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BACKGROUND OF 'HE INVERTION
1.  Field of the Invention
The prasent invention relatez;.tc': a ﬁdﬁen_

supply ocircult, more pa::biculariy reio.tes to a baoster
oi;eou:l.’b genexating a voil:aga higher than 'an e::t:en.mli
poder #upply voltage by raising the voltags f£rom the
external pover supply voltage or a down oonvert;ar ox
other DC (direct curment)-DC converter generating a

voltage lowexr than the external power supply voltage by

. lowexding the #oltaga £xom the external power supply

vo.'!.t:ag_é. _
2. Deso::ipt:l.oh of the Related Avt
In xegent years, the praot:l.oe in nmmous.
£1ash memo:n:l.es. and other xead only memories wh:!.oh oan
be electrically rewritten has been to anpp;.y only a
single low power supply voltage £ron.thetoutside,

generate ingide the chip an internal voltage higher

~ than_ the voltage supplied from the outsida, and write

data into the memofy by the high voltage inside the
chip.

However, the voltage of the external power
supply iz being reduced as z genoral trend and the
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boosting effiociency drops the lower the voltage.

'J.'héz:efore, it has not been.possi.ble to generate an
internal boosted voltage having a sufficient power.

On the other hand, the external power supply
used is usually a 5V single power. supply. _but: :[t: has
become necessary ;:o operate semioconductor devices at a
lower internal Qolt'age due to the desire to deal with the
deterioration of the voltage resistance of semiconductox
devices accompanying higher integration and the desire to
reduce the power consumption.

| Howevexr, the ':I.oas cdaused by the aoperation
of a power supply oirocuit in the chip is large and

ohstructs the reduction of the power consumption.

SUMMARY OF THE INVENTION

.An object of the prese;tt invent:!.on i8 to provide a
power supply-cirouit able to decrease the aumber of
charge pumping circuits used for obtaining a desired high
voltage by inoreasing the aff:.l.ci_enoy of rgising oxr
lowering the voltage and to give a stable output voltage

vwith a low power loss.

According to one aspect of the present invention,

tharé ir provided an internal power supply ocircuit

compriging a plurality of charge accumulating means, a

firat power supply terminal, a second power supply
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terminal, a first switching means for conneoting the

plurality of charge accumulating means in parallel to
each other in a f£irst state, anﬁ a second switohing means
for connecting the plurality of charge accumulating wmeans
in series with each other in a second state, and.a.
control means for energizing the first switching meéns
or the second ssitching means in response to the first
state or the second state to connect the plurality of
charge acoumulating means between the f£irst power
supply terminal and the second power supply ferminal,
and for deenexrgizing the first switching wmeans ox the
second switching means in response to the fiwxst state ox
the second state to disconnect the plurality of charge
acoumulating means between the first power supply
terminal and the second power supﬁly terminal, the

ooﬁtrol means repeating the emnerglzing and thel
deegergiz:l.ng. T
Prefer&bly. the charge aooumnliting meang are
oongtituted by capacitoxrs: thé £iret switoching meansg is
constituted by a third switching means and a fourth
switching means; and a partial booster cirouit is
comprised by a capacitor connected between a £irst node
and a Eeoond node, the third switching means connected

between the fiist node and the f£irst power supply

terminal, and the fou¥th switching means connected
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between the second node and the gecond power supply
terminal; a plurality of the partial boosfer cirouits is
provided; the second switching means holds in a non-
conduotive state the first node of a front partia;
booster circuit and the second node of a rear partial
boaster circuit in the fifst state and holds them in a
conductive state in the second state; the f£irst switching
means comprised of the third awifching means and the
fourth switching means being held in the conduoctive state
and the second switching means being held in a non-
conductive state in the first state:.and'the first
switching means oomprised of the third switching means
and the fourth aswitoching means being held in the non-
conductive state and the seﬁoqd gwitching means being
held in a conductive state in the seocond state so as to
raise the voitage between the first power supply terminal
and the second power supply terminal. o
| The internal power supply oircuit of the present
invention further comprises a biasing means connected to
the second node of the initial stage partial booster
oircuit for holding the gsecond node at a constant
potentiql and a reotifying means connected between the_

first node of the final stage partial hooster circuit and

a bhoosted voltage output terminal.

Preferably, the biasing means is constituted by a
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switoching means set in the oonductive state when the

£1irst switching means comprised ofrtﬁe third and fourth
switching means is non-conductive.

Preferably, the first poweb.aupply ferminal'is a
positive power supply terminal and the second_powé:_
suéply terminal is a negative poweér supply terminal, the
constant potential is the potential of the first power
suppiy terﬁinél, the biasing wmeans is a rectification
element oo#neeted 80 that a direotion from the firsgt

power éupply toward the second node of the initial stage

partial booster circuit becomes a forward directiom, and

the rectification element is connected so that a
direction £rom the f£irst node of the.final stage partial
booster circuit toward the output terminal becomes the
forﬂard'direotion and suppliés the positive boosted
voltage to th§ oﬁtput-terminal._

Alternatively. the first power supply terminal is
a negative pouér supply terminal énd the second power
supply terminal is a positive'pdwer supply terminal, the
conséant potential is the potential of the second power

supply terminal, the biasing means is a reotification

‘element oconnected so that a direotion £rom the second

node of the first stage partial booster oircult toward

the first power supply terminal becomeg the forward

direction, and the rectification element is connacted so -
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that a direction from the cutput terminal to the f£irst

node of the final stage partial booster cirouilt becomes
the forward direction and supplies the negative bhoosted
voltage to the output terminal.

Preferably, the third aﬁitching means is
oconstituted by a first oconductivity type insulation
gate type field effect transistor with a gate electrode
connected to an input terminal of a first olock, with
one diffusion layer connected to the first power
supply, and with another diffusion layexr connected to
the first node of the partial booster ocirocuit; the
fourth switching means is constituted by a f£irst
conduoctivity type ingulation gate type fileld effeot
transistoxr with a gate electrode connected to an input
terminal of a second clock, with one diffusion layer
connected to the #econd pﬁwer'supply. and uith another
diffugion layer conriected to the second Aode of the
partial booster cirouit; and the second switching means
is constituted by a second coﬁduottvity type 1nsuiation
gate type £1pld effect transistor with a gate electxode
connected to the input terminal of a third clock.

Preferably, the blasing means is constituted by a
seaond.oonduotivity type insulation gate type field
effect transistor with a gate_eleotrode oonneocted to

the input terminal of a third oclock.
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Preferably, an amplitude of .the first cloock is set

larger than a potential difference bhetween the first
power supply terminal and the second power supply

texrminal.

Preferably, the £irst power supply terminal is a

positive power supply terminal and the first conductivity

type insulation gate type field effect transistor is an
n-¢channel type transigtor and is held at a higher level
than the first power supply terminal voltage in a high

level section of the first clock.

Alternatively, the first power supply is a negative

power supply terminal and the first conductivity type

insulation gate type field effect transistor is a p-
channel type tranéiator and is held at a lower level than

the second power supply terminal voltage in a low level

saection of the first clock.

Preferably, the second conductivif;ﬂfyje insulation
gate type field effeot transistor constituting the second
switching means 1s formed in an 1ndependent well.

Preferably, the biaging means is a second
conduotivity type insulation gate type field effect
trangistor formed in the same well as that for the second
conduoéivity type insulator gate type field effect

transistors constituting part of the neripheral logic

oiroulit. .
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Acocording to a second aspect of the present

invention, there is provided an internal power supbly-
circuit oomprising-a first power supply terminal, a
second power supply terminal, a first node, a second
node, a cﬁpaoitor connected between the first no%q and
the second node, a first switching means connected
between the first node and the first power supply
terminal, a second switching means connected between the
second node and the second power supply terminal, a
bigsing means cénnected to the seoénd node and ﬁiasing
the node at a constant potential, and a rectifying means
connected between the firgst node and the boosted voltage
output terminal, the firsf.and second.switching means
being repeatedly set in the conductive state and the
non-conductive state to be overlapped thereby to output

a boosted voltage to an output terminal.

element connected so that a direction from the f£irst
power supply toward the second node becomes a forward
direction, and the reotifying means is connected so that
a direotion from the first node toward the boosted
valtage output terminal becomes the fgrward direction.
Preferably, the biasing means is a reotification
element conneoted so that a direotion f£rom the.second

nofle toward the f£irst power supply becomes a forward
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direction, and the rectifying means is connected so that

a direction from the boosted voltage output terminal
toward the first node becomes the forward direoction.

Preferably, the charge aocumﬁlating means are.
constituted by capacitors; the capacitors are connected
in serie=z between the first and second power supply
terminals and then are charged in the second state; and
the capaclitors are connected in parallel between the
seocond power supply terminal and a down voltage output
terminal in the first state to thereby obtain a voltage
between the first and second power supply teiminal.

Prefefably, further there is provided a switching
means oonnecting to an external power supply between
the voltage of the first power supély terminal and the
voltage of the second power supply terminal, having at
least one sub-power supply of a potential lower than
the external power supply, and operationally conneots
the extermal poﬁer supply and the sub-power gupply and
of a means for sequentially s;itching the oonnection
and honconneotion state from ing awltohing means
connected to the external power supply to cause
charging and discharging of the ﬁapaoitors.

Preferably further there is provided a means for
sequentially switching the connection and nonconneoction

state £rom the gwitching means oconnected to the gub-



power supply to cause charﬁgig and discharging of the
| capacitors. | |

Preferably further there is provided at least two
arrangements of a plurality qf capacitors which are
switched between the serial connection and parallel
Qonnaotion based on a olock signal and clock signals
having inverse phases .are supplied to the above at
least two arrangements.

Preferably, the capacitors are composed of _
ferrocelectric capacitoxs, high dielectrio capacitoxrs, MIM
(metal—insulato:-metal) configuration capacitors, DRAM
trench and stack capacitors, planar capacitors, external
capacitors, or MIS (ﬁatal—insulator-semioﬁnduotor) gate
capaclitors. | | .

'According to the present invention, by setting the
first and seocond switching means in the conductive state
and setting the third switching means in the
nonconductive state, the capacitance element of each
booster stage ils charged to tie differential -voltage
level between the firat power supply and the second
poﬁar supply., then the first and second switching means
are changed over to the nonoondﬁotive state and-the third
switching means is changed over to the conduotive state,
vhereby the charged capaéitanoe-elements are oonnected in

series between the constant potential and the output
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terminal of the éower supply cirouit and a positive or
negative boosted voltage is output to the output terminal
of the power supply cirocuit.

For this reaaon.'the loss of the boosteﬁ vaoltage
becomes only tha voltage drop of the reotifioatioh
element connected between the final stage and the output
terminal, the reduction of the boosting effiociency
acoompanying the rise of the threshold voltage due to the
substrate blasing effect can be avoided, and a reduction
of the number'of the booster stages for obtaining a
desired high voltage and a shortening of the rising
time of the baosted voltage can be achleved.

Further, aecoiding to the present invention, the
value of tﬁe external power supply voltage is detected by
a deteoting circuit and the number of connections of the
plurality of capaoitance elements is switéﬂé&—in
accordance with this detected voltage.

Then, the number of the capacitance elements set in
acoordance with the detected ;oltage are connected in
geries between the external-ﬁower supply and the
reference power supply and next connected in parallel
and, at the same time, the connection and nonconnection
states sequentially switched f£rom the switching means
connected to the external power supply to perform

charging and discharging, thug an output voltage of a
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value between the external power supply voltage and the

reference power supply voltage is obtained.

Also, the gwitching between the se:ial connection
and paraliel connection of the capacitance elemen;g is
ocarried out based on the clack signal. Further, two
systems of the plurality of capacitance elements are
regpectively driven by clock signals having inverse
phases. to each other. By this, the ripple acocompanying
the load current can be lowvered.

Also, the capacitanoce element is comprised by an
element having a high relative dielectric constant such

as a ferroeleotric capacitance, whereby the power loss is

reduced.

BRIEF RESCRIPTION OF THE DRAWINGS

These and other objects and features of the present
invention will become more apparent from the following
desoription of the preferred embédiments made with
reference to the drawings, 1n.which=

Fig. 1 is a circuit diagram of an example of an
inner power supply ciroult;

Pig. 2 is a circuit diagram of a first embodiment
of an inner powai supply oircuit acoording to the present

invention;

Fig. 3 is a ocirouit dlagram of the configuration of
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a booster stage of the first embodiment shown in Fig. 2;

Figs. 4A to 4J are timing charts of the power
supply ocirouit of the first émbodiment shown in Fig. 2;

Flig. 5 is a circﬁit diagram of an example of a
clock generating circuit supplying a.olook signal to
the power supply oirocuit of the first embodiﬁent shown

in Fig. 2;

Fig. 6 18 a cirocuit diagram of a boosting oclock
generator used in Fig. 5;

Figs. 7A to 7H are timing oharté of an operation of
the clock genérating oircuit shown in Fig. 5;

Fig. 8 is a oirocuit diagram of a second embodiment
of the power supply clrcuit according to the present
invention; |

Filg. 9 18 a circuit diagram of tﬁe_configuration of
the booster stage of a seoond embodimeﬁt's£;w;—ln Fig. 8;

Figs. 10A to 103 are timing charts of the power
supply oirocuit of the second embodimept shown in Fig. 8;

Fig. 11 is a ocircuit di;gram of a boosting olock
genefator used in Fig. 8;

Figs. 12A to 12E are timing charts of an operation
of the olook genérating circuit shown in Fig. 8;

Fig. 13 1s a cirouit diagram of a fundamental
configuration of a geries reguiator as a down converter

used as an internal low voltage power supply circuit;
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Fig. 14 is a oircuit didgram of an example of the

configuration of a capacitor switching type down
oonverter:;

Fig. 15 is a oircuit diagram of a third embodiment
of the down converter according to the present-1£;entién;

Figs. 16A to 16J are timing charts of an operation
of the third embodiment shown in Flg. 15;

Fig. 17_18 a olrouit diagram of an example of the
configuration of a power supply oircuit for 0.25 V_

acsording to the present invention; and

Fig. 18 is a oircuit diagram of a fourth embodiment

of a down converter gcoording to the present invention.

DESCRIPTION OF THE PREFERRED EﬁBODiHENTS'

Erasing or uriting an electrically erasable énd
programmable read only memory such as an EEPROM orx fiash
memory requires a voltage higher than the supplied
voltage. Therefore, various power supply ¢ircuite have
been devised. Figure 1 is a oircuit diagram of a
repregentative example of a conventional power supply
oircuit congstituted by a booster circuit.

Note that, in Fig. 1, M1 to M4 are n-channel type
MOS transistors, and C, is a load capacitor.

As.illustrated, the power supply circuit of Fig. 1

is constituted by connecting a plurality of stagas of
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partial oirocuits (booster stages) each comprising one
capaocitor, for examﬁle, C2, and one nMOS transistof, for
example, M2, in serxles.

One of the eleoctrodes of each of the capacitors C2,
C3, C4 constituting a booster stage are conneoted to a
common connecting point of the gate eléct;odés and drain
diffusion layers of the nMOS transistors M2, M3, M4. The
other electrodes of the capacitors C2, C3, C4 are
a;ternately connected to either of supply lines of the
clocks g1 and ©92. The common conneoting point of the gate
eieotrodes and diain diffusion layers of fhe diode~
connected n-channel type MOS transistors constituting
the booster stages is connected to the source diffusion
layexr of the n-channel type MOS transistor of the
booster stage of the front stage, while the source
ﬁiffusion layer is conﬁeoted to the common conneoting
point of the gate electrodes and the drain diffusion
layers. of the diode-oonneotqd n-channel type MOS
tfansistors of the next stage.

rufther, the order of connection of the clocks ¢1_
and @2 is one where the odd number stages of the booster
stageg are conneoted to the clock #1 and the even number -
stages-are connected to the clock $2.

The above power supply c¢irocuit constituted in thie

way attraots thelohargés from a semioonductor substrate
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on which a power supply voltage V. and the present

ciroﬁit.are formed by giving the olocks @1 and @2 by
inverse phases and supplies a boosted voltage V,, to an
output terminal T, .

In above-described power supply ocircuit, a large
numbexr of stages of the diode-connected tramnsistors are
needed for obtaining a desired high voltage since a
forward direotion voltage drop corresponding to the
threshold voltage V,, of the nMOS transistor is caused.
Particularly, the nearer to the output terminal T, of-
the power suppiy oircuit, the larger the reverse
direction potential difference between the source and the
substrate, éo the larger the substrate blasing effect and-
the more the threshold voltage V,, of the transistor
rises. Theéefore. there is a disadvantage that the
boosting efficiency is consplcuously lowereéd éven if the
number of gtages is increased.

Preferred embodiments of tha.present invention will
now be explained in fﬁrthgr détail with reference to the
drawings.

Figure 2 is a cirocuit diagram of a first embodiment

of the power supply ocircuit according to the present

invention.

In Fig. 2, CLK,, CLK,, and CLK, denote clock

signals, T.,,, To,,s and T,,, denote clock signal input



terminals, PT, denotes a p-c%gnnel type (puné)
transistor serving as a biasing means, PT, and PT,
denote pMOS transistors sexving as the third switching
means, PT, denotes diode-oonneoted.puns transistor,_nul,
NU,, and ﬁu, denote n-ahannellubs (nMOS) transgistors
sexrving as the first switching means, NL,, NL,, and NL,
denote nMOS transistors serving as the second switohing
means, K, K,, K, L, L, and L, denote nodes of the
booster stages, C,, C,, and C, denote capacitance
elements (capaocitors) for boosting, C, denotes a
parasitic capacitance of the load, and T, denotes an
‘output terminal of the boosted voltage V. |

Note that the power suppiy circuit shoﬁn in Fig. 2
is constituted ﬁy the booster stages shown in Fig. 3.

Here, an explanation will be given of the
configuration assuming that the booster stage shown in
Fig. 3 is a hooster stage of the i-th stage. As
1llustrated, the booster stage of i-th stage is
constituted by a capacitor cl,' nodes K, and L,, and nMOS
transistors NU, and NL,.

The capacitor C, is connected between the node K,
and the node L,.

The gate electrode of the nMOS transistor NU, is
connected to the input terminal o£' the clook signal CLK,,

one diffusion layer is connected to the supply line of
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the power supply voltage V.. and the other diffusion

layer is conunected to the node L,.

The gate electrode of the nMOS _transistor NL, is
conneoted to the input terminal of the clock signal CEK,,
one diffusion layer is connected to the.node K,, and the
other diffusion layer i3 connected to the ground line.

The power supply oircuit shown in Fig. 2 is
configured with three stages of the booster stages shown
in Fig. 3 oonnected in series.

As illustrated, the node K, of the booster stage of
first stage is connected via the pMOS transistor PT, to
the supply liune of the power suppiy voltage V.. Namely,
the source electrode of the pMOS tramsistor PT, is
connected to the supply line of the power supply voltage
V.c» and the drain eledfrode is connected to the node kv
The gate elactrode of the pMOS t:ansiator..nrl—ts
connected to the input terminal T,,, of theé olock signal
CLX,.

The node L, of the booster stage of the first stage
is connected via the pMOS transistor PT, to the node K,
of the booster stage of the second stage. Namely., the
source electrode of the pMOS transistor PT, is connected
to the node L, of the booster stage of the first stage,
and the drain eleotrode is connected to the node K, of

the booster stage of the second stage.
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The gate eleotrode of the pMOS tramsistor PT, is

oonnected to the input terminal T,,, of the clock signal
CLK,. |

The node L, of the booster stage of the second
stage 15 connected via the pMOS transistor PT, to the
node K, of the booster stage of the third stage.l
Namely, the source electrode of the pMOS transistor PT,
is connected to the node L, of the booster stage of the
second stage, and the drain electrode is connected fo
the node K, of the booster stage of the third stage.

The g_ate electrode of the pKOS_ transistor PT, is
connected to the input terminal Toxy ©F the clock signal
CLK, .

The ﬁode L, of the booster stage of the third stage
is coﬁneated via the pMOS transistor PT, to the output
terminal T, of the power supply circuit. Namely, the
gource eleotrode of the pMOS tz;ansistor PT, is qonnéated
to the node L, of the boostexr stage of the third stage.
and the drain electrede is connected to the output
terminal T,. of the power supply circuit.

The gate eleotrode of the pMOS transistor PT, is
connected to the output terminal T,, commonly with the
drain eleoctrode. Namely, the pMOS transistors PT, are
diode~-oconnected.

Further, the output terminal T, is grounded via
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the load capacitor C,.

Note that, in th_e power supply cirocuit shown in
Fig. 2, the pMOS transistor PT, serving as the biasing
means is for example formed in the same well as thgt of
tﬁe other transistors constituting the peripheral
ciroulits of the power supply oilrcuit. pMOS transistors
PT, and PT, are formed in each independent well as the |
thixd switching means.

Below, an -explani;tion will be made of the boosting’
operation of the. powar supply oircuit having the above
configuration referring to the timing chart of ?igs. 4A
to 4J.

At the time of the boosting operation, a clock
signai (.;1.’.!.(1 is supplied to the gate eleotrodes of the
nMOS transistors NU,, NU,, and NU, constituting the
booster stages. As shown in Fig. 4A, the high-level of
the clock signal CLK, is held at a higher level than
the power supply voltage vc;. for example, a potential
of (Ve + V). ‘Note that, here., Vn 18 a threshold
voltage of the nMOS tramsistors NU,, NU,, and NU,.

For this reason, when the clock signai CELK, is held
at a high level. a voltage higher than the power supply
voltage V., for example, a voltage of (V. + V_,), :Ls'
supplied to the gate eleotrodes of the nMOS transistors

NU,, NU,, and NU, constituting the booster stages. The
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drain eleotrodes of these transistors are held at a

potential of the same level as that of the power supply
valtage V.

_The clock signal CLK, supplied to the gate -

electrodes of the nMOS transistors NL, , NL,, and NL,

constituting the booster stages is held at a high level
| and low level in synchronization with the clock signal
CLK,. lnote that, the high level of the aloolf signal CLK,
is held at for example the power.supply voltage V.
level.

‘When both of the clock s:Lgnai CLK, and clock signal
CLK, are held at the high level, all of the nMOS
transistors NU,, NU,, and NU, and NL,, NL,, and NL,'
constituting the booster stages are set in the conductive
state, and the clock signal CLK, supplied t6 the gate
' electrodes of the pMOS transistors PT,, PT,, and PT,
connected between the booster stages 1s held at a high
devel, for example, the power supply voltage V_ level.
therefore all of these pMOS transistors PT,, PT,, and PT,
are held in the nonconductive state..

Due to this, during the period from a time £, to a
time t, shown in Pigs. 4A and 4B, the clock signal CLK,
and the clock signal CLK, are held at a high level, and
the capacitors C,, C, and c,' existing in the boostexr

stages are charged to for example the power supply
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voltage V. level.

At the time t,, both of the clock signal CLK, and
clock signal CLK, are switched to the low level,
therefore the nMOS transistors NU,, WU,, and NU, and NL,,
NL,, and NL, constituting the 5oost,er stages are set in
the nonconductive state at the time t,.

Next, at the time t,, the clock signal CLK, is
switched from the high .level to the low level, fo:lr
example, the ground potential GND. In accordance with
this, ail of the pMOS transistors PT,, PT,, and PT, are
switched to the conductive state.

Due to this, the capaocitors C,, C,, and C, a11
‘charged to the power supply voltages V. level are
connected in series between the node K, of the first
stage and the output terminal T, of the power supply
circuiﬁ. and a voltage obtained by multiplying the
powexr 'supply voltage by (number of booster stages + i) is
obt#:l.ned at one end of the capacitor of the final stage.

Here, when the number o.f the booster stages of the
power supply circuit is defined as n and the thresholad
voltage of the pMOS transistors PT, diode-connected
between' the node L, of the booster stage of the final
gstage and the output terminal T, is déf:l.ned as V,,, the

boosted voltage V., _ obtained by the power supply ocirouit
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Ve = (D¥1) x Vo, - V,, cee (1)

As shown in Figs. 4D to 4J, after the pMOS .
transistora PT,, PT,, and PT, are all switched to the
conductive state, the node K, of the booster atage of the
£irst stage is held at the power supply voltage Ve
level, and the node L, is held at the 2V, level.

The node K, of the second stage is bheld at 2V_ in
the same ﬁay as the ﬁodé L, of the first stage, and the
node L, of the second stage is held at 3V.

B The node K, of the third stage is held at 3V, in
the same way as the node L, of the second stﬁge, and
the node L, of the third stage 1s held at ivgy

The puos'tranéistors PT, are diode-connected. The
connection is wade so that the direction from the node
L, of the third stage toward the output terminal T,
beocomes the forward difeotion, therefore the.!bitage of
the node L, 18 output to the output termimal T,,. By
this, the capacitor C, is oha:ged.'and a boosted
voltage V,, of substantially &mw is output to the
output terminal T,..

Figure 5 is a oircuit diagram of a clook generating
oirocuit showing an example of the circuit for generating
the olock signals CLK,, CLK,, and CLK, shown in Fig. 2.

As 1llustrated, fhe olocdk generating ocircuit of the

present example ig oonstituted by RS flip-flops RFF, ,
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RFF,, RFF,, RFF,, RFF,, and RFF,, a olock generator 10, and

delay oircuits DLY, and DLY,.

An example of the configuration of the clock'
generator 10 is shown in Fig. 6.

As illustrated, the clock generator 10 is
constituted by the nMOS transistors NA, NB, NC, and ND
‘and a capacitor C.

One diffusion layer of the nMOS transigtor NB is
connected to the supply line of the power supply voltage
V. the other diffusion layer is oconnected to the node
ND,, and the gate electrode is comnected ta the input
terminal of the clook éignal B. -

Oné diffusion ;ayer of the nMOS transistor NA is
connacted to the node NDL,'Ehé other diffusion layer 1is
grounded, and the gate electrode is connected to the
input terminal of the clock signal A.

One diffusion layer of the nMOS transistor ND is
connected to the supply line of the power suppiy voltage
Veer the other diffusion layef ie connected to the node
ND,., and the gate electrode is connected to the input
terminal of the clock signal D.

One diffusion layer of the nMOS transisto: NC is
connected to the node RD,, the other diffusion layer is
grounded, and the gate electrxode is connected to the

input terminal of the clook signal C.
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A capacitor C, is connected between the node ND,

and the node ND,, and the node ND, is connected to the
output terminal T, of the clock signal CLK,.

At the time of the bhoosting operation, the clock
s:l.ghals A, B, C. and D shown in Figs. 7A to 7D are input
to the clock generator 10. |

Upon receipt of this, the clock generator 10
generates a olock signal CLK, held at a higher level than
that of the power supply volt;age V. at the time of a

high level.
| As shown in Fig. 5, the set signal input terminal
S of the RS flip-flop RFF, i1s connected to the Jnverted
output terminal of the RS f£lip-flop RFF,, and a reset
signal input terminal R is connected to the inverted
output terminal of the RS.f£lip-flop RFF,. |

The output terminal of the RS £lip-flop-RFF, is
oonneoted‘ to the set signal input terminal 8 of the RS
£flip-flop RFF,, and the inverted output terminal is
connected to .the reset -s':l.gnal. input terminal R of the RS
£lip-£flop RFF,.

Further, the inverted output signal of the RS
£flip-flop RFF, is out‘put as the ciook signal C to the
clock generator 10.

The reset signal input terminal R of the RS £lip-

flop RFF, is connected to the inverted output terminal of
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the RS flip-flop RFF,, and the output terminal is

connected to the set signal input terminal § of the RS
£1lip-flop RFF,.

Further, the output signal of the RS f£flip-flop
RFF, is supplied to tl}e clock generator 10 as the clock
gignal D. |

The reset signal input terminal R of the RS f£lip-
flop RFF, is connected to the inverted output terminal of
the RS flip-flop R!‘E“; and the output terminal 1is
connected to the set signal input terminal S of th.e RS
flip-flop RFF,.

-Purther, the inverted output signal of the RS
flip-£flop RFF, is supplied to the clock generator 10 as
the olocl; signal A.

The reset signal input .tem:l.nal R of the RS flip-
_£lop RFF, is connected to the inverted output terminal of
the RS flip-flop RFF,, and the output terminal is
counected to the set signal input terminal § of the RS
flip-flop RFF, v:!.a the delay ocixcuit DLY,.

Furthexr, the output signal of the RS flip-flop
RFF, is supplied to the clock g_enerator 10 as the clp'ok
signal B. . .

The reset signal input terminal R of the RS f£lip-
£lop RPF, is connected to the output terminal of the RS -

£lip-flop RFF,, and the inverted output terminal is’



connecoted to the output temizxZal T, of the clock signal
CLK,. |

The reset signal input terminal R of the RS £lip-
£lop RFF, is oconnected to the inverted output terminal of
the RS £lip~flop RFF,, the set é:l.gnal input terminal § is
connected to the output terminal of the delay ocircuit
DLY,, and the input terminal of the delay ocircuit DLY,
i9 connected to the inverted output terminal of the RS
fi:l.p-flop RFF,. |

The outpuf terminal of the RS flip-flop RFF, is
connected to the output terminal T, of the clock signal
CLK,.

Below, referring to the timing chart shown in Figs.
73 to 7H, the operation of the clook generating circuit
having the above configuration will be explained.

The clock generating circuit shown in Fig. 5
g_enerates the clock signals A, B, C, and D shown in Figs.
72 to 7H and the olock signals CLK,, CEK,, end CLK,.

Note that, the clock siénals A, B, C, and D are
clock signals alternately taking a high level, for
.example. the power supply voltage Vee level, and a low
level, for example, the ground potential GND level.

Similarly, the clock signals CLK, and CLK, are glock
signale alternately taking a high level, for example,

the power supply voltage V. level, and a low level, for
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example, the ground potential GND level.

The oclock signals A, B, €, and D are input to the
clock generator 10. The clock generator 10 generates a
clock signal CLK, which is held at a level of more than
the power supply voltage Ve @t the time 6f the high
level and is held at foi example the ground potential GND
level at the time of the low level.

. As shown in Fig. 6, when both of the clock signal
D .and the o:l.oo_k signal A are held at the high level and
both of the clockesignal B and the clock signal C are
ﬁeld at the low level, the nMOS transistors NA and ND are
held in the conductive state, and the nMOS transistors NB
and NC are held in the nonconductive state.

| 8y this, the node ND, is held at the ground.
potenéial GND level, aﬁd the node ND, side is held at a
voltage reduced £r6m the power supply voltage Vee bY .
exactly the threshold voltage V., of the nMOS transistor
ND, therefore tﬁe capacitoxr C, is charged to (V. - V,).

rufther,_at this time, éhe voltage of (V, - V,.)
level is output to the output terminal T, of the clqck
signal CIK,.

Then, at the time t, qhown in Figs. 7A to 7H, the
olock signal B is switohed from the low level to the high
level. Also, at this time, both of the_olook A and clock

C are held at the low level, and the nMOS transistors NA
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and NC are set in the nonconductive state.

In accordance with this, the nMOS transistor NB is
switched to the conductive state, and the node ND, is
held at a voltage reduced from the power supply voltage
V.. by exactly .the threshold voltage V,, of the nMOS
transistor NB, that is, (V. - V,). By this, the node ND,
is held at 2(V, - V,). At this time, as shown in Fig.
JF, the voltage of the output terminal T, of the clock
signal CLK, rises by one stage and becomes 2(V, - V_.),
that is, is held at a higher level than that of the
power supply vo:lJ:a.ge Veer

Subsequently, at the time t,', the clock signal B
is switched from the high level 'to the low level, and
the clock signal A is switched f£rom thé low level to
the high level in accordance with this. Further, in

accordance with this, the olock signal C is switched to
the high level, and the clock signal D is switched to
the low level.

!"or: this reason, at the time t,, the potent.ia:l.s of
the nodes ND, and ND, are switched to the groimd '
potential, and the output terminal '1'; of the oclock signal
CLK, is held at the ground potential. Then, at the time

t,, the oclock aignal CLK, is switched from the high level

to the low level.

At the time t,., the olock signal CLK, and the oclook
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signal CLK, are switched from the low level to the high

level. In accordance with this. the clock signal C is
switched to the low level and the clock signal D is
switched to the high 1eve1. therefore, the capacitor Cex
is charged to (V. - V) again.

In tlﬁs way. the clock generating circulit shown in
Fig. 5 generates the olock signal CLK, which is held at

2(V,, - V,,) level at the time of the high level and held

 at the ground potential at the t:ime of the low level and
the clock signal CLK, and the clock signal CLK, which are
held at the power supply voltage Ve iev_el at the time of
the high level and held at the grom;d potential at the
time of the low level and supplies them to the power
supply cirocuit qhoun in Fig. 2.

aAs explained ab‘o'vé, according to the present |
embodiment, the clock signal CLK, held at a higher
level than the power supply voltage V. at tha time of
the high level is supplied to the gate electrodes of
the nMOS transistors NU,, m:,.' and NU, oconstituting th§ _
booster stages., the clock signal CLK, is supplied to
the gate electrades of the nMOS transistors NL,, NL,,
and NL,, the clock signal CLK, is supplied to the gate
electrodes of the pMOS transiitors PT,, PT,, and PT,
cannected between the booster stages, the clock sd.gnais

CLK, and CLK, are held at the high level, and the
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capaoitors C,, C,, and C, of the booster stages are

charged to the power supply voltage V. level,” then the
oclock signals CLK, and .cI.Kz are switched to the low
level, i:he olock signal CLK, is switched to the high
level, and the boosted voltage V. . is supplied t¢ the
output terminal T, of the power supply; oircuit,
thexrefore there is no loss of the baosted voltage due
to the substrate biasing effect at t!fe time of
boosting, the number of stages necessary for obtaining
the desired high voltage can be deoreased, the output
.ourrent pexr chip area can be made larger, and the rising
time can be shortened. ..

Figure 8 is a circuit diagram of a second
embodi_l.ment of the power supply circuit according to the
p:_:esent :lnveht:l.on. -

As :l.llustfgted, Fig. 8 is a circult dliagram of tﬁe
power supply circuit showing an examp:l.; o; t—l;-e negative
booster oclrcuit for generating a negative hoasted _vo:l.ta.ge .
compared with the power supplir voltage. V... The por_fer
supply circuit can be used fo:": biasing £or exﬁmple a
structure of a semiconductor cirocult such a_s' a dynamic
random access memory.

In Fig. 8, CLK,, and CLK,, are inverted signals of

the clock signals CLK, and CLK, shown in Fig. 1, and CLK,,

is a olock signal which is held at the power supply
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voltage V. level at the time of the high level in
synchronization with the clock signal CIK;,, and held at a
level lower than the ground potential GND, that is, a

negative potential at the time of the low level.

Teuois Teumes 804 Ty, denote input terminals of the
clock signals CLK, ., CLK,,, and CLK,, NT denotes an nMOS
transistor serving as the biasing means, NT, and NT,
denote nMOS transistors serving as the third switching
means, NT, denotes d:l.ode-oonnéoted nMOS transistor, PL,.
PL,, and PL, denote pMOS transistors serving as the first
switching means, PU‘,- PO, and PU, denote pMOS transistors
serving as the second switching means, KB,, KB,, KB,, LB,
LB,, and LB, denote nodes of booster stageé. C,. 'c,, and
C, denote capao:uﬁors for boést:l.ng, C, denotes a parasitioc
ocapacitance of the .load. and 'l'um- denotes an output
terminal of the negative boosted voltage Voors®

As 1llustrated, the power supply cirocuit of the
present example.was ‘constituted by three booster stages
constituted by pMOS transistors PU,, PU,, PU,, PL,, PL,,
a.xid PL, and capacitors C,, C,, and C,.

Here, an éxplanation w.‘tl]. be made of the .
configuration of the i-th stage of the booster stage
constituted by the pMOS érans.tstors PU‘L and PL, and the
capacitor C, :Eeferx:ing to Fig. 9 without losing

generality.
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As shovwn 1in Pig. 9, the gate electrode of the pMOS

transistor PU, is connected to the input terminal of the
olock signal CLK,,, the source le].ectrode is connected to
the supply line of the power supply voltage V., and the
drain electrode is connected to the node KB, of the

booster stage.

The gate electrode of the pMOS transistor PL, is
oonnected to the input terminal of the clock signal
CLK,,. the source eleotrode ig connected to the node LB, ,
and the drain electrode is grounded.

One  electrode of the capaoitor C, is connected to
the node KB, and the other electrode is connected to the
node LB,.

Figure 1l0A to 10J are waveform diagramsgs of the
oclock signals CLK,, CLK,,, and CLK,,, the voltages of the
boosting nodes KB,, LB,, KB,, LB,, KB,, and LB,,—-and the
output voltage V,,.

As shown in Figs. 10A and 10C, the olack signal
CLK,, and the clock signal Ct.lgiz ar§ synchronous. The
olock signal CLK, is _held af the power supply voltage V.
level at the time of the high level and is held at the
level lower than the groﬁnd potential GND, that is, a
negative potential, at the time of the low level. The
-clock aignal CLK,, is held at the power supply voltage V_

level at the time of the high level and is held at the
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ground potential GND level at the time of the low level.

| Below, an explanation w:l.;:l. be made of the operation
of the negative booster circuit of the present invention
referring to the waveform diagram shown in Figs. 10A to
i10J.

As shown in Fig. 10A, at the time t,, the clock
signals CLK; and CLK, are switched from the high level
to the low level.. The olock signal CLK,, is held at the
negaf::l.ve potential and the oclook signal CLK, is held at
the ground potenf::l.al GND level.

Duxing the. period where the clock signal CLK, and
the clock signal CLK,, are held at the low level, the
PMOS transistors PU,, PU,, and PU, and the pMOS
transistors PL,, PL,, and PL, are held in the conductive
state, and the ocapaoitors C,, C,, and C, are charged.

| Por this reason, at the bhooster stages, the nodes
LB,. LB,., and LB, are held at the ground potential GND
level, the nodes KB,, KB,, and KB, are held at the power
supply voltage V_ level, and' i:he capacitors C, C,, and
C, are charged to the power supply voltage V. level.

At the time t,, the clock signals CLK,, and CLK, are
switched £rom the low level to the h:l.éh level, and the
pMOS transistors PU,, PU,, and PU, and the pMOS

transistors PL,, PL,, and PL, are switched to the

nonoconductive state.
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Further, at the time £,, the olock signal CLK,, is

switched from the low level to the high level, and the
nMO0S transistors NT,, NT,. and NT, are switched to the
conduotive state in aoéordanoe with this.

According to this, at the booster astage of initial
stage, the node KB, ig held at the ground potential GND
level, and the node LB, :I._s held at the

-V, level.

In the booster stage of the second stage, the node
KB, 1s held at the -V, level in the same way as the node
LB,, and the node KB, is held at the -2V, level. |

In the booster stage of the third stage, the node
KB, 15 held at the -2V level in the same way as the node
LB,, and the node KB; is held at the -3V level.

'fhe potential of the node LB, is output to the
output terminal T, via the diode~connected nMOS
transistors NT,. Here, when defining the threshold
voltage of the nMOS transistor NT, as V., the negative
boosted voltage V.. output to' the output terminal T,
becomes -(3V, - V,).

In general, the boosted voltage V., obtﬂnMg by
the negative booster cirocuit constituted by n numbex of
stages of booster stages is found by the following

equation:

Voorn = - (b x V. - V) ... (2)
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In this way, the voltage loss of the boosted

voltage V., obtained by the negative booster oirocuit
shown in Pig. 8 is only the voltage drop in the diode-
connected between the f£inal stage | and the output
terminal T, and an improvement of the efficiency of
the power supply circuit can be achieved.

Noi:e that, in the negative booster circuit of the
present embodiment, in the same way as the pos:l.ti_ve
booster cirocuit shown in Fig. 2, the nMOS transistor N'.I.‘_1
18 formed in the same well as that for the other
transgistors constituting the peripheral circuit .of for
example the negative booster circuit. and nMOS
transistors NT, and NI, are formed in the individually
independent: welis.

Figure 11 is a oirocuit diagram of an example of the
generator 10a of the clock signal CLK, in the second
embodiment.

As :l.ilustrated, the’ oiook generator 10a is
constituted by the nMOS tra'ns.:l.stors NA,, NB,, NC,, and ND,
and the capaocitor C“.

One diffusion layer of the nMOS transistor NB, is
connected to the supply line of the power supply voltage
~ Vee» the other diffusion layer is connected to the node

ND,, and the gate electrode is connected to the inmput

terminal of the olock signal B,.
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One diffusion layer of the nMOS transistor NA, is

oonnected to the node ND,, the other diffusion layer is
gr:ounded, and the gate electrode is conneocted to the
ioput terminal of the clack signal A,.

| One diffusion layer of the nMOS transistor Nb, is
connected to the 'supply line of the power supply voltage
V... the other diffusion layer is connected to the node
ND,, and the gate eleotrode is connected to the input
terminal of the clock signal D,.

One diffusion layer of the nMOS transistor NC, is
connected to the node ﬁD,. the other diffusion layexr is
grounded, and the gate electrode is connected to the
input terminal of the clock signal C,.

A capacii-;or C, 1s connected between the node ND,
and the node NDzl., and the node ND, is connected to the
output terminal T, of the olock signal CLK,.

At the time of the boosting operation, the olock
signals A,, B,, C,, and D, shown in Figs. 12A to 12D are
input to the clock geherator iOa.

Upon reoceipt of these clock signals, the clook
generator 10a generates a olock signal CLK,, which is
held at the power supply voltage V, at the time of the
high level and is held at a lower level than the ground
potential GND at the time of the low level.

Below, an explanation will be made of the operation
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of the generator 10a of the clook signal CLK, shown in

Fig. 1l referring to the waveform diagram of the oclock
signals A,, B,, C,, and D, and the olock signal CLK, shown
in Figs. 12A to 12E.

'As shown in r;l.gs. 12A to 12D, at the time t,', the
clock signals B, and C, are switched to the high level,
fox example,. the power supply voltage V., level. Note
that, at this time, both of the clock signals A, and D,
are he].d at the low level, for example, the ground
pote'ntial GND.

In accordance with this, in the clock generator
10a, the nMOS transistors NA, and ND, are set in the
nonoconductive state, and both of the nMOS transistors
NB, and NC, are set in the conductive state.

For this reaso:;, the capacitor C, is charged, and
the node ND, is held at a voltage which becomes lower
than the power éppply voltage V.. by exactly the
threshold voltage V,, of the nMOS transistor NB,, that :l.é,
(Vo - V). ‘

Then, at the time t,, the clock signals B, and C,
are gswitohed to the low level, and the clobk signal A, 1is
ra:l.sed. to the high level, for example, the power supply
voltage V. level. Note that, at this time, the olock
signal D, is held at the low level as it is.

In accordance with thig, both of the nMOS
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transistors NB, and NC, are switched to the nonoconductive

atate, and the nMOS transistor NA, is switoched to the
oonductive state. Further, 1.:he nMOS transistor ND, is
held in the nonconductive state as it is. ?or_ this
reason, the node ND, is held at the ground potential GND,
and the node ND, is held at the negative potential, for
example -(ﬁm - Vo -

Subsequently, at the time t,, the clock signal A, is
sw:.tolied to. the low level, and the clock signal D, is
raised to the high level, for example, the power supply
~ voltage V.. In accordance with this, the nMOS transistor
RA, is switched to the noncondnctive state, and the m:’tos
transistor ND, is switched to the conductive state.

Note that, at this time,: the cloock signals B, and
C, are held at the low level, and both of the nMOS
transistors NB, and NC, are held in the nonconductive
stai:e, therefore the no&e ND, is held at the power
supply voltage V. level.

Then, at the time t,, th.e clock signal D, is
switched to the low level, and both of the clock signﬁs
B, and C, are raised to the high level, therefore both of
the nuost transistors NB, and NC, are set in the

conductive state, and the capacitor Cq 1s charged and

the node ND, is held at the (V. - V,) level.

The above operation is repaa'ceaiy carxried out,
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therefore the olock generator 10a shown in FPig. 11

generates a clock signal CLK, which is held at a level
lower than the ground potential GND during the low level
section and is held at the power supply voltage V. level
in the high level section and 6utputs the same from the
output terminal T, . Then, this clock signal CIK, is
supplied to the negative booster circuit shown in Fig. 8,
and the negative boosted voltage Voorn 18 genexrated.

As explained above, acoording to the present _
embodiment, the olock signal CLK,, 15 applied to the gate
electrodes of the pMOS transistors PU,, PU,, and PU,
constituting the booster stages, the clock signal CLK,,
which is held at the power s@ply voltage V. level at
the time of the high level and is held at the negative
potential at the time of the low level is supplied to the
gate eleotrodes of the pMOS tramsistors PL,, PL,, and PL,,
the clock signal CLK,, is supplied to the g&te electrodes
of the nMOS transistors NT,, NT,, and NT, connected
between the booster stages, the clock signals CLK,, and
CLK,, are held at the low level, and the capacitors C,,
C,, and C, of the booster stages are dharged to the
power supply voltage V., .fl.evel, then the cloock signals
CLK,, and CLK, are switched to the high level, the olock
signal CLK,, 1is switched to the high level, and the

negative boosted voltage V, .. is output to the output



terminal T, therefore thégé is no loss of the boosted
voltage due to the substrate biasing effeot at the time
of boosting, the number of stages necessary for obtaining
the desired high voltage can be decreased, the output
current per chip area can be made larger, and the rising
time ocan be shortened.

Algo, in recent &ears, there have been growing
demands for a low 6oitage (for example V_/m) source
independent from the power supply voltage V_ inside an
LSI, for example, for a small amplitude transfer between
chips and inside a ochip.

#s this type of inner Low voltage supply, a series
regulator as shown in Fig, 13 is generally ﬁsed.

This series regulator is oconstituted by, as shéwn
in Fig. 13, an operational amplifier 11 with an inverted
1npu£ (-) connected to the supply line oflg_qgéstant
voltageé V,, and a pMOS transistor 12 with a Qgté
connected to the output of the operational amplifier 11,
with a source connected to tﬁe supply line of the powex
supply voltage V_, and with a drain connected to a |
noninverted input (+) of the operational amplifier 1
and supplies a low voltage V, from a node N, to a circuit
block 13.

When oconsidering the power loss of the series

regulator, there ig a loss P, due to the pMOS tranéistor



12 indicated by the fol:Lou:l.z_:g;1 2equat:l.on=

P = (V, - V) " 4, cee (3)

Then, when V, < (V. /2), the loss becomes 50 percent
or more, which becomes a major obstaocle to reduction of
. the power oconsumption of thé LSX.

Particularly, where a lithium ion battery is used
as the V_, use external powei supply, the fluotuation of
the V  is large and there arises a problem of the power
loss ther’egf.

- Therefore, a DC-DC converter which does not use an
MOS tiansistor as a driver and is constituted only by
capacitance elements and switches and with whioch a
desired low voltage power supply potential oaxi be
obtained has hbeen proposed.

Figure 14 is a cirouit diagram of an example of the
configuration of this DC-DC converter.

. As shown in Fig. 14, this DC-DC converter 20 is
constituted by switch oircuits 21 to 23 and capacitors 31
to 33. Note that, the switch cirouits 21 to 23 are
constituted by for example MOS type transistors. Also, as
the capacitors 31 and 32, those having the same
capacitance are used. |

An opexational contact a of the switch circuit 21
is connected to the supply line of tﬁe power supply

voltage V_,, an operational contact h is connécted to an
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output node ND,., and a fixed oontaot g is comnected to

one eleotrode of the capacitor 31.

The operational contact a of the switch circuit 22
is connected to the operational contact g of the switch
oirocuit 23, the operational contact b is grounded," and
the fixed contact g 1is connected to the other electrode
of the capacitor 31.

The operational contact b of the switch circuit 23
is connected to the output node ND,,., and the fixed
contact g is éonnected to one electrode of the capacitor
32. Then, the other electpode of tlie capacitor 32 is

grounded.

Also, fhe capaocitor 33 is a stabiliiing.oapaoitor
which is connected between the output‘node D, and the
ground line for suppressing.thg voltage drop of the
-output node ND_,,. by a load current I&-and_gtahilizing the
same. Note that, it is not necessary to provide this
gtabilizing capacitor 33 where the pargsitio capaoitahce
of the output power supply linelis.large.

The awitch.cirouits 21, 22, and 23 conneot theirx
fixed contacts o to the operational contact a when the
clock signal & is at the V_, level (high'leve;)-and.
connect their fixed contacts g to the operational contact

b when the clock signal @ is at the grodnd lavel (low

level).
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In such a oonfiguratioﬁ. when the clock signal @ is
at a high level, two capaoitors 31 and 32 are conneote&
in series between the supply line of the power supply
voltage V, and the ground line to charge thé capaaitors
31 and 32.

When the clock signal @ 1s at a low level, two
capacitors 31 and 32 are connected 1# parallel to
discharge the same. |

Next, since the capaocitors 31 and 32 are
constituted by elements having the same capaéitanoe,
due to the above charge an§ discharge funotion, the
output voltage Va appearing at the output node ND ..
becomes V_/2, which is supplied to a ocircuit block 40
operating at this low voltage V_/2. |

" In the down converter shown in Fig._14, when the
nodes ND1 and ND2 are discharged from the power supply
voltage V_ and 0.5 V_, to 0.5 V, and OV, respectively, a
power P4 indicated by the.followiﬁg equation is congumed:

Pd = (1/2) * (Csl+Cs2) * (V._/2)* * (/1)

aee (4)

Here, Csl and Cs2 are parasitic capacitances of the
nodes NDI and ND2.

Similarly, at the time of charging as well, the .
same amount of power is consumed and, as.a result, a

power P indicated by the following equation is consumed
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in total:

P = (1/4) ° (Csl+Cs2) ° (Vv /1) ee (85)

With the power consumption shown by equation (5),
however, the.demand for reduotion of the power
consumption of the LEI is not suffiociently satiéfied.
thus realization of a DC-DC converter with which a
stable output voltage can be obtaiﬁed with a further
lower power loss has been desired.

Figure 15 is a oircuit diagram of a third
embodiment of the DC-DC converter according to the
present.invention: Aiso, Figs. 16A to 16J are timing

charts of the cirocuit of Fig. 15.

As shown in Fig. 15, this DC-DC converter 20a is
constituted by switch circuits 2la to 23a, capacitors’
3la, 32a, and 33a, an axternal power éupply 50 of the
power suﬁply voltage V., & povwer supply 60..fox- 0.25 Voo
and a timing generating circuit 70 generating the olock
signals @1 to 7 at a tm:;g shown in Figs. 16A to 16F.

In the switch circuit éla. fixed contacts ol and o2
of two on-off awitches 11l and 112 are connected in
parallel to one electrode of the capacitor 3la, the
operational 6ontaot al of the switoh 111 ig connected to
the external power supply 50, and the operational contact

22 of the switch 112 1s oconnected to the output node
ND., -
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Then, the switch 111 is controlled on or off by the
olock signal #1, and the switoh 112 is controlled on or

off by the ocloock signal 85.

More specifically, the switches 111 and 112 become
the on state when the cloock signal is at a high level and
become the off gstate when it is at a low level. These on
and off controls are complementarily c§rried out.

In the gwitoch circuit 22a, the fixed contaots cl,
02, and 03 of the three on-off sgwitches 121, 122, and
123 are connected in parallel to the other electrode of
the capacitor 3la, and the operational contact al of the
awitch 121 is aonneoted to the operational contact al of
the switch 131 of the switch circult 23a. The operational
contact a2 of the switch 122 is conneoted to the power

supply 60 for 0.25 V_, and the operational contact a3 of
the switch 123 is grounded. |

Then, the switoch 121 is controlled on or off by the
olock signal @2, the switch 122 is controlled on or off.
by the clook signal @6, and éhe switch 123 is controlled
on or off by the olbok gsignal &7.

More speocifically. thé switoches 121, 122, and 123
become the on_state when the clock signal is at a high
level and become the off state when it is at a low level.

The on-off contrxrol of these switches 121, 122, and 123 is

sequentially ocarried out.



-‘-‘

47
In the switch ocirocuit 23a, the fixed contacts ol

and o2 of the two on-off switches 131 and 132 are
oonnected in parallel to one electrode of the capacitor
32a, and the operational contact a2 of the switch 132 isg
counected to the output node ND,.

Then, the switch 131 is controlled on or off by the
clock 'signal 03, and the switch 112 is controlled on or
off by the clock signal 4.

More specifically; the switohes 131 and 132 become
the ON state when the clock signal ié at a high level and
become thé'off state when it is at a low level. These on
and off controls are complementarily carried out.

Also, the other electrode of the capacitor 32a is
grounded. |

Note that, the switch oircuits 2la to 23a are
constituted by for example MOS system trangigggfs.

Also, a stabilizing oapaoitof 33a for suppressing
the voltage drop of the output node ND, . by the load
ou:rént I, 1s connected between the output node ND,, and
the ground line.

Note that, it is not necessary to'prdvide this
stabilizing capacitor 33a when the parasitioc capacitance
of the output power supply line is large. |

Also, as the capacitors 3la and 32a, those having

the same capacitance are used.



) 48
Figure 17 is a oirouit diagram of an example of the

oonfiguration.of the power supply 60 for 0.25 V_.

This 6.25 V. use power supply 60 ig constituted by
switoh circuits 511 to 517 and aapaaitogs 521 to 525 as
shown in Fig. 17. Note that, the switch oircuits 511 to
517 are constituted by for example MOS system
transistors. Also, as the capacitors 521 to 524, those
having the same capacitance are used.

The operational contact a of tﬁe switoh oircuit 511
is oonnected to the supply line of the poﬁer supply
voltage V_ . the operational contact b is connected to
the output node ND,,., and the £ixed contact g is |
oonnected to one eleotrode of the capacitor 521.

The operational ocontact a of the switch circuit 512
18 connected to the operational contact a of the switch
clrcuit 513, the opeggtional contact b is grounded, and
the fixed contact o is connected to the other eleotrode
of the capaocitor 521.

The operational contaot.h of the switch cirocuit 513
is oconnected to the output node ND .. and the fixed
contact ¢ 1s conneoted to one electrode of the capacitor
522.

The operational contact a of the switch circuit 514

is oconneoted to the operational contaot a of the switqn

olircuit 515, the operational contact b is grounded, and



the fixed contact g is oonnegged to the ofher electrode
of the capacitor 522.

The operational contact b of the switch clrouit 515
'ié connected to the output node ND,,. and the fixed
oontact ¢ is connected to one eleotrode of the capadifor
523.

The operational contact a of the switch circuit 516
1; connected to the operational.oontact a of the switoh
circuit 517, the operational contact b is connected to
the output nodg ND ... and the fixed contaot ¢ is
connected to one electrode of the capacitor 524.

Further, fhe other electrode of the capaocitor 524
is grounded.

Further, the capacitor 525 is a stabilizing
capacitor which is connected between the output node
ND . and the ground line fbr suppressing thg_Yg}tage.
drop of the output node ND,, by a load current I, and
stablliizing the same. Note that, it is not necessary to
provide this stabilizing capaéitor 525 when the
parasitioc capacitance of the output power supply line
iz large.

Thg switoh ocircuits 511 to 517 connect their fixed
contacts g to the operational o&ntaot a when the clock
signal @, is at the V_ level (high level) and connect

their fixed contacts ¢ to the operational contact h when



the clock signal @, is atsghe ground level (low level).

In the power supply 60 having suoh a configuration,
when the olock signal @, is at a high level, the four
capacitors 521, 522,'523, and 524 are connected in series
between the supply line of fhe power supply voltage V_
and the ground line and the capacitors 521 to 524 are
charged.

' When the oclock signal @,, is at a low level, the
four capacitors 421 to 424 aré connected in parallel so
the discharging i1s carried out.

The capacitors 521 t; 524 are constituted by ones
having the same capacitance, therefore, due to the above
charge and discharge funotion, the output voltage Va
appearing at the output node ND,, becomes V /4 = 0.25 V_
which is supplied to the operational contact a2 of the
switch 122 of the switch circult 12a in the circuit of
Fig. 15.

Thé timing generating circuit 70 first sets the
clock signals 01 to ¥3 at a high level as shown in Fig.
16, holds the switches 111, 121, and 131 in the on state,
connects two capacitors 3la and 32a in series between the
external power auppiy 50 and the ground line, and makes
them perform the charging with respect to the capaogitors

3la and 32a.

Subsequently, at a time tl, the clock signals @1 to
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93 are switched to the low level, the clock signals 94

and @6 are set at a high level, the node ND2 is connected
to the 0.25 V_, use power supply 60, and the charges of
the capacitor 3la on the side connected to the node ND2
are discharged to the power supply 50.

Then, at a time t2 after an elapse of a
predetermined timé, the clock signal 96 1s switched to
the low leiel, the olock signal @7 is set at a high
level, the node ND2 is connected to the ground line, and
the capacitor 31la is discharged so that the node ND1
exhibits 0.5 V_, and node ND2 exhibits OV.

Next, at a time t3, the clock gignal @#5 is set at
a high level, the node ND1 is connected to the output
node ND,., and 0.5 V_  (V_/2) is supplied to the output
node ND...

Further, at a time t4, the olock signals 85 and @7
are switched to the low level. the olock signal @6 is set
at a high leve;. the node ND2 is oconnected to 0.25 V_
use power supplj 60, and fhe capacitor 3la is charged so
that the potential of the node ND1 changes f£rom 0.5 V_
to 0.75 V_, and the potential of the node ND2 changes
from OV to 0.25.

Next, at a time t5, the olock signal ¢6 is switched
to the low level, the clock signal @1 1s set at a high

level, the node ND1 is connected to the external power
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supply 50, and the capacitor 3la is charged so that the

potential of the node ND1 becomes V  and the potential
of the node ND2 beoowmes 0.5 V.

Next, the operation by the above configuration will
be explained by referring to the timing chart of Fig. 16.

Firgt, the cloock signals @1, ©¢2, and ¥3 among the
olodk signals @1 to @7 are sét at a high level at the
timing generating oircuit 70, and the oclock signal 91 is
supplied to the switch 111 of the switch oircuit 21a, the
clock signal ©#2 is supplied to the switch 121 of the
switch circuit 22a, and the clock signal da is supplied
to the switoh‘oircuit 131, respectively.

By this, the switches 111, 121, and 131 become the
on state, the two capacitors 3la and 32a are connected in
geries between the external power supply 50 and the
ground line, and the capacitors 3la and 32a are charged.

Next, at a time tl, the clock signals 91 to ©¥3 are
switoched to the low level at the timing generating i
ocirocult 70, the-olook signals'¢4 and @6 are set at a high
level, the clock signal ¢f is supplied to the switch 132
of the switch ciroult 23a, and the clook signal ¢6 is
gupplied to the gwitch 122 of the switch oircult 22a,

respectively.

By this, the switches 111, 121, and 131 become the

off state, the switches 132 and 122 beoome the on state,



53
and the supply of V_/2 to the capacitor 33a and the

oirocuit block 40 is started.

Along with the switch 122 becoming the on state,
the node ND2 is counected to tﬁe 0.25 V,, use powexr
supply 60, and the chargés'of the capaocitor 31la on the
. 8lde connected to the node ND2 are discharged to the
powexr supply 60. Here, via the switch 122, a charge of
0.25 v, (Csl + CsZ).flows into the power supply 50. The
level of the node ND1 at this time is 0.75 V_.

In this case, at the switch 122. the power
consumption shown by the following equation ocours.

P, = (1/2) * (CslaCs2) ° (Vv /4)' * (1/1)

| eee (6)

Here, Csl and Cs2 are parasitic capacitances of the
nodes ND1 and RD2. The relationship with respect to the
capacitance C, of the capacitor 3la 1s set as C,, >>
Csl, Cs2.

ﬁext, at a time t2, the clock signal 96 is switched
to the low level at the timiﬁé éenératiug circuit 70, the
olock signal @7 is set at a high level, and the clock -
signal ©7 is supplied to the switch 123 of the switch
cirouit 22a.

By this, the switoh 122 becomes the off state, and
the switoch 123 becomes ﬁhe on state.

Along with the change of the switoch 123 to the on
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gtate, the node ND2 is connected to the ground line. As

a result, the capacitor 3la is discharged so that the
node ND1 exhibits 0.5 V_, and the node ND2 exhibits 0 V.

In this case, at the switch 123, a power equivalent
to the power 1ndioat§d by the above. equation (6) is
congumed. |

Then, at a time t3, the clook signal 95 is set at
a high level at the timing generating oircuit 70 and is
supplied to the switch 112 of the switch circuit 21a.
| By thie, the switch 112 becomes the off state, and
0.5 v, (V,/2) is supplied to the output node ND ..

Also, at é time t4, the clock signals 95 and @7 are
switched to the low level at the timing generating
oircult 70, the clock signal 96 is set at a high level,
and the clock signal @6 is supplied to the switch 122 of
the switch clrouit 22a.

By this, the switches 122 and 123 become the off
state, and the switch 122 becomes the on state. |

Along with the change of the switch 122 to the on
state. the node ND2 is connected to the 0.25 Vv, use
power supply 60. As a result, the capacitor 3la is
charged so that the potential of the node ND1 ohanges
£rom 0.5 V, to 0.75 V_, and the potential of thé node
ND2 changes from OV to 0.25 V.

In this case, at the switch 122, a power equivalent
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to the power indicated by the above egquation (6) ig

consumed. .
| Here, oharges of 0.25 V., (Csl+Cs2) flow out the '
power supply 60 via the switch 122. In this way, at the
0.25 V , use power supply 60, an inflow and outélow of
0.25 V_ (Csl4+Cs2) ocour by the charging and discharging,
and the charges are recyoled. For this reason, the
frequency of the clock signal &, for the power suﬁply 50
may be low, and there is almost no power loss due to

the oirouit of Fig. 15.

Next, at a time t5, the clock signal ¥6 is switched
to the low ievel at the timing generating circuit 70, the
clock signal @1 41s set at a high level, and the clock
signal ¢1 is supplied to the switch 111 of the switch
oircuit 2la.

By thizs, the awitoh 122 becomes the off et#te, and
the switch 111 becomes the on state.

Along with the switch 111 becoming the on state,
the node ND1 is connected to éhe external power supply
40. As a result, the capaoitor_kla is charged so that the
potential of the node ND1l becomes V, and the potential
of the node ND2 becomes 0.5 V.

In this case, at the switoch 111, a power equivalent

to the power indiocated by the sbove equation (6) is

consumed.
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The power PT consumed by a series of discharging

and charging operations is given by the following
equation:

PT = 4 x (1/2) * (Csl+Cs2) * (V,/4)** (1/1)

= 4 x (1/8)° (Csl+Cs2) *V_°* (1/1) '
ees (7)

This power consumption is 1/2 of the power
consumption P = (1/4) * (Cs1l+Cs2) * (V“/'E)z of the
conventional circuit.

As explained above, according to the first
embodiment, in a DC-DC converter wherein two capacitors
31a and 32a are connected in series between the
.externa; power supply and thg réference power supply
(ground) to be charged and are connected in parallel to
. give an output voltage Va of a value'between.the
external power supply voltage and the reference power
- supply voltage by the clock signals @1 fo~;3. provision
is made of a power supply 50 for potential lower fhan-
the external power supply 50 ;nd the ground voitage
source and provision is made of switches 121, 122, and
123 respectively operationally connecting the external
power supply 50 and the power supply 60 for low
potential with the capacitors 3la and a circuit 60 for
sequentially switching the connection and nonconnection

state from the switch side connected to the external
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power supply to charge and discharge the capacitors 3la

and sequentially switching the conneoction and
nonconnection state from the s;itch side oconnected to
the ground éoltage gsource side to discharge the o
capacitors 3la and thereby perform a heat insulating
charging, therefore there is the advantage that a iow
volfage source with which a staple output voltage Va
can be obtained with a low power logs can be realized.

Note that, in the present embodiment.'# so-called
two-step charging method was used, but ﬁy adopting an pn
number step ocharging method in whiohlthe number of
switches o: the switbh circuit 22a is further increased
to n, the power logs can be reduced to 1/n of that of the
conventional method. |

Note that, needleszs to say the number of
connections of the capacitors is not limited—to that of
the présent example, and a variety of modifications are
possible. _

Also, the switch oirouif can be constituted by for
example a transmission gate of the CMOS type, but
desirably a p-channel MOS transistor and n-channel MOS

trangistor are selected and used corresponding to the

transmission potential.

Also, 80 as to reduce the power loss., as the

capacitor, desirably use is made of an external
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capacitance, high dieleotric capaocitance, MIM (metal-

insulator-metal) configuration capacitance, DRAM trench
or stack capacitance, planar capacitance, ferroelectric
oép&citance, or the l;ke.

Partioularly, a ferroelectric such as PZT has a
relative dieleotric constant larger than S10, by two
figures or more, and the parasitic capaﬁitnnoe can be
sufficiently reduced.

Figure 18 is a circuit diagram of a fourth
embodiment of the DC-DC converter according to the
present invention.

The difference of the present first embodiment from
the above third embodiment resides in that the switch
circuits and capacitor columns of fhe system A and system
B are connected in parallel, and they are resﬁeotively
ariven by the clock signals @1 to #7 and @1 to B7 having
inverse phases to.eadh other (deviated by t/2 phase).

Note that, the fundamental operation of the circuit
per se is similar to that of the thira embodim#nt, and
therefore an explanation thereof is omitted here.

In such a oonfiguratioh, in_the clrcuit of the
system A, when for example the nodes ND1A and ND2A are
discharged to the 0.25 V_ use powér aupply 60a via the
switoh 122A from V  and 0.5 V_ to 0.75 V_, and 0.25 V__,

respectively, in the cirocuit of the system B, the
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charging operation is conversely carried out only by the

same oharge amount, therefore the both are cancelled.
Accordingly, the aupply of the charges from the 0.25 V
use power supply 60a is 0, and there is an advantage that
the 0.25 V use power suppiy 60a becomes very élta.t‘)le..

The ripple of the output node ND,. accompanied with
the load current I, ocan be lowered.

Many widely different embodiments of the present |
invention may be constructed without departing f£rom the
spirit and scope of the present invention. It should be
understood that the present invention is not restricted

to the specifioc embodiments desoribed above.
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What is claimed 1is:

1. An internal power supply circuit, compri#ing;

a plurality of charge acoumulating means,

a firgt power supply terminal,

a seqond power supply terminal,

a first switching means for conneocting the
plurality of charge accumulating means in parallel to
each other in a first state, and

a geoond ewitching means for connecting the
plurality of charge accumulating means in series with

each other in a second state, and

a oontrol means f£for energlzing the first switoching
means or the second switohing meaﬁs in response to the
: fi&at state or the second state to connect the plurality
of charge accumulating means between the first power
supply terminal and the second power supply terminal,
and for deenergizing the first switching means or the
gecond switching means in response to the first state or
the second state to disoonneof the plurality of charge
acoumulating means between the f£irst power supply
terminal and the second power supply terminal,
- the control means repeating the energizing and the

deenergizing.

2, An internal power supply cirouit according to
claim 1, wherein
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the charge accumulating means are constituted by

capacitors;

the first switching means is constituéed by a
third switching weans and a fourth switching means; ana

a partial booster aircuit is comprised by a
capacitor connected between a first node and a second
node, the third switching means oconneocted between tﬁe
first node and the first power supply terminal, and the
fourth switching means connected between the second ndde
and the second power supply terminal;

a plurality of fhe partial booster circuits is
provided;

the second switching means holds in a non-
conduoctive state the €£irst node of a front partial
booster circuit and the second node of a rear partial
booster circuit in the first state and holds_them in a
oconductive state in the second state;

the first switching means comprised of the third
switching means and the fourtﬁ switohihg means being

' held in the conductive state and the second switching

meang being held in a non-conduotiﬁe.staxe in the first
state; and

the €irst switching means comprised of the third
switching means and the fourth switching means being

held in the non-conductive state and the second

THIS SHEET HAS BEEN
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switohing means being held in a oonductive state in the

scoond state so as to raise the voltage between the first

power supply terminal and thp seocond power supﬁly

terminal.

3. An internal power supply ocirocuit according to
olaim 1, further comprising;

a bilasing means connected to the second node of
the initial stage partial booster cirocuit for holding
the éeoond node at a constant potential and

a rectifying means connected hetween the firgt
node of the final stage partial booster cirocuit and a
boosted voltage.output terminal.

-4. An internal power supply circuit according to
claim 3, wherein the biasing means is constituted by a
switching means set in the conductive gtate when the
first switching means comprised of the third and fourth

switching means is non-conductive.

5. An intermal power supply c¢ircuit according to
claim 3.'wherein= '
| the first power supply terminal is a positive
power supply terminal and the second power supply
terminal is a negative power supply terminal,
the constant potential is the potential of the
£irat powér supply terminal,

the biasing means is a rectification element

THIS SHEET HAS BEEN
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connected so that a direction from the first power supply

toward the second node of the initial stage partial
booster ocircuit becomes a forward direction, and

the rectification element is connected so that a
direction from the £irst node of the f£inal stagé
partial boosater circuit toward the output terminal
beeomés the forward direotion and supplies the positive
boosted voltage to the output terminal.

6. An internal power supply circuit acoording to
olaim.s, wherein:

the first power supply terminal i1s a negative
power suﬁply texminal and_tﬁe second power #upply
terminal ié a positive powér supply ferminal,

the constant potential is thg potential of the
second power supply'terminal.

the biasiﬁgﬂmeans is a rectification element
connected so that a direotion f£rom the second node of the
firat stage partial booster circuit toward the first
power supply terminal becomes‘the forward direotion,
and

the rectification element is connected so that a
direction from the output terminal to the first node of
the final stage partial booster circuit becomes the
forward directiﬁn and supplies the negative boosted

voltage to the output terminal.
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7. An internal power supply circuit according to

claim 3, wherein;

the third switcﬁiﬁg means is constituted by a
firast conductivity type insulation gate type field
effeot transistor with a gate eleoctrode conneoted to an
input terminal of a fixrst clock, with one diffusion layer
connected to the first power supply. and with another
diffusion layer connected to the first node of the
partial booster circuit;

the fourth switching means is constituted by a
first conductivity type insulation gate type field
effect transistor with a gate electrode connected to an
input terminal of a second clock, with one diffusion
layer connected to the second powé; supply, and with
another diffusion layer connected to the second node of
the partial booster oilrcult; and | |

the second switching means is constituted by a
gsecond conductivity type insulation gate type field
effeoct transisgtor with a gaté eleétrode connected to the
input terminal of a third olock.

8. An internal power supply cirouit according to
claim 3, whexein

the blasing means is constituted by a seoond-
conductivity type insulation gate type field effeot

transistor with a gate electrode connected to the input
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terminal of a third olock.

9. An internal power supply circuit according to
claim 7, wherein an amplitude of the first cloock is set
larger than a potential difference between the first
power supply terminal and the second power supply
te:mina{.

l0. An internal power supply circuit according to
olaim 7, wherein the first power supply terminal is a
positive power supply terminal and the first conductivity
type insulation ggte type fleld effect transistor is an
n-cﬁannel type transistor and is held at a higher level

than the first power supply terminal voltage in a high

level section of the first olock.

| 11. An 1ﬁterna1 pouei supply circuit according to
claim 7, wherein the first power supply is a negafive
power supply terminal and the f£irst conductivity type
insulation gate type field effect transistor is a p~
channel type transistor and is held at a lower level than
the second powei supply terminal voltage in a low level
section of the first clock.

12. . An interﬁal power supply circuit according to
claim 7, wherein the second conductivity type insulation
gate type field effeoct transistor donstituting the second
switching means is formed in an independent well.

13.. An internal power sSupply cirocuit according to-
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claim 8, wherein the bilasing meang is a second

‘conductivity type insulation gate type field effect
transistor formed in the same well as that for the second
conduotivity type insulator gate type field effect
transistors constituting part of the peripheral logio
clrouit.

14. An internal paower supply ocircult, comprising:

a firast power supply terminal,

a second pawer suﬁply terminal,

a first node,

a second node,

a capacitor connected between the first node and
the second node,

a first switqhing means connected between the
first node and the first power supply terminal,

a second switching means connected between.the
second node and the second power supply terminal,

a blasing means oconnected to the second node and
blasing the node at a constant potential, and

a rectifying means connected hetween the firat'
node and the boosted voltage output terminal,

the first and second switching means ﬁeing
repeatedly set in the conduoctive atate and the non-~

conductive state to be overlapped thereby to output a

boosted voltage to an output terminal.

e g g2
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15. An internal p&gér supply ocirouit according to
olaim 14, wherein '

the biasing means is a rectification element
connected s0 that a direction from the f£irst power supply
toward the second node becomes a forward direction and

the rectifying means is connected so that a
direction from the £irst node toward the boﬁsted voltage
output te:minai becomesg the férward direction.

16. An internal power supply oirocuit aﬁcording to
claim 14, wherein

the biaring means is a rectification element
connected so that a direction f£rom the seoond node toward
the first power supply-beqomes a forward direction and

the recilifying means is connected so that a |
digection from the boosted voltage output termiﬁal ?oward
the first node becomes the forward direction.

17. An internal power supply circuit according to
olaim 1, wherein

the charge aocumulating'meaus are constituted by
capaocitors;

the capacitors are connected in series between
the first and second power supply terminals and tyen
are charged in the seocond state; and

the capacitors are conneoted in parallel between

the sacond power supply terminal and a down voltage

[ THIS SHEET HAS BEen
REPLACED




" This Sheet H. Replac ed
C

T : :llllllllllllllllll//lll

68
output terminal in the firgt state to thereby obtain a

voltage between the first and second power supply

terminal.

18. An internal power supply oircuit according to
claim 17, further compriéingg .

a switohing means conneocting to an external power
-supply between the voltage of the £irst power supply
terminal and the voltage of the second power supply
terminal, having at least one sub-power #upply of a
potential lower than the external power suppl;, and

operationally connects the external poﬁer supply and the

gub-power supply and

a means for sequentially switching the connection
and nonconnection state from the switoching means
connected to the external power supply to cause.

ohaiging and discharging of the capacitoxs.

19. An internal power supply clrcuit according to
claim 8, further comprising a means for sequentially
svitohing the connection and ﬁonoonneotion state from the
switching means connected to the sub-power supply to
cause charging and disohn:ging of the ocapacitors.

20.© An internal power supply oircuit according to
claim 18, ﬁherein h

at least two arrangements of a plurality of

capacitors which are switched between the serial
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connection and parallel oonggotion based on a clock
signal and

clock signals having inverse phgses Are supplied
to the above at least two arrangements.

21. An internal powér supply circuit accorﬁing to
olaim 17, wherein the capacitors are composed of
capacitors selected from ferroelectric capacitors, high
dielectric capacitors, MIM (metal-insulator-metal)
configuration capacitors, DRAM trench and staock

capacitors, planar capacitors, external capacitors, and

MIS (metal-insulator-semiconductor) gate capacitors.
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INTERNAL POWER SUPPLY CIRCUIT

ABSTRACT OF THE DISCLOSURE

An internal power supply circuit,
comprising a'plurality of charge acocumulators, a first
power supply terminal, a second power supply terminal,
a first switch for conneoting the plurality of cha:ge
accumulators in parallel to each other in a first
gstate, and a second switch for connecting the plurality
of qharge acocumulatorxrs in.series with each other in a
second state, fhe charge acocumulators connected between
the first power supply terminal and the second powex
supply terminal at either the first state or the second
state, and the_fiﬁst state and the second state set
repeatedly to raise or lower a voltage between the

£irst power supply terminal and the second power supply

terminal.

Figure 2
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What is claimed is:

1. An intermnal power supply circuit, comprising;

a plurality of charge accumulating means,

a first power supply terminal,

a second power supply terminal,

a first switching means fbr connecting the
plurality of charge accumulating means in parallel to
each other in a first state, and

a second switching means for connecting the
plurality of charge accumulating means in series with
each other in a second state, and

a control means for energizing the first switching
means or the second switching means in response to the
first.staté or the second state to connect the plurality
of charge accumulating means between the first power
supply terminal and the second power supply terminal,
and for deenergizing the first switching means or the
second switching means in response to the first state or
the second state to disconnecf the plurality of charge
accumulating means between the fifst power supply
terminal and the second power supply terminal,

the control means repeating the energizing and the

deenergizing. and
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the charge aécumulating means are constituted by
capacitors;

the first switching means is constitufed by a
third switching means and a fourth switching means:; and

a partial booster circuit 1s comprised by a
capacitor connected between a first node and a second
node, the third switching means connécted between the
first node and the first power supply terminal, and the
fourth switching means connected between the second node
and the second power.supply terminal;

a plurality.of the partial booster circuits is
provided;

the second switching means holds in é non-
conductive state the first node of a front partial
booster cirocult and the second node of a rear partial
booster circuit in the first state and holds them in a
conductive state in the second state:

the first switching means comprised of the third
switching means and the fourth switching means being
held in the conductive state and the second switching

means being held in a non-conductive state in the first

- state; and

the first switching means comprised of the third
switching means and the fourth switching means being

held in the non-conductive state and the'éecond
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switching means being heid in a conductive state in the
second state so.as to raise the voltage between the first
power supply terminal and the second power supply
terminal.

2. .An internal power supply cilrcuit according to
claim 1, further comprising; |

a blasing means connected to the second node of
the initial stage partial booster circuit for holding
the second node at a constaht potential and

a rectifying means connected between the first
node of the final stage partial booster circuit and a
boosted voltage output terminal.

3. An internal power supply circuit according to
claim 2, wherein the biasing means is constituted by a
switching means set in the conductive state when the
first switching means comprised of the third and fourth
switching means is non-conductive.

4. An internal power supply circuit according to'
claim 2, wherein: - |

the first power supply terminal is a positive
power supply terminal and the second power supply
terminal is a negative power supply terminal,

the constant potential is the potential of the

first power supply terminal,

the biasing means is a rectification element



[

3

10

15

20

25

REPLACEMENT SHEET -

LT R -

connected so that a direction from the first power supply
toward the second node of the initial stage partial
booster circuit becomes a forward direction, and

the rectification element is connected so that a
direction from the first node of the final stage
partial booster circuilt toward the output terminal
becomes the forward direction and supplies the positive
boosted voltage to the output terminal.

5. An internal power supply circuit according to
claimiz, wherein:

the first power supply terminal is a negative
power supply terminal and the second power supply
terminal is a posifive power supply términal,

the constant pétential is the potential'of the
second power supply terminal,

the biliasing mééns is a rectification element
connectéd so.that a direction from the second node of the
first stage partial booster circuit toward the first
power supply terminal becbmes.the forward direction,
and

the rectification element is connected so that a
direction from the output terminal to the first node of
the final stage partial booster circult becomes the
forward direction and supplies the negative boosted

voltage to the output terminal.
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6 . An internal power supply circuit according to
claim 2, wherein;

the third switching means 1s constituted by a
first conductivity type insulation gate type fieid
effect transistor with a gate electrode connected to an
input terminal of a first clock, with one diffusion layer
connected to the first power supply, and with another
diffusion layer connected to the first node of the
partial booster circuit;

the fourth switching means is constituted by a
first conductivity type insulation gate type field
effect transistor Qith a gate electrode connected to an
input terminal of a second clock, with one diffusion
layer connected to the second power supply, and with
another diffusion layer connected to the second node of
the partial booster circuit; and

" the second switching means is constituted by a

second conductivity type insulation gate type field
effect transistor with-a gaté electrode connected to the
input terminal of a third clock.

7. An internal power supply circuit according to
claim 2, wherein

the biasing means is constituted by a second
conductivity type insulation gate type field effect

transistor with a gate electrode connected to the input
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terminal of a third clock.

‘8. An internal power supply circuit according to
claim ¢, wherein an amplitude of the first clock is set
larger than a potential difference between the first
power supply terminal and the second power supply

terminal.

9. An internal power supply circuit according to

'claim 6 . wherein the first power supply terminal is a

positive power supply terminal and the first conductivity
type insulation gate type field effect transistor is an
n-channel type transistor and is held at a higher level
than the first power supply terminal voltage in a high
level section of the first clock.

10. An internal power supply circult according to
claim 6, wherein the first power supply 1s a negative
power supply terminal and the first conductivity type
insulation gate type field effect transistor is a p-
channel fype transistor and is held at a lower level than
the second power supply terminal voltage in a low level
section of the first clock.

11. An internal power supply circuit according to
claim 6, wherein_the second conductivity type insulation
gate type field effect transistor constituting the second
switching means is formed in an independent well.

12. An internal power supply circuit according to
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claim 7, wherein the blasing means is a second
conductivity type insulation gate type field efféct
transistor formed in the same well as that for the second
conductivity type insulator gate type field effect
transistors constituting part of the peripheral logic
circuit.

13. An internal power supply circuit, comprising:

a first power supply terminal,

a second power supply terminal,

a first node,

a second node,

.a capacitor connected between the first node and
the second node,

a first switching means connected between the
first node and the first power supply terminal,

a second switching means connectedlbetween the
second node and the second power supply terminal,

a biasing means connected to the second node and
biasing the node at a constanf potential, and

a rectifying means gqnnected between the first |
node and the boosted voltage output terminal,

the first and second switching means being
repeatedly set in the conductive state and the non-
conductive state to be overlapped thereby to output a

boosted voltage to an output terminal.
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An internal power supply circuit according to
wherein
blasing means is a rectification element

so that a direction from the first power supply

toward the second node becomes a forward direction and

the

direction

rectifying means is connected so that a

from the f£irst node toward the boosted voltage

output terminal becomes the forward direction.

15.
claim 33,
the
connected
the first
the
direction
the first

16.

An internal power supply clrcult according to
wherein
blasing means is a rectification element

so that a direction from the second node toward
power supply becomes a forward direction and
rectifying ﬁeans is connected so that.a-

from the boosted voltage output terminal toward
node becomes the forward direction.

An internal power supply circult according to

claim 1, wherein

the charge accumulating means are constituted by

capacilitors:

‘the

the first

capacitors are connected in series between

and second power supply terminals and then

are charged in the second state; and

the capacitors are connected in parallel between

the second power supply terminal and a down voltage
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output terminal in the first state to thereby obtain a
voltage between the first and second bower supply
terminal.

17.. An internal power supply cirocuit accordipg to
claim 34, further comprising;

a switching means connecting to an external power
supply between the voltage of the first power supply
terminal and the voltage of the second power supply
terminal, having at least one sub-power supply of a
potential lower tﬁan the external power supply, and
operationally connects the external power supply and the
sub-power supply and

a means for sequentialiy switching the connection
and nonconnection state frqm the switching means
connected to the external power supply to cause
charging and discharging of the capacitors.

18. An internal power supply clircuit according to
claim 7, further comprising a means for sequentially
switching the connection and ﬁoncbnnection state f£rom the
switching means connected to the sub-power supply to
cause charging and discharging of the capacitors. \

19, An internal power supply circuit according to
claim 17, wherein

at least two arrangements of a plurality of

capacitors which are switched between the serial
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connection and parallel connection based on a clock
signal and

clock signals having inverse phases are supplied
to the above at least two arrangements.

20-. An internal power supply circuit according to
claim 16, wherein the capacitérs are composed of
capacitors selected from ferroelectric capacitors,_high
dielectric capacitors, MIM (metal-insulator-metal)
configuration capacitors, bRAM trench and stack
capacitors, planar capacltors, external capacltors, and

MIS (metal-insulator-semiconductor) gate capacitors.



