodinment, the clock signals D3 to H3 are applied to a
second boost circuit 93 at every | apse of the successive tine delay, and
also in the sane manner as that in thgysecond enbodi nent, such clock
signals are successively supplied to the second boost circuit 93 through
the level shifter 91 in the same manner as that in the second enbodi nent.
Fig. 25 is a graphical representation showng the sinulation result of

this circuit. Ingshe figur refer e _-nuneral 331 designates a waveform
of the boosted voIJ;th'ba(@algeb VPJ% aangrgggjé?aélncgeﬁﬁﬁﬁ?%‘fat@ﬁl dﬁg?‘t’ﬂ'%‘i’ edhs
wavef or m efimbhet poveresEUISE @ e rddiPD)in The ROoQsted Jeolhage s of this
circuit is 19.0 V and the peak current thereof is 218 A Therefore, the
boost cirPBPFto?l¥¢R%QIﬁ2r@n@nbbdiaenbndpb@mﬁukﬁiﬂbhetgBeai§S&oﬁﬁ¥§ﬂ¥édpn of

power souncescqﬁrent anDnE the above-nentioned three boost circuits of the
first to the®thrrd YeEnbsdFfeite Siycstereshookt Wia ddgnraccortirande t he

present Lavxepii i igured in the manner as descri bed above, it is
possible to redugje]l;!t ﬁ%&é&%&lﬁg% %h‘é’%v%c?rirﬁlla?' s BEG564t Vettads t (VPRe

present i awéntre@arésScd Ohuhd Pl esh DYad ey Lrdiment s eadid det dis g&é@ qus that
they can be nodified within the spirit and the scope of the préesen
i nvent i onSOBXIAnG@¥YeOOUDD) .  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.



19 CLAIM5S 1. A boost circuit conprising: a plurality of charge punp circuit
stages conprising at least three said circuit stages, each said charge
punp circuit stage having a V; input, a capacitor having &JateryRodd that
receives a clock signal, and a Vo output, each circuit stage providing a
voltage at the Vo output which is high?é than a voltage at the V; input,
the V; input of a first of the circuit”stages being connected to a power
supply vol tage, each of the plurality of circuit stages other than the
first stage having said V; input connected to said V,, output of an

i mredi ately preceedi ng stages; wherein during a startup condition, each
sai d clock signal PrZA€itiohs tRokh&nSaPRadeRpeT spat Ebed dnr ddieprivictt ng
state, sai itio f each said .clqock signal being. .delayed by at_ | east
one cl ock %?,";c Og'q%h{th r@}elgpcég %osjé%%a}%st% ndi°t Fon>6F §%$hl%‘$otc asﬁj%r"éind
supplied tiosackipe@CeBNALSERILy 12psENEe RARSLuEEELL Je 83 &l ALIRY 1, £l ai m
1, wherein said charge punp circuit stage conprises a MXS translstor, and
wher ei n andtserin éthw mameofhasaed sapeEcit ain heiengecoaanesbedihend, gaich

el ectrode of said MOS transistor and a first termnal of said MOS
transi st orST¥H dSFIRELS t *F K AEFCBFS B kY MDSPRYiatsi 50 othbeistgomdnritertsd t o
said Vi i : e termnal of .sajd_MOXS transi stor being connected to
said Vo oﬂ?ﬁ?glacs.%%g{}%g glt rtI%:ller §'tlag tF‘é?lfTe%{iWctf%? N7 fitfer 2s
conpri si ngeatcliock ngeBerabd NOnbSd et , said cl ock generating circuit
providing a separate said clock signal for each said charge punp circuit
stage, said cl ockFdgenera%ing: chr cgnrdpliorglr i sepgedehtyt iRremenbaih® HHOVI de
said delay petween said clock transitions. 4. A boost circuit conprising: a
first mult7rStEfdthdisg@ipumy e Sinaddi-vi ntp athe r sigerockreferricand an

input voltage,. 1t figst ti-stage char np.circuit oduci first
out put vpltageeﬁaéﬁﬁgdeégﬁgg &f Vo éﬁ%”ﬁbg%iQﬁﬁagogﬁfadiﬁ %YaW%!B§§), a

| evel shifaed rec@iafdiy Saed=f1i I8l WlYnatakt 306 a Gl eMelghi f461,
having a | evel shifter clock input and a shifted clock output, said |evel
shifter praeudsngwreetonddd) ock The boosted voltage of this circuit 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.



signal at the shifted clock output having a predeterm ned hi gher voltage

| evel than an input clock signal received at the | evel shifter clock

i nput, and 8 January 2004 20 a second multi-stage chargegggn@ar?bbggit
receiving said first output voltage 3 d said second clock signal, said
second rru(lllllf" -séage charge punp circuit producing a second output voltage
havi ng a ‘%M vol tage | evel than said first output voltage, wherein each
stage of the second multi-stage charge punp circuit has a clock input

whi ch receives a clock signal at the predeterm ned higher voltage when said
| evel sm.fterArbeaamaduﬁb@aggsiﬁg;ate, wherein said first nmulti-stage charge
punp circuit conprises a plurality of first charge punp circuit stages,
each said fi rs%ggﬁ%lkt@é’fmhﬁqgecwenicﬂcw atgeeheampriping £ fegst three sabgircuih first
clock in h r i i 1.1 St otk -Si | first (V. .output,
each saipsgEi %’r%chcﬁgﬁhyﬁges? gglg %#%@ﬁ %l%ﬁegﬁ%“\%g{]g‘giélp gﬁ%t ﬁcgp ?ltrsogtha\vf',n% %ut put
whi ch i s thioginelr thah ssteives \aotlbelg eigabl, tahé o Vi Dlutpt, ¢aepwircuit Reagki grovidig 4 nput
of a.first stage of the first ciycuit_ stages being connected to a power
supply volaitagedt e e Groytydiph i highertha a fpltage atthe i) inpuh Mpe¥i ingpheta ¢ han
the first : i 1S oCd ' { PRRRe ' . d fhr Vit t
connect edﬁx?%@ﬁ?g?%c%1?$g és\%hgﬁ%n%% t%(} t%an I m"rrggﬁﬁg?gf)@éé& g%:égcﬁ? :%e glc'lilli- Egi?*ll rst
circuit siziyeyit atagessather thacthe dirstustage -haviag said Mg igpmt permected te sdid VG ongput si ng a

plurality of .secgn char circuit stages, each said second charge
punp ci rcotf?aplglpggg?ﬂgpmqg&ﬁn&{ggm Vi input, a second clock input that
receives sai dwecimdudhgokstattgmabondition] éachaadode sigatl RiMsitiGACRom ML
second cucwéégﬁagg providing a voltage at the second Vo output which is

hi gher t HE5"Y 8 GFIPreratag Skt seid frapsifion of eachesaidh ¢logk sigpalitbedig a
hi gher t ! TSbCH Pheadesun o Saplt
| TSt St agiayal by keleasCORIlont bilb it AP IPCRINVENLIA & Lid Shopll Rt

vol tage, each of the plurality” of secon clrcul ages
first st8pplisd to eashpsessdigstageui t st ages having said second Vi i nput
connected to said second V,, output of an imedi ately preceeding said

second chrecui rein.during a startup condjtion, each of said

first clock m?ﬁ%f@gst?rc g‘é\@?ﬁe Sfr%ém?({ B}rga%ii ‘r’{éﬁ'ierf\,%’ﬂ@f%&fge PEmg Gegittageat i ng

state, sacapriensi (MOS ahnstaed) ahd Satidkihi dbthef k&fitinat! EN@E capacitor being
connected to a gate electrode of said MOS transistor and a first terminal of said MOS
transistor, said first Ferminal 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 cloc_:k signal received at the level shifter clock input, and



bei ng del ayed by at |east oné clock cycle with respect to said transition
of said first clock signal supplied to each precedi ng stage, and each of
said second clock signals transitions froman inactive st dreanp204
reciprocating state, said transiti on28f each of said second clock signals
bei ng del ayed by at |east one clock Cycle with respect to said transition
of said secondSesé uiigiegr chbagplpuaw sitsuligeseipng ceidifirgt etpyevoligge Té boost
circuit : | WP o [ ' c i | St ..C ircuit
ctage conpit RORE Aol b T eeo PRI RRE ol il LR G RE L o

capaci t oroutpetoeltugeigaviiey dhibhérstoltepolekelshgnald fisneitparvoliegdyi nal of said
capaci tor bei n‘% conneched to a  gate electrode of said MXS transistor and a
first term nal WhfreWapagh \tgge oatheissend mulli-¢fage ghimgmpymp cweus thas g elogk

term nal @buSehidn M&; | ' : : ' | g t, a
second te?lrln' nal of é%elggnawéb%t? adr?glk g}%&ﬁ 9%@%%@0%%%%5} gga%éo{vgéﬁ éﬁl? il%? Vo
out put . 6shififreedvbod steadyratatet as clained in claim4, wherein each said

second charge . CLrcuit stage cC rises a capacitor and a MOS
Cransi stor oAt mliies FORBe U RERE GiRen  PIesln Bibok
signal , agRtdepuh citiitktadés, $atHsGRARRG dhBfgelRInY c&&ﬁf‘@tﬁ%@ﬁa@iﬁ ﬁg%ﬁﬁw

el ectrode of said MOS transistor and a first termnal of sai dg
transi st opuls gifist glpeksinppiethat reapives saidiifiost viosktsigmabiaad ar filse Vagutpuhreach ed t o

sai d seco - cond term nal ,of.sajd transi star i n
connect ed‘ﬁ ?d oggséicgggﬂegtg %I%%’.V1 16 Su‘fo.ltag‘? agﬂﬁo%gfv& ﬂ’l\@ﬁf Y c&nﬁ%léfeﬁ _ang power
source | ivifagant ciet ftst Wi gt bk frstov) WBLCHE 2 B asiprhial FR@eitcaitd®deyed; at
| east three, first, second and third transjstors electrically connected in
series H¥%eonested t dRyVEUPRlY Yaltage, magh ofitee plurglity of dirsti diecpit stages
second tr | | ' : ' ' -t hi | stors;
at | east ?E?Je%%pﬁe???ﬂ?&%%écﬁgé Igﬁ% c’? E%u\rg\%& %S;tgaér ﬂlggéra?{g{asghw r[én\li} !& E%Eggﬁét end
and a sewohirseNd putpheoffdnristmaiiadely pteceding sid it cireeit siage,and t hi r d
capacitors beiga? el ectri Cf”ég connected to gates of said first, second and
third transi st 9r¢ seeond uplt-stags, charpg) pump) Graeltgenmapriing 2 gluslisyof secondpl y

first, segonge pitfp citdiflstabQCKach! s@iPdetofdPcHlalge 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



.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 fromsaid thirgJghegksognal so
that said boosted voltage is derived fromsaid output termnal, said clock
generator starting to supply said thifdd cl ock signal to the second end of
said thi rﬂrsc&pmmaimf satd MOS Itl&ilSlktDl‘TbBlggtdﬁ)ﬁﬁ%dtﬁi d:te;bai&&ﬁst}‘ Vp(ijﬁp&t Szeﬁ@:l&ddt i m;jng
at which said S ock si is started to, be supplied to the secon
end of saf EfmlﬂiEl @;Mg) %F‘St‘%%elﬁﬁé’oﬁlil?‘;&e&tf’ said tEstY o RUPYEN claim 7, further
conprising a fourth transistor inserted in series between said power
supply line and said first transistor, said clock generator being further
coupl ed t - sup’ﬁllfyb@Sf omlnhaS:tl@mkedsmgpiam 4,0Wherglat@cbfsa1§eﬂegoﬁdochatge pum;c)i Coek
transi st or. fourth clock. si hase wi.t ai secon cl oc
S gnal - oareh s MBSt st ok M Pedided 00 Bt of Pud Gaecive
second emfécahngaaﬂ s‘é&ﬁMo&@@@ﬁltzﬁfot&E terdinl b sdill Thpiitof Bahg b&n{é@!e@f@ d from
a fourth t|n1n? at which said fourth clock signal is started to be

&

suppl i ed # 838 glegtrodrpt spid MRS frepwistor andya fivst igrpod of32id MOSTHansistorcedid as
Chd o splethMabor WAENEOS ol BEABohh IO SRR LR RE VIS F hetoldt, "

and fourth timngs occur s

second tnennmgksofsm Mmezrams]rstwbémg%oﬁﬂ@tdd&d shifl sedoﬁdmo%utpti_ﬂ.erel n said first
to fourth timngs occurs such that at |east one clock exists between a
preceding timng and a succeeding timng. BOOST CIRCUI T ABSTRACT A boost

circuit reduceguyl Hﬁﬁﬁn .rent during a startup condition of the
boost «circuit. oost circuit conprises a plurality of charge punp

circuit stagesanmx4mmceh&ach charge punp circuit stage (eg 4A) has a
Lospective Vet B S S it P e el
vol tage at thext\ERE Eﬂreé NEYYL, -seddi@ Mdethidd fraiRistor® blctrichflP eoectdaCinCieries!i t
stages (4H) is connected to a
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, 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.



- power supply voltage (VIN). Each of the plurality of circuit- stages other
than the first stage (4H) has a respective V[err] input connected to the
V[err] output of an immediately preceding the circuit st@agghuaBuzacag a
startup condition, each of the clock signals transitions from an-inactive
state to a reciprocating state, the £2ansition of each of the clock si gnal s
bei ng del aged Dhye dtcuite slaimedincdlaifks, cyltdr€in vhit Redoddpitihg becRabltwlee@Badt | on

of the cl si_gnal uppl i ed to eac recedi ng stage. FIG 1
t?lfrlél andgg)urth t?mgl%s ang sa?d thirc{1 tilpning occursg betwegen said first and second

timings.

10. The circuit as claimed in claim 9, wherein said first to fourth timings occurs such

that at least one clock exists between a preceding timing and a succeeding timing.





