DESCRI PTI ON POAER SUPPLY APPARATUS AND VOLTAGE CONVERTER 5  TECHNI CAL

FI ELD The present invention relates to- a power supply apparatus and a

vol tage converter suitable for a | ow power LSI. 10 BACKGROUND ART
Circuits for increasing, decreasing and inverting a direct-current input
voltage value to a different di- rect-current output voltage val ue include
D&/ DC converters. In view of the conversign efficiency and the ampunt of
heat 15 generated, a DC/ DC converter has a better conversion efficiency
and generates a smaller anount of heaﬁ#@i@e of a regulator. They have
a small er device volune in conpariso nsformer. For these
characteristics, they are used in work stations and personal conputers,
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structure of a conventional DC/ DC converter 61. Figure 51A illustrates a 25
section fg)r de‘f}ﬁ(gﬁls.i?ﬂLaﬁ§E“- jtputting an input voltage. A power supply
voltage iS provide 0 a vVoltage input termnal. According to a pul se
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transi stor 51 b8Iepened, a current is supplied to an LC. section. The
change in the supplied current over tinme is converted by an inductance L
into a voltage, and a voltage -2- increases faster at the termnal A

than at &R out BAFKERPONNR, AR

Circuits for increasing, decreasing and inverting

a direct-current input voltage value to a different di-
rect-current output voltage value include DC/DC converters.
In view of the conversion efficiency and the amount of heat

15 generated, a DC/DC converter has a better conversion
efficiency and generates a smaller amount of heat than those
of a regulator. They have a smaller device volume in
comparison with a transformer. For these characteristics,
they are used in work stations and personal computers, which

20 are demanding in terms of the conversion efficiency, amount
of heat generated, and device volume.

Figures 51A and 51B illustrate a structure of a

conventional DC/DC converter 61. Figure 51A illustrates a

25 section for decreasing and outputting an input voltage. A
power supply voltage is provided to a voltage input terminal.
According to a pulse signal provided to a signal input
terminal A and a signal input terminal B, NMOS transis-

tors 50 and 51 are changed between an open state and a closed

30 state. When the NMOS transistor 50 is closed while the NMOS
transistor 51 is opened, a current is supplied to an LC,
section. The change in the supplied current over time is
converted by an inductance L into a voltage, and a voltage



Next, when the NMOS transistor 50 is opened while the NMOS transistor 51 is
closed, a current is discharged fromthe LC section. The ratio between the
supplied current and the 5 di scharged current determ nes the out put

vol tage. Wien a period of tine for which the NMOS transistor 50 is closed
Is longer than a period of time for which the NMOS transistor 51 is closed,
the output voltage increases. Wien the periqgd of tinme for which the NMOS
transi stor 50 10 is closed is shorter thé&n~the period of time for which
the NMOS transistor 51 is closed, the output voltage decreases. For
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voltage at a nonitor termnal of a voltage conversion section 54 with
For example, assume that the output voltage is 1.5 when
the period of time for which the NMOS transistor 50 is closed
is equal to the period of time for which the NMOS
15 transistor 51 is closed. Then, when the period of time for
which the NMOS transistor 50 is closed is longer than the
period of time for which the NMOS transistor 51 is closed,
the output voltage is a voltage higher than 1.5 V. When the
period of time for which the NMOS transistor 50 is closed
20 is shorter than the period of time for which the NMOS
transistor 51 is closed, the output voltage is a voltage
lower than 1.5 V.

As illustrated in Figure 51B, signals instructing

25 the open/closed states of the NMOS transistors 50 and 51
are input through the signal input terminals A and B, and
pulse signals input to the signal input terminals A and B

are generated by a pulse generation section 55. The cycle

and pulse width of an output pulse of the pulse generation

30 section 55 are controlled by a control section 57. The
control section 57 compares the voltage output from a
reference voltage generation section 56 and the voltage at

a monitor terminal of a voltage conversion section 54 with



-3- each other, and controls the cycle and pul se width of the pul se signal
output fromthe pul se generation section so that the voltage at the nonitor
terminal is at a target voltage. 5 Recently, it has al so been proposed to
use a DC/ DC converter in portable apparatuses such as a portable tel ephone
or a PHS in order to prolong the life of a lithiumion battery. This is
because there is a possibility that, 10 _ sby decreasing the output vol t age

of alithiumion battery, which has a 3 V output voltage, to a voltage near
1 V by neans o
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a vol tage ich is half or less than half of the battery voltage. The

output voltage of a lithiumion battery used in 25 a portabl e tel ephone
is 3 V. In order to redReeerhdypoikmhasndFpPeeR BropRsedsto pge g HC/DC
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which has a 3 V output voltage, to a voltage near 1 V by

means of a DC/DC converter, and by operating an LSI used

in a portable telephone at the voltage near 1 V, the power

consumption of the LSI may be reduced.

15
However, in order to realize such a prolongation of
battery life, it is necessary for the DC/DC converter to
simultaneously solve the following problems (1) and (2).

20 (1) The conversion efficiency should not decrease even when
converting the battery voltage to'a voltage which is half
or less than half of the battery voltage.

The output voltage of a 1lithium ion battery used in

25 a portable telephone is 3 V. In order to reduce the power
consumption of the LSI, it is necessary to efficiently
decrease the output voltage of the lithium ion battery to

1 V. However, when it is attempted to effect such a voltage
decrease using the conventional DC/DC converter 61

3.0 (Figure 51B), the conversion efficiency decreases. Thisis
because the power consumption of a control syétem circuit 58

in the conventional DC/DC converter 61 is large. For

example, when the power supply voltage is 1 V, the power



-4- consunption of the LSI is about 10 mW whereas the power consunption of
the control systemcircuit 58, which includes the pul se generation section
55, the control section 57 and the reference voltage generation section 56,
is about 100 nmW 5 Thus, a cause of the decrease in conversion
efficiency is that when the power supply voltage is |ow, the power
consunption of the control systemcircuit, 58 of the DO DC converter 61 is

| arger than the power consunption of the tsr. 10 (2) The vol tage conversion
section shoul d have an efficiency of 90%or nmore. In the conventional DC/ DC
converter 61, copsugptipn of theadST deiWiend Wf. (HReTRRT abRe BAYEFsi on

section 54 oCegdhgutip? ildh SHHRESH £EVisYS tihl ©1etui besdMVhilcransékudésr s 50
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(2) The voltage conversion section should have an efficiency
of 90% or more.

In the conventional DC/DC converter 61, the de-
15 crease in efficiency of the voltage conversion section 54
occurs due to currents flowing through the NMOS transis-
tors 50 and 51. In the voltage conversion section 54, a
doubled decrease in efficiency results for one cycle. This
is because the NMOS transistors 50 and 51 are opened in a

20 single cycle in the voltage conversion section 54.

Moreover, problems associated with the on-chip
technique include (3) below.

25 (3) On-chip implementation should be easy.

In the conventional DC/DC converter 61, the value
of the inductor 52 is about 100 pH. However, it isdifficult .

to form an inductor having such a large value on a silicon

30 substrate. This is because it is only possible to form an
inductor of about 200 nH, at best, on a silicon substrate.

When an inductor of about 100 pH is used, there is a

possibility that radiating electromagnetic noise may cause



mal functi oning of other LSIs. Mreover, in order to realize a conversion
effi- ciency of 80%or nore in the conventional DC/ DC converter 61, 5 a
resirstance while the NMOS transistors 50 and 51 are closed (ON resistance)
needs to be about 0.1 nferr]. However, it is difficult to forma swtch
having such a small ON resistance on a silicon substrate. This is because
it is only possible to forma switch whose ON resistance is about 500
nferr], at 10 best, on a silicon subs‘frgt When a switch having an ON
resi stance of about 500 nerr] is used, the conversion effi- ciency
decreases to BAYEBRCEAORINTHOE, oAheHLSEfe probl ens (1)-(3) cannot be

sol ved 15 with the conventional DC/ DC converter 61. An object of the
present invention is to simultaneously solve the above-described gﬂ)bl ens

(1)-(3) while providi H§rgov&tt-ade % Rﬁm G hI TR R
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resistance of about 500 mQ is used, the conversion effi-
ciency decreases to 60% or less.

Thus, any of the problems (1)-(3) cannot be solved
15 with the conventional DC/DC converter 61l.

An object of the present invention is to _
simultaneously solve the above-described problems (1)-(3)
while providing a voltage converter which realizes a

20 high-efficiency voltage conversion even when a small output

current is output.

Moreover, the present invention is a basic invention
of a power supply apparatus suitable for a low power LSI.
25 The present invention has an objective to provide a power
supply apparatus which has the following characteristics:
(1) having substantially no energy loss: (2) being capable
of generating various types of voltage waveforms; and (3)
being suitable as a power supply for an LSI.
30 '
Furthermore, the pre.sent invention has an objective
to provide a semiconductor integrated circuit comprising

a power supply apparatus, including an L.C resonance circuit,



I's supplied fromthe power supply apparatus, wherein it is possible to
reduce noi se generated by the operation of the LC resonance circuit. 5

DI SCLOSURE OF THE | NVENTI ON A power supply apparatus of the present

i nvention as defined by claim 1l conprises energy supplying nmeans for
supplying energy at a predetermned tining; and energy 10 preserving
means for receiving the energy supplied fromthe ener gy suppl yi ng neans and
preserving the energy. The energy preserving neans includes an inductor, a
first capacitance connected to one end of the inductor at a first _node, and
a secgnd capa(am':laaté.etacsmGneerﬁ.n@mbthek tmwharhrspowerRURBNITPSLASE a
second node. .Th Iy 1 asn s of

first node an&'st %g%g)g'c%%ﬁ: 3‘ Eﬂk § é éﬁff éﬁﬁar%%teéf ﬁlh\‘/ent |r8r:1LttaIsi%
defined by 20 possikientlo nemlqmaeets@r gieneraaeé bri the ppraiion &etieng
means, the finy Capscdhedceippdithe second capacitance forma closed
system havi ng substantially no | eakage of energy to the outside of the

ener gy pre®serving neans. Because the energy does not substantially leak to
Ithe ou]Esi de OfDi_é”@L@hﬁJRE energy mnvggmbng nmeans, there is substantial ly no
oss of energy int e ower su appar at u 0SSl
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7- 10 preserving means for receiving the energy supplled from the

energy supplying means and preserving the energy. The
energy preserving means includes an inductor, a first
capacitance connected to one end of the inductor at a first

node, and a second capacitance connected to another end of

15 the inductor at a second node. The energy is supplied to
a load via at least one of the first node and the second
node.

According to the present invention as defined by

20 claim 1, the inductor included in the energy preserving
means, the first capacitance and the second capacitance form

a closed system having substantially no leakage of energy

to the outside of the energy preserving means. Because the
energy does not substantially leak to the outside of the

25 energy preserving means, there is substantially no loss of
energy in the power supply apparatus. Thus, it is possible

to provide a low power consumption type power supply
apparatus.

30 Moreover, according to the present invention as
defined by claim 1, by setting the first capacitance and
the second capacitance to predetermined values, respec-

tively, it is possible to supply various types of voltage



waveforms fromthe first node and the second node, respectively, to the

| oad. For exanple, it is possible to supply a direct-current voltage
waveformto the load fromone of the first node and. the second node.

Alternatively, 5 it is possible to supply an alternating-current voltage
waveformto the load fromone of the first node and the second node.

Alternatively, it is possible to supply a direct- current voltage waveform
to the load fromone of the first node anll The second node, while supplying
an alternat- 10 i ng-current voltage waveformto the | oad fromthe ot her
one of the fiwavefiotmsantfirome ez oftiraiie nodet eandt | Yhey, seeond mrdeble to
supply an alt 1.0g= re t wav r e 4 f the
first node angégﬁé&ggggﬁg'ng%e%&%%ﬁi'one?éﬁb%m%% Jfﬁﬁg'gl %ggg{ﬁggght@

seni conduct or subpiwi @ @iveat-aqusrentt vpdtagecHapeformetoathecleadcbxemn

function. = TBRePOXRnS PRt GRRRI @l t8k EBBORECHSAL . | VEFéIE BoeTief | ned
by claim1l is suitab

_Sui, e for_ supplying_20 a power supply to such oad.
This i s Becaud& flife RRAGILLRpHP ySEBBAY afills aé‘ftetq’i’é‘t&‘k?g'é’r’r{r’?%’én‘(?%ﬁa%%
defined by cl ghffefolastéd tHe Y648 F-dri ol ¢t tReCRi rehhodevand fih@setondhe
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di rect - awr r enting-cutrent voltage waveform to the load from the other one
of the first node and the second node. Alternatively, it
is possible to supply an alternating-current voltage
waveform to the load from both of the first node and the
second node.
15
In one embodiment, the load is a semiconductor
circuit having a structure which provides a rectification
function. The power supply apparatus of the present
invention as defined by claim 1 is suitable for supplying
20 a power supply to such a load. This - is because the power
supply apparatus of the present invention as defined by
claim 1 has a structure in which a current never flows to

the load in a concentrated manner.

25 In another embodiment, a direct-current voltage
waveform is supplied to the load from one of the first node
and the second node.

In still another embodiment, an alternating-current
30 voltage waveform is supplied to the load from one of the

first node and the second node.

In still another embodiment, a direct-current



vol tage waveformis supplied to the |load fromone of the first node and the
second node, and an alternating-current voltage waveformis supplied to the
| oad from another one of the first node and the second node. 5 In stil

anot her enbodi nent, an alternating-current voltage waveformis supplied to
the I oad fromone of the first node and the second node, and an
alternating-current voltage waveformis supplied to the | oad from anot her
one 10 of the first node and the second8node. In still another

enbodi ment, the power supply apparatus and the load are formed on a single
seni conduct or volitpgel Walve £oixim |isarsotgpeieshiialithtload fromtorepofttha of

t he energy su ied | Vs -2PRARA dai ur ned
to the pover EaBSty BESard R Wlle i BolshPRRNCH a1 fop Pt Aot brbRt
enbodi nent, awvolldage wayerfiorsn isf suppldesr §p sheplrad frem aRethBeRePSuppl y

apparatus to the hoad iS¢ gldidohd OcidesAONRE So@BLY apparatus via one of
the first node and the second node which is used when supplying the energy

to the |dad. 25 In still another enbodi ment, at |east a portion of the

energy supplied from tihes PO anotidemPOAi REHS , tah Aheetnadihg-caicuentd to

t he power supply apparatus_via one of the_fjrsi. node gnd _the second d
whi ch is diff Si98iage JHRREO™ gl mi%\ﬁ‘éntgubﬂ?ygﬂﬁg‘t gE°§‘n8P6y° ot?’%ee

| oad. A vol ta&qmgwdeeanaf th8es¢ten@nodd)y and an adterpaitiag-carvrentage
conversi on section r [ ' -9-
' volotagé) waC\Qen oexr'r;[l I:i.n s%gﬁ][isetd to t%e load from another one

10 of the first node and the second node.

In still another embodiment, the power supply
apparatus and the load are formed on a single semiconductor
chip.

15

In still another embodiment, at least a portion of

the energy supplied from the power supply apparatus to the

load is returned to the power supply apparatus for reuse.

20 In still another embodiment, at least a portion of
the energy supplied from the power supply apparatus to the
load is returned to the power supply apparatus via one of
the first node and the second node which is used when
supplying the energy to the load.

25

In still another embodiment, at least a portion of
the energy supplied from the power supply apparatus to the
load is returned to the power supply apparatus via one of
the first node and the second node which is different from

30  one used when supplying the energy to the load.

A voltage converter of the present invention com-
prises: a voltage conversion section for converting a first



vol tage supplied froma power supply to a second voltage and supplying the
second voltage to a voltage receiving circuit; and a control section for
controlling the voltage conversion section so as to supply fromthe power
supply 5 to the voltage conversion section a power which is substantially
equal to a power consunmed by the voltage receiving circuit, thereby
real i zi ng the above-descri bed objectives. 10 I n one enbodi nent,
the control section conprises a first deté&ctor for detecting that the
second vol tage output fromthe voltage conversion section has decreased

bel ow a desi r atbMAdeageuppliled hEremnar pbweecsuppleonbr al secbadv vollagge
conver si on secthfn mhegythe %brst det ect or, .detects 15 t he second

h
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section includes a resonance circuit incfuding 25 an inductor, a fiTrst
capaci t ance coffRRIEEngoChReudfd Sherrbyi Keadising: the pbaverdnscrimed
second capaci tgw¢eceppggcted to another end of the inductor at a second
node, and a switch having a first termnal and a second termnal, the first
term nal being connected to the power supply, and 30 t he second term nal

bei ng copoected to therhidid ditRiiierdhe thesebakee1Cs&6Uibnh @nfiptisesant r ol

section contr ok ¢ PSRl ASE1.09d10agk el n LA SE enl BerohivaPRASa iR
from the voltage conversion section has decreased below a
desired voltage; and the control section controls the
_ voltage conversion section when the first detector detects
15 that the second voltage output from the voltage conversion

section has decreased below the desired voltage.

Another voltage converter of the present invention

comprises: a voltage conversion section for converting a

20 first voltage supplied from a power supply to a second

voltage and supplYing the second voltage to a voltage

receiving circuit; and a control section for controlling

the voltage conversion section, wherein: the voltage

conversion section includes a resonance circuit including

25 an inductor, a first capacitance connected to one end of

the inductor at a first node, and a second capacitance

connected to another end of the inductor at a second node,

and a switch having a first terminal and a second terminal,

the first terminal being connected to the power supply, and

30 the second terminal being connected to the first node of

the resonance circuit:; and the control section controls

opening/closing of the switch. Thus, the above-described
objectives are realized.



- 10 - I'n one enbodi ment, the control section conprises a first detector
for detecting that the second vol tage output fromthe voltage conversion
section has decreased below a 5 desired voltage; and the control section
controls open- ing/closing of the swtch when the first detector detects
that the second voltage output fromthe voltage conversion section has
decreased bel ow the desired voltage. 10 | n anot her enbodi nent,
the control section controls the openlng/éPOS|ng of the switch in a perlod
during which a voltage at the first node is smaller than the first voltage
supplied fromthe power supply and |larger than the desired voltage. 15 In

still another enbodimeqf, ﬁé‘ee irf?énéecttkiﬁoﬁ?h‘ﬁ:l)ﬁ%ﬁ&%ﬁghi é&ﬁ'ﬁfﬁéscé’”d
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reference_vol tage which is rger than th egre determ ned first reference
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first node haslhgﬁéhﬁﬁlh@eoﬁrEﬁét§Wﬂtﬂﬁdwﬁéﬁsthéef£f§ﬂ0§eﬂ6ét@ﬁ€det@@t§5

control section contyols the_switch so that sta he switch changes
Coom on ooen oPnad Hhe! Sechra Fal e bt Srombhery o hLAER ChoRTeRaL R, ¢

t hat the vol t agecationh®afs ﬂﬁbﬁyakeduﬁbldwuﬂnﬁidé&nﬁé@deébtageed second
reference voltage, the control section controls the switch so that the
state 30 of the switch changes fromthe closed state to the open state.
In still 1@not her enbodiimemmothér embrsiimbgitectbe cantral esciiematconhroher eof

in synchroni zathanopehing /th'8s1%g of the switch in a period during which
a voltage at the £first node is smaller than the first voltage
supplied from the power supply and larger than the desired

voltage.

15

In still another embodiment, the control section
further comprises: a second detector for detecting that a
voltage at the first node has reached a predetermined first
reference voltage; and a third detector for detecting that
20 the voltage at the first node has reached a predetermined
second reference voltage which is larger than the
predetermined first reference voltage, wherein: when the
second detector detects that the voltage at the first node
has reached the predetermined first reference voltage, the
25 control section controls the switch so that a state of the
switch changes from an open state to a closed state; and
when the third detector detects that the voltage at the first
node has reached the predetermined second reference voltage,
the control section controls the .switch so that the state
30 of the switch changes from the closed state to the open state.

In still another embodiment, the first detector
initiates operation thereof in synchronizationwitha timing



at which the voltage receiving circuit operates. In still another

enbodi nent, the control section conprises a fourth detector for detecting
that the second 5 vol tage out put fromthe voltage conversion section has
reached a predeternmi ned reference voltage; in response to a reset signal,
the control section controls the switch so that a state of the switch
changes froman open state to a closed state: and when the fourth detector
has detected 10 that the second vol tagéloat put fromthe voltage
conversion section has reached the predeterm ned reference voltage, the
control secti cit oetiiclol Bhé heodthayiehrecetirdhgt béretate operaitesswi t ch changes
fromthe closed state to the open state. 15 In still another
enbodi ment, the control section further conprises: a clock signal generator
for generatlng a cIockInlghallacnotUengembOlegntag§h§h&@@énﬂ tSecionst

node; and a CI%&H%*_ Slgn&#{:ﬂér%#?@}:éfsﬁsr%&'@étﬂﬁ?”t% add neddipd a

frequency of t ent 20 fromwa_ predeterm ned
frequency5 In %@lt&gan@uﬁ@mtedbﬁuﬂnﬁhﬁ VicHdagontFMVeRTiopnSeGLing has

conprises a cifglbhe§0h ﬁHé@&Eétﬂﬂnéﬁeréﬁéﬁénéégﬂ@it&@én fetesdporisé hed a
maxi mum val ue of a voltage change at 25 the first _no s smal|er than a

predet er mi ned ReFeFehcrlarat addie EndHQY S&ﬁ&ﬂ-ﬁé‘r c@ﬂﬁﬁﬂ&ﬁem‘e FELLEBRT ol
section furt Eeﬂéaenar b%&ileaoffl 313 rs@lflﬁtrdﬂ@lat@etsa@:cﬂew apen foratd to
generating the desired voltage; gnd the r ence, vol.t age era or
only operates fn€ %Pﬁ%g Eﬁaﬁﬁgiﬁﬁgmd?ﬁﬂ 'F]H‘é f?‘?%’feha‘i? ehPE &b%ga‘?%ge L&
- I'n stillb anothat tnéoskecsnd vd]rteagn@rﬁut;iuisfmbmnhéuvd;hiaage(mqmvszesuan
first reference V%H%%g%agﬁg%g% 1¥5e predetermined reference voltage,
the control section controls the switch so that the state

of the switch changes from the closed state to the open state.

15 In still another embodiment, the control section
further comprises: a clock signal generator for generating
a clock signal according to a voltage change at the first
node: and a circuit for outputting the reset signal when
detecting that a frequency of the clock signal is different
20 from a predetermined frequency.

In still another embodiment, the control section
further comprises a circuit for outputting the reset signal
when detecting that a maximum value of a voltage change at

25 the first node is smaller than a predetermined reference
voltage.

In still another embodiment, the control section
further comprises a first reference voltage generator for
30 generating the desired voltage; and the first reference
voltage generator only operates in a period during which
the first detector operates.



generating the desired voltage; and the first reference vol tage generator
varies the desired voltage according to 5 a signal sent fromthe voltage

receiving circuit. In still another enbodi nent, the control section further
conprises a second detector for detecting that a voltage at the first node
has reached a predetermned first 10 reference vol tage; when the second

detector detects that the voltage at the first node has reached the
predeterm ned first reference voltage, thdZontrol section controls the
switch so that a state of the switch changes froman open state to a cl osed
state: and the control 1aeetion enwithelrs ekfbodimert svilie cauttdhtsedeionat e

of the switch ¢hanges fromthe closed_ st e t sage
of a predeter 'HE&EFFhEOEPﬁégaﬁhgniiﬁg%S?éﬁgkgPEFhgggﬁﬁgéhéﬁggféﬁgﬁgggéfron1
t he open st at egenedatinigoste sdestre@0voltage; and rthe ifirsihorggerence

enbodi nent, the nt ol i 1.1 h lgn kN 18 qSbt Cch
in a period duP’Pﬁ%’a\% gﬁ%teer%at\%or}:l 5’%31& egt %P%eare |9r9'§tg hng_gg'ltiasa%i ggretéﬁggﬁg . W?n
still another enmsdginadntsentheframtthe weltagm receivipgt drsuike

openi ng/cl osing of the switch in a period during which the voltage at the
first node is decreasing. In still another enbodinent, the volia e .
conversion section fur tierstighpranaher wpRRdHRent.  bhet eApbFg igﬁc§6°n

storing a ret urgy QL ot Led | #V5e&bhaUabtéBeosEbEhabepting ithaichor
toward the power supply. i 1| another voltage coaverterégﬁtheegigseg
- 13 - inventi oPktage &h theef iont A1ds bas TEBRNER T RF L THRER bFpried

froma poyer supierdkcd Westagd: veheagehandesunl detgcttber desiecds thlatage
ol fane g ot (e Voltdad QY the ‘e ot nds MEA L THP Prtalterhuldd!
first reference voltage, the control section controls the
switch so that a state of the switch changes from an open
state to a closed state; and the control section controls
15 the switch so that the state of the switch changes from the_
closed state to the open state after passage of a
predetermined time since when the state of the switch has

changed from the open state to the closed state.

20 In still another embodiment, the control section
controls the opening/closing of the switch in a period during
which the voltage at the first node is increasing.

In still another embodiment, the control section
25 controls the opening/closing of the switch in a period during
which the voltage at the first node is decreasing.

In still another embodiment, the voltage conversion

section further comprises storage means for temporarily

30 storing a return current which flows through the switch from
the inductor toward the power supply.

Still another voltage converter of the present



5 having a first conversion efficiency; a second voltage converter having
a second conversion efficiency which is higher than the first conversion

ef ficiency when a current snaller than a predeterm ned current flows from
the vol tage converter to the voltage receiving circuit; and a current 10
detector for detecting a current flowng fromthe voltage converter to the

vol tage receiving circuit, wherein the fliit vol tage converter operates
when a.current detected by the current d ctor is larger than the

predeterm ned current, whereas _the second voltzg converter opera&s
15 the currdmVendian df By VoIdads CMVeIdesc£or FONYRETIAS An XS ﬁge

predet er m ned s@iﬂ;rﬁréd frzﬂﬂusa, é@ﬁeﬁb%\‘@pdgscﬂ’d bad mmﬂd vesltager eald zed.
Still another volta verter resent es: a
vol tage converIRRLERG gﬁ &%?1%%‘%3831% § e g&%‘? FS i’%ﬁ%ﬁcﬁ‘?ﬁ{#‘gm a
power supply tthevedteyd Mohiragee&rmbmpmmym@gatﬂﬁrstamﬂtmtc@gwemt%:
vol t age recei ving. circui nd_a_ con n n

vol t age cbnver ‘g’rf‘%e?t |ft81‘F %?%Yﬁ %151' 2?%%5' REP ?e%o%égbéfioﬁmy}?g%n

i ncludes: a f|¢anvefsenahav1ngrausecondlaanwgralbnrgﬁfhﬂiﬁﬂﬂﬁ'WhiQhr%ﬁ

capaci tance C(C:}Q:P%r?]%e Clj(i)én’x}]é}%fee q.sq:f ctoﬂﬁegz"sn. %} é?gﬂﬁﬁ.gﬁcﬁt whehi 4 Jurtdifs and

a second capaci anot first inductor at a
second node, asMallersihania naedﬁ‘gea:mwed cyrrenrt fdaWs Fromheg wQltAae

termnal, the £j é&rismaa{hé%aﬂtaﬁenf eeﬂvmgt&@r@@w &0@14 Yourreht he
second term na el ng connect ed first node of th |r€ﬁ resonance
circuit,18 sec@ﬂHeF‘égﬁnﬁﬁEed‘EFFEEilflgl ACCUHFART of LQ¥hRg from §he voltade .

a third capaci £ah¢ereerneet emhé wmgedreéeih@ngeemumdumman athei r d
node, and a fogﬁrgtcgg %Iatgaen converter operates when a.current detected
by the current detector is larger than the predetermined
current, whereas the second voltage converter operates when
15 the current detected by the current detector is smaller than
the predetermined current. Thus, the above-described

objectives are realized.

Still another voltage converter of the present

20 invention comprises: a voltage conversion section for
converting a first voltage supplied from a power supply to

a second voltage and supplying the second voltage to a
voltage receiving circuit: and a control section for
controlling the voltage conversion section, wherein the

25 voltage conversion section includes: a first resonance
circuit including a first inductor, a first capacitance
connected to one end of the first inductor at a first node,

and a second capacitance connected to another end of the
first inductor at a second node, a first switch having a

30 first terminal and a second terminal, the first terminal
being connected to the power supply, and the second terminal

being connected to the first node of the first resonance

circuit, a second resonance circuit including a second



connected to another end of the second inductor at a fourth node, and a
second switch having a third termnal and a fourth 5 termnal, the third
term nal being connected to the second node of the first resonance circuit,
and the fourth term nal being connected to the third node of the second
resonance circuit; and the control section controls opening/closing of the
first swtch and the second swtch. Thus, the 10 above-descri bed
objectives are realized. Still another Vo*fa@e converter of the present

i nvention conprises: a voltage conversion section for converting a first

vol tage suppl iledivgtor a ddleird gapacitanee conpagdethds ane§adef the

suppl yi ng the ecang #ddesr (o & waliRihdRbearing et capacitanoel rol
section for contro 1'l_;él‘g t he vol tage conversion se%';i.oa ﬁ/nere' n the \ﬁll t age
conversion se@Ime¢iRE e anoihezseRInRE the S6COMOLPGHFRETAFiG SPUT

i nguct or, a fifsde CaRdCs bROAICHHIESH BdvAdg a thirditeaninal drftea fioutth

I nductor at a first node, and .a second capaci.tance conpegted .0 ano end
of the fi?st im%?latttéesrgﬁd?ﬁfjtﬁc}'&&nai gf’?‘?ﬁ T R ﬁgvf(ﬁgﬂée T%lers}}%’
term nal and ané@s @ therfirst relsbaahndestitreuirt pandehegf cuntbie dtesurimal he
power supply, .and the secopd.term.nal, .bej c t E
node of the re‘%%%%c‘éoﬂ??‘égﬁl,g?in % %ﬁ&g??&;gn%gstg%aﬁsc%ecocr}&r (%lﬁgtb%léndc(f%dl ng
a second i nductibrcuhtt hand theamntmek serticn sy kvonening/Hesingi r d

term nal and a_fourth term nal..one Ep@ t | Ct Ofppb@l NGth
connected to t%% gg‘gon%l%%iﬁ)ag%ﬂtlg%ge a ae%‘ﬁi %%‘%?g%iﬁ%er 30 end of
t he secoh@ i ndabove-Bescyibednobiesttivash@rted®rdiz®®, the third terninal

of the second switch being connected to the power supply, and the fourth

term nal of the second switch being connected to the thi rg n%de: and tpe
contr ol -15- Still another voltage converter o e presen

invention comprises: a voltage conversion section for
converting a first voltage supplied from a power supply to
15 . a second voltage and supplying the second voltage to a
voltage receiving circuit:; and a control section for
controlling the voltage conversion section, wherein the
voltage conversion section includes: a resonance circuit
including a first inductor, a first capacitance connected
20 to one end of the first inductor at a first node, and a second
capacitance connected to another end of the first inductor
at a second node, a first switch having a first terminal
and a second terminal, the first terminal being connected
to the power supply, and the second terminal being connected
25 to the first node of the resonance circuit, and a modulation
resonance circuit including a second inductor, a third
capacitance, and a second switch having a third terminal
and a fourth terminal, one end of the second inductor being
connected to the second capacitance at a third node, another
30 end of the second inductor being connected to the second
node, the third terminal of the second switch being connected
to the power supply, and the fourth terminal of the second
switch being connected to the third node; and the control



section controls opening/closing of the first swtch and the second sw tch.
Thus, the above-described objectives are realized. 5 Stil

anot her vol tage converter of the present invention conprises: a voltage
conversion section for converting a first voltage supplied froma power
supply to a second vol tage and supplying the second voltage to a voltage
receiving circuit; and a control section for 10 controlling the voltage
conversi on section, wherein the voltage cbhversion section includes: a
resonance circuit including a first inductor, a first capacitance connected

to one end of gl ifdn dortebid peiingftlssingdef thd fisstosditepaantiance
connected to anot her en

of.the first inductor 15 C a
first switch HRA RPPIY r ¥R i ndtSind esq%€%%-93§%¥%g s ?ﬁgegggng
term nal bei ngareonractgedo the power supply, and the second terminal being

connected to the first node of the resonance circuit, and a nodul ati on
resonance circuit including a second inductor, a third 20 capaci t ance,
and a secdnd switch ha&tiibll aanbthert erodtrde apanversert 9f ekhen®ressid end

of the second J bej t ed fi ) f
S diux{(}%&g&g%?ngag%%gwc 8 J&ﬂ&gﬂe EbabveRed®n a806PEn DO

the second in € innected to the third capacitance at a third
node, the thirepneenting dffinat FOdSREaSUPR1AECH§TOPNARPER BPPPLY +9 he

pover supply, andetBRaf YWittader dhdakuppliifgsetenkssbiahvbetagecarnast ed
to the third node; and the control section controls ogenlng/clgslnngf t he
first switch ayRltages&kesrieiRd cFiraid: ( ARAakby EOBETON pRACHLPRc i Ves

are realiged. SonfroeNifgnaune! oltHdyrcondersioni seotibhe wiheaeim the
i nventi on conpr

e On oM P "gRevePAAR, SRR Iriied Y 1 dhafcd Sonance
including a first inductor, a first capacitance connected
to one end of the first inductor at a first node, and a second
capacitance connected to another end of the first inductor

15 at a second node, a first switch having a first terminal
and a second terminal, the first terminal being connected
to the power supply, and the second terminal being connected
to the first node of the resonance circuit, and a modulation
resonance circuit including a second inductor, a third

20 capacitance, and a second switch having a third terminal
and a fburth terminal, one end of the second inductor being
connected to the first node, another end of the second
inductor being connected to the third capacitance at a third
node, the third terminal of the second switch being connected

25 to the power supply, and the fourth terminal of the second
switch being connected to the third node; and the control
section controls opening/closing of the first switch and
the second switch. Thus, the above-described objectives
are realized.

30

A semiconductor integrated circuit of the present
invention comprises: a power supply apparatus including an
LC resonance circuit; and at least one circuit block to which



- 16 - a power supply voltage is supplied fromthe power supply apparatus,
wherein a resonance frequency of the LC resonance circuit is set so that an
intensity of noise which is determ ned based on the resonance frequency is
equal to or 5 | ess than a predeterm ned value within a frequency band
used by the at |east one circuit block. Thus, the above-descri bed ,
obj ectives are realized. The power supply apparatus and the at |east one 10
circuit block nay be formed on a singl e sefritonduct or chi p. The power
supply apparatus and the at |east one circuit block my be formed on

di fferent semncpomest cupmiiypvolitaghelposepriep| froapphhat newarySYOBAYy a

di t- | '
D:ErS(CaZ(I:?I PT? uC]r\lr ‘Ca]%tgﬁé%l% ﬁ%gﬁ:%%naé rle%%%tan%lezzi?gééﬁé’héymf)ﬁﬁe R-EEonance

Figure 1 17s _a diagram . .
il lustrating #igQuict ke 6Pta gRVERALUFH SRR BT s oS ool &S rirhgh t 45t he
present inventgeliprofiifhd Sasct o8 8he fbashaftesehedathed! 1y ddudstolor
trating ﬁ%/nam c energy being kept constant whjl e, novi ng bet vve«;?r:aa
capaci t arte 22@%81@%@&'&%‘1@ yrdugivi iR fof reavepRy Rand Begd
preserving cingpthe?d01 ebbtWie dirsuatdlamkam Thuyst tieé abgver desembaidy 30
al ternating-current_voltage vvave;orm at a node 222 when (err]>>Cerr].
Fi gures 4A an®HESFEVeF agFanke@iihefr | ustrating an - 17- exenplary

alternating-current voltage waveform

The power supply apparatus and the at least one
10 circuit block may be formed on a single semiconductor chip.

The power supply apparatus and the at least one
circuit block may be formed on different semiconductor
chips.

15

The power supply apparatus may supply a direct-

current voltage to the at least one circuit block.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figure 1 is a diagram illustrating a structure of

a power supply apparatus 200 according to the present
invention.

Figures 2A-2E are diagrams schematically illus-
25 trating dynamic energy being kept constant while moving
between a capacitance 223 and a capacitance 2%5 via an

inductor 221 in an energy preserving circuit 220.

Figure 3 is a diagram illustrating an exemplary
30 alternating-current voltage waveform at a node 222 when
Ci>>C,.

Figures 4A and 4B are diagrams each illustrating an



Figure 5 is a diagramillustrating an equivalent circuit when an LS
including a parasitic diode 250 is 5 - connected to thenode 222 of

t hepower supply apparatus 200. Figures 6A-6D are diagranms each illustrating
a structure of an energy supplying circuit 210. 10 Figures 7A-7E
are diagrans each illustrating a waveformof a voltage v and a wavef orm of
a current i[err]. Figure 8 is a diagramillustrating a structure of a power
suppl y apparatus 1301. 15 Figures 9A ard BB -are di agrams each illustrating
a voltage waveformat a node. Figure 10Ais a flow chart illustrating a
procedure 20 exesiplany eddwsrfajringeteartent dyokage eweygior®igure 10B is a
flow chart illustrating a procedure of a process for detecting static
energy. 25 Figure 11Ais a diagramillustrating a structure of a
power supply appar at uFimoe Fiigurediagramdiiiesbyating fRgaeivplent

| [Tustrating g §ldiel Wittef fl Nt H0Taa Py FaO et abliRic aiddageso is
illustrating a voltage waveform at a node. - 18 - Figure 12.is i agram
i 1lustratl ng ®#onnagied éoo?h%tnﬁ’@\ﬁeP%ﬁ%l@%ﬁ‘&?ﬁt%’é’@%gppﬁ?@ﬁw %9 ‘is a

diagramillustrating a structure of 5 a power supply apparatus 1304.
Figure 13Bis a diagramillustrating a volfage waveform a node. 10
Figure 14 is a flow cHar9u%es RRTOR | AFea %}%%é?ﬂ‘ﬁ eeac'in 1180888108 a

structure of an energy supplying circuit 210.

10 ' Figures 7A-7E are diagrams each illustrating a

waveform of a voltage v and a waveform of a current 1i,.

Figure 8 is a diagram illustrating a structure of
a power supply apparatus 1301.

15
Figures 9A and 9B are diagrams each illustrating a
voltage waveform at a node.
Figure 10A is a flow chart illustrating a procedure
20 of a process for detecting dynamic energy.
Figure 10B is a flow chart illustrating a procedure
of a process for detecting static energy.
25 Figure 11A is a diagram illustrating a structure of
a power supply apparatus 1302.
Figures 11B and 11C are diagrams each illustrating
a structure of element 391.
30

Figure 11D is a diagram illustrating a voltage
waveform at a node.



of a process for adjusting dynam c energy. Figure 15 is a diagram
illustrating an exenplary structure of a switch section 212e. 15 Figure 16A
is adiagramillustrating a structure of a DC type power supply apparatus
201. Figure 16B is a diagramillustrating a voltage 20 waveform at a
node. Figure 17A is a diagramillustrating a structure of an AC type power
supply apparatus 202. 25 Figure 17B is a diagramillustrating a
vol tage waveformat a node. Figure 18A1sl& diagramillustrating a
structure of a DC-AC type power.supply apparatus 203. 30 Figure 18B is a
diagramillustrating &igmineade wsvafdiagoamildotrtrating msirpcywre ¢90A s
a diagramillus i a - AC type power supply apparatus
204. Figure 1%8&%’0?&51%‘%9@%%%%%%%%&% voltage 5 waveform at a node.
Figure 20A is a diagramillustrating a structure of an AC-AC type power

supply apparatus 205. ff}yre 13A is aldiHgrar9B1usteadiag @B tiddtairabeng a
vol tage waveformat a node, Figure 21 is a diagramillustrating a structure

of an ACIAC t h@PttierSURpLY 2P EREe8s1808: 15 Figure 22 is a diagram

illustrating a voltage waveform at a node.

Figure 13B is a diagram illustrating a voltage
waveform at a node.

10 Figure 14 is a flow chart illustrating a procedure
of a -prdcess for adjusting dynamic energy.

Figure 15 is a diagram illustrating an exemplary
structure of a switch section 212e.

15
Figure 16A is a diagram illustrating a structure of
a DC type power supply apparatus 201.
‘Figure 16B is a diagram illustrating a voltage
20 waveform at a node.
Figure 17A is a diagram illustrating a structure of
an AC type power supply apparatus 202.
25 Figure 17B is a diagram illustrating a voltage
waveform at a node.
Figure 18A is a diagram illustrating a structure of
a DC-AC type power supply apparatus 203.
30

Figure 18B is a diagram illustrating a wvoltage
waveform at a node. '



Fi gures 23A-23D are diagrans illustrating novenent 20 of charges for
periods T[err]-T[err], respectively. Figures 24A and 24B are di agrans each
illustrating a voltage waveform at a node. 25 Figure 25A is a
diagramillustrating a structure of an energy reuse DC type power supply
apparatus 1202. Figure 25B is a diagramillustrating a voltage waveform at
a node. 30 Figure 26A is a diagramillustrating a structure of an energy
reuse AC-AC type power supply apparatus-1293- - 20 - Figure 26B is a
diagramillustrating a voltage waveformat a node. Figure 27A is a diagram
illustrating a struct Hiaywfe 519A imnactizgran éldesAGadGng pes powstuse of v
apparatus 120 R QL i i i L.h vol t age waveform at
a node. 10 an A@%GF?%E?eﬁ%gigi %ggsg?aé#g%%ﬁéflhs?rogtl ng a structure of
an energy reuse DC-AC type power supply apparatus 1205. Figure 28B is a
diagram i1} ustrating ayoht@0Podaus o MidhgPaf0da1det YU 29 Velthge
diagramillustrating a structure of a voltage converter 20 Taccording to the
present idvent¥dveferguakt 8onpdea diagramillustrating a structure of 20

a vol tage conversion section 3. Figure 31 is a diagramillustrating an
equivalent circuit of a resonance circuit 140. 25 . Fi gure 32 is a
diagramillustrating dSPERagPBAisHP LRIV tdddsidifteltep opructure of

an AC-AC type power supply apparatus 205.

10 Figure 20B is a diagram illustrating a voltage
waveform at a node.

Figure 21 is a diagram illustrating a structure of
an AC-AC type power supply apparatus 206.

15
Figure 22 is a diagram illustrating a voltage
waveform at a node.
Figures 23A-23D are diagrams illustrating movement
20 of charges for periods T,-T,, respectively.
Figures 24A and 24B are diagrams each illustrating
a voltage waveform at a node.
25 Figure 25A is a diagram illustrating a structure of
an energy reuse DC type power supply apparatus 1202.
Figure 25B is a diagram illustrating a wvoltage
waveform at a node.
30

Figure 26A is a diagram illustrating a structure of
an energy reuse AC-AC type power supply apparatus 1203.



Figure 33 is a diagramillustrating an operation of the voltage converter
20 during a steady state operation 30 period. Figure 34 is a diagram
illustrating a voltage change at a terminal 3c of the voltage conversion
section 3 - 21 - (waveforma) and a voltage change at a term nal 3e of

t he vol tage conversion section 3 (waveformb). Figure 35 is a diagram
illustrating the waveforma 5 and the waveformb in a steady state
operation state. Figure 36 is a diagranti?@ustrating the waveforma and the
waveformb in a steady state operation state. 10 Figure 37A is a

diagramillustrati ng #Figuneta6B b @& odizgran 31lAsguwedidHB 3 svaldnggr am

illustrating an _operatio f detector 8. 15 Figure 38 is a diagram
illustrating g’%ﬁ%ﬂ“f%ﬁ ér)enu%ig’ng an effect of noise when a load 2 is a

digital LSI. Figure 39A is a diagramillustrating a structure of 20 a

detector 15. Figure 398 i b RG, ' tilwt%ﬂﬁﬁ'atéﬁh@ﬁ +OFf
detector 15. 25 %—é&rél &?gsz%]djfasé%ﬁ %é'i agram illustrati nu anot her
structureb of tale eReXdAYjerewasch€ePC2OYPEi BOMET4FUPRLY apRaratys Jvy04-

illustrating a procedure of a process of a nonitor 661. 30 Figure 42 is a

diagramillustrating an exenplary circuit configuration for inplenenting
the control flow of Fi ]g‘ﬁjg\érgl_z78 is a diagram %Hl.lustratlng a vorﬁage

waveform at a node.

10 Figure 28A is a diagram illustrating a structure of
an energy reuse DC-AC type power supply apparatus 1205.

Figure 28B is a diagram illustrating a voltage
waveform at a node.
15
Figure 29 is a diagram illustrating a structure of
a voltage converter 20 according to the present invention.

Figure 30 is a diagram illustrating a structure of

20 a voltage conversion section 3.

Figure 31 is a diagram illustrating an equivalent

circuit of a resonance circuit 140.

25 Figure 32 is a diagram illustrating an operation of
the voltage converter 20. -

Figure 33 is a diagram illustrating an operation of
the voltage converter 20 during a steady state operation
30 period. '

Figure 34 is a diagramillustrating a voltage change
at a terminal 3c of the voltage conversion section 3



- 22 - Figure 43 is a diagramillustrating how a voltage Vs output froma
reference vol tage generator 14 changes. 5 Figure 44 is a contro
flowillustrating a procedure of a process for determ ning a voltage Vc.
Figure 45 is a diagramillustrating another structure of the voltage
converter according to the present 10 invention. Figure 46 is a diagram
illustrating how a speed of voltage change is increased by conbining the
vol tage converter 20 and the conventiomal2IlDG DC converter 61. 15 Figure 47
is a diagramillustrating that there is a circuit portion which can be
shared by t he (wakkefgenc a)vand anvedthigenchangk ahieaDEeD@inahvaet ef Bheand

the vol tage conversion section 3 vl 99? er 20. 20 Figures
48A and 48B aP?&i%%ﬁ%ﬁ%?zﬁﬁﬁ%?qI%Eﬁ%%ﬁ#ﬁ% gno %ggaésé cture of the voltage
conversion section 3. Figures 49A and 49B are diagranms each illustrating 25

still another structuidff-d s yd aaafagewqﬁirﬁk%ﬁ@m& SRR | S a

diagramillustrating an operation proce e of the voltage converter
20. 30 5 and theywasefarm dndis 18 aready agkake eBerRatirhsfrtateng a
structure of the conventional DC/ DC converter 61. Figure 52 is a diagram

for illustrating a noise - 23 - generation nechanismof LS.
Figure 36 is a diagram illustrating the waveform a

and the waveform b in a steady state operation state.

10 Figure 37A is a diagram illustrating a structure of
a detector 8.

Figure 37B is a diagram illustrating an operation
of the detector 8.
15

Figure 38 is a diagram illustrating a method for
reducing an effect of noise when a load 2 is a digital LSI.

Figure 39A is a diagram illustrating a structure of
20 a detector 15.

Figure 39B is a diagram illustrating an operation
of the detector 15.

25 Figure 40 is a diagram illustrating another
structure of the voltage converter 20.

Figure 41 is a control flow illustrating a procedure
of a process of a monitor 661.
30

Figure 42 is a diagram illustrating an exemplary
circuit configuration for implementing the control flow of
Figure 41.



Figure 53Ais a diagramillustrating a relationship between a power
consunption PL of a |oad and a conversion 5 |l oss Pt in the conventional
DC/ DC converter 61. Figure 53B is a diagramillustrating a relationship
bet ween a power consunption PL of a |oad and a conversion loss Pt in the
vol tage converter 20 according to the present 10 I nvention. Figure 54A
Is a diagramillustrating a rel ationship between a power consunption PL of
a load and a total loss rate [err]ct im t3% Tonventional DC/ DC converter
61. 15 Figure 54B is a diagramillustrating a relationship between a power
consunption PL of a load and a total loss rate [err]ct in the voltage
converter 20 according.to th ese o ' i i
diagramillustrating g‘légt%rrl?cﬁu:féso &%aégﬁ%rljél%%%légi&lp%ﬁg%%fog'ias‘%'pﬁrlsyi ng
di fferent powentpwiplfiromld ageference pveltidge yoeerabds. 145ckhagges.56 is a
diagramillustrating a voltage waveformat a node. Figure 57 is a diagram

illustrating a flow of 30 dynam c. energ and static energy _around
the enefigy preservindigunsii44 286 centued Hew Lilasiragiama Prasefureng
anot her - o a YPdiddE erOF SPEEBNinRE! ¥ PO1EAEEUYVE. 210. Figure S8B is

a diagramillustrating a voltage change at the node 222 (waveform (A)) and
a vol tage change 5 at the node 224 (waveform (B)). Figure 59 is a diagram

illustrating a struct Wigyefe 45 is a diagram illustrating another
structure of the voltage converter according to the present
10 invention.

Figure 46 is a diagram illustrating how a speed of
voltage change is increased by combining the voltage
converter 20 and the conventional DC/DC converter 61.

15

Figure 47 is a diagram illustrating that there is
a circuit portion which can be shared by the voltage
conversion section 54 of the DC/DC converter 61 and the
voltage conversion section 3 of the voltage converter 20.

20 ' ,
Figures 48A and 48B are diagrams each illustrating

another structure of the voltage conversion section 3.

Figures 49A and 49B are diagrams each illustrating
25 still another structure of the voltage conversion section 3.

Figure 50 is a diagram illustrating another
operation procedure of the voltage converter 20.

30 Figures 51A and 51B are diagrams each illustrating

a structure of the conventional DC/DC converter 61.

Figure 52 is a diagram for illustrating a noise



a voltage converter 1500. 10 Fi gures 60A and 60B are di agrans
each illustrating a structure of a voltage conversion section 1501. Figures
61A-61C are diagrans each illustrating how a power supply voltage VDD is
decreased. 15 Figure 62A is a control flow diagramillustrating a timng at
whi ch a control section 1518 turns OV OFF a switch 1502 of the voltage
conversi on section 1501. 20 Figure 62B is a control flow diagram
illustrating a tinmng at which the controB3section 1518 turns ON OFF a
switch 1506 of the voltage conversion section 1501. Figures 63A and 63B are
di agrans each génemsatidn ngeébanism bENL8F.at which the switch 1506 is
turned ONVVOFF. Figure 64 is a diagramillustrating a structure of a voltage
converter 1600. 30 Figure 65 is a diagramillustrating a
structure of a volt ageftonver $38risaciiagransdl Lubitgatd ngba ire la tiegtedip

il lustrating Vﬂé{:ﬁvg%ég%a}?%ér coﬁﬁélﬁgtiah perd i]%é%&)ocirfﬁ csﬁ | lG-244d age

conversion sectio n a stea tate. Figure I's a diagram
illustratPng hbesa Be in dihe ioorveptbenakeBCiDBhaenrvertgryfilt-age at a

term nal 160le and a phase of a voltage at a term nal 1601f is adjusted.

Fi gures 68A and 68B are_ di agrans each_illustrating how a vol tage at the
term nal 160le (curve E}98RE a3Bolg ggdiagram id raddfsha relgakonyiRe F)

have inverted p8eHesen &i §ﬁér680h§uﬁ\g¢:§26hr ol of Qv Yhadramd i | ssdvatsén a

imn whi ntro] section 1632 turns ‘OFF a_switch 1619 of the
J\[/O|mt ageaéonveffg?%ﬁcget&f‘i Bl'ﬁe y&}it_age converter 20 accord:s_ng to tgie present

10 invention.

Figure 54A is a diagram illus'trating a relationship
between a power consumption P, of a load and a total loss

rate 1c in the conventional DC/DC converter 61.
15

Figure 54B is a diagram illustrating a relationship
between a power consumption P;, of a load and a total loss

rate mnc in the voltage converter 20 according to the present
20 invention.

Figure 55 is a diagram illustrating a structure of
a power supply apparatus for supplying different power
supply voltages to a plurality of loads.
25
Figure 56 is a diagram illustrating a wvoltage
waveform at a node.

Figure 57 .is a diagram illustrating a flow of
30 dynamic energy and static energy around the energy

pPreserving circuit 220.

Figure 58A 1is a diagram illustrating another



15 Figure 70 is a control flow diagramillustrating a timng at which the
control section 1632 turns OV OFF a switch 1620 of the voltage conversion
section 1601. 20 Figure 71 is a diagramillustrating a structure
of a voltage converter 1700. Figure 72 is a diagramillustrating a
structure of a voltage conversion section 1701. 25 Figure 73A is a diagram
illustrating a structure of a first fundanental resonance circuit. Figure
73Bis a diagramillustrating a structure&dof- 30 a second fundanent al
resonance circuit. Figure 74 is a diagramillustrating voltage changes at
respective pokftiraciturehef @rneagy cuptensinm sentuion 2701 -26- in a
steady state. Figure 75 is a diagramillustrating one enbodi nent of a
systemLSI. 5 Figure 76 is a diagramillustrating a distribution of noise
intensity with respectFigure s@nbsce fdiagmamyidlughratingsdhaviedtadecuit.

u Fee ot ths, foflb A TAILEER LA9) Un@ kTR aacERaRgRON!

supply apparatu Irncludrn resonance circult,

i nt er mediSat e fatedirennodm 24 ng\r%ﬁfU@ncS/thal og circuit bl ock 1802 "are
formed on different chips. 15 Figure 78 is a diagram

illustrating a distribution of noise_intensity with respect to a distance D
between a system LS| FimurmP A6 andtraram A ELYFEERERRY &P MgiEs duency

anal og circui tz j}Pckadd0donverter 1500.

10 Figures 60A and 60B are diagrams each illustrating
a structure of a voltage conversion section 1501.

Figures 61A-61C are diagrams each illustrating how

a power supply voltage Vpp is decreased.

15
Figure 62A is a control flow diagram illustrating
a timing at which a control section 1518 turns ON/OFF a
switch 1502 of the voltage conversion section 1501.
20 Figure 62B is a control flow diagram illustrating

a timing at which the control section 1518 turns ON/OFF a
switch 1506 of the voltage conversion section 1501.

Figures 63A and 63B are diagrams each illustrating
25 a timing at which the switch 1506 is turned ON/OFF.

Figure 64 is a diagram illustrating a structure of
a voltage converter 1600.

30 Figure 65 is a diagram illustrating a structure of

a voltage conversion section 1601.

Figure 66 is a diagram illustrating voltage changes



20 Figure 79 is a diagramillustrating a structure of the power
supply apparatus 1806 including an LC resonance circuit having an L-C
structure. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON 25 1. Basic
Principle of Power Supply Apparatus of the Present Invention Figure 1
illustrates a structure of a power supply apparatus 200 according to the
present invention. The power supply apparatus 200 includes an energy
suppl yi ng 30 circuit 210 and an energy2dreserving circuit 220. The
energy supplying circuit 210 supplies energy to theenergypreserving circuit
220at apr edet et pespeticige pointin thbevalieagy conppirisddnf seation &681gy
supplying cirguit 210 b y energy. For exanple, the energy supplied
fromthe enerd§1 &;?p eﬁ% scfa}%gu'l t 210i sel ectricenergy(power), optical
energy, magnetic energy, or radiation energy. 5 The energy preserving

circuit 220 receives tﬂg%lﬁr@rgy :snggpl Led d‘iragpa;dﬁe SR SRy VI REwCI BCUI t
210, and preserves the ergy. e energy preserving circuit 220_incl udes
an i nduct®r 22lelattepsieip betaerra phasedta Yoltage atgntegpdngd dfQ1e

i nductor 221 at, @ NG L2%F AGA GRRAGHT of 2eeM1AAT GV iRd alGuisheadnt her
end of the inductor 221 at a node 2724. Herein, L denotes the inductance of

the inductor 221, (ferr] denotes a capacitance val ue of the capacitance
225, and C2 denotes a gpfpasetsabss ared ¥BBAreh®idgrams capiciilduse r2@3I ngrhe

dinth | [ it 220 i | | oad
(not “Shown | n BB Fobage et tHedRTRT L LTS K6E vs, 2IHAR, A Shlichety 07

10 at the terminal 1601f (curve F) have inverted phases.

Figure 69 is a control flow diagram illustrating a
timing at which a control section 1632 turns ON/OFF a
switch 1619 of the voltage conversion section 1601.
15 _
Figure 70 is a control flow diagram illustrating a
timing at which the control section 1632 turns ON/OFF a

switch 1620 of the voltage conversion section 1601.

20 Figure 71 is a diagram illustrating a structure of

a voltage converter 1700.

Figure 72 is a diagram illustrating a structure of
a voltage conversion section 1701.
25
Figure 73A is a diagram illustrating a structure of
a first fundamental resonance circuit.

Figure 73B is a diagram illustrating a structure of

30 a second fundamental resonance circuit.

Figure 74 is a diagram illustrating voltage changes
at respective points in the voltage conversion section 1701



20 The power supply apparatus 200 and the | oad may be forned on a single

sem conductorchip. ‘As will be described |ater, a relatively small value is
sufficient as the value of the inductor used in the power supply apparatus
200. For 25 exanpl e, the value of such an inductor is about 100 nH.

Therefore, it is easy to formthe power supply apparatus 200 on a silicon
substrate. The power supply apparatus 200 has the follow ng 30
characteristics (1)-(3): (1) there is subdantially no energy loss in the:
power supply apparatus 200; (2) the power supply apparatus 200 is capable
of generatingin a Qt&ady/astavts.types of voltage waveforns; and (3) the
power supply apparatus 200 is suitable as a power supply for an LSI. 5
Characteristic 1: Substantially No Energy Loss As illustrated in Figure 1,
t he capacitance 223 hdSigune| o gisapedagram dddlus ia teing sne empodimenthe

pole plate 223;d and,dfemPese plate 223-2 are electrically insulated from
each other. The pole plate 223-1 is con- 10 nected to the node 222, and

t he pol e ?)I ate 223-2 is connected .to the ground. Simlarly, the capamtance

225 has a pole plate aiﬁg&r@mls@.goal alall;e& PXugrrdfendd aiBhati®utdon 1

and the pole plate 225-2 are electrical I nsul ated fromeach other. The
pole plate 225°"§;l RRLSQHREGREIEY VhthiEesperhqtooasresppanse SEedusneye

225-2 i s connesf esh tDCt hesghatod. ckreudy .supplied fromthe energy supplying
cir- cuit 210 generates a charge in a closed systemfromthe pole
10 Figure 77 is a diagramillustrating an example where
a power supply ap_paratus 1806, including the LC resonance
circuit, and an intermediate frequency and high frequency
analog circuit block 1802 are formed on different chips.

15 Figure 78 is a diagram illustrating a distribution
of noise intensity with respect to a distance D between a
system LSYI 1807 and the intermediate frequency and high
frequency analog circuit block 1802.

20 Figure 79 is a diagram illustrating a structure of
the power supply apparatus 1806 including an LC resonance

circuit having an L-C structure.

BEST MODE FOR CARRYING OUT THE INVENTION

25 1. Basic Principle of Power Supply Apparatus of the Present
Invention

Figqure 1 illustrates a structure of a power supply
apparatus 200 according to the preseht invention. The
power supply apparatus 200 includes an energy supplying

30 circuit 210 and an energy preserving circuit 220.

The energy supplying circuit 210 supplies energy to
the energy preserving circuit 220 at a predetermined timing.



20 pl ate 223-1 of the capacitance 223 via the inductor 221 to the pole
pl ate 225-1 of the capacitance 225. The charge thus generated cannot nove
to the outside of the closed system This is because there is no passage
for the charge to nove fromthe pole plate 223-1 to the pole plate 223-2 25
since the pole plate 223-1 and the pole plate 223-2 are electrically

I nsul ated fromeach other, and there is no passage for the charge to nove
fromthe pole plate 225-1 to the pole pl &e-225-2 since the pole plate
225-1 and the pole plate 225-2areel ectricallyinsul at edf romeachot her. 30
Thus, the anpgpRt ehegh@r §@pblitlefcbnstiie syrsdemy issukElringsizeuit 216

nmeans that the anpunt of static ergy.ls pt i :

preserving ci V‘éﬁingeﬁﬁy CRRFYY - ?OEQggaW%f%éc%%%E&sﬁhcgueég$1§&ﬁfs%m
represent ed byhehemernpystppilyinhgroerenit h2le isssectsiepnerioy ) of
static energy_pt rved | h i | b {190 0chSr&6PT €-
sent edbyl / Z[QBF(}?L%% %?‘F]r%a[er?'ﬁa}’[%% I%” %aegl'r ]r}grqcljéérérﬁﬁﬁlﬁr%i n{:é-g[err]
denot es Bhe anmount 5 of charge stored in the capacitance 225, and g2

denotes the amount of Tﬁ%a_r%’?ef&afr %@éé&ﬁiﬁ\%?@fﬁéﬁﬁﬁcﬂza23redé’i\ﬁ3d”le’thé0f ds,
static energy may be consi dered aS energy i ch the closed system has _when

the vol t ages &nemgy sEPRLASOSEraR| the EN9rThEWPPIYER S FLEeHito 218ngepd
change and begi@%e%%% dte fergy. € Thaenerdie peés@gesnyecoreustareonary,
1 gu

so to speak. res 2A-2E schematically illustrate dyE 1 C_ener b%l ng
kept const ant JRSIUEefH\ATHGEHHGEIN 24t %p‘é%??‘é%@%mi?S gﬂ]dc?ﬁgesgégci Pance
2t25tVi afltdt"ﬁ | e -enkb of ﬂ@é_ﬁi’dut &tothe2enat gy podser2Rnganidr euicap22.- The
state o e dynam c__enerqgy in the, en _pr eseryYikng.Cifcui

transitions f%’rﬂ‘i%ez%%]acf%}/‘??‘i’ﬁg rﬁ?egﬂﬁgﬁoﬁﬁgréxéAgFthb%eﬂ]da%Qor 221

at a node 224. Herein, L denotes the inductance of the

inductor 221, C; denotes a capacitance value of the
capacitance 225, and C, denotes a capacitance value of the
15 capacitance 223.

The energy preserved in the energy preserving
circuit 220 is supplied to a load (not shown in Figure 1)
via at least one of the node 222 and the node 224.
20
The power supply apparatus 200 and the load may be
formed on a single semiconductor chip. As will be described
later, a relatively small value is sufficient as the value
of the inductor used in the power supply apparatus 200. For
25 example, the value of such an inductor is about 100 nH.
Therefore, it is easy to form the power supply apparatus 200

on a silicon substrate.

The power supply apparatus 200 has the following
30 characteristics (1)-(3):
(1) there is substantially no energy loss in the power supply
apparatus 200;
(2) the power supply apparatus 200 is capable of generating



state illustrated in Figure 2E, and then transitions fromthe state
illustrated in Figure 2E to the state illustrated 20 I n Figure 2A
Thereafter, such a state change is repeated. The dynam c energy is
classified into energy stored in the inductor 221 and energy based on the
difference in the amount of charge (potential difference) between the 25
capaci tance 223 and the capacitance 225. |In Figures 2A- 2E, Eferr] denotes
the energy stored in the inductor 221, -ardB B err] denotes the energy based
on the difference in the anount of charge (potential difference) between

t he capaci - twardo3d3 taypest lvef capdmdanceveirms { Eimdr | +E[err]) is kept

con- 30 st ant. rkl =1/ I ' (=Y ' I enqQt es. 4 rrent
fl ow ng througﬁ) ttﬁlelé[ %io%a% éﬁ)}%-]lgbb%g err é)%I[ g,rsr%[l%%?}oﬁ%r?% a°pOwst
glerr]/  err] supply] &iay /aff ¥51.. Herein, g[err] denotes the anount of
charge stored in the capacitance 225, and g2 denotes the anpunt of charge
stored - 30 - in the capacitance 223. |In other_words, the dynam c enerQgy
may be cénsi d&h& , a1 2+ g¥ aPSfhe termnal s

included in the cl osedssysi@ateathll A #igure 1,WheRapaitImuRd he2yahkages,
so to speak. 5 The_energy E[err]. stored in the inductor 221 acts to nove
t he charge fr@m?ﬂ%ecéﬂa%i? et b2ando @ @ofe RIBER 24302 225 0% PPLEm t he

capaci tance 2§idtavaazBiheagdpaghé apedel?pglatd2esiar ardinkilectigécanasoy
E[err] stored. 10 i n.the inductor, 221 begones zero he,.gpvenent of the
char ge 11 om ¢ RS Heam SA0h REBEE norke efs anbat 2 B5 L £ofdpre
capaci t difce 2Zf=dtehtd thenodpa’izRarmred 2B8)palenpilaties 228keni s kenaeertgd
E[err] storedyg t{l\ﬁ '_quﬁi or i ' . ?Per r tp% ed on
the differ enceﬂdl]r? edarmun't gﬁ@;ﬁ:& ‘ (tﬁ‘&zgna?’uaaﬁ%% er%sce ba]e vvgen t he
capaci - plate 225-1 and a pole plate 225-2. The pole plate 225-

1 and the pole plate 225-2 are electrically insulated from

each other. The pole plate 225-1 is connected to the

15 node 224, and the pole plate 225~2 is connected to the
ground. '

Energy supplied from the energy supplying cir-

culit 210 generates a charge in a closed system from the pole

20 plate 223-1 of the capacitance 223 via the inductor 221 to
the pole plate 225-1 of the capacitance 225. The charge

thus generated cannot move to the outside of the closed
system. This is because there is no passage for the charge

to move from the pole plate 223-1 to the pole plate 223-2

25 since the pole plate 223-1 and the pole plate 223-2 are
electrically insulated from each other, and there is no
passage for the charge to move from the pole plate 225-1
to the pole plate 225-2 since the pole plafe 225-1 and the
poleplate 225-~2 are electrically insulated £fromeach other.
30 '
Thus, the amount of charge in the closed system is

kept constant. This means that the amount of static energy

is kept constant in the energy preserving circuit 220. This



tance 223 and the capacitance 225 is maxi m zed. Therefore, the charge
starts noving in such a direction as to elimnate the difference in the
anount of charge (potential 20 di fference) between the capacitance 223
and the capaci- tance 225. As the charge passes through the inductor 221,
the energy E[ferr] is stored in the inductor 221. Thereafter, such a process

IS repeated. 25 Thus, the ener&; preserving ci rcwt 220 keeps
the static energy and the dynanic energy bstantially constant. In other

words, there is substantially no | eakage of static energy and the dynam c

energy to t he mutbﬂmsﬁ ¢ et bnernprgy eser vepyesentedt by2the pmeung, of
"substanti al |

uni nt enti onal >é:tg’haé:r y he &1 %ast%& @?ﬁeteé'i n%h%n%%nke%%ag%a%i%eghe%

ea age “suc akage of static ener
| eakage curremirddeoned) betvieenenergyobrepravibdorirpaitagadi tléné?@QI’PZB and

225, or leakagﬁehrgedggcf a%@(f?_e/g!'ﬁcz) %—iere:gh'eqﬁ‘ae@x%é PR aghouh tt he

resi stance of heans that there is. general lé I 0SS

of energy5in tdfe chamge §i‘}9§|e§a Appheteapagitancs, 225 ; @nd dp A&}

provide a | OWM&%t COR SEHPE & O Ns £ REd POYVEFh & W ac PRifEat 233 . 5 In other

Characteristic 2: Capabl e of Generati ng Var i oua T\éﬁgs of Volta Wétvtg1 or s
By setting the"¥efRciTeieke PRI M &S SBRRELICTEHCRS 23R

capaci tance Vaéws@a styhﬁ:eﬁrﬁﬁa§ Iv&mpﬁhé%ﬂﬁiges a0 tAe: termahalbyindiaided
<r'i|e|t (; Ingtrl;SEIng H{ ¥ q ag Ppr?loifsmgﬁg %ﬁﬁggg%géebaeaco"és RSt N ent
vol t age yavef oxneat whennttle 234taGesh beadmeye habiemams, czn e speakned
based on resonance in the energy preserving circuit 220. The

Figures 2A-2E schematically illustrate dynamic

enerqgy being kept constant while moving between the

capacitance 223 and the capacitance 225 wvia the induc-

15 tor 221 in the energy preserving circuit 220. The state of

the dynamic energy in the energy preserving circuit 220

transitions from the state illustrated in Figure 2A to the

state illustrated in Figure 2E, and then transitions from

the state illustrated in Figure 2E to the state illustrated

20 in Figure 2A. Thereafter, such a state change is repeated.

The dynamic energy is classified into energy stored
in the inductor 221 and energy based on the difference in
the amount of charge (potential difference) between the

25 capacitance 223 and the capacitance 225. 1In Figures 2A-
. 2E, By denotes the energy stored in the inductor 221, and
Ex; denotes the energy based on the difference in the amount

of charge (potential difference) between the capaci-

tance 223 and the capacitance 225. (Eynw+Ew2) is kept con-

30 stant. Ew=1/2°Li,’. Herein, i, denotes a current flowing
through the inductor 221. Ewe=|1/2°q,>/C1-1/2q:%/Cz] .
Herein, g, denotes the amount of charge stored in the

capacitance 225, and ¢, denotes the amount of charge stored



15 mat hemati cal basis for the voltage waveforns wll be de- scribed
later wth ref erence to (Expression 1)- (Expression 17). Moreover,
by setting the capacitance val ue of the 20 capaci tance 223 and the
capaci tance val ue of the capaci- tance 225 so as to satisfy the
relationship CJerr][err]Cerr], it is possible to generate an
alternating-current voltage waveform at both the node 222 and the node 224.
25 Furthernore, by adjusting 3 ratio between a part of the
energy supplied fromthe energy supplying circuit 210 which is preserved in
t he energy priserhe tgpaEgicianic® Z23s Jmaotbernmngds attheadyapmigfenemedener gy

which is pres i oY P i | LG 0. LecEREr gy,
't 30 s phed B SphRLaEREN e RASRNY WL a hoke RS URRHLGSCRETDY.
al t er nat i ng- cthectrrybhabgdngdudest indihe chesaffygtre osciddate, i.e..

al ternat i ng- cyphenl ool hRAR EHEWRITIaddl S 4o RoCasact he static ener gy
0

determ nes the center - 32 - the anplitude of the alternating-current
vol t age Wwaveform and the dynam c energy determ nes the anplitude of the

al ternating-current veleAgetapeimi dtéred in the ifdgutér322ll detsates an
exenplary alternating- current voltage waveform.at the e, 222 en

d err]>>d er r loVBy *a'gﬁr ofPREEE| VERPBYi g CARES r,il:gt"\cc’f’ g%gfg}ol‘:"?r d tPfe
dynam c ener gyapddatdifserziied(ebogeom thies qapasiitiande 226 atowand the
2ol 1 tude ChereRpatanes TEed D T AR REI Ry (eSS RS, By orbiEe,
VDD. Notl t hatin hhevididagkont 22 hdampeL28rbs Hievmpyemegitepftttaa cbarggual
to the ground ol pAg. Adcstance 223 WGArE Hid bapebatohod #s/pbi #4%m

wavef orm at thé no )
the capacitance 225 toward the capacitance 223) continues.

When the energy E.u stored in the inductor 221 is
15 zero, the energy Euw, based on the difference in the amount
of charge (potential difference) between the capaci-
tance 223 and the capacitance 225 ismaximized. Therefore,
the charge starts moving in such a direction as to eliminate
the difference in the amount of charge (potential
20 difference) between the capacitance 223 and the capaci-
tance 225. As the charge passes through the inductor 221,
the energy Euy; is stored in the inductor 221. Thereafter,

such a process is repeated.

25 Thus, the energy preserving circuit 220 keeps the
static energy and the dynamic energy substantially constant.
In other words, there is substantially no leakage of static
energy and the dynamic energy to the outside of the energy
preserving circuit 220. Herein, "“substantially" means
30. that there is no energy leakage except for unintentional
energy leakage such as leakage of static energy due to a
leakage current flowing between the pole plates of the
capacitances 223 and 225, or leakagé of the dynamic energy



can be approximated to a sinusoidal wave which oscillates with a cycle
Tlerr]=2[err]([err]LC2). Therefore, by making the product (LC2) of the
inductance L of the inductor 221 and the capacitance value Clerr] of the
capaci tance 223 variable, it is 20 possi ble to adjust the cycle T[err] of
t he vol tage waveform at the node 222 to any value. LC2 may be previously
adjusted to a predeterm ned val ue before the operation of the power supply
appar atus 200, and be fixed to the predet®knined val ue during the operation
of the power supply apparatus 200. 25 Alternatively, LC2 may be

dynami cal | Iy C(mier dld éeday dasedt oal thier rasusdanpﬁgthéhapendtlcbnro?-zﬂhe
power supp y S n r S

Ll err] so tha g‘eca%c tagfqerr§£eef$§¥neerall g’ %{r)lgrE i &g;{%a&'}# ?%%1 t he
enelr?y suppljylptgvem supptlymamtm 200+ g)ﬁ‘fp*%sét\mmgo%lblec"rq egrvideo s
smal | er, an e o T | as the
ener gy suppli edn#évgrﬁ vhge(?]%%sg %y%?gec?ﬁc]ﬁft ngfgh?oagﬁg%ﬁgsdy
preserviry circuit 220 is |larger. By controlling the cycle T[err] as

descri bed abovehatderQHDe{c 2. -c3Babiaf ofi GBRetAtanki Waribus MThles ke
vol tage at the node cones close to the power supply voltage VDD can be
increased as t¥eleadegyavelarmad fromthe energy supplying circuit 210 to
EEG tenergy p][ eserving ﬁyrlﬁattiﬁgoth& lagrritativey efalwe 6f thley capeaiol | ing
e timng of energy p t hat e_ener f I the r
suppl yi ng ci r cHRRC g #o&f‘iéﬁ’@ngFB?c @é‘&ﬁﬁ’%‘“&?@tﬁf" f%g)alc;\ﬁ;gnp%i 0 o?y
t: e (pemﬁd Téoids Fuq;lsraftl&)fydmhengem/ambnshepveime@e it ibepossitbPoXos
cl ose to the power_s t m_gd nd t he
energy | oss wh?%ﬂeﬁggg %mﬁgh ;ﬁ;%t\é_%D g‘lg}hffsé%tﬂ pp ip%i&?rg%%lg grle“neér]:I g)r/IE HE
suppl yi ng ci r cnb@ie2202t @ridheaeddmpctprasmrenthigveltaget wanefommsats Herause
the nost effi ChSﬁE 224. Such voltage waveforms can be obtained based on

resonance 1in the enérgy' preserving circuit 220. The

15 mathematical basis for the voltage waveforms will be de-
scribed later with reference to (Expression 1)-

(Expression 17).

Moreover, by setting the capacitance value of the

20 capacitance 223 and the capacitance value of the capaci-

tance 225 so as to satisfy the relationship C,=C,, it is

possible to generate an alternating-current voltage
waveform at both the node 222 and the node 224.

25 Furthermore, by adjusting the ratio between a part
of the energy supplied from the energy supplying circuit 210
which is preserved in the energy preserving circuit 220 as
static energy and a part of the energy which is preserved
in the energy preserving circuit 220 as dynamic energy, it

30 is possible to arbitrarily set the center of the amplitude
of the alternating-current voltage waveform and the
amplitude of the alternating-current voltage waveform.
This is because the static energy determines the center of



energy supply is to supply the energy fromthe energy supplying circuit 210
to the energy preserving circuit 220 15 in a period of tine (period TA
in Figure 3) during which theivoltage at the node 222 is close to the power
supply vol tage VDD- Moreover, by making L and C2 variable under a 20
condition that LC2 is kept constant, it is possible to adjust the ratio
between the static energy Es and the dynam c energy EM contained in the

energy supplied fromthe energy supplyi ng3€iTcuit 210 without changing the
cycle T[err]. By decreasing the inductance L of the inductor 221 by 25
i ncreasi ng t heheapapiltiiode ofl tre @2 tefrndkingyravirent yodtnge wavefgsssi bl e

to increase t y i c : Dagi o
535 (starc el UELGRERAE, dhdfy cagearhoncs 253 adiimuddnar, ease
(dynani ¢ ener @adtedmiingetyrrent vieltagenyavarEormduct ance L of the 30

I nductor 221 by decreasing the capacitance value C2 of the capacitance 223,

it is possible to reduce the energy stored in the capacitance 223 and the
capaci tan®e 225 (statikigweegd) 1 frateftr 8ls X %@Hg?ﬁﬁe&r’@&:ﬁ%"t he

i nduc- - B4ourioht 2¢41LdYRaThGeebeMIKL. thee RpIGRy 2 220 Wi b >Ch . t 1By
capaci tance value C2 and the inductan L Ea . been describ ﬁbq¥e. .
Mbreover, by SAPPT@RFH3LLHY H%V%‘i’pfé%%fnﬁ Qg:f'ﬁ(?rt?[m ]B",s a[r%t € dyhamlc
capa_c:c t anlcleval gdﬁe%?'[m a?gl(héétﬁ:iumlﬁmh , it ids ipogoiisid| 0 tabtanie an
specifically adjus e ratio between.the static._en mc
energy EM 10 aiternag1“gFSPrE?EﬁpV8?t3§§uWé9FﬁgFﬁagé§¥rgﬁ?@i eér e#?%%k
from t heioode 322 thye tamepkituds shepledfgisi eduithe@lgoliagenyet lp@d ather t

of the current aﬁl{)iﬁléhdﬂhtﬁ@rék%"fs'f}é) Ve GRPAS it Yoltage at the
node 222 is always higher than or equal to the ground
voltage.

15 When C;>>C., the voltage waveform at the node 222
can be approximated to a sinusoidal wave which oscillates
with a cycle To=2n(VLC,). Therefore, by making the product
(LC,) of the inductance L of the inductor 221 and the
capacitance value C; of the capacitance 223 variable, it is

20 possible to adjust the cycle T, of the voltage waveform at
the node 222 to any value. LC; may be previously adjusted
to a predetermined value before the operation of the power
supply apparatus 200, and be fixed to the predetermined
value during the operation of the power supply apparatus 200.

25 Alternatively, LC, may be dynamically controlled by a control
circuit during the operation of the power supply appara-
tus 200. For example, the control circuit controls LC; so
that the cycle T, is longer as the energy supplied from the
energy supplying circuit 210 to the energy preserving

30 circuit 220 is smaller, and controls LC, so that the cycle T,
is shorter as the energy supplied from the energy supplying
circuit 210 to the energy preserving circuit 220 is larger.
By controlling the cycle T, as described above, the number



Is a current i[err], and a part of the current i[err] which flows into the
capacitance 225 is a current i12. The ratio between 15 the current if[err]
and the current i[err] can be set to any value by adjusting the capacitance
value C[err], the capacitance value C2 and the inductance L. The energy
stored in the capacitance 223 and the capacitance 225 (static energy) is

represented by 1/2 (q[err]+q[_err])[err]/_(q§r_r]+C[err]), and the energy
stored 20 in the inductor 221 (dynam c "€nergy) is represented by 1/2

Li[err]. Herein, g[err] denotes the anmount of charge stored _jn th
capaci t ance 22%9f g'Mlec?z ideoitedne fnihdhat o?h%h‘é?gﬁag?o?gdtbﬁ Pﬂge 222

capaci tance 22%ombeEgbgecto Bheépowel Sgpphe val tagdevyyeesn eeinoreased
i[err] and the cug%ent i[err

Lt i.S.25 possible. .t ' . .
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The “principle Qo ARt 30AEAHY 8181230 in a poriod/d EuRee(esdi ng
charging of a capacitrve load using an alternating-current voltage .
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charging”, when.ihee Capaghbi YoweRaGupph1SN¥dIathdd o3 ienger poeygitd efto
tinme, 5 the energy | oss associated with the charging can.be reduced.
Figure 4AL9|| ushimiBszanthet @PﬁggynégéﬁrWBﬁFhvSFFéﬁ% g:rhrﬁ A i
QSCIt |h| at esl betT [ 1%gdmwﬁﬁ theerypkuppe yYHG eddctit BLourl theldregegyG\D
in e cycle T[err . iNn_co | son wi.th.an alternating-cur Y age
wave- form (B) RAf ﬁrg%eﬁlcfjaf‘é‘%fgzé%\gten 'ﬁtﬂ‘?és Erg\r/}%?c%u%%lq:t)?evlng £ dfficidht
energy supply is to supply the energy from the energy
supplying circuit 210 to the energy preserving circuit 220
15 in a period of time (period T, in Figure 3) during which the
voltage at the node 222 is close to the power supply
voltage Vpp.

Moreover, by making L and C; variable under a

20 condition that LC, is kept constant, it is possible to adjust
the ratio between the static energy Es and the dynamic
energy Ey contained in the energy supplied from the energy
supplying circuit 210 without changing the cycle T,. By
decreasing the inductance L. of the inductor 221 by

25 increasing the capacitance value C, of the capacitance 223,
it is possible to increase the energy stored in the
capacitance 223 and the capacitancé 2'25 (static energy),

and to reduce the energy stored in the inductor 221 (dynamic

' ' energy). Conversely, by increasing the inductance L of the
30 inductor 221 by decreasing the capacitance value C; of the
capacitance 223, it is possible to reduce the energy stored

in the capacitance 223 and the capacitance 225 (static
energy), and to increase the energy stored in the induc-



age VDD and a voltage -VDD in the cycle T[err]. In adiabatic charging from
the power supply voltage VDD to the ground voltage GND, the length of an
adi abatic charging period TA 15 for the alternating-current voltage
waveform (A) is twice as nuch as the I ength of an adi abatic chargi ng period
TB for the alternating-current voltage waveform (B). Therefore, it can be
seen that it is advantageous to performthe adi abatic charging using the

al ternating-current voltage 20 waveforth (CA) because the energy loss is
smaller. This is simlarly true in adiabatic charging fromthe ground

vol t age G\D t borhd2podynamis! enedia¥lge VDD. Figure 4B illustrates an

al ternating-current 25 vol tage waveform (A) which oscill ates between the

power supply voltage VDD and the_voltage 1/2 VDD in the cycle %e(gqrqi én
conparison with an al E¥erplaxy.adivstrenbrfdde gapecitanse E1%hi aan

oscill ates betpgen ndi@ HRONR IS HHY Yoodh tde5@Ei BAD apevéhe Motéager; VBP in
the cycle T[err '

. |In adiabatic 30 charging fromthe power suppl | t age
VDD to tRe voPEIysting %,cacﬂ?éuité’r{tﬁ%vﬁﬁ'gF hgl 'agdgﬁtf%ﬁl?%&cﬁ‘%ﬁ%? X%Rb%r ¥:gd TA
for the alteraad RtreCihatitandd age iwnief poss{blei soahone $pecificeilys
much as the length of, an adi abatic chargin eriod TE - S e
al ternati ng- cﬂﬁ%‘é‘rﬁt %BPtlif&el?/\gﬁgYJSFFh%E’?.St$ﬁgfzeqn?%?%,Eﬁ ?nggtgxebg{rgérg%gs hown
that it is adensrage®ss to performthe adiabatic charging using the

al ternating-current voltage waveform (A) because the energy loss is

smaller. 5 This is simlarly true in adiabatic chargi ng fromthe voltage
1/2 VDDXm the power fRppeyxanpleagasymne tinteavairrent chphlPWsf i kben

Figure 4A and fdds 342 WP cHOsReLEd! sBppIRlAE oGt Ulito O bl ehaat - 10
I ng-current voltage waveéformis re ei ective In performng, 3
a part of the current i, which flows into the capacitance 22
is a current i,, and a part of the current i, which flows
into the capacitance 225 is a current i,. The ratio between
15 the current i, and the current i, can be set to any value
by adjusting the capacitance value C,, the capacitance
value C, and the inductance L. The energy stored in the
capacitance 223 and the capacitance 225 (static energy) is
represented by 1/2+ (qy+d2)?/(C;+C;), and the energy stored
20 in the inductor 221 (dynamic energy) is represented by
1/2°+Li,?. Herein, g, denotes-the amount of charge stored in
the capacitance 225, and ¢, denotes the amount of charge
stored in the capacitance 223. Therefore, by adjusting the
ratio between the current i; and the c_urrent i, it is
25 possible to adjust the energy stored in the capacitance 223
and the capacitance 225 (static energy) and the energy
stored in the inductor 221 (dynamic energy).

The capability of freely controlling the center of

30 the amplitude or the amplitude of an alternating-current
voltage waveform as described above is suitable for charging

a capacitive load utilizing the “principle of adiabatic

charging". The "principle of adiabatic charging® is a



adi abatic charging. Characteristic 3: Suitable as Power Supply for LSI
Consi der a case where an LSI is connected as a | oad 15 at the node 222
of the power supply apparatus 200. An LSI always includes a parasitic

di ode. In the present specification, a parasitic diode is defined to
refer to a sem conductor circuit having a structure which provides a
rectification function. For exanple, a protection diode 20 which is
provided to protect the inside of an LSf #¢af nst an inrush current
occurring outside the LSI is a parasitic diode. Wien the LSl uses a bipolar
transi stor, aprinsipie nﬁgmfeimm changinge ofea rcapacbbbee dmbhd Nsiog aner

and between ”ﬁ% EGGBQEa B0 Nid Menbeh ¥RGE 25
ar aS| t | c | g g‘

a MOS transistor, ode i's Pormed between the solrfce an
wel | and bet w@é?FQIFﬁalW atd el tpeingirlerof @Qhﬂ’ﬁﬁ‘élchganlsgl le] U@Fﬂat es

an equi val ent g g%dﬁﬁﬁreaﬂ!oéﬁ is dh'élrgéacwéfrwlan@ér géfiédqif’@&m%w s
connected to the node 222 of the power_sup 1gt%ap ar at us When

vol tage at thethRpGReXsy 19sfARSotIphrd Het Haecarde Fefycrsr-d

current flows through the parasitic diode 250. - 37 - Thus, a power is
consued 11, (e parasi g, dhoff 2R nAl ARl TSt St
may damage thevgphtagetwaveform RA(Q. whiich |<ssd]dd&_usz_stbeteeengyhet @rcmb::‘s
concent 1 at ed rePRErY B oS on ey 5P dnibrREBTEhER ENB R TS v droo
accordi nt0to tie pempanispnvaritho@n ialtsrlp@‘stheurnenbnvodltaye wavetr
al ternating- cusg ARt (89! LAIERVBYEE 2N THSS Hatleeh® tHY [fifer supply volt-
age Vpp, and a voltage -Vpp in the cycle T,. In adiabatic
charging from the power supply voltage Vp, to the ground
voltage GND, the length of an adiabatic charging period T,
15 for the alternating-current voltage waveform (A) is twice
as much as the length of an adiabatic charging period Ty for
the alternating-current voltage waveform (B). Therefore,
it can be seen that it is advantageous to perform the
adiabatic charging using the alternating-current voltage
20 waveform (A) because the energy loss is smaller. This is
similarly true in adiabatic charging from the ground
voltage GND to the power supply voltage V.

Figure 4B illustrates an alternating-current

25 voltage waveform (A) which oscillates between the power
supply voltage Vpp and the voltage 1/2 Vpp in the cycle T,

in comparison with an alternating-current voltage wave-

form (B) which oscillates between the power supply volt-

age Vpp; and the voltage -Vpp in the cycle T,. In adiabatic

30 charging from the power supply voltage Vp, to the voltage
1/2 Vpp, the length of the adiabatic charging period T, for

the alternating-current voltage waveform (A) is about four

times as much as the length of an adiabatic charging period Teg



at the node 222 is always higher than or equal to the ground voltage G\D,
as described in Characteristic 2. Under such a control, a forward current
never flows through the parasitic diode 250. Therefore, an energy |oss
never 15 occurs due to the parasitic diode 250 included in the LSI.
Moreover, even if a forward current flows through the parasitic di ode 250,
it never results in destruction of the parasitic diode-250. This is because
t he dynami c 20 energy stored in the Tndfictor 221 is converted to static
energy and preserved in the energy preserving circuit 220. Conventionally,
it has been cdfmrthe ant%raaatuw-gyrrﬁ%gvagtﬁgedwgwﬁiprm H&Ji-t sTherans
(static randomg¥£es% @an be SBERS185Wn tHatROME o 4838 @AG¥CHBNES pRYFork)
recent years, there is a trend to forman LSI by integrating flash

menori es, DRANEQ d@tARatif S ERE WSS ed eoraé%SFBGtginrgc'&ut%—”eFﬁr a
rangg f_rlom a Ncﬂ?tééﬁq#&ﬁéfoiﬂ ?ABOWeEégg!éeﬂﬁé- ehergy ;ilbl%%Cti%d siadfl e s
trend w gr urther jn the future, .and we w ent a new
ntegrat el o e Sesintlatly peielf malapas Y heFalhe sxpht fho Foltaas .

bl ocks of sucht gz ivwpetbathe owen tsupplyparcditaden Wy hi gher control domain,
a power supply is necessary which generates with high - 38 - efficiency
various voltages required by the respective circuit blocks. This is because
it is possible to realMereaviernpaoceupayisem bptweenof igursen 40 taagt Fian-
ciroult by edyel gl BARACLECNSUTA Dol alRh 1 fURel YHPSaR! fliditide S

bl ock. Moreover, a | ow noise characteristic i emanded in certain

f r equencyO doneing-cunsepswaltaggpvavefpamasmore afifedhicteihn nenfoiming

realizes, as gqshpatecPenargingR!y, high efficiency 10 conversion from
dynami c energy to static energy and high

Characteristic 3: Suitable as Power Supply for LST

Consider a case where an LSI is connected as a load

15 at the node 222 of the power supply apparatus 200. An LSIT

always includes a parasitic diode. In the present

specification, a parasitic diode is defined to refer to a

semiconductor circuit having a structure which provides a

rectification function. For example, a protection diode

20 which is provided to protect the inside of an LSI against

an inrush current occurring outside the LSI is a parasitic

diode. When the LSI uses a bipolar transistor, a parasitic

diode is formed between the base and the emitter and between

the base and the collector, for example. When the LSI uses

25 a MOS transistor, a parasitic diode is formed between the

source and the well and between the drain and the well, for
exXample.

Figure 5 illustrates an equivalent circuit when an

30 ST including a parasitic diode 250 is connected to the
node 222 of the power supply apparatus 200. When the
voltage at the node 222 is lower than the ground voltage GND,

a forward current flows through the parasitic diode 250.



efficiency supply of an alternating-current power supply and a
direct-current power supply to a load. By conbining a plurality of such

si ngl e power supply apparatuses, a nmulti powersuppl yapparat uscanbeobt ai ned.
Amul ti power supply 15 apparatus generates a plurality of power supply

vol tages. The multi power supply apparatus nay be one obtai ned by conbining
a plurality of power supply apparatuses_of.,the sane type, or one obtained
by conbining a plurality of power supply apparatuses of different types. 20

Figure 6A illuystrates a structure of the energy supplying.cijcuyit 21Q. The
ener gy suppl yirg*%i FCLHQW%G%W%%A;I%&S\GC éﬁﬁ%me ?"(#O['he ode
222 of the enst gesmldsenn egergyClivds 2Hiurkne Motegywexypphgi fitowicE the
cuit 210 is caqnnect r erving.gcircuit 22 t e 222.
The eneray suppTyiae SRas: ShsoRbr FREShYERRELG H4ag P na AR,

di r ect - cur r entthpperasigplo/d2ofe 250 .30Thisd s hecaus2] Pherene gy sitomesien

the direct-cur I ng .t 2 e S 212
i's turne? ON, %:rﬁger%égojfl\?%%??ﬁg izflﬂ\gg _gedpﬁg%%%&r ?’éntt\ﬁgo%é‘%%&?giﬁ}n i's
supplied to t RdekiQyipraseencantratedi mapperyvia the switch 212. By :
controlling the timng to turn ON the switch 212, it is possible to supply
the charge fromthe direct-current power supply 211 to the 5 ener
preserving circuit 220R{ELE FPREEREY nividdp ?hwwermuapizm%%%t

power supply n@¥cdeaisgdd théeaeésdnt Bevehtesh; GUW i 8 HoPMEle 6 WA BraAll.
By switching the power fromthe alternating-current power 10 SLip_éﬂa/ at a
predet erhf ned % rﬁ%fﬁ%l&ﬁ%‘%ﬁ%@ﬁ%ﬁ%ﬁwe orm so that the voltage
at the node 222 is always higher than or equal to the ground
voltage GND, as described in Characteristic 2. Under such
a control, a forward current never f£flows through the
parasitic diode 250. Therefore, an energy loss never

15 occurs due to the parasitic diode 250 included in the LSI.

Moreover, even if a forward current f£lows through
the parasitic diode 250, it never results in destruction
of the parasitic diode 250. This is because the dynamic

20 energy stored in the inductor 221 is converted to static

energy and preserved in the energy preserving circuit 220.

Conventionally, it has been common to form an LSI

by integrating digital circuits, SRAMs (static random access

25 memories), or ROMs (read only memories). In recent years,
there is a trend to form an LSI by integrating flash memories,

DRAMs (dynamic random access memories) or analog circuits

for a range from a high frequency to a low frequency. It

is expected that this trend wi_ll grow further in the future,

30 ‘and we will enter a new integrated circuit era in ten years.
In order for the respective circuit blocks of such a
integrated circuit to operate in a higher control domain,

a power supply 1is necessary which generates with high



power supply can be considered as a direct-current power supply. Moreover,

i nstead of the direct-current power 15 supply 211, a power supply which
supplies a voltage having a pul se-li ke waveform may be used. The magnit ude
of the power supplied fromsuch a power supply nay be controlled by a pul se
wi dt h nodul ati on, for exanple. Wen such a power supply is used, the
swtch 212 is no |longer necessary. 20 Figure 6B illustrates another
structure of the energy supplying circui$8210. The energy supplying cir-
cuit 210 supplies nmagnetic energy to the inductor 221 of the energy
preserving cieffii¢ci@dfy Vhriener gokiagesyi ngantred &y cthe TeF {vige

energy preseryy g, £ Ltﬁili%élﬁgoitﬁi% RQt blagaﬁgat pElidMdd oAbl Ad1GearlitR

energy supplying crr ustrated in Figure 6B includes an inductor
214, and an zancimprovigd spstemcopesatippwef 3bpphfegrateds GnrtEdt BY owi ng

through the ingduGePhg2ide Powdie o BiptSURIPbY VaArebasUtipdd bogfaies a
magnetic field, and a current flows through the induc-, tqr

21 o he
ener gy pPeser®legkei Mareoven. qudovhehee chaxaﬁe;%ycg?mgpé_e&ﬁ}b to
the current féeptAgnt fodgliehby GoMaGhe. 221, dynamic energy is stored in
the inductor 221. Thus, the nmagnetic energy supplied fromthe energy
supplying circuit 210 is received by the inductor 221 of the energy 5
preserving circuit 229hansbwer pugpdywagpapaths ehéhgyppeseptvingeriioni t

2205y SinaryPrRterRby (A0UIE Sl B BOBhEFL, Rl eyl
suppl i eaoopt i cahvernsigyn tforoat dymestimrenergy fe static energy and high
efficiency supply of an alternating-current power supply
and a direct-current power supply to a load. By combining
a plurality of such single power supply apparatuses, a multi
power supply apparatus can be obtained. Amulti power supply
15 apparatus generates a plurality of power supply voltages.
The multi power supply apparatus may be one obtained by
combining a plurality of power supply apparatuses of the
same type, or one obtained by combining a plurality of power
supply apparatuses of different types.
20
Figure 6A illustrates a structure of the energy
supplying circuit 210. The energy supplying circuit 210
supplies electric energy (power) to the node 222 of the
energy preserving circuit 220. The energy supplying cir-
25 cuit 210 is connected to the energy preserving circuit 220
at the node 222.

Thé energy supplying circuit 210 as illustrated in

Figure 6A includes a direct-current power supply 211, and

30 a switch 212 provided between the direct-current power
supply 211 and the node 222.

When the switch 212 is turned ON, charge from the



capaci tance 223 and the capacitance 225 of the energy preserving circuit
220. The energy supplying circuit 210 and the energy preserving circuit 220
are not in contact with each other. 15 The energy supplying circuit 210
illustrated in Figure 6C.includes a light emtting circuit 216 which
radiates light. At |east one of the capacitance 223 and the capacitance 225
has a function of converting received light 20 to electricity. Thus,
optical energy supplied fromthe energy-~ s&Pprying circuit 210 is recei ved
by the capaci- tance 223 (or the capacitance 225) of the energy preserving
circuit 220 armh'r@cpf@merm’d pwwemeswpllgyzm esersupmlibed dio tth2@ensggyt at i ¢

energy. For qﬁgﬁ o he | 5)
may be a phot 1 0 or g SO ar1batter Eﬂg d%%kéo?}%str ggﬁg%%@%ﬂn%?
structure of tﬂ@eéﬂé'rl@yg ‘é@ﬁpllryu%tber%mmlzmlzzetﬂh%mwest@@qnm

circuit 210 il{wsidrpSgl 1kdnl QHFeedﬁPeb'ECbﬁQ'%én% POWEL %iy 211, t@t”}i’é t Ch

212, a switch 212a, an inverter 212b and a capacitance

the energy pre%%@¥9$gPE?FEEV%n2291rﬁHéﬁ 278 §§IPa@€%ﬂ9qﬂ§ﬂﬁﬂﬁﬁaﬁﬁﬂ}qu
increasing, typically, a current is flowing through the inductor 221 from

t he capacitance 225 5 ﬁ %he ca C|tance 223. \Wen the swtch 212 is
turned ON while such aAEuF EﬁFnF HPom &en§ ANt S r BRY1 P& |

t hough the sw isétaad féﬁnnﬂke idicettorciBterd towpiothelrh e spppdly 20anl y .

Herein, this currg hl 2;rr§§géof%%ma1§%§tgigecur£ent" The return
current is stofed -t Pﬁe p

rnating- current power

10 supply at a predetermined timing, the alternating-current

power supply can be considered as a direct-current power
supply.

Moreover, instead of the direct-current power
15 supply 211, a power supply which supplies a voltage having
a pulse-like waveform may be used. The magnitude of the
power supplied from such a power supply may be controlled
by a pulse width modulation, for example. When such a power
supply is used, the switch 212 is no longer necessary.
20
Figure 6B illustrates another structure of the
energy supplying circuit 210. The energy supplying cir-
cuit 210 supplies magnetic energy to the inductor 221 of
the energy preserving circuit 220. The energy supplying
25 circuit 210 and the energy preserving circuit 220 are not
in contact with each other.

The energy supplying circuit 210 illustrated in

Figure 6B includes an inductor 214, and an alternating-

30 current power supply 215. A current flowing through the
inductor 214 of the energy supplying circuit 210 generates

a magnetic field, and a current flows through the induc-

tor 221 of the energy preserving circuit 220 due to the



10 power supply 211. However, when the power supply 211 is a power
supply which is not of an energy storing type (e.g., a type of power supply
in which the output stage generally draws in the current and discards it to
the ground), or when the power supply 211 is a power supply, such as a
battery, 15 etc., which has a large parasitic internal resistance (e.g.
alithiumion battery), the |oss of energy increases. This is because the
return current is discarded through the pdfr supply 211 to the ground in a
power supply which is not of an energy storing type, whereas the energy is
| ost due to 20magneltécpafiizsidi c bue etpaltheestwtzente Ehowibgt tdroughrhthe

Swi tch 212a an nhﬁ%t%%p‘i%{ 8§ﬁaﬁlgcex?éf rl%ﬂ%f]’%g 12:1%@%?’:‘5&& ctOE s5iurn

current fromflown nto power § a 1s provided
bet ween t he 25Thusp01?b¢ WV@Q&GQQH sunpmq Eiromithe enieroyapapPlvhng

212c is_connecigdchg 2 ﬂ‘bdiszl%@eli%\ﬁe%'} the iﬁhﬁ&'ﬂo%léélaaﬁ the éﬁ‘éi-ﬁ?

212. The capacitance 2 capaci tance va err
When t he §Mntc@r2f2rW§W94C%ﬁ@“éﬁn?@ﬂ 2% $5t poeseIyEd }ﬂ QDE§S¥,

the return curpe@lsersyisi Et-ddlit NB2 ¢ aachydlvEc 2dRErgg NUS, energy is
stored in the capaci- tance 212c. The energy stored in the capacitance 212c

may . - 42 - be supplied to the energy preserving circuit 220. Wen the
switch 212 is OFF, the rwdeh etd281lastuaned Alotdser étiubturé &ufrenb

flows fromthe Haver 5 211 C aC|tance 212¢c
vol tage at t ho AR HRRTPhS FoRontt Bh0a MY RS ToRerouRbEIoL BF. age
VDD The ilItvert emixl 210 ssupptiés apticadt engrpyr toOdtORFed$t onéhefswhech
212 and the Sméa%&j‘l?fnce Tffs a%?lﬁe_gﬁécréa%%g:itance 225 of the energy
preserving circuit 220. The energy supplying circuit 210
and the energy preserving circuit 220 are not in contact
with each other.
15
The energy supplying circuit 210 illustrated in
Figure 6C includes a 1light emitting circuit 216 which
radiates light. At least one of the capacitance 223 and the
capacitance 225 has a function of converting received light
20 to electricity. Thus, optical energy supplied from the
energy supplying circuit 210 is received by the capaci-
tance 223 (or the capacitance 225) of the energy preserving
circuit 220 and is preserved in the energy preserving
circuit 220 as static energy. For example, the capaci-
25 tance 223 (or the capacitance 225) may be a photodiode or
a solar battery.

Figure 6D illustrates another structure of the
energy supplying circﬁit 210.
30 _
The energy supplying circuit 210 illustrated in
Figure 6D includes a power supply 211, a switch 212, a
switch 212a, an inverter 212b and a capacitance 212c.



operation is repeated by alternately turning OV OFF the swtch 212 and the
swtch 212a. Figure 58A illustrates another structure of the 15 ener gy
supplying circuit 210. The energy supplying circuit 210 illustrated in

Fi gure 58A includes a power supply 211, a switch 212, a switch 212a and a
capaci tance 212c. The capacitance 212c 20 tenporarily stores a return
current. Figure 58B illustrates a voltage change at the node 222 (waveform
(A)) and a voltage change at the node 2244Ywaveform (B)). 25 At tine
t[err], a conparator 272a detects that the voltage at the node 222 has
reached t he power supply voltage VDD, and outputs a detection signal to a

control circuit 271a. p al h
control circuit 271la cfalpuségét %gl%sﬂ&océlpgigféﬁgéc%gﬁggg% 3%‘% hgﬂk@fz EPgt eto
the ON state. Widragehatethe nodet222 isuineneasing. vivphgelly . theurrents3 -

node 222 incr r |
Dol tage VDD oS ol thibdh \‘%ggﬁirﬁug&%i:ﬂ 906 {1{0Bapls: RANRE 208D! Y

ch
vol t age changetowand dthes cepacitansiey223ur Wegh Fh%v%‘”*‘?% %Jﬁbaé‘r?ff

toward the capRgifitite Adde & curdht had ftﬂaﬁu&l@t Ul clitiriedit! tefipbearangs ily
stored in the capacitance 212c. At tine t he voltagg at the n%de 2

reaches the pelovwsnthengh the §8H:‘&Be2é? fﬁ@“‘n‘o’ﬁ& 3pdugtor; 22)e Ho¥ALd,g.
10 During the pesigshdietsiing izm I [ @eideing thie ¢hereht Bs asfantedtiarts

flow ng from tabse a? Q'Q:%g&i&r%nggrlz:%%%“t.o '&'ﬁg return current is stored in the
10 power supply 211. However, when the power supply 211 is a
power supply which is not of an energy storing type (e.g.,
a type of power supply in which the output stage generally
draws in the current and discards it to the ground), or when
the power supply 211 is a power supply, such as a battery,
15 etc., which has a large parasitic internal resistance (e.g.,
a lithium ion battery), the loss of energy increases. This
is because the return current is discarded through the power
supply 211 to the ground in a power supply which is not of
an energy storing type, whereas the energy is lost due to

20 the parasitic internal resistance in a battery.

The switch 212a and the capacitance 212c are pro-
vided to prevent the return current from flowing into the
power supply 211. The switch 212a is provided between the

25 power supply 211 and the switch 212. The capacitance 212c
is connected to a node 2124 between the switch 212a and the

switch 212. The capacitance 212c has a capacitance
value Cq.

30 When the switch 212 is ON, the switch 212a is turned
OFF. 1In such a case, the return current is stored in the
capacitance 212¢. Thus, energy is stored in the capaci-
tance 212c¢. The energy stored in the capacitance 212c may



energy preserving circuit 220. 15 At tinme t3, the conparator
272a detects that the voltage at the node 222 has reached the power supply
vol tage VDD again, and outputs a detection signal to the control circuit
271a. In response to the detection signal, the control circuit 27la causes
the switch 212a to change 20 fromthe ON state to the OFF state.
Moreover, at tine t3, thecontrolcircuit 27lcauses the switch 212 to change
fromthe OFF state to the ON state. Then,42he switch 212 is kept ONuntil
time t[err]. Intheperiod 25 of time during which the swtch 212 is ON,
energy i s suppe eshppbiedhtopbther erapglypréservangheiswatidh 2202 to t he
energy preserving circuit 220. Thus, the return current is tenporarily
stored in 30 t he capacitance 212c without returning to the power sup-
ply 211. 2. AdjustnentWén Réheo swittwder2I2/ nasi OFEnerthe asditeht R32a is 44 -
Ener gy When {he£gd Qs UPRLY NG oSG ta SH-a: 3 ouy/CENER ithletgidihed 10
Figure 6A, it s possible to adjust tHe ratio between the nam c “ener gy
and the s?Pati csepRlyy2kl to dihyldapaaidanae élriéﬁq‘,}yapﬂe*ébﬁv‘i’%étégﬁc%t tthe0 by
adj usting the &iphsgthfcbUbl2ENokbemeY lefiadldo i RRSWE sppDg ¥hieh the
switch 212 is turned ONis classified into the follow ng four periods in
view of 10 tRA8en¥emitude of the voltage v at the node 222 and the
directionof thecurrent i[err] flow ng through the inductor 221. Herein, it
is assuned that the cugrrent i[err] h a posiijve _val ue en. the current
Cerr] Thows i a diroEhecmiaian mlihis Bad £8 A ians S ura AV
current kLperr]thassainepakilee andl thewnitch 212a. The above-described
operation is repeated by alternately turning ON/OFF the

switch 212 and the switch 212a.

Figure 58A illustrates another structure of the
15 energy supplying circuit 210.

The energy supplying circuit 210 illustrated in
Figure 58A includes a power supply 211, a switch 212, a
switch 212a and a capacitance 212c. The capacitance 212c¢

20 temporarily stores a return current.

Figure 58B illustrates a voltage change at the
node 222 (waveform (A)) and a voltage change at the node 224
(waveform (B)).
25
At time t,, a comparator 272a detects that the
voltage at the node 222 has reached the power supply
voltage Vpp, and outputs a detection signal to a control
circuit 271la. 1In response to the detection signal, the
30 control circuit 271la causes the switch 2l12a to change from
the OFF state to the ON state.

When there is a return current, the voltage at the



15 the current i[err] flows in a direction fromthe node 222 to the
node 224. Period |I: A period during which the difference between the power
supply voltage VDD and the voltage v is 20 smal l er than a predeterm ned
voltage VIH while the current i[err] has a positive value. Period I1: A
peri od during which the difference between the power supply voltage VDD and
the voltage v is 25 smal l er than a predeterm ned voltage VIH while the
current i[err] has a negative val ue. Peri%dd1I1: A period during which the
di fference between the power supply voltage VDD and the voltage v is 30

| arger than anpfedaRadr incxeassst dewartHaraldéagn ukshnts iRighsT nhan

posi tive val ugheRE6WEE dupp Wﬂt%%s,d%j) REhrWhigCh péiei 6 ittt time- t45 -
bet ween t he power  supply voltage VDD and the voltage v is_larger_than a
pr edet er ni nedapg| tige YaH Wndteat veltageshange in tes ﬁ%’g”:}t APVEC AT e. 5

Figure 7A il ealrian@SElbRs Bbct theShbde APRP & dverd ehieocpaci banede2 vagef orm
of the vaoltage v,

nd the waveformof the current iferr]. The vef or m of
the vol t Zge vard ;%ﬁqﬂﬂﬁﬁ(ﬁﬁtq&RKQQEFﬁ%hﬂ%ﬁlEﬁ%@?? ?%%}aﬁB e&ﬁ fi' Ehe
pr edet er m ned capldcdganée 212€h is the center voltage. The 10 wavef or m
of the current i[err] is a sinusoidal waveform which oscillates about zero
which is the center voltage. In order to mnimze the energy |oss which.
occurs when the ener gyt simephki cthd mohtidge atetlyy mads|3dhgesghes ghecuit

210 to the en p Vi i ' +Hd nbSel i he
sui teh 212 wh b CRAS AT B Mt B i oL 2L A O PR o
possi bl €0 This is '

During the period between time t; to time t;, a
current starts flowing from the capacitance 212c to the
energy preserving circuit 220.

15 At time t;, the comparator 272a detects that the
voltage at the node 222 has reached the power supply
voltage Vpp again, and outputs a detection signal to the
control circuit 271la. 1In response to the detection signal,
the control circuit 271la causes the switch 212a to change

20 from the ON state to the OFF state.

Moreover, at time t;, the control circuit 271 causes

the switch 212 to change from the OFF state to the ON state.

Then, the switch 212 is kept ONuntil time t;. In the period

25 of time during which the switch 212 is ON, energy is supplied

from the power supply 211 via the switch 212 to the energy
preserving circuit 220.

Thus, the return current is temporarily stored in
30 the capacitance 212c¢ without returning to the power sup-
ply 211.

2. Adjustment of Ratio between Dynamic Enerqy and Static



based on the "principle of adiabatic charging"; when charging a capacitance
with a charge, by mnimzing the 20 vol tage which is applied across a
resi stor existing between the power supply and the capacitance, the energy
| oss due to the resistor can be mnimzed. Therefore, in order to mnimze
the energy loss, the switch 212 is preferably turned ON during period I or
period Il during which the 25 di fference between the power supply

vol tage VDD and the voltage v is small.” fife Tatio between the dynam c
energy and the static energy supplied to the energy preserving circuit 220
during 30 Enekags | and period Il will now be described. Figure 7B

illustrates the Cu”eﬂheh[ ethb flaﬁ&ﬁ? tBﬁﬁﬂﬂ{hhge Engugier 2281 pad tae
current i2 flowing throu he swtch

urin eri od
Figure 7C il §§Fﬂ§t‘1@§ealgl%ﬁ§a5?dvﬂfﬂ Fhoure Sii-tith 1?1@"?%’% %N’ﬁgrl ng

pe- riod |I. 5the ratio befNekh! tBér@neshid dricte afl@ t@lxw slngtmer eﬁdrgy t he
current iJerr] flows in a direction o omtetothg“g E
current i err PUPRLigq Eg Fpe NI, envidtd FH% ?BS fra¢

capaci tance 2%%éd hamitmyvaral ﬁtimllmduﬂh@rsv?:?ﬂchmlz.rreans that more static
energy than dynam c energy is 10 supplied to the energy preserving
circuit 220 during pe- riod |I. This is because dynam c energy is nmainly
generated due to a curtenpeftiod dgrihgotyich lthe switcbr 22211s Rivgured o8

illustrates the c ra{seé}_ égr{#{) hg*%cmg?igmﬁ%&thHQhPE‘Q%Hgd%t grleg,zgfand

the current |21sTIOW| rou during period Il, and Figure
7E il usko at esthe tmmmgt‘ademfclth%e‘f@m{l% v1ati $heyrnede GRALRRA the:

riod Il. direction of the current i, flowing through the inductor 221.
Herein, it is assumed that the current i, has a positive value
when the current i, flows in a direction from the node 224
to the node 222, and the current i, has a negative value when
15 the current i, flows in a direction from the node 222 to the
node 224. '

Period I: A period during which the difference
between the power supply voltage Vpp and the voltage v is
20 smaller than a predetermined voltage Vpywhile the current i,

has a positive wvalue.

Period II: A period during which the difference

between the power supply voltage Vp, and the voltage v is

25 smaller than a predetermined voltage Vgy while the current i,
has a negative value.

- Period III: A period during which the difference

between the powér supply voltage Vpp and the voltage v is

30 larger than a predetermined voltage Vp; while the current i,
has a positive value.

Period IV: A period during which the difference



20 As illustrated in Figure 7D, during period Il, the current
i[err] flows in a direction identical to the direction of the current
iferr]. As aresult, the current i[err] flows nore toward the inductor 221
than toward the capacitance 223. This neans that nore dynam c energy than

static energy is 25 supplied to the energy preserving circuit 220 during
period Il. This is because dynami c energy. s nmainly generated due to a
current flow ng through the inductor 2714 y sel ecting one of period | and
period Il as a timng 30 to turn ON the switch 212, as descri bed above,

it i s possibl betyegd ke Povery PSRt Woditagee Vuy ant cthaeyedtags Ynts

static energyiavgell €Hah!LPrElR tRRaiSeSVeRLtE§80VE] WEELE tH chierehe dner gy
preserving circuit 220. - 47 - 3. Detection of Dynam c Energy and Static

Energy The en®ffy SpRedatieg ¥@¥&it 220 preserves dynanic energy and
static energy. Dependi ng upon the property of 5 a |l oad connected to the
energy preserving cirguit 22Q (i...e. whether _the c citive p t

t hereof i° stronger o&%t%’é:er A SRS TR (P hré‘?g%?l?gs’lé{‘?o%lggﬁé, ¥Pﬁe
amount of dyngErdczeriyIivnwhi chei swavefoned dfy the |vwatitage vhe abutheof
static energy whi S u he |o Y r p
const.ant the zﬁ%ﬁ%}u&? o%/)%zlr%n?gg%éfl%ygéhdaﬁh%%é%u%%%fg?g’% ngﬁégg v
preserved in tiwe enesjpuppddedviwgveformi twizkeh ias¢klinirssabputo the
separately detaodsdie-ADudt Pt ARCEIShidh iR HYNG fe FRRIIBAGN e 15
amount of decrease 1n the static energy, so as to supply energy fromthe
energy subpl yiwayefomuief Zlwe tenxrententr §¢ gr 6dBBSOdGadi Wayeorso WRdEHr di ng

Eﬁ the amount QfcO0EL4€88Cabbut N2efyNaRiEnENE! EledBEniterS WRAltAgRNEr gy from
e energy

In order to minimize the energy loss which occurs

when the energy is supplied from the energy supplying

15 circuit 210 to the energy preserving circuit 220, it is

required to turn ON the switch 212 when the inter-terminal

voltage of the switch 212 is as small as possible. This is

based on the "principle of adiabatic charging":; when

charging a capacitance with a charge, by minimizing the

20 voltage which is applied across a resistor existing between

the power supply and the capacitance, the energy loss due

to the resistor can be minimized. Therefore, in order to

minimize the energy loss, the switch 212 is preferably

turned ON during period I or period II during which the

25 difference between the power supply voltage Vpp and the
voltage v is small.

The ratio between the dynamic energy and the static
energy supplied to the energy preserving circuit 220 during
30 period I and period II will now be described.

Figure 7B illustrates the current i; flowing
through the inductor 221 and the current i, flowing through



supplying circuit 210 to the energy preserving circuit 220 20 accordi ng
to the anobunt of decrease in the static energy. The detection of the
dynam c energy and the static energy and the supply of dynam c energy and
static energy based on the detection will now be described. Herein, it 25
I's assuned that the energy supplying circuit 210 has a structure
illustrated in Figure 6A. However, the method for detecting the dynanmc
energy and the static energy and the met @ for supplying the dynamc
energy and the static energy which will be described bel ow can be applied
in the 30 ddee siidah t12i2 dwanigng pepilod Ag endcBHiguZel7Gaslinstitetes
structure (e.Q ,448s s Ll | r | N, &), gur e ' ; _

48 - Figure 8%]3%“3%%%’%%%#? uﬁ%rg&g?cﬂé %g%\egésﬁggpgﬁagigg?gt% l}g@lg&
havi ng a functfi®f d§- det ecting dynami c energy and static energy. A load 370
I's connected to the power supply apparatus 1301 at the node 224. The | oad
370 5 i ncl udes at | east.  one of a capacitance conponent and a resistance

conponent? I n additiof¥ dis@ted dnfdgure 7Th, duriaeperdps dpplthieng

circuit 210 anshiienhenel PNowsCSe W B8 relctdont opposite td RePaWRiectuRp Y
apparatus 1301 further 1ncludes the controg§0|rCU|t 271, reference voltage

generation ci r¥hite $AETeRY 12001 Ag, 81 5PSULY 5 YR irent | Lr £ 1O%sh Jore
generati on ci rewdar®@8the l1Eapacitance 22BethaapaéowhicehevadndeicEoar r221and

the capacitange. val ue re set s .to satisfy the relatiaonshi .

Gore] oot er 1) ung i€ midtte kd¥ic Erdliasf hael Bpnind AU 4o
at the nblle 22gpmhiled torthe- energyt preseaydngacdirowiht 22htdimiagdy giet he
node 224. riod I. This is because dynamic energy is mainly generated

due to a current flowing through the inductor 221.

Figure 7D illustrates the current i; flowing
15 through the inductor 221 and the current i, flowing through
the switch 212 during period II, and Figure 7E illustrates

a timing at which the switch 212 is turned ON during pe-
riod II.

20 As jillustrated in Figure 7D, during period II, the
current i, flows in a direction identical to the direction
of the current i,. As a result, the current i, £lows more
toward the inductor 221 than toward the capacitance 223.
This means that more dynamic energy than static energy is

25 supplied to the energy preserving circuit 220 during period
II. This is because dynamic energy is mainly generated due
to a current flowing through the inductor 221.

By selecting one of period I and period II as a timing
30 to i:urn ON the switch 212, as described above, it is possible
to adjust the ratio between the dynamic energy and the static
energy supplied from the energy supplying circuit 210 to

the energy preserving circuit 220.



20 Figure 9A illustrates an alternating-current voltage waveform (A ) in
conparison with the alternat- ing-current voltage waveform (A). Herein, the
alternat- ing-current voltage waveform (A) represents a change in the 25
voltage at the node 222 with respect to tinme in the case where the dynamc
energy preserved in the energy preserving circuit 220 is kept constant, and
the alternating-current vol tage waveform (A') represents a change in the
vol tage at the node 222 with respect to #’ne in the case where the 30
dynam c energy preserved in the energy preserving cir- cuit 220 decreases.

As illustrated in Figure 9A, when the dynam c energy preserved in the
ener gy preser yi NG eLs sl 220 JREIPRIET o NP AR Ofpddisgpsci | ati on of
t he - 49 - orm a € nodée 222 does not

change, but the oscu|Wamemakmmpre§§§Vdme&ﬁﬂ§#tFZ@%P@egeranXWQW%% t he
al ternating- CEBE\E%/ and Ett%eel‘i@\‘:%&or %é&ﬂdiﬁg%@ﬁrtﬁe%%ﬁéﬁf%f

alternat- ing-cur tage waveform (A) rein, the alternat-
i ng-currént vél l%@@Wﬁﬁ?%)t%ﬁP§§€Htﬁ%F%°FFW #30 Ghear the

node 222 withyh@eBRst the EhpBch bivhepseservhctttetder Sitw’l@te:oeﬂg@rgmptnéer ved

in the energy preserV|n 10 circurt 220 15s t nt and_t.he
al t er.nat i ng- c&eSdMtiVe (RERPSEVET SPEFERT) Jr%p?ég‘g'ﬁgﬁr DS SRNG OF

vol tage at thayhegic?eRewglyhwheshets donsunl by the mam amhiarthet amouhét i ¢
T st r ot od 1 PR D RSHEn TR Ly | CoTabnel f oEng  T88 T8y, e
energy @oeserving circuit 220 decreases, the center of the oscillation of
the alternating-curre@h\g%&éget$axgggrgbﬁgﬂgw%I¥Hg3éﬁghnt of dynamic
eriergy and the amount of static energy preserved in the
energy preserving circuit 220, it is necessary to separately
detect the amount of decrease in the dynamic energy and the
15 amount of decrease in the static energy, so as to supply
energy from the energy supplying circuit 210 to the energy
preserving circuit 220 according to the amount of decrease
in the dynamic energy and to supply energy from the energy
supplying circuit 210 to the energy preserving circuit 220
20 according to the amount of decrease in the static energy.

The detection of the dynamic energy and the static
energy and the supply of dynamic energy and static energy
based on the detection will now be described. Herein, it

25 is assumed that the energy supplying circuit 210 has a
structure illustrated in Figure 6A. However, the method
for detecting the dynamic energy and the static energy and
the method for supplying the dynamic energy and the static
energy which will be described below can be applied in the

30 case where the energy supplying circuit 210 has another

structure (e.g., a structure illustrated in Figure 6B or
Figure 6C).



shifts. 20 Figure 10A illustrates a procedure of a process for
detecting dynam c energy. This process is executed by the control circuit
271 (see Figure 8) for every predeterm ned period of time. Herein, VA
denotes avoltage at the node 222, Vp, V[err], V[err] and V[err] denote
reference voltages output fromthe 25 reference vol tage generation

circuits 371-374, respec- tively, and VDD, zgjenot es the power supply voltage.
These vol t ages satisfy the relati onshl p

Vp<Vr[err]<Vr[err]<vr [FI% ] <VDD \Vbr eover, | ock, si g havi ng.
identical to that of tH&We & ﬂ-é%‘%?g}raﬁersem“l}‘ﬁ’??‘é‘dﬁ v & BPXE (E\B‘Pﬁa’ (A)
30 is gener pgyhrutdderIdpcknavvgnal gepanation oifr aletedBing sdgnﬁmgure

8). The wavef orm of the clock signal is illusts dlnF
In step S11, RS EHAN FLRG $RFY ¢ hé \"SPPagg%\/ﬁ:shé: xcee?&ot F%:e

vol tage Vr[ er rjowdi sepply appbaprgtu’yALBO1i net dasi mode TR24 . t H&wdbaég@NA has
exceeded t he volt.- e Vi[err] .while e,v SASH g
detected Dy a %‘clu‘i%%naé iﬁ‘ﬁa{sﬁe Bt p%? Si gzlng)lg%%'ft\%%rﬁ!ees c% £

rator 9 from L
| evel "to H | evedsistemce heompbhegt .- VA has exceeded the voltage Vr[err]

while the voltage VA is increasing, the process proceeds to step S12. 10
In step S12, it is determ ned whether the voltage VA has exceeded the
voltage Vr[err] while IntpddidiiomEovehedasis EAEMERLSThar St hetRBIAEFIWA

has exceeded t g@a&aditer21o ¥hilthd 88e¥ tp&&%e%l EDgEeasi PO, S
detected by a %ﬁ% Qgifln t he_out put si gnal ofetﬁ% i

6 f 15
| evel tolff|evEhe qus‘tlﬁﬁlv(ﬂﬁpﬁ@t\% ﬁa%meﬁBE*éﬁégrgtpr%releﬁ gé& G&ﬂr‘fottrentfc?l-]]

while the vol t aggec¥iti 271NChreFdrhed heoDtages geheraitianecintduiost 371~
supplying dyna:rin.'g‘eré%r arfartoorgst h3e7§—3?';9yand a clock signal generation

circuit 380.

15 The capacitance value C; and the capacitance
value C, are set so as to satisfy the relationship C,>>C,.
Thus, an alternating-current voltage waveform is obtained
at the node 222, and a direct-current voltage waveform is
obtained at the node 224.

20

Figure 9A illustrates an alternating-current
voltage waveform (A') in comparisbn with the alternat-
ing-current voltage waveform (A). Herein, the alternat-
ing-current voltage waveform (A) represents a change in the

25 voltage at the node 222 with respect to time in the case
where the dynamic energy preserved in the energy preserving
circuit 220 is kept constant, and the alternating-current
voltage waveform (A') represents a change in the voltage
at the node 222 with respect to time in the case where the

30 dynamic energy preserved in the energy preserving cir-
cuit 220 decreases. As illustrated in Figure 9A, when the
dynamic energy preserved in the energy preserving cir-
cuit 220 decreases, the center of the oscillation of the



supplying circuit 210 to the energy preserving circuit 220. This is because
it is determned that the dynam c energy 20 preserved in the energy
preserving circuit 220 has not so decreased that dynami c energy needs to be
supplied. On the other hand, when a trailing edge of the clock signal is
detected w thout the voltage VA having exceeded 25 the voltage Vr[err]
while the voltage VA is increasing (step S13), it is determ ned that
dynami c energy needs to be supplied from%he energy supplying circuit 210
to the energy preserving circuit 220. This is because the voltage VA cannot
possi bl y reachltkenadingyeurresrtr Folitiaide wayedfoxm afcthe3gode %g2t¢@?5

al ternating-cyree ta {Adti 511 Qife déctdhsesase, the
process proceggrg t%lag@ee %%4. \fﬁég{éeepl:@ial%?eﬁhgp d{eterm' ned whet her the
vol t age VA - 51 - has decreased below the voltage Vr[err] while the

vol tage VA is decreasighgnrthajp t hea Mtaned/A 196 dertensetihel ourtént
voltage Vr[err] while the voltage VA.s decreasing is,detected hange

. a
in the o® put Veilfmge ovavRECEBnpAr At d JFARIHHFST Wit e tﬁlﬁgF%ﬁr.
When the vol t 3gg-Watasnlegs Eesgs weveroime(APLt agerdif erthenalternat-
voltage VA is decreasing, t control _circuit 271 turn i 1 212
(step S15). | H-“éi‘é'ﬂn@?ﬂ?t VoltaggyayRfREYD %étﬂ%?r?%%n%%\%}éggﬁ%%tlehas
decreased bel qittaye cdt atise Viiddeh222 whthvpekspgetVRoi tidecinathegca¥iat
t he vol tage VA _has creased bel ow th ML ' Ree¥Qhhage VA
i s decreasi ng TR &G &Y °a38ﬁ£ﬁ§5e5 F%g{a’%gggu %u‘ﬁ{%%él\#glglyg}&t ﬁg &
conpar ato 37&iframt 220els tkent lconstanthe andhébeopl §gEnYAlRSs cCEEeS8Esed
bel ow 15— the, ¥ ]kl 8s¥fkbagecHAnigd 48CHeRsivad tades
contr ol circuﬁq%%£%é€8§%g£%§tﬁtﬁémgmffgﬁ 512 steﬁ_s?9§. Thus, when &Pe
dynami ¢ ener gyabridsemnade i 222 mith respect to time in the case where the
. static energy preserved in the energy preserving circuit 220
decreases. As illustrated in Figure 9B, when the static
15 energy preserved in the energy preserving circuit 220
decreases, the center of the oscillation of the
alternating-current voltage waveform at the node 222

shifts.

20 Figure 10A illustrates a procedure of a process for
detecting dynamic energy. This process is executed by the
control circuit 271 (see Figure 8) for every predetermined
period of time. Herein, V,denotes avoltage at the node 222,
Ve, V1. Ve and V,; denote reference voltages output from the

25 reference voltage generation circuits 371-374, respec-
tively, and Vp, denotes the power supply voltage. These
voltages satisfy the relationship  Vp<Vr3<Va«Vi<Vpp.
Moreover, a clock signal having a cycle identical to that
of the alternating-current voltage waveforms (A) and (A")

30 is generated by the clock signal generation circuit 380 (see
Figure 8). The waveform of the clock signal is illustrated
in Figure 9A. '



energy preserving circuit 220 decreases, the switch 212 is 20 turned ON
in the period T[err] during which the voltage VA is in the vicinity of the
power supply voltage VDD and is decreasing. It is thus possible to supply
dynam c energy fromthe energy supplying circuit 210 to the energy
preserving circuit 220. 25 Figure 10B illustrates a procedure of a process
for detecting static energy. This process is executed by the control
circuit 271 (see Figure 8) for every pred®®ernined period of tine. Herein,
VA denotes a voltage at the node 222, 30 VP, Vr[err], Vr[err] and Vr[err]
denot e reference vol t dgestent Bal , f¥boistdetexinedwhetberate yoidiaad oh

Circuits 371- 374, EG3RRGed | ¥ALY. v8IEaYEDyIENghes et NenBOWRSL IYA vl age.
These vol tages satisfy the relationship Vp\r [err<vrlerr ;l/r err | <VvDD.
r

<
-. 52 - In stepnsreasings JEheEnithed WHdiage Vahdgfereseested thies Yaks- t han

the period T2.ade&ngirwnile i WA tHSE W, 18 6ErE861AS fs AL Uy &
required fromthe tine when the voltage VA 5 exceeds the voltage Vp_to
the tine hen WD Ighe/ kRt j8ieRaL e f hERBWCPRBAFEILPEGE Tp TAOBhE: t he

al ter naéI i n?- CL&!\?@.DttdOH'([j @@&f éﬂ@vﬁm{dﬁ (’e‘ﬁ\,\e;1 J@Eﬁ@@éivgi Haer ékcééddgf itlllﬁih as
a period of ti requifre romthe ti t he, vol t age VA exceeds the
vol t age Vp to‘fr%et?&‘?mvw‘élﬁl ﬁet%l‘ﬁil&‘é%%mh%ﬁ LRFreaz iy o a5 PFECHHS he
vol tage Vp al pxpededsl tersbepngi2current vol tage waveform (A'). The period
T[err] and the pe- riod T2 are determ ned by the control circuit 271 by

measuring the period of tinme fromthe tinme when the output signal of the
conparatb® 375 changesiiistep. Sla.eittic deteyningld whethehdhe vel twge Yhe

output signal ghanqes ddaR Hiyehoh®dge W€ while the voltage Vi is

increasing. That the voltage V, has exceeded the volt-

age Vy; while the voltage V, is increasing is detected by a

change in the output signal of the comparator 376 from L

15 level to H level. When the voltage V., has exceeded the

voltage V., while the voltage V, is increasing, the process

terminates without supplying dynamic energy from the energy

supplying circuit 210 to the energy preserving circuit 220.

This is because it is determined that the dynamic energy

20 preserved in the energy preserving circuit 220 has not so
decreased that dynamic energy needs to be supplied.

On the other hand, when a trailing edge of the clock

signal is detected without the voltage V, having exceeded

25 the voltage V. while the voltage V,is increasing (step S13),
it is determined that dynamic energy needs to be supplied

from the energy supplying circuit 210 to the energy
preserving circuit 220. This is because the voltage V,
cannot possibly réach the voltage V. until the next cycle

30 of the alternating-current voltage waveform (A'). There-

fore, in this case, the process proceeds to step Sl4.

In step S14, it is determined whether the voltage V,



When it is determned that the period T[err] is less than period T2, it is
determ ned that static energy needs to be 20 -supplied fromthe energy
supplying circuit 210 to the energy preserving circuit 220. Therefore, in
this case, the process proceeds to step S22. In step S22, it is

det er m nedwhet her thevol tage VA 25 has exceeded the voltage V[err] while
the voltage VA is increasing. That the vg%éage VA has exceeded the volt-
age Vr[err] while the voltage VA is incr ing is detected by a change in

t he output signal of the conparator 379 fromL level to Hlevel. \Wen the
vol tage VA habasxdestieasedebsdow the|velads Vanvhble Ehe TAHpos/Ay &S

i ncreasing, t cg%tsf Ci it thel $ofegON| s idEreadaa (BéepwSERBE. I N
step S24, it ?% eterl%ignedﬂmﬁgk% thet\%? P M

\ tage VA - B3 - ,haa %xc%e ed
the vol tage VvpditdgeuV=airhte e HRLEa0e Vy 46 8STRESIRTLS AELE Fg‘ge VA
has exceeded ReaVehhngdltn \WHebllkpfti b@ghhe &Pty eokars tidye (X8 Ergmi S
detected by a_change in _the oytput si gtal of. .t he QP araqtfor 378 (i/rborfo 5
level toH | eFeleVehnkEq It HEVEN -t aBEe_VAr}h%é’ o&&g@dedrﬁﬁé ot age vrLerr

whil e the vol tage vWéltagenviLcadiile the cwilttagie oMy cis td@Fteasing, Ofthet he
switch 212 (step S25). Thus tatic.en Y Dt r [ e rgy 10
preserving ci &cﬁﬁr%ochlé%?%gggg? ?Wé}’gwo@cﬁﬁglﬁa:’lg%?‘u\réﬁ%d (%\fltelrbn s?hrs? ‘period
T3 during which the voltage VA is in the vicinity of the power supply

voltage VDD and is decta3ied0silel, 12 (hHSLRLAShBEGHAMUP RN $6PEage OVE! OY
fromthe energy supplying crrcuit 6‘ to the enelrwga?;{.t preservi ntg_ﬁm rcuit 220.

15 4. Adl@st meras dledxersed HelavwyEhe yorsageaViy liepitbe Yodfpget YrelDf a

power supply decreasing. That the voltage V. has decreased below the
| voltage V. ; while the voltage V, is decreasing is detected

by a change in the output signal of the comparator 379 from

H level to L. level. When the voltage Vi has decreased below

15 the voltage Vy; while the voltage V., is decreasing, the
control circuit 271 turns OFF the switch 212 (step S17).

Thus, when the dynamic energy preserved in the

energy preserving circuit 220 decreases, the switch 212 is

20 turned ON in the period T, during which the voltage V) is

in the vicinity of the power supply voltage Vpp and is

decreasing. It is thus possible to supply dynamic energy

from the energy supplying circuit 210 to the energy
preserving circuit 220.

25
Figure 10B illustrates a procedure of a process for
detecting static energy. This process is executed by the
control circuit 271 (see Figure 8) for every predetermined
periodof time. Herein, Vadenotes avoltage at the node 222,
30 Ve, Vi, V2 and V.3 denote reference voltages output from the

reference voltage generation circuits 371-374, respec-
tively, and Vp, denotes the power supply voltage. These
voltages satisfy the relationship Vp<Vr3<Vr2<Vr1<VDi>.



apparatus 1302 having a function of adjusting the amobunt of dynam c energy
preserved in the energy preserving 20 circuit 220. A load 390 is
connected to the power supply apparatus 1302 at the node 224. The | oad 390
i ncludes at | east one of a capacitance conponent and a resistance
conponent. 25 In addition to the basic elenents, i.e., the
energy supplying circuit 210 and the energi preserving circuit 220, the
power supply apparatus 1302 further incTudes"the control circuit 271, a
conparator 272 and a reference voltage generation circuit 273. 30 Wen
dynam c energy is excessively supplied to the energy preserving circuit

220, the oscillation %rfPEltEBdQZ(if ibeng'ﬂgeecrémllM @HERBE VRL LAGS y@vef orm

at the node 222 - - 1 Nncreases ower ply apparatus 1302 i's
provi ded for t%lﬁﬁﬁpﬂs@éhe@%%?é‘a@l'ﬁgt reday. T ?um%ﬂhﬂﬂéeéﬂr@ﬂe

al ternati ng- Clyd e dd ddCt ¥Ry eeiuirdld fbemrm&tiaa wHsh thesromtd ggevat
t he node 222 becones | ess than or ual to 5 ngrgﬁound vol t a gﬁégg
H oront 301 | SXSCRATAPS FOURRIE I b (TR drien §Her ERPLVOLBATe: Tndietso1
i s connected tdedteasosie bdAdw Foheexasptage Bherrambna%thé al&mdmu&ddm a
termnal a as 10 [ ode and er as _an & Fi
11B).. The di oo‘éu%?flge Q:{Eﬁ%ﬂ %’a‘r’? @P 6@’& Pﬁl‘?&%ngg b%‘ff’ 391
may be a PMOS 4 pensicst ef Iuamengeqhmredrftrmltme dsime Whanntheheol'eagé néL b
as a source a S h
source being c‘%?#é%?%%é ‘%g'p&g}/e d’htgt \q&(-isee tnuFéQ %?Itgqge fhresrhol d
val ue VT10f sud¢credses thednw stbe mlbégetheﬁlhngh ‘Ure| @dternating-
current voltage waveform (A'). The period T; and the pe-
riod T, are determined by the control circuit 271 by
measuring the period of time from the time when the output
signal of the comparator 375 changes from L level to H level
15 to the time when the output signal changes from H level to
L level.

When it is determined that the period T, is less than

period T,, it is determined that static energy needs to be

20 supplied from the energy supplying circuit 210 to the energy
preserving circuit 220. Therefore, in this case, the

process proceeds to step S22.

In step S22, it is determined whether the voltage V,

25 has exceeded the voltage V.3 while the voltage V. is

increasing. That the voltage V, has exceeded the volt-

age Vi3 while thé voltage V, is increasing is detected by a

change in the out'put signal of the comparator 379 from L

level to H level. When the voltage V, has exceeded the

30 voltage V. while the voltage V, is increasing, the control
circuit 271 turns ON the switch 212 (step S$23).

In step S24, it is determined whether the voltage V,



Figure 11D illustrates an alternating-current voltage waveform (A) at the
node 222. 20 In the case where the diode illustrated in Fig- ure 11B is
used as elenment 391, the diode is forwardly biased when the voltage at the
node 222 becones | ess than or -equal to the ground voltage G\ND. As a result,
the voltage at the 25 node 222 is fixed at a voltage which is |ower than
the ground voltage G\D by the forward voltage VT of the diode (see, for
exanple, the period t[err]-t[err] in FFgﬁPe'llD) Since the diode is
forwardly biased, a forward current flows. The forward current of the diode

i s gener at ed 9s dyaxaredederthie sVeNd@gR0 Ve, Whitlee itheucveitagpeVef die, the

dynam c ener gyn&+0489ngn t MRatNGULd %olﬁa@@nﬂl Nk&ls b¥xcheadaodthe Ao bt -
result, the oscillation arrgl i tude of the alternating-current voltage
d

wavef orm at tR8en¥aevbidejEhecreltage) Vs i€ dRFELaF4RG 1§ detected. b36 ifar ge
i's supplied tehaﬁgeemﬁr ﬂhepbﬁfi:@h\tl 24 ghlallC Bift t&%o dompaie o wad ot ant  of

t he diode. Th h t |nc eases | n % case
where the PVOBSYPINEPSEorLeT Tt Mhel FReFPgutase: ¥ bags SFReaRte ity 301
t he PMOS transo:ﬁtagebvgpmneonﬂacmveag@m tibeinoreagéngt the abmirol
- becones equal to a. E $g I C Iower th &hﬁe ounglg tage G\D by
t he threshol d°€7‘6FP&§ %Rgng ?ggzl g"’d? %h i %fﬁeq é@i Tlows fromthe
termnal b (source) toward the ternmi naI a (drain) of the PMOS transistor.
The drain current is SR8 CLA-To W o) VAN %n g% SRR T4 thse | %é’f%}ﬁ
Therefore, the dynamc energy store ln the " I"n tor 1s consune e
PMOS t réﬁ3| st preserxdndaCiEsuit, 220degreasesding swideha?di @Ed@lme@ he
al ternating- caiyr ¢ft +he! pa980d T, during which the voltage Vi, is in the
vicinity of the power supply voltage Vpp, and is decreasing.
It is thus possible to supply static energy from the energy
supplying circuit 210 to the energy preserving circuit 220.
15
4. Adjustment of Dynamic Energy
Figure 11lA illustrates a structure of a power supply
apparatus 1302 having a function of adjusting the amount
of dynamic energy preserved in the energy preserving
20 circuit 220. A load 390 is connected to the power supply
apparatus 1302 at the node 224. The load 390 includes at
least one of a capacitance component and a resistance
component.

25 In addition to the basic elements, i.e., the energy
supplying circuit 210 and the energy preservingcircuit 220,
the power supply apparatus 1302 further includes the control
circuit 271, a comparator 272 and a reference voltage
generation circuit 273.

30

When dynamic energy is excessively supplied to the
energy preserving circuit 220, the oscillation amplitude

of the alternating-current voltage waveform at the node 222



wavef orm at the node 222 decreases. On the other hand, a charge is supplied
to the energy preserving circuit 220 by the drain current. Thus, the static
energy increases. 20 Figure 12 illustrates a structure of a
power supply apparatus 1303 having a function of adjusting the anmount of
dynam c energy preserved in the energy preserving circuit 220. The power
supply apparatus 1303 supplies energy fromthe energy supplying circuit 210
to the energy 25 preserving circuit utdd izi ng magneti c coupling. El enent
391 is provided in the energy preserving circuit 220. Elenent 391 is
connected to thermeses222Thnovwary supply apparabwst 1392 isprovades, ford

above. 30 Vﬁeeh@ygaegsssnéf Bedrfe ££68 e b ci9ARieMh hRpiHeudREbEYthe
preserving circuit 220, the dynam c energy stored in the inductor is
consumed by ePdfernaidng-guryrendsyoltage waygforpmatobhe| RadroR22nPreR ude

of the alternahengoltagrnhtyehkagedearebobetaeshgeBgdendd2ogeegaaseso On

the other. hand, a charge is supplied to the energy preserving cir- cuit 220
by el ement 39the ﬂﬁ?é‘,n% Wé’]é'ia(ﬂpqp@%ergy in- 5 creases. As the excessive

dynami c energy is thus consunmed by el ement 391, the oscillation anplitude
of the alternat- ing-current gta e waveform at the node 222 . _Thus,
10 . the amount of d e@te\é’_ r]gfgspr%%%‘ﬁfg%fmlrp tme e%%?ﬁ?p?gggéﬁfiag
circuit 220 i sikeptitc @21 antEldmenit e34BAis| cosneeted dstthet npdeoR22.pover
suppl y appar atgs. ]e%\}ﬁz;é’,' ﬂﬁn&ﬁ'@%é?r‘ié’faa&ié’&é'ﬂﬂtﬁ@ égggl%%@a 8s0f
dynam c energy preserved 1n € energy preserving circult . | oad 400
is conndd} ed too aathqiseand ppterminal b as an anode (see Figure 11B).

The diode may be a schottky barrier diode. Alternatively,

element 391 may be a PMOS transistor having the terminal a

as adrain, the terminal b as a source and the power supply Vpp

as a well, with the gate and the source being connected to

15 each other (see Figure 11C). The threshold value Vy of such

a PMOS transistor may be either high or low.

Figure 11D illustrates an alternating-current
voltage waveform (A) at the node 222.
20
In the case where the diode illustrated in Fig-
ure 11B is used as element 391, the diode is forwardly biased
when the voltage at the node 222 becomes less than or equal
to the ground voltage GND. As a result, the voltage at the
25 node 222 is fixed at a voltage which is lower than the ground
voltage GND by the forward voltage V: of the diode (see, for
example, the period ti-t; in Figure 11D). Since the diode
is forwardly biased, a forward current flows. The forward
current of the diode is generated by dynamic energy stored
30 in the inductor. Therefore, the dynamic energy stored in
the inductor is consumed by the diode. As a result, the
oscillation amplitude of the alternating-current voltage
waveform at the node 222 decreases. .On the other hand, a



apparatus 1304 at the node 224. The | oad 400 includes at |east one of a
capaci tance conponent and a resistance conponent. 20 In addition to the
basic elenents, i.e., the energy supplying circuit 210 and the energy
preserving circuit 220, the power supply apparatus 1304 further includes
the control circuit 271, the conparator 272, the reference voltage 25
generation circuit 273, a control circuite.402, conpara- tors 403-404 and
ref erence voltage generation cir- cuits -406. \When dynamic energy is

excessively supplied to the_ 30 ener reserving gircuit 220, e
oscillation aﬁ%lairﬁi’désoFuPH%lﬁfit 15 nt}ﬁ %’%ﬂyr BEESE Ivtlgé’ecavﬁﬁgflgr r%tlgt P¥he
node 222 i ncr axeeForvaddontiredttppEythppiiades I3k, $heostdedcf energy
pur pose of degreasing the oscillation anplitude of the - 57 -

al t er nat i ng- cd Y& ?SMi t age wavef orm at the node 222 when the vol tage at
t he node 222 becones |ess than or equal to the ground voltage G\D. 5

foswteh 01 1S provi o5l dll, S RBl% RESSBISLNIrahEalibr2291 ubheati! C1
401 i s cohnected to tHe node 222, "For exanpl e, )
transi stor. THa Higure tHLGpen/asiesk @st ledemgintc 39401 the PHRS §rpagisforhe

control circuigedifes 10od@8cf#PaCHhERCEnY L ULLELE bt 2Ad hRainaRRECRRCE

value C2 are set so as to satisfy the relations ig Cerr]>>Cerr]. Thus,
al t er nat i ng- cleIERt teor veddage ehichisslopesithan heiHeowRAyolFage, GiD,
di rect - cur r entpy AlHAGH MM Rid 1t ade Ve.ObASi dacbailt har @mea R 2hrrent

10 flows from the terminal b (source) toward the terminal a
(drain) of the PMOS transistor. The drain current is
generated by dynamic energy stored in the inductor.
Therefore, the dynamic energy stored in the inductor is
consumed by the PMOS transistor. As a result, the

15 oscillation amplitude of the altermating-current voltage
waveform at the node 222 decreases. On the other hand, a
charge is supplied to the energy preserving circuit 220 by
the drain current. Thus, the static energy increases.

20 Figure 12 illustrates a structure of a power supply
apparatus 1303 having a function of adjusting the amount
of dynamic energy preserved in the energy preserving
circuit 220. The power supply apparatus 1303 supplies
energy from the energy supplying circuit 210 to the energy

25 preserving circuit utilizing magnetic coupling.

Element 391 is provided in the energy preserving
circuit 220. Element 391 is connected to the node 222.
The structure of element 391 is as described above.
30
When dynamic energy is excessively supplied to the
energy preserving circuit 220, the dynamic energy stored
in the inductor is consumed by element 391. As a result,

the swtch 401 may be a NMOS

an



Figure 13B illustrates an alternating-current voltage waveform (A) at
the node 222 and a direct-current voltage waveform (B) at the node 224. 20
When the voltage at the node 224 decreases bel ow the target voltage Vp, the
control circuit 271 turns ON the switch 212. For exanple, the control
circuit 271 turns ONthe switch 212 in the period between tines
t[err]-t[err]. 25 Alternatively, the period to turn ON the switch 212
may be the period between tines t[err]-'t[qur] or the period between tines
t[err]-t[err]. Thus, energy is supplied fromthe energy supplying circuit
210t ot heener gypeeseseiiddaition t ampditndes pEsuthe t:btesRaFIRGTSATEAPEI t ude

of the alter n%l&:%Q_;e wavaF T RNt neO hoRe 299V @leir@atled .N€ON0ERe 28€her

i ncreases. \Wen ({/nam c energy is excessively supplied to the energé
preserving ci hamd. ZEharge 3 tHgpPphiednkon epergy Preg§ervid| &4t han

or equal to thgid Gy Y9! taendaND. 391 S Thusi, Mt | ¥thtie wWimrdsheiatatic
energy preserved in the energy preserving circuit 220 decreases, and the

center of’ the ¥&399%tion of the alternating-current voltage waveformat 5
t he node 222 becones-snaller than 1/2 VDD. In a period during which the '

vol tage at the node 2 .S less than or e |l to .qr < )
the control circuit 4 F&engxﬁﬁfﬁgeséy?%ﬁfﬁffeléﬁ %g@?%%%%o
tinmes t[err]-tdlzmént 391erhhei vsloilliatd oare@mplitiuder of Cshehaldeicnalt -
401maybet heperj odb [ e - r t eh eN P IES
(518 As arot t&%ﬁgﬁﬁ%%eo&ébﬁ%%ﬁ‘t %Q%Poﬂﬁ%gvg?tﬂ%e b 1 oS e
node 22210 The the r amound gefiedamaunisy aneaxevc prRSeEVed odldd Thet gaergy

inductor. 15 o, dhereéingecithaidynas ¢seRepeY con@t@@ti.n the inductor is

Figure 13A illdstrates a structure of a power supply
apparatus 1304 having a function of adjusting the amount
15 of dynamic energy bpreserved in the energy preserving
circuit 220. A load 400 is connected to the power supply
apparatus 1304 at the node 224. The load 400 includes at
least one of a capacitance component and a resistance
component.
20
In addition to the basic elements, i.e., the energy
supplying circuit 210 and the energy preserving circuit 220,
the power supply apparatus 1304 further includes the control
circuit 271, the comparator 272, the reference voltage
25 generation circuit 273, a control circuit 402, compara-
tors 403-404 and reference voltage generation cir-
cuits 405-406.

When dynamic energy is excessively supplied to the

30 energy preserving circuit 220, the oscillation amplitude
of the alternating-current voltage waveform at the node 222
increases. The power supply apparatus 1304 is provided for

the purpose of decreasing the oscillation amplitude of the



consuned by the switch 401. As a result, the oscillation anplitude of the
al ternating-current voltage waveform at the node 222 decreases. On the

ot her hand, a charge is supplied to the energy preserving circuit 220 via

t he 20 switch 401. Thus, the static energy increases. By turning ON the
switch 401 when the voltage at the node 222 is |ower than the ground

vol tage G\ND as descri bed above, a portion of the dynam c energy preserved
in the 25 energy preserving circuit 2%/ is converted to thernmal energy
and consunmed by a parasitic resistance of the switch 401, and anot her
portion of thalderaaitdingreuprent ctrtsrgee wraveform ad &her §pdand22svhebr ed

I n the energy.presenrvyi Lol Gbli t . 0 I , ohf g1S¥bt ch
401 is turnedt%ﬁ Rﬁéﬁa%%é%§bﬁygbg%§% 3%% E%ggﬁgfzﬁggshﬁgﬁgrthg%ﬁtheﬂground
vol tage G\D, ithe greund sikigaer@Rsved in the energy - 59 - preserving
circuit 220 is discharged toward the ground voltage GND. Aportion of

t hest ati cenergy di schargedfromthe energy preservi circuit 220 is

in .
converted to thernal &W%é%ﬁﬁjﬁéﬂ’%ﬁ%é%&PgsFPFEWe?F?FSFXéngf t he
5 switch 4% rafic aws herrHeogididenofaoihesséaineceaary the aodeerred to

dynam c energy_ due to ch e passin hr ough the_j ctor 221 _1In
particul ar, by e t%&% §g’/|:"[§c€hﬁ %(9;[ S‘Fng‘:toa w;{fgaglﬁlosvzt\éorr’t han®t he
ground vol t agetimddg i to i cpemwpsidse ther sdiiteht 401ldisaconteedldgd byesdeved

in the energy preservin LEcuLt,220 and to increase the static energy. By
turning ON thé%ﬁﬁf% ﬁgﬁggéeaké%rtage hi gher than the ground voltage G\D,
It Is pob&ible to increase the dynam c

The capacitance value C;, and the capacitance
value C, are set so as to satisfy the relationship C;>>C;.
Thus, an alternating-current voltage waveform is obtained
at the node 222, and a direct-current voltage waveform is

15 obtained at the node 224.

Figure 13B illustrates an alternating-current
voltage waveform (A) at the node 222 and a direct-current
voltage waveform (B) at the node 224.

20

When the voltage at the node 224 decreases below the
target voltage Vp, the control circuit 271 turns ON the
switch 212. For example, the control circuit 271 turns ON
the switch 212 in the period between _times ti-t,.

25 Alternatively, the period to turn ON the switch 212 may be
the period between times t;-t; or the period between
times t;-t,. Thus, energy is supplied from the energy
supplying circuit 210 to the energy preserving circuit 220.
As a result, the oscillation amplitude of the alternat-

30 ing-current voltage waveform at the node 222 increases.

When dynamic energy is excessively supplied to the
energy preserving circuit 220, the voltage at the node 222



15 energy preserved in the energy preserving circuit 220 and to reduce
the static energy. By adjusting the timng to turn ON the switch 401, as
descri bed above, it is possible to adjust the dynamc 20 energy and the
static energy preserved in the energy preserving circuit 220. The tim ng
to turn ONthe switch 401 can be arbitrarily adjusted by adjusting the
reference voltages Vr[err] and Vr[err] oaégut fromthe reference voltage
generation circuit 406. 25 Figure 14 ilT rates procedure of a process for
adj usting the dynanmic energy. This process is executed by the control

circuit 271 (d¢ YEssurthamAr eguady i) theegarand vod tage GV fbds is
Herein, VA denghfs & Mphi-aasinth theddtd e Eﬁﬂﬁ‘g%?g?reé&%@ﬁheﬁh@eh@rb@ge at

the node 224, Vp denotes a reference voltage output fromthe refereg__%e

vol tage gener RESIETYIRG i ¢15991t\2E8, ALCIRASEOF- erat‘]d deot €SREPES Bfic

vol t ages sel efzisdfiyam&@t&f thenalbernet ehgrearrehtageltage idvef@amertat i on
circuit ern% g ¥T err denotﬁ refﬁﬁencg ﬁ ages selectively

out put fr n1th qent8%\BeCayes o 8MBLLEF ohlePr ddPt VBB, VDD denotes t he
power supply voltage, and G\D denotes the ground vol t age. These voltages
satisfy the 5 rel ati h Vie ] [

step S31, it is deter ne%dngﬁe?h él{‘%lh%é %\éﬁ' E%éggte?s(é %Lde] ow the
vol tage Vp. Thix liews tbhnage eddiatoddue mm%vbbmgheGNﬁl t blge ogntizel
detected by a g t! Eo%oturfxgeoﬁuiﬂétsﬁﬂéﬁhé’i PO A P @ hekideds O H

| evel to L Ieve en the voltage VB has decreas bel ow the volt- age Vp,
the prock®s prbimedsts ttet epASQaniiﬁlg'Péﬁ S¥he jperiod  to turn ON the

det er m nedwhet bg§ £t 8RV2b1 3@y WA the period between times t,-tg or the period
between times ts-tg. As a result, a current flows from the
ground voltage GND toward the node 222. The current is
generated by dynamic energy stored in the inductor.
15 Therefore, the dynamic energy stored in the inductor is
consumed by the switch 401. As a result, the oscillation
amplitude of the alternating-current voltage waveform at
the node 222 decreases. On the other hand, a charge is
supplied to the energy preserving circuit 220 via the
20 switch 401. Thus, the static energy increases.

By turning ON the switch 401 when the voltage at the
node 222 is lower than the ground voltage GND as described
above, a portion of the dynamic energy preserved in the

25 energy preserving circuit 220 is converted to thermal energy
and consumed by a parasitic resistance of the switch 401,
and another portion of the dynamic energy is converted to
static energy and is stored in the energy preserving
circuit 220.

30

On the other hand, if the switch 401 is turned ON
when the voltage at the node 222 is higher than the ground
voltage GND, the static energy preserved in the energy



15 has decreased bel ow the voltage Vr[err] while the voltage VA is
decreasing. That the voltage VA has decreased bel ow the voltage Vr[err]
while the voltage VA is decreasing is detected by a change in the out put
signal of the conmparator 403 fromL level to Hlevel. Wen the voltage VA
has decreased bel ow 20 the voltage Vr[err] while the voltage VA is
decreasing, the control circuit 271 turnhssgN-the switch 212 (step S33). In
step S34, it is determ ned whether the voltage VA has decreased bel ow t he

voltage Vr[er ?r %ﬁﬂg{‘ec¥9éﬁ§992¥6 1% 2@ischalf§é@atodra Higd bbeunal tage

VA has decrea he voltage Vr[err] while the voltage VA Is

decr easi ng i sVd’étt@aeecﬁl‘{R/ a AckrrEton % hlae fkaldic engRayY %tsqh?er%ﬁg% or

403 from L | evgle epetdyeYlesethamhgd @.ﬂ&ﬂﬂtaQQOV&sh%&th%’@% kekewathe
voltage Vr[err] while the VOlPE‘% VA I s, decr easi

circuit 271 t FARETEFRAeCORS W(E}P%ppgé'gfltgﬁ ﬁeeﬁi"ssg%nc?cfgg the

det er m neglwhethertdrevad 1 ag@na/AahaShdec m@nbeimwnétesmttagenuraymmsl e
the voltage VA is ecreasin t he voI ta e VA has ecre sed
bel ow t he vol CRVERYSS K RRPREIELEROERY I IR RS et T HERRERG by
a change in t heheoumplicsogn2a2iof the conparator 404 from L level to H

| evel. When the voltage VA has decreased-bel ow 5 the voltage Vr[err]
while the voltage VA is decreasing, the control circuit 271 turns ON the
switch 401 (step S37) Inrper'ejac@@r i byi surnisgnPNetihahewidch 4O @t &ye VA

has decrfﬁsedﬁ %hfo Vﬁt&f d&om o ét}g%é/c&»tegett/&é $poskible

decr easi ng vo tag ecrease ow the voltage Wr4 while
t he vol t age VAt¢sr@@¢JtC@athg Ayt enel@ya RIRSREVEH tife Bhep RN Fhal

of the conparapEsdPdihgo8itche¥eh2b0ahdl €4 el nciiese tiite WidB0E SffeltRs.
decreased bel ow t he vol tage Vr errl whi | e_t he voltatgee VA | shdeC{eam r}g t he

By turning tch 401 at a voltage higher than the

ground voltage GND, it is possible to increase the dynamic

15 energy preserved in the energy preserving circuit 220 and

to reduce the static energy.

By adjusting the timing to turn ON the switch 401,
as described above, it is possible to adjust the dynamic
20 energy and the static energy preserved in the energy
preserving circuit 220. The timing to turn ON the
switch 401 can be arbitrarily adjusted by adjusting the
reference voltages V.; and V., output from the reference
voltage generation circuit 406.
25 '

Figure 14 illustrates procedure of a process for
adjusting the dynamic energy. This process is executed by
the control circuit 271 (see Figure 13A) for every
predetermined period of time. Herein, V, denotes a voltage

30 at the node 222, Vg denotes a voltage at the node 224, V;
denotes a reference voltage output from the reference
voltage generation circuit 273, V., and V., denote reference

voltages selectively output from the reference voltage



15 control circuit 271 turns OFF the swtch 401 (step S39). Thus, the
switch 401 is turned ON in a period during which the voltage at the node
222 is less than or equal to the ground voltage G\ND. As the excessive
dynam c energy is 20 consuned by the switch 401, the oscillation
anplitude of the alternating-current voltage waveform at the node 222
decays. Thus, the anmpunt of dynam c energé%preserved I n the energy
preserving circuit 220 is kept constant” ~ 5. Regarding Noise As
illustrated in Figure 6A, in the case where energy is supplied fromthe
energy suppl yigepesiattion cirouis #e8 .cherand ¥redenotagafioranae yo4tagsst he

switch 212, the {1 0lalvAPURNL bt SEPHhYtRE FYPEPLACENObIYagBlgEhatheidd
energy (or the anount of” conversion of dynam c ener and static P@{W) S
det erm ned accHFEFHEL 406 heVibSRRPLRF R@Y?%@‘Hﬁ%md’%ﬁa&?w Gy ch

212 is ON. As ddifotydathe @neuad o tdiR St AldseNesDyageppsatdstyonthiehe

ener gy - 62 -_preserving circuit 2 0 e Joad increase, the switch
212 is control¥erEtenghip Be<&arﬂ%9<§9ﬂ<3!ﬁg§£ﬂb rod of time. As the

dynam c energy and the static energy supplied fromthe energy preserving

circuit 220 to the lo decre , the 5 SW L ' t as
to be. ON for a shortertP&id “oF %E@‘.S %Eﬁrpﬁggpgﬁ%ﬁ]ﬁ%%?'}%e‘;%{éégg?f@dhri ng
whi ch t he swi tisds detreaddd bedogeshavaldsge Bed abBbat, thdwoditeger Vedraslo

of the sinusoi

al ve .oschl | ati : 0 ,
result, the fr‘gﬁﬁﬁﬁc§ggp§§?‘ P{'}muc}gn}'ﬁ%tépgt gf?f%n C %\%ﬁ%%%a‘rﬁ%ﬁ%ﬁl
wave oscldl atitheavuthutnsignarofisthe comparatorn 2u2rEremtfirkrigeltie L

i nductor 221. ,IBg1CUrgk8h the voltage Vs has decreased below the volt-
age Vp, the process proceeds to step S32.

In step S32, it is determined whether the voltage V,

15 has decreased below the voltage V. while the voltage V, is

decreasing. That the voltage V., has decreased below the

voltage Vy while the voltage V, is decreasing is detected

by a change in the output signal of the comparator 403 from

L level to H level. When the voltage V, has decreased below

20 the voltage V,; while the voltage V, is decreasing, the
control circuit 271 turns ON the switch 212 (step S33).

In step S34, it is determined whether the voltage V,

has decreased below the voltage V., while the voltage V, is

25 decreasing. That the voltage V, has decreased below the
voltage V., while the voltage V, is decreasing is detected

by a change in the output signal of the comparator 403 from

L level to H level. When the voltage V, has decreased below

the voltage V., while the voltage V, is decreasing, the

30 control circuif 271 turns OFF the switch 212 (step S35).

In step S36, it is determined whether the voltage V,
has decreased below the voltage V.; while the voltage V, is



flowwng through the I nductor 221  generates an el ectromagnetic
wave. The frequency of the electromagnetic wave is uniquely related to the
frequency of the sinusoidal wave oscillation. The el ectronmagnetic wave
generated by 20 the current flow ng through the inductor 221 influences
a circuit which is connected to another inductor while being coupled to the
ot her inductor. This is so-called noise. The noise can be renoved with a
filter. In order 25 to facilitate nors8lrenoval with a filter, it is
preferable that the frequency spectrum of the noise is generally constant
anddoesnotchan@@creigkeepld@m@hsthﬂtVﬁétéﬂgtHAdha$h669§¢?§Gdd@ Whech

the swtch 212, g%%\é Vi, ﬂ@S§hQ' %oieabsemtﬂe dd SRy SREPteBtda the
noi se constant. IR or er to Ihé constant the | eng th of the period

during which th% afhengeip the QULRRE SHERA °§ft§%ﬁﬂ‘99a%¥f’¥ hko %\rﬁﬁﬂﬂ of
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t f th tch 212 t t
of the Subt ch D35 IA1tBE% Y cYBALE) tHiey VekEART cIr pHbyFRRRG R 1Bur Ay of

sw t ches whi chcahersr takkyitorrac tted-niso G echn aiWisrctbetokefs tep S3NE.

I nductor 221 and the node 222, and changi ng the nunber of sw tches anong
the plurality of switches which are turned ON concurrently. Figure 15
illustrates an exenpl aly stepnceIB e idfia d:e(termismiduhetberithe vo2sage Vi

Theswi t chsectign.2 es
connected in pg?a %g?r%g%g%ﬁgﬁé%% herévﬁéjf{]a%e orfé v;tgf:?% 4m%{ﬂahgé ?rvm %?:
212-1 |5110urnededklea5m‘umg Fhethdheperadiige ha mSt meﬂ$ hgewibhe are

turned ON. Dur B&“ 2 | ly ani 'tﬁf'é R tde Wois devktah8eng2i3-detecdd-3

ar et ur nedON. stifl anot
by a change in the output signal of the comparator 404 from

L level to H level. When the voltage V, has decreased below
the voltage V.; while the voltage V, is decreasing, the
15 control circuit 271 turns OFF the switch 401 (step S39).

Thus, the switch 401 is turned ON in a period during
which the voltage at the node 222 is less than or equal to
the ground voltage GND. As the excessive dynamic energy is

20 consumed by the switch 401, the oscillation amplitude of
the alternating-current voltage waveform at the node 222
decays. Thus, the amount of dynamic energy preserved in the
enérgy preserving circuit 220 is kept constant.

25 5. Regarding Noise
As illustrated in Figure 6A, in the case where
energy is supplied from the energy supplying circuit 210
to the energy preserving circuit 220 via the switch 212,
the total amount of supply of dynamic energy and static
30 energy (or the amount of conversion of dynamic energy and
static energy) is determined according to the length of the
period during which the switch 212 is ON. As the dynamic

energy and the static energy supplied from the energy



period, the switches 212-1 to 212-4 are turned ON. As the nunber of
swtches to be turned ON concurrently increases, the anmount of supply, and
t he amount of conversion, of the energy increase. 20 By keepi hg const ant
the length of the period during which the switch 212 is ON, while adjusting
t he amount of supply, and the anmount of conversion, of the energy by
changing the parasitic resistance of the swtch 212, as 25 descri bed
above, it is possible to keep the frequenty Spectrum of the noise constant.
Thus, the renoval of noise with a filter is facilitated. 6. Regardin
Resonance OpeP&eis@Fvigg circuit 22¢northe)leadyincragae t&%ﬁ‘ngGBI zgéve

oscillation atjd RRAG 1%L Y dNTELHY ON BoeSar Yofige® béb‘h.bd?a@ tSme.
represented by f=1/{2]err [err] err] q:ﬁﬁ]s)% when the rel at éuhlg_
Clerr]>>C err]ASnd:Ib(fs S’E‘& o STREGC: SREE IS SPRR fLFP EEBM 221,
-C[ 64 ] gnd ( adtd eﬂe&@tyeprébermﬁgwiﬁ?@e%vame:oof:héhlaommﬁmh 2B6, and
err enotes t I.t ance, val ye .of the, capacjjance 223. As the.
capaci t arte vaYE fo:}? iisg CPHEng'i’Sg SO 1R° §°a‘§)? ?@{]ggﬁc? F'f%od:etcerreggggp d
Mor eover, as tde tinituct ance L is increased, the frequency f decreases. The
frequency f being | ow neans that the rate of change of a signal input to a

conparator used in various 10 types of power supply circuit is small.
Thus, the conparat or dlﬁmendethet lengtiol efigehed peydoderduringhwbicrh Féeause

a conparat or i ol hﬁ‘i Cj’.[seb %Qgt he%% 1@%he£$o%voéﬂéﬁ\?.ﬁ'{w&lon

accur at el y as e Sig ct e IS OWEI‘ Mor eover
conpar at&? ha@% tlagasmutsyl@ﬁldaaéra ioReiklation \af t kie wPes 2@Rf iediseht

accuracy, it ighPRgesbl e AP hedicfit, the frequency spectrum of the
distortion changes.

The sinusoidal wave oscillation at the node 222

i5 conducts a current through the inductor 221. The current
flowing through the inductor 221 generates an
electromagnetic wave. The frequency of the electromagnetic

wave is uniquely related to the frequency of the sinusoidal

wave oscillation. The electromagnetic wave generated by

20 the current flowing through the inductor 221 influences a
circuit which is connected to another inductor while being
coupled to the other inductor. This is so-called noise.

The noise can be removed with a filter. In order

25 to facilitate noise removal with a filter, it is preferable

that the frequency spectirum of the noise is generally

constant and does not change. Bykeepingconstant the length

of the period during which the switch 212 is ON, it is

possible to keep the frequency spectrum of the noise constant.

30 In order to keep constant the length of the period during

which the switch 212 is ON, the amount of supply, and the

amount of conversion, of the energy can be adjusted by
changing the parasitic resistance of the switch 212.



t he power consunption of the conparator by reducing the detection accuracy
of the conparator. In addition, the energy can be supplied fromthe energy
supplying circuit 210 to the energy preserving circuit 220 aimng at a
timng at 20 whi ch a voltage difference between the termnals of the
switch 212 is small, whereby it is possible to avoid generation of noise-
due to an inrush current which occurs due to a |large voltage difference
occurring between the termnals of the sWich 212. 25 Thus, the ener gy
preserving circuit 220 has a characteristic of being able to increase and
decrease the frequency f of the sinusoidal wave oscillation at the node 222

by changi ng the capacidiaiffivghhe SaEheiti8¢e¥ standidys ity switEhenabore,
it is possible to increase and decrease the frequency of the noise in_a
resonance operq@t & agidievet ap ot SFERLS uPTEY LN & 8, (Tldﬁ:éel"fa

Eh65 -dcoggizt!é%%(ﬁa?és Wh@.tc?d’@ft &g 0f1 ¢ Benfﬁéaﬁédiﬁ&bnw&)b m@rh 'b?a;wmhat

e node IS ept_const an the noun (0] ar to be, cC rge I n the
capaci t ante 228h¢ JQRERr %iz?’{beé:g‘ﬁ F°§ﬁe23§rr%ﬁ‘§ THARTHYT | HiS N er
capaci tance 22F Bwitdhey aneng. thid eluradlidyger iswisigis etlich aré dadnesi ng a

si nusoi dal wav, oscillatio’gl or when a charge is collected fromthe | oad,
the amount of ThafYrCVaFFRS dependi ng upon the |oad. 10 Therefore, the

circuit design of the energy preserving circuit 220 needs to be nade in
Cone Cony " e s EGHEATLst 4200} B2, AU Rl g s EiiptuRg 36 d e
Regar di n§0Noi sewRedb@satidgmsieen Mbeseitehsiestion 212e includes four
switches 212-1 to 212-4 which are connected in parallel to
one another. During one period, only the switch 212-1 is
turned ON. During another period, the switches 212-1 and
212-2 are turned ON. During still another period, the
15 switches 212-1 to 212-3 are turned ON. During still another _
period, the switches 212-1 to 212-4 are turned ON. As the
number of switches to be turned ON concurrently increases,
the amount of supply, and the amount of conversion, of the
energy increase.
20
By keeping constant the length of the period during
which the switch 212 is ON, while adjusting the amount of -
supply, and the amount of conversion, of the energy by
changing the parasitic resistance of the switch 212, as
25 described above, it is possible to keep the frequency
spectrum of the noise constant. Thus, the removal of noise
with a filter is facilitated.

6. Regarding Resonance Operation
30 The frequency f of the sinusoidal wave oscillation
at the node 222 of the energy preserving circuit 220 is

represented by £=1/{2n°V(LC;)} when the relationship C;>>C.
holds. Herein, L denotes the inductance of the inductor 221,



Operation As the integration density of LSIs increases, it is expected that
menory circuits, such as DRAMs, digital circuits and analog circuits wll
be formed on a single chip. 20 It is believed that, as these various
circuits are mxed on a single chip, the influence of noise mxed in the
operating frequency band of an internedi ate frequency analog circuit on the
characteristics of the analog circuit vwlé gradual |y becone problematic in
the future. 25 Figure 75 illustrates one $bodi ment  of a system LSI. For
exanpl e, a systemLSI 1801 has a function of recejiving and d

: nodul ari.ng a
transmitted hiagid €r Ggnetey thecanasidangs Natue dhthsy CQP?;S?LE%B?% 855!
t el ephone. 30 a-fi@c?ﬂ%h%éssthé%ddﬁlaiﬁ%iraaﬁei &f aheedapheitarqaenres.and
hi gh frequency analog circuit block 1802 having a function of receiving a

hi gh frequency signal and - 66 - denpdulating it to an internediate
frequency; a DRAM bl ogs 1888 feipatdtangea valogs ap Wos chinareaspd r ethieor

the denodul ation; a | ow frequency anal circuit_hl opt zqQl 1'i ng
the demodtl at i TP BN i%ng%\‘ﬁ’ae?%‘éﬁudi'ﬁ‘g‘%%"ﬁD %Q efégnéggﬁg%gpgg B33
converting theimeresked) ethei fnatuency fii decakasegnal ; a digital circuit

bl ock 1805 for perform ng signal processing such as noise renoval of the
digital denodul ated signal; and a power supply apparatus 1806 which
i ncl udes an LC resonarfBee cfreguencyhé beiegi Loy Beres1&batidhs FR¥e1®E the

pover supply a&%&%“éf 1§0gi§ﬁsﬂ 9hpet 26 8 SoRphatidr e hirp valieumwer
suppl y appar at us 6 suppli&s a power supply volta%g to at | east one of
the circlft types of power supply circuit is small.

hus, the comparator
can detect the voltage without error. This is because a
comparator has a characteristic that it can detect a voltage
more accurately as the signal to be detected is slower.
Moreover, when the comparator has a capability of detecting

15 a voltage with sufficient accuracy, it is possible to reduce
the power consumption of the comparator by reducing the
detection accuracy of the comparator. In addition, the
energy can be supplied from the energy supplying circuit 210
to the energy preserving circuit 220 aiming at a timing at

20 which a voltage difference between the terminals of the
switch 212 is small, whereby it 1is possible to avoid
generation of noise due to an inrush current which occurs
due to a large voltage difference occurring between the
terminals of the switch 212.

25
Thus, the energy preserving circuit 220 has a
characteristic of being able to increase and decrease the
frequency f of the sinusoidal wave oscillation at the
node 222 by changing the capacitance value and/or the
30 inductance. Therefore, it is possible to increase and

decrease the frequency of the noise in a resonance operation.

When the capacitance value C, is increased under a



bl ocks 1802-1805. 15 As illustrated in Figure 75, the

I nternmedi ate frequency and hi gh frequency analog circuit block 1802 and the
power supply apparatus 1806 are | ocated adjacent to each other, whereby the
noi se generated due to the inductance of the LC resonance circuit is

I ntroduced into the 20 I nternmedi ate frequency and hi gh frequency anal og
circuit block 1802. On the other hand, since the characteristics of the

i nternmedi ate frequency and high frequenty5%nalog circuit block 1802 are
significantly reduced by noise, the acceptable noise intensity is specified
by the standaconddrtiz®m thedchther mamplippdecnf ofheuchiayseigied) wave
transm ssi on. r ' a p kbt S 588n€YUhet BmBtTnt
greater than 5§%Bg§%§?$§%%Eéﬁ%§3?%??%q%g%di?2$§bg_%gﬁgg R+t fre- quency
band. 30 of Chaﬂgﬁft@rb@eﬁgﬁﬁ@eﬁoP@etPPoﬁ?BQPﬁﬁapﬁFr3&§cé89r9%§F§°is a

net hod whi ch YSes eRRMA!, THPlnrdHeRd FlewiMy thtdoehenehphbtitadeear23

I nductor, e.g., a power supply apparatus using an operational anplifier.
However, 5 a péfereasthpl y - 67 - apparatus which does not include an

i nductor has a large energy | oss, and thus is di sadvantageous in reducing

t he power and heat generated.by an.LSI. en poywer | .

i ncl udi ng an i nduct or erh?e‘ﬂ@%%%?‘ﬁﬁ%%b‘?%ﬁ"? Tga??%&’r%?%ﬁ%&rs%}a}l
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frequency f and the amount of charge supplied to the load
(and/or the amount of charge collected from the load).

15 7. Regarding Noise Reduction based on LC Oscillation
Operation '

As the integration density of LSIs increases, it is

. expected that memory circuits, such as DRAMs, digital

circuits and analog circuits will be formed on a single chip.

20 It is believed that, as these various circuits are mixed

on a single chip, the influence of noise mixed in the

operating frequency band of an intermediate frequency analog

circuit on the characteristics of the analog circuit will
gradually become problematic in the future.

25
Figure 75 illustrates one embodiment of a systemLSI.
For example, a system LSI 1801 has a function of receiving
and demodulating a transmitted high frequency radio wave,
such as that of a portable telephone.
30

The system LSI 1801 includes: an intermediate
frequency and high frequency analog circuit block 1802

having a function of receiving a high frequency signal and



vol tage conversion section 54 as illustrated in Figure 51A, when the
current supply fromthe switch 50 is term nated, 15 the switch 50
changes fromthe open state to the closed state. Wien the switch 50 changes
fromthe open state to the closed state, the current flow ng through the

I nductor 52 rapidly changes, whereby the voltage at the signal input
termnal Ainstantly reaches the ground voltage according to the 20
characteristics of the inductor 52. As a $®sult, the noise generated from
the inductor 52 has a noise distribution which reaches a hi gh frequenc
according to demodgiatierhngd ikot lad vdnteguediatee Eremaeneyiputa t @

A. This may Cyigi Nideslucy %Qo&fln@obsﬁrbgfhﬂgw@fch rﬁ@&%&d&:ﬁﬁ@%‘o&r th@an 25
the intensity accepted for the frequenc whi ch i nfl uences

charact eri st i demgaviation eran%B‘f’ét]@q‘%%nciﬁééﬁ%’ga‘ﬁHrﬁ‘Fbﬁ 'qlr%'d%elrﬁﬂ/‘ &R/ og
circuit block c&tﬁmm@&h&aeﬂadumatmen@&ﬁléman@mm&amﬁbya@@/n
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power supply voltage to at least one o% 'ghe circuit
blocks 1802-1805.

15 As illustrated in Figure 75, the intermediate
frequency and high frequency analog circuit block 1802 and
the power supply apparatus 1806 are located adjacent to each
other, whereby the noise generated due to the inductance
of the LC resonance circuit is introduced into the

20 intermediate frequency and high frequency analog circuit
block 1802. On the other hand, since the characteristics
of the intermediate frequency and high frequency analog
circuit block 1802 are significantly reduced by noise, the
acceptable noise intensity is specified by the standard for

25 each form of application such as signal transmission. For
example, one standard prohibits noise equal to or greater
than -60 dBm from being introduced into a 10-20 MH=z freQ
quency band. '

30 For preventing noise from being introduced, there
is a method which usés a power supply apparatus which does
not include an inductor, e.g., a power supply apparatus using
an operational amplifier. However, a power supply



Lin Figure 1). Thus, it is possible to appropriately select and set L and
C during the design process. The resonance frequency f is represented by

f=1/2[err][err]LC. Itcanbeseenthat 15 a frequency band in which noise
is distributed becones narrower as the resonance frequency of the LC
resonance circuit is decreased. A curve d represents a noise distribution

by the above-described conventional DC/ DC converter 61. 20 Assume that it

IS necessary to set the noise intensity~i ﬁ7a’particul ar frequency band (a

band from frequency f[er‘@gl to frequency f[err]) to be less than or equal to
a predet er ni neRPRaFEuP[Writhi dpeshrotniaciuderand Andyedesy hawwd a23.argehi gh
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In the conventional DC/DC converter 61 having the
voltage conversion section 54 as illustrated in Figure 51A,
when the current supply from the switch 50 is terminated,

15 the switch 50 changes from the open state to the closed state.
When the switch 50 changes from the open state to the closed
state, the current flowing through the inductor 52 rapidly
changes, whereby the voltage at the signal input terminal A
instantly reaches the ground voltage according to the

20 characteristics of the inductor 52. As a result, the noise
generated from the inductor 52 has a noise distribution
which reaches a high frequency according to the rapid change
in the voltage at the signal input terminal A. This may
cause introduction of noise having an intensity greater than

25 the intensity accepted for the frequency band which
influences the characteristics of the intermediate fre-
gquency and high frequency analog circuit block.

On the other hand, in the case of the power supply

30 apparatus 1806 including an LC resonance circuit, it is
possible to limit the change in the current flowing through

the inductor by appropriately setting the resonance fre-
quency of the LC resonance circuit. Thus, it is possible



10 qguency and high frequency analog circuit block. Figure 76 illustrates
an exanpl e where the power supply apparatus 1806 including the LC resonance
circuit and the internediate frequency and hi gh frequency anal og 15

circuit block 1802 are fornmed on different chips. A systemLSlI 1807

I ncludes the digital circuit block 1805 and the power supply apparatus
1806. The system LSI 1807 and the internedi ate frequency and hi gh frequency
analog circuit block 1802 are forned on” R4 ferent silicon chips. The power

20 supply apparatus 1806 supplies a power supply voltage to at |east one
of the circui ttchldeskeeasd 2the df 1SDEenEY (@Ff cth® RPL8S8trates a distribution

of noise intensity with respect to a distance D between the system 25

LSI 1807 and the internediate frejgyency and hi gh _frequenci anal og ci.rcuit
bl ock 1802. In Fi gur e FASuRer{ts idlustrates r 8ttt oLPytion &HoREics

di stances De, {}tefdftPowPehVBESpEBE 8¥StRA L&boh8Adeatittelgnenicyt efnttieat e
frequency and high frequency ., anal og &rﬁuit bjﬁgck 1802. rg&1 P he
30 rel &t i or<hi PeBRBPRSEy HAEL 1t PhnT b8IEReh/t NG FY Syuehcy Barfd in

whi ch noi se i syeépésthuseyd bogespponiden awsonanties tfarapidhdisswela, t e
ol rout bl ook 8Ap Fue ok Ehac hE.EabSHRREEY STEier | HUEAGY, PRESY,
resonance fre-relabtynshiph€<Eiiefunhotdsci rkach ¢5_bbesn¢$¢na@ﬁﬁlir§nall,
Co be | oot TroiPAbOsR.FEL, 5t SR BLERY Hhe' DenpRastisthocieantons ey
prevent 1be chhyaeppriopmicatedy t$ettingr nddring & eehd) REQCESGh the
frequency anal egpﬁlbﬁ.‘f:ﬁhﬁebbo@é(. d380¢, i RGN NEnhoaks iddficterngice.g. ,
LinFigure 1). Thus, it is possible to appropriately select
and set L and C during the design process. The resonance
frequency f is representedby f=1 /2nVLC. It canbe seen that
15 a frequency band in which noise is distributed becomes _
narrower as the resonance frequency of the LC resonance
circuit is decreased. A curve d represents a noise
distribution by the above-described conventional DC/DC
converter 61.
20
Assume that it is necessary to set the noise
intensity in a particular frequency band (a band from
frequency f; to frequency £f.) to be less than or equal to
a predetermined value P, for the intermediate frequency and
25 high frequency analog circuit block 1802. In this case, by
setting the resonance frequency of the LC resonance circuit
to f;, or fi,, it is possible to set the noise intensity in
the particular frequency band to be less than or equal to
a predetermined value P,. Thus, it is possible to prevent
30 the characteristics of the intermediate fre_quency and high
frequency analog circuit block 1802 from becoming lower due
to noise. The frequency f£; is 10 MHz, for example, and the
frequency f, is 20 MHz, for example. The predetermined



10 As the power supply apparatus 1806 including the LC resonance circuit,
any type of power supply apparatus described in Chapter 8 and Chapter 9 of
this specification can be used. However, it is not indispensable for the
LC 15 resonance circuit to include a structure in which the first
capacitance is connected to one end of the inductor while the second

capaci tance is connected to the other endgef_the inductor (hereinafter,
referred to as the GL-C structure) The LC resonance circuit may include a

structure in 'fq% a }Enﬁgg?ected to only one end of the
I nduct or (hergg%a é? reféﬁfe o as t%\ structure). Figure 79
Illustrates a structure of the power supply apparatus 1806 including an LC

resonance circuit 25 No{'a%l dﬂlfh lrdr Sddd di¥ciit O IAWRIreS iAded on
apparatus 1806 supplies a_direct-current power supply voltage to_at | east

one of the pl L#aﬂ-il?lef sdildeon FhiRksbuthalgewsthen, it L 2ckagi®d® and

the pluragity &én§iffliricﬂéa€§‘é<§ SR asf Of mtqrxcm.@ ﬁl@ﬁ&l&%nbgoﬂdmtgm
chip or on different 30 sem conduct or. chj resonance circuit is

formed of an i RRIILY Rackaping eraacsEstra +'£e 11t8%f neﬁeﬁﬁ?ﬂgﬁ SR Sent
- 71 - ci rcwttﬂ@&hdﬁs@qmﬂeteﬂlt@odﬁ@ea@umonaacancmmngltx_}rrgaceaﬂdzage

t t i nal th d 20 h
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the vol t age cre ses.

Figure 76 illustrates.an example where the power
supply apparatus 1806 including the LC resonance circuit
and the intermediate frequency and high frequency analog

15 circuit block 1802 are formed on different chips. A system
LSI 1807 includes the digital circuit block 1805 and the
power supply apparatus 1806. The system LSI 1807 and the
intermediate frequency and high frequency analog circuit
block 1802 are formed on different silicon chips. The power

20 supply apparatus 1806 supplies a power supply voltage to
at least one of the circuit blocks 1802 and 1805.

Figure 78 illustrates a distribution of noise

intensity with respect to a distance D between the system

25 LSI 1807 and the intermediate frequency and high frequency
analog circuit block 1802. In Figure 78, curves e, £ and

g respectively correspond to distances D., D¢, and Dy between

the system LSI 1807 and the intermediate frequency and high
frequency analog circuit block 1802. Herein, the

30 relationship De>Df>Dg holds. It can be seen that a frequency
band in which noise is distributed becomes wider as the
distance D between the systém LSI 1807 and the intermediate
frequency and high frequency analog circuit block 1802



When the current flow ng through the inductor 1820 is 10 flowng from
the capacitance 1821 toward the current adjustnent circuit 1811, the
voltage at the node 1818 decreases. The current adjustnent circuit 1811

adjusts in- 15 put/output of a current while nonitoring the voltage at
the node 1818 so that the voltage at the node 1818 oscillates in an LC
oscillation with a predeterm ned vol tage litude. In order to convert the
oscillation voltage at the node 1818 to a direct-current voltage,
conparators 1813 and 1819, a 20 ref erence vol tage generation circuit
1814 and a cor?YOTeFFRuit 1812 are provi ded. By opening/closing the

switch 1815 by neans of the control circuit 1812, the voltage at a node

1816 of a load 1817 is,go o] ' | t c
conversion nethod is Z%Q &Xglar#ﬁsgl 92’09% %n\%gﬁ:rgﬁgl&? \QQ}%Q;S; (%ana%répomer
suppl y appar at agenfiy € Whie| L gegon@rnidsedibehdl o ble seffichently smapk o

17A. The gontrpt gl Gy d.é %ig tbh%é:@nnaﬁéé%%t%@dlﬁﬁ pdfEi A 4£0

1815, the load 1817 an e reference voltage generation circult 1814
“illustrated i anegueécygbaéépE@ -begdess {Ghag 9rcemaéép'éﬁoatm:%ﬁwned

circuit 283, cogpaeat ofgugf4 Agd 8@5‘31615%6 pred@At fhé Qithrdttteiik@ics

r ef erence voltag’e eneratlon circuit 286 illustrated. in Figure 17A. - 72
- 8. Type of PB & st BREueReY paher hdghp &F RP2HRA | s

gener al ly cl aS&ﬁ.i:bﬁd_tl lbtl@dkhasfod lf i b dcBriny Hesvdrl)add) to Snoisél) DC
Type: gépe whi ch uses a direct-current voltage waveform supplied from one
~of the node 222 and the node 224 of the energy preserving circuit 220. (2)

AC Type: A type whi ch Asethampmidresnppilygappara&ttis 1806 including the LC
resonance circuit, any type of power supply apparatus
described in Chapter 8 and Chapter 9 of this specification
can be used. However, it is not indispensable for the LC

15 resonance circuit to include a structure in' which the first
capacitance is connected to one end of the inductor while
the second capacitance is connected to the other end of the
inductor (hereinafter, referred to as the C-L-C structure).
The LC resonance circuit may include a structure in which

20 a capacitance is connected to only one end of the inductor
(hereinafter, referred to as the L-C structure).

Figure 79 illustrates a structure of the power
supply apparatus 1806 including an LC resonance circuit
25 having the L-C structure. The power supply apparatus 1806
' supplies a direct-current power supply voltage to at least
one of the plurality of circuit blocks. The power supply
apparatus 1806 and the plurality of circuit blocks may be
formed on a single semiconductor chip or on different

30 semiconductor chips. '

The LC resonance circuit is formed of an induc-
tor 1820 and a capacitance 1821. A current adjustment



10 vol t age waveform supplied fromone of the node 222 and the node 224
of the energy preserving circuit 220. (3) DC- AC Type: A type which uses a
direct-current voltage waveform supplied fromone of the node 222 and the
node 224 15 of the energy preserving circuit 220 and an al ternat -

I ng-current voltage waveform supplied fromthe other one of the node 222
and the node 224. (4) AC-AC Type: A type whiech uses an alternating-current

20 vol tage waveform supplied fromone of the node 222 and the node 224
of the energy g rﬁ”ﬂﬂlf' rscebﬁnaaQeanéo %@téeféeaﬁagc&wlr:eawol irRhge
wavef orm suppl i e romthe other one of the node 222 and the node 224. 25

8.1 DC Type PH@dtasipmt ﬁpiS&Fﬁ'ﬂ-H§lF|°§urtélel@A1¢qq’E&¥r]aﬁ%% tosvhichytheyt 4
DC type pover sufiddnt aBfalstiént28irshithisuppld 86nAedtedcts §dtﬁﬁ:ﬂVnnV(2| .tage

waveformto a | oad, 270 connected to H_he ”R% 224. The | oad g) S,cl udes at
| east one of &R tHACPLBRPORBRAPLIEoVOLtagg &5, B85FYMY 5 foomBnt. In

addition g0 the basic eI errents . e., the energy supplying circuit 210 and
the energy preserving |t 220 = 201
further includes the c o ec}lfaefltﬁ}ow?‘ﬁg Hg 8¥§t 5‘?‘9%&%% B2

ref erence vol t:iagcflgmmrgtﬁmm thecoutreis. adjmstﬂm‘emn;ﬂlmh 1186k rtaztvard n

Fi gure 16A, t QM | I 1 1L Y, e i e as
illustrated in gu 61 S eat; tﬂé ?2»}%38’%%?0&@ 1?}? i o

wever , ctures ustrate
Fi gures 6A- 6D Wimen 5$herra9umeetrp|fdy%dr% throughydihg einduekerch82fy is

suppl yi nggcir- ffb’d:in&lq:‘raﬂ?e tHd Uehpheidande Yslnat edwhbari €we ecudentd 1B
or 13A may be enpl o¥ as neans for adjusting the dynamc 10 enerIqa/
adjustment circuit 1811, the "voltagé at the node 18

decreases.

The current adjustment circuit 1811 adjusts in-

15 put/output of a current while monitoring the voltage at the

node 1818 so that the voltage at the node 1818 oscillates

in an LC oscillation with a predetermined voltage amplitude.

In order to convert the oscillation voltage at the node 1818

to a direct-current voltage, comparators 1813 and 1819, a

20 reference voltage generation circuit 1814 and a control

circuit 1812 are provided. By opening/closing the

switch 1815 by means of the control circuit 1812, the

voltage at a node 1816 of a load 1817 is converted to a

direct-current voltage. Such a conversion method is

25 similar to the conversion method for a power supply apparatus

which will be described below with reference to Figure 17A.

The control circuit 1812, the comparators 1819 and 1813,

the switch 1815, the load 1817 and the reference voltage

generation circuit 1814 illustrated in Figure 79 respec-

30 tively correspond to a control circuit 283, comparators 284

and 285, a switch 282, a load 280 and a reference voltage
generation circuit 286 illustrated in Figure 17A.



The capacitance value CJerr] and the capacitance value C2 are set so as to
satisfy the relationship (err]>>C[err]. Thus, an alternating-current

vol tage waveformis obtained 15 at the node 222, and a direct-current

vol tage waveformis obtained at the node 224. Figure 16B illustrates an
alternating-current voltage waveform (A) at the node 222 (indicated by a
br oken 20 line), and a direct-current pmoldage waveform (B) at the nade
224 (indicated by a solid line). Strictly speaking, the voltage waveform at

the node 224 igs al3Q af %‘Jv@#%ﬂé}ﬂ[_ﬁ %ﬁ atMil tage waveform However, the
volt- age wavelorm a node can be considered as a di- 25
rect-current voltage WB€ef ®AWer THUWPRLY haPRE@tHe 20t ab® ogenreFali®n at

the node 224 i3 asuhifiicdentdte Y |@511d@ihd eowe! tpgesosehl(ayion at the
node 222. As described above, by appropriately adjusting the 30 ratio

between static energy and dynam c energy supplied fromthe energy supplying
circuit 310, i(t1)i SODQ%&J eAtﬁypat @hAchheselst ef raireagt coureant voblagge

wavef orm (A) such hat th of the illa her is at t

vol tage Vp andaVv °rﬂlsuppﬂ7é' %FPF‘U‘&%‘*tﬂé?éSf ?é ?55\751;%’%8083 534

di rect - cur r entofvdieagmmerapeimreséBying geneunist | ¥2@qual to the center of the
oscil.lation of the alternating-current voltage wave- form (A). 5 An

operation of the power supply apparatus 201 will now be described. The
conpar at or 27X X)orAsar Eypehe AotyRge witiatheugés awdaliernatihgtiurventage

\\A/ﬁe?ﬁé pt{i%g r oy & & Ty YRS S RoR bAB G MOl thddeS $£2 athd ¢ndet ect

node 224 of the energy preserving circuit 220.

(3) DC-AC Type: A type which uses a direct-current voltage
waveform supplied from one of the node 222 and the node 224

15 of the energy preserving circuit 220 and an alternat-
ing-current voltage waveform supplied from the other one
of the node 222 and the node 224.

(4) AC-AC Type: A type which uses an alternating-current

20 voltage waveform supplied from one of the node 222 and the
node 224 of the energy preserving circuit 220 and an
alternating-current voltage waveform supplied from the
other one of the node 222 and the node 224.

25 8.1 DC Type Power Supply Apparatus
Figure 16A illustrates a structure of a DC type
power supply apparatus 201 which supplies a direct-current
voltage waveform to a load 270 connected to the node 224.
The load 270 includes at least one of a capacitance component
30 and a resistance component.

In addition to the basic elements, i.e., the energy
supplyingcircuit 210 and the energy preservingcircuit 220,



vol tage at the node 224 has decreased bel ow the voltage Vp. Wen the

vol tage at the node 224 is equal to or greater than the voltage Vp, the
out put signal of the conparator 272 is 15 at Hlevel. Wen the voltage at
the node 224 is |ower than the voltage Vp, the output signal of the
conparator 272 is at L level. Wen the voltage at the node 224 decreases

bel ow t he 20 voltage Vp at tine t[err],74he output signal of the conpara-
tor 272 changes fromHIlevel to L level. In response to the change in the

out put si gnal th ol 0 [ t he
owi Leh 215 e bofef ALY Boodkheds a0 P EhEEhet St badd kil EBACENY N, |
is 25  initiatienbuitAREL s éﬂlﬂ compiaxratsin A2 and ﬁbenasgéezgncenvoéitéages

Wien the vol t%&%&at{ neﬁfﬁazé Q?QOWE%IF%'BJ; Teﬁaﬁt?lg:r opl RistFefedhen
err

vol tage Vp at e output sig he conparat or 272
changes from [Figirs JE@H The gnergy; $‘éBBin§%9t‘BlFﬁ‘élEhaﬁBeemﬁlf’Wé &eput

si gnal ofsthe WﬁQBSZZZluEHEa‘EQHti@'Fl@dx“dJldA 27 faoWeves ,Chfrytde th t ch
212. Thus t he supply of _ener

e ener V|n IrCUIt
220 is terni ndgRCEHET a?-P-}“sgl‘fét?Gprﬂ‘}/ lg:;g\g%%? g?Af%Dt ﬁé‘%eﬁi% % vi ng
circuit 220 i sepplidy @aeasatgfg eritdctwrel bbethe erfayap) ysaﬁpmrﬂngy dncr-t he
energy preservi C ui t is term nated at, ti Thu al
ener gy consune‘ﬂ”g? H‘é | gRF FFFUCLUtE 2y tge%dééﬁte]éé%r 1A gl'ﬁlergy
preserved in tde EBEmpy e emplesssi \dS]gl&?:i.Il’S:lﬁdI‘ 28Qjustimy gghe §ysnmpllq ed
to the epgr gy é’rr;ee§§§§’i ng circuit 220 so as to recover the decreased energy.

The capacitance value C, and the capacitance
value C, are set so as _to satisfy the relationship Ci>>C,.
Thus, an alternating-current voltage waveform is obtained

15 at the node 222, and a direct-current voltage waveform is
obtained at the node 224.

Figure 16B illustrates an alternating-current
voltage waveform (A) at the node 222 (indicated by a broken
20 line), and a direct-current voltage waveform (B) at the
node 224 (indicated by a solid line). Strictly speaking,
the voltage waveform at +the node 224 is also an
alternating-current voltage waveform. However, the volt-
age waveform at the node 224 can be considered as a di-
25 rect-current voltage waveform. This is because the voltage
oscillation at the node 224 is sufficiently smaller than

the voltage oscillation at the node 222. '

As described above, by appropriately adjusting the

30 ratio between static energy and dynamic energy supplied from
the energy supplying circuit 210, it is possible to obtain

the alternating-current voltage waveform (A) such that the

center of the oscillation thereof is at the voltage Vp and



Thus, the DC type power supply apparatus 201 can 15 provi de a voltage

| ower than the power supply voltage VDD to the | oad 270. 8.2 AC Type Power
.Supply Apparatus Figure 17A illustrates. a structure of an AC type 20

power supply apparatus 202 which charges the voltage at a node 281 in the
| oad 280, which is connected to the node 222, to a desired voltage. The

|l oad 280 includes at |east one of a capagjtance conponent and a resistance
conponent, and the switch 282. 25 In addition to the el enents of the power

supply apparatus 201 jlJustragted in. Fi.gur , theg . | at us
202 furt her iﬁEFuoaégpirﬁtu@%nt rec‘?% cdit gé%%i"ﬁe cgﬁgﬂ%%r 88%‘11?1?%2{
conpar at or 28%oardgeharaveffamnd® )30s garstalky genmhtionthe reentersst The
structure illustrated,in Faure 114 LB ﬁ( gﬁﬁ%_ yeans
for adjusting%gﬁngﬁﬁ&¥§%£%g% of - é%- éicap g?%%ﬁ%%ecg %gggfgf?] and
t he capacitan€ermal(®d .C2 are set so as to satisfy the relationship

Cerr] >>g err]. Thus, an alternating-current voltage waveformis obtai ned
at the ndde 222, and a direct-current voltage waveformis 5 obt ai nig at

the node 224. Figure AmBopprasipntef the BPVEF RHBREY ARPRAERTUF40dgRL

waveform (A) o i HRb&PAfegd direct-current voltage waveform (B) at the
node 224, and a voltage 10 waveform (C) at the node 281. As descri bed

above, by appropriately adjusting the ratio between static energy and
dynami c energy suppl i eghd r e6inpliea€ber @y2s Wmpars ctheuiviol2Hye iati she
possi bl eléo Obrfoadl.en 224 with the voltage Vp output from the reference
voltage generation circuit 273 so as to detect whether the
voltage at the node 224 has decreased below the voltage Vp.
When the voltage at the node 224 is equal to or greater than
the voltage Vp, the output signal of the comparator 272 is
15 at H level. When the voltage at the node 224 is lower than
the voltage Vp, the output signal of the comparator 272 is
at L level.

When the voltage at the node 224 decreases below the

20 voltage Vp at time t,, the output signal of the compara-

tor 272 changes from H level to L level. In response to the

change in the output signal of the comparator 272, the

control circuit 271 turns ON the switch 212. Thus, the

supply of energy to the energy preserving circuit 220 is

25 initiated. As a result, the voltage at the node 224 in-
creases.

When the voltage at the node 224 becomes equal to

or greater than the voltage V; at time t;, the output signal

30 of the comparator 272 changes from L level to H level. 1In
response to the change in the output signal of the
comparator 272, the control circuit 271 turns OFF the
switch 212. Thus, the supply of energy to the energy



15 the alternating-current voltage waveform (A) such that the center of
the anplitude thereof is at the voltage Vp and the anplitude thereof is 1/2
VDD. The direct-current voltage waveform (B) is generally equal to the
center of the oscillation of the alternating-current voltage wave- 20

form (A). An operation of the power supply apparatus 202 for setting the
voltage at the node 281 fromthe voltage pferr] to the voltage Vr[err],
which is lower than the voltage V[err], will now 25 be described. It is

assuned that the Iy J Qe e V[err] at time t=0. The

conpar at or 28 XTESH e_;msq8 leé?}g;f&(aage a%g %e nodéﬂg‘gZ with the voltage at the

node 281 so as to detect 30 whet her the voltage at the node 222 has

reached the vol tage V[s%n lha/{q_#e rtﬂg al sy RAt beg &}glrggpt t30|ﬁﬁ@eeﬂ@fgy form
th

(A) is decreasing, ‘he "vol tage at the node 222 has reache
vol tage V[ err[pngfemvine airenhht 220 is Apitigfed it ehimgofiag@Pdalbe orm

(A) is ingreasddip W dieryp! t80enat ehBPgPopLeddeviiag ceaehed ke vel t age
ern

Vlerr] while the aI atl ng current voltage waveform (A) is decreasing,
the output si drRimiR *bnpbiPet bt- 284 changes fromL level 5 to H
| evel .  Wen the vol tage at the node 222 has reached the voltage V[err]

whil e the alternating-gurren voltaevvavefor ( Ls_incr a' O, L

out put signal of the ﬁ% 939 gﬁaﬁﬁggu'f‘%nﬁq #gveﬂo ébpe\}esl ta%

When t he vol tag@c'eédtﬁze anmée:r&&er dac hhe energplpza@em?@driln dthe |e|mns[YErr]

while th alternatl I e

out put sf%nal B¥e ?% arpara{;u‘)(!B gggch\é%%é rom%{ul* Pequ H%:II eveI I'n

response to thpreharlgangn cimewitt (RRO ssgndls otot lecsiear Baer Weased
energy.

Thus, the DC type power supply apparatus 201 can
15 provide a voltage lower than the power supply voltage Vpp
to the load 270.

8.2 AC Type Power Supply Apparatus
Figure 17A illustrates a structure of an AC type
20 power supply apparatus 202 which charges the voltage at a
node 281 in the load 280, which is connected to the node 222,
to a desired voltage. The load 280 includes at least one
of a capacitance component and a resistance component, and
the switch 282. '
25
In addition to the elements of the power supply
apparatus 201 illustrated in Figure 16A, the power supply
apparatus 202 further includes the control circuit 283, the
comparator 284, the comparator 285 and the reference
30 voltage generation circuit 286. The structure illustrated
in Figure 11A, 11B or 13A may be employed as means for
adjusting dynamic energy.



15 the control circuit 283 turns ON the swtch 282. Thus, the voltage
at the node 281 changes along the alternating- current voltage waveform
(A). The conparator 285 conpares the voltage at the 20 node 281 with the
voltage Vr[err] output fromthe reference voltage generation circuit 286 so
as to detect whether the voltage at the node 281 has reached the voltage
Vr[err]. Wen the voltage at the node 28134 eaches the 25 vol tage V[err]
at tinme t[err], the output signal of the conpara- tor 285 changes fromlL

| evel to Hlevel. I e tq.,th h i n, the. qut | :
co\r/rpar at or 28\5/, thenc ¢ grlésagﬁaﬁglﬁqn%gS%{]a%%ﬁls%ﬁngPﬁg ]s%{\n&t iﬁgggél{?%ﬂége t he
vol t age at thealoge (28aressktpsoasst he satisfe theé erelatiBonsip, Cadiddn -
tti th t t i ol | t
\S/?\[ elr P ]g1 Wﬁ i \éﬁ(ll"u@e.a a&qgﬁjgl%qt%hné&jcql{r%ﬂé %ﬁ.\eﬁ%gjte? ; Yol list 8pthen¥al t age

S ‘hi"gher voltage Vr e i ncreasing change of
the alternatirg the nof@e 22 end a dirggs -waaEestnveAtage yavetosem ifhen

t he vol t age atoﬁﬂﬁﬂ&f‘%@%é%ﬁ@%ﬁﬂ? voltage Vr[err] at time t[err]
a

while the alternating-current voltage 5 waveform (A) is increasing, the
out put signal of the conparator 284 changes fronH |levelto L level. In

response to the changerigutder put pyilskopatesf hhe a0mpEhatohg28brrehe
control circuit 283 turns ON the switch 282. ThlésE t he vqltage at thq: node

281 changes al'¥Mgtage Yervefexm {@) @t theymeds 1 aje oFEART The
conpar at or 285,6DPFRgé eswdVErotht EBE ait t enoled@s8224i,t hahde aovicdgmge

det oot whbt herveTtasm (G| kglha, KBAE ABAE 261 has reached the voltage
Vr[err]. Thus,

As described above, by appropriately adjusting the
ratio between static energy and dynamic energy supplied from
the energy supplying circuit 210, it is possible to obtain

15 the alternating-current voltage waveform (A) such that the
center of the amplitude thereof is at the voltagé Ve and the
amplitude thereof is 1/2 V. The direct-current voltage
waveform (B) is generally equal to the center of the
oscillation of the alternating-current voltage wave-

20 form (A).

An operation of the p'ower supply apparatus 202 for
setting the voltage at the node 281 from the voltage V, to
the voltage V.;, which is lower than the voltage V,, will now

25 be described. It is assumed that the node 281 is charged
to the voltage V; at time t=0.

The comparator 284 compares the voltage at the

node 222 with the voltage at the node 281 so as to detect

30 whether the voltage at the ‘node 222 has reached the
voltage V, while the alternating-current voltage wave-

form (A) is decreasing, or whether the voltage at the

node 222 has reached the voltage'Vl while the alternat-



the reference voltage generation circuit 286 outputs the voltage Vr[err]
and the voltage Vr[err] which are alternated at a predetermned timng. 20
When the voltage at the node 281 reaches the voltage Vr[err] at tine t4,

t he out put signal of the conpara- tor 285 changes fromH level to L |evel.
In response to the change in the output signal of the conparator 285, the
control circuit 283 turns OFF the switch 22 Thus, the 25 vol tage at
the node 281 is kept at the voltage Vr[err]. The voltage at the node 281 of

the | oad 280 gan be char .o an I ' ' shee vo e t put
fromthe refeF&%@V&%%%S%&gﬁefeaﬁa\é%%%u' ) 3%6&%?5%5#@%% hgh% Fﬁgepu
power supply amidrageiat2tie node &A% hpscoesched e vrdtrggd V2sthile Héﬁect ed

by_a decr ease it it i Wk ERE" Y89 thie! NAveIMY (PSESVEgereasing, 220.
- 79 - Energy TS supplired to the energy preserv:)a&m rcuit 220 so aseég
2

recover the rdheoutpndrgianghef thpeopaypeon chandsF EppR ey
can 5 d.;:har e MRl 20GHah ke Redeadftl adf thide nbdrd 2230 hashirelached

connected to the node 222, to a desired voltage, using an '
al t er nat i ng- cutentvaitagt e ma¥eidem ke éﬁ&%&lﬁ%l&ﬂg‘%’ﬁ% ¥od-tagf cn
includes a capagidfOER CRNPARSNincYeaBdng) ather maitpuk csigaal voft die

waveformis based on the 10 above-described_ "princigl of adiabatic
chargi ng". The‘F%‘l‘W’é‘?‘t?ﬁezgﬁeFﬁ9nﬁﬁﬁc%rlogl &ﬁ‘?ﬁﬁ%‘d Etﬁ"ee %=d 280 when

charging the load 280 is extrenely little. 8.3 DG AC Type Power Supply
AR TLUERS appar ar s IBpLRHUTLAE] W Shalc e 2ladnl Ad voe

voltage V; at time t, while the alternating-current voltage

waveform (A) is 'decreasing, the output signal of the

comparator 284 changes from L level to H level. In response

to the change in the output signal of the comparator 284,

15 the control circuit 283 turns ON the switch 282. Thus, the

voltage at the node 281 changes along the alternating-

current voltage waveform (A).

The comparator 285 compares the voltage at the
20 node 281 with the voltage V,; output from the reference
voltage generation circuit 286 so as to detect whether the

voltage at the node 281 has reached the voltage Vn.

When the voltage at the node 281 reaches the
25 voltage V;,; at time t,, the output signal of the compara-
tor 285 changes from L level to H level. In response to the
change in the output signal of the comparator 285, the
control circuit 283 turns OFF the switch 282. Thus, the
voltage at the node 281 is kept at the voltage V.
30
Next, when setting the voltage at the node 281 from
the voltage V. to the voltage V., which is higher fhan the
voltage V., the increasing change of the alternating-



supply apparatus 203 is identical to the structure of the power supply
apparatus 202 illustrated in Figure 17A except that the load 270 is
connected to the node 224. 20 By connecting the load 270 to the node 224,
it is possible to supply a direct-current voltage waveformto the | oad 270.
Mor eover, by connecting the | oad 280 to the node 222, it is possible to
charge the voltage at the 25 node 281 nf the load 280 to a desired

vol tage using an alternating-current voltage waveform Figure 18B

illustrates an alternating-current_voltage waveform (A at the node 222, a
di rect - cur r enPUEFent Y Weeffo‘?]fﬂ'(@?) a® t"h‘é’iﬁo 66\224, and a vol t age

waveform (C) at the node 281. 8.4 AC-AC Type Power Supply Apparatus
(Variation 1) - 80 Fig | st rat a e type
power supply appar at u%‘hfdh. %ﬁlﬁej‘g@v\%%ééslu%ﬁ yﬁz%pe{?égéju?%4r%fﬁ§?lg%£%ﬁg

vol t age at theoldege2dl, @t theel tavhide, theadterpatdmgccuadens vadtagee
222, to g desi Aeld in | rsip el HeEBak Ngi a4l e¥r Vehkage
vvaveform% andv{:Q;aLr ges the vo§t ag‘ééﬁ?aﬁfﬁéae 291 o? g | oad 290, which is
connected to tdempRIAton 284 ¢hanges framfbledge tqdilgvel seddhgesponse

al ternating- cyd qiife WS MAUHORLYIES 81BRAIC OIS tHES ég@gakatbgmbhat of

the first alternating-current voltage 10 waveform b degrees. The
| oad 290 i ncl JH@;CQP%F&QSF:LSHBJ-H 2§3-tuarns O the Eﬁ"%n%s%nd ']g“’r%'sit‘s"faance

conponent, and;¢l taféd CAt2%he |Hodél281 OBhhagkBe adlotiEntise Ohlteenptimg-

supply 15 apparatus 2 il lustrated in,Figure 17A, the power supply
appar at us? 204 ‘g‘?’f?f&: Y‘ﬁglétﬁﬁ%swgvﬁgﬂf'?‘ol(gerrcuit 293, a

The comparator 285 compares the voltage at the
node 281 with the voltage V., output from the reference
voltage generati'on circuit 286 so as to detect whether the

i5 voltage at the node 281 has reached the voltage V.. Thus,
the reference voltage generation circuit 286 outputs the
voltage V.; and the voltage V., which are alternated at a
predetermined timing.

20 When the voltage at the node 281 reaches the
voltage V., at time t,, the output signal of the compara-
tor 285 changes from H level to L level. In response to the
change in the output signal of the comparator 285, the
control circuit 283 turns OFF the switch 282. Thus, the

25 voltage at the node 281 is kept at the voltage V..

The voltage at the node 281 of the load 280 can be
charged to any voltage by adjusting the voltage output from
the reference voltage generation circuit 286.
30
As in the DC type power supply apparatus 201, the
energy consumed by the load 280 is detected by a decrease
in the energy preserved in the energy preserving circuit 220.



conparator 294 and a conparator 295. The function of the control circuit
293 is identical to the function of the control circuit 283. The function
of the conmparator 294 is 20 - identical to the function of the conparator
284. The function of the conparator 295 is identical to the function of

t he conparator 285. The structure illustrated in Fig- ure 11A, 11B or 13A
may be enpl oyed as neans for adjusting gyﬁ%n1c energy. 25 The reference
vol tage generation circuit 286 out- puts the voltage Vr[err] and t he

voltage Vr[err ich are_alternate t

ref erence vol t’%ﬁfg%’e&gr S“PPF&F? C?Er)cgt?%l eg%"%ﬁ?;?efsre’%\ﬁ%% tage EP%rr]o to
t he conpara- 3 to tmcci%rvxthéeredm&pedtengrﬂm voltage Vr[err] to the
conpara- tor 295. Moreover, the reference voltage generation cir- cuit 286
out puts the vol tage Vr[err] to the conparator 285 while outputting the

vol t age Vr[err] to thé['fmﬁrpatmoﬂtczgﬁpe poweg|sUPPhE aRPAERLHACE0¢aICHR

qerr] a %{‘gﬁ)ﬁ %1/@&@@ 2 @& e FBRDL ¢neAliodldy 2888 which

relatlon err]. Thus, an alternatjng-current volt age

wavef orm i s ob’e%lq"ﬂﬁﬁ%c ato e mpfe 222, 4p) afles ré*rqﬂé’tq IS

vol t age wavef of#n 4 st &Pk &t 18g- Shrt Rt n@é’;@t&éé wfvgﬂé_emwarné |drserefitres ofh

al ternating-current voltage wavef or t he node 222, an alfernating-
10 current WRf oz HP&FPB}H‘Q&‘P%\% f5ARaSSkange, GoTE eﬁtvé’f@ﬂﬁ (O
at the node 28&in amdeﬁnathhggeuw&%ﬁﬁoN@ﬂﬁ%géﬂwd*ﬁfﬁtﬂelﬁ9bas§ﬂeon the

al t er nat current volta ve; form an ti ent

vol t age {llxgvef oFRPY Ry SF‘érgg’ﬁ al I@F*rh%lég%re © ter?r:géé%{?ﬁe gglr?ﬁ no‘? t he

15 osci | | at Therafidrehetaenierngyevhbob isheopkumed bhdiheoloade280 when
charging the load 280 is extremely little.

8.3 DC-AC Type Power Supply Apparatus
15 Figure 18A illustrates a structure of a DC-AC type

power supply apparatus 203. The structure of the power -
supply apparatus 203 is identical to the structure of the
power supply apparatus 202 illustrated in Figure 17A except
that the load 270 is connected to the node 224.
20
By connecting the load 270 to the node 224, it is
possible to supply a direct-current voltage waveform to the
load 270. Moreover, by connecting the load 280 to the
node 222, it is possible to charge the voltage at the
25 node 281 of the load 280 to a desired voltage using an
alternating-current voltage waveform.

Figure 18B illustrates an alternating-current

voltage waveform (A) at the node 222, a direct-current

30 voltage waveform (B) at the node 224, and a voltage
waveform (C) at the node 281.

8.4 AC-AC Tvpe Power Supply Apparatus (Variation 1



different fromeach other by 180 degrees. By using both the

al ternating-current voltage waveform (A) and the alternating-current
vol t age wave- 20 form(B), it is possible to set the voltage at the node
281 fromthe voltage V[err] to the voltage V[err], which is |ower than the
voltage V[err], using the alternating-current voltage waveform (A) while it

Is decreasing while, in parallel to thissosettlng the voltage at the node
291 fromthe voltage V2 25 to the voltage Vr[err], which is higher than

the voltage V[err], using the alternati n% current volta e wavefor Eépé
while it is increasin§iosng 18 $11Petratesa spractyrsept t the

?ﬁde t2&;1 frf){rpbh@rvgh@pw a‘ﬁp[a&ra{ﬂ#sr cm%dle m.btmﬂéh@?&kba#ﬁ‘aﬁﬁltl{m pogher

an the voltage V|err us e ernat i ng-.cur e

wvor o m (x| FheEgeR the FRAFEgE i WE boe FRLAH the Loadpd8. SElERR, (e

vol t age at th&snadﬁn%te‘&m the woldeag@a2Vr fer a] déesitrbd voltage, Vuging],

whi ch i h th It Vi t h I at

Vol tage: dave. @ £1285, 88 chptdBoriauiinchit Y0 faBelBih uRA SHAFERE, |

bet ween t he cdqucvbé.rtagevatm ndds 149 aod ahboathﬁtadns:masueomeauydbe
th T

cither Olerr)3d ofkl food 99 <G hl adkired SoffadC THL BT SRR

Appar.atus (Variation A l'llustrates a st ture
power supply #@dfermakimpscunpenpoverliagel waypbeamuswhosesePbaspyelp

utilizes a fi rﬂfﬂfé{@akbmm berﬁhéfﬂka%l\@ﬁiﬁlrﬂ@%ﬁé@@%itage
alternatlng current vo e waveform 10 p ase () fferent

ta
from thefl ofwaveform Pysfsgthe&q%ﬁﬁ -ngTé‘G’r*%@ %%‘I’ t%%ﬁa?ﬁr%ﬁ%%t 28 o

charge the voldm@ecapatitede38émpbnenitoatd 3 Gesttitehds corparind, bad he
node 222 and the nod 224, to a desired voltage. The | oad 300 includes at
| east one of &£ HPLELFR ah%- conponent

In addition to the elements of the power supply
15 apparatus 201 illustrated in Figur'e 17A, the power supply
apparatus 204 further includes a control circuit 293, a
comparator 294 and a comparator 295. The function of the
control circuit 293 is identical to the function of the
control circuit 283. The function of the comparator 294 is
20 identical to the function of the comparator 284. The
function of the comparator 295 is identical to the function
of the comparator 285. The structure illustrated in Fig-
ure 11A, 11B or 13A may be employed as means for adjusting
dynamic energy.
25
The reference voltage generation circuit 286 out-
puts the voltage V. and the voltage V., which are alternated
at a predetermined timing. The reference voltage genera-
tion circuit 286 outputs the voltage V., to the compara-
30 tor 285 while outputting the voltage V,; to the compara-
tor 295. Moreover, the reference voltage generation cir-
cuit 286 outputs the voltage V,.; to the comparator 285 while
outputting the voltage V.; to the comparator 295.



15 and a resistance conponent, a switch 302, and a switch 303. In
addition to the elenents of the power supply apparatus 201 illustrated in
Figure 16A, the power supply apparatus 205 further includes a control
circuit 304, a 20 conpar at or 305, a conparator 306, a conparator 307,

and a reference voltage generation circuit 308. The structure illustrated
in Figure 11A, 11B or 13A nay be enpl oyegqas. neans for adjusting dynamc
energy. 25 The capacitance value (Jerr] and the capacitance

value C2 are set so as to satisfy the relationship Cerr][err]Cerr]. Thus,
an alternating-current voltage waveformis obtained at the node 222, and an
al ternating-current v@heageapacétanme svebtei fed andt hdheodeapaei t@UCE| gur e

20B illustrates.an alternating- t It f : - d
395 ' anal t or WL s cBFPORPEUBP: Bhe Mot ared e SiR tdndtisg 16-200
vol t age - 8Bus,navchdtesnatingneurcentavolaggoaveformris eptaingd-
i ng-current vaoll.age nWAKeHhoRM 4A) aflkh £ &Fnat 1 8418kt Pent U 1RIYe WaRYESEEm

waveform (B) are generally the sane_in terns of the center of the
oscillation ad® adfnd tatdethey nodee224. phases thereof are different

fromeach other by 180 degrees. An operation of the power supply apparatus
205 for setting the voltage at the node 301 fromthe

¥o|tag§_ VLerr]: tﬁ t he
voltage Vr[err], whicKiRis 3B HLIITHATRT ( R \RALFFFRaIPE BT 2 fow be
descri bed. | tydixaafsuwastefbain (A9 natle thel nsdeh22ged a0 ahternatigg-
Vlerr] at . time t=0. The arator 305 ares.th t a e 222
with t hZ'lQ/oI t SFFTRY h‘é°£€%§e3fﬁv§8°§g‘ 3@'}3&1:% hel?‘g&\%m%?ﬁérgt ﬁgi\tf%&tgage
at the node 22&aveformattpdat hthe node 281, and a voltage waveform (D)

at the node 291. The alternating-current voltage wave-

form (A) and the alternating-current voltage waveform (B)

are generally the same in terms of the center of the

15 oscillation and the amplitude, but the phases thereof are
different from each other by 180 degrees.

By using both the alternating-current voltage

waveform (A) and the alternating-current voltage wave-

20 form (B), it is possible to set the voltage at the node 281
from the voltage V; to the voltage V;, which is lower than

the voltage V;, using the alternating-current voltage
waveform (A) while it is decreasing while, in parallel to
this, setting the voltage at the node 291 from the voltage V;

25 to the voltage V., which is higher than the voltage V;, using
the alternating-current voltage waveform (B) while it is
increasing. Similarly, it is possible to set the voltage

at the node 281 from the voltage V. to the voltage V., which

is higher than the voltage V,, using the alternating-current

30 voltage waveform (A) while it is increasing while, in
parallel to this, setting the voltage at the node 291 from

the voltage V. to the voltage V;, which is lower than the
voltage V., using the alternating-current voltage wave-



voltage V[err] while the alternating-current voltage wave- form (A) is

decreasing, or whether the voltage at the node 222 has reached the voltage

Vlerr] while the alternat- ing-current voltage waveform (A) is increasing.

Wien the 20 voltage at the node 222 reaches the voltage V[err] while the

alternating-current voltage waveform (A) is decreasing, the output signal

of the conparator 305 changes fromlL Iev%}% to Hlevel. Wen the vol tage at
|

t he node 222 reaches the voltage V[err] I'e the alternati ng current
vol t age wave- 25

i ncreasing, _1 out put nal t he
conpar at or 30§°€ﬁaﬁ8éswkl%iﬁ1#Ilé/QFcFGaEHn@velTh?rﬁeJc?ﬁg tf‘ g%%?’c&hpar es
the vol tage aihbh@aﬁadﬁ.taﬁéewvhh.u@'l@lvahaaglseaéai)dﬂelnaﬂee3ﬁalae as may

detect 30 whether th the node 224 has reached the voltage
V[err] while Pﬁeeétg’sirngt‘?ﬁ rqlg f2-vol tage wave- form (B) is decreasing,

or whether the voI tage at the node 224 has reached the voltage V[err] while

the alternat- _ 24 X e A =19§ élbc asi ng.
When t hevol t 2484 A Ry Lanm l ITe the

al ternati ng- cur rent vﬁ‘lmag:e mpeiblns(CB)ites @I@Grmuﬁ@ th'fél 8G P& t¥PYNal
of the corrpar vel £t he

vol t age at th 53 %f?e ?f]a szdo tagrgr h%\/‘f%vﬁ)r E\/\,{lgfj\i%I a%pé(.’b 05

al ternati ng- cmerlemtwltyag:etms far i T e} ql%t?m%ﬁlﬁurFﬁ’étoﬁ?f)E?ggl gnal

of the conpar (/e f3Hn ahangaseddinal tetiit iy leurdait vb@.tage waveforM\Vlen
the voltage at the node 224 reaches the voltage V[err] at t| grr%thlle

the altéthati Mpass r #hase| thge faFEPTEME BFTPR | sﬁ?ﬁ
signal of the él%&lﬁiﬁﬂig%ﬂrﬁéﬁﬂgﬁﬁlfﬁgm hb{refei:mtﬁoLabetel chhngeespense

to'the change Jn {he ol UL 3:9%8 SF L FasE R 2

?}10 is connected to
the node 222 and the node 224, to a desired voltage. The
load 300 includes at least one of a capacitance component

15 and a resistance component, a switch 302, and a switch 303.

In addition to the elements of the power supply
apparatus 201 illustrated in Figure 16A, the power supply
apparatus 205 further includes a control circuit 304, a

20 comparator 305, a comparator 306, a comparator 307, and a
reference voltage generation circuit 308. The structure
illustrated in Figure 11A, 11B or 13A may be employed as
means for adjusting dynamic energy. '

25 The capacitance value C; and the capacitance
value C, are set so as to satisfy the relationship C,=C,.
Thus, an alternating-current voltage waveform is obtained
at thenode 222, and an alternating-current voltage waveform
is obfainéd at the node 224.

30

Figure 20B illustrates an alternating-current
voltage waveform (A) at the node 222, an alternating-
current voltage waveform (B) at the node 224, and voltage



15 the control circuit 304 turns ON the swtch 303. Thus, the voltage at
t he node 301 changes along the alternating- current voltage waveform (B).
The conparator 306 conpares the voltage at the 20 node 301 with the
voltage Vr[err] output fromthe reference voltage generation circuit 308 so
as to detect whether the voltage at the node 301 has reached the voltage
Vr[err]. Wen the voltage at the node 30lghas reached the 25 vol tage Vr2
at tine t3, the out put signal of the conpara- tor 306 changes fromL |evel
to Hlevel. In_res onse the.c e u i gn f -
conpar at or 3083% 3??‘03%{13 3 Eirq%s?%&—jl% ttsr?g' swa%% %@@rnat
vol t age at the.ng}dmﬂﬂdntsvloémagﬁ WheeﬁQMa@A)qulyir]thesoaNé%Fnaﬁhng‘
operation of t @@’isy u gl imgerals the
node 301 from‘{]‘ﬁ:elpé\%flslgge er&‘f@?%f%lth %Jag%néiz%%?&ﬁégahh i.s | ower
than the vol t afe teecepteid o the cgzilladignapdptlae a}fﬂplr% udey it h&t the
node 301 4s chgf Qf&'s%‘i#ﬂ&f"%&%%féﬁ& oo é48h ltherBMm s h@eydlceage at
t he node 222 reaches t voltage Vlerr] at time t[err| while the
alternating-current voltage waveform (A) is decreasing, the output signal

of the conparator 305 &Hé%wﬁa'éi&mdf lta\éEboh@rFédmyBy apparLsps reses tfor he
change in the corrPar ator 305,. the control

304 th tch
302. Thus, theS9bFiBgethe YRktaggagdhe gode %ﬂ&nﬁ&?‘“ %ﬁ%ﬂ?%ﬁgee"’? "d
al t er nat i ng- cugh€Nvolvageavs,, wmle:h fier migApr Thancthpaval bag80¥: caovipalr es
th | t t th de 30 h f
o er encbdis  DYBRGIESGEABPR | oht A FaPPRga ey "Ehe pdd S0t i ed

to the voltage V; at t:une t=0.

t he

The comparator 305 compares the voltage at the

node 222 with the voltage at the node 301 so as to detect

15 whether the voltage at the node 222 has reached the

voltage V; while the alternating-current voltage wave-

form (A) is decreasing, or whether the voltage at the

node 222 has reached the voltage V; while the alternat-

ing-current voltage waveform (A) is increasing. When the

20 voltage at the node 222 reaches the voltage V,; while the

alternating-current voltage waveform (A) is decreasing,

the output signal of the comparator 305 changes from L level

to H level. When the voltage at the node 222 reaches the

voltage V; while the alternating-current voltage wave-

25 form (A) is increasing, the output signal of the
comparator 305 changes from H level to L level.

The comparator 307 compares the voltage at the

node 224 with the voltage at the node 301 so as to detect

30 whether the voltage at the node 224 has reached the
voltage V, while the alternating-current voltage wave-

form (B) is decreasing, or whether the voltage at the

node 224 has reached the voltage V; while the alternat-



vol tage at the node 301 has reached the voltage Vr[err]. Thus, the
reference voltage generation circuit 308 outputs the voltage Vr[err] and
the voltage Vr[err] which are alternated at a predeternmined timng. 20 Wen
it is detected that the voltage at the node 301 has reached the voltage
Vr[err] at tinme t[err], the output signal of the conparator 306 changes
fromL level to Hlevel. In response to_t g change in the conparator 306,
the control 25 circuit 304 turns OFF t switch 302. Thus, the voltage

at the node 301 is kept at the voltage Vr err;._The vol t age at“@gf node 301
of the | oad 30EFPHeeRhFYELID %‘%W*aﬁ% by® dAIRIT, L he nt&S‘«?

out put from 3Qrolta|l§‘@ a€f ehengedeokagecgenesatthen vailiteige B0&hiAe ithet he
DC type power su apparatus 201 e ener onsu by tihe | 00 is
detected by a {gﬁﬁéﬁiﬁb-guggeg iﬁob&335uﬂ %%e&igdl¥ndfﬁge%%gféy
preserving cirthe ouldtt Eighgl of theppdmparatotha02dranges Erem/k devel cui t
220 so as_to rgec t reduced.,en T I fa | bl e
to shorten the'$ %?%%ET rig’?no%hc%g;rogj‘&r? b haet It(?aednéJ {th%a f(feasdlhrseesg vo} t age
by sel ecti vel yvoktageovie whliflegetheyefltemrnaftinge carmentat vodtager srgve-
vol t age wavef o nd jhe 338, | g- e taggiWanef 0P (Bpav th
Wi eh o he- doss R LRG!S B RS Skt 20814

age i s nore quickly r eached. e relationship
bet ween the capombanatervdPiecbpages £xom Fe leyedcitoadcde¥8e Jerr] may
be either (Jerr]>Cerr] or (Jerr]<Cerr]. 8.6 AC AC Type Power Supply

Apparatus (Variation 3) Figure 21 illustrates a structure of an AC type
15 pow8r supply apppP&hustB®eVoAtagsy ato the cordec~éd tﬁe?ﬁgeﬁoﬁe

supply appar at4g1£86ealy, athedpel 22hid s1¢tie dP€érnabing-current voltage
waveform (B) is increasing, the output signal of the
comparator 307 changes fromH level to L level. In response
to the change in the output signal of the comparator 307,
15 the control circuit 304 turns ON the switch 303. Thus, the
voltage at the node 301 changes along the alternating-
current voltage waveform (B).

The comparator 306 compares the voltage at the

20 node 301 with the voltage V., output from the reference

voltage generation circuit 308 so as to detect whether the
voltage at the node 301 has reached the voltage V.

When the voltage at the node 301 has reached the
25 voltage V., at time t;, the output signal of the compara-
tor 306 changes from L level to H level. In response to the
change in the output signal of the comparator 306, the
control circuit 304 turns OFF the switch 303. Thus, the
voltage at the node 301 'is kept at the voltage V.
30
Next, an operation of the power supply apparatus 205
for setting the voltage at the node 301 from the voltage V,
to the voltage V., which is lower than the voltage V; will



a node 1226. The load 410 includes at |east one of a capacitance conponent
and a resistance conponent, and switches 412-414. 20 The power supply
apparatus 206 includes the energy supplying circuit 210 and an energy
preserving circuit 1220. The structure illustrated in Figure 11A, 11B or
13A may be enpl oyed as neans for adjusting dynam c energy. 25 The energy
preserving circuit 1220 has a structure igr which LC resonance circuits are
connected in a cascade manner. More specifically, the energy preserving

cir- cuit 122 cIude uctor 1221 ngduct or .12 3

capacitance 1 ?3 es 8r1§8330|?gnc§ 355umed ﬁ€a£ ¢ HAAF- g?%n@% %Eﬁﬁgeqhe
I nduct or 1221tandhehe&oltciget OF, 4228 imee ts@r.ial |y connected via the node
1224. The capacitance 1223 is connected to the inductor 1221 at the node

1222. The - 87 - capacitance 1225 is connected to the inductors 1221 and
1228 at the node 1224WhEme thpactakivrge 1217 thecamnitet2lR t Fegedesndtieor

1228 at the n%g,;}%&%ﬁ edﬂne L&%ﬁllé%é—[ﬁ"tél: Cﬁegg%;ec&ﬁerérﬁd%i@ages of

t he |nductors 8, respectlve Cerr]_denote the
capaci t ance vmamﬁfQﬁmt¢k9céﬁac@%%ﬁéé§1§92313%229“5?6t12§¥9n¢%sﬁ€%tFU@Iy

The pover sUpRlhIRAGH W05 @RahdelshEFoh/IFLEd8s B BONével. C'Ifrpﬂébpgﬁée a
conparator 272, a ref erence voltage 10 generation circ S ..,a.contro

circuit 415, d&énbhaeshange 1&1@%1’9"“%‘%99 SO-ehlie SRtk céEﬁBFﬁt P84 cir-

cuit 420. The taafns oNatEe sl ten Gez(] , THUE, ¢heacbleage atlie 6dde5301 and
the capaC| tanc z;/nagléjse Tong Hfe s l%gr%asltgggsgttﬁ:%feXtt h\eroltage wave-

form (A).

The comparator 306 compares the voltage at the
node 301 with the voltage V.3 output from the reference
15 voltage generation circuit 308 so as to detect whether the
voltage at the node 301 has reached the voltage V.;. Thus,
the reference voltage generation circuit 308 outputs the
voltage V. and the voltage V.; which are alternated at a
predetermined timing.
20
When it is detected that the voltage at the node 301
has reached the voltage V,; at time t;, the output signal of
the comparator 306 changes from L level to H level. In
response to the change in the comparator 306, the control
25 circuit 304 turns OFF the switch 302. Thus, the voltage at
the node 301 is kept at the voltage V..

The voltage at the node 301 of the load 300 can be
charged to any voltage by adjusting the voltage output from
30 the reference voltage generation circuit 308.

As in the DC type power supply apparatus 201, the
energy consumed by the load 300 is detected by a decrease



relationship (Jerr]=Clerr]=C3. Thus, an alternating-current volt- age
waveformis obtained at the node 1222, an alternat- ing-current voltage
waveformis obtained at the node 1224, and an alternating-current voltage

waveformis obtained at 20 - the node 1226. Figures 22 illustrates an

al ternating-current voltage waveform (A) at the node 1222, an alternating-

current vol tage waveform (B) at the node 24, an 25 alternatl ng- current
vol tage waveform (C) at the node 1226, and a vol tage vvaveform (D) at a node
411 of the load 410. The alter natlgg1 C‘L‘J}ér ent _volta vef th(zg have
general |y t he iThHRe EQFTY BFCFREVES LT Ha COF T P ‘T’IT—Y e phase of

t he alternati mgrextyyr @t supbtl.a@d vaveherendrgy 3resenvsindy fchmcenxt f229msohat
of the alternating-current v f ) by 180 degrees. Figures
23A- 23D i 1| ustare e al%ar&@‘\'(’8 8{’&&&-

ges fo periods T[err]-T[err]
illustrated in Figure 22, respectlvely Her ei n, VA Is defined to denote a

vol t age the node 1 v
1224, gan (?Leno évkgf[jotié’ ’(Q?%‘?lto%ﬁén ﬁ'tfeagz‘infét relifiinere

Vc is define age at the node 1226 I'n perlod
Tlerr], the clfegyehergiog thuetln@dcé@&:to at@@u%ﬂerq@yslm@sbwetlﬁ&tlve \'f

capaci tance la?élﬁdo%e 9@2@53 bR o 7 o Fi K €a238knathng-ddieretd t age
VA decreases he voltage VB and the_vol tage Vc i ncrease. .10 Ir%ggerl od

T2, the chargeV%H:ﬁ@ﬁ Vﬁv?ﬁer@a}()éél and,the 2338TRAGiPGs LY I

the capacit anCRaveLSriOY8) twith ehaapathbadési Ped Tolfiagie &siaddre quiluldly t he
vol t age )/Aandthe vol tage VB decreae ggthe ol tage V cc
10 reached. e relations etween t e capacitance value C;

and the capacitance value C; may be either C;>C; or C;<C;.

8.6 AC-AC Type Power Supply Apparatus (Variation 3
Figure 21 illustrates a structure of an AC-AC type
15 power supply apparatus 206. A load 410 is connected to the
power supply apparatus 206 at a node 1222, a node 1224, and
a node 1226. The load 410 includes at least one of a

capacitance component and a resistance component, and
switches 412-414.

20
The power supply apparatus 206 includes the energy
supplyingcircuit 210 and an energy preserving circuit 1220.
The structure illustrated in Figure 11A, 11B or 13A may be
employed as means for adjusting dynamic energy.
25

The energy preserving circuit 1220 has a structure
in which LC resonance circuits are connected in a cascade
manner. More specifically, the energy preserving cir-
cuit 1220 includes an inductor 1221, an inductor 1228, a

30 capacitance 1223, a capacitance 1225, and a capaci-
tance 1227. The inductor 1221 and the inductor 1228 are
serially connected via the node 1224. The capacitance 1223
is connected to the inductor 1221 at the node 1222. The



15 I ncreases. In period T3, the charge stored in the capaci- tance 1225
and the charge stored in the capacitance 1227 nove to the capacitance 1223
(Figure 23C). Thus, the 20 vol tage VA increases, and the voltage VB and
the voltage Vc decrease. In period T4, ‘the charge stored in the capaci-
tance 1227 noves to the capacitance 1223 and the capaci- 25 tance 1225
(Figure 23D). Thus, the voltage VA and the voltage VB increase, and the
vol tage Vc decreases. An operation of theBpower supply apparatus 206 for
setting the voltage at the node 411 fromthe voltage V1 to 30 t he

vol tage Vr[er dapasitEnce 122®dstdrnnedieed sbtthyeinfluctprswili22lnuwl B2238

described. It jys tﬁ%;ﬁ'&&%\hiaﬂk thﬁ)? a‘b\]}gt&n%e rlaiﬂ)e%et80+ﬂéc¥ghtt§9%h¥i err]

at tlrret =0. nthe vo reaches t tage at the node

411 (i.e., thdndectepe 1228ra% thetnadet L1226} erein helyAndde VREOLE i s
decreasing, t rﬁléﬁﬂhﬁ%"caﬁb"e%%f tﬂéiﬁdﬁé@ofg\' 1221 anhtodndltespecRibveay.t,

the voltage at the node 4 decreases along the alternating-current
vol t age wave- lalcmd(eé‘ft%ﬁﬁ W%QWV%U%%%E%ePﬁ@%%&Se 1723~ age

Vr[err], whichazsscah@uizdyonrebpeceioeegce vol tage 10 generation circuit
420, at tinme t2, while the voltage Vc is decreasing, the control circuit
415 turns OFF the swtch 414. As a result, the voltage at the node 411 is

kept at the voltage ViTweérpowdd supply appaxfﬁxis 206 dherthéevnimiludes Eower

suppl y appar at us %06 for_set the vo tage at % no {: t.,:ltgt

vol tage Vr[er rfoRbrPheSiorh e%[&?fmp\ﬁﬁl ?ﬁ% gtl igf fje%%:lén %e VoltHge

Vr{err],10d || generation circuit 273, a control circuit 415, compara-
tors 416-419, and a reference voltage ge_neration cir-
cuit 420.

The capacitance value C;, the capacitance value C,
15 and the capacitance value C; are set so as to satisfy the
relationship C;=C,=C;. Thus, an alternating-current vol't-
age waveform is obtained at the node 1222, an alternat-
ing-current voltage waveform is obtained at the node 1224,
and an alternating-current voltage waveform is obtained at

20 the node 1226.

Figures 22 illustrates an alternating-current
voltage waveform (A) at the node 1222, an alternating-
current voltage waveform (B) at the node 1224, an

25 alternating-current voltage waveform (C) at the node 1226,
and a voltage waveform (D) at a node 411 of the load 410.
The alternating-current voltage waveforms (A)-(C) have
generally the same center of the oscillation and amplitude.
The phase of the alternating-current voltage waveform (A)

30 is different from that of the alternating-current voltage
waveform (C) by 180 degrees. '

Figures 23A-23D illustrate movement of charges for



be described. 20 When the voltage Vc reaches the reference volt-
age Vr[err], which is output fromthe reference voltage generation
circuit 420, at tinme t3, while the voltage Vc is increasing, the control
circuit 415 turns ONthe switch 414. As a result, the voltage at the node
411 increases along 25 the alternating-current voltage waveform (C).

When the voltage Vc reaches the reference voltage Vr[err], which is output
fromthe reference voltage generation ci r&it 420, at tinme t4, while the
vol tage Vc is increasing, 30 the control circuit 415 turns OFF the
switch 414. "ﬂemioddm‘leapaalhmuabe@onmt Figure 22ad uespegtively.

adi abat | cal |y (LHAIGe v, I QS ¢ aengf.é 4ol fldd'at epbrogeeiappons of

t he above- des type power appar a- - tuses_204 and
205. \Wen set t\ﬁangstﬂefmneaage denohe aad‘aelme fa%rﬁh%é“ﬂﬁ t]ab"e“ vt Me to

the vol tage Vrl[serddfﬁ{ d'&& &élnoi%é hSy&i£86Li 48 Bne nbBeU3p2khe

al ternating-current- v tage waverorm (B) 1nhstead of the alternating-current
vol t age viaveform (C). In order to decrease the voltage at the node 411

along the al ternating-GgUr 8P4 oMol Agenea\Ha¥da (Stored iih n'mes&apyictle vval t

until time t[err] to turn ON the switch 414, This cause _if.
possible to 'EL]‘F‘?A‘G%I 1723 SOPYeR ﬁ?3tﬁ? FFR@c%Eanﬁﬁl %2%’ dé’grgﬁc? Ctai?z?t?ltl ne

tlerr], if thetﬂéérMTHGF:leﬁf@ntBKQLtmﬁlsy\leﬁtﬁ(}rdm(ﬁe V,s deasedses ,Thus,
by using  the aLicrRat Lo 5itel dnge ureler AP o i al 1y of
al ternatioi ng-current voltage Waveforms whi ch are respectively
In period T,, the charge stored in the capaci-
tance 1223 and the charge stored in the capacitance 1225
move to the capacitance 1227 (Figure 23B). Thus, the
voltage V. and the voltage Vs decrease, and the voltage V¢

15 increases.

In period T;, the charge .stored in the capaci-

tance 1225 and the charge stored in the capacitance 1227

move to the capacitance 1223 (Figure 23C). Thus, the

20 voltage V, increases, and the voltage Vs and the voltage Ve
decrease. |

In period T,, the charge stored in the capaci-
tance 1227 moves to the capacitance 1223 and the capaci-
25 tance 1225 (Figure 23D). Thus, the voltage V, and the

voltage Vs increase, and the voltage V. decreases.

An operation of the power supply apparatus 206 for
setting the voltage at the node 411 from the voltage V, to
30 the voltage V.;, which is lower than the voltage V;, will now
be described. It is assumed that the node 411 is charged
to the voltage V; at time t=0.



generated by separate circuits, it is necessary to adjust the phase

bet ween/ anong the al ternating-current vol tage 20 wavef or ns. On the
contrary, wth the power supply apparatus 206, it is not necessary to
adj ust the phase anong the alternating-current voltage waveforns (A)-(CO).
. This is because the phase of the alternating-current voltage waveform (B)

is set between the alternating-current voltage 25 waveform (A) and the
alternating-current voltage wave- form{®9 due to the nature of the cascade
connection of the LC resonance circuits. Figure 24A illustrates voltage

wavef or ms obt ai ned 30Whenatthéevbatpeget We readbeswhicre t Moltageciatanthe
values Cerr]-Cerr

are.set so,as to | sty (t heor Lopships&ler
err] << err PO%n 4k e ﬁaﬁ‘ng-Eﬁ?re‘ﬁ?f@%‘)s#’%a‘)’g’g vvg\il:e%ﬁ#(% ikﬂgllo tai{:ir}gd at
tgte _nodg 1t22t2,voarta§d ercnisidgireasing,th¢ ag:elttma:ﬂefccm*ii\\l(lg) 415 turzgiﬁ?}\‘-
obt ai ned a nQ n i ur e 0 s
% sg@t"ég a1f gA% %&%‘éﬁ:ﬁ“t LRR! v¥ekhaee atetREOnBEECh1h

obt ai ned at the ho ure ustrates voltage waveforns
obtained % decreagest @lenmdtbewrhterna tpEctREReRt v MUdR9Y eFAVE  er 1]
are set so as g g.s (i:ffy the relationship (Jerr], (err]<<Clerr]. An

al ternating-current voltage waveform (A) is obtained at the node 1222, a
direct-current voltage waveform (B) is ob- tained at the node 1224, and an

alternating-current voiagethl volwampf v NridacHes obhai redeaienides vulie-
1226. Thus, by appropri atel¥/1 conbi ni ng {he_ca a&gﬁt ance val ues voltage
Cerr]-Cerr],29¢ Y=:po¥iishe 18 frEP4te ol y FELSFERSS g tag
wavef or ngg 15 Jewératishaybréustapoy aif time topiwhidle dibe vblthgevyttiage

waveforms obtajned at,the nodes 1882 civenit ' 15'€Gfns OFF the switch 414.
As a result, the voltage at the node 411 is kept at the
voltage V.:.

15 Next, an operation of the power supply apparatus 206
for setting the voitage at the node 411 from the voltage V.
to the voltage V.;, which is higher than the voltage V.., will
be described.

20 When the voltage V. reaches the reference volt-
age V., which is output from the reference voltage
generation circuit 420, at time t;, while the voltage V¢ is
increasing, the control circuit 415 turns ON the switch 414.
As a result, the voltage at the node 411 increases along

25 the alternating-current voltage waveform (C).

When the voltage V. reaches the reference voltage Vi,
which is output from the reference voltage generation
circuit 420, at time t,, while the voltage V¢ is increasing,

30 the control circuit 415 turns OFF the switch 414. Thus, the
capacitance component in the load 410 is adiabatically
charged. The operation so far is similar to the operations
of the above-described AC-AC type power supply appara-



respectively. 20 Tabl e 1 Node 1222 Node 1224

Node 1226 a AC AC AC b AC AC
DC ¢ AC DC ACd -~ DC AC
AC e DC DC DC f DC DC
AC g DC AC DC h AC DG

DC 9. Energy Reuse Types of Power Supply Apparatus 200 The power supply
apparatus 200 is generally 25 classi99ed into the following five types
(1)-(5). - 92 - (1) Energy Reuse AC Type: A type which reuses an energy
by returning atude&nsioq fedt20%. of alternating-current voltage energy
supplied fromone of the node 222 and the node 224 of the energy preserving
circuit 220. back to the energy 5 preserving circuit 220 via the sane
n;)dle. (t2) Enertgy Reu?mml'lsmetiﬂgtm wiill itdge alsdheamogieerddyl Byrometthieni ng
a east a porti I rectzcur I I u i f
the node 220 AHH{HES nbte Lo H0 vOLSAL, Yig ey AN SsPHe 35 MEReetISss
back to the enes ggeptire@ltiompatiingrcurent veltpgesmeetede. (BBins

Reuse AG AC TYDE'tifs LYRS IS SHASIA vE1REK RivEELERN(DY. 2 TH Satterd

portion of alternating-current 715 tage energy supplied fromone of the
node 222 and the ndelerease ofthee wpkiage prakertieg M9 AL 2FAIONH KRS t he

\e/gle[ géep;ﬁz reg;%ﬂsefhaﬁﬂhb-%&%éh% {ybe taybewavetisrmascyl, t £t nd inePenyaIgnt
to wait until time ts to turn ON the switch 414. This is

10 because it is possible to turn ON the switch 413 at time t,,

which is earlier than time ts, if the alternating-current

voltage wavefbrm (B) is used. Thus, by using the

alternating-current voltage waveform (B), it is possible

to increase the operating frequency.
15
Typically, when using a plurality of alternat-
ing-current voltage waveforms which are respectively
. generated by separate circuits, it is necessary to adjust
the phase between/among the alternating-current voltage
20 waveforms. On the contrary, with_ the power supply
apparatus 206, it is not necessary to adjust the phase among
the alternating-current voltage waveforms (A)-(C). This
is because the phase of the alternating-current voltage
waveform (B) is set between the alternating-current voltage
25 waveform (A) and the alternating-current voltage wave-
form (C) due to the nature of the cascade connection of the

LC resonance circuits.

Figure 24A illustrates voltage waveforms obtained

30 at the respective nodes when the capacitance values C,;-Cs
are set so as to satisfy the relationship C;, C;<<C;. An
alternating-current voltage waveform (A) is obtained at the

node 1222, an alternating-current voltage waveform (B) is



20 (4) Energy Reuse AC-DC Type: A type which reuses an energy by
returning at |least a portion of alternating-current voltage energy supplied
fromone of the node 222 and the node 224 of the energy preserving circuit
220, back to the energy preserving circuit 220 via the other node, as di-
25 rect-current voltage energy. (5) Energy Reuse DC-AC Type: A type which
reuses an energy by returning at | east asgﬁrtion of direct-current voltage
energy supplied fromone of the node 222 d t he node 224 30 of the
energy preserving circuit 220, back to the energy preserving circuit 220
vi a the ot her obtddness &l teheanodend22drr end woldimecterruxgent volggge 9. 1
Ener gy Reuse : Qﬁiﬁ/ APPRT - pe power supply
appar at us 2046§P%ﬁ§&m53§?£d§?n fbure f@%&@g{?@?ﬁ%}ﬁ%ééﬁ an energy reuse AC
type power supply apparatus 1201. This is because energy is 5 suppl i ed

fromthe energy presepfihe iZ4d il 128 et dd1Goh 3G e2RBvaitbifist BBtained
al ternating-current voltage wave- form (A) (see Figure 19B) supplied from

the node 222 &t mesradiige hedas WhRp cthe (Fapaskfance [fabaes g -GhéFeas
energy is retwydiedshr iy t 8 |sRAd 18P thet helRIEIdHSHAESE] Vi 09<d0,. ahrcuit

220 via th de 222 while th | t ting- t .t f A i
decr onsi g, FheRTeing THTSRRT YO RASL Hevar PBRnkhy e BBFFAEAN EaBe

wavef orm (B) sigad ixzR22 ) oan theestdeuz2entl vidldagyecrwpvafaser (B hgisi bbui t
220. 15 . hus,, ener i eused_by .r, s I t ored
in the capaci t%ecig#‘pglﬁ%ﬁ{%ﬂofiﬁé’ Fg‘éf%%&t%ﬁl aiq{r%g% oadtt %S‘H'Clt& §l$ %@a '
ener gy preser wanebormu(C) 229. obhainedt aitsthesspfkelR86char ge/ di scharge the
| oad 280 and the load 290 with little energy | oss.
Thus, by appropriately combining the capacitance
values C,-C;, it is possible to generate various types of
voltage waveforms.

i5
Table 1 shows a summary of the combinations of the
voltage waveforms obtained at the nodes 1222, 1224 and 1226,
respectively.
20 ' Table 1
Node 1222 Node 1224 Node 1226
a AC AC AC
b AC AC DC
c AC DC AC
da DC AC AC
e DC DC DC
f DC DC AC
g DC AC DC
h AC DC DC
9. Energy Reuse Types of Power Supply Apparatus 200

The power supply apparatus 200 is ge_nerally
25 classified into the following five types (1)-(5).



20 9.2 Energy Reuse DC Type Power Supply Apparatus Figure 25A illustrates a
structure of an energy reuse DC type power supply apparatus 1202. A |oad
310 is connected to the power supply apparatus 1202 at the node 224. 25
The load 310 includes a capacitance conponent C3, a switch 312 and a
switch 313. The power supply apparatus 1202 supplies a di- rect-current
vol tage waveformto the |load 310 via the 30 node 224. The ener gy
supplied fromthe power supply apparatus 22202vi at henode
224i sst or edi nt hecapaci t ance conponent Clerr] of the load 310. At |east a
portion of th¢lenBngygyt Beadei ACt Tgpeaphdiymmohicinpenses €3 eherg¥ Pyad
310 - 94 - _is retur t | ode
224. Thus, enEPOYTTatoLaEAraet 8 BarFLol ELL LRRALINUS b penl PolbEoln O
energy 5 seppingyngupiplded £7o0 an¢ ofcthaengiep?adeaninghei redet 2240,
t he power su rad h t£8! tREr eH¢ 71,
P PRgY g,%otaé}’]ﬂgéxtbé? i&f&ren d¥F g ciRGhides2é hepaert £8! ther 6Hetg?

the conparator 2 | 1 nce voltage generation_circuit 273, and a
control & rcuPreFREVInG (Hralddh#20 i YiastRat 83Me MefGure 25A, the énergy
suppl ying 10 circuit 210 enploys the structure as illustrated in Fig-

ure 6A. However, any of the structures iIIustraktle I n_Figures 6A-6D %nd 58A
may be enpl oyd®JaEReHRI% ReRSPE S¥PEHeAeHERPG W Js%bp‘l‘?ﬁsh B FAGRIR P

The structur getfurdinigt a8t a@ast Fa'lgpbf:ﬁiibihA,ofl]dimcﬁ%amqnbeveﬁ;tlagpéd as

15 means for adjusting ih nam c enerqy. . T it lsue Gl err]

and the capaciet’%ﬁﬁéy\ﬁémfgh@g aﬁj%o‘ge?n%oo ﬁ%’eo ns?g% sﬁyﬁ f%r?e&l ri%gﬂ%a}l‘?’glr%shz%

C[ err]>>g er r Jof Tines, enerayt preseivinguciegtitoR8ge bagkeftor hhies egigtngyned
preserving circuit 220 via the same node.

(3) Energy Reuse AC-AC Type: A type which reuses an energy
by returning at least a portion'of alternating-current
15 voltage energy supplied from one of the node 222 and the
node 224 of the energy preserving circuit 220, back to the
energy preserving circuit 220 via the other node, as

alternating-current voltage energy.

20 (4) Energy Reuse AC-DC Type: A type which reuses an energy
by returning at least a portion of alternating-current
voltage energy supplied from one of the node 222 and the
node 224 of the energy preserving circuit 220, back to the
energy preserving circuit 220 via the other node, as di-

25 rect-current voltage energy.

(5) Energy Reuse DC-AC Type: A type which reuses an energy
by returning at least a portion of direct-current voltage
energy supplied from one of the node 222 and the node 224

30 of the energy preserving circuit 220, back to the energy
preserving circuit 220 via the other node, as alternat-
ing-current voltage energy.



20 at the node 222, and a direct-current voltage waveformis obtained at
the node 224. Figure 25B illustrates an alternating-current voltage
waveform (A) at the node 222, a direct-current 25 vol t age wavef orm ( B)
at the node 224, and a voltage waveform (C) at a node 311. Anoperati onof

t hepower suppl yapparatus 1202w | | now be described. 30 The conparator 272
conpares the voltage at the node 224andt hevol tage Vp output fromthe
reference vol tage generation circuit 273 3 as to detect whether the

vol t age - 95 - at the node 224 has decr eased bel ow the vol t age Vp. Wen
the vol tage at9. : duses RQUEBYDE PRaraWgo| t age Vp, the
out put signal of the t t t he
node 224 is | ower thaﬁﬂﬁ?aﬂ‘gﬁ %ﬁ? g é%fl_gﬁﬁgf%u?&gtsegﬁ:gﬁa?@h aqqlﬁt.
conpar at or 27xrnated in Fégure AP Cﬂﬁrﬁsgon@ﬁet%\ﬂf’c eRezgy Fgua’erC mee t he

switch 313 is h e at & d
310 is set to é%eirr %ﬁ%ﬂ\;ol P gggagilig q%’?)]il rreﬂltq'angg 6%%3&53 fggﬁ:g?rrchu??

314 turns5 ON tsirrl-edhfzom té?ﬁj eReRIY OPFeBREV gtc‘FF'%‘i%ltA% Fesifte the

vol tage at theygogergdl dsitdarged toMadrhd tinpaonbrrenpplyolifage walveage
VDD. Since the vol tage at the node

t[err] to tinet®¥Brfd) (Ire EFHGUFE ﬁgtlﬁ%eéggﬁiﬁ'ﬁgs %‘S'Hfﬁ ea%‘erl Ogr’ﬁ% g]nﬁﬂ% of

tzgi |(2)<’61d 310 i snéLhypIaskdrit® camendit [2resks ineyedsing t wBgPeasatergynode

312, and turn sif)\lrFﬁtemg\iﬁrH[? 8%1‘?) ‘g'lggﬁﬁg q'garrdg Igt?l%lt rtC(%J h{:ehg tenkel® pdaddVung! o

10 circuit 220 via the node 222 while the alternating-current

voltage waveform (A) is decreasing. This is similarly true
for the alternating-current voltage waveform (B) supplied

from the node 224 of the energy preserving circuit 220.

15 Thus, energy is reused by returning as the charge
stored in the capacitance components of "the load 280 and .
the load 290 to the energy preserving circuit 220. Thus,
it is possible to charge/discharge the load 280 and the
load 290 with little energy loss.

20
9.2 Enerqgy Reuse DC Type Power Supply Apparatus

Figure 25A illustrates a structure of an energy
reuse DC type power supply apparatus' 1202. A load 310 is
connected to the power supply apparatus 1202 at the node 224.

25 The load 310 includes a capacitance component C;, a

switch 312 and a switch 313.

The power supply apparatus 1202 supplies a d4di-

rect-current voltage waveform to the load 310 via the

30 node 224. The energy supplied from the power supply
apparatus 1202 via the node 224 is stored in the capacitance
component C; of the load 310. At least a portion of the
energy stored in the capacitance component C;of the load 310



voltage at the node 311 is charged toward the ground voltage G\D. Since the
vol tage at the node 311 decreases in the period fromtine t3 to tine t4,

t he charge supplied 25 fromthe energy preserving circuit 220 via the
node 224 is stored in the capacitance conponent Clerr] of the |load 310. By
supplying energy to the |l oad 310, the voltage at the node 224 of the energy
preserving circuit 220 decreases. 30 Wen the voltage at the node 224~
decreases below the voltage Vp at tine t[@Ar}, the output signal of the
conpara- tor 272 changes fromH level to L level. In response to the -

96 - change i nihé heeeuh:ﬁua Sﬂcgnﬁthe Of)o*gbe @tﬂil@a.lya;a:;ﬁpa?ﬁitué hnztrt]zntrﬁ.al tHe Ccui t
271 turns ON the.sw 2. Thus, the,su energy to the energy
preserving cir%ﬂ??mzég’igﬂ?$ﬁti%ﬁ%ﬂgyﬁ&saggggﬁgt, the vol tage at the node

224 in- 5 creases. Wien the voltage at the node 224 becones equal to or
greater than the voltage M Lt . out.put _si gnal _of o) at or
272 changes fromL | evgﬁ %cgdﬁlf%é/gls E?ﬁ t&%&'glérl%ghﬁgzdssg' ?'det'HeH(gﬁae%lgé? t he

out put signal sbprphyivgrparcuicr 2@ andltheeneroy paiesmrvimyeirgunt 28P.t he

switeh 212, ThHgpdier SHEBLY AfpRArdY 15bd PreRSLih OIEGEL thRbA e |

220 is termnated.” 15 voltage at t
310 i s control FéECYdta27l,e |the cgowPArakerhd?gr ouite vEpEagencrD Tl tage

power supply vgkhagatYBR c2tcti®td99BcasRafd onithi1PeveEud LBl VOt h agke VDD
to the ground voltage GND. Wien the voltage at _the node 311 increases, the

charge stored P¥amRde2dllustyadad an FLgHEenedR - CEBer PR TheSYRRY Y | s
returnedibo theiegafigy 200cefiplioys AHe Hirubthnd ad el NeskeraPda Mhepighe

ure 6A. However, any of the structures illustrated in
Figures 6A-6D and 58A may be employed as the structure of

the energy supplying circuit 210. The structure as
jllustrated in Figures 11A, 11B or 13A may be employed as
15 means for adjusting the dynamic energy.

The capacitance value C; and the capacitance
value C, are set so as to satisfy the relationship C;>>C,.
Thus, an alternating-current voltage waveform is obtained

20 at the node 222, and a direct-current voltage waveform is
obtained at the node 224.

Figure 25B illustrates an alternating-current

voltage waveform (A) at the node 222, a diréct—current

25 voltage waveform (B) at the node 224, and a voltage
waveform (C) at a node 311.

An operation of the power supply apparatus 1202 will
now be described.
30

The comparator 272 compares the voltage at the
node 224 and the voltage Vpoutput from the reference voltage
generation circuit 273 so as to detect whether the voltage



vol tage at the node 311 of the |oad 310 decreases, the charge supplied from
the energy preserving circuit 220 via the node 224 is stored in the

capaci tance conponent Cferr] of the 25 | oad 310. Thus, energy is reused
by returning the charge stored in the capacitance conponent C3 of the |oad
310 to the energy preserving circuit 220. Thus, it is possible to 30
charge/di scharge the load 310 with little energy |oss. 9.3 Energy Reuse

AC- AC Type Power Supply Apparatus Figure 2BAillustrates a structure of an
ener gy - 97 - reuse AC-AC type power supply apparatus 1203. The struc-
t_ﬁreACéf AtC he penerthsiptde m&ﬁyﬁé&%%ﬁiwl vic:ﬂied txﬁblﬁl':tﬁgétvlugg Xhe#:f
the AC type .po ar at us i11us ted in Fi e
| oad 300 is cgfﬁff‘eé’P&& gt%pta%egﬁg noy %\e?gg éﬁpg?a%sg q-'hﬁ{’etﬁﬁde
222 and the nodeltZztfe Vhhe tllmadu&@ﬁm rsngumasotfhtheapampaarad:ercmmnsnatCB,
the switch 30 the t : t r Iu

Fi gures 11A, %{lé I3AW§B% %Ee S'(rzr%toa St ags{r?r%g{résde éfj u]; ‘f’%%q{khaq‘ &ynam C
energy. 19 Thwmesmplmmm§lm@& ngppheesomamatt@tmat'AMQ-sc@rtr ent
vol tage wavef gt mdp.fhe load 300 via the node 222, and supplies an

al ternating-current voltage waveformto the | oad 300 via the node 224. The
energy 15 supplied fromthe power supply apparatus 1203 via the node 224

is stored in the CapaCA’Ea%(iﬁneCQ'lTéoneﬂBe%Wl‘tlshoﬁltzheléO@ﬁ*'ﬁoowhf\ié 3l a
portion of the energy stored |n t he capacitance conponent C3 of the [ oad

300 is returnetWitCRhdl3oherO up|5qt§)‘= o (e ed tage %%@@23 Hhys,
energy 2{o | 6f renselload 310 is set to the ground voltage GND.

At time t;, the control circuit 314 turns ON the
switch 312, and turns OFF the switch 313. As a result ,' the
voltage at the node 311 is charged toward the power supply

15 voltage Vpp. Since the voltage at the node 311 increases
in the period from time t; to time t,, the charge stored in
the capacitance component C; of the load 310 is returned to
the energy preserving circuit 220 via the node 224.

20 At time t;, the control circuit 314 turns OFF the
switch 312, and turns ON the switch 313. As a result, the
voltage at the node 311 is charged toward the ground
voltage GND. Since the voltage at the node 311 decreases
in the period from time t; to time t,. the charge supplied

25 from the energy preserving circuit 220 via the node 224 is
stored in the capacitance component C; of the load 310.

By supplying energy to the load 310, the voltage at
the node 224 of the energy preserving circuit 220 decreases.
30 .
When the voltage at the node 224 decreases below the
voltage Vp at time t,;, the output signal of the compara-
tor 272 changes from H level to L level. In response to the



Figure 26B illustrates an alternating-current voltage waveform (A) at the
node 222, an alternating- current voltage waveform (B) at the node 224, and
a voltage 25 waveform (C) at the node 301. The alternating-current

vol t age waveform (A) and the alternating-current voltage waveform (B) are
generally the same in terns of the center of the oscillation and the
anplitude, but the phases thereof- are different fromeach other by 180
degrees. 30 An operation of the power supP®y-apparatus 1203 will now be
descri bed. - 98 - It is assuned that the node 301 is charged to the

vol t age V[ err]cheinge nint the Thatmvi t shgB82 b OHEe aovmparabersIF2chtbe3 is
OFF. 5 I e h C th | t at
t he node 301 c;,ontx}@)?h%igg gg%q% é:rﬁtrr]n)ts g)twgif%zg‘?err \M?§ @ﬂﬁg e

al ternating- cmuva@f t eyergyyvee othe ( energyi REeegEvahg Fhécmttpatzosﬂ@nal

of the conpar aiﬁtée%&harwsaff@éﬁrtl evﬁé 'PQlEa{;éVSE the he&eoBa gt he
change in_the output signal of the conpara 7, the control

circuit 394 tUPFRAZRFt he svvltch 303. Thus, the voltage at the node 301
changes along the alternating-current voltage waveform (B). The corrpar at or

306 conpares the voltage at. the 15 node 301 th the volta e Vr
output fromthe refere‘glé% n\bre AR tRR 2k ithe éﬁaﬁc"u %2%&? t t

whet her the vobi ageatier thanothRe 3831 tage r‘eﬁabachm@etsv,othagwwlh*ersrﬂgnaMhen
t he vol tage at %&node 301 eac@.g% the 20 [

t
tlert], the oubuindmpatyt Rl cnndey srofe dGelLt8i bt uldm o 1
| evel . | hOr esppespohset hieo cHdregechangee bmit pilie siogrtgputof sn.gaad.ormﬁratttm

306, the comparator 272, the control circuit 271 turns OFF the
switch 212. Thus, the supply of energy to the energy
preserving circuit 220 is terminated.

15 The voltage at the node 311 of the load 310 is
controlled so as to increase from the ground voltage GND
to the power supply voltage Vpp, or to decrease from the power
supply voltage Vpp to the ground wvoltage GND. When the
voltage at the node 311 increases, the charge stored in the

20 capacitance component C; of the load 310 is returned to the
energy preserving circuit 220 via the node 224. When the
voltage at the node 311 of the load 310 decreases, the charge
supplied from the energy preserving circuit 220 via the

node 224 is stored in the capacitance component C; of the
25 load 310.

Thus, energy is reused by returning the charge
stored in the capacitance compbnent C; of the load 310 to
the energy preserving circuit 220. Thus, it is possible to

30 charge/discharge the load 310 with little energy loss.

9.3 Energy Reuse AC-AC Type Power_ Supply Apparatus

Figure 26A illustrates a structure of an energy



control circuit 304 turns OFF the swtch 303. Thus, the voltage at the node
301 is kept at the voltage Vr[err]. 25 When the voltage at the node 222
reaches the voltage at the node 301 (i.e., Vr[err]) at tine t[err] while
the alternat- ing-current voltage waveform (A) is decreasing, the output
signal of the conparator 305 changes fromL level to Hlevel. 30 In
response to the change in the output signgz of the conparator 305, the
control circuit 304 turns ONthe switch 3 Thus, thevoltageat t he node

301 changes al on th ernating-current .vol tage wave
The conparat or™ cgﬁpég: %YPﬁep B'Ietragélpgtlyt REPRE 55"?011%\/43 %‘ﬁ’g \?5Ir51§ge
Vr[err] out puttﬁremif teher pbweem&ppbirt&mmm a20M i identiddd totEdm®:to

det ect whet her vQl t S
Vr[err]. Thus, }L'%g re erg)r%;g&gol %\gé‘gﬁge rat %“I,’lg%‘l ?é§?§9 g@ﬂﬁi\[ﬂ{ a%ﬂse
vol tage Vr[er r}léuatrmedoin Higuve| 204A. wWEhe.oade HQ esmrgdecaiteéto the

pr edet er ngned o e at
t he noderr%Ol h%ls)mfee%c ‘J@Yﬁgp% j[t gSe\!‘}Eg eéféfhgtn%ﬁeengi gi??]acthe% ed%u%%ﬁ?

signal of the E€bfpdeado30fosintiries thencAPpeddrnce |comReRent (Cr.esthfise

to the change k¢itbg thzpuanal ¢l i tdie FHParReOs t3UbtUME £PM I Dhs -
circuit 304 turns OEF the, 15 swtch 302. = Thus, the voltage at the node

301 is kept at Fﬁ@eGO?-PaFgw‘eQWfﬁrHA'lﬁle%rﬂéﬁ BaY PenfrpARYFA0as Jieans

t[err] there iFarnadjusednat tbfe @yreieid)eaigieen the energy preserving
cir- cuit 220 and the load 300. This is because the switch 302 and
t he svmt&ﬁ 303 are both OFF, and the energy preserving circuit 220 and the

| oad 300 are el ectricaffhg seppsweat edduppdly apparatus 1203 supplies an
alternating-current voltage waveform to the load 300 via
the node 222, and 'supplies an alternating-current voltage
waveform to the load 300 via the node 224. The energy
15 supplied from the power supply apparatus 1203 via the
node 224 is stored in the capacitance component C; of the -
load 300. At least a portion of the energy stored in the
capacitance component C; of the load 300 is returned to the

power supply apparatus 1203 via the node 222. Thus, energy
20 is reused.

Figure 26B illustrates an alternating-current
voltage waveform (A) at the node 222, an alternating-
current voltage waveform (B) at the node 224, and a voltage

25 waveform (C) at the node 301. The alternating-current
voltage waveform (A) and the alternating-current voltage
waveform (B) are generally the same in terms of the center
of the oscillation and the amplitude, but the phases thereof
are different from each other by 180 degrees.

30 '

An operation of the power supply apparatus 1203 will
now be described.



each other during this period. 25 During the period fromtine
t[err] to time t[err], energy is supplied fromthe energy preserving
circuit 220 to the load 300 via the node 224. This is because the swtch
302 is OFF, while the switch 303 is ON during this period. As a result, the

vol tage at the node 301 of the load 300 30 ~ increases. During the period
fromtime t2 to tinme t3, there is no novenent of an energy between the
energy preserving - 100 - circuit 220 28nd the |oad 300. This is

because the switch 302 and the switch 303 are both OFF, and the energy
preserving circuit 220ttarks Efsunedl Ueg dhe doger F0dalilsy chargest d¢ them

each ot her dur‘}c;!gté% SvPYH @dme> HAY | NGhhewBetho8ol 9 OFfe LBile ihee 4,
energy is returned fromthe | cad 300 to the energy preserving circuit 220
via the node SWbtch 393 s1siQFBecause the switch 302 is ON, while the

switch 303 is OFF during this 10 period. As a result, the voltage at
the node 301 of the load 3 decreases.. Thus, at |least a_poriion qf the
energy supplied from t‘%ée'é(r%g‘reg °£F%g%ravfi ﬁge&‘?‘f‘%i%z‘kfﬁa{:&e?h%h?g 82 vi a
the 15 nodeafthé srddd WBokedif.eam the vontageOvip dtheimeetyywhpibs erha ng
circuit 220 vi he npde 222. thereby.reusing the en Y. Ehus, if.1is
possibl e to oA LErRRETRar SOrFRAT SR (oS WHYERoT| (o Endp oy hiedsing

rel ati onshi p behemartpuiesigpadi ¢fiidhe canpergierr B0admhanges oo Hadeweval ue
Cerr] may 20 | Iher > r rrl.<¢le . r Reuse
AC.DC Type Pows? %ﬂe‘%}léyl. 1 Eé&lgo%g £d %A%%n S Chethd o@té‘uﬁ%%gqya

upp Appar atu ure trates a structure of an
energy 10 of the comparator 307, the control circuit 304 turns ON the
switch 303. Thus, the voltage at the node 301 changes along

the alternating-current voltage waveform (B).

The comparator 306 compares the voltage at the

15 node 301 with the voltage V.; output from the reference

voltage generation circuit 308 so as to detect whether the
voltage at the node 301 has reached the voltage Vi..

When the voltage at the node 301 reaches the
20 voltage V., at time t,, the output signal of the compara-
tor 306 changes from L level to H level. In response to the
change in the output signal of the comparator 306, the
control circuit 304 turns OFF the switch 303. Thus, the
_ voltage at the node 301 is kept at the voltage V..
25
When the voltage at the node 222 reaches the voltage
at the node 301 (i.e., V.) at time t; while the alternat-
ing-current voltage waveform (A) is decreasing, the output
signal of the comparator 305 changes fromL level to H level. '
30 In response to the change in the output signal of the
comparator 305, the control circuit 304 turns -ON the
switch 302. Thus, the voltage at the node 301l changes along
the altel_:nating-current voltage waveform (A).



reuse AC-DC power supply apparatus 1204. A load 320 is 25 connected to
the power supply apparatus 1204 at the node 222 and the node 224. The | oad
320 includes a capacitance conponent C3 and sw tches 323-326. The
structure as illustrated in Figures 11A, 11B or 13A may be enpl oyed as
means . for adjusting the dynam c energy. 30 The power supply apparatus 1204
supplies an alternating-current voltage waveformto the |oad 320 via the
node 222 and a direct-current voltage wav@?ormto the - 101 - load 320
via the node 224. The energy supplied fromthe power supply apparatus 1204
via the node 222 is stored in the capacitance conponent Clerr] of the |oad

320. At |east a porti of ray ored in.the paci e ent
C3 5 of the | oad 3%8“? scgr’ﬁe]‘ﬁa?%gagt 86Fhec°gn(?v%q:ressu5%§y%§&:)% a- %ﬁrsn% 04
via the node 2®fie Bk, wihbr dhel svoltass . Vi noadputi diram the beference

el ements, i.e. SURR W i ' 1 rvi ng
circuit 220, ﬂJOJE{EFq%%%%r supﬁl%é%pgi%ﬁ%ssglgsﬁuérét]ﬁ%fp?{%\ﬁ%{%ﬁ?e
control dircuivobtage @fe thenpadat 3P1212s xenched dhenveoliageaye: geFbust.i on

circuit 273, tHe SOFEFOhce Vbtthbe3génera®ibAMBELRL9% 308 oRtHUAHRARMLO
329, and a reference voltage %Fneratlon circul 0 In_the exanpl e

t 330. t
i | lustrated i vaktage ifgypsdrkRe vodtaas Jr Stpbrhi Agecpiternrated &kpioys
the structure pSedétethiné@dtinifiggure 6A. However, any of the structureés
illustrated in Figures 6A-6C may be enpl oyed as the structure of the energy
supplying circuit 210. 20 ~ The capacitance value (ferr] and
the cappeitance val ueWKen drteisaletsected tthatathe fuolthwge altathemdep 301

Qerr]>>ernlya INSicila Pt vB3thgd Gur he"tine! £ 20¢naRUREELT 4 £a20] Aged
the comparator 306 changes from H level to L level. 1In
response to the change in the output signal of the
comparator 306, the control circuit 304 turns OFF the

15 switch 302. Thus, the voltage at the node 301 is kept at
the voltage V..

In the period from time t=0 to time t,, there is no
movement of an energy between the energy preserving cir-
20 cuit 220 and the load 300. This is because the switch 302
and the switch 303 are both OFF, and the energy preserving
circuit 220 and the load 300 are electrically separated £from

each other during this period.

25 During the period from time t; to time t,, energy
is supplied from the energy preserving circuit 220 to the
load 300 via the node 224. This is because the switch 302
is OFF, while the swif.ch 303 is ON during this period. As

a result, the voltage at the node 301 of the load 300
30 increases.

During the period from time t; to time t,;, there is

no movement of an energy between the energy preserving



at the node 222, and a direct-current voltage waveformis obtained at the
node 224. 25 Figure 27B illustrates an alternating-current voltage waveform
(A) at the node 222, a direct-current voltage waveform (B) at the node 224,
avol tage waveform (C) at a node 321, and a voltage waveform (D) at a node
322. 30 An operation of the power supply apparatus 1204 will now be

descri bed. - 102 - It is assuned thatiéte-node 321 of the load 320 is
charged to the voltage V[err] at tinme t=0. The switches 323-325 are OFF,

‘r’\*;;l:ﬁetshtehzw %??gé%ﬁ 'thétoﬁ'\lanéd the load mnl t h@h&i\%' t age Bécali€e Nogige 22]2
% a e _node VO rr tinme tlerr
while the al tEWF}*&PPnSOGUFPGthQO?WJaUgehV\%Q/%f &’P%;‘ % %}1{} ﬁge ‘?’ﬁ%y
out put si ?nalt ﬁQEsE&Qlﬁ@”%&rrmh £ %D féiﬁilgﬂfe f]rcﬁfd Hdwvﬁet@léctmlmlljrn
response to e chan in the tp of _the orrparator 328,
the control cPEPAFAL %§7 aéi? ‘ﬁ"é‘ 3th1ﬁ1LEer1‘?1 “voltage at the
node 321schanges al ong the alternating- current vol t age waveform (A). The

conpar at or 329 conpar s the | t age .at; t d
supply vol tage VDD ou % I?%rr;"e r?gésc\}éqei ar}zoe%é)e%ép\a@tft 3h %ﬁ?g t 330
so as to deteds \M'eettthated héroml tthge Jaaad BOotie 3the enerdnchtesen¥ipgwer

supply vol 1208 Vi 200  x1a thelRBgbNgzge! toansal e BadAuIEL eReches

the power sup e out put_ si gna
conpar at or 32&wWiltaiy&PZ riemON .| ehdile &he swistch BO3 é§p9ﬁ'§'edt16lflﬁetbﬁ§nge

in the qyf put [{RARR. Ohst R L UMA ali{e IiPhtage at the node 301 of the

load 300 decreases.

Thus, at least a portion of the energy supplied from
the energy preserving circuit 226 to the load 300 via the
15 node 224 is returned from the load 300 to the energy
preserving circuit 220 via the node 222, thereby reusing
the energy. Thus, it is possible tolcharge/discharge the
load 300 with little energy loss. The relationship between
the capacitance value C, and the capacitance value C; may
20 be either C;>C; or C;<C,.

9.4 Enerqgy Reuse AC-DC .nge Power Supply Apparatus
Figure 27A illustrates a structure of an energy
reuse AC-DC power supply apparatus 1204. A load 320 is
25 connected to the power supply apparatus 1204 at the node 222
and the node 224. The load 320 includes a capacitance
component C; and switches 323-326. The structure as.
illustrated in Figures 11A, 11B or 13A may be employed as
means for adjusting the dynamic energy.
30
The power supply apparatus 1204 supplies an
alternating-current voltage waveform to the load 320 via

the node 222 and a direct-current voltage waveform to the



the control circuit 327 turns OFF the switch 323 and turns 25 ON t he
swtch 324. Thus, the voltage at the node 321 changes toward the voltage
at the node 224 (i.e., the voltage Vp). At tine t[err], the voltage at the

node 321 reaches the 30 voltage Vp. In the period fromtinme t[err] to
time t[err], energy is supplied fromthe energy preserving circuit 220 to
t he - 103 - load 320 via the node 222. The energy supplied fromthe

energy preserving circuit 220 is stored LAlthe capacitance conponent C3 of
the load 320. In the period fromtinme t2 to time t3, the energy is returned
fromthe | cad182ad 320t lvdiab the arwiey24 esdhd rnexrgy lsdpEPledi frdhethade

224. Thus, at _| t ti f.th | f h .

oreserving of POYRE 29BP08 pRBEatnas JuR Phen i n68s, 222, PepBPRed tpom
the |oad 320 thet kapawdigynck) compnmeyer \Cangifcitheuilpad2@20i.a Aheleadt 324,
thereby reusing 4heLoP e eﬁgggy %oféd&%fh?!{cga i 8@’&3@%3%&? eéghe

|l oad 320 with-little energy S en the vo e at the no ches
the volt &ge 19f the lord nRR Bplreturned: ke e npwen)sapply nePPpEAr]

while the alterpatidyds GHd GHe YROASIB240V SIRILT (Ner gy IEETLA6HE, Lhe
out put signal of the conparator 328 changes fromL Iével to Hlevel. In

response to the change in the output signal of the conparator 328, the

control circuit 327 tumhad@hitiba €8 the bésticheBhen@B] 1l& D5 tPfehl@gywi t Ch
324. Thus, thevoltage at .t he,nod(i 321 ggan es al ong t he . al t ernatj ng-current
vol t age wavef o?“lﬁ&’z&?l.n%%ﬁc}‘%ti 219and tog Y RECHBIVAIHE AT T 1321

25 hav r eachedpbWer\sugrigeappheathsat 204nfust{iser incliindesutipel conitgod) of

circuit 271, the comparator 272, the reference voltage
generation circuit 273, a control «circuit 327, a
comparator 328, a comparator 329, and a reference voltage
generation circuit 330. In the example illustrated in

15 Figure 27A, the energy supplying circuit 210 employs the
structure as illustrated in Figure 6A. However, any of the
structures illustrated in Figures 6A-6C may be employed as
the structure of the energy supplying circuit 210.

20 The capacitance value C; and the capacitance
value C; are set so as to satisfy the relationship C;>>C,.
Thus, an alternating-current voltage waveform is obtained
at the node 222, and a direct-current voltage waveform is
obtained at the node 224.

25
Figure 27B illustrates an alternating-current
voltage waveform (A) at the node 222, a direct-current
voltage waveform {(B) at the node 224, avoltage waveform (C)
at a node 321, and a voltage waveform (D) at a node 322.

30

An operation of the power supply apparatus 1204 will
now be described.



t he conparator 329 changes fromH level to L level. In response to the
change in the output signal of the conparator 329, the control circuit 327
turns OFF the switch 323, and turns ON the switch 324. Mreover, in 30
response to the change in the output signal of the conparator 329, the
control circuit 327 turns ON the switch 325, and turns OFF the switch 326.
Thus, the voltage at the node 321 changeggpboward the voltage at the node
224 - 104 - (i.e., the voltage Vp). At tinme t[err], the voltage at the
node 321 reaches the Q) 4308s4bned tHakendSiddyl 339BL 1Kk o8l B2 16! T
t[err], energy is returneé romthe T oad to the energ ggeserwn% cir-
cuit 220 via hangsfbtoXthe valtagep¥r pddtine 19 ne T FE1¥P st BéBrB25

energy is SUp%lc#ee%EfE‘P%}]{'feeﬂﬁégé‘wfféﬁeﬁiénﬂslém circuit 220 to the |oad
320 via the node 224." The energy supplied fromthe energy preserving

circuit 220 is stored in the capacitance conponent Cerr] of the |oad 320.

Thus,. at 4 east a port iyeRfthle o &\ tStRe Nodé fA2mréachest tite @0dra\ye
preserving circuit 220 to the load 320 via the ;sgde 224 is retHr.ged' rom
the | oad 320 t&t tHeeeRefgy 3dleskh & ng ¥PHER9E Yob IFatiRe Fod¥P358, Wfer eby

reusi ng the engrgyrndbtisg-thrirenpoveilhlagel avadhefaymt d{ ¥ hasgdnicreasdad 320

ith littl I . 20T t t 1t
\[I)Mr eseri/i ngecfp r %uf%gﬁdﬁ&%‘g :%fl%leg %ﬂ?@?ﬁﬁg’éﬂgggy&%‘ﬁ%&?gg‘ﬁﬁ?z Ul./e]1 n
the exanpl e iltodt daved .i nIhi gespol#8, te thescheage an the owiku Z4 drasl
decr easeﬁo bel O(‘)’\f:‘ ttri'nee %8&!1&)%9.%t%9: a.itzat,' gﬁeté&{{ﬂ'ol circuit 327 turns ON the

switch 323. Thus, the voltage at the node 321 changes along

the alternating-current voltage waveform (A).

The comparator 329 compares the voltage at the

15 node 321 with the power supply voltage Vpp, output from the

reference voltage generation circuit 330 so as to detect

whether the voltage at the node 321 has reached the power
supply voltage Vpp.

20 When the voltage at the node 321 reaches the power
supply voltage Vpp at time t,, the output signal of the
comparator 329 changes fromL level to H level. In response
to the change in the output signal of the comparator 329,
the control circuit 327 turns OFF the switch 323 and turns

25 ON the switch 324. Thus, the voltage at the node 321
changes toward the voltage at the node 224 (i.e., the
voltage Vi).

At time t;, the voltage at the node 321 reaches the
30 voltage V. '

In the period from time t; to time t,, energy is
supplied from the energy preserving circuit 220 to the



25 When the voltage at the node 224 decreases bel ow the voltage Vp, the
out put signal of the conparator 272 changes fromH level L level. In
response to the change in the output signal of the conparator 272, the
control circuit 271 turns ON the switch 212 for a predeterm ned period of

time. As 30 a result, the voltage at the node 224 increases. 9.5 Energy
Reuse DC- AC Type Power Supply Apparatus Figure 28A illustrates a structure
of an energy - 105 - reuse DC AC type lpogi/\er supply apparatus 1205. A

| oad 350 is provided between the node 224 and a node 351 qof the power
suppl y appar at1@ad 2320 vha thpabPfgnc@ZconpbfefbPeELdr F}‘Ppg-lﬁénﬁépé’f“ed:ht% t he
node 351. 5 Then&pypr 1 13 RAEd WSt 124D isUSRbred &n dihe lcaflacilfariyy

vol tage waveformto the |l oad_ 350 vja th ode . 224.  The, ene S lied
from the power SHRRPG hpbardt ughﬁz%%aéi gzghe%rﬁéé‘?ﬁ@??@t%géa JFlﬁrR? hgz
Cﬁpam tance 10to timapeyietheC8neflyl Eastetummd ifaronothehtoadeBgy o diteal i n
t he capacjtance_conponent err] i.s returned_t.o the po ply apparatus
1205 via Phe nBBE*E ZPr?ﬁﬁg’lél ef’dfclusltr&? o8 e, 9, 2487 e basi o
el enents, i.e., the energy 15 supplying circuit 210 and the energy
preserving circuit 220 e I t?;:ga% t 1l +5lES
the control circuit 27511?{1?%&1%\3%8;%?%&/5 , ?%eﬁ%%%%@?éé{\?g??ésg%
generation cirthet engggyapsesecnisg2cigcusht 2éP &Prthet13ad, 320cvhpakhr or
354, a conparah@Re399, AW FARLSSNCEryfl I 20ad 380NSKA! LB CeRéHyY
356. In_the exanple 1llustrated in Figure 28A the ener suppl yi ng,
circuit 290 enprepeTVHEgsCaFRAIte 220 iViqstheanads i gu%e%ﬁgY r%%ﬂé%%?? any
of the structurge ehkwgyl.at eduk) Ftoisepodsible ard Sifdrg@ydbecharge the
load 320 with little energy loss.

When the voltage at the node 222 reaches the voltage

15 at the node 321 (i.e., the voltage V;) at time t, while the

alternating-current voltage waveform (A) is decreasing,

the output signal of the comparator 328 changes fromL level

to H level. In response to the change in the output signal

of the comparator 328, the control circuit 327 turns ON the

20 sﬁitch 323, and turns OFF the switch 324. Thus, the voltage

. at the node 321 changes along the alternating-current
voltage waveform (A).

When it is detected that the voltage at the node 321

25 has reached the voltage V. at time ts, the output signal of
the comparator 329 changes from H level to L level. 1In
response to the change in the output signal of the
comparator 329, the control circuit 327 turns OFF the
switch 323, and turns ON the switch 324. Moreover, in

30 response to the change in the output signal of the
comparator 329, the control circuit 327 turns ON the
switch 325, and turns OFF the switch 326. Thus, the voltage

at the node 321 changes toward the voltage at the node 224



enpl oyed as the structure of the energy supplying cir- 25 cuit 210. The
structure as illustrated in Figures 11A, 11B or 13A nay be enpl oyed as
nmeans for adjusting the dynam c energy. The capacitance value (ferr] and

t he capacitance 30 value C2 are set so as to satisfy the relationship
Cerr]>>Clerr]. Thus, an alternating-current voltage waveformis obtained
at the node 222, and a direct-current voltage waveformis obtained at the
node 224. - 106 - Figure 28B i |lustral®d an al ternating-current voltage
waveform (A) at the node 222, a direct-current voltage waveform (B) at the
node 224, and(a.eoltdhe Soltage/dledrm (C) at the node 351. Anoperati onof

t hepower suppl yapparatus 1205w || now be described:. 10 In the

period fromtine t=0 to time t[err], a charge is supplied fromthe energy
preserving circuit 228ttbimpetsoddesvolingerak thrigose, 324srearbes the he
vol t age at th@d@@gﬁezag.gradually decreases. A portion of the charge, which
has passed through™the | oad 350, passes through a 15 | oad 360 to reach
the grou®d. The rest of the charge is stored in the capacitance corponent

Cerr]. As a result, tiie ond tp@eied Fhemnedre3t] ©oatimel ¥sj nenergegsis\en
the voltage at the node 224 decreases | pw fhe 20 vol t at..time
t[err], the o&eﬁﬂr‘ﬁ‘gr‘ra‘fo'%fgﬁﬁef%%‘?rp#) -g?oﬁh‘i?%n%ﬁ%ggge%rg%?ﬁy 9 é\:/L";éTI to L
|l evel . In respafige 220 tviea ciitngeode 222, odnpthes ipgrdlodffdme tigwep drsattor
272, the contrgl circuit 271 turns t.he: sywitche 212 e ' : m
time t[err] tdMSreter| SFHFEIHNGE, sg%]gf},q s%%rgpﬁ?%d %r?%r hgﬁ}%&b%:.fg er gy
suppl yi rgp ci r citc@il® 220 the Brerkpadrizg@rwismghe node 224. The energy
supplied from the energy preserving circuit 220 is stored

in the capacitance component C; of the load 320.

Thus, at least a portion of the energy supplied from
15 . the energy preserving circuit 220 to the load 320 via the
node 224 is returned from the load 320 to the energy
preserving circuit 220 via the node 222, ‘thereby reusing
the energy. Thus, it is possible to charge/discharge the
load 320 with little energy loss.
20
The voltage at the node 224 of the energy preserving
circuit 220 decreases by supplying energy to the load 320.
In the example illustrated in Figure 27B, the voltage at
the node 224 has decreased below the voltage Vp at time t,.
25 When the voltage at the node 224 decreases below the
voltage Vp, the output signal of the comparator 272 changes
from H level L level. Inresponse to the change in the output
signal of the comparator 272, the control circuit 271 turns
. ON the switch 212 for a predetermined period of time. As
30 a result, the voltage at the node 224 increases.

9.5 Enerqgy Reuse DC-AC Type Power Supply Apparatus
Figure 28A illustrates a structure of an energy



circuit 220. As aresult, the voltage at the node 224 increases. In the

period fromtinme t2 to tine t3, no energy is 30 supplied fromthe energy
supplying circuit 210 to the energy preserving circuit 220. As a result,
the voltage at the node 224 gradual |y decreases. - 107 - Wen the

vol tage at the node 222 reaches the voltage at the node 351 at tinme t3
whil e the alternating-current voltage waveform (A) is decreasing, the
out put signal of the conparator 354 ch‘an’g‘é% TromL level to Hlevel. In 5
response to the change in the output signal of the congarat or 354, the
control circuFeuss3DEuARstYReEtPRWeRi sepp ks apmxatus hb299} t Aydord 13RO node

351 changes igro 6&&@&%@@;@&@%@%&@&1@'&@3 YT 95 A he Hbwer

In the period mtime t3 to time t4, the charge stored in the capacitance
conponent C3 ngPéYu@mqad:‘%%el% gyTRe e SBPALAL AT (FIMBARERY L3 hs

switch 352 andohheckede td2thelhode 351. When the voltage at the node 351
reaches the voltage W at tine t[err], the out put signal of the conpara-
tor 355 éhanges fromH level to L level. Herei n, the reference vol fage

generation circuit isThet mﬁﬁémgsﬁbplyolatpqw:a‘ﬁusaams esapplhiesval t@ge to

t he conparat or onse tq the cha t naI of
the conpar at ofF® §25°utrﬁ(§ onY?J(’)Fa Fr OV tﬁ? q-'%ﬁzllf??ig %%Ht %ﬁ'
the period fonoien2244 t oTheneendrgyno sappldgyed s£26m  thseipplowed fslmm)line

ener gy supplyi t]é&,p r[% r LL r eby

t he vol t age af* B?J ?aﬁgl e V!rLgd:[ Pgﬂgegr%gg{s%@%‘ﬁ gig%,% %h %82%%%5 in

t he 10 component Cs;. At least a portion of the energy stored in
the capacitance component C; is returned to the power supply

apparatus 1205 via the node 222. Thus, energy is reused.

In addition to the basic elements, i.e., the energy

15 supplying circuit 210 and the energy preservingcircuit 220,

the power supply apparatus 1205 further includes the control

circuit 271, the comparator 272, the reference voltage

generation circuit 273, aswitch 352, acontrolcircuit 353,

a comparator 354, a comparator 355, and a reference voltage

20 generation circuit 356. In the example illustrated in

Figure 28A, the energy supplying circuit 210 employs the

structure as illustrated in Figure 6A. However, any of the

structures illust_:rated in Figures 6A-6D and 58A may be

employed as the structure of the energy supplying cir-

25 cuit 210. The structure as illustrated in Figures 114, 11B

or 13A may be employed as means for adjusting the dynamic
energy.

The capacitance value C; and the capacitance

30 value C, are set so as to satisfy the relationship C;>>C,.

Thus, an alternating-current voltage waveform is obtained

at the node 222, and a direct-current voltage waveform is
obtained at the node 224. '



capaci tance conmponent Cferr] is not returned to the energy preserving
circuit 220, whereby the voltage at the node 351 30 gradual 'y increases.
The decrease in the voltage at the node 224 is switched to an increase as
the charge stored in the capacitance conponent Clerr] is returned to the

energy preserving circuit 220. Thus, the voltage at the node 224 - 108 -
and the voltage at the node 351 are both maintained in the vicinity of the
desired voltage. In the exanple illustTal®® 7n Fi gure 28A, the 5 | oad

350 is provided between the node 224 and the node 351, and the |load 360 is
provi ded between the node 351 and the ground. In addition to the |oad 350

and the | oad 360, ano%‘ﬁ?ﬁﬂ&?‘éﬁ&]{lﬁjﬁ%e@e RIPVi Lk ed sherarde 224

and the ground. Alternafively, the 0O may be provided 1 bet ween
the node 224 ¥pdteme foeefsam (A) | atpitdhs dredet Ré2) odd dErpeTFRERSRRe

node 224 and Qe t@geUNdaveitbeidB)t i ¥e! Yehénlnbddedpad adkD aayvdEtagevi ded
whi |l e not. providing the | oad 10. Applications of Present

360. 15 :
I nventiof to Y8VeigEmcdferdertheA9ut3ths of the present invention to a
vol tage converter (DC/DC converter) will now be described. (Enbodi nent 1)
20 Figure 29 illustrate structure of a _voltage \ 20
according to the preséﬁ’[oP’fW@ f‘PBr?.Sf RS ?‘A%%iX&RP&’Eae igl‘o%hn%f’%c?igs a
vol t age convemowobes@lesdribed. f or converting a voltage supplied froma
power supply 1 to another voltage and supplying the other voltage 25 to

a voltage receiving circuit (load) 2, and a control section 130 for
control [Iithg the vol t age dcvevpesiod frem ting 3=¢daiime Jupm whanasds,

which is substapiifidd P98l the energy preserving circuit 220 to the

load 350 via the node 224. As a result, the voltage at the
node 224 gradually decreases. A portion of the charge,
which has passed through the load 350, passes through a

15 load 360 to reach the ground. The rest of the charge is
stored in the capacitance component C;. As a result, the
voltage at the node 351 gradually increases.

When the voltage at the node 224 decreases below the

20 voltage V; at time t,, the output signal of the compara-
tor 272 ch;':mges from H level to L level. In response to the
change in the output signal of the comparator 272, the
control circuit 271 turns ON the switch 212 for the period

from time t; to time t,. Thus, energy is supplied from the

25 energy supplying circuit 210 to the energy preserving
circuit 220. As a result, the voltage at the node 224
increases.

In the period from time t, to time t;, no energy is
30 supplied from the energy supplying circuit 210 to the energy
preserving circuit 220. As a result, the_voltage at the

node 224 gradually decreases.



to the power consuned by the load 2, fromthe power supply 1 to the voltage

conversion section 3. The power supply 1 is 30 connected to the voltage
converter 20 at a termnal 21. The load 2 is connected to the voltage
converter 20 at a'term nal 22. - 109 - The control section 130 includes

a driving cir- cuit 4 for opening/closing a switch 26 (not shown in Figure
29; seeFigure 30) included in the voltage gonversion section 3, and a

synchroni zation circuit 5 for detern1n|nd' ~“the open/closed state of the
switch 26 based on a signal .output fromdetectors 8, 15 and 18. The control

section 130 further i ﬂB?%é@%V%l%Qe@énEhatflﬂd% 2%% rgapbes: the velirgex

pul se for defigy nehé hgodl 3sloaer@&meg tgyﬁhﬂaf th@ealQb&ﬁﬁQlﬁgﬂ\é%"x&*e‘h&
section 3, and a cl ock detector for detecti nggt he, cl ock %Gdse out put from

the cl ock genefattRo8. W"‘Fﬁ%fEBHtﬁBI) d8cPPEReRSANPur ther onte)

detector 8 fortge®npampagatbiessal bmgewtﬂxtdm I rDsved tor Hi uaivefie. OfIri he

| t t th t t t f
Gencrator5o. | ROGRARFaL 1) TR | SPaBEC oIt age AR, ERPBALs 1T orf 1o

circuit 10 forcmaparatbrngsuhe tmer aiormrdll medgeafitt 38320turndet@t dmeB and

the reference y e ner C ral Kk d

cl ock pul se ou?‘g %é‘ﬁ 38 theﬁé ot% %ggg%e%% %émggnt ro C@# %ﬁs%‘&c’ggq S
supplied to th'ehsynﬂ;hennalangenucmm volG-agiea vavieflonmA|A3. Moreover, a
signal indicating the target voltage is supplied to the 25 reference

vol t age %enerator 9 via a termnal 25. The control section 130 further
i ncl udesl®a detector 1Infshecbabirdn§rome tinet fgetoutpne t+orfheecharge

stored in the capacitance component C; is returned to the

energy preserving circuit 220 via the switch 352 and the
node 222.

15 When the voltage at the node 351 reaches the
voltage V., at time t,, the output signal of the compara-
tor 355 changes from H level to L level. Herein, the
reference voltage generation circuit is outputting the
voltage V. as a reference voltage to the comparator 355. In

20 response to the change in the output signal of the
comparator 355, the control circuit 353 turns OFF the
switch 352.

In the period for time t; to time t5, no energy is

25 supplied from the energy supplying circuit 210 to the energy
preserving circuit 220, whereby the voitage at the node 224
gradually decreases, and the charge stored in the
capacitance component C; is not returned to the energy
preserving circuit 220, whereby the voltage at the node 351

30 gradually increases. The decrease in the voltage at the
node 224 is switched to an increase as the charge stored

in the capacitance component C; is returned to the energy
preserving circuit 220. Thus, the voltage at the node 224



term nal 3e of the voltage conversion section 3 with an 30 initial

vol tage; a reference voltage generator 12 for generating the initial

vol tage; and a synchronization circuit 13 for controlling the operation
timng of the detector 11 and the reference voltage generator 12 based -
110 - on a start signal, a control clock pulse, a signal output fromthe
synchroni zation circuit 5 and a signal output fromthe clock detector 7.
The start signal is supplied to the syncH®nization circuit 13 via a
termnal 24. The control 5 clock pulse is supplied to the

synchr oni zat | gndctiie wWdltdde \dia thiee nodleni3ddl a28. bdhb mabntainedcinorhe 30
further includes._a,.refer e | tor 14 for generating a voltage
10 whi ch dg+9ﬁ8§t¥h8%t?%%ngﬁgﬁ&%%féﬁﬁgﬁ{ Sstate of the switch 26 (not :
shown in Figure 29; see Figure 30) included in the voltage conversion

section 3 changes frogy! g, OPERAAEALS §p1bberateacd st sl gurkhoatol cgher 15

for conparing the voltage output Tromthe reference voltage generator

14
with 15 5 thdoadl 85§cisnyarNidedpeivweamihg nale #24 H"é‘dvgpf’a‘b%d%o?ﬁér si on

section 3; and,d $xachbHaal 380l 98 prbeiaedlBetReefOBhEONbABI3ECanACtREI ON
timng of the reference voltage generator 14 a d;#he det ect or_ 15 bgg d on a
control cl ockgp@uad.-andmh afdtkisn & dhelordod?Phang Jhe oihefaf8P 6. 20

The control chaetniH 19 mayPEuredeirobhpreynabdoberateanther nade 284vi a
the termnal 23.. The control tion 130 . furiher incl , [

vol tage gener &y the 9T anfkme 'Pﬁﬁa&w&]tyagéhﬁg'oa%cﬁ#bgﬁaﬁzq(? ﬁiég{’? E%E
tinmng alp whi tetueersthicenotiet RR4sandcthehddet3Ehowhile Prowidirg thee
Figure S0) ingludeddq SOFSOL! BHE HRALCLYOhRF AR gPobHANICR1 kERRRLNE

open state o
tively, only the load 350 may be providedwhile not providing

the load 360.

15 10. Applications of Present Invention to Voltage Converter

Applications of the present invention to a voltage
converter (DC/DC converter) will now be described.

(Embodiment 1)

20 Figure 29 illustrates a structure of a voltage
converter 20 according to the present invention. The
voltage converter 20 includes a voltage conversion sec-
tion 3 for converting a voltage supplied from a power
supply 1 to another voltage and supplying the other voltage

25 to a voltage receiving circuit (load) 2, and a control
section 130 for controlling the voltage conversion sec-
tion 3 so as to supply a power, which is substantially equal
to the power consumed by the load 2, from the power supply 1
to the voltage conversion section 3. The power supply 1 is

30 - connected to the voltage converter 20 at a terminal 21. The
load 2 is connected to the voltage converter 20 at a

terminal 22.



to the closed state; the detector 18 for conparing the voltage output from
the reference voltage generator 17 with 30 the voltage output fromthe
term nal 3c of the voltage conversion section 3; and a synchroni zation
circuit 19 for controlling the operation timng of the reference voltage
generator 17 and the detector 18 based on a control clock pul se and a

cl ock pul se output fromthe clock generator 6. The control clock pulse is
supplied to the synchronization circui+ 1@9v+a the termnal 23. 5

Figure 30 illustrates a structure of the voltage conversion section 3. The

vol t age gonverrs]i on semhw@&xt&m t@édlﬁhm s1$- 3Aclibest & riatinin d::Br-
connected to the, pqwe p. 1v the term nal he al
connected to FHétdg Vé <§ﬁ%§ﬁquEHQ§kPqthiﬂ%}t§% ?g éﬁﬁﬁécFES PO‘&%

t he detector Eﬁgutbem&ﬂSEéGﬁgﬁ&ﬁ amj1ﬁm&nﬂedhxg§hemmmMaghcdﬁmersiunnm
3d is connected he, | 2 via.t fer al

connected to Fﬁgttg‘g%’eg-' ggrg ST l}]’.ﬂo%lcfe {["]' 1%%111}2% %Si%g@énﬁ%iﬁg

vol t age &onvetthieorpeadidlorsedl igiH talast d:h@s&)ﬂlt@tmc% chasedtonsa, shgnald
switch 26 whi C gggnggt t Poyei{gsupply 1 and the resonance
circuit 140. $ ?)é%t&o‘ﬁgé e a%\/[g?trans#stor for exanple. 20 The
resonance circuit 140 |ncludes an i nductor 28 and capaC|tances 27 and 29.

One end of the induct @hel& NG LAPRG LBSE et Ker 1né‘1€d8§n896§.6ékat a
node 3f. The node 3f is connected to the terminal 3c. In the follow ng

description, GRFRHOBOC HRF tg‘f‘é‘etrélftrﬁ%la Sdogke Pulse §G’ra§egéi“|’r&9t ﬁ@esarre.
The swi tigh 26 dper&Xinfs t@d:l@ shechodeoBtagé tbeveLsobansaceibaust, afaa 30

The other end aoéléﬁﬁ éei(:jgg{ '?%o ”QeIcQStS%Bat%e clock pulse output £from

the clock generator 6.

The control section 130 further includes: the
15 detector 8 for comparing the voltage output from a
terminal 3e of the voltage conversion section 3 with a
target voltage; a reference voltage generator 9 for
generating the target voltage; and a synchronization
circuit 10 for controlling the operation timing of the
20 detector 8 and the reference voltage generator 9 based on
| a control clock pulse and a clock pulse output from the clock
generator 6. The control clock pulse is supplied to the
synchronization circuit 10 via a terminal 23. Moreover, a
signal indicating the target voltage is supplied to the

25 reference voltage generator 9 via a terminal 25.

The control section 130 further includes: a
detector 11 for comparing the voltage output from the
terminal 3e of the voltage conversion section 3 with an

30 initial voltage:; a reference voltage generator 12 for
generating the initial voltage; and a synchronization
circuit 13 for controlling the operation timing of the
detector 11 and the reference voltage generator 12 based



tance 29 are connected at a node 3g. The node 3g is con- nected to the
termnal 3d and the termnal 3e. 1In the follow ng description, the node
3g, the termnal 3d, and - 112 - the terminal 3e are treated as being
the sane. A signal which controls the open/closed state of the switch 26 is
input to the termnal 3b. 5 An operation of the voltage conversion section

3 wll now be described. Herein, the respective capacitance val ues of the
capaci tances 29 and 27 are denoted by € al0] -and Cerr], and the inductance
val ue of the inductor 28 is denoted 10 by L. In the resonance circuit

140, a porti omfa T.'sltaxﬁh%r:@@xa&t o&aed:dn&rwlecqabkcpha&@e a9sh§ncaar bugputto t he
capaci tance 27 via he I nduct or s vert ;i"t ﬁ g iv? & a‘érfl ed to
the capacit anceg % Fss T ]E%I?Jr?% °?6’lrt°ﬁ]§‘ 1aBPEShEEIR TR e HER0uct or
28. Thus, charges iclosk deltenged Fet WFhe shertapbgnaihnis ﬁipmmbdrtm the

capac ance 2aHddif 00U Watia €0la v o ol 20 SL L pEpagS

e resonance cCiIirCul ere t e SW
open, whi%e telddudplse imtsuppliest 4 thet BFncbrenigaticdn WhAaeutite 18w t ch

26 is open, whi{e the ﬂlga got connected to the termnal 3d, the
current flow ng throug e capamtance 27 25 and the current flow ng
through the capacitance 29 are in the bpposite directions and have the sane

magni tude. Thus, (Expressi oBodtrds! O%Bﬁhgﬁ 18ber ehkebkelr includes: a
(dvg(t))/(dt)+C[err][err](dvf(t))/(dt) (Expression. 1) Herein,
vf (t) and vg(¥9 ?’é%?%%eﬂ?lFﬁgev&et%%t 14 for génePating”a Voitage

10 which defines the timing at which the state of the switch 26

' {not shown in Figure 29; see Figure 30) included in the
voltage conversion section 3 changes from the open state
to the closed state; the detector 15 for comparing the
voltage output from the reference voltage generator 14 with

15 the voltage output from a terminal 3c of the voltage
conversion section 3; anda synchronization circuit 16 for '
controlling the operation timing of the reference voltage
generator 14 and the detector 15 based on a control clock
pulse and a clock pulse output from the clock generator 6.

20 The control clock pulse is supplied to the synchronization
circuit 16 via the terminal 23.

The control section 130 further includes: a

reference voltage generator 17 for generating a voltage

25 which defines the timing at which the state of the switch 26
(not shown in Figure 29; see Figure 30) included in the
voltage conversion section 3 changes from the open state

to the closed state: the detector 18 for comparing the
voltage output £from the reference voltage generator 17 with

30 the voltage output from the terminal 3¢ of the voltage
conversion section 3; and a synchronization circuit 19 for
controlling the operation timing of the reference voltage
generator 17 and the detector 18 bésed on a control clock



the termnals 3f and 3g at time t, respectively. - 113 - The term nal
vol tage of the inductor 28 is repre- sented by (Expression 2) below 5
vg(t)-vi(t)=L[err](di)/(dt) ... (Expression 2) Herein, i represents a
current flow ng through the inductor 28, with a current flowing fromthe
termnal 3g to the termnal 3f being provided with the positive sign. 10
Moreover, the current i flow ng through the inductor 28 is equal to the
current flow ng through the capacitance 211 Fhus, (Expression 3) bel ow
holds. i=Cferr][err](dvf(t))/(dt) ... (Expression 3) 15 By
re?{ ;an?:z)r(lg (@iﬂﬁ%h@aé&l%ﬁk(@%@ﬁ%ﬂ)fﬂdﬁ thecepeck genefétprahd
Vg , pressi on a ression, 5 el.ow are t al ned : make
(Expressi on 4) R &P §é‘|° 8?i§farr:b? eﬁ‘uq%h(ﬁfgé:ros? ﬁd?ypﬁgrégﬁ%éﬁlﬁa
condi tions of dizqiessi®onwiy tfe tetmif&Xp2assion 8) bel ow are introduced
in view of practical design values. CJerr]>>Cerr] ... (Expression 6)
114 - Cerr]/err][err]Vf (Of[err]O0 ... (Expression 7)
(C[Be(r r]/Ceerr ]5§ err] (Vg(mzl)lgsl?ﬂ_feé 030 [ErlIhstrates ERpsbrucbure) ofEkpecyoildags) and
pr essi on ddA 1S £ rnS U ddh bRYRIESITe 180 n

(Expressi on 10‘33%‘2?%% y §§§ﬁq>??’ng thghcon |ta|l‘éc}an.sc of (E%pressi o:h 6) tgs
( Expressi on 8)tenm{mxbsedardn.4)Thsdepmimads $aohs Honnected to the power

supply 1 via the terminal 21. The terminal 3b is connected

to the driving circuit 4. The terminal 3c is connected to

10 the detector 15, the detector 18, and the clock generator 6.

The terminal 3d is connected to the load 2 wvia the

terminal 22. The terminal 3e is connected to the detec-
tor 8 and the detector 11.

15 The voltage conversion section 3 includes a reso-
nance circuit 140, and a switch 26 which electrically

connects the power supply 1 and the resonance circuit 140.

The switch 26 may be a PMOS transistor, for example.
20
The resonance circuit 140 includes an inductor 28
and capacitances 27 and 29.

One end of the inductor 28 and the capacitance 27

25 are connected at a node 3f. The node 3f is connected to the
terminal 3c. In the following description, the node 3f and

the terminal 3c are treated as being the same. The switch 26

is connected to the node 3f of the resonance circuit 140.

30 The other end of the inductor 28 and the capaci-
tance 29 are connected at a node 3g. The node 3g is con

nected to the terminal 3d and the terminal 3e. In the
following description, the node 3g, the terminal 3d, and



[err] Herein, VFf(0) and vg(0) represent the voltages at 15 the termnals
3f and 3g at tine t=0, respectively. 1(0O represents an inductance current
i at tine t=0. Moreover, [err] is represented by (Expression 11) bel ow.
[err] (Expression 11) is sinplified as shown in (Expression 12) bel ow by
applying the conditions of (Expression 6) to (Expression 8) to (Expression
11). [err] It is understood from (Expression 9) that the voltage vf (t) at
the termnal 3f is represented by the al t@2nati ng-current conmponent of the
first term which is 30 expressed by a cosine function, and the

di rect - curr enty O MROABIKa P 34 Ners cEpBaL &8 88 TbEnGr enaesayel.R of the
alternating-current conponent is obtained fromthe coefficient (angular
velocity) of tinme t of the cosine - 115 - function. In particular,
the frequency fR of A shgnaltwiieh icogrtrwlsethe opronfuimesed stage of the

repr esent ed by. pression 13) bel ow. .
f[err]:1/(2[er?%%ééaj%€r+f[%fgfére?)?ﬂ%.éefﬁ%ﬁ?%sgPdn 13) The anplitude

Af  of the alternating-current conponent is the coefficient of the cosine

function. In particul ag, %@3 bh! gecAb 9b1tREeALLAVARE: Y Geictadn B
conponent is representéd TEXxpréssion 14) bef dw. _ )
Af =vf (O) - Vg( 0)wilD)uaf dver fescripdpr cHerenn14yhe respagidare copqaitance

(Expressi on L0vaifal $BeHe capddl idifed 949 Jarti darPuaetedByl 8, and

represented by e alternating-current conponent of the first term m@ich
i s expressed b§z:aanssithe fipductonceaNgligeodi theinducter 28 is denote

io by L.

In the resonance circuit 140, a portion of the
charge stored in the capacitance 29 is carried to the
capacitance 27 via the inductor 28. Moreover, the charge

15 carried to the capacitance 27 is re-carried to the
capacitance 29 via the inductor 28. Thus, charge is ex-
changed between the capacitance 27 and the capacitance 29
via the inductor 28. '

20 Figure 31 illustrates an equivalent circuit of the
resonance circuit 140 where the switch 26 is open, while
the load 2 is not connected to the terminal 3d. When the
switch 26 is open, while the load 2 is not connected to the
terminal 3d, the current flowing through the capacitance 27

25 and the current flowing through the capacitance 29 are in
the opposite directions and have the same magnitude. Thus,
(Expression 1) below holds.

Ci* (dvglt))/(at)+Cy (dve(t))/(dt)=0
30 " ... (BExpression 1)

Herein, ve(t) and vg(t) represent the voltages at

the terminals 3f and 3g at time t, respectively.



conponent of the second term The frequency of the alternating-current
conmponent of the voltage vg(t) at the 20 termnal 3g is equal to the
frequency of the alternat- ing-current conponent of the voltage vf(t) at
the term - nal 3f. The anplitude Ag of the alternating-current 25

conmponent is the coefficient of the cosine function. In particular, the
anplitude Ag of the al ternati ng-current . gogponent IS represented by
(Expression 15) below. Ag=(i (O/derr])[erF][err](Lderr]) ... (Expression
15) 30 In. a practical desi gn, a condition of (Expression 16)

bel ow can be appli ed. - 116 - Vi(O-Vg(O, i(0)/derr]>>i(0)/Jerr] ...
(Expression 16) It camhleemeﬂnfaﬂpmdll:'bayeeaﬁ athel Glndiatot h28 airpl reéepdes of
t he alternating-cur onent s t.h termnals 3f and 3g have the
follow ng rel #P%ﬁ%ia’ %ﬁfﬂon ?‘JE&p‘?e S on 17) In a practical design,
the anplitude at the 10 terminal 3g is about 1/50-1/100 of the anplitude
of at the term nal hat t nS4yfpl ied from
t he power” supply to be E%r)lvg?fgg ‘@fff@lﬁ& fhe gﬁﬁ’glg‘%g %out put from
t he voltage converter 20 is 1.5 V.. According to a sinulation result where

Cerr]=50[[[err]F], S[Iférg%lr?l [4 E‘%bg]as 5%0%[61!(4}1" ﬂf'eflaéﬁﬁg? Yi-RigH Ree

vol t age at theterm |tueof he voltaeat
the terminal 3Jgductar s, T%thréq@éﬁﬁ?nﬁa%l%BngkaPm tiPﬁeFS‘FE‘FBalt )

anpl i tude of e 3 tef{ﬁd@g%@tbéﬁfy ERioVid S8.t15 the/ podfitive adem.t ude

of the voltage at the term nal
10 Moreover, the current i £flowing through the inductor 28 is
equal to the current flowing through the capacitance 27.

Thus, (Expression 3) below holds.

i=Cy* (dve(t))/(4dt) ... (Expression 3)
15 By rearranging (Expression 1) to (Expression 3)
with respect to ve(t) and va(t), (Expression 4) and .
(Expression 5) below are obtained.

- 1(0) _ Cive(0) + Cavs(0)
i) = (v +2 ) cos, [ Stz ¢

20 C1+C2
Civg@+Cove® :
+ C1+Cs | (Expression 4)
Colva(0)—ve@) \2, (i(0)\? Lcjcz 1
Vol = { Va(0)—V¢(0 ) (m) ( C1+C; )
Citte /) TUc,) Tircz S W ice,
25 Civa(0) +Cav¢ (0) |
+ Ci+Ca e (Expression 5)
To make (Expression 4) and (Expression 5) simpler
_ to understand, the -following conditions of (Expression 6)
30 to (Expression 8) below are introduc_ed in view of practical

design values.

Ci>>Cz2 ... (Expression 6)



Thus, the alternating-current conponent of the voltage vf(t) at the
termnal 3f has a large anplitude. It 25 can be seen that the

al ternating-current conmponent of the voltage vg(t) at the term nal 3g, on
the other hand, has a negligibly small anplitude as conpared to the voltage
vi(t) at the termnal 3f. 30 The direct-current conponent of the
voltage vf(t) at the termnal 3f is approﬁ‘{mtely equal to the di-

rect-current conponent of the voltage vy( at the term- nal 3g. As an

exanpl e, assunming that the voltage output from - 117 - the voltage
converter 20 (the vol tGd€1vyet9)=@ ¢ he {BxpresadpngYlis 1.5 V, the

di rect-current corrpone@zt/(_qf.(lg,gf%yp{,gﬁa(?ﬁgﬁ(.t). %E}Eﬂ?%}@émﬁ‘ab)?’f is 1.5 V.

Therefore, it canbe seen that e voltage vf(t) at” the term nal 3f
oscillates fromb5 3Vto0Vwth 1.5V being at the center

therebetween. In FigureEgdredsithVva)aarkd ¢apleshange s ntdaipht #geqals t he
term nal 3f. rve a oscil]ates in a cosin e after tirI% tss._ Herein,
the cosi nt wav@ TR ay'd wilEKRGERSIRR 9) b@é‘gu\é\@%’t‘ﬂﬁeﬁﬁéﬂnZ 09 cBRMe¥t RF t o
thg out pﬁt tferarpphjriﬁ@ e bbﬁdimtlbn@eoﬂc(lmmbed 510 V\Gh'l)hantbs}mh léﬁmd g pn
made with refegen Fig-_ure 31, umred a ca ere the load 2 is not
connected 15 Jégt gﬁﬁﬁge%ﬁgﬁﬂt 45eFﬁ‘ith(I?x?fecﬁs"t°r?e ol tage converter 20,
whereby no decay term appeared in (Expression 4). or (Expression 5). 1In
practice, the ng 2f/i s _connecte 0 t he/germ nal 22 of the voltage
converter 20, é‘o(vﬁfo)d'eMQ)f ‘Eﬁm\%ﬂt%ﬁ#@resa Qn, 4) apd
(Expressi®n 5). This'is 20 betdube av dufsa ent ows out frbﬁg’msmlﬁ)age
converter 20 through the-load 2. As illustrated in Figure 34, the cosine

wave decays. i(O) ( 1
Vgt) = Ccos —_1—-} .« . . .
9¢) Ci LCz o cht a)+ vg(0) =~ (Expression 10)
Herein, ve¢(0) and v4(0) represent the voltages at
15 the terminals 3f and 3g at time t=0, respectively. i(0)
' represents an inductance current i at time t=0. Moreover,

o is represented by {(Expression 11) below.

—__ i@ [L(Ct+ Cp) e :
o tan o Va0 Vi0) e (Expression 11)

(Expression 11) is simplified as shown in
(Expression 12) below by applying the conditions of
(Expression 6) to (Expression 8) to (Expression 11).

e 1) L .
25 tancx = s » + + + - (Expression 12)

It is understood from (Expression 9) that the
voltage ve¢(t) at the terminal 3f is represented by the
alternating-current component of the first term, which is

30 expressed by a cosine function, and the direct-curfent
component of the second term. The frequency £ of the
-alternating-current component is obtained from the
coefficient (angular velocity) of time t of the cosine



In Figure 34, VDD denotes the voltage of the power supply 1, 25 and Vp
denotes the target output voltage. Next, with reference to Figures 29-34,
control of the opening/closing operation for the switch (PMOS transistor)
26 of the voltage conversion section 3 will be 30 described in detail.
First, with reference to Figure 32, an operation of the voltage converter
20 wi |l be descri bed. - 118 - The start signal is input to the voltage
con- verter 20 via the terninal 24. Befold3the start signal is input to the
vol tage converter 20, the reference voltage 5 generator 12 and the
detector 11 ddunsttisunsunelIa cperddiculsach dheopdrggusnciherfe t RE r &he€rence

vol tage gener afiQle s Afily 1 G HSL £C1 Obombofl8ntOl GANSUMBegrésenal | Spvgal | ed
Sleep. In response to the start signal, the operation of 10 t he

reference vol tEg@rrerien ok312elefsiti ons from Sleep to Reference Vol tage
Qutput. In the reference voltage output period, the reference voltage
generator 12 starts operating and outputs the reference _voltage Vs (the
volt- ag Vs in Figuréfﬁﬂh/ﬁzﬁ'yﬁécﬂéﬁector(EEPrQSSPHnré§ﬁonse to the start
signal, the operation of the detector 11 transitions fromSleep to Set. In

the set period, the detector 11.sangples and_holds the.reference val e Vs
out put fromthe refereht® v%TP%bE“ﬁgneiato?f12£H§o FﬁtF §ﬁ§§7ﬁ§ I%gg%tart
signal, the stedémpohiehbeiswthehc@éffhieiges foforthehecgigre stueti@kF) ko t he
cl osed state (pOa\Q'tigélar, the amlﬁfjitﬁ:[dé) UAP Uit Plet gﬁtre‘ifn%rﬁmcge-é@f&&e Vs

to the
10 component is represented by (Expression 14) below.

Ae=ve(0)-vg(0)+1i(0)/C; ... (Expression 14)

It is understood from (Expression 10) that the'
15 voltage v4(t) at the terminal 3g is represented by the
alternating-current component of the first term, which is
expressed by a cosine function, and the direct-current
component of the second term. The frequency of the
alternating-current component of the voltage vg(t) at the
20 terminal 3g is equal to the frequency of the alternat-
ing-current component of the voltage v:(t) at the termi-

nal 3f.

The amplitude A; of the alternating-current
25 component is the coefficient of the cosine function. 1In
particular, the amplitude A; of the alternating-current

component is represented by (Expression 15) below.

A,=(i(0)/C;)*V(LC;) ... (Expression 15)
30

In a practical design, a condition of
(Expression 16) below can be applied.



detector 11, the operation of the reference voltage generator 12 returns
from Reference Voltage Qutput to Sleep. After sanpling and hol ding the

ref erence voltage Vs, 30 the operation of the detector 11 transitions
fromSet to Detection. In the detection period, the detector 11 com pares
the voltage at the terminal 3e (the sane as the termnals d and g) of the
vol tage conversion section 3 with - 119 - the reference voltage Vs so as
to detect whether the voltage at the ter difal- 3e is hi gher than the
reference voltage Vs. As the detector 11 detects that the voltage at the 5
terminal 3e is higher ¥&) -0 ef 248N E271 ( AYECVs., - ¢ hEEXRTRLSHON 116)
outputs a pul se signal (the output signal in Figure 32). After outputting
the output signal, the operation of the detector 11 returns from Detection
to Sleep. 10 I'n resporkie ©@n heeogrR $reial (EXpEesEaPR &F )t hehahi (i 26

changes from thgs £l £888s Sbat @neO Hed-idiei mpesustei€ £6hbdned®s of the

Next, with reference to Figure 34, an operatiqQn of the voltage converter 20
will be describEmipale; aﬁr€n§4?9ahﬁ¥9e$:5‘temf311'll°lw&§‘tgr FedatiqiiiRye change
at the termnal 3c of the voltage conversion section 3, and a waveformb
Il lustrates a voltage %}2) e at t%e t er m.nal of the 20 vol t age
conversi on section 3. art é @Wﬁeﬁsslqnh t" to the voltage con- verter
20. Thus, the voltage converter 20 starts operating. At tine ts, the state
of the switch 26 changes fro X - . state ( A e glosad
state (ON). In the perllf%d %r?rﬁtat%letr%eo%qg t%}stll%le’ tg,get %ﬁééﬁggggs &t

10 terminal 3g is about 1/50-1/100 of the amplitude of at the

terminal 3f.

For example, assume that the voltage supplied from

the power supply to be converted is 3 V, and the voltage

15 output from the voltage converter 20 is 1.5 V. According

to a simulation result where C;=50[uF], C,=5[uF], L=100[nH],

the amplitude of the voltage at the terminal 3f is 1.5 V,

and the amplitude of the voltage at the terminal 3g is 20 mV.

The frequency was 500[kHz]. Therefore, the amplitude of the

20 voltage at the terminal 3g is 1/75 of the amplitude of the
voltage at the terminal 3f.

Thus, the alternating-current component of the
voltage ve(t) at the terminal 3f has a large amplitude. It
25 can be seen that the alternating-current component of the
voltage vg(t) at the terminal 3g, on the other hand, has a
negligibly small amplitude as compared to the voltage ve(t)

at the terminal 3f.

30 The direct-current component of the voltage ve(t)
at the terminal 3f is approximately edqual to the di-
rect-current component of the voltage vg(t) at the termi-
nal 3g. As anexample, assuming that the voltage output £from



at the termnals 3c and 3e of the voltage conversion section 3 increase to
the reference voltage Vs (the initial 30 vol tage of the voltage
converter 20). This period is called the set up period. In the set up
period, the voltage at the termnal 3c (indicated by the waveforma in
Figure 34) and the voltage at the termnal 3e (indicated by the ‘waveformb
- 120 - in Figure 34) increase according to the condition of (Expression
6). The voltage at the termnal 3c incredslds more rapidly as conpared to
the voltage at the termnal 3e. 5 It is assunmed that the load 2
i s not connectiik twoltege ecahvatrt8d 20 (hbepwopiltdger vgl{t) nett theotermib-t SL.

This period is I t he I epl S | G o’ﬁ%%
because.it is Q%i%gﬁstgé?hgh %&%g%ﬁgc#{e& rtggtt e ut%ﬁ? o:[ er mgﬁral 2 eof
the vol tage comadr) at @ee telrmingl 3£t &$di.FalV-3dTherefereol 1 hganchav@ed on

section 3) doeg,0pteQDey ) LaLaTRAEY ol 1Ald Yorklihal S 0loddia 1uled L | 00

for the voltage converter operates after passage of a certain
period of5tine3a¥tte Oh¥ ¥Waghofl.Bh¥ bedngp ateithsd cegytamhEheebfferehvert er
20. 15 In Figure 29, the load 2 is represented by a resistor synbol. This

I s because the operating speed of the LSl conpected o the termnal, 22 is
sufficiently faster thiR B¥BIRSH34u RIRPSHe SBPYERChBPEs %Bﬁ\?’é? tH990,
wher eby 20 dbetheadephinha 13%l. ceurke appseiillatelsy irep axeding twave | oad

of a resistor. ile the eratjon of the voltage converter 20 i 0 500
kHz, the opera?ggﬁro?:lf‘ﬁe%ggl' iée’f?b?caﬁ‘? %SM%E %?V%ré%t?%sﬁ %Ehapl'hjé

In the habd pebeeduseheheolbagez2aistdenhectedato thefoutputotemynal 22
conversion sechioRyd Lg1sldl JHivedtbdespuse

The above discussion made with reference to Fig-

ure 31, assumed a case where the load 2 is not connected

15 to the output terminal 22 of the voltage converter 20,

whereby no decay term appeared in (Expression 4) or

(Expression 5). In practice, the load 2 is connected to

the terminal 22 of the voltage converter 20, whereby a decay

term appears in (Expression 4) and (Expression 5). This is

20 because a current flows out from the voltage converter 20
through the load 2.

As illustrated in Figure 34, the cosine wave decays.
In Figure 34, V, denotes the voltage of the power supply 1,
25 and Vp denotes the target output voltage.

Next, with reference to Figures 29-34, control of
the opening/closing operation for the switch (PMOS
transistor) 26 of the voltage conversion section 3 will be

30 described in detail.

First, with reference to Figure 32, an operation of
the voltage converter 20 will be described.



the load 2 is not connected to the output termnal 22 of the voltage
conversion section 3. The holding of the voltage at the termnal 3d during
the hold period is shown 30 by the waveformb in Figure 34 being
parallel to the horizontal axis during the hold period. According to
(Expression 4) and (Expression 5), the - 121 - voltage at the term nal
3c (waveforma) and the voltage at the term nal 3e (waveformb) both start
oscillating in a sinusoidal wave. Hereid18although the voltage at the
termnal 3e is oscillating in a sinusoidal wave, Figure 34 5 does not
show the voltage at the termnal 3e (waveformb) oscillating in a
si nusoi dal wave. Thi s gyS. b e Jdy Lt e t RSBt t -
term nal 3e (vvaveform%t?eig%ggﬁfiécli ent ykgn;ﬁq‘%é{r{ft%gnt}ﬁ%e a Ii_%dgse)(r)_lf t he
vol tage at theverkes n2f wia (e desmingl 24 cBafpresthe stamt sjgnal is
(Expression 17)ppdbher@nphitygdetahet B8nvaktage20t, the rereracedvolftaddes
vol tage conversion section 3 during the hold period is |larger than that
during the ot EeNeERtBHEs12TRpd the %@&S’d’s‘@rlé-l doy pet\ReRSIgEe &4 WEFErni nal
3(;\ decrgases b&h@lﬂi\/dm%ﬁ@ﬂicﬁ'ﬂﬁﬁb¥ﬁVﬁhé@ﬁ@fé@1d_ d@éfvtdlr&hgeefg@mmotmcztage :
change during t et _u riog., us, the diode for 0 e_qrain
regi on of the W?Eﬁggewﬁﬂc‘#’ P?io‘r"loqﬂgn%Fa%uﬁeﬁé‘st%?wﬁgglﬁepdnd
the well region thereof is forwardly biased. As a result, 20 t he
sinusoi dal wave a is clanped. After tjine the volt | hal
3f of the voltage convtprs?%ﬁpg%?i%% {éh?séén% tc%]"a%%ed'. a‘%ﬁ? ?qésg]%%ic%?eponce
the volt a0e at thhere¢fenmenat Gbltageecfenerators5lz transithees Temn flecr
transi tion perigd ddldic-dintd ool £98h! bWRpLR: ! At | et Fokerehteosrditagd on
ener gy decays, and the

output period, the reference voltage generator 12 starts

operating and outputs the reference voltage Vs (the volt-
age Vg in Figure 34) to the detector 1l.
15
In response to the start signal, the operation of
the detector 11 transitions from Sleep to Set. 1In the set
period, the detector 11 samples and holds the reference
voltage Vg output from the reference voltage generator 12.
20
In response to the start signal, the state of the
switch 26 changes from the open state (OFF) to the closed
state (ON).

25 After outputting the reference voltage Vs to the
detector 11, the operation of the reference voltage

generator 12 returns from Reference Voltage Output to Sleep.

After sampling and holding the reference voltage Vs,

30 the operation of the detector 11 transitions from Set to
Detection. In the detection period, the detector 11 com-
pares the voltage at the terminal 3e (the same as the
terminals d and g) of the voltage conversion section 3 with



anplitude of the v at the termnal 3f (waveform a) decreases. The period

after tine tss is called the steady state 30 operation period. In the
steady state operation period, the voltages at the term nals 3f and 3g of
t he vol tage conversion section 3 oscillate in a sinusoidal wave. However,

in the steady state operation period, the LSI connected to the - 122 -
output termnal 22 starts operating (because the load 2 is connected
thereto), whereby the oscillation will -b&1a decay-type sinusoi dal wave
oscillation. Al t hough the sinusoidal wave oscillation is actually

decayijng, OIt h}g: the rwbkage:& %uag?t v%] &ongd &&aeaadtamefﬁéﬁ&ﬁdl ' Veh.’tagéag be
consi dere or e cycle or so of .t Si nUSOI € OSCi tion o be
oscillating ac?ctogg‘lenggF'Blf’ 53:’5? 5’&935 L af‘E&b ForeRye Vfﬂ1t§"qes ecause
t he amount of decay is suff|C|entIy small. 10 Flgure 35 illustrates the

waveforma and t he vva\ﬁeJQ Qe?:f tc%ro&t 'tlh'IEdELSc Hs,%}ré%t‘godjp;%\qeﬁ urﬁ834.

An observation of the Waveéiform a e Wave orm
equal to %r gmnahaffﬁome hygherothahetllé refeirencei dailtemee Vs, the

oscillation ot NP1 G4 f:‘s&pEi&ﬁ??”ﬁPﬁE' 8ﬁt§ﬂ§""§ &;}gﬁtl e

anplitude and t e d| rect-c ent nponent e Sinus ve of the
waveforns a arﬁf-ﬂilld%c%%) Thllkft%rbmtalnﬂjrtbﬁt outpatt lismghl + héhleoad

2. 20 Figure Fhdtdtiddh abes e WOESEEOR P HAgu¥akt aﬁleorﬁoﬂé!@é&@iogotbn the
steady state %geratlon period. Figure 33 illustrates the waveform of the

resonance 25 S1€8Bck. The resonance clock is obtained by shaping the
10

In response to the output signal, the state of the
switch 26 changes from the closed state (ON) to the open
state (OFF).

15 Next, with reference to Figure 34, an operation of
the voltage converter 20 will be described. In Figure 34,
a waveform a illustrates a voltage change at the terminal 3¢
of the voltage conversion section 3, and a waveform b
illustrates a voltage change at the terminal 3e of the
20 voltage conversion section 3.

The start signal is input to the voltage con-
verter 20. Thus, the voltage converter 20 startsoperating.
At time t;, the state of the switch 26 changes from the open
25 state (OFF) to the closed state (ON).

In the period from time t, to time t., the voltages
at the terminals 3¢ and 3e of the voltage conversion
section 3 increase to the reference voltage Vs (the initial

30 voltage of the voltage converter 20). This period iscalled
the set up period. In the set up period, the voltage at the
terminal 3¢ (indicated by the waveform a in Figure 34) and
the voltage at the terminal 3e (indicated by the waveform b



si nusoi dal wave oscillation at the termnal 3f of the voltage conversion
section 3 into a clock pulse by neans of the clock generator 6. 30

In response to a change in the resonance clock level fromHlevel to L

| evel , the operation of the detector 8 transitions from Sleep to Sanpling.
During the sanpling period, the detector 8 perforns a so-called sanpling

- 123 - operation to follow and hold the voltage at the termnal 3g of the
vol t age conversion section 3. Alternattvk2Q, -the operation of the detector
8 may start in synchronization with the timng at which the voltage

recei ving cirgdi tFbgure (3opd)}intmearat ascosfiiag tbe die otonfidtienplofhg

period, the operation.of e dgtec rapsiqf i Sgaml4

Conpari son. | Rﬁf‘ﬁ’gefgﬁﬁgr itsgdn %é?i %ﬁ?‘t?ﬁé %gt{-é%% %%Igérrrlpar es lé'%gegi%es
desired vol t aperéprapigly ds eomperediter theevaldiagg@tgtherteonimahbndet he
sanpl ed voltage. As a result, when the desired voltage Vp is larger than
the sanpled voltage (i. e., the sanpled voltage _is smaller than the desired
vol tage Bp), the [eveltofist pesyingdathadt she ipath 2hésireEceornectrdntes 15

fromL [evel ttﬁxé“téffﬁ%al%hein the $8£168 il eomBaL] TNt PRel B4, (PBis
operation of the detector 8 returns to Sleep.. In_synchronization with the

transition of ReFdhdsacaddest thee hedidPegilog 1 r SHFRaARI RAGUFBTESRPSAPsON,
20 the opgeahia@ie bekbaukBeitl eetppLeal VENd8Ge IFNeoancted tanshei ons

fromSleep to Voltage Qutput.. 1n the voltage.output period, _t r rence
vol tage gener &HP oﬁﬁﬂﬁé‘@h@%eﬁ%e ?\‘Fol 98&2395 t88f’ﬁ8r 8Fe§‘§or?%geAfter
the end 1f thaqranRiaDBPWE pRei edltabe omevertson afedihion 3 pr dlves A6t
vol tage gener at}poerraslaté Ezlli[mlfr{e iattoelsilr %.E:‘?Q:'er the end of the set up period for
the voltage converter 20, but operates after passage of a
certain period of time after the end of the set up period
for the voltage converter 20.
15
In Figure 29, the 1load 2 is represented by a
resistor symbol. This is because the operating speed of the
LSI connected to the terminal 22 is sufficiently faster than
the operating speed of the voltage converter 20, whereby
20 the load of the LSI can be approximately replaced with a
load of a resistor. While the operation of the voltage
converter 20 is about 500 kHz, the operation of the LSI is
typically 20 MHz or greater.

25 In the hold period, the voltage at the terminal 3d
of the voltage conversion section 3 isheld. This is because
the load 2 is not connected to the output terminal 22 of
the voltage conversion section 3. The holding of the
voltage at the terminal 3d during the hold period is shown

30 by the waveform b in Figure 34 being parallel to the
horizontal axis during the hold period.

According to (Expression 4) and (Expression 5), the



Wien the | evel of the signal output fromthe detector 8 is Hlevel, in
response to the change in the | evel of the resonance clock fromL |level to
H | evel, the operation 30 of the reference voltage generator 14
transitions fromSleep to Voltage Qutput. In the voltage output period,
the reference voltage generator 14 outputs the reference voltage Vs to the
detector 15. The reference voltage Vs is - 124 - used to determ ne the
timng to close the switch 26. The end-ol2ihe vol tage output period, the
operation of the reference voltage generator 14 returns to Sleep. 5

I n synchroni zebildagel &h the texmmbnal oBc ofwavet mpere) amd thetieltafgerahce

noyLage gener Bha' eldnundl 3L WRd R A0F RP Ul DR A Mg OLn 1 e

detector 15 transitions from Sleep he set period,

15 sanpl es anginus¢ddale waver endenain.ageltBough thautypeltagemathethe
reference vol g iﬂ%gers%t 9k &éciﬂ&iﬁﬁl&tfﬁ’a Bgﬁu%%ﬁtl' Qaval dl" Fet gt or
15 transitions from Set to Detection. I'n the detection gerlo , e detector
15 com pPar es doRE ROt shevathehwoilspgenat the(tayRibah dei fwavgfonmeb}s) of

the voltage ceRwANAIaAImfCin Ol JidbditRllowave ! ef PhEHCA sV HdABS/StRE aS
to detect whether the voltage at the term nal S%BT(‘Waveforma i n_Fi urs 35)
has reached t RERIdiddshof e HRLERIe \Benthncteoningt 3¢ (FRVeEPRINRP 3f

(wavef orm a i AsFisgiFFd ci%en 18a6hR 1idie theirereRcampolittade ¥E tnei wbltays

Fi gure 35), thecllgl\éel of the signal _ out %ut from 20 thebdetector 15
changes from BY eWRf (tSTHNALSC THAVELSRTe T ( AE 18RRI PEr SHRE sFHRAW
out put firctom t HExpateaxdioon 157y s communi cated to the synchroni zation circuit
5. In response to the change in the |evel of the signal, the

synchroni zation circuit 5 causes the state of the switch 26 to change from
The amplitude of the voltage at the terminal 3c of

the voltage conversion section 3 during the hold period is

larger than that during the other periods. This is because
15 the voltage at the terminal 3¢ decreases below the power

supply voltage Vi, at time t. due to a voltage change during

the set up period. Thus, the diode formed of the drain region

of the PMOS switch 26 which is on the side of the terminal 3f

and the well region thereof is forwardly biased. As aresult,
20 the sinusoidal wave a is clamped.

After time tss, the voltage at the terminal 3f of
the voltage conversion section 3 is not clamped. This is
because once the voltage at the terminal 3f (waveform a)

25 is clamped during the transition period (the period from
time tg to time tss)., the oscillation energy decays, and the
amplitude of the v at the terminal 3f (waveforma) decreases.

The period after time tgs is called the steady state

30 operation period. In the steady state operation period, the
voltages at the terminals 3f and 3g of the voltage conversion
section 3 oscillate in a sinusoidal wave. However, in the

steady state operation period, the LSI connected to the



25 the open state to the closed state. After the end of the detection
period, the operation of the detector 15 returns to Sleep. Wen the |evel

of the signal output fromthe 30 detector 8 is Hlevel, in response to

t he change in the level of the resonance clock fromL level to Hlevel, the
operation of the reference voltage generator 17 transitions from Sleep to
Vol t age Qut put . In the vol tage out put Reriod, t he - 125 - reference
vol t age generator 17 outputs a referencCe %4l - age Vc to the detector 15.

The reference voltage Vc is used to deternmne the tinmng to oggg the switch
26. After theoatduwf termingllt 2Zesbarpst operabingt (Reepesattihm 1885 Rels

reference vol (g, JAN atfbrdfoh & Wy SLRED oddt BIAONSONLIALI o Vit
the transition of the o %ﬁéré%o) >

peration of the reference voltage gﬁgi{agﬁ{ %é from
Sleep to Vol t #peadinttire shBuSLddRdi oWave ARCIdhIAP - 18 ough ah8ft i ons
fL0m S:c eep to %lusoj'.dhvi hgagat ?@éil)ﬂati?ﬁ def e&élﬁﬁalﬁysaﬁ&aq&rfgll}; lileds
the reference voltage Vc out putfront hereferencevol t agegener at.or .
Thereaftet, tHPHRIes iah U tti?é'-'“ﬂélagl(ﬁ 0.#3 fé‘réf%%s irﬁ%(?%fr{ﬁv&}lYSetc%be
Detection. |n ddissileéred | Ofopeiined,citdite det esboofl kmonsinGsoidpar gaviehe
voltage at the termnal 3f of the voltage conversto Cti ef,grm a
in Figure 35) ?/ﬁ‘ﬂ'lfjt‘ﬁgl?léf etr°eH8e°§8?‘k'§iagJ‘% %%ce%lza%‘ggﬁg% g?%gﬁés%héﬁ t he
vol tage at thean@r(BExmdesfidmes/ef oiMhis is Becpuse 33)e hmoundacficlecade is
reference volt V oltage at the term - 20 nal 3f (waveform

SOFeiChetr) S 7

ain Figure 3 reference voltage Vc (point 2 in Figure 35),
the | evelOof the signal output fromthe detector 18 changes fromL level to

H | evel . The change inFiE‘ﬁrl:.eﬂgl Piitberstanal et RvdfOPmIAe and the

waveform b after time t; illustrated in Figure 34. An
observation of the waveform a and the waveform b over a
period time equal to or greater than one cycle of the

15 sinusoidal wave oscillation during the steady state
operation period shows that the amplitude and the di-
rect-current component of the sinusoidal wave of the
waveforms a and b decay. This is because a current flows
through the load 2.

20
Figure 33 illustrates an operation of the voltage
converter 20 in the steady state operation period.
Figure 33 illustrates the waveform of the resonance
25 clock. The resonance clock is obtained by shaping the
sinusoidal wave oscillation at the terminal 3f of the
voltage conversion section 3 into a clock pulse by means
of the clock generator 6.
30 In response to a change in the resonance clock level

from H level to L level, the operation of the detector 8
transitions from Sleep to Sampling. During the sampling
period, the detector 8 performs a so-called sampling



detector 18 is communi cated to the synchroni zation cir- 25 cuit 5. In
response to the change in the level of the signal, the synchronization
circuit 5 causes the state of the switch 26 to change fromthe cl osed state
to the open state. After the end of the detection period, the operation of
the detector 18 returns to Sleep. 30 The swtch 26 is closed (ON) during a
period fromwhen the signal output fromthe detector 15 changes fromL

| evel to Hlevel until when the signal ~o&2gut fromthe - 126 - detector
18 changés fromL level to Hlevel, and is open (OFF) during the other
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10 desired voltage Vp output from the reference voltage

generator 9 and the sampled voltage. As a result, when the
desired voltage V; is larger than the sampled voltage (i.e.,
the sampled voltage is smaller than the desired voltage V;),
the level of the signal output from the detector 8 changes
15 from L level to H level. After the end of the comparison

period, the operation of the detector 8 returns to Sleep.

In synchronization with the transition of the

operation of the detector 8 from Sampling to Comparison,

20 the operation of the reference voltage generator 9
transitions from Sleep to Voltage Output. In the voltage
output period, the reference voltage generator 9 outputs

the desired voltage Vp to the detector 8. After the end of

the power output period, the operation of the reference

25 voltage generator 9 returns to Sleep.

When the level of the signal output from the
detector 8 is H level, in response to the change in the level
of the resonance clock fromL level to H level, the operation

30 of the reference voltage generator 14 transitions fromSleep
to Voltage Output. In the voltage output period, the
reference voltage denerator 14 outputs the reference
voltage Vs to the detector 15. The reference voltage Vs is



the voltage at the term nal 3f has reached the reference voltage Vs, the
switch 26 is controlled to change fromthe 25 open state to the cl osed
state. Thereafter, when the detector 18 detects that the voltage at the
term nal 3f has reached the reference voltage Vc (>reference voltage Vs),
the switch 26 is controlled to change fromthe closed state to the open
state. 30 Alternatively, the switch 26 nmay be controlled to change fromthe
closed state to the open state after pasddde-of a certain period of tine
since the end of the set up period - 127 - for thevoltage converter 20.
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10 output from the reference voltage generator 14. Thereafter,
the operation of the detector 15 transitions from Set to
Detection. In the detection period, the detector 15 com-
pares the voltage at the terminal 3f (waveform a in Fig-
ure 35) of the voltage conversion section 3 and the
15 reference voltage Vs so as to detect whether the voltage at
the terminal 3f (waveform a in Figure 35) has reached the
reference voltage Vs. When the voltage at the terminal 3f
(waveform a in Figure 35) reaches the reference voltage Vs
(point 1 in Figure 35), the level of the signal output from
20 the detector 15 changes from L level to H level. The change
in the level of the signal output from the detector 15 is
communicated to the synchronization circuit 5. Inresponse
to the change in the level of the signal, the synchronization
circuit 5 causes the state of the switch 26 to change from
25 the open state to the closed state. After the end of the

detection period, the operation of the detector 15 returns
to Sleep.

When the level of the signal output from the

30 detector 8 is H level, in response to the change in the level
of the resonance clock from L level to H level, the operation

of the reference voltage generator 17 transitions from Sleep

to Voltage Output. In the voltage output period, the



In the period of tine during which the switch 26 is closed, a current flows
fromthe power supply 1 to be.converted to the voltage conversion section
3. The current, which flows fromthe power supply 1 to be converted into 25
t he vol tage conversion section 3, flows fromthe source term nal of the
PMOS switch 26 (the termnal which is connected to the power supply 1 to be
converted) to the drain termnal thereof (the termnal which is connected
on the side of the terminal 3f). There~i 328 resistance between the 30
source termnal and the drain termnal of the PMOS switch 26. Therefore, a
vol tage i s gemefsirethdeetvieddragehaenemter Ybeowkewts e seferencer WPA&r and

the drain termgaak) f d th%ed RLECSH 180 2fhe 2AG B OVBY thEeCIDILTRIEY (NC

current etween { etermnas Such_a consunption of the
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5 [err]c=(the power consuned between the source termnpal and the drain
termnal Df tFReiawenas, Yehtags generabakr 1EocRetHERS b} ot ﬁgeFBad 2)
(Expression 18) 10 A vol tage converter with a poor conversion

effi- ciency neans a vol t age nvert I ch _ha pver sion_ener gy
loss rate {err]c. ég' g‘&% nco‘ﬁ%;'é’iltzﬁh% Eﬁgﬁsﬁg Pab?jg the
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decrease the n&é@éé‘ﬁgf 19 %ragf{i:rl sO Qﬁ&r%@ﬁﬁs the reference voltage V¢
output from the reference voltage generator 17. Thereafter,
the operation of the detector 18 transifions from Set to
Detection. In the detection period, the detector 18 com-
15 pares the voltage at the terminal 3f of the voltage
conversion section 3 (waveform a in Figure 35) with the
reference voltage V. so as to determine whether the voltage
at the terminal 3f (waveform a in Figure 35) has reached
the reference voltage V.. When the voltage at the termi-
20 nal 3f (waveform a in Figure 35) reaches the reference
voltage V¢ (point 2 in Figure 35), the level of the signal
output from the detector 18 changes from L level to H level.
The change in the level of the signal output from the
detector 18 is communicated to the synchronization cir-
25 cuit 5. Inresponse to the change in the level of the signal,
the synchronization circuit 5 causes the state of the
switch 26 to change from the closed state to the open state.
After the end of the detection period, the operation of the

detector 18 returns to Sleep. '

30

The switch 26 is closed (ON) during a period from
when the signal output from the detector 15 changes from
L level to H level until when the signal output from the



the conversion energy loss rate [err]c. Were the voltage 20 gener at ed
bet ween the source termnal and the drain termnal of the PMOS switch 26 is
denoted by Vds and the current flow ng between the termnals is denoted by
Id (it is assunmed that the direction of the current flow ng fromthe source
termnal to the drain termnal is positive), the power consunption Pt 25
Is represented by the follow ng expression. Pt=Vds Id ... (Expression 19)
When the resistance value of the |oad 2 326 the 30 converted vol tage are
constant, the current 1Id which needs to be supplied (the total amount of
charge whi ch desdstior 18 IEpdeas] )fram doriséwslt .to 'Ilhetehnle ané@dist open of

t he power con I Q be e red |on f t 129 -
ter-term nal 3w3ge%9§%ev8 age¥’%%%\9/’\eérst er el ogles %"ﬁl M sW t ch
26 by oscil | atpegediehadaedgan a pehrd ode duirialg imlgh the volltage 8t the
conversion se I5 WA= . a

vol t age VDD o?tté Iﬁ@r%olweas:f sluépgﬁ%/i%g? gt%encﬁo%é’? te ge\?\/ﬁ’”?:h%x{ds:)lgggﬁgc%fgﬁnto

t he sour &e tertaidlanget o sVu-t ch 26, and the voltage at the termnal
3f (waveforma) close to each other. By closing the PMOS switch 26 by 10

pl aci ng the voltage VDD of the power su 1 to be converted and the

vol tage at the terni ndhRORGTERE D @a@%eof’ﬁéFagPt CPRVEESiPH| 82EbiPRBddce

the power consifpih®nNabbvelBbscisbbacateRd)y stlaisd epdihet A eribahidb at
such a timng, the volt ge \r{g%generat ed between the source term nal and
the 15 dralﬁ*"?‘@’?ﬁ% U2t eased under a condition that the

current 1a@ fl ow ng betvveen the source termnal and the drain termnal is
the same. Moreover, S'vﬂ? tttllxe dg Iecs: ancg & @gpg%a{'thg voltage at the
terminal 3g of the voltage conversion section 3 has de-
creased below the desired voltage Vy, the operation start
signal is sent from the detector 8 via the synchronization
i5 circuit 5 to the detector 15 and the detector 18. In
response to the operation start signal, an operation of
injecting a charge from the power supply 1l into the voltage
conversion section 3 is initiated.

20 In response to the operation start signal from the
detector 8, the detector 15 and the detector 18 start the
respective operations. When the detector 15 detects that
the voltage at the terminal 3f has reached the reference
voltage Vs, the switch 26 is controlled to change from the

25 open state to the closed state. Thereafter, when the
detector 18 detects that the voltage at the terminal 3f has
reached the reference voltage Vc (>reference voltage Vs),
the switch 26 is controlled to change from the closed state
to the open state.

30

Alternatively, the switch 26 may be controlled to
change from the closed state to the open state after passage

of a certain period of time since the end of the set up period



20 vol tage conversion section 3 is the resistance between the source
termnal and the drain termnal of the PMOS switch 26, the power
consunption in this portion is snmall as described above. Fromthis point,
there is generally no heat generation in the voltage conversion section 3.
25 Furthernore, when the result of the conparison nmade by the detector 8
between the reference voltage Vp (the desired voltage) output fromthe

ref erence voltage generator 9 and the vok@ge at the ternminal 3d of the

vol tage 30 conversion section 3 shows that the reference voltage Vp (the
desired volt age)x tise kzmﬂragdﬂaomrhetenl rage mitermativelyalthgdswibehdaéect or

15, the reference volta g a.# ct}“a4ngé rfﬁ&xnﬁjlﬁéogig ao€ ghicpbt+f8, the
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t he power consunmp he control section 130 perform ng
a conditi®nal tmlatabrﬁfl nb&sder rteéchﬁﬂt hekhe ed kaf eFRNGRD e Vol diidenpie on,

the operating cued df‘e% Hcd Rl §etel) drarsd the gaa%ﬁn% Vel tagereeneadat or
9 can be prol onge en the output current which is gutput fromthe voltage

converter 20 ito shange 1HremrEaeePPephEtabet hetPenFerPEEl S82%€cording to
the present invention has the foll ow ng advant age The power consuned by
the detector 8, the ref er nce vQl e et ect.
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conversion section 3 are connected to each other. As a
result, a charge is injected from the power supply 1 to be
converted into the voltage conversion section 3, thereby
supplying a power.

15

The voltage converter 20 according to the present

invention has an advantage that the power consumption is
extremely small. The reason for this will be described
below.

20

In the period of time during which the switch 26 is

closed, a current flows from the power supply 1 to be
converted to the voltage conversion section 3. The current,
which flows from the power supply 1 to be converted into

25 the voltage conversion section 3, flows from the source
terminal of the PMOS switch 26 (the terminal which is
connected to the power supply 1 to be converted) to the drain
terminal thereof (the terminal which is connected on the
_side of the terminal 3f). There is a resistance between the

30 source terminal and the drain terminal of the PMOS switch 26.
Therefore, a voltage is generated between the terminal
(between the source terminal and the drain terminal) of the
PMOS switch 26, and the power is consumed by the current



generator 17 accounts for the magjority of the power which is consunmed by
the entire control section 130. Typically, a main factor for the power
consunption by the control 20 circuit systemis that a high-precision
and/ or hi gh-speed operation is required. For exanple, for a reference
vol t age generator, the power consunption increases as a voltage output with
a higher precision is required. Mreover, for a detector, the power
consunption-increases as a detection 25 128 ¢ required to be perfornmed with

a higher precision and at a higher speed. Therefore, in viewof r d{q_ci ng
t he power condilgwingh between dreaminalsy - ¢ FchoRt FORSYmPLdrR 8%5 Bfito

perform a vol tage.,0u§ Uit Hi t BoAvbeWibBhe Wifd iy andsko ddiMfiAg through
| ow preci sion and | ow speed detection. Since the 30 resonance frequency

of the vol t agevalinge sianversiqbn Fhen CORVErSiERgeNEEAVtPEF BBt RS ng

to the presentgdfvesd iy (BxpbossidnMiB)5881ktkiz, as described above, the
voltage at the termnal 3f of the voltage conversion section 3 changes
131 - ver§/ slowy. Therefore, the control section 130 which control's the

vol tage conversion secii=qithe pdweei cobagumeddbé bween fhen sourgh teradinslon
and hi gh-speed_opegation, . Fo e, ca.low e ' '?%Q,
detection is 50 éﬁ?f‘?ﬁ?‘%ﬂﬁ?gﬁiﬁgéeg iﬁ'égt ﬁgagogﬁ’??%ﬁ %\r@%ﬁfﬁs igl?rre 35
(though a hi ghepnsanedobyahtehilghdspded .det{EBapiressiion d8lquired for a

hi gh- speed operation). Thus, it is possible to reduce the power consunption

10 of the control section 130 to be extrenely small. In a practical
‘design, 10 has been cohfvekbagehgenvestesaithods PASE SPMeRsion Sifiol

section 130 CaEiEﬁc§WrF§§%i[&§@cénMQEr|vﬂ§ﬁch RAksa Ta2g§e ddintetdiomovner
consunption of the CTontrol section 130 is only about 10% of the power
energy loss rate 1c. Conversely, a voltage converter with

a desirable conversion efficiency means a voltage converter
which has a small conversion energy loss rate nmc. The
15 denominator of (Expression 18) is constant based on Ohm's
law where the resistance value of the load 2 and the
converted voltage are constant. Accordingly, it is
necessary to decrease the numerator in order to decrease
the conversion energy loss rate 1. Where the voltage
20 generated between the source terminal and the drain terminal
of the PMOS switch 26 is denoted by Vas and the current £lowing
between the terminals is denoted by I4 (it is assumed that
the direction of the current flowing from the source terminal
to the drain terminal is positive), the power consumption P:
25 is represented by the following expression.

Pe=Vas*Ia ... (Expression 19)

When the resistance value of the load 2 and the

30 converted voltage are constant, the current I, which needs
to be supplied (the total amount of charge which needs to

be supplied) is constant. Therefore, reduction of the power

consumption P. can be achieved by reduction of the in-



15 consunption of the |load 2 even when the power consunption of the | oad
2 1s 10 mMNVor less. Since the resonance fre- quency can be set to be | ow,

it is possible to decrease the noise frequency due to the resonance
operation. 20 Figure 53A illustrates the rel ationship between

t he power consunption PL and the conversion loss Pt in a conventional DC/ DC
converter. Figure 53B illustrates the relationship between the power
consunption PL and the conversion | oss-PtlZ% <t he vol tage converter 20
according to 25 the present invention. Herein, the conversion | oss Pt

i s obtained byteatdiemninel posktagendanpti on Pc of the control system
circuit and the power consunption Ps of the voltage conversion section.
Thus, Plerr]=P[err]+P[err]. 30 Fi gure 54A
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i1lus- trates the relations bet ween the power consunption - 132
- a | oad 3and t9RORFHON o%%"?-h‘?’é Berapcilipstrated P—&g@léﬁiﬁ@e?ﬁer SpQ as

according to tfieppaeeaite ¥BYEALLON,, SE B powdE sigbak |10§§béaicﬁn£&ff4&t 'S
obt ai ned by dividing. the conver5|on | gss by the power consuggtlon

the load.  THIELCH oif] GenRePied t@Pc#%‘}’?‘F’T_ t? ippdr £ff kRSt |P&>°Sof
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LS e, B eaenled NETROR A SUIRC, t69, LORHREE ehio Mg he £k HRCy |
mnute A@r enthaxl:wmg thenvéltage @pgof the power stqpqlly 1 to be converted
. and the voltage at the terminal 3f close to each other, it
is possible to reduce the power consumption P.. This is
because by closing the PMOS switch 26 at such a timing, the
voltage V4 generated between the source terminal and the
15 drain terminal can be decreased under a condition that the

current I, flowing between the source terminal and the drain
terminal is the same.

Moreover, since the resistance component in the
20 voltage conversion section 3 is the resistance between the
source terminal and the drain terminal of the PMOS switch 26,
the power consumption in this portion is small as described
above. From this point, there is generally no heat
generation in the voltage conversion section 3.
25
Furthermore, when the result of the comparison made
by the detector 8 between the reference voltage Vp (the
desired voltage) output from the reference voltage
generator 9 and the voltage at the terminal 3d of the voltage
30 conversion section 3 shows that the reference voltage Vp
(the desired voltage) is lower than the voltage. at the
terminal 34, the detector 15, the reference voltage

generator 14, the synchronization circuit 16, the detec-
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Moreover, the voltage converter 20 according to the
present invention has the following advantage. The power
consumed by the detector 8, the reference voltage
generator 9, the detector 11, the reference voltage
generator 12, the detector 15, the reference voltage
generator 14, the detector 18 and the reference voltage
generator 17 accounts for the majority of the power which
is consumed by the entire control section 130. Typically,
a main factor for the poWer consumption by the control
circuit system is that a high-precision and/or high-speed
operation is required. For example, for a reference voltage
generator, the power consumption increases as a voltage
output with a higher precision is required. Moreover, for
a detector, the power consumption increases as a detection
is required to be performed with a higher precision and at
a higher speed. Therefore, in view of reducing the power
consumption, it is preferable for the control circuit system
to perform a voltage output with a low precision and to
perform a low-precision and low-speed detection. Since the
resonance frequency of the voltage conversion section 3 in
the voltage converter 20 according to the present invention
is about 1 MHz-500 kHz, as described above, the voltage at

the terminal 3f of the voltage conversion section 3 changes

% Or nobre can be ensured non- st eady state



15 pul se by the clock generator 6. The cl ock pul se output fromthe clock
generator 6 is supplied to the synchronization circuits 10, 16 and 19.
Therefore, incorrect output of the clock pul se causes the voltage converter
20 to mal function. This is because the detectors 8, 15 and 18 and the
reference 20 vol tage generators 9, 14 and 17 operate in synchronization
with the clock pul se supplied fromthe synchronization circuits 10, 16 and
19. The clock detector 7 is provided to BSilng the 25 operation of the
vol tage converter 20 back to a normal operation when the clock pulse is not
correctly out ptéry r@]mﬁ:l]y cl ahergeivarent oth€. cbntavilectectiutl30 twhdchl ock

pul se may occul |t C h e
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synchroni zation circuit 13 receives the reset signal is simlar to the

operation of tHelxedtHYE %oh%‘QPrEPeQG gPeERtiAB)synchroni zation circuit 13
receives the start signal via the term naI 24. The resonance operation in

t he vol tage conversion sectigon,3 is t produce and the cl ock pul se 10
output fromthe clock Jen®r dttotS@ILsT Lf'cee‘ﬂ“‘ gyeap?‘égﬁlcto,nﬁuﬁ? ton

oper ati opoof té&e vnétegatmmnuydcﬂldﬂ)13nmesbeOekheemhagdpneﬂaLe In a
operation. Anof Pgétfggls%.%asq ns,t a{f? ﬁggr%teie?:n coofnftirleme\/& ! £ﬁg% the power
- consumption of the control section 130 can be suppressed
to be 1 mW or less. This means that the power consumption
of the control section 130 is only about 10% of the power
15 consumption of the load 2 even when the power consumption
of the load 2 is 10 mW or less. Since the resonance fre—-
quency can be set to be low, it is possible to decrease the

noise frequency due to the resonance operation.

20 Figure 53A illustrates the relationship between the
power consumption P, and the conversion loss Py in a
conventional DC/DC converter. Figure 53B illustrates the
relationship between the power consumption P, and the
conversion loss P. in the voltage converter 20 according to

25 the present invention. Herein, the conversion loss P. is
obtained by adding the power consumption P, of the control
system circuit and the power consumption Ps of the voltage

conversion section. Thus, P:=P:+Ps.

30 Figure 54A illustrates the relationship between the

power consumption P; of a load and the total loss rate "c:
in the conventional DC/DC converter. Figure 54B illus-
trates the relationship between the power consumption P; of



15 converter 20 wll now be described. Wen the oscillation anplitude at
the term nal 3f decreases, a case nmay occur where the voltage at the

term nal 3f reaches the reference voltage Vs, but does not 20 reach the
reference voltage Vc. In such a case, after the state of the PMOS switch
26 changes fromthe open state to the closed state, it stays in the cl osed
state and cannot be changed fromthe closed state to the open state. 25
Such a non-steady state operation is dét ded by the synchroni zation
circuit 5. The synchronization circuit 5 outputs a reset signal to the
synchroni zat i enloada@nd thad wheall lossatabe snd:Hat thewakkagd conwerserodlng
three signal s J] : T r m iRer tRd Mt 168530
determ ned by %i%é%%rg%mﬁ%g?%éﬁg lglﬁlrﬁ%q{rﬁenit{%g%é—?or. 28 of the voltage
conver si on sectdatom Gt (isecobtainedthyrdtyidingfthe consemnier 95T Ft PY An
operation star [ ' ' f e . 13nhusdetwstp =Vi a
t he synchroni zEar%?o%BgiErr\éwl}'lﬁ(ﬁt}nglﬁ%%lgu%et%ﬁ[ngrrhlawl%%% thg det ecﬁr 5/81% A

si gnal wh?ch i%PQﬁﬁSM?Lfromthe detector 15 to the synchroni zation circuit
5 and which defines the timng 5 to change the state of the PMOS switch
26 fromthe open state to the clgsed. state. sjpgnal  whi ch i t om
the detector 18 to theTlg?nﬁqﬁﬁ‘ﬁ Ilrjo%tjc?ﬁcﬁ%t. tﬂgnac%‘f%ratjdgerf%es /r?:ad
timng to changenvéeterast aidttihe PUlSags cohvEgtero@Ot Aecording 119 the
state to the open _state. _lLn.Lesp e ' 9 the

synchroni zat i oﬁr%F?rc‘gi ?angF‘régﬁm%g%t r?geﬂ%"%gﬁaz{elﬁgﬁho?aﬁ}? vzo'l tage converter
20. The dPeration of the voltage converter 20 after the

Table 2

DC/DC Converter 61 | Voltage Converter 20
Output Current Large current Small, minute current
Conversion Effi- | Good Good
ciency
Output Voltage | Poor Good’
Controllability
Applicable LSI Processor Low power LSI

Moreover, the voltage converter 20 of the present
invention has an advantage that the on-chip implementation

15 is easy. The reason for this will be described below.

About 100 nH is sufficient for the value of the
inductor 28 of the resonance circuit 140. Thus, the value
of the inductor 28 is sufficiently small, whereby it is easy

20 to form the voltage converter 20 on a silicon substrate.
Moreover, since the value of the inductor 28 is sufficiently
small, substantially no radiating electromagnetic noise is
generated. In addition, a large voltage is not generated
between the terminal of the switch 26, whereby noisc_a caused

25 by an inrush current which occurs due to a large voltage
difference occurfing between the terminals of the switch 26



15 synchroni zation circuit 13 receives the reset signal is simlar to
the operation of the voltage converter 20 after the synchronization circuit
13 receives the start signal via the term nal 24. The resonance operation
in the voltage conversion section 3 is thus reproduced. As a result, the 20
operation of the voltage converter 20 returns to the steady state
operation. A further operation of the yphﬁqu_converter 20 which is
different fromthe steady state operation™wl| be 25 descri bed. The

vol tage out put. fromthe voltage converter 20 (the voltage at the termna
22) is varied % ?hht9¢RerIbPlage at the terminal 3e of the voltage
converter 20 30 mat ches the reference voltage Vp (the desired vol tage)

output fromthe reference voltage ner at . .The desired v e IS
desi gnated by a si gnale:"'n‘?’ﬁf)]iﬁ?r‘["&g?hg”et?%?eq’ %ﬁgg G5rPEgE TS ngrsa'?%% Sasvi\éz?llet he
term nal 25. Aswhbchl 26(athenON resis@ancef offhéheesiwiddhy @6 agm We iset

I nstructed by the signal, i t to the reference.vol e ge or 9,..the
vol tage o tput}:??%%%%%ugoﬁgdg ¢on ‘E‘?ers’z%"?f*f&e Vd&fg:aeg%.%lféﬁ% qtzrt%e- nal
22) changes t osmitichh@6alisesyd fdedienddwolazgr, it ts\eeayt ke Jformmdde
output fr om [ NG,y PhEBIEOHOBELUE' 26! 0R0aUEET LaSRSsubbEratel ! | BRI t ude

at the termn e voltage conversion section 3 decays, so that if
the vol tage di $Wktehdeavingrant@N pesiishianateof @hpuln500 RE) .t agEnteEHOMmext

desired vol t aggrEschiahey: olth®odeedy ifrd P ¥ Idrfura anpl i tude at the
termnal 3f is also large. In order to hold the oscillation anplitude at

the termtRal 3f, an internediate vol tage nay be provi ded between the
previ ous A non-steady state operation of the voltage con-

verter 20 will now be described. A sinusoidal wave
oscillation voltage at the terminal 3f of the voltage
conversion section 3 is converted to a square wave clock

15 pulse by the clock generator 6. The clock pulse output from
the clock generator 6 is supplied to the synchronization
circuits 10, 16 and 19. Therefore, incorrect output of the
clock pulse causes the voltage converter 20 to malfunction.
This is because the detectors 8, 15 and 18 and the reference

20 voltage generators 9, 14 and 17 operaté in synchronization
with the clock pulse supplied from the synchronization
circuits 10, 16 and 19.

The clock detector 7 is provided to bring the
25 operation of the voltage converter 20 back to a normal
operation when the clock pulse is not correctly output from
the clock generator 6. Incorrect output of the clock pulse
may occur when, for example, an abnormality occurs in the
voltage variation at the terminal 3f of the voltage
30 conversion section 3. The clock detection section 7 out-
puts a reset signal to the synchronization circuit 13 when
it detects that the clock pulse is not correctly output from

the clock generator 6.



desired voltage and the next desired voltage, so that the 15 detectors
15 and 18 are operated to open/close the PMOS swtch 26 when the voltage
output fromthe voltage con- verter 20 decreases below the internedi ate
vol tage. By supplying a charge (resonance energy) to the resonance circuit
of the voltage conversion section 3, it is possible 20 to recover the
oscillation anplitude at the term nal 3f. Next, another nethod for

suppl ying a charge to the vol tage conver st¥th section 3 will be descri bed.
According to the nethod descri bed above with reference to Figure 35, 25
the timng to supply a charge to the voltage conversion section 3 is

control led so that theIﬁrx%ts%oQ{]set@& ] §¥"{:Ts(i@n%§.,0ﬂ?99§?ach%%%‘itzbﬁ:i%?n

state to the closed state-at the point 1, and the state 0f the PMOS swtch
26 changes frofli¥aait| d3cesumasthe anaralian of dbhe weltage Fopyeriem 2

the period durpRg WpéhathénVvdst agdeat vbieaber ntdavedterNgo easeter Ththe
charge may be supplied_ to the valtage caonversion - 137 - secgtion 3 in

t he perioé dur PRECRRPRAZAKAOPo Iciagd At hhere e the Jeertasdgnalnsitad
gf t he ggr i |O|d dﬂmimarv\fa?fﬁhé lfbbéi@ﬂj%ﬁeoﬁ thbe‘rr]bftageeéor?‘f%:%mm?ﬁt&)

I gure ITlTugtrates the voltage change at the termn vef.orm

ond t he vol t agEnEBNGEhEPIL RS tAER CHHCUH (Fad BSTHES SHE (HEh GARPRL ot o
operation. As wlibhudie deeminalF2gur eTBE rddundrics operatioppiny thechskigege o
the voltage co ' ect| \i o] t ate
of the PMOS swakég%a%%g'g %‘a%%%gg?‘?om %gﬁggg%gsﬁﬁlgé%% g hga%:q%géac]s{téﬁééét
the poi nflO( poi putputufiroer theeclatk ggoezntome 6tley repupdgredeaches nerult,
reference vol tage Yperdtd do 5 ide® Witdlife Rofvretd s et ei@iaestd ronet he

cl osed state
steady state operation.

Another non-steady state operation of the voltage
15 converter 20 will now be described.

When the oscillation amplitude at the terminal 3f
decreases, a case may occur where the voltage at the
terminal 3f reaches the reference voltage Vg, but does not

20 reach the reference voltage Vc. In such a case, after the
state of the PMOS switch 26 changes from the open state to
the closed state, it stays in the closed state and cannot
be changed from the closed state to the open state.

25 Such a non-steady state operation is detected by the
synchronization circuit 5. The synchronization circuit 5
outputs a reset signal to the synchronization circuit 13
when it detects that any one of the following three signals
is not genérated within a predetermined period which is

30 determined by the capacitances 27 and 29 and the inductor 28
of the voltage conversion section 3 (the oscillation cycle
of the resonance circuit).

*An operation start signal which is output from the



to the open state at the point (point 4) where the voltage 15 at the
termnal 3f reaches the reference voltage Vc. O course, it is possible to
conbi ne the operation of supplying a charge to the voltage conversion
section 3 in the period during which the voltage at the term nal 3f 20

I ncreases (Figure 35), and the operation of supplying a charge to the
vol t age conversion section 3 in the peri&%é?uing whi ch the voltage at the
term nal 3f decreases (Figure 36). By co ing such two operations

together, it is possible to realize a voltage conversi on operation with 25
a higher ef fi (JeRGteRP (Hikd dthe hSIRINERE ZHAVL siGF Pt at | P bdHEd on

a single operajédpdcteHcis aafh@nbh8aie®dcebrt h8.t WO Operations is preferabl e
in terns of the conversion effjciency and is not_ pref rab t . the
control of the PMOS swik 92t Wb I+%a‘i‘éfc¥’u1i—kf/&7‘é %(?q: gr?

consi dered a stierdyichidn Bget LON eIt G ind 'wnmcheaeﬁmetshmeemaasge in
the circupt scale.is negligibly s n con tion
by the colit r of CRGHANSE P XERTe 5 Fhg K Serdhl &% tron FRYReER T, 08
i n- - 138 -torthseslostd statef.erable to conblne t he tmo control s when

t he out put current vaIuE %iSH&ihﬁh¥ghtfg §§§¥€n§ﬁﬁ“2@%e ou é%%rmﬂgnggs an

operation based on a singre control Is sul put current
val ue from t hethel syyehBonizgahienteiro@it s5 and Whlmgﬂﬁésns?mﬂaﬁctmg

[ lustrate a SLpUGhUAGedfloaaPE! B! eReChMOBS L SR1 96 Bron! niasSedTA

an input term nal I's connected to the termnal 3e (the term- 10
nal 3g) &P thestakeage @bm/@mlbﬁt%(ﬁ-l on 3. A voltage out put fromthe

ref erence voltage generator 9 is input to an input termnal I[err]. The

detector 8 includes: a_chopper
In response to the reset signal, the synchronization

circuit 13 resumes the operation of the voltage converter 20.
The operation of the voltage converter 20 after the

15 synchronization circuit 13 receives the reset signal is
similar to the operation of the voltage converter 20 after
the synchronization circuit 13 receives the start signal
via the terminal 24. The resonance operation in the voltage
conversion section 3 is thus reproduced. As a result, the

20 operation of the voltage converter 20 returns to the steady
state operation.

A further operation of the voltage converter 20
which is different from the steady state operation will be
25 described.

The voltage output from the voltage converter 20

(the voltage at the terminal 22) is wvaried so that the
voltage at the terminal 3e of the voltage converter 20

30 matches the reference voltage Vpy (the desired wvoltage)
output from the reference voltage generator 9. The desired
voltage V; is designated by a signal input to the reference
voltage generator 9 via the terminal 25. As an alteration



conmpar at or which includes transistors 30-35, 37 and 38, and a capacitance
36; and logic gates 39 and 40. 15 The chopper conparator conpares the
voltage at the termnal 3g of the voltage conversion section 3 (the
termnals 3e and 3d, the output termnal 22) with the voltage output from
the reference voltage generator 9, 20 according to the operation as
illustrated in Figure 37B. In the period_during which a clock pul se
[err][err] ([err][err] is an inverted C|&é% pul se of [err][err]) is changed
fromL level to Hlevel (the sanpling period in Figure 37B), the voltage at
the term nal 9F thetdesivedarltasse s|16n1§§‘é¥!16ﬁe PY Hhesignaleinbil s 3e

and 3d, andt heouinaltrdriied x?&)ta hé‘i“@ﬁ'ofln‘j‘ hehe vbmthae eafEa@
during which the ClOCk‘$U|S%§% %%?é |s changed fromH | evel

(the conpari s&F9Feriisy YR 12 h%ovﬁFP%g¥°BEFBGtaFrGHPtﬁ@rml'
reference vol inzge PN adtedided t@wamuthéoalﬁerédrdbéihreﬁ[ eolkagéhen. t he
vol tage 30 at the termnal 3g is smaller than the voltage output from
the reference voltage generator 9, an L level signal is output at the

out put term nal of thd&hewether dlteade apsitptitr SE3om atthe3&oltage &In--

o] forr]) chum (AOmECrEsses o HiPorAcL bt ST C il 5588 48 B0 e

v

result of the tsompanalkodf bt whenvohtagel coneension sectiton e3 MderdysRg sand
the vol tage O Ut UL J;f OfRd "o £ Sée& ¥913f13§ mﬁ%ﬂe"tﬁkogﬂr%w%ﬁ% %@s‘i‘.&lewt

| evel

termnal O changes fromL | eve eve en the v
term nall®g i svglef@ag%rtq e mtvélesag@doup Gager bt Jm’éwef*éh%rdﬁ,cazbquage

generator 9). thiie dddiB 1@t amp&a%u@eoak 1He %%rin%ra]ﬂ %rfr hsm%ﬂg%
fromL level to Hlevel is_delayed fromthe tinme whe
In order tohold the oscillation amplltude at the terminal 3£,

an intermediate voltage may be provided between the previous
desired voltage and the next desired voltage, so that the
15 detectors 15 and 18 are operated to open/close the PMOS
switch 26 when the voltage output from the voltage con-
verter 20 decreases below the intermediate voltage. By
suppiying a charge (resonance energy) to the resonance
circuit of the voltage conversion section 3, it is possible

20 to recover the oscillation amplitude at the terminal 3f.

Next, another method for supplying a charge to the

voltage conversion section 3 will be described. According

to the method described above with reference to Figure 35,

25 the timing to supply a charge to the voltage conversion
section 3 is controlled so that the state of the PMOS
switch 26 changes from the open state to the closed state

at the point 1, and the state of the PMOS switch 26 changes

from the closed state to the open state at the point 2 in

30 the period during which the voltage at the terminal 3f
increases.

The charge may be supplied to the voltage conversion



chopper conparator enters the conparison period (when a clock pul se
[err][err] changes to Hlevel). This is to prevent an unstable signal from
bei ng output fromthe detector 8 since the output value of the chopper
conparator is unstable 15 initially in a conparison period. The
detector 8 conpares the sanpled voltage with the voltage output fromthe
reference vol tage generator 9 after hothgg (after sam pling) the voltage
output fromthe reference voltage genera 9 (the vol tage at termnal 3e).

The reason why 20 t he voltage at the termn gﬁ s sampled is_t hreduce
t he i nfl uenceSgFtiomnsd \Mbntt!?lep?%ﬂ 29PE1Rgy W, g‘h" @tqf’a c'I‘T'ng

vol tage at tth&:ﬁﬁ'ﬂa’la'Sff‘}@,edﬂeds%dDOi&iéﬁ&d @fa‘thedpariaaedwheng which

det ector 8 det ectsoég vol tag{_g%?to f e, sugerl osed on the term nal
22 has been adfi&dVodagqdte F?{E&?% e or reducing the

i nfluence of noise when the load 2 is a dlgltal LSI. By using the clock
pul se input to the syng hr Qni e 23, a

cl ock pul’se (synchroni z.’aqcuf Z:?ﬁt %@%{1@2{& glel Q’Ol déﬂé}?éﬁ %-S thd
connect ed to thearntiovadl r3f Pwaveform pdsami eth© weétqge tqwl’tgem ay &he and
avol d. the noiss BSer 4. RLAPde il hitle LBk FhGUB L ide. Syatem

clock is an operati se whi'ch is 1 nput - digital
LSl (load 2). 1111nrs1gtmee<38m tfhcgug:@n@ﬁe,t itdhe 511mhass‘é°b§/umbya ghagge 0 at

the poi nt V\herﬁfé R 106 & Bonlvetls idif 888t dlch rseﬂa9ss@t&shtbyo§w&rsdrmmg
noi se on the vo which i s output fromthe vol tg_ge converter

Since the05 ﬁgifqt@p6’§eﬁhﬁ(ﬁl‘§%s@é€é§@ Shanges,§Eopst ed‘&?l}ilsﬂ: i od

of time td si n@@tmecmbaaal fatOiat! tak 15$':E115X§io§_IiﬂtC|3)Chheré tlse pedtidyes to
avoi d the noi se b¥1euts:<l-:n 1na§ g treé:éc eg tth% reference voltage Vs, and the

state of the PMOS switch 26 changes from the closed state
to the open state at the point (point 4) where the voltage
15 at the terminal 3f reaches the reference voltage Vc.

Of. course, it is possible to combine the operation

of supplying a charge to the voltage conversion section 3

in the period during which the voltage at the terminal 3f

20 increases (Figure 35), and the operation of supplying a
charge to the voltage conversion section 3 in the period
during which the voltage at the terminal 3f decreases
(Figure 36). By combining such two operations together, it

is possible to realize a voltage conversion operation with

25 a higher efficiency than that of the voltage conversion
operation based on a single operation. Such a combination

of the two operations is preferable in terms of the
conversion efficiency and is not preferable in that the
control of the PMOS switch 26 is complicated. However, it

30 can be considered a superior voltage conversion operation
because the increase in the circuit scale is negligibly small.
However, since the power consumption by the control circuit

for controlling the operation of the PMOS switch 26 in-



hold the voltage at the termnal 3e of the voltage conversion section 3
after passage of tine td. The cl ock pul se input 10 to the termnal 23 is
not required to have the sane cycle as that of the clock pulse input to the
digital LSl which is connected to the termnal 22, but is required to be
synchroni zed. 15 Referring to Figure 52, the nechani sm of noise
generation in an LSl will be described._ {%@ge_LSI includes a silicon chip
built in a package. Pins of the package and the silicon chip are connected

to each other with a di.ng e o a a Lp.
As the systemSZF2® esc‘l dtqilc?hgﬁﬁggragg ug?en?r\‘%( %\;\%rgmt r‘%’tt}q.h tshg}ﬁglnl i con
chip. As the dive enttpyt )cmmgesralme/dnoagethl&evgém@g&t Génmtte@ 29 1s

nductance Lp.oiifs ¥ WHAE 040 B £t 2n BRIUECoR 2 LihYIL! BbRTLB1 is

structure of t auset hestruct ureoft hedetector 18
is the same asuittkable u¢henetbe pkldpydt asigients valie geremt she1yoditiagepe

descri bedsin Q?&r?&érté‘@'%@ % fdgsgription of the detector 18 will be

omtted. 30 erence fromFigure 37A is that the swi tches
connected to the termnals I[err] and I[err] are PMOS switches 41 and 42.

The PMOS switches 41 apflgdledr S7MS80G 3578 hﬂm&ﬁﬁ‘@@ 4 Grridecdd Iamiram
reason. Wen the voltage output fromthe vol t age converter

is smaller tha?Pa¥atypnt f vbieagetsctate 8powe?n %Brﬂ";rel % 'beaBor?xPé’rqted
the vol tage attéﬂﬁlﬁalrrmaisl benhkctelie ticertienatetminhl cBet lj¢heoltteagei at
L o e ] ol RS L AR SRR phg T BLL) g voreae
paral |l el | y- conoetpat PO thamsefévesceareolbzge agendratort 2hks, inprt diaode
formed of the gﬁaiﬂpﬁﬁoﬂégﬁ}_ngﬂdﬂbe The detector 8 includes: a chopper
comparator which includes transistors 30-35, 37 and 38, and
a capacitance 36; and logic gates 39 and 40.
15
The chopper comparator compares the voltage at the
terminal 3g of the voltage conversion section 3 (the
terminals 3e and 3d, the output terminal 22) with the
voltage output from the reference voltage generator 9,
20 according to the operation as illustrated in Figure 37B.
In the period during which a clock pulse ¢; (¢, is an inverted
clock pulse of ¢,) is changed from L level to H level (the
sampling period in Figure 37B), the voltage at the
terminal 3g of the voltage conversion section 3 (the
25 terminals 3e and 3d, and the output terminal 22) is followed
and held. In the period during which the clock pulse ¢, is
changed from H level to L level (the comparison period in
Figure 37B), the voltage output from the reference voltage
generator 9 is input to the terminal I,. When the voltage
30 at the terminal 3g is smaller than the voltage output from
the reference voltage generator 9, an L level signal is
output at the output terminal of the inverter (the
transistors 37 and 38).



well of the NMOS transi stor

Is forwardly biased, whereby a charge is |ost

fromthe voltage conversion section 3 10 t hrough the diode. The charge

loss is a loss of the charge supplied to the resonance circuit,

and reduces

t he vol tage conversion efficiency. The PMOS switches 41 and 42 are used to

avoi d such 15

so as to change the signal output fromthggdetector 15 fromL level to H
| evel when the voltage output fromthe reference voltage 20

a charge loss. An AND gate is used at the output term nal

gener at or

14

exceeds the voltage output fromthe voltage conversion section 3. The tinme
at which the clock pulse [err][err] changes fromL level to Hlevel is

del ayed from t he ti newtzenatdiock puiere dqnigas disoan eintwstedelookppulsen
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wave 0Scj
cycle wh

Iatl

cycle at the telnaxppei:‘ 8bmpahator enters the comparison period (when a

15

20

25

30

clock pulse ¢, changes to H level). This is to prevent an
unstable signal from being output from the detector 8 since
the oi:ltput value of the chopper comparator is unstable
initially in a comparison period. The detector 8 compares
the sampled voltage with the voltage output from the
reference voltage generator 9 after holding (after sam-
pling) the voltage output from the reference voltage
generator 9 (the voltage at terminal 3e). The reason why
the voltage at the terminal 3e is sampled is to reduce the
influence of noise when the load 2 is a digital LSI. By
sampling the voltage at the terminal 3e, it is possiblé to
avoid a case whére the detector 8 detects the voltage to

which noise superimposed on the terminal 22 has been added.

Figure 38 illustrates a method for reducing the
influence of noise when the load 2 isadigital LSI. Byusing
the clock pulse input to the synchronization circuit 10 via
the terminal 23 as a clock pulse (synchronization clock
pulse) for the digital LSI connected to the terminal 22,
it is possible to measure the timing of, and avoid, the noise
generated from the digital LSI. In Figure 38, the system
clock is an operating clock pulse which is input to the

WH it iinfe at%id:lﬁﬂtﬁhé)f:lbh:kt palsehe, S:hlaung@sjal

h i s ?é ZQ‘%’T%‘ tgot g'g ter (r)lj?slt elaé%/\yr?ﬁsmo%gltﬁwg%"gegkﬁ‘ Tt on

nce the



detector 8 sanples the output voltage the voltage conversion 10 section
3 (the voltage at the termnal 3g) with a cycle which is twce as |ong as

the operating cycle as illustrated in Figure 33. As the operating cycle of
the detector 8 is |ower, the power consuned by the entire voltage converter
20 is smaller. However, since the power consuned by the PMOS 15 swi tch

26 tends to increase as the output voltaggoof the voltage converter 20
i ncreases, the output voltage needs to be designed appropriately according

to the magnit . t I 2. 120 ]J_?émggil n ' : Il at es
anot her str uc#ggé%%} e(?/%%tdagg 'co%\r}eﬁg_t er Zoﬁ‘rrrt\telg)s érzllﬁ%%fraé&gflfté\ﬁ%l t age
con- verter ibyuche digdtad FSEatctl® podntdgerere fhetaysrm eloGk hangRst he

vol tage convenrlefe ééﬁtlé&'iﬁt&gpéfiﬂéosiggwi%% S tAECEPLtAGE W, WIRIEH OF

661. The nonitor 1 has two input termnals and three_output _term nals.
One of the ing§t PBERVPKRalf®emt Hdhepyeltage 68anVertehnélred £d2CRe tR%ni nal
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as that of the clock pulse input to the digital LSI which

is connected to the terminal 22, but is required to be

synchronized.

15 Referring to Figure 52, the mechanism of noise
generation in an LSI will be described. = The LSI includes
a silicon chip built in a package. Pins of the package and
the silicon chip are connected to each other with a bonding
wire. The bonding wire has an inductance L,. As the system
20 clock changes, a current i(t) f£lows through the silicon chip.
As the current i(t) changes, a voltage is generated due to

the inductance L,. The voltage becomes noise.

Figure 39A illustrates a structure of the detec-

25 tor 15. Because the structure of the detector 18 is the same

as the structure of the detector 15, the detector 15 will

be described in detail, while the description of the
detector 18 will be omitted.

30 The difference from Figure 37A is that the switches
connected to the terminals I; and I, are PMOS swit_ches 41
and 42. The PMOS switches 41 and 42 are used as the switches
for the following reason. When the voltage output from the



supply 1 to the voltage conversion section 3. For exanple, when the nonitor
661 detects that the current consuned by 10 the load 2 increases, the
nonitor 661 increases the amount of charge supplied to the voltage
conversion section 3 by increasing the period during which the PMOS switch
26 included in the voltage conversion section 3 is closed. 15 In
order to increase the period during which4athe PMOS switch 26 is cl osed, for
exanpl e, the voltage output fromthe reference voltage generator 14 (the

tinming at whi %l@z?eswoh%x%@ﬂwg.e,ssﬁlam&h@h@aep/ftﬁt €heOvbgagkosed

state is deter the voltage) may be decreased, and_the 20 vol t age
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14 and 1 usted according to the operation state of the detector
8 so as to |nc$1&3b1@%et<petrh%a‘eﬁep|aﬁg=ev\m€ﬁwtﬁe adgredineesh U vollageed

For conversion efficiency.

The PMOS switches 41 and 42 are used to avoid such
15 a charge loss.

An AND gate is used at the output terminal so as to
change the signal output from the detector 15 from L level
to H level when the voltage output from the reference voltage

20 generatdr 14 exceeds the voltage output from the voltage
conversion section 3. The time at which the clock pulse ¢,
changes from L level to H level is delayed from the time
when the chopper comparator enters the comparison period
(when the clock pulse ¢, changes to L level). This is to

25 prevent an unstable signal from being output from the
detector 15 since the output value of the chopper comparator

is unstable initially in a comparison period.

Figure 39B illustrates an operation of the detec-

30 tor 15. The clock pulse ¢;5 changes to L level during the
sampling period (sampling the wvoltage of the reference

voltage generator 14), and the clock pulse ¢z changes to
L level during the comparison period.



exanpl e, when the result of the conparison between the voltage at the
termnal 3e of the voltage conversion 10 section 3 and the voltage
output fromthe reference voltage generator 9 shows that the voltage at the
term nal 3e decreases below the voltage output fromthe reference voltage
generator 9 for two consecutive tines, the result neans that the anount of
charge consuned by the load 2 is 15 -l amger than the anount of charge
supplied fromthe power supply 1 to be converted by closing the PMOS switch
26. In such a case, the voltage at the output termnal 22 of the voltage
converter 20 cannot be maintained at the desired voltage unleif t he period
during which the PMOSWikehthe 2plock| Pulisssegopyertefealeq t erhGiPCl(he

detector 8 senfishdatidie §0RAE0R Gl Sagnthavhiogh iyl sahesoidal whee
voltage at the termn

a] 3e decreases, pelow the volia out put_fromthe
reference vol toffeHgehetR geldage, eE%%n‘%eemPcPat%ei%es&cm age atﬁgcﬁ’ﬁni t or
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vol tage pyit putgdLoinh hg (@l DE8g% AUl 8HE 1ISRBMRIIOI3H) wh BAlLagcRE wisidly the
noni tor 661 to detect the output Current of the voltage cqonversi on section

3. 5 is NEWLEeT RS 1PRI (3% Hhe APSHAHY Iy eteutd® SFLurEmss sl t ch
26 incl uded i npi§ery0BBageas Phecs5é Lt 519§ tiyeleDf the detector 8 is lower,

the power consumed by the entire voltage converter 20 is
smaller. However, since the power consumed by the PMOS

15 switch 26 tends to increase as the output voltage of the
voltage converter 20 increases, the output voltage needs
to be designed appropriately according to the magnitude of
the load 2.

20 (Embodiment 2)

Figure 40 illustrates another structure of the
voltage converter 20. The structure of the voltage con-
verter illustrated in Figure 40 is identical to the
structure of the voltage converter 20 illustrated in

25 Figure 29 except for a monitor 661. '

The monitor 661 has two input terminals and three
output terminals. One of the input terminal of the moni-
tor 661 is connected to the terminal 34 of the wvoltage

30 conversion section 3. The other input terminal of the
monitor 661 is connected to the synchronization circuit 10.
The three output terminals are connected to the

synchronization circuit 5, and the reference voltage



changes fromthe closed state to the open state can be del ayed not only by
I ncreasing the voltage output fromthe reference voltage generator 17, but
al so by del aying an operation 10 signal fromthe synchronization circuit
5 for changing the PMOS switch 26 fromthe closed state to the open state
by using the signal fromthe nonitor 661. Wen the operation signal from
the synchronization circuit 5 for changi ngsthe PMOS switch 26 fromthe
closed state to the open state is 15 del ayed, a fine adjustnent can
be achieved rgaq}g r-£4S e e. h ; : dgalrabl e
adj ust nent rnevétet tdxlr)% 13 éﬁ}%e 9 ng%ggbrt gi Th%yﬁ{)ﬁge?gf gfaén?%
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conpar i son resl <Vp PPVe consecutive
tinmes is det ecefdchynge suppbied| te the Yolkage conversion section 3 by

increasing the period during which the PMOS switch 26

included in the voltage conversion section 3 is closed.

15 In order to increase the period during which the PMOS
switch 26 is closed, for example, the voltage output from
the reference voltage generator 14 (the timing at which the
switch 26 changes from the open state to the closed state
is determined by the voltage) may be decreased, and the

20 voltage output from the reference voltage generator 17 (the
timing at which the switch 26 changes from the closed state
to the open state is determined by the voltage) may be
increased.

25 The following consideration may be made regarding
the voltage conversion efficiency. It is preferable inview
of improving the voltage conversion efficiency that the
period during which the PMOS switch 26 is closed is short
and the period during which the switch 26 is closed is

30 provided at a point where the oscillation voltage at the
terminal 3f of the voltage conversion section 3 is close
to the voltage of the power supply 1 to be converted. It
is desirable to adjust the voltages output £from the reference



5 consecutive times, the voltage Vs is decreased by AV in the contro
block C3. Herein, the voltage Vs is a voltage output fromthe reference
vol tage generator 14, and the voltage [err]V is the m ninmum voltage w dth
by which the voltage Vs is varied. After the end of the process of the 10
control block C3, the process returns to the control block Cl. Detecting
that Vd<Vp holds for five consecutive tingaa in the control block C2 neans
that the power supplied 15 fromthe power supply 1 to the voltage

conversi on se%@&%ﬁoﬁ%ﬁ stfanahﬁe PPVES £ONTUTRL Y 4d€a | BaELEr

Wai ting until |ve consecutive tines is done to provide a
mar gi n. When tGeRveasTiQpe G&deJr%l%Ih%Y} er than the voltage Vp, a power is

supplied fromthe power supply 1 to 20 t he vol tage conversion section 3.

When the supplied power is spaller than the_power consuped by the_ | oad 2,
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conver si on secféfPedsts WYY | €h€Ntvoltage output from the reference

voltage generator 9 for two consecutive times, the result
means that the amount of charge consumed by the load 2 is
15 larger than the amount of charge supplied from the power
supply 1 to be converted by closing the PMOS switch 26. 1In
such a case, the voltage at the output terminal 22 of the
voltage converter 20 cannot be maintained at the desired
voltage unless the period during which the PMOS switch 26
20 is closed is increased. Thus, the detector 8 sends to the
monitor 661 a signal which indicates that the voltage at
the terminal 3e decreases below the voltage output £from the
reference voltage generator 9. In response to the detec-
tor 8, the monitor 661 adjusts the voltage output from the
25 reference voltage generators 14 and 17 so as to increase

the period during which the PMOS switch 26 is closed.

Thus, it is possible to increase the period during

which the PMOS switch 26 is closed, by using the monitor 661

30 to detect the frequency with which the wvoltage at the
terminal 3e decreases below the voltage output from the
reference voltage generator 9 in the result ‘of the
comparison between the voltage at the terminal 3e and the



when Vd<Vp holds for two consecutive tinmes. This is because since a margin
corresponding to three process cycles is 5 provi ded, erroneous conparison
due to noise is elimnated, whereby the determination is nore reliable.
Decreasing the voltage Vs by AV in the control block C3 neans increasing
the power supplied fromthe power supply 1 to the voltage conversion
section 3. This is because the period dungigsg-10 which the swtch 26 is
closed is prolonged as the voltage Vs is decreased. In control bl ocks

C4- G, processes +Hdd '@ﬁtfj%t *H%t?rhifhé heegRPbhk RINAGaydlgéieRbtor 9,

performed. In particular,” e voltage Vd and 'vol ttage™ Vp are conpared
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hol ds for fivefanseGlvegd  dBSvéPsibs §88tieh Bl ock C5, the voltage Vs is
i ncreased by AV in the control block C6. Detecting that Vd>VP holds for

five consecutive tines in the 20 control block C5 neans that the power
ISU|0|0I i edhs romht he powaMorsegpdyy, Jtlid)ﬁti.he.n‘gght&aﬂdmltw stanﬁaestﬂmpaoi&s
arger than the power, consu y the ]l oa .. lncreasing the voltage s by
AV in the conﬁ"birot%ﬁo%é é@cﬁgﬁg d‘eﬂ:rﬁé iﬁﬁitﬁ@%owvi‘gijp?‘? eaef’%&ﬁf’t ?‘ée
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vol tage Vd wt et ect or outputs "0" to the shift

regi ster 143 WH@S switghlg26é E@%thlaﬂcpb‘éﬁ‘p@t%taﬁe o the opan stadg er
143 when Vd>Vpysing the signal from the monitor 661. When the operation

signal from the synchronization circuit 5 for changing the
PMOS switch 26 from the closed state to the open state is

i5 delayed, a fine adjustment can be achieved without
increasing the circuit scale. Therefore, a desirable
adjustment method may be to make a coarse adjustment by the
reference voltage generator 17, and to make a fine
adjustment by delaying the operation signal from the

20 synchronization circuit 5 for changing the PMOS switch 26
from the closed state to the open state.

Figure 41 is a control flowillustratinga procedure
of a process of the monitor 661.
25
In a control block Cl, the voltage V4 at the
terminal 3d of the voltage conversion section 3 is compared
with the target voltage (i.e., the voltage output from the
reference voltage generator 9) V,. When the voltage V, is
30 smaller than the voltage V,, the process proceeds to a
control block C2. When the voltage Vq is larger than the
voltage V,, the process of a control block C3 is repeated.
The result of the comparison between the voltage V4 and the



The shift register 143 holds output signals "0" and "1" fromthe detector
142 for five cycles. An encoder 144 decreases the voltage Vs output from
the reference voltage genera- 5 tor 14 by AV when the data points held in
the shift register 143 for the five cycles are all "0" (i.e., when "0" has
occurred five consecutive tinmes), and increases the voltage Vs output from
the reference voltage generator 14 by AViwgen the data points held in the
shift register 143 10 for the five cycles are all "1" (i.e., when "1"

has occurred Rﬁoweca@@s;ecmaa\éelw ﬁon)cli%l tﬂl% By ogi é#&f&&a{ﬁd {;
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tinmes, the process returns to t'he cont hervm sSe, e process
- 149 - block C1.

Detecting that V4V, holds for five consecutive

times in the control block C2 means that the power supplied

15 from the power supply 1 to the voltage conversion section 3
is smaller than the power consumed by the load 2. Waiting
until Ve <V, holds for five consecutive times is done to
provide a margin. When the voltage V4, is smaller than the
voltage V,, a power is supplied from the power supply 1 to

20 the voltage conversion section 3. When the supplied power
is smaller than the power consumed by the load 2, the
voltage V4 will be smaller than the voltage V, again in the

next comparison in the control block Cl. Therefore, Va<Vp

for two consecutive times means that the power supplied from

25 the power supply 1 to the voltage conversion section 3 is
insufficient. However, the comparison between the volt-

age V4 and the voltage V, is susceptible to noise. Espe-
cially, as the voltage V4, becomes closer to the voltage Vo,

the comparison is more susceptible to noise. In order to

30 make the comparison leés susceptible to noise, it is more
preferable to determine that the power supplied from the
power supply 1 to the voltage conversion section 3 is
insufficient when Va<V, holds for five consecutive times,



proceeds to a control block C9. In the control block C9, the voltage Vc is
i ncreased by AV. Then, the process proceeds to a control block C10. In the
control block Cl10, the voltage Vd is conpared with the voltage Vp. Wen the
5 voltage Vd is larger than the voltage Vp, the process proceeds to a
control block Cl11 or, otherw se, the process of the control block Cl10 is
repeated. In the control block Cl1, it _iggeterm ned whether Vd>Vp has held
for five consecutive tines. \Wen Vd>Vp has hel d for five consecutive 10

tinmes, the pr S 9%k ng herw t he
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control I ock ddride dewodﬂcb%a(i@.@drphu@@&hcgée id el §mdBhekld, ned

whet her Vd>Vp has held for five consecutive tinmes, . Wien Vd>Vp has hel’d for

20 five cortheirby dhe determinabignes moge Fakiable he ResroFing dbe ci14.

Qtherwi se, thedx SVSP'H&C%Wint thh%o?&%rloblgbkc K:BCﬁlea-ﬁ@e 1%%@a'§9.n@f the
control bl ocks Cr-
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t here have bee I've consecuti Ve peri fie Vol
snmal | er than ti® detregesedp. This is sinmlarly true for the fl ow of the
control blocks Cl4 and Cl15. When the output of the control blocks C8 and

Cl5 is "No", it neans that the width has been determ ned. Once
In control blocks C4-C6, processes similar to those

in the control blocks C1-C3 are performed. In particular,

15 the voltage V4 and voltage V, are compared with each other
in the control block C4. When it is detected that V4>V, holds
for five consecutive times in the control block C5, the
voltage Vs is increased by AV in the control block Cé6.
Detecting that Vs>V, holds for five consecutive times in the

20 control block C5 means that the power supplied from the power
supply 1 to the voltage conversion section 3 is larger than
the power consumed by the load 2. Increasing the voltage Vg
by AV in the control block C6 means decreasing the power
supplied from the power supply 1 to the voltage conversion

25 _ section 3. This is because the period during which the
switch 26 is closed is shortened as the voltage Vg is
increased.

Figure 42 illustrates an exemplary circuit
30 configuration for implementing the control flowof Figure 41.
A reference voltage generator 141 generates the voltage Vj.

A detector 142 compares the voltage V4 with the voltage V;.

- The detector 142 outputs "0" to the shift register 143 when



- 150 - the width is determned, the "height" (voltage Vc) is determ ned.
In the control block C9, the voltage Vc is increased by AV. This operation
nmeans that the voltage Vc is intentionally varied fromthe appropriate
width after 5 the control illustrated in Figure 41. Wien the appropriate
width is intentionally w dened (when the voltage Vc is increased by AV),

t he power supplied fromthe power supply jlag a the vol tage conversion
section 3 increases, whereby it is expect ed that vd>Vp would hold for five

consecutive t| 1Qnd o ﬁ%‘l&ock I@%;ns@@ gﬁggge\plﬁw@hgg engvt he
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C13 in view of fiwet c@heevutmgetmeﬁhs dthuas bdbe captradedlbysterted im t he

control block £94 ;Qe4§_bq_\éelh®1%q.lentéﬁ’l exenpl ary procedure for adjusting
t he hei ght of the vol tage Vc. The determnation of the width, the

determ nati on
Figure 43 illustrates how the voltage Vsoutput from

15 the reference voltage generator 14 changes. When a single
voltage change is not sufficient, the voltage change is
further repeated until the power supplied from the power
supply 1 to the voltage conversion section 3 is equal to
the power consumed by fhe load 2.

20
Figure 44 is a control flow illustrating a procedure
of a process for determining the voltage Vc.
In a control block C7, the wvoltage V4 at the
25 terminal 3d of the voltage conversion section 3 is compared

with the target voltage (i.e., the voltage output from the
reference voltage generator 9) Vp. When the voltage V4 is
smaller than the voltage V,, the process proceeds to a
control block C8 or, otherwise, the process of the control
30 block C7 is repeated. In the control block C8, it is
determined whether V4<V; has held for five consecutive times.
When Va<V;,; has held for five consecutive times, the process
returns to the control block C7. Otherwise, the process



- 151 - of the height, and an intermttent operation are summarized in
Tabl e 3 bel ow. Table 3 Determ nation As the wwdth is snmaller, the power

consunption by the of width switch 26 is reduced, thereby increasing
the effi- (voltage dif- ciency. ference between Vs and Vc) Determ nation
As the height is greater, the efficiency increases. of height When it

i s excessively high, however, a current. (4@ tage of Vc) backf low fromthe
vol t age conversion section 3 to the power supply 1 occurs, thereby reducing

the effi- ciency. The voltage Vc i et to,be as high _as,possible,saq.that
Lhe backi | ow doicqeds it F Eanfnd® et ©9° At il sheRB1° blogiy ol "7 ¢
3%ninun1 thesmﬁéchoiﬁfg@egaﬂﬂy1increaﬁaashycmm. f myveén ,t hehe opebeakisan
ere it is Vi t | €ty 1S
bpencd’ ¢l osed BRIGEeas S8 ooRbeEY gy b, ! TprEhREIAL S HBRIC cio
control circuitheperhtagei ¥a det reempared et thythedvel hggeh¥e poWen the
consunptign. Sz6Frhgdi V?mii_s?’,)lff%%et‘fﬁ%n' I {yst qu:%fémﬁhertﬁé I helodes Of

t he vol tage converter accordin t he present invention. Referénce nuneral
61 denotes thePERRGRAB| EAA 1cBAockoCll 9Ey t@FRervEser dhe PYARSSH 62

denotes a powess skl YedPtB61 CpAvRk! edo 68s deapbated.Cl OGK PHES@dIRIRIAL Of
connected to the ternm nal 23 of the voltage converter 20, and_64 denotes a

start signal gRheFhtblleohhelst detedmined Bhgither Ya> Virbps Rald fRmdiiae 65

denot es an LS| cohseButiveothfed he Waatlv,>V, has held for five consecutive
10 times, the process returns to the control blocks C7 and Cl4.
Otherwise, the process proceeds to the control blocks Cl2

and Cl13, thereby decreasing the voltage V¢ by 2AV. Then,

the process returns to the control blocks C7 and Cl4. 1In

the control block Cl4, the voltage V4 is compared with the

15 voltage V,. When the voltage V4 is larger than the volt-
age V,, the process proceeds to the control block Cl15 or,
otherwise, the process of the control block Cl4 is repeated.

In the control block C15, it is determined whether V4>V, has

held for five consecutive times. When Vs>V, has held for

20 five consecutive times, the process returns to the control
block Cl4. Otherwise, the process proceeds to the control
block C9.

The meaning of the control blocks C7-Cl5 will be

25 described below. The flow of the control blocks C7 and C8
means the “width" (the potential difference between the
voltage Vg and the voltage V.) is being determined, as
described for the control flow illustrated in Figure 41,
based on whether there have been five consecutive periods

30 in which the voltage V, is smaller than the voltage V,. This
is similarly true for the flow of the control blocks Cl4

and C15. When the output of the control blocks C8 and C15

is "No", it means that the width has been determined. Once



15 t owhi cht heconvertedvol tage is supplied. FronthelLSlI 65, the optinmal
supply voltage value is sent to the termnal 25 of the voltage converter

20. Wiile the voltage con- verter 20 perforns a high efficiency voltage
conversion when the current supplied to the LSI 65 is small, the conversion
20 .efficiency is reduced to be |lower than the conversion efficiency of

t he conventional DC/ DC converter 61 whenisige -supply current increases. -
152 - The structure of the voltage converter 20 illus- trated in Figure 45

is simlar togfie ghiaent We abtimindld aoensompiigiit20(vbhuageaver ie
Figure 40. The_vol tage converter 20 includes a current deteiioreégg is
[o4

detecting a 5 dekermErds| o ngher SAHCL RIRFRIC22 thet yolitas

Alternatively,;{bee 488 o Mel eahQls BpLraeibhoMbdRd €xaer fiRé lvoltaddiev.
vol tage converier 20. The vol|tage converter ﬁo ogerates mhen.%&iﬂc rent 10
det ected by t hkS chrtemtiopallyy Pngds%EPWeF BhaRPLOBragd e FeFent .

The DC/ DG convelié dfonftrcapglates rafted ih@igurecdil .deWnehethdyppphre pardartent
Atornati vel y wERER, 3R At bers LIV, Re e dMer ke (OA RS Sge Wt put
from the terni patrédséa Bhav)Sl t1ié powdrasgpplibdrt rom itihe povegrsauppdy val ue
Vol tage. out put thr oM FefPise oo 1Eh JeELUF Intrediie PREAIGYIR |10
tinme integratiba expested thed NaxVewendidrkeld lorafaveTreRSCQRERVE HAMAS t age
conver sign ef fifi E%dipd i ide el RhieChoflaye Vi iRl thdhol fae oy, the
ge converter 20, the sup fromthe vol tage cqonverter 20 is
in the control block C10. When Vg>Vy; holds for five
consecutivetimes,thecontrolflowillustratedinFigure 44
is completed. However, when V3>V, has not held for five
consecutive times, it means that the voltage V: has been
15 increased excessively. By increasing the voltage V¢, the
power supplied from the power supply 1 to the voltage
conversion section 3 should normally increase due to the
increased width; however, the power increase is actually
too little (V4>V, does not hbld for five consecutive times),
20 because the switch 26 is closed in the period during which
the voltage at the terminal 3f of the voltage conversion
section 3 is higher than the voltage of the power supply 1,
whereby the power supplied to the voltage conversion
section 3 flows back to the power supply 1. 1In such a case,
25 the switch 26 has to transition from the closed state to
the open state under a lower voltage V.. Therefore, in such
a case, the voltage V; is decreased by 2AV in the control
blocks C1l2 and C13 in view of that the voltage V: has once
been increased:by'AV in the control block C9. The above is

30 an exemplary procedure for adjusting the height of the
voltage Vc.

The determination of the width, the determination



stopped, and a current is supplied fromthe DC/ DC con- verter 61. Moreover,
I n addition to accounting for changes in 30 t he power consunption of the
LSI 65, the transition to the desired voltage is perforned by the DC/ DC
converter 61 when the desired voltage greatly changes. After the desired
voltage is reached, the current supply is initiated by the - 153 -

vol tage converter 20. Thus, the speed of e transition to the desired
voltage (settling) increases. In addrtro& the switching of the DC/ DC
converter 61 during the transition period between desired voltages,
start-up and Pf thesheighs ARYRR bﬂtf"ﬁglﬁﬁf‘&g“ep%’éﬁrk??&rQéuM?rBéeﬂer
formed by the 0 dXpbronyepéesbwbdl. Figure 46 illustrates how the speed of

t he vol tage change is increased by conbining the voltage converter 20 10
and the conventional DC/DC converter 61. In Figure 46, only the voltage

converter 20 oper- ates during periods Hatsled 31 1. Therefore, the power is
supplied to tiwedePathadiBht PZs‘Ehﬂ%l&ﬂi‘!S'shhl’ibxe'ﬁﬂe%&i&)'cohmese

periods. Durlidgwaageri od || swiths ¥6!isageaureny ie@tby @narshding e DEri-
converter 61 [ppenabge COAGEH | cidityl y, whereby the output voltage is nore
rapidly rai sedf#neamlbedtwenz V, as conpared to the case where only the
vol t age conve

IS
reduced in th trﬁ MFioE glps e l??’jg&et;r: §§§atf Tlpﬁféwg'brycr? egr -
tions whi ch Ca(\rnﬁ‘%a%i"%ﬁdc 31&1\49'2& RnE YaYEL L& 54 o b
DC/ DC converter 61 and t g &g%uﬁ qr %j"@t&s, there%?CLézﬂﬁlﬁg et IQQf:r.—
vol t age converter 20. Svm t chesncQ a Gép1tagPael ianges € wNGs2Rigrngs | he
i nduct or 28 hphve the possible so that the backflow does not occur.

Intermittent After the width is set to its minimum, the switch 26
operation transitions from the operation where it is

opened/closed for every cycle, to an operation where
it is opened/closed only in every other cycle. Thus,
the number of times the control circuit operates is
decreased, thereby reducing the power consumption.

(Embodiment 3)

Figure 45 illustrates another structure of the
voltage converter according to the present invention.
Reference numeral 61 denotes the conventional DC/DC con-

10 verter. Reference numeral 62 denotes a power supply to be
converted, 63 denotes a clock pulse generator connected to
the terminal 23 of the voltage converter 20, and 64 denotes
a start signal generator connected to the terminal 24.
Reference numeral 65 denotes an LSI which is to be the load

15 to which the converted voltage is supplied. Fromthe LSI 65,
the optimal supply voltage value is sent to the terminal 25
of the voltage converter 20. While the wvoltage con-
verter 20 performs a highefficiencyvoltage conversion when
the current supplied to the LSI 65 is small, the conversion

20 efficiency is reduced to be lower than the conversion
efficiency of the conventional DC/DC converter 61 when the
supply current increases.



greatest influence on the circuit scale of the DG/ DC converter 61 and the
vol tage converter 20. Therefore, by sharing the circuit portions, the DC DC
converter 61 can 30 be incorporated into the voltage converter 20 w t hout
increasing the circuit scale. In particular, itispossible to provide the

vol tage conversion section 54 of the DC/ DC converter 61 by connecting the
NMOS switch 66 to the -154- termnal 3f_of the voltage conversion
section 3 as illustrated in Figure 47. Si the circuit portions can be
shared by the voltage conversion section 54 and the voltage conversion
section 3, it is possiBre sEragpregeff She vehiage senven g@f’-‘t &P 611857 t he
vol tage convertesteq Wntlm :%meaml silmy1hpcroasing sheuettiedi bfsaMee by

enpl oyi ng the st ucture il str n Fi Enbo

Fi gures 48A antPABBIPUSH %ﬂ)i"f‘ré}l §Fgg8a.ﬂr’é &%uirﬁe%ol t@@%)vé)égh?egresi on
section 3. Thecéhavettare20f 1hbe;udelst ageutaendr Sietectea ifar Hetdatsinaqtaed in
Figure 48A is dlffergntﬁ[romth %re 15 g_f he vol‘%ﬁe 1Y sion
section 3211 uStFaTRY i (f‘—‘?’:'g%l?e 8 and the capaci tance
66 are connectAﬁténnahévewyt,chtﬁé. cﬁheedtod@eﬁéctmy beay Sehotutorigdedi er
di ode, for exa 591 the ‘é’q:% Frdisliida s 4g1e vol tage conversion

ra e ¥ E Y88 o9

section 3 |IIu gure erent rom the structure of the
vol tage conversion section 3 illustrated in Figure 30 in that a Zener di ode
68 is connected to thepsy §6ita8e c?cﬁuverter 20 opE¥dtidPkhedatRE dltbsif at ed
In Figures 48A and 48B are 1den |ca to the termnals 3a-3e_illustrated in -

Fi g- urelf9. adetected ab¥d the Figireens, datectan ads aFmFI]réer than a

predetermined current. The DC/DC converter 61 operates
when the current detected by the current detector is larger

than the predetermined current.

15 : Alternatively, the voltage converter 20 may operate
when the voltage output from the terminal 22 to the LSI 65
is larger than a time integration value of a predetermined
voltage, and the DC/DC converter 61 may operate when the
voltage output from the terminal 22 to the LSI 65 is smaller

20 than the time integration wvalue of the predetermined
voltage.

Thus, when the voltage conversion efficiency of the
DC/DC converter 61 is higher than that of the voltage
25 converter 20, the supply_'from the voltage converter 20 is

stopped, and a current is supplied from the DC/DC con-
verter 61.

Moreover, in addition to accounting for changes in

30 the power consumption of the LSI 65, the transition to the
desired voltage is performed by the DC/DC converter. 61 when

the desired voltage greatly changes. After the desired
voltage is reached, the current supply is initiated by the



termnal 3f (the voltage of the waveforma) is higher than the vol tage VDD
to be converted due to the operating 30 characteristics of the voltage
conversion section 3 during the set up period, so that a current flows from
the drain toward the well when the diode, which is forned (parasitic)

bet ween the drain connected to the term nal 3f of the PMOS 155 -

transistor 26 and the well, is forwardly jkizased. Dependi ng upon the val ues
of the capacitances 27 and 29 and the inductor 28, the current may have a

| arge current l.ue.  ther di he r I QW | ue
of 5 t he di%ogle%%%? weglr‘l’eetq‘ry{:éa?élrczgf'n gﬁgtst'hgﬁﬁ%&?é%%% fggétgr oylr%{%ﬁg{ IJD&I\[%S
transi stor. Thihe demimgddeobage (seticking) tnareasese tlay @Addtizm 3@d t he

term nal 3a, t f‘ﬂ&?ﬁ a | S FROMEeC MWRe 1 heudrSry Ndhe3a
and the grounm%g e vo%t_ar}ﬁg gcf:iqaf héfdt)err_n'tr‘n%l(ill 3f becones hi ﬁigr than the
10 vol t age ransictpeoncpesipgl hetwegnpdesdnedr vod tages v & unp ankke

termnal ga), tdesebypbravabfkyobi anngolitagel edaverter QA0 MRt Hd s rom

the termnal 3f toward the terninal 3a, and the current which has flowed
into the termn¥Rrmed PYohlke; REIDEhEORYEEELTalde 66. Herein, the diode 67
starts 15 conducting a forward current at a smaller voltage than the
vol tage val ue at which_t he di qde r/ni h [s for bet we he drainn .and the
wel | of the PMOS trans %9‘6?:323?,1]5 %?f’éatﬁﬁ&ﬂ:“(i EP(?&%]S%'[&‘% ‘{?%%%er war d
direction. Si¢k&ngel 8sgbncveased bipesomini nihgvhd nmigtadd ediMes-ttermz® st or
26, no Zg bre kg wWn_occurs.. Fqu S| Hgg j.ode 67 is required to
have a | Pge b?%@k gﬁncgﬂyﬂﬁf‘o\?& \A?ée/rtq%:e é(ﬂqg%’e ?dsﬂt ypi cal ly provided as
an external conponent, rather than being provided on a semn conductor
integrated circuit. The g3gAck! 383 P IRE Vo1 USHLLEE A Spet e
[
ates during periods I and III. Therefore, the power is
supplied to the load 2 with a high conversion efficiency
15 during these periods. During a period II, the voltage
converter 20 and the DC/DC converter 61 operate concur-
rently, whereby the output voltage is more rapidly raised
froml Vto2 V, as compared to the case where only the voltage
converter 20 operates. However, the conversion efficiency
20 is reduced in this period.

Figure 47 illustrate's that there are circuit por
tions which can be shared by the voltage conversion sec-
tion 54 of the DC/DC converter 61 and the voltage conversion

25 section 3 of the voltage converter 20. Switches 26 and 66,
capacitances 27 and 29, and the inductor 28 have the
greatest influence on the circuit scale of the DC/DC
converter 61 and the voltage converter 20. Therefore, by
sharing the circuit portions, the DC/DC converter 61 can

30 be incorporated into the voltage converter 20 without
increasing the circuit scale. Inparticular, it is possible
to provide the voltage conversion section 54 of the DC/DC
converter 61 by connecting the NMOS switch 66 to the



25 to the power supply 1 to be converted, thereby reducing the anount of
backflow. Figure 48B illustrates a structure in which a current is
conducted fromthe termnal 3f to the ground 30 term nal by the Zener

di ode 68 so as not to conduct a large current to the PMOS transistor 26.
Herein, the Zener diode 68 is at a voltage which is | ower than the voltage
at which a current starts to flom/betwegqgiradraln and t he - 156 - well
~of the PMOS transistor 26, and which is higher than the voltage of the

power supply 1 to be onyert Enbodi pent 5 [es and
49B |Ilustrate o f g%ru%furgggf Yﬁgqgg%taéggggﬁ§éP§ioﬁeggtgﬁbn 3%§¢h
structure of thblustragedcnnVExguna ééctiSindblﬂhannnnnuﬁt|poﬁh¥pnsacﬁhA S

difterent 1rominghatbal i 1he v¥2thad HSd SEELION Sa! BhiSll ed

in Figure 30 int 'S CO ecte etween the term nal 3f and
t he ground tervbhbage qorveirsilencseatijobeda tthbs tngspihle cro dimplemeny;

exanple. 345 = tpe DC/DC, EBﬁ &3@? \W1tafll Eﬂ@v&?'th@&%&ﬂmﬁﬁ{étoﬂo%ﬁ%ﬂcﬂﬂ: 3
illustrated in Figure 4 ferent fromthat "of the voltage conversion

section 3 |IIU§FP§Pé§tF-ﬁ1ﬂ:Yg¥H‘ér%@S%ﬂ9t% caroahérsea bRy dy/empLo¥sRaddied

bet ween t he tegfinatust andukheade G tFlgireals7 .20 In the structure
illustrated in Figure 49A, a current flows fromthe ground term nal toward
the term - nal 3f when the voltage at the term nal 3f becones | ower than

t he ground vol {BgboGiRentthaneby forwardly biasing the 25 di ode 69. The

vol t age ?5 which a forpard currgﬂt

igures &%‘BS illustrate another structure of

the voltage conversion section 3.

The structure of the voltage conversion section 3
illustrated in Figure 48A is different from the structure
15 of the voltage conversion section 3 illustrated inFigure 30
in that a diode 67 and the capacitance 66 are connected to
the switch 26. The diode 67 may be a schottky barrier diode,
for example.

20 The structure of the voltage conversion section 3
illustrated in Figure 48B is different from the structure
of the voltage conversion section 3 illustrated in Figure 30
in that a Zener diode 68 is connected to the switch 26.

25 Terminals 3a-3e illustrated in Figures 48A and 48B
are identical to the terminals 3a-3e illustrated in Fig-
ure 29. As illustrated in Figure 33, the voltage at the
terminal 3f (the voltage of the waveform a) is higher than
the. voltage Vpp to be converted due to the operating

30 characteristics of the voltage conversion section 3 during
the set up period, so that a current flows from the drain
toward the weil when the diode, which is formed (parasitic)
between the drain connected to the terminal 3f of the PMOS



flowi ng through the diode 69 may be set to be smaller than the reverse
breakdown vol tage of the diode, which is forned between the drain connected
to the termnal 3f of the PMOS transistor 26 and the well, so as to prevent
t he breakdown 30 of the PMOS transistor 26. The structure illustrated in
Figure 49B is obtained by replacing the diode 69 illustrated in Figure 49A
W th - 157 - the Zener diode 70. The g;tage at which a current starts
fl owi ng through the Zener diode 70 can’bé et to be smaller than the
reverse breakdown voltage of the diode, which is forned between thg drain

connected to tHAREIIRI 28@aNG the welle IBFRIWaEALY Higsess ;RGPEREIRG | |
SO0 as to prevagjhod henbr aakdu 6f the RM¥aditdsdcss 027 2aGndliey dande the and

t he Zener diode 70 are typicall i ded I t, th
Lhan being pr GAREER 28 Schhe oHBECDE PAFoBRRReD LAFEE FOCTSTEerARIeTent

6) Figure 50 ithesébntetcesdihgr thpefarivagdpbeeatdoenoicurrend vadeaeomfer t er
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transi stor 26. etector enters the“detection
period, the deisctenngstedhrtvween Hde deramdaadt 3ghandethengrowndof Whan

vol tage conver$hanveq¢lgen o WhE tBemifaha8% Yedutdd!nigREY! Reahti@ience
vol tage generator 14, and outputs an H _pul se as an out put _signal when the
vol t age gp t heveetapgaPE Jfhe power supply 1 to be converted (the voltage

at the terminal 3a), thereby forwardly biasing the diode 67,
a current £flows from the terminal 3f toward the terminal 3a,
and the current which has flowed into the terminal 3a flows
into the capacitance 66. Herein, the diode 67 starts

15 conducting a forward current at a smaller voltage than the
voltage value at which the diode, which is formed between
the drain and the well of the PMOS transistor 26, starts
conducting a current in the forward direction. Since alarge
current does not flow through the PMOS transistor 26, no

20 breakdown occurs. However, since the diode 67 is required
to have a large breakdown current value, the diode 67 is
tyvpically provided as an external component, rather than
being provided on a semiconductor integrated circuit. The
capacitance 66 provides a forward current of the diode 67

25 to the power supply 1 to be converted, thereby reducing the
amount of backflow.

Figure 48B illustrates a structure in which a

current is conducted from the terminal 3f to the ground

30 terminal by the Zener diode 68 so as not to conduct a large
current to the PMOS transistor 26. Herein, the Zener
diode 68 is at a voltage which is lower than the voltage

at which a current starts to £flow between the drain and tae



25 - exceeds the voltage Vs. Thereafter, when the voltage at the term nal
3f changes past its peak and starts decreasing, the voltage at the term nal
3f approaches the voltage Vs again. The detector 15 again outputs the H
pul se as an out put signal when the voltage-at the term nal 3f decreases 30
bel ow the voltage Vs. As the detector 18 enters the detection period, the
detector 18 conpares the voltage at the t nal 3f of the - 158 -
vol t age conversion section 3 with the vofﬁggg Vc output fromthe reference
vol tage generator_17, and outputs the H pul se as _an_output signal mhen t he
vol tage at théw%%¥n?ﬁaﬁh3f9@9§eEH§th§t96l?égeaVé whd-chhd sy bighge dhamhe
termnal 3f 5 theSteitagbéneredhbnNgonda Bupbli¢r 11 tohde dRmRITREG.LO the
voltage Vs, the voltage at the term nal 3f approaches the voltage Vc again.
The detector 18 outputs the H pul se as an output signal when the voltage Vc
I s exceeded. 1QEmbodiment 5Hn response to the first H pulse of the detector

15 (the signal provid when t vol t he tern1n ded t

Vol tage VAT the sw { LSEEEr.ATmang 39 Slreqea e podt RESEP g
state. Thereafthe,vomtagepooaveteibhechmianBpulse of the detector 17 (the
signal provided 15 when the voltage at the term nal 3f exceeded the

voltage Vc), the switch 26 transitions fromthe closed state to the open
state. Moreover, in refhenstrugtube afxthe| milisagefcanwerfion sttuiaord 15

(the signal pf%ﬂd@‘ér%‘éﬁ 43C PR Y i?ed{.]ffé&&ﬁk Fhoh® thalt®lgP! 4

vol t age Vs) e swtch 26 transition rom:t en state to the cl osed
state. FﬂﬁalIyVOiﬁaBGSS@ﬁ§@rﬁéophéﬂmémpq4%nﬂ%&?ﬁﬁrqqﬁﬁckﬂeﬁﬁ&#rquch%

signal provi degnhahel Biede0le92ds donditedl Hdtlee e aatafidd'E 3£ and

the ground terminal. The diode 69 may be a schottky barrier
diode, for example.

15 The structure of the voltage conversion section 3
illustrated in Figure 49B is different from that of the
voltage conversion section 3 illustrated in Figure 30 in
that a Zener diode 70 is connected between the terminal 3f
and the ground terminal.

20

In the structure illustrated in Figure 49A, a
current flows from the ground terminal toward the termi-
nal 3f when the voltage at the terminal 3f becomes lower
than the ground voltage GND, thereby forwardly biasing the

25 diode 69. The voltage at which a forward current starts
flowing through the diode 69 may be set to be smaller than
the reverse breakdown voltage of the diode, which is formed
between the drain connected to the terminal 3f of the PMOS
transistor 26 and the well, so as to prevent the breakdown

30 of the PMOS transistor 26.

The structure illustrated in Figure 49B is obtained
by replacing the diode 69 illustrated in Figure 49A with



25 voltage Vc), the switch 26 transitions fromthe closed state to the
open state. Thus, the PMOS switch 26 is closed between the point 1 and the
point 2 illustrated in Figure 35, and the 30 PMOS switch 26 is again

cl osed between the point 3 and the point 4 illustrated in Figure 36. By
closing the PMOS switch 26 twi ce during a single - 159 - cycle
operation, as described above, it is pQSE%RIQ to make the voltage Vs, which
defines the positions of the point 1 and e point 3 at which a charge is
supplied to the voltage _conversion section 3, to be ¢loser to th

: e _vo|tage
of the 5 pdher ZepgppAjode; d0pe ThenVRttage at pych a FUTYs aﬁ‘éarLs
conversion wﬁf fﬂ#@vﬁﬁ@ th¥oughl Qlﬁ@dZeﬂlQrtd!B)dth]}ﬁ@SBéLbeﬂ tsrbedsmablert he
timng at ich t PMOS switch 26 . transitiqns fr e gpen state, 1 to
the closed stdt@n Akl r"d:eéﬂc‘iﬂﬂrbﬁql%é-*%vﬁ%mﬁﬁet gﬁ%‘ég't ?’ﬁﬁsh ggns
fromthe cl osebraied bdtwddre tipendsahh ecomnectedt tol thd tedmppadeBEl pfof
each other. Alter (el the tim i t.he |

transiti %s f r%fﬁ #ﬁ%d%&&g%%ﬁeta?%qé;gﬁrﬁie ég%e(rel&s laft eégrrv% E:\g %’?r%’?’r%gﬁ gge
dependent |y 1%realdwean ofh thiee PMOSIi hgansishorh26he ThvoSikade 6P 2¢d the

transitions fr e sfat o ; d i¥ed OLsEXH P& tekRa1
timng at whi C%H}‘#; E%svﬁcﬁrEG %i@h‘%tl ngi%?g%% eégl osed State fo the
open state maycHRpoRentcectabperethgnnheing praviagedt ophiac FePAEOPIOSTON t ch
26 transitions; {omiH€a28ircudpen state to the closed state. (Enbodi nent

7) Figure 59 illustrates a structure of a voltage converter 1500. The
vol t age ¥®nverter 1500 includes a 25 vol t age conversion section 1501 for

converting a ppgfbodiment 6)

Figure 50 illustrates another operating procedure
of the voltage converter 20. The operating procedure of the
voltage converter 20 is different from the operating

15 procedure of the voltage converter 20 illustrated in
Figure 33 in the detection period of the detectors 15 and
18, the output signal of the detectors 15 and 18, and the
opening/closing operation of the PMOS transistor 26.

20 As the detector 15 enters the detection period, the
detector 15 compares the voltage at the terminal 3f of the
voltage conversion section 3 with the voltage Vsoutput from
the reference voltage generator 14, and outputs an H pulse
as an output signal when the voltage at the terminal 3f

25 exceeds the voltage Vs. Thereafter, when the voltage at the
terminal 3f changes past its peak and starts decreasing,
the voltage at the terminal 3f approaches the voltage Vs
again. The detector 15 again outputs the H pulse as an
output signal when the voltage-at the terminal 3f decreases

30 below the voltage Vs.

As the detector 18 enters the detection period, the
detector 18 compares the voltage at the terminal 3f of the



supply vol tage supplied froma power supply 1516 to a desired vol tage, and
a control section 1518 for controlling the voltage conversion section 1501.
30 The voltage conversion section 1501 includes term nals
1501a-1501f. The term nal 1501a is connected to the power supply 1516. The
term nal 1501f is connected to a |load 1517. The | oad 1517 includes at | east
one of a - 160 - resistance conponent d a capacitance conponent. The
desired vol tage output fromthe voltage ersion sec- tion 1501 is
supplied to the load 1517 via the term - _nal 1501f. 5 The control section
1518 incl udes WRtRI¢ GANYETsianopectten, 3 Wi the ¥elhage eoutpit from

synchroni zat i ofhé e@lfedhcd¥dbl2adgel§dderdfor 17, and ouftipgitiseth@AI pulse
illustrates a structure of the v Itvﬁ%e c%gvers'on secgi gﬂ 1501. . hg;f
vol t age conver®F ofR sBEIPRELFLEHGE (IR dEL VS %R 35027 “FETGRETC
circuit LCl, aeswéédd tid6rolidbge VaSORgntke cvoXltade 32 theb terminal 3f The
resonance_circujt LCl.includes an_induct 50 apaci e, 1503
connect edsto O%Jéalét%l &Pctrﬁgs’llﬁ’tﬂjc?%?l?ﬁ&%rtae# aﬁnoﬁggl%ﬁ%%%% gQ the
capaci t ance 1506ltagec¥i cdie wditagdaat e dermimaln B appris®hes tdhenode
1504-2. 20 h 1 1 ch 0 Eﬂ%% rgm . t ) nal
Sferr]. In res‘ﬁ%:rtlts:%g?o{y%leac%gnyfébl %‘:\:égﬁda . ttf]bé:t ?’vﬂc{“}'ﬁépfé[osg 1{e ee?? |l€lzﬁeelr yrH 4
connects the tannpuibul eighadnwhene ther vioddlags? VeoigaeKkceeded- or

electrically separates the termnal S[err] and the termnal S2 from each

ot her. The control signal is 25 'su%%Ini ed fromthe synchronization
section 1811 via the tERFesponsele thenfirst H palse efthekdelreiay (I

1502 is (the signal provided when the voltage at the terminal 3f
exceeded the voltage Vs), the switch 26 transitions from the
open state to the closed state. Thereafter, in response to
the first H pulse of the detector 17 (the signal provided

15 when the voltage at the terminal 3f exceeded the voltage V),
the switch 26 transitions from the closed state to the open
state.

Moreover, in response to the next H pulse of the

20 detector 15 (the signal provided when the voltage at the

terminal 3f fell below the voltage Vs), the switch 26

transitions from the open state to the closed state. Finally,

in response to the next H pulse of the detector 17 (the signal

provided when the voltage at the terminal 3f exceeded the

25 voltage V¢), the switch 26 transitions from the closed state
to the open state.

Thus, the PMOS switch 26 is closed between the

point 1 and the point 2 illustrated in Figure 35, and the

30 PMOS switch 26 is again closed between the point 3 and the
point 4 illustrated in Figure 36.

By closing the PMOS switch 26 twice during a single



connected to the power supply 1516 via the term nal 150l1a. The term nal
S[err] of the switch 1502 is connected to the node 1504-1 of the resonance
circuit LCL. 30 The resonance circuit LC2 includes an inductor 1508, a
capaci tance 1507 connected to one end of the detection section 1508 at a
node 1508-1, and a capacitance 1509 - 161 - connected to the other end
of the detection section 1508 at the nedgsb5G8-2. The switch 1506 has
atermnal S[err] and atermnal S[err]. 5 In response to a control

signal, the Suiisbpb3qf iIrEChEl §85&Y¥16888dve | Ne 18rpoSd b &d haked the
termnal Slerr] to each other, or_electricall s%ggrates t he term,nal
S[err] and t h&hemaltagesVs:r vhichcAetines. thaRentons & fig PPInsydpl i ed

fromthe synchimitzal penngeata®wnichtavéRat e i) suppliged taltHod¥batageéhe
t erm nal S[er&%?of t he smﬁtch,lSOS igécgnneﬁted t? tQ% node ,1504- %& t he
resonance cir ctRTVeESLiox gection dr B £heSshi ten T P80¥ a8 Réctef to
the node 4508-gowért haupEBp BN CibeC UiconveZteds Thus, tHéer gioltageen a
switch and a resonance cirguit.connect e?.gl&)@'%(f%tdq are referred to as a

Y,

"f undanent al r%%%ﬁ%ﬁ%k?n{ﬁ§E%8FF8§¥ CBNTEPSIR Section 1501 has a structure

In which two fundanental resonance circuits are serially connected

together. O course, the pgbercol higc?bea LHBSATRRLY. 1#ROIARAGEIMUI s

is not limted to two. age conversion section 1501 may I nc¢
fundanent al r e€haehcthei PMOBt swikehe26, tansizdpnisnifapsr theufpan sfate

greater jjhan 21_:02\%;]1e chosed stheeVOldiRDerRONYEMEhEN e Chh P8 128E BMOE N9
the structure in | ch fundanental resonance_circuits are
switch 26 transitions from the closed state to the open state,
are controlled independently of each other. Alternatively,
the timing at which the PMOS switch 26 transitions from the
closed state to the open state may be controlled dependently
15 based on the timing at which the PMOS switch 26 transitions
from the open state to the closed state. For example, the
timing at which the PMOS switch 26 transitions from the
closed state to the open state may be produced by delaying
the timing at which the PMOS switch 26 transitions from the

20 open state to the closed state.

({Embodiment 7)
Figure 59 illustrates a structure of a voltage
converter 1500. The voltage converter 1500 includes a
25 voltage conversion section 1501 for converting a power
supply voltage supplied from a power supply 1516 to a desired
voltage, and a control section 1518 for controlling the
voltage conversion section 1501.

30 The voltage conversion section 1501 includes
terminals 150la-1501f. The terminal 150l1a is connected to
the power supply 1516. The terminal 1501f is connected to
a load 1517. The load 1517 includes at least one of a



serially connected together, is suitable for efficiently decreasing the
power supply voltage VDD supplied fromthe power supply 1516. This is
because the voltage Vp (VP<VDD) 30 output fromthe first-stage
fundanmental resonance circuit can be utilized as a power supply voltage for
t he sec- ond-stage fundanental resonance circuit. - 162 - A nethod for
decreasi ng the power supply vol tage VDD fé#ng only one fundanent al
resonance circuit nmay include downwardly ifTting the center of the
oscillation of an alternating-current waveform and decreasing._the

anpl i tude 5 registapcgl comPAnRt caRfe® SRRAFHEIVCE GOFROBERY:| | UHT at es

how t he power gauppb¥ Vehitagad®uiiat SFASR! €AEE¢oll Y adeWistivlns it fédedg the
center of the anplitude of the alternati nﬂ-c rrent vef orm &Pé) by 10
using only on&iPond2Mdnts FUBBALRAe 19 r LhPt 1oafhd i VIR oS AGTTE o

wavef or m obt aphgedi1gpigQwnwardly shifting the center of the anplitude of the
al ternating-current wave- form (A). A portion of the waveform (A ) thus

obt ai ned”goes bel ow the ground GND. This is not preferable in view of 15
protecting the LS. Firper eohtBoll Isesttriadre sl Si@y il ywhee rdsteppt jovosec- age

VDD i s decreased b eas th | .t ad f= th | t | 005 t
wavef.orm (A %ﬂ'oﬁgr}%qo%ﬁﬂ yiégg‘Zoﬁ.’i‘g{‘)uénﬁ arré'r?'(tlgl' rgggnaﬁgé%#%ﬁ%‘lgigﬁhe
wavef orm (A' ) sestdomsy dfsdrimasis akdledl. by decreasing the anplitude of the

al ternating-current waveform (A). The voltage different AV between the

vol tage Vp and the waveform (A') is (VDD- Vp) at mnimum Therefore, there
is a |adde energy | os§ipmre didiustralkas hetanotare ot thge¥odkagei gure
61C i |l ustrat epiiy-dith PeWRtidHPAsY1V.0l t The voltage conversion sec-

tion 1501 includes a switch 1502, a resonancé circuit LC1,

a switch 1506, and a resonance circuit LC2.

15 The resonance circuit LC1 includes an inductor 1504,
a capacitance 1503 connected to one end of the inductor 1504 '
at a node 1504-1, and a capacitance 1505 connected to the
other end of the inductor 1504 at a node 1504-2.

20 The switch 1502 has a terminal S; and a terminal S,.
In response to a control signal, the switch 1502
electrically connects the terminal S; and the terminal S,
to each other, or electrically separates the terminal S, and
the terminal S, from each other. The control signal is

25 supplied from the synchronization section 1511 via the
terminal 1501b. The terminal S; of the switch 1502 is
connected to the power supply 1516 via the terminal 150la.
The terminal S, of the switch 1502 is connected to the
node 1504-1 of the resonance circuit LC1l.

30

The resonance circuit LC2 includes an inductor 1508,
a capacitance 1507 connected to one end of the detection
section 1508 at a node 1508-1, and a capacitance 1509



age VDD i s decreased by using the voltage conversion sec- tion 1501 in
whi ch two fundanental resonance circuits are 30 serially connected

t oget her. The structure in which fundanental resonance circuits are
serially connected together solves the problens arising when the power
supply voltage VDD is decreased by using only one fundanent al - 163 -
resonance circuit. In Figure 61C, the wa orm (A) represents a change in
the voltage at the node 1504-1 of the reSonance cir- 5 cuit LCI. The

waveform (A) is an alternating-cyrrent vefarmwhi ch oscillates b en
the power supfPRRFGted dse Wi 4 ?r@’%ﬁ%ﬁnﬁ’?}\% ?T\l??\es%&f:%ﬁﬁefs%@bei ng
the center thereahe nB& viBoS-2m (B) represents a change in the voltage at
t he node 1504-2 of the resonance circuit LCL. 10 The waveform (B) is a
direct-current waveform of the voltage Vp. The waveform (C) represents a

change in the voltage Tite shétobdd50608ad acterhinads8nandea diermiinal G- The
waveform{ € i.S a tipg-curr ef i ch il : b en
4O I AN QIS8 Bg CUTT o ebiel AfBM Ch 6! | LaeenPabeR

t he vol tage Vp an groun _the vol t age Vpp being the
center thereofelectiamlky cconi@rts chhesterminathBn@nd thehdermingle S t he

node 15082 ofyd BGChESOERBRC©0RIEHLE a1y JiisaiRtEl A8 {Dhmifiad 6] and
rect-current waveform o the. voltage Vpp. Her ei n, VDD>VP>VPP>GN\D. 20
The resonance e cte¥mivelcln fremi gachnOtWOIR-agdh® SRR XL PoAPRke 1S

resonance CirciippifdaagramPOes SyREhrolekhéfen BwiielcH asideviai ttle 1502

be t d th iod d whi ¢ch tial diff \exi st
et voon b HEnLREL ShBOYB- andHhih o RERLROL APt P BP CORLFORI FRRCL HE ON

connected to the node 1504-2 of the resonance circuit LCl.
The terminal S, of the switch 1506 is connected to the
node 1508-1 of the resonance circuit LC2.

15 Herein, when a switch and a resonance circuit
connected thereto are referred to as a "fundamental
resonance, the voltage conversion section 1501 has a
structure in which two fundamental resonance circuits are
serially connected together. Of course, the number of the

20 fundamental resonance circuits is not limited to two. The
voltage conversion section 1501 may include N fundamental
resonance circuits. Herein, N is any integer equal to or
greater than 2.

25 The voltage conversion section 1501, having the
structure in which fundamental resonance circuits are
serially connected together, is suitable for efficiently
decreasing the power supply voltage Vpp, supplied from the
power supply 1516. This is because the voltage V, (Vp<Vpp)

30 output from the first-stage fundamental resonance circuit
can be utilized as a power supply voltage for the sec-
ond-stage fundamental resonance circuit.



period of the swtch 1502 as descri bed above, it is possible to mnimze
the energy | oss occurring when turning ON the switch 1502. Moreover,
T[err]<T[err] in Figure 61C. This shows that the waveform (C) is nore

sui tabl e than the waveform (A) 30 for the adiabatic charging. Figure 60B
Il lustrates what has been obtained by review ng the structure of. the
vol t age conversion sec- - 164 - tion §91_in vi ew of the "energy
supplying circuit 210" and the "energy preServing circuit 220". As

illustrated in Figure 60B, the sw_.tch 1502, f{he resonance cir%H;t LQﬁ1and
the switch 1506 can b BEhRPEUYAECTERELNG Y PONGHFYPREY 701139 ey
210", and th@einEewNanGhe umddniedf®] resomencensideutt mayt hecleder gy
preserving cirgcuit 220". In.this se, the_reso ce Cl |t: LC1 hag_a
function as aiéﬁﬂﬁﬁé%%yf%ﬁlf%%$%rgﬁ?l9e§F8FiH gﬁéﬂ%ﬁ%ﬁ%ﬁ%ﬁ%n ??o%ﬁng
fromthe resordrteermEtring{cuxPen b wavgf drire, andtddcriSg$ingwiredamhaitode
power sugply %%“%heléié%gﬁhff$€§ u}?g ¥o&£€g§ofﬂnversion section 1501 has
i AT st et ed i )

a structure sinilar to rgure 6D. Wen storing the
current fromthe power supply 1516 in the resonance circuit LCl, the

vol tage conversi on Seqiiifd ia 21 dfeEVERIRGR L8t pbUBLDEUEE1ES VL -

| ower -as conpared to the structure 1llustrated in Figure 6D. IS 1S

because the swidehVo5b8cappEearREDR ARVREBEALYJ ShdLtAgontben ceptefotdnt i al

di fference betygenadbe: €481 62l enef aiberawt iff-&682entOwaveform (A)Figure
62A is a control flow diagram.illustrating the timng at whicp, the contro

section 19618 tYFHRI RPEEFORGLURARRRN TR I§SOPRRCE,| IFonvePE 8aV&scti on
1501. Step S5lforhe(ale} ecd a0RaveEbrRobtdthad byadesnwaed2y shifoingahe/d at

the term nal 1(?:—91} ew })P &:Hg E.u%{: gs:u&gl to'fi}:'(*:](%h\épLa‘irt'.re]r'na.ting-current wave-
form (A). A portion of the waveform (A') thus obtained goes
below the ground GND. This is not preferable in view of

15 protecting the LSI.

Figure 61B illustrates how the power supply volt-
age Vpp is decreased by decreasing the amplitude of the
alternating-current waveform (A) by using only one

20 fundamental resonance circuit. The waveform (A') is a
waveform obtained by decreasing the amplitude of the
alternating-current waveform (A). The voltage different
AV between the voltage V, and the waveform (A') is (Vpp-
Vp) at minimum. Therefore, there is a large energy loss

25 occurring when the switch is turned ON.

Figure 61C illustrates how the power supply volt-
age Vpp is decreased by using the voltage conversion sec-
tion 1501 in which two fundamental resonance circuits are

30 serially connected together. The structure in which
fundamental resonance circuits are serially connected
together solves the problems arising when the power supply

voltage Vpp is decreased by using only one fundamental



When the voltage Vd is smaller than the target voltage Vp[err], the process
proceeds to step S52. In such a case, the detection section 1510 outputs to
the detection sec- tion 1512 a detection signal indicating that the voltage
vd 30 is smaller than the target voltage Vp[err]. Step S52: The _
detection section 1512 determ nes whether the voltage V[err] has becone
equal to or greater than - 165 - ?eternined vol tage Vs[err] while
the voltage Vc is increasing. The preg erm ned voltage Vs[err] is used
to determ ne the tlﬂ]ﬂg to turn the switch 1502 ON from OFF. \Wen the

vol tage Vc hafeFORGRE fIFHH T or greater than the 5  predeterninedvol t age
Vs[err] while the voltage Vc is increasing, the process proceeds to step

S53. In such a case, the_detecti
synchroni zati on secti Eﬁle]iﬁglirs hg?éc oﬁggf%%%ﬁ ?xépy%‘?’f%ge{‘ﬁ 2 FRA"FS) t age
Vc has becone isqudie twobtage eatethehaodehd508-1 qff ddet eresomange| cige

Vslerr] whi | e diq. yoli age ¥e | 5.LBEREASTA) 1S SHEP SPPordBEs SYDERERBREAL i on

11 turns the swtc Step etec i on section
1512 detern1na@NHﬁﬂﬂnHWhimhv@$@agkab%8abetﬂeenethﬁnEpWESOE@Pde Peddime
equal to or gr HYBIdTdNS WwolH ag5e VoBl eabk Wi beih etnel tage
Vc is |ncrea5|are?aet G‘imf‘hgﬁa e term ned vol tage Vsp[err] |g ZW tsg

determ ne the qquﬁﬁfgthérﬁeifn t Fee favedoris dB JorePFRSRNER. 2 FRaRIeHEN iFBFt age
\\I/\A(‘:] Pnggsvgﬁﬁg&éﬁ &raﬂra@éeﬁoaéaﬂsbhewéﬁdeﬁerﬁeaeﬁaaéiabt agecvipl eoil.
ARG LN N S PRy I N IRy e
voltage Vp. The waveform (C) represents a change in the
voltage at the node 1508-1 of the resonance circuit LC2.
The waveform (C) is an alternating-current waveform which
oscillates between the voltage Vy and the ground GND with
15 the voltage Vpr being the center thereof. The waveform (D)
represents a change in the voltage at the node 1508-2 of

the resonance circuit LC2. The waveform (D) is a di-
rect-current waveform of the voltage Vpp. Herein,
" Vpp»>Ve>Vee>GND.

20
The resonance circuit LC2canutilize the voltage Vp
output from the resonance circuit LCl1l as a power supply
voltage. Therefore, the switch 1502 can be turned ON in the
period duringwhich a potential difference AV exists between
25 the voltage Vy and the waveform (C). By controlling the ON
period of the switch 1502 as described above, it is possible
to minimize the energy loss occurring when turning ON the
switch 1502. Moreover, T,<T; in Figure 61C. This shows
that the waveform (C) is more suitable than the waveform (A)
30 for the adiabatic charging.

Figure 60B illustrates what has been obtained by
reviewing the structure of the voltage conversion sec-



25 section 1511 a detection signal indicating that the voltage Vc
has becone equal to or greater than the predeterm ned voltage Vsp[err]
while the voltage Vc is increasing. 30 Step S55: The

synchroni zati on section 1511 turns OFF the switch 1502. Herein, the
predeterm ned voltage Vsp[err] is |larger - 166 -- than the predeterm ned
voltage V[err]. As the potential difference between the predeterm ned

vol tage Vsp[err] and the predeterm ned "vdllst%g'e V[err] becones |arger, the
period during which the switch 1502 is ONis longer. 5 Figure 62Bis a
control flow dikepabel liosviar ¢f thee "enersy s¥PRAYERItHELEBHE rHl0'séad on

1518 turns ONQEE tBgesyit phekaditly téieroel t agifo cONVES SioNuseehitea 1301
The control flow diagramillustrated in Fi %ure 62Bis 10 . sj m\io“l?{ to, t he
control flow dfBgHEs $PB yskhens¥d tich Fi3P2 4, tBecbaSRARGE FHEFULL 5@‘%

Vpl[err] ivs Fseﬂhéssﬁi\@:ﬁalm dalﬂweo?&d.dbli'%ﬂd a_svﬂhéagﬁléisdﬁrsu]p;ﬂlﬁd n?g )
vol tage Vsp[err] are,u .as vol.tages for determ ning t eriqQ t he
switch 1596. 1%lr°ult 378 - ThEed tﬂgeq\lpaggngpcphecg%ctu&& %Ji?g & be%on-
troll ed i ndepesdasitigrel dsehe\V éhérgy priesewimhcibodit\V\2eo "t.heInditiizge Vd
at the termnal _150 s a direct .current VO . V. ' .
efficiency is ®8PCr n euﬁﬁ%%ﬁaagg et ecf}gejf;c v%ce]thng Re gﬁﬁggéﬁgaﬁ seé/:dvag&cn_tor

osci |l ation i nfohetemponanidycstouningl &€lrahdrn heustent of Hewing\&rom the

osci | 1ati on i nbhELRSENAICRNTH' ! TRl GHRETANAL NRRPTRIIAY e each

other. This is because the resonance circuit LC2 operates wth the voltage
Vvd as t h&OpowePo¥eppsypPdyt 4§46.25In this sense, the voltage conversion

section 1501 has a structure similar to that illustrated
in Figure 6D. When storing the current from the power
supply 1516 in the resonance circuit LCl, the voltage
conversion section 1501 has an advantage that the power is

15 lower as compared to the structure illustrated in Figure 6D.
This is because the switch 1502 can be turned ON in the period
during which the potential difference between the terminals
of the switch 1502.

20 Figure 62A is a control flow diagram illustrating
the timing at which the control section 1518 turns ON/OFF
the switch 1502 of the voltage conversion section 1501.

Step 5515 The detection section 1510 compares the
25 voltage V,at the terminal 1501dwith the target voltage Vp;.
When the voltage V4 is smaller than the target voltage Vs,
the process proceeds to step S52. In such a case, the
detection section 1510 outputs to the detection sec-
tion 1512 a detection signal indicating that the voltage Va
30 is smaller than the target voltage Vp,;.

Step S52: The detection section 1512 determines
whether the voltage V. has become equal to or greater than



Wien the voltage Vd at the termnal 1501 is an alternating current, on the
ot her hand, whether the voltage Vd at the term nal 1501d and the vol tage Vf
at the term nal 1501f are synchronized with each other influences 30 t he
conversion efficiency. |In order to reduce the energy |oss occurring when

transferring energy fromthe resonance circuit LCl to the resonance circuit

LC2, it is necessary to control the anpl |11‘5ng and the phase of the voltage
Vf so - 167 - that the switch 1506 is tdrned ON in the period during

which the potential difference between the tegm'}nal% of thﬁT SWi t 1506
(i.e., the pofenBRadsfisringlec YRIWREH Ysie YBLlGge™08 aNg RO Jot ag8 Vi)
is small. Sudhocwgiadlg can The beedelteewidedy, voDtagsavyl eisvardeabl yo

controlling t vol t.age Vs er.r].. and t he vol.tage Vsplerrl].,u d rm ne

the ON per?odrb?ﬁte[%'g%mq\‘b% 'g %og[}:r‘g%§he?f5f"&§%’atlglgzt é@dif{r%mng%?o turn

OV OFF t he 10 Wherswhiectrolf5@gei N.thees desmmeh eqeailhtovart tarpatéelr dingint lthe

vol t age ar j hth ea her .. F | L t . t he

(o tage W o R A8 RIS RUSE ol G £aBET, LhSIEM A

the vol t age Vithe epretesafl pirciceedsy tynshepn$33d winth saighh at ¢@se. 1%hen

Figures 63A anidifcidle WRALYIN Y, ' BRLBREA! Std FRRNISyhENLBR YAlRGe VO,
orm ( S P %f. Th '

and t.he wavef represents a change in the voltage e potenti al

di ff erence be-seGieitonthellerdi figkedione ssignalh izvdaaking hatonther i od

20 of the sybi€dgd WS thiase. belbmePobglhial t8i fdLr afiesa it Wagiard hehe
voltage Vd and the voltage Vi) _is snaller in Figure 63A than in Figure 63B.

ag . dn,
Ther ef ork0 t hPEFREESTPHRCAgVRLIEBILh Y= Hiide h%s ltags Yen 18 FEA
than in Fi gureifgB.

Step S53: The synchronization section 1511 turns ON
the switch 1502.

15 _

Step S54: The detection section 1512 determines
whether the voltage V.at the terminal 1501c has become equal
to or greater than a predetermined voltage Vg, while the
voltage V. is increasing. The predetermined voltage Vg is

20 used to determine the timing to turn the switch 1502 OFF
from ON. When the voltage V. becomes equal to or greater
than the predetermined voltage Vg, while the voltage V. is
increasing, the process proceeds to step $55. In suchacase,
the detection section 1512 outputs to the synchronization

25 section 1511 a detection signal indicating that the
voltage V. has become equal to or greater than the
predetermined voltage Vg, while the voltage V. is
increasing.

30 Step S55: The synchronization section 1511 turns
OFF the switch 1502.

Herein, the predetermined voltage Vg, is larger



25 (Enmbodi nent 8) Figure 64 illustrates a structure of a voltage
converter 1600. The voltage converter 1600 includes a voltage conversion
section 1601 for converting a power supply voltage supplied froma power

supply 1616 to a desired 30 vol tage, and a control section 1632 for
controlling the voltage conversion section 1601. The vol tage conversion
section 1601 incl udes - 168 - term nahggl@O0la-1601g. The term nal 1601la

and the term - nal 1601b are connected to the power supply 1616. The
term nal 160145, CPABECHSS Qeﬁgiﬁ)gg ]ﬂﬁ:]ﬂaﬁ‘evs' oad ﬂél?tﬂem#&g@ﬁﬁ%ﬂ east
nd a ca e

one of a resistance co nent a ac[téhce conponen
desired vol t agdffiagancd rigtivern vihe apeedobernined veltpos Yai1and shepli ed

to the |oad 1%&6&1&{&&&%1&9&ge1‘ipé%ecﬂ?r%s°985:§8k:,3&9& iRt 1B duringudes
detection sec- 10 tions 1627, ~ 1629 and 1631, and synchronization
sec- tions 16XMigh temewiteurk5e2 15 ONtigt&endeXStructure of the vol t age
conversi gn section 1601. The vol tage conversion sec- 15 tion 1601

i ncludes a switch 1619,. a responance circuit _L a nodul i&l on resonance

. . anag . .

circuit M.C.. Theresofarf¥s @281 & ﬁ&“&d:é’s]a%ilﬁa’u goTep3 1 198 iFat M Shce
1621 connect ediloorteianidos dtheiHithic tthle ol rdl sectfion NEIB tu2dhsl ONFOFFa
capaci tance 1625 conngcte t he .ot her end of the inductor 1623 node
1653° 7. “The sWiteroaBiEhis08, oirithe o tfHed sortet BN  Sookigh, H5dd,
response to a Buat cohtsiognaflowhdisgrash 1blvsiatedeliactFigate y62ZBnract s
the termgal ai{ladnfol BRel elidh AW aifofltin 2186t raPlaCiCHIRA! Y
separates the term nal [erF] an

ure 62A except that a wvoltage V,; is used as the target

voltage and that a voltage V,; and a voltage Vg, are used

as voltages for determining the ON period of the switch 1506.

15 Thus, the ON/OFF of the switch 1506 can be con-
trolled independently of the ON/OFF of the switch 1502.

When the voltage V4, at the terminal 1501d is adirect
current, the voltage conversion efficiency is not influenced
20 even when the sinusoidal wave oscillation in the resonance
circuit LC1l and the sinusoidal wave oscillation in the
resonance circuit LC2 are operated independently of each
other. This is because the resonance circuit LC2 operates

with the voltage V5, as the power supply voltage.

25
When the voltage Vs at the terminal 1501 is an
alternating current, on the other hand, whether the
voltage V4 at the terminal 15014@ and the voltage V¢ at the
terminal 1501f are synchronized with each other influences
30 the conversion efficiency. 1In order to reduce the energy

loss occurring when transferring energy from the resonance
circuit LCl1l to the resonance circuit LC2, it is necessary
to control the amplitude and the phase of the voltage V¢ so



the termnal S2 fromeach other. The control signal is supplied fromthe
synchroni zati on section 1628 via the termnal 1601lc. The termnal S[err]

of the switch 1619 is 30 connected to the power supply 1616 via the
termnal 160la. The terminal S2 of the switch 1619 is connected to the node
1623-1 of the resonance circuit LC - 169 - The nodul ati on resonance
circuit M.C includes an inductor 1624, _ajgfpaci tance 1622, and a switch
1620. One end of the inductor 1624 is connected to the capaci- tance 1622

e node 2658t o831 g0 hebd O un KUY Bty ot

to the node 1 e resonance cilrcul e swtcr a
term nal 9 er thearpbkenkial ndiffeaernce | beteappndde otermdnalsl ofi giae, the

swi tch 1620 1Qys¢cfl 9806 @ lo. COPRECHBtERE1hEM WitFerdid |béftfedhiCthe

termnal S[err] to each other, or electrically separates the term nal :
S[err] and t h¥oddagienda pdftlae) vatkagen¥s) ithem@ddtr oPushgRIPTreLsEBI i ed

from t he ssynclyeonidiat 083 s 8Rt,1 Ofo63%aripa e, hevaeiabigl chftirbl1ike tmen nal
S[err] of the switch 1620 i§

15 connected to the power supply, 1616 via
the terninal VedfiggeriVe2 130 RhP §?1&P9Lené(sr§vmutsﬁ$ i‘égo‘x\g'%e%ﬁﬁ%diéa SH t he
node 1624-1. Tariwd toFaHomeitelonisesti on 1601 can be 20 consi dered as
conprising a first fundanental resonance circuit including the swtch 1619,
the inductor 1623, and the capacitances 1621 and 1625, and a second
fundanment al resonance Fdiguné t63xdlddishgaties tdve tinibh§200 tuma QN QKR itive

A e R T
first fundamnemntcltagsdha@ee synchronized with each other. Figure 63B
illustrates the timing to turn ON/OFF the switch 1506 in
the case where the voltage V, and the voltage V: are not
sufficiently synchronized with each other.
15
In Figures 63A and 63B, the waveform (A) represents
a change in the voitage Vs, and the waveform (B) represents
a change in the voltage V(. The potential difference be-
tween the f.erminals of the switch 1506 during the ON period
20 of the switch 1506 (i.e., the potential difference between
the voltage V4 and the voltage V) is smaller in Figure 63A
than in Figure 63B. Therefore, the energy loss due to the
switch 1566 is less in Figure 63A than in Figure 63B.

25 (Embodiment 8) _
| Figure 64 illustrates a structure of a voltage
converter 1600. The voltage converter 1600 includes a
voltage conversion section 1601 for converting a power
supply voltage supplied from a power supply 1616 to a desired
30 voltage, and a control section 1632 for controlling the

voltage conversion section 1601.

The voltage conversion section 1601 includes



and the second fundanental resonance circuit. The voltage conversion
section 1601 has an advantage of outputting a ripple-less direct-current
voltage fromthe term - 30 nal 1601g. The voltage at the term nal 1601g
is equal to a voltage which is obtained by superposing the voltage output

- 170 - fromthe first fundanental resonance circuit and the voltage out put
fromthe second fundanental resonance cinigg t on each other. Therefore, it
| spossi bl eto obtain adirect- current voltage, in which ripple is elimnated,

at the term - : I %g& tr I C -
tion 1601 so t értmltr{?lv age outp i Oﬂrﬂoém Eﬂﬁflar/is)ti undaér)rﬁewnteg?é?gs%ﬁgnce
circuit and tRalyda®tde %E‘?p@nﬂﬁ&ﬁ%et%eébﬁdpmmmElYrb%bﬁanc@he

cirouit have i aygdid udecaRdduren tBVETIGH PgPrs W loge 18l t ed

by 10 180 degrees from each other. Figure 66 illustrates vol tage changes
at respective iFsdes nathd et a%’éeceﬁve? sFeRigtapren crawprnaiderandsfeady

state. A curegpdeitpies Q:I&Trr@o@le\ﬂﬂ t aQQeC@e@ﬂ@e@tvdﬂtegﬂeBoutpherﬂrdhah:h@om

A curve F represents a voltage change at termn A c
fepresent s o LSS ROE-S00PRRC Lhrp.t 69T o THRB LLed A FhimAgrtn g7
resonance ci rouid . th&\ecwmlﬁlrmongents a change in the vol tage output
from-the first fundanental resonance circuit. A curve Gis 20 obt ai ned

by superposing curve G and curve G' on each other, based on the principle
of superposition. The Homtcantselt $enti682163Rt ink3iutike ﬁlemengllon sec-

open/ cl CEljﬁ& thet ?6%?20 f@zihaén& helé'ﬁta%%b‘fff ??'urve rdH ngleL601e

(curve and t e voltage at the term™ nal ve t fie same
anpl i tude and ¥kerst k628 and 1630.

Figure 65 illustrates a structure of the voltage
conversion section 1601. The voltage conversion sec-
15 tion 1601 includes a switch 1619, a resonance circuit LC,

and a modulation resonance circuit MLC..

The resonance circuit LC includes an inductor 1623,

a capacitance 1621 connected to one end of the inductor 1623

20 at a node 1623-1, and a capacitance 1625 connected to the
other end of the ;i.nductor 1623 at a node 1623-2.

The switch 1619 has a terminal S; and a terminal S,.
In response to a control signal, the switch 1619
25 electrically connects the terminal S; and the terminal S;
to each other, or electrically separates the terminal S, and
the terminal S, from each other. The control signal is
supplied from the synchronization section 1628 wvia the
terminal 160lc.: The terminal S; of the switch 1619 is
30 cennected"to the power supply 1616 via the terminal 160la.
The terminal S, of the switch 1619 is connected to the
node 1623-1 of the resonance circuit LC.



I nverted phases which are shifted by 180 degrees from each other. Such
control results in that the voltage output fromthe first fundanental
resonance circuit (curve G') and the 30 vol t age out put fromthe second
fundanmental resonance circuit (curve G) have the sane anplitude and have
the inverted phases which are shifted byﬂ-#go degrees fromeach other. As a
result, the oscillation of curve G and oscillation - 171 - of curve
G ate cancel ed out by each ot her, thereby obtaining the direct-current '
voltage (curve G wit IThe Maiilation resppance (cixouit MEF-ipglufesi AR o

ripple fromthadictdeCl624] £8hpuehitanecouisRat, dham isha ticky Hexd. 1686y. 5

When the vol tage, at _t t er.m_nal andthe vol ta t the term nal
1601f do not ﬁeq'r el Sy 553%24( ht® ¢ SASC tsegft ?a:Bn 2C8BRESI s
the timng to tatce CNﬁFan-hetlsw heldel Q82454 .t harheheotindit agadatof hehe
term nal 1601e,

vol ta theter nal 160 aye t
| nver t od Dhascrdusar T feaf 15 £888eRel td ClPs eds BpASEe qhe the
rel ati onshi p betswemd¢deciphagitohCthe voltage at the term nal 1601e ‘and t he
phase of the voltage at the term nal 1601f by advancing or del aying the
phase of the 15 voltage at the term nal 1601f with respect to the phase
of the voltage at the The swidichi dBR0 hesa termipade S:FEnflacteaminalis8r.at es

how t he rel atignsh en e .ph he, e th 601e
and the ghase %8 fgs$6ﬁ§§ Vg::'o[‘aag Zét:&fﬂgo% ersrr?!%ﬁ%f?m%?el s%a Jtﬁrel?Z&l n

Fi gure 6¥9 cur%@@?bﬁ?&%ﬁn?@nae%ﬁt the ‘éﬁéﬁﬁg@aét S end ckhe nkgrmbeat Sand

curve F represgdicach $8hke)efkaRee raleaih ataeésl@wfter&inal S; and By

turning ON t he Sg\/l %8?1:&?1% | rzl tf?:(e)mperlc%d

. The control signal is
supplied from the synchronization section 1630 wvia the
terminal 16014d. The terminal S, of the switch 1620 is

15 connected to the power supply 1616 via the terminal 1601b.
The terminal S; of the switch 1620 is connected to the

node 1624-1.

The voltage conversion section 1601 can be

20 considered as comprising a first fundamental resonance
circuit including the switch 1619, the inductor 1623, and

the capacitances 1621 and 1625, and a second fundamental
resonance circuit including the switch 1620, the detection
section 1624, and the capacitances 1622 and 1625. In

25 particular, the capacitance 1625 functions as a capacitance
which is common to the first fundamental resonance circuit

and the second fundamental resonance circuit. The voltage
conversion section 1601 has an advantage of outputting a

ripple-less direct-current voltage from the termi-
30 nal 1601l1g.

The voltage at the terminal 160l1g is equal to a
voltage which is obtained by superposing the voltage output



during which the voltage at the termnal 1601f is increasing, the voltage
at the termnal 1601f is raised. Thus, curve F transitions to a curve F'.
Thi s means advanci ng the phase of curve F. Mreover, by adjusting the

| ength of the 30 period [err]toa during which the switch 1620 is turned
ON, it is possible to adjust the degree by which the phase of curve F is
advanced. - 172 - By turning ON the_syhhch 1620 in the period [err]tob
during which the voltage at the termnal 1601f is decreasing, the voltage

at e ter M nUe OO 4 5 LekaRlan o SUENELCL EADII BRI IRCUE Pl

Thi s nmeans delaylng over adj us
| engt h of the qpe:puti ﬁuo{nelrhe} selgoddrflm@dmnhal hre somianste Qszowu; arueast ON,
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del ayed. 10 e vo tage at the term naflt1601f
(curve F) can Vseltagancés athigd) al;/éﬂplﬁl g eeboninated; r afesthpwtermi-
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nal 1601f (curve F) are nade to have the .inverted ases by advancing the

phase of the Vothgedt S thaki ndre 14@ittageur gut P)‘ | FCPR g khe 68ATSHy
turning ON theftﬁmérﬁéhﬁeﬁﬁordﬁkbﬂnﬁué@%i/ﬁ&ﬁﬁﬂ%rﬁi tHee vidara g lbutpRit fireom

I ncr easi ng, voltage at_the termnnal 160le and_.the volta t the 20
Lorm nal 5011 i BOEHBY BRI TR e SPRERTe CASPRLE Bth cthgpsame
illustrat es hoam;js:hf:tw@étage htvehd nverrteda  phleEEle ltielvealke shdftkd byl t age

at the te 6 curve EF) ar e to have the inverted phases 25
by del ayl ng th%h%‘as r%?é ﬁ]éovof’%gé 85?‘%?'% termnal 1601f (curve F). In

Figure 68B, by turning ON the switch 1620

Figure 66 illustrates voltage changes at respective
points in the voltage conversion section 1601 under a steady
state. A curve E represents a voltage change at the
15 terminal 160le. A curve F represents a voltage change at
the terminal 160l1f. A curve G' represents a change in the
voltage output from the second fundamental resonance circuit.
A curve G" represents a change in the voltage output f£from
the first fundamental resonance circuit. A curve G is
20 obtained by superposing curve G' and curve G" on each other,

based on the principle of superposition.

The control section 1632 controls the timing to

open/close the switch 1620 so that the voltage at the

25 terminal 1601le (curve E) and the voltage at the termi-
nal 1601f (curve F) have the same amplitude and have the
inverted phases which are shifted by 180 degrees from each
other. Such control results in that the voltage output from

the first fundamental resonance circuit (curve G") and the

30 voltage output £from the second fundamental resonance circuit
(curve G') have the same amplitude and have the inverted
phases which are shifted by 180 degrees from each other.

As a result, the oscillation of curve G' and the oscillation



while the voltage at the term nal 1601f is decreasing, the voltage at the
termnal 160l1e and the voltage at the term nal 1601f have the inverted
phases at tinme t[err]. 30 An operation of the control section 1632 will now
be descri bed. - 173 - Figure 69 is a control flow diagramillustrating
the timng at which the control section 1632 turns OV OFF the switch-1619
of the voltage conversion section 1601.. §771 - Step S71: The
detection section 1627 conpares the voltage Vg at the term nal 1601g with

h I . I ' .
Vol t age vp, it EipYE.e Ik bk e Ve AfuiBPh oL el Bbiy SpkBifiTh. o,
section 1627 dihedigeat-tdwrmteoaldragedcurye Gt wiithl 629ogcdéidettipon

. i nd . H _ : | _
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Vp. Step S72: section 1 erm nes ] e vol tage Ve
at the terninafedboaErrert heebhkageqoutrut fromothe §ermisali 18919 .
predeterng ned voltage Vs[err] while the voltage Ve at the termnal 160le is
i ncreasi ng. The predeterm ned voltage Vs[err] is used to determine_the

tining to turn the swi'fReP 1588 Feltags k. thfedaiEi it (1t /e2BEc Shes
eﬂual Ito or g/r@éllﬁgé B&rtﬁéleeﬁﬁl%dau.eumﬂdﬁbt-tha%é theagﬁrésigtgeﬁi?ha%_bl,e
the voltage Ve _ls Increasing, .the_prqocess, proceeds to . ste . n t
bhee. Ct hader cth sorinel bRt 1685 a sk FantRPIS S sifumicchp in ORHE o,
1628 a det ect | thie sswitadh | 2@ ado Nghdhathd heoMadeaage Yhehderbdnale 16@ia to
or great than_th r rmned ol t V. r [ 5 t.h tage
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phases. Specifically, the control section 1632 adjusts the
relationship between the phase of the voltage at the
terminal 160le and the phase of the voltage at the
terminal 1601f by advancing or delaying the phase of the
15 voltage at the terminal 1601f with respect to the phase of

the voltage at the terminal 160le as a reference.

Figure 67 illustrates how the relationship between
the phase of the voltage at the terminal 160le and the phase
20 of the voltage at the terminal 1601f is adjusted. In
Figure 67, curve E répresents a voltage change at the
terminal 160le, and curve F represents a voltage change at

the terminal 1601f.

25 By turning ON the switch 1620 in the period Atea
during which the voltage at the terminal 1601f is increasing,
the voltage at the terminal 1601f is raised. Thus, curve F
transitions to a curve F'. This means advancing the phase
of curve F. Moreover, by adjusting the length of the

30 period At,, during which the' switch 1620 is turned ON, it
is possible to adjust the degree by which the phase of curve F
is advanced. '



the switch 1619. 30 Step S74: The synchronization section 1629
deter- m nes whether the voltage Ve has becone equal to or greater than a
predet erm ned voltage Vsp[err] while the voltage Ve at the term nal 160le
Is increasing. The predeterm ned volt- - 174 - age Vsp[err] is used to
determine the timng to turn the switch 1619 OFF from ON. Wen the voltage
Ve becones equal to or greater than the prexeterm ned vol tage Vsp[err]
while the voltage Ve is increasing, the process proceeds to step S75. 5

In this case,. the dEtgéﬁt{-_,Qﬂnl gcb OIEhLG%%ltCEl#rplitsSld rfta ey@ggﬁgalé@tion

section 1628 a_ detecti |cat| n econe
equal to or gr¥H{E9 Y"H&ﬁhtw B’Pé&éﬂ@r‘?‘ﬁ FIB&W FF dpGIeasing -

vol t age V[err]thé\ﬂdlﬁ:ra%’tﬁblﬁgthéQei&rﬁﬂlai75160TiE1%Yﬂ§ﬂééﬁLZammm eREHieDIF 1628

turns OFF the tch 1619.. Herein edet erm ned_volta rr
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di fferenck betoweve tihe pMedebeem,nasy vaitiageivgp[ttie | 1emgith hefprtﬂﬂzatpem ned
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illustrating tm@sslhieg:catad/jusﬁqthbedegneedbysfémcmrth%ﬁnawrmﬁ AOVEFF t he
switch 1620 of. % yg%é&ge conversion section 1601. Step S81: The detection
section 1629 dl time t[err] at which thevoltage Ve nmatches the
target voltage Vp while the voltage Ve at the term nal 160le is decreasing. '

The detegped tine t[erfhyuks tid phhsd &£ thabvsYPahs ¥t €Ak I 1¥rmbEd] 6o PS80

(curve F) can be advanced or delayed.

Figure 68A illustrates how the voltage at the
terminal 160le (curve E) and the voltage at the termi-
15 nal 1601f (curve PFP) are made to have the inverted phases
by advancing the phase of the voltage at the terminal 1601f
(curve F). In Figure 68A, by turning ON the switch 1620
while the voltage at the terminal 1601f is increasing, the
voltage at the terminal 160le and the voltage at the

20 terminal 1601f have the inverted phases at time ts.

Figure 68B illustrates how the voltage at the
terminal 160le (curve E) and the voltage at the termi-
nal 1601f (curve F) are made to have the inverted phases

25 by delaying the phase of the voltage at the terminal 1601f
(curve F). In Figure 68B, by turning ON the switch 1620
while the voltage at the terminal 1601f is decreasing, the
voltage at the terminal 160le and the voltage at the
terminal 1601f have the inverted phases at time ts.

30

An operation of the control section 1632 will now
be described.



30 . Step S82: The detection section 1631 detects tine t2 at
whi ch the voltage Vf matches the target voltage Vp while the voltage Vf at
the term nal 1601f is increasing. The detected tinme t2 is notified to the
synchroni zati on - 175 - section 1630. Step S83: The synchroni zation
section 1630 com pares tine t[err] with tine t[err]. Wen t[err]<t[err],
t he process proceeds 5 to step S84. Whppgtlerr][err]t[err], the process
proceeds to step S88. Step S84: The detection section 1631 determn nes

inerher e vo (207, s ReGRIE Ul Bio Al B 998 PR 1o

age I NCTr easi rm ned
vol t age Vsf istimidgtatdebiechi beetdentiol nsecoiomrh63Retwmns ONAGED e f r om

OFF. Wen the e bego t : det er mi ned
vol t age Vsf V\hlgﬁ}é{:?ﬁely‘%?t ggeq@? ?g}i?éﬁéegg{nv%‘rl%ﬁh&{ S0 Il L 66 £1

n e process proceeds to
step S85. In this case, the 15 detection section 1631 outputs to the

synchroni gation sectiogtdf387a .d¢hechbeBctifNaset b2l 689 tbmbards Mbt age
Vf has become equal to_or greater than the predeterm ned voltage Vsf_while

‘he vol tage Vi VPLtRae: Yadt Fhe, temminah Leela wEhsthe faaetaypatagecyeon

1630 turns ON WhensthéCholfdfe ¥fels FRiliie thRine&hieotaggelt! 061163¢ Vv,,
det erm nes 25 whet her the vol tage Vf hz%ts bec7%frre e(iual tpo or great err1 t han
a predet er m nelPFoIRERRERR pPLANGSIT hEOV AYSRE A% i s IPncHRARi F§5Crnhethe

predet erm ned deteeagdorspsectivnedélq deutpatsi nwo t hel | Aetgctdohur sethe
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is smaller than the target voltage V,.

Step S72: The detection section 1629 determines

whether the voltage V. at the terminal 160le has become equal

15 to or greater than a predetermj._ned voltage Vg while the
voltage V. at the terminal 160le is increasing. The
predetermined voltage Vg is used to determine the timing

to turn the switch 1619 ON from OFF. When the voltage V.
becomes equal to or greater than the predetermined volt-

20 age Vg; while the voltage V. is increasing, the process
proceeds to step S§73. In this case, the detection sec-

tion 1629 outputs to the synchronization section 1628 a
detection signal indicating that the voltage V. has become

equal to or greater than the predetermined voltage Vg while
25 the voltage V. is increasing.

Step S73: The synchronization section 1628 turns ON
the switch 1619. -

30 Step S74: The synchronization .section 1629 deter

mines whether the voltage V. has become equal to or greater
than a predetermined voltage V., while the voltage V. at the

terminal 160le is increasing. The predetermined wvolt-



30 predeterm ned voltage Vspf while the voltage Vi is increasing,
the process proceeds to step S87. In this case, the detection section 1631
outputs to the synchronization section 1630 a detection signal indicating
that the - 176 - voltage Vf has becone equal to or greater than the
predeterm ned voltage Vspf while the voltage Vf 1is increasing. 5 -
Step S87: The synchroni zation section 16 urns OFF the switch 1620.

Herein, the predeterm' ned vol tage Vspf is larger than the predeterm ned
vol t age Vsf. e paqtenti al

| ffer ence between th r er,Jy ned
vol t age Vspf a?i% t %’1p|’]?§def13?ﬁ1 nfe%l \%el({teﬁ[&q?sf %cotnqél%l?ér gcéf ,gl’d‘%}é p@l od
during whi ch téeitant tﬁlﬂmlﬂdﬂt\lm\h | ¥hgarthestvel te@f: Vihbedemestéqunl

section 1631 d V, n or
equal to a pre et errﬁ nedéérolft age V\Eﬁle\é%h@g\%o {’ggga%P ngvé%rgggs?%
The predet er ni veditaget Hg@s/sacrgagm.t ﬁhqam%pmqedﬁ ﬁg %R TS5 he
switch 1630 ONghr ‘EH‘J.Q:cas\éhentﬂ@edé/%éﬁﬂénvgeeﬁiefTEEGh@S%& Ore@atge to

the predeterm ned voltage Vs he voltage Vi is decreasing, the
process procee8¥nEbrepdgatdon sacthprs 15§38 a dedegddon pignadcingicabing

outputs to thetpRyRCHRENSBEAGE BELEEOBedbRE @qagie@d I3 gFle@tdr ktAdhCahéng
that the voltage Vf has become |ess than or to t he predeterm ned
vol tage Vsd whPFedekeridnesye VP1Eag95Ven dé‘@ﬁgfs heg; e‘B’ je

synchroni zat i ofinggelisamgl630 turns ON the switch 1620 30 Step

S90: The get ection section 1631 determ nes whether the voltage Vf has
becone | &8s than or equal to a

Step S75: The synchronization section 1628 turns
OFF the switch 1619.

Herein, the predetermined voltage Vg, is larger
15 than the predetermined voltage Vs_l. As the potential
difference between the predetermined voltage Vg, and the .
predetermined voltage Vg becomes larger, the period during
which the switch 1619 is ON is longer.

20 Figure 70 is a control flowdiagram illustrating the
timing at which the control section 1632 turns ON/OFF the
switch 1620 of the voltage conversion section 1601.

Step S81: The detection section 1629 detects

25 time t; at which the voltage V. matches the target voltage V,

while the voltage V. at the terminal 160le is decreasing.

The detected time t, is notified to the synchroriization
section 1630.

30 Step S82: The detection section 1631 detects
time t, at which the voltage Ve matches the target voltage V,
while the voltage V¢ at the terminal 1601f is increasing.

The detected time t; is notified to the synchronization



predeterm ned voltage Vspd while the voltage Vi is decreasing. The
predeterm ned voltage Vspd is used to de- - 177 - termne the timng to
turn the switch 1620 OFF from ON. Wien the voltage Vf becones | ess than or
equal to the predetermined voltage Vspd while the voltage Vf s
decreasi ng, the process proceeds to step S91. In this case, 5 ‘the
detection section 1631 outputs to the sy oni zation section 1630 a
detection signal indicating that the voltage Vf has becone |ess than or
equal to the predeter rrlngﬁ vol tage Vspd while the voltage Vf is decreasing.
10 2eept e synchronization section 1630 turns OFF the
swtch 1620. Herein, the predeterm ned voltage Vspd is smaller than the

pr edet er mi ned vol t age d. t ot ent.i al . diff e ween the
pr edet er mi ned vol t age %g?ﬁ %ﬁét ﬁlg’egrse%fé?%‘?%l%%%t%/% t%ﬁgrtsgg l%ggg)rre(g&"

| arger, the pepapédsduimeigtsaith ttime stw.t chhés2G<its, OMe prooagerproceeds

( Enbodi nept 9), 20 Figyre,71 jllustr S ructure | t age
converter gl?OO?:o heP Vor ¢ agem}:e _ after %ﬁ."ﬁ%%%dggﬁgegﬁ géesﬁécﬁﬁ\?seérlés)'l on
section 1701 for converting a power supply voltage supplied froma power
supply 1716 to a desirggeyokpage rldgar&8PibR! s8etliba 165318 dd¥fermines
controlling the 25 vol Tage conversion section 1701. The vol t age

conversi on secWhgtherothenrplBaget ¥r hafkecoms #avPd1§C PEeI¥erPRatPaY01a
and the term - gnabréf@ierffife@NRRAAERLd oV hewRoVer €HEP! ¥oltage Vhe 88

termnal 1701c is connected to a load 1717, he load 1717 includes a
| east oné%f aiPSLEeSiRGe cofpPEndhte ﬁaeyéﬁﬁéciY%W%o onmeht .‘15?%e to

desired vol t agdedepine th@ thting to turn the switch 1620 ON from OFF.
When the voltage V¢ becomes equal to or greater than the

predetermined voltage Vg while the voltage V¢is increasing,
the process proceeds to step S85. In this case, the
15 detection section 1631 outputs to the synchronization
section 1630 é. detection signal indicating that the
voltage V¢ has become equal ‘to or greater than the
predetermined voltage V5 while the voltage V¢ is increas-
ing.
20
Step S85: The synchronization section 1630 turns ON
the switch 1620.

Step S86: The detection section 1631 determines

25 whether the voltage V¢ has become equal to or greater than
a predetermined voltage Vg while the voltage V¢ is
increasing. The predetermined voltage Vepe is used to de-
termine the timing to turn the switch 1620 OFF £from ON. When

the voltage V. becomes equal to or greater than the

30 predetermined voltage Vg while the voltage V¢ is
increasing, the process proceeds to step S87. In this case,

the detection section 1631 outputs to the synchronization
section 1630 a detection signal indicating that the



vol t age conversion section 1701 is supplied to the |oad 1717 - 178 - via
the termnal 1701c. The control section 1758 includes detection sec- tions
1753-1755, and synchroni zation sections 1756 and 5 1757. Figure 72
illustrates a structure of a voltage conversion section 1701. The vol t age
conversion sec- tion 1701 includes a switch 1747, a resonance circait LC,

10 and a nodul ati on resonance circuit I\;I_FC._ Ther esonanceci rcui t
LG ncl udesani nduct or 1748, a capaci tancell 46 connect edt oone endof the

i nductor 1748 at. a no 1748-1, and a capacitance 1749 caqnnected to,the 15
other end of tYRL53ucYor ff48b§f:°§‘en0888§$48€%. %he gs‘?ﬁa?‘ceﬁ: 1‘?2’?%a§he

aterm nal S erpredeiteremivedi nalolerye [Vspd N whibensetHed avodhagel Vsi gral

the switch 1747 electrically connects the terminal S[err] and the term nal
S[err] 20 PR Ot ter, or electrically separates the termnal S[err]
and the terminal S2 fromeach other. The control signal is supplied from

the synchgoni zation s L.ON ) La ' « 17 i ~RNQ t r@"ﬁq’i
Slerr] ofgt he switch %é. iE&Zbﬁ?lfé%t ggﬁggigﬁ?gg&g% %&%ﬁ ?ﬁlgfg%vi at se
terminal 1701:0FBR5the gwatebr AbRAl S2 of the switch 1747 is connected to
the node 1748-1 of the resonance circuit LC. The nodul ati on resonance
circuit MC includes an inductor 1750, a capacitance 1751, and a _swi tch

1752. One 30 end of HeReilnwndibeo TRt exninahcvoLbags Vire d8pd@LIqTance

1E51 ag a nOdetﬂzl?o'tHhe The-edldteirnamédf vbeagadug,. t oasl7ERei por@ntEiied to

n 1748-1 r nan Lrcui ' -

the no elo 8 di fe%:egceeggt%e%% %hec%lrte&é%emined voltage Vg ¢ and the
predetermined vbltage Vse becomes larger, the period during

which the switch 1620 is ON is longer.

Step S88: The detection section 1631 determines

15 whether the voltage V¢ has become less than or equal to a
prédetermined voltage Vg while the voltage V¢ is decreasing.

The predetermined voltage Vg, is used to determine the timing

to turn the switch 1620 ON from OFF. When the voltage Vg
becomes less than or equal to the predetermined voltage Vg4

20 while the voltage V¢ is decreasing, the process proceeds to
step S89. In this case, the detection section 1631 outputs

to the synchronization section 1630 a detection signal
indicating that the voltage V¢ has become less than or equal

to the predetermined voltagé Vea While the voltage V¢ is
25 decreasing. '

Step S89: The synchronization section 1630 turns ON
the switch 1620.

30 Step S90: The detection section 1631 determines
whether the voltage V: has become less than or equal to a
predetermined voltage Vg while the +voltage Ve is
decreasing. The predetermined voltage Vg e is used to de-



- 179 - The switch 1752 has a termnal S[err] and a termnal S[err]. In
response to a control signal, the swtch 1752 electrically connects the
terminal S[err] and the termnal S[err] 5 to each other, or electrically
separates the termnal S[err] and the termnal S2 from each other. The
control signal is supplied fromthe synchronization section 1757 via the
termnal 1701d. The termnal S[err] of Hh/? switch 1752 is connected to the
power supply 1716 via the termnal 170le. 10 The terminal S[err] of the

switch 1752 is connected to the node 1750-1.. The v onversi on. section
L tar be coeaTRA e Al 10 i RS i T L eh B FEGHRIN, st
circuit (see HRmgurerolifgge Nd udetpnidre slessh ', dhe eqdatt otol748Be and
t he capacitances 1746 and &.74

9 nd _a.second fundanental _r nge ci,rcuit
(see Figure 73B° echeIIﬁ[blrrh% thgog\%atg& f‘?“SZ,"g?h i nﬁcet orvﬁiggggagﬂ t he
capaci t ances Jdetfremsalirigstihel process puicareedshto sdiegrciS9120 In thibseabe46
functions as Gl ' ' f kSt ' g%’% :
resonancz:-’ Ci r?u#?%n‘ftﬁe%ggéﬁé}(ﬁnganent a‘{ﬁ"rgeésqgr?arl'#:% g ?{?::w t. EE%L]té_on
vol t age conversgaiiaectéd®h FoUekectiorndwiangle dnddaatidnag thatondheeri od

of time during,yhiLde WEhRLWIEdM 1455 BI&N6e QAIAEER tHE predetatflillf at
the termnal 1701g and t he power suppl KFVOI t- age VDD is Small. The vol t-age

at the terni nafoltage Yo sffblet bhe veltage ¥bths nrdRCH§asiPer posing t he
vol tage at the 30 node 1748-1 in the first fundanental resonance circuit

and the voltage at the node_1748-1 in the second_ funda tal _resonance
circuit :b(l)] eagh ot her.Step S91: The synchrong.zation sec rJ].on 16%0 r]curns

OFF the switch 1620.

Herein, the predetermined voltage Vg is smaller
than the predetermined wvoltage Vg,. As the potential
15 difference between the predetermined voltage Vg« and the
predetermined voltage Vg4 becomes larger, the period during
which the switch 1620 is ON is longer.

(Embodiment 9)

20 Figure 71 illustrates a structure of a voltage
converter 1700. The voltage converter 1700 includes a
voltage conversion section 1701 for converting a power
supply voltage supplied from a power supply 1716 to a desired
voltage, and a cdntrol section 1758 for controlling the

25 voltage conversion section 1701.

The voltage conversion section 1701 includes
terminals 1701a-1701g. The terminal 170la and the termi-
nal 1701le are connected to the power supply 1716. The

30 terminal 1701c is connected to a load 1717. The load 1717
includes at least one of a resistance component and a
capacitance component. The desired voltage ocutput £from the '
voltage conversion section 1701 is supplied to the load 1717



- 180 - Figure 74 illustrates voltage changes at respective points in the
vol tage conversion section 1701 under a steady state. A curve Grepresents
a voltage change at the termnal 1701g. A curve G represents a voltage
change at 5 the node 1748-1 in the first fundanental resonance circuit. A
curve G' represents a voltage change at the node 1748-1 in the second
fundanental resonance circuit. Curve G 7%pta|ned by superposing curve G
and curve G' on each other, based on the pr|n0|ple of superposition. 10 The

phase of curve nd t he e, of _curve G are adjusted by a nethod
simlar to thé”r‘?etrﬁ't?d E%E'Ef?%id 178 €nbodi nent 8. 15 As
illustrated in Figure 74 the period [err]tc[err] during which the

ial diff | 2! o
potential difference Qetveen %go_]_g%%(g R?ﬁaﬁq%ﬁggﬁéﬁlgﬁs[ b Ft%CF'go;[p?%t :5:3“ (r)lg

t he power supply volta
whi ch the pot entores LI33€leh8e [midvesynehmonireatipnussealizionsmvi7 86r wandA and

the 20 5 pot eq;#.gl of the power supply voltage VDD. Therefore, by turning
ON t he svvltch 47°in the period [err]t[err], it is possible to reduce the
energy | oss occurring due to the switch 1747. Thus, by providing the

modul ati on resonance crig&fé ¥ Crilladeraessi B §tAceRd e ¥OWdAGRge

converter with a higher fi1ciency wh can accept a | arger out put
current, as cd?ﬁp%ﬁ’%ﬁs%’ént Hf‘@‘i:%ﬂs‘én whidk- a %ﬁm]"°§tﬁ9§0|%ll“’%%é°ﬁscﬁ?q ation

is used. 11. AsjSNSiP01PPHEIuSHBEPA YswPfch 1789, a resonancd RELAyEr Iepply
apparatus _of the present I nvention has a capab| lit as a system power
supply f8? an #2f aofodplpityPRy TEFPPENSS ‘ﬁi&ﬁé‘rltsaéﬁ'y vol tages to a

plurality of Ioads respectively.

The resonance circuit LC includes an inductor 1748,
a capacitance 1746 connected to one end of the inductor 1748
at a node 1748-1, and a capacitance 1749 connected to the
15 other end of the inductor 1748 at a node 1748-2.

| The switch 1747 has a terminal S; and a terminal S,.

In response to a control signal, the switch 1747

electrically connects the terminal S, and the terminal S,

20 to each other, or electrically separates the terminal S; and

the terminal S, from each other. The control signal is

supplied from the synchronization section 1756 wvia the

terminal 1701b. The terminal S; of the switch 1747 is

connected to the power supply 1716 via the terminal 170la.

25 The terminal S; of the switch 1747 is connected to the
node 1748-1 of the resonance circuit LC.

The modulation resonance circuit MLC includes an

inductor 1750, a capacitance 1751, and a switch 1752. One

30 end of the inductor 1750 is connected to the capaci-

tance 1751 at a node 1750-1. The other end of the induc-

tor 1750 is connected to the node 1748-1 of the resonance
circuit LC.



- 181 - Figure 55 illustrates a structure of a power supply apparatus in
which a plurality of loads 280-1 to 280-4 are connected to the node 222 of
the energy preserving cir- 5 cuit 220. The structure of each of energy
receiving sec- tions 287-1 to 287-4, which includes |oads 280-1 to 280-4,
respectively, is simlar to the structure thereof illus- trated in Figure
17A. The energy receiving sections 287-1 H% 287-4 are different in that a-
ref erence voltage generation 10 CIrCUI 286-1 outputs a reference
voltage Vr[err], a reference voltage generation circuit 286-2 outputs a
reference voltage Vr[err], a reference voltage generation circuit 286-3

out puts 2823 ez erence vqiﬁeaglgn‘ébherm]szl Bnasg aa;c/étemhamcslwﬂd agse%emfliatszan
circuit - utputs a reference volt rlerr ure rates
an alternatindﬁbur?%ﬁ?°9%?ta 8 m&VeFﬁFﬁ%{ AQ}nodgthZFW&QCh 175
direct-curr entelléﬂ:tzacg@ay\myeéonm(:& thet herdealZSfl arsd Vicié am-mmmt cszm ( @]
at a node. 281- 1 of the ] oad 280- a.val e wave

281-2 of The Ioa& Eﬁ “h JHTF%SStﬁ&v éﬁ%??%ﬁra% ané%alﬁgﬁlga oad
280- 3, and a vidie aberménefloSp; fEPmaeamnarthe28.] - Ahof chntrghdSZBQal 1s
Herein, the v a

Vr [ err] <M err]é‘%g%ér%ﬁby[%?? E %}l[r ?‘?h@r Fer rﬁeciBDé{/ g’r?l r[écrhrej By
i ncreasi ng t hetemminat diheidy pﬂﬁsErteumnnaﬂhﬁxzsf theesyjtgheddbi rfp

circuit 220, ifohRePPEd! B &HL poHetes P?l%' tJ.Q'iBa&iagtrfé”tfe%hn\&?J lB8f1e.
maveforn1$A) to oscillate _between a vo I's higher .than the power

whi ¢

suppl y vdPt ageTpDtezRd naly =t &fe thii W §hl é\'KE? tifarcemeegtedndoaihe
Herein, the cepbge ofsbhe oscillation is set at the 30 voltage Vp (=1/2
VDD). The center of the oscillation of the alternating-current voltage
waveform (A) can be set to any voltage.

The voltage conversion section 1701 can be
considered as comprising a first fundamental resonance
15 circuit (see Figure 73A) including the switch 1747, the
inductor 1748, and the capacitanées 1746 and 1749, and a '
second fundamental resonance circuit (see Figure 73B)
including the switch 1752, the inductor 1750, and the
capacitances 1746 and 1751. In particular, the capaci-
20 tance 1746 functions as a capacitance which is common to
the first fundamental resonance circuit and the second
fundamental resonance circuit. The wvoltage conversion
section 1701 has an advantage of providing a long period
of time during which the potential difference between the
25 voltage at the terminal 1701g and the power supply volt-
age Vpp is small.

The voltage at the terminal 1701g is equal to a

voltage obtained by superposing the voltage at the

30 nodé 1748-1 in the first fundamental resonance circuit and

the voltage at the node 1748-1 in the second fundamental
resonance circuit on each other.-



- 182 - Wen the voltage at the node 222 reaches the voltage at the node
281-1 of the load 280-1 at tinme t[err] while the voltage at the node 222 is
i ncreasing, a control cir- cuit 283-1 causes a switch 282-1 to change from
the OFF state 5 to the ON state in response to the change in the output
val ue of a conparator 284-1. As a result, the voltage at the node 281-1

I ncreases along the alternating-current \i%lot age waveform (A). 10

When the voltage at the node 222 reaches the reference voltage Vr[err] at
time t[err], the contrgol circujt _ 283-1 causes the switch 282-1 to change
fromthe ON state to tHEB 724 &fLquﬁrF%§ﬁo‘f%Jet?%ef’ 3n@ﬁ§rﬁférieﬁp?ﬁ‘%lgﬁt put
val ue of a comedrsti=nin2dbe Yoltake @onesnsion sdutionl tEDEL ahdelrea $5eadynode
281-1 is set tq the volLtage Vr[grr].. . Thereafter, -the vol at_th ode
281 gradual ly S&e tree‘aseé t%uv\ﬁ‘rrﬁ ‘te’h e\Poﬁ%s}g‘ets\/[ Ee’rr Ql{hﬁ% Fsggggau%it’e g:ﬁ%r gy
is consunmed byteérminaladl?@Dgl. R@urve G' reprégentisha veoltage chande atode
222 reaches agai C e.at ; e = &%JIZ = id e the
vol t age 2’? thgﬁ%é(; Ee)B 2}9:4?%n%ﬁe%%?%&?gshgggéﬁ%?gﬁa%%%|t %%gf%g\g&sés t he
switch 282-1 th airwe)GT meprereltFF atvwalktage ighar@e atatthe modesgdide it o

the change in {{16 0t QUEoNE! ¥EnBhméRtal HaSonAMAY di¥cd®: lcurbe & result,

the voltage at the node 281-1 iIncreases along the alternating-current
vol tage wavef RPtied b SUPERROSIPELr R ¢ handueeree16] anepaak afife:0

i ncreases and giese@asestRet peencipaeVolft aupeYposiltidil the voltage Vr[err].
By setting the difference between the volt- age V[err] and the voltage

Vr[err] 19 pe sufficiently small, it is possible to supply a voltage, which
can be considered as The phase of curve G' and the phase of curve G" are

adjusted by a method similar to the method described in
Embodiment 8.

15 ' As illustrated in Figure 74, the period At during
which the potential difference between the potential of
curve G and the potential of the power supply voltage Vpp
is longer than the period At.; during which the potential
difference between a normal sinusoidal wave curve A and the

20 potential of the power supply voltage Vpp,. Therefore, by
turning ON the switch 1747 in the period At.;, it is possible
to reduce the energy loss occurring due to the switch 1747.
Thus, by providing the modulation resonance circuit MLC,
it is possible to obtain a voltage converter with a higher

25 efficiency which can accept a larger output current, as
compared to the case where a normal sinusoidal wave
oscillation is used.

11. As System Power Supply for LSI
30 - The power supply apparatus of the present invention
has a capability, as a system power supply for an LSI, of

supplying different power supply voltages to a plurality
of loads, respectively.



- 183 - adirect current, to the |load 280-1. Herein, thevoltage V[err] may

be set to any value. Simlarly, the voltage at the node 281-2 repeatedly 5
i ncreases and decreases between the voltage V2 and the voltage Vr[err]. By
setting the difference between the volt- age V[err] and the voltage Vr[err]

to be sufficiently small, it is possible to supply a voltage, which can be
considered as a direct current, to the_l 280-2. The voltage at the 10
node 281-3 repeatedly increases and decr€aSes between the voltage V3 and
the voltage Vr[err]. By setting the difference between the voltage V3 and
the voltage Vr[err] to be sufficiently small, it is possible to supply a
vol t age, whi ch can beFtgotedsseilldastraitescd stimrcdnire bf 4 poweoadufdly3. 15

Th | t V

o hoe oD, | BpParaite LA Oh WS e ST Lty ME R AR ) 202 e |
ON st at e whi | eonnecteld due the t hedeod@222F ithedaneray npreseevibyt gdo-at
]Egremn?is 5281- 4,4Q lﬁzodeC&ﬁ@S%%ﬂ&%&ef hse aééﬁf@é | Y £4% T £OLe YOI hgUSewaVe-

As a res ,acarelsco | ecte

ener gy preservin
circuit 220. m@nﬁolﬁaé’g-é- &o 2% Aedeheh- qu!bpfi%? dftads rﬂ:gl‘é'a%@ 280-4.5nd

decr eases bet ades \é4 @ ga t h%ovﬁhéagﬁr‘y&ﬁurgy tﬁ%&‘e‘o&g ifiN&s -
di f ference betvveen the vo ta e V4 and the voltage \r err

sufficiently dRatedip Fég‘ﬁﬁgsmﬁe t@%lﬁﬁﬁ%r\?& F(Flgr°€§n2l§€ -1

consi dered as td g8v7eslaradigiefbreh® irhehhmaeﬂraﬁarénca&ertmg@lgbmstsmpl i ed

I:)gstmhgl leloads 20810rc]i1£t0 % g 1 ouqtrpeutgsl faf ?’:re trefnrc%mvgg.%aagréo r]_e,r a -:Il-:'ré erelntcel S

voltage generation circuit 286-2 outputs a reference
voltage V., a reference voltage generation circuit 286-3
outputs a reference voltage V.;, and a reference voltage
generation circuit 286-4 outputs a reference voltage V4.

15
Figure 56 illustrates an alternating-current
voltage waveform (A) at the node 222, a direct-current
voltage waveform (B) at the node 224, avoltage waveform (C)
at a node 281-1 of the load 280-1, a voltage waveform (D)
20 at a node 281-2 of the load 280-2, a voltage waveform (E)
at anode 281-3 of the load 280-3, and avolfage waveform (F)
at a node 281-4 of the load 280-4. Herein, the voltages
satisfy the relationship: Vi 4<V4<GND<KV3<V3<Vp<V{V2<Vp<V,
<Vy1. By increasing the dynamic energy preserved in the
25 energy preserving circuit 220, it is possible to cause the
alternating-current voltage waveform (A) to oscillate
between a voltage, which is higher than the power supply
voltage Vpp, and a voltage, which is lower than the ground
GND. Herein, the center of the oscillation is set at the
30 voltage Vp (=1/2 Vpp). The center of the oscillation of the

alternating-current voltage waveform (A) can be set to any
voltage}



supply different power supply voltages to a plurality of - 184 - | oads.
In the exanple illustrated in Figure 55, the energy receiving sections
287-1 to 287-4, which are connected in 5 parallel to the node 222, have
the sane type of structure. However, the energy receiving sections 287-1 to
287-4 may have different types of structure. For exanple, each of "the
energy receiving sections 287-1 to 287.44gy_.be replaced with a structure
whi ch corresponds to the energy receiving 10 section connected to the

node 222 or the node 4 ] h [ p t 0 ypes
referred to in Chapt er%%t?.n E}B%ég?/lﬁ%@%ggﬁﬁg‘lf%? ﬁ% 2%2r%§a§;é%%&é}engogggggtions
287-1 to 287- 4tmthebeadsp| 28kl Wi hthesloadt 38@-hhath tdmer dspwhddet hehe

energy recei vihg +SeRl 1 9P GRANECL&L $2219s 11{(;%5%09&?,22% Uod o048 r224 in
y e types refer

t he power supply apparatus of any of th ed to1n apter 9.
This is siml UL t&&;?e-i_f faugescaswikigbr 282319 Ghﬁﬂﬁeofr@héhgpﬁ’%éé?ﬁ\ﬂeng
sections qre W@ﬁﬁt&@-gﬁt@iﬁ'f@égcﬁ]ﬁsé% PREG R e 49 thelcutiiss vah@el O

use the power supply apparatus of resent invention as_a power supply
for various tyHes? ofOBPRERLPE BB4appr opfi & SeFWdnbithgvolhaIsadtc the

principle of ifydet2810- BAGJIHRERIY A1BnGNERE YK 1ite rinRft IRRPI @Y rRsIes Solitage?S
circuit 220; the thod for highly efficiently injecting dynam c energy and
static energy TINFHR Ehbrgy preserving circuit 220: the nethod for
controlling the ratio between dynam c energy and static energy; the nethod

L COMER: L0, U0a Sufte” et 65858 LU S8 HoBLREY Apleg in 2
reference voltage V., at time t,, the control circuit 283-1
causes the switch 282-1 to change from the ON state to the
OFF state in response to the change in the output value of
a comparator 285-1. As a result, the wvoltage at the

15 node 281-1 is set to the voltage V.;. Thereafter, the
voltage at the node 281 gradually decreases toward the
voltage V,. This is because energy is consumed by the
load 280-1.

20 When the voltage at the node 222 reaches again the
voltage at the node 281-1 of the load 280-1while the voltage
at the node 222 is increasing, the control circuit 283-1
causes the switch 282-1 to change from the OFF state to the
ON state in response to the change in the output value of
25 the comparator 284-1. As a result, the voltage at the

node 281-1 increases along the alternating-current voltage
waveform (A).

Thus, the voltage at the node 281-1 repeatedly

30 increases and decreases between the voltage V; and the
voltage V.;. By setting the difference between the volt-
age V; and the voltage V. to be sufficiently small, it is
possible to supply a voltage, which can be considered as



stored in the energy preserving circuit 220 to dynam c energy); and the

nmet hod for keeping constant a noise frequency by nodul ating the size of a
switch. This is - 185 - simlarly true also in the case where the power
supply apparatus of the present invention is applied to a voltage converter
(DC/ DC converter) referred to in Chapter 10. 5 The roll of -the
energy preserving circuit 220 w | nomub?F@onnsidered in view of the flow
of an energy. Figure 57 illustrates the ow of dynam c energy and static

energy with the_energy. preserving.cirtcui.t 0,bei 1 g n{.er of
the flow. Thé %ﬁ’é‘?ﬁg cp LI ﬁﬁ%ctfer i Z% 'lJ‘_éaI ﬁggggg’l}-‘lr{ed‘l'%gg?ggngfl
exchange of dywayritee eswt gijo aamly stalue.ener gy bet ween the energy suppl yi ng
circuit 210 and the energy preserving circuit 220 while mnim zing the
energy |l oss due to the resistance conponent in the circuit. 15 Mor eover,
the energy preserving $imklaxly2dheupiliageaththginede i 2hht 2 cepeatedly

dynam c efier gy; ade SL8L 1 &nﬁ”ﬁ&ifré@é&ep&% ANQHY P6LEaGY! U9 GhBCUWHe 220
and a | oad while mnimzing the energy oss_gue to the reSistance conponent
in the circui tVobtRrIRUY%:2 i t BEafiebEibgethendiifrEpBCESs DETWRRN dde VY of

dynani c energya%@dvzﬂaitid & H it g f\_f,Q%@!kﬁQsMﬂfci‘ér{ﬂErtémﬂlﬂ, it is
conponents, such as the energé sugp%ylng1C|rcuLt 210 and | oads, mnng t he
energy preser RAgSthie 58 subply; a¥elfags, Whiche cAhOS ANSIALHELES The
dynam c ener gyaadilrébe ehgéreatenaogthy Qload 2802 emMbvegd Wwalrtessy \digthe
circuit féo can ge gggggpri-at elcé gontrol | ed acco&dcj}]n tg the?]et} taé unt s
and the tio 89S0 yﬁﬁﬁ?é fd ¥g§7n8ﬁ8a§F§t?’& eNe ?/ WP T P eyt r ed
by the voltage V; and the voltage V.;. By setting the difference
between the voltage V; and the voltage V.; to be sufficiently
small, it is possible to supply a voltage, which can be
considered as a direct current, to the load 280-3.

15
The voltag'e V; and the voltage V., are lower than the
ground voltage GND. By causing a switch 282-4 to change
from the OFF state to the ON state while the voltage at the
node 222 is decreasing, the voltage at the node 281-4
20 decreases along the alternating-current voltage wave-

form (A). As a result, a charge is collected by the energy
preserving circuit 220. '

The voltage at the node 281-4 repeatedly increases
25 and decreases between the voltage V, and the voltage V.. By
setting the difference between the voltage V; and the
voltage V., tobe sufficiently small, it is possible to supply
a voltage, which can be considered as a direct current, to
the load 280-4.
30

The voltages supplied to the loads 280-1 to 280-
4 are different from one another. Thus, it is possible to

supply different power supply voltages to a plurality of



energy supplying circuit 210 and the | oad while exchanging control signals
between a control circuit and each of the energy supplying circuit 210, the
energy preserving cir- - 186 - cuit 220, and the load. Alternatively, it
may be necessary to appropriately design the anbunt of energy consuned by
the energy supplying circuit 210 and the |load with respect to the dynam c
energy and the static energy stored in_tq§45_ energy preserving circuit
220. In the above-descri bed enbodi ments, "dynam c energy and static energy
are converted_to thermal energy by the resistance conponent in the circuit,
and the ther ngi® ergy 10 is dissipated to the outside the energy system
of the electronic circuit system A conversion circuit is pro- vided for

converting thermal en 0 ] laqf tat i NgL g a
dynam c energy and thg[rrg%ég%'i %’%’E@%&%&%l e ?‘glnﬁ lgrgo%%éﬁg}eo%qg‘% uit
are highly ef fiegiesining idectidrssl 28TK1 to 1287 ehe Whichu@rey cogneioted in210

and/ or engr gy %Lea\l,smlejlfécfjh'tg:l theCHble?292, IGLE YNl tsdrfe | el sk Qubdiyee the

anount of ene ssipates to the outside the energy systemof the
el ectroni c ci rfaWeverstte erergy receivinmghsesidans &1 oh 6 28fc HA&¥ent

appl i cation dijggv&lgaseereht t9be8WNELriictiiredderepistinsle Okakhtopregent

I nvention com prises: a voltage conversion section _for converting a fjirst
25 vol t age LRIV ECFPEVHBI pBREFLSDFpRP7rd &Os@83nd oWt BGe Tamdaced
suppl yi ng t he weewnd stahici@f-& @hd crobbagespeaasVtootise leibrgy aaded vaary r ol

AR e 18 KR RUDREEE N R ST Iy N L
first 30 C apawet asapp Ly nappaeatts ofcagydobfthdetypekiatafemated o rist
Chapter 8. Moreover, each of the energy receiving sec-
tions 287-1 to 287-4 may be replaced with a structure which
corresponds to the energy receiving section connected to
15 the node 222 or the node 224 in the power supply apparatus
of any of the types referred to in Chapter 9. This is ;
similarly true in the case where a plurality of energy

receiving sections are connected in parallel to the
node 224.
20

It is possible to use the power supply apparatus of
the present invention as a power supply for various types
of circuits by appropriately combining: the basic principle
of injecting and preserving energy in the energy preserving

25 circuit 220; the method for highly efficiently injecting
dynamic energy and static energy into the energy preserving
circuit 220: the method for controlling the ratio between
dynamic energy and static energy; the method for converting
dynamic energy stored in the energy preserving circuit 220

30 to static energy (or the method for converting static energy
stored in the energy preserving circuit 220 to dynamic
energy); and the method for keeping constant a noise
frequency by modulating the size of a switch. This is



node, and a second capacitance connected to another end of the inductor at
a second node; and a switch having a first termnal and a second term nal,
the first term nal being - 187 - connected to the power supply, and the
second term nal being connected to the first node of the resonance circuit,
and the control section controls opening/closing of the switch. 5
The control section conprises a first det or for detecting that the
second vol tage output fromthe voltage ¢ r'sion section has decreased
bel ow a desired voltage; and the control section _controls opening/clasing
of the switch %ﬂ#@-ﬂli‘-ﬁgyf?:?—”g? FEisct b YBeecpse WheEhetRecBRWST0 SUPRAY t age
~output from thgpyatdegs SR iir@‘seﬁﬁ?tlln%nl‘ti%ndiél’éﬁﬁ&dehetﬁvh R tdesd red
vol tage. The control sec g&p further ri 33 a S&c cond ector foor
det ecti ng t hat “¥VoFtehe PhecPrver ﬁ' erred tq gh fhenter 1
predeterm ned first reference vol tage and a third detector for detecting
that the voltage at t firs reached a predeterm ne Q
referencegvol tage whic ?sr?%Jr gog aﬁnFﬁgyp?lé%%?gyﬁpﬁe%lF??ﬁg ?gﬁev&eﬁhlce
vol t age, wher enaw bhhenethasiddemed det atiteor ofettdnt £ iidvatoff han vexierge. 20
at the first node has reached the predeterm ned first reference voltage,
the control section controls the switch so that a state of the swtch
changes from an open sFagureo53 lbsstirates shedhtowiedrdyhrmieengrga aed or

detects that tQ%a’fQEté’ﬂ@ré%' wieh fiHe ends Bﬁéséﬁ%&ﬂﬁgcii?éuﬂeﬂﬁb%él d 25

second reference vol tage he control sectfion contro the switch so that
the stat&0of tAB G Féﬂteﬁa#g*ébeffrlcﬂw-t h&he| RYEPE PEES Ly IMgCHieni t 22Q.

The control segkiadhze@mar 'b':le-iilﬁadﬂﬂﬁ{‘aﬁlék&iarféé of WBPesAi 8T eh€F gy and
generating a cl O%‘élgl grqgl:giarcgg'lr:gtlagg the energy supplying circuit 210 and
the energy preserving circuit 220 while minimizing the
energy loss due to the resistance component in the circuit.
15 Moreover, the energy preserving circuit 220 realizes a
bi~directional exchange of dynamic energy and static energy
between the energy preserving circuit 220 and a load while
minimizing the energy loss due to the resistance component

in the circuit.

20
Thus, it can be seen that there is a low-loss flow
of dynamic energy and static energy to/from electronic
circuits and components, such as the energy supplying
circuit 210 and loads, with the energy preserving cir-
25 cuit 220 being in the center of the flow.

The dynamic energy and the static energy stored in
the energy preserving circuit 220 can be appropriately
controlled according to the total amounts and the ratio of

30 dynamic energy and static energy which are required by the
energy supplying circuit 210 and the load while exchanging
control signals between a control circuit and each of the

energy supplying circuit 210, the energy preserving cir-



vol tage change at the first node, wherein: when the first detector detects
that the second voltage output fromthe voltage conversion section has
decreased bel ow t he desired - 188 - voltage during the first half of one
cycle of the clock signal, the second detector and the third detector
operate during the second half of one cycle of the clock signal which
follows the first half. 5 The control %lon further conprises a second
ref erence voltage generator for generatl g the first reference voltage, and
t he second reference volt nerator operates nly, mnthl eriod_during

whi ch the 10 SUifecdf BBAEIS L oGiskr Sl CRRY PeRPEFEREFY
conprises a t kior dpiﬁfcﬁfxﬁmmldétgﬁglgeﬂ@éMufﬁf)ro:geéﬁéﬁgyngohbameabed

f I d f .15
onl y. wi ¢ hi 1o B8 PBAZ PHEPAMLEH PHECEAT 4 L0cPaarore asat ash TReP8BR ro
section furt hetlb thuep dyneamis emeonyy reafdc ritrec & tadlica gaegeye sdiogred dn the
generatlgg th |%§§(é¥) %réfﬁ%r§¥ﬁ uxgl&a e and a nonitor circuit for
f

nmonitoring a ¢ € second vol tage output fromthe voltage
conversion section, wherein the second reference voltage generator varies

the first reference vq}r# age gﬁg@édaggcggb@a %Mmgﬁtg hfﬁmic@@n@ﬂg&u' L.

25 The control section further nprises a t d reference volta
generator for ah&Aty %W%c@ﬁﬂ cengested $o thgemad RBSTCYr by @ t

for nonitoringe Ladiice V6pdridit 9h the etk VahdafRe tidtthal fe@ﬂ@ﬂd‘ye

vol t age
g 10 is dissipated to the outside the energy system of the

electronic circuit system. A conversion circuit is pro-
vided for converting thermal energy to dynamic energy and
static energy., and the dynamic energy and the static energy
obtained from the conversion circuit are highly efficiently
15 fed back to the energy supplying circuit 210 and/or energy
preserving circuit 220, whereby it is possible to reduce
the amount of energy which dissipates to the outside the

energy system of the electronic circuit system.

20 The specification of the present application dis-
closes the following.

A voltage converter of the present invention com-

prises: a voltage conversion section for converting a first

25 voltage supplied from a power supply to a second voltage
and supplying the second vbltage to a' voltage receiving
circuit; and a control section for controlling the voltage
conversion section. The voltage conversion section in-
cludes: a resonance circuit including an inductor, a first

30 capacitance connected to one end of the inductor at a first
node, and a second capacitance connected to another end of

the inductor at a second node; and a switch having a first
terminal and a second terminal, the first terminal being



30 conversion section, wherein the third reference voltage generator
varies the second reference voltage according to an output of the nonitor
circuit. - 189 - Wien the nonitor circuit detects that the second

vol tage out put fromthe voltage conversi on section does not reach the
desired voltage, the second reference voltage generator decreases the first
reference voltage. 5 \Wen the nmonitor cir glt detects that the second

vol tage out put fromthe vol tage conver si & % section does not reach the .
desired voltage, the third reference voltage‘£enerator ncreaseﬁséhe second

reference vol CoFRectedhenthe,2oWSH SEPPLYr @R tH&t%‘E‘an
vol tage out pulconn@Btide tolHh) € it eicied b fS ehki ﬁésb&&nbeacliaﬂutl.hte dﬂﬂl red

vol t age, the cond reference. vol t age ner at or reases
ref erence volt qoﬁérVﬁeﬁe?fEP?hﬁﬂé%f P@ﬁpﬁngé SFEEth%qﬁﬁasgéggﬁd
vol tage output fromthe voltage conversion section has reached the desired

vol tage, ghe third ref rence vol.t age .qgener r
ref erence voltage. 20 fe c&nttrroc}l S§&cTi% cs&ﬁgﬁgggc%ﬁépﬁ%%@geﬁéotﬁ éfror
circuit for nuletesting alriange aearond r@hfagd'lemmumufnqm ttéxgaevm;qume fr om

the voltage c | 58 [

t hat -t he seco%ﬁ Z%ééefoﬁrﬁ%% eé%%d \f/b??lw & ?grﬁéeg#g’% sectl on
dose not reachimhetlm%stlpear@él ts@gﬁ:lqlhec@@W@Gﬁ @E@Bibﬁ/ébﬁﬁiﬁgs ofhdheni t ch
so that the stgaier@ HHenSWHe he£R8PIaELELRBY! R tdASFdt R4 At @he second

10 voltage output from the voltage conversion section has
decreased below the desired voltage.

The control section further comprises: a second
detector for detecting that a voltage at the first node has
15 reached a predetermined first reference voltage; and a third
detector for detecting that the voltage at the first node
has reached a predetermined second reference voltage which
is larger than the predetemined first reference voltage,
wherein: when the second detector detects that the voltage
20 at the first node has reached the predeterfnined first
reference voltage, the control section controls the switch
so that a state of the switch changes from an open state
to a closed state; and when the third detector detects that
the voltage at the first node has reached the predetermined
25 second reference voltage, the control section controls the
switch so that the state of the switch changes from the closed
state to the open state.

The control section compriseé: a clock signal

30 generator for generating a clock signal according to a
voltage change at the first node, wherein: when the first
detector detects that the second voltage output from the

voltage conversion section has decreased below the desired



to the open state after passage of a predetermned tinme since when the
third detector detects that the voltage at the first 30 node has reached
t he predeterm ned second voltage. The control section controls the switch
so that the state of the switch changes fromthe closed state to the -
190 - open state after passage of a predetermined time since when the third
detector detects that the voltage at the E’rst node has reached the

predet ermi ned second voltage. 5 | NDUST PAE APPLI CABI LI TY The power
supply apparatus of the present invention including an induitor,,a first

capaci t ance, NRAtRISAWFHG Ahect 155t Bali 941888 SHFLM O8N BrE SEShFy
means, ther ebynkok&coadadeltestdrs palie thearvhigdsabskatbirabbgratel aakagg of

10 energy to the outside of the ener eservi.ng.neans.. .Becau t he
energy does n es%g?g%?ﬁa;ﬁ 9 I°é‘&°¥8if’fg’l%f gﬁ?ﬁ%@%glgﬂgiéﬁ&‘%ﬁ/gﬁigggﬂi ng
means, there ithesfistsantiallfy no | oss of energy in the power supply
apparatus. Thus, it is possible to provide a | ow power consunption type

power supply 15 apparatus. Moreover, by setting the first capacitance
and t he second capaci tHrececontrad rsesydcin vEuptikert compridesal aesecond s
possible to s to the | vari S V, vekf

from. the firs r%cfenca%]d%tol'lu‘g% gcohgglr(% g&?egggct#)%%%&%%urﬁ er %r%;fpt he
power supply amfenenge ofvalikags esand | hhent iseeonsl s Fefgrences yoddase

supply for an dsjleréior operates SGE§! #ibHihOal BBryell aue iGNNI tele the
present invention, the voltage conversion section is controlled so as to

suppl y f¥bm t IReGRRRrdet@pr9ri @PeR8Le8t age conversi on section a power
which is substantially equal to a power

The control section further comprises a third
reference voltage generator for generating the second
reference voltage, and the third reference voltage generator

15 operates only within a period during which the third detector
operates.

The control section further comprises a second

reference voltage generator for generating the first

20 reference voltage and a monitor circuit for monitoring a
| change over time of the second voltage output from the
voltage conversion section, wherein the second reference
voltage generator varies the first reference voltage

according to an output of the monitor circuit.

25
The control section further comprises a third
reference voltage generator for generating the second
reference voltage, a monitor circuit for monitoring a change
over timé of the second voltage output from the voltage
30 conversion section, wherein the third reference voltage

generator varies the second reference voltage according to

an output of the monitor circuit.



consuned by the voltage receiving circuit. Thus, it is 30 possible to
realize a high efficiency (90%or greater) voltage converter with little
energy | oss through voltage conversion. - 191 - Moreover, in another

vol tage converter of the present invention, a power supply and a resonance
circuit are connected via a switch, and the opening/closing operation of
the switch is controlled by the control sectlon 5 The resonance circuit
i ncludes an inductor, a first capaC|tan&@ connected to one end of the

i nductor at a first node and a second capacitance connected to the other
end of the inductor aihele the mrnifome. ccwtt (éeheatst khaspshrn§eerss ng

operation of thy sy é6&t§htaf96ﬁctq£@wn%eleonvekbﬁ:bﬁgsebtlbﬁ dvss e to
realize a voltage converter with little ener | oss_t hrough vol t age

conver si on. II¥QQﬁﬂr¥ﬂ¢|¢®s%ﬁ§doﬁéﬁtﬁ§QH(iﬁqu%ﬁEﬁ%tFﬁﬁe PRERe V: §%§ﬂﬂ? i t

I's possible t gdidrfior ddbFr&dées NtReaf i e60NBEEAréhce volltagel. While the
vol tage difference between the termnals of the switch is set to be snal

by |nject§ng a current fromthe power supply into the resonance circuit,
with the switch bei ng wHers ethe whemni t&e umtbage dbﬁ:ebetsf ithatt rthee secdrie

th f
The orare of YeltdPPoRtelE erin PRF ol ide bobRertdtn Shar M EOUE gl
state, the stateachh the Seistiated rm]stagens thleomhlttsicreﬁeuespat erq]ota;gm
open state bEfé)%ﬁ%%QF%inﬁ@ggaggst PRel s%%%n@oqgﬁfeq: VEIMHEE circuit

becones hi gher e power supply voltage, ere preventing a
backfl ow®f the current fromthe resonance circuit to the power supply.

Y\ge{:gngtlgntcu“?m I owinién f Phe ! RENROWST cItRBHY EBER RS tIRRONANRS s&bokdli t

voltage output from the voltage conversion section has
reached the desired voltage, the second reference voltage
generator increases the first reference voltage.
15
When the monitor circuit detects that the second
voltage output from the voltage conversion section has
reached the desifed voltage, the third reference voltage
generator decreases the second reference voltage.
20 |
The control section further comprises a monitor
circuit for monitoring a change over time of the second
voltage output from the voltage conversion section,. wherein
when the monitor circuit detects that the second voltage
25 output from the voltage conversion section dose not reach
the desired voltage, the control section controls the switch
so that the state of the switch changes from the closed state
to the open state after passage of a predetermined time since
when the third detector detects that the voltage at the first
30 node has reached the predetermined second voltage.

The control section controls the switch so that the
state of the switch changes from the closed state to the



t he power consuned by the load is constant, the current flowi ng fromthe
power supply into the resonance circuit 30 Is constant), as the voltage
di fference between the termnals of the switch is snmaller, the power
consuned by the switch is smaller, thereby inproving the voltage _
conversion efficiency. Furthernore, by preventing the - 192 - backf | ow
of a current fromthe resonance circuit 190the power supply, the power
consunption is reduced. According to another voltage converter of the 5

present invendpen,stdté afteasphlssage o€ad imateﬁmm tamecsinte WHdn a
good conversi ee{ﬁl%§?§§¥ef%0&pggkgé%%tqé% qa1 ganggygéﬁfr of dlfferent

conver si on ef I Cle

i nt egrat ed cinedet haé reacheds dhie pmaﬂﬁhanmlneqxaﬂnonduxﬂLmageludes an LC
resonance circuit, and a resonance frequency of the LC resonance circuit is
set so that an intensity of noise which is determ ned based on the
resonanc@ frefNBHEJRIALeARRLICABISLITY or | ess than a predetermn ned val ue

within a frequency bapge nglﬁ)pclf SBPErQltﬁ?skof‘%h‘@bEQsEH‘E ﬂw&stfgﬁp' y

voltage is supplied from ower su _ It is possible to
prevent the cﬁ&F&H@éPESFPc§ Qﬂﬂ¥«n%cﬁHESQNQﬁH@Q#QﬁﬁQﬁmdmﬂﬁgaI%%E?nﬁue to

noi se gener at @ﬂpﬁh&lﬁ:ﬁﬂdeclﬂglude&eﬁ@&%néﬁeﬁgf%éserw_ng h83ns , e Mooy
(Amended) A p%ormlngp g gl gggrsaigsutsem rIPJrrllgS Is%%stantlally no leakage of
10 energy to the outside of the energy preserving means.
Because the energy does not substantially leak to the outside
of the energy preserving means, there is substantially no
loss of energy in the power supply apparatus. Thus, it is
possible to provide a low power consumption type power supply

15 apparatus.

Moreover, by setting the first capacitance and the
second capacitance to the respective predetermined values,
it is possible to supply to the load various types of voltage

20 waveforms from the first node and the second node,
respectively. Furthermore, the power supply apparatus of

the present invention is suitable as a power supply for an
LSI.

25 According to the voltage converter of the present
invention, the voltage conversion section is controlled so
as to supply from the power supply to the voltage conversion
secfion a power which is substantially equal to a power
consumed by the voltage receiving circuit. Thus, it is

30 possible to realize a high efficiéncy (90% or greater)

voltage converter with little energy loss through voltage
conversion.



energy supplying nmeans for supplying energy at a predeterm ned tim ng; and
energy preserving neans for receiving the energy supplied fromthe energy
suppl yi ng neans and preserving the energy, wherein: the energy preserving
means includes an inductor, a first capacitance connected to one end of the
I nductor at a first node, and a second capacitance connected to another end
of the inductor at a second node; and thb9énergy I's supplied to a load via
the first node, and the first capacitance is sufficiently larger than the

second capaci tance. 2Moﬁ:éaswede;d)ui\ mmaupvbytagpar@dmmr difngthe any
ein the

one of clains_1, 4

havi ng a s!trugfﬁrsgr’\%hf@?reﬁ’lt&\?“de? 8°P”3€t FPpgiyl Bh ;nu(r:]c I&%ﬁéﬁ’ eCIJégﬁ tF eq)
?. (Amenfjed) Arpomeonn?pmleﬁ appar & uswideinpr i andg: thﬂer@eumlqlnglmans
or su in I £

for reteivi ngopEebtsTigf P EOH A CobLEb T IR RO RARA ICEEEY1 8 oane
preservi ihg t h@henerggonanceei airchdtentrgjugessani Agdvatior i nal uddssan

i nductor, a f' SARA %%e%%@aeebedné%;Ril%feeﬂeoinw@tbf%faosnegta

first node a second capacli tance connected to another end of
i nduct or at af’s@&)n@%@eseﬁﬁ’@d capargfancenhgopnecdrd $oskhsi P@HeFOQQdI oad

via at |east Qe @letdgalislk rAderpddstbengcaond. nodg FEEF GFnBh§ ethat -

i ng-current voltage waveformis supplied to the |o
g openging/ closing operaptp |

d
ion of the sw1tah at a predetermlned
10 timing, it is possible to realize a voltage converter with

little energy loss through voltage conversion.

In controlling the opening/closing operation of the

switch, it is possible to inject a current into a resonance

15 circuit while the voltage difference between the terminals
of the switch is set to be small, by injecting a current

from the power supply into the resdnance circuit, with the
switch being closed, when the voltage at the first node in

the resonance circuit approaches the power supply voltage.

20 Moreover, after the state of the switch has transitioned
from the open state to the closed state, the state of the
switch transitions from the closed state to the open state
before the voltage at the first node in the resonance circuit
becomes higher than the power supply voltage, thereby

25 preventing a backflow of the current from the resonance
circuit to the power supply. Where the current flowing for

the power supply into the resonance circuit is constant (if

the power consumed by the load is constant, the current
flowing from the power supply into the resonance circuit

30 is constant), as the voltage difference between the
terminals of the switch is smaller, the power consumed by

the switch is smaller, thereby iinproving the 'voltage

conversion efficiency. Furthermore, by preventing the



one of the first node and the second node. 5. (Anended) A power supply
apparatus according to claiml. wherein a direct-current voltage waveform
is supplied to the load fromthe first node, and an alternating-current

vol tage waveformis supplied to the load fromthe second node. 6. (Anended)
A power supply apparatus according to claim4,. wherein an

al ternating-current voltage waveformis 388plied from another one of the
first node and the second node. 7. (Anended) A power supply apparatus
according to aackfilowbfa@ eurrent Zremdhe reseranee diggqudieto digppewer
apparatus and l.pa i gl e. Seq uctor chip. 8. :
(Amended) A p(fb%?lgﬁ’p&tgé %‘gég?%%& co%pﬁ%?lgiﬁsg:fﬁgggg'suppl yi ng neans for
supplying energy at a predeterm ned tinm ng: and energy preserving nmeans for

receiving the energy sfii@cthd ' e® (Lo ENEF IXcltiYe/ | B8nFBRBEraE the
preserving the energy, wherein: the e_nergy g[eser vi ng nmeans i ncl u&%s an
i nduct or,5 a fiBEAseHpatnVaRE&OBenAdctERl PESBhRLENFC0 eI EhRicY O ta8¢,

first node, angbrivePEORdvLEnaEi §8baccepvaesion tofasathey bydcefbiindng

i nductor at a second nhode; the ener i lied to a | oad vi t .l east
Ioneuof the fi r%s‘f° NIt a3 ‘Eﬂ’é"%ﬁ*&%ﬁgyﬂkzgﬂgﬁﬁgﬁ F88¥Fr3188\r/ If’%&ﬁ'cdfent'?\e

energy suppli egidspm the power supply apparatus to the load is returned to
t he power - 195 - supply apparatus for reuse. 9. A power supply
apparatus according to claim8, wherein at |east a portion of the energy
suppl i edi® romthe powkcceu@gphy tapasemisonduciier]! bategrated girerid athe

power supply the present invention, a power supply includes an LC
resonance circuit, and a resonance frequency of the LC
resonance circuit is set so that an intensity of noise which
is determined based on the resonance frequency is equal to
15 or less than a predetermined value within a frequency band
used by a circuit block to which the power supply voltage
is supplied from the power supply voltage. Thus, it is
possible to prevent the characteristics of the circuit block
from becoming lower due to noise generated by the LC
20 resonance circuit.



apparatus via one of the first node and the second nods which is used when
supplying the energy to the. load. 10. A power supply apparatus according to

claim8, wherein at |east a porti on of the energy Supkaed—?FOﬁTfﬁE“pUWEF

supply apparatus to the load is returned to the power SUB ! Vi a
one of the first node and the second node which is diff8 k

when supplying the energy to the | oad. -1193( Gancel ed) 121
(Amended) A vol tage converter, conprising: a voltage con s for
converting a first voltage supplled fropLAIMSWEr Supply to a second voltage
and supplying the second voltage to a voltage receiving circuit; and a
control section for controlling the voltage conversion section, wherein,

t he vol t age cdnvex yawersesupplly i appadatua, resmpamsd:ngi-rcui t including an

[ ouct o, 2 11150 CoPRILAR S SOONPES el 801 Bl iR BNELS) o1 o
i nductor %t a peedsferubeed ahiméngwi aod haV|ng a first terninal and a.

REPLACEMENT SHEET - -ShgoY BERBREvERl HeRRe 6L ThobliiifeP B! eneray
connected to t¥erRlied Sramthe ener%mrts reans; aad\mee%@;@vmg ttihe

first node hasedrgy! af@téff: current voltage waveform and the control
section controls openlng/cI03|ng of the
tHe energy preserving means includes an inductor,

10 a first capacitance connected to one end of the inductor

at a first node, and a second capacitance connected to
another end of the inductor at a second node; and

the energy is supplied to a load via at least one
of the first node and the second node.

15
2. A power supply apparatus according to claim 1, wherein
the load is a semiconductor circuit having a structure which
provides a rectification function.

20 3. A power supply apparatus according to claim 1, wherein

a direct-current voltage waveform is supplied to the load
from one of the first node and the second node.

4. A power supply apparatus according to claim 1, wherein
25 an alternating~current voltage waveform is supplied to the

load from one of the first node and the second node.

5. A power supply apparatus according to claim 1, wherein
a direct-current voltage waveform is supplied to the load
30 from one of the first node and the second node, and an
alternating-current voltage waveform is supplied to the load
from another one of the first node and the second node.

THIS SHEET HAS BEEN

LTI




switch based on a difference between the first voltage and the voltage at
the first node. 14. A voltage converter according to claim 13, wherein: the
control section conprises a first detector for detecti ng This&heet Has Bs lgced
vol tage output fromthe voltage conversion section has dec
desired voltage: and the control section controls opening/
switch when the first detector detects 4 lis4 t-he second vol tage output from
t he vol tage conversion section has decreased bel ow the desired voltage. 15.
(Cancel ed) 16.6 A ¥ Ydwcte SRV Epactidl bdratliqits Haiwhear eivheritan
control section further conprises: a second detector for detecting that a
vol tage at t hé®® BlHeTGHel MCH IR Me I L 9% ¥RTAHOREY 16| $3pPLLed g dde
vol tage: and aldéddrErért 68606 ehed€liesti RBdehandt tbevelelcasd doddle drid st
node has reachedfﬁ‘ redeterm ned secon referengﬁﬁyoltage mh%ch ié |.ar ger
than the predet®ii FHI0G - FUFESRh O LA9S YAV RO AR SYRRLLERE %é@fﬁ?d
det ect or Blet ecilcad fxtont haotbleragreadf tthe £irst modie anss theasdeond hwde.
predeterm ned first reference voltage, the control section controls the
switch so that a state of the switch changes from an open state - 197 -
to a closed sthteA podenhsupply appaxaties caceordinects alwim the whenedge at
the first nod ' I o L e
e Db SRV AL B S TR PR A R e

control section cont ) at the state o SW tC nges
fromthe cl osegemigenductor chip.

10
8. A power supply apparatus according to claim 1, wherein
at least a portion of the energy supplied from the power
supply apparatus to the load is returned to the power supply
apparatus for reuse.

15

9. A power supply appai:atus according to claim 8, wherein

at least a portion of the energy supplied from the power

supply apparatus to the load is returned to the power supply

apparatus via one of the first node and the second node which
20 is used when supplying the energy to the load.

10. A power supply apparatus according to claim 8, wherein
at least a portion of the energy supplied from the power
supply apparatus to the load is returned to the power supply
25 apparatus via one of the first node and the second node which

is different from one used when supplying the energy to the
load.

11. A voltage converter, comprising:

30 a voltage conversion section for converting a first
voltage supplied from a power supply to a second voltage
and supplying the second voltage to a voltage réceiving
circuit: and
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to the open state. 17 —A voltage ctonverter according to claim 14, wherein

the first de &g I%@“{é ?%s operation t her eof I n synchroni zation
with atimng a r age receiving circuit operates. 18. A
vol t age convert " I ﬂ claim 13, wherein: the control section
conprises a fou ‘ r detecting that the second vol tage out put

fromthe voltage conversion section has 1e®5ched a predeterm ned reference
voltage: in response to a reset signal, the control section controls the

switch so that a statg QodtioBWsketiohansss Howtrvllopan that evébtagel osed
state; and when the fourth detector has detected that the second voli ge

out put from tPRRVBFEAGR E6MFECH &P SstciivFYRRLY &R it % P PIet et &R hed
ref erence vol agethé hareDrdge! ERoké s cwniseattsidihe sswpbwersowhiigh the

state of the swtch changes fromthe closed sta h 9. A
vol t age convePPRFLER &éﬁi&;?qpéﬂagﬁ1f8P?Vﬁ§ef%§§%@eéo§?foi szg?lgﬁgé
further eonprisesivanel edlccsiignal generator for generating a clock signal
according to a voltage change at the first node: and a circuit for

outputting the reset signal when detecting that a frequency of the clock
signal is differenat vildrage pradertenr naac¢ordinacyo REPLMCEVENThSREER:

198 - 20. A voltage cQpyepLar A9caLdkign ofbalBbdta MAIEidetidit dORGEO!

section further conprises a circult for outputting the reset si gnal when
det ecti ng t hadedesdiinebhatl dhesesapst vajdageapyepit rem ther VRdgages

smal | er jtghan Jonversion section has decreased below a desired voltage:
and '

the control section controls the voltage conversion

section when the first detector detects that the second

voltage output from the voltage conversion section has

g

15 decreased below the desired voltage.

13. A voltage converter, comprising:
a voltage conversion section for converting a first
voltage supplied from a power supply to a second voltage
20 and supplying the second voltage to a voltage receiving
circuit; and
a control section for controlling the voltage
conversion section, wherein: -
the voltage conversion section includes
25 a resonance circuit including an inductor, a
first capacitance connected to one end of the inductor at
a first node, and a second capacitance connected to another
end of the inductor at a second node, and
' a switch having a first terminal and a second
30 terminal, the first terminal being connected to the power
supply, and the second terminal being connected to the first
node of the resonance circuit: and

the control section controls opening/closing of the

LT




predeterm ned reference voltage. 21. A voltage converter according to claim
14, wherein: the control section further conprises a first reference
vol t age generator for generating the desired voltagﬂf and-—the first

reference voltage generator only operates in a peri ur|n mhlch t he
first detector operates. 22. A voltage converter ac ﬁ$14
wherein: the control section furtherieenprises a fir oltage
generator for generating the desired voltage: and th hce

vol tage geRakdiOr varies the desired voltage according to a signal sent
fromthe voltage receiving circuit. 23. A voltage converter according to
claim 14, wherein: the control section further conprises a second detector
;or ?ete?m4ﬂJ§'Vﬁﬁﬁhgéﬂééﬁﬁbﬁ&ﬁf*ﬁbébfdingoﬁe baaimeashewharedadet er ni ned
irst reference valta n_t second dete Sd vol t age
at the first node %%Pé‘é\:ﬁ?gdsFﬁglﬁpeﬁgTBFﬁ?ﬁ%dgﬂ rs%t?(rae erée}’?\c%:etf\?’%l t age,
t Ee agpnt ][ Aetsretiiron ot rtﬂes gduorlivicdtagre tdvetput firame tdfe Mod taget ch
changes from.an open st t Gy 13Rfd; on
control s tFRESFILH S5 Ja?n 34 ‘%ge o%sé(? L E’QJflr om t

he "'sw tch change ‘he cl osed
state to tdmd - 199 - open state after passage of a predetermned tine
since when the st bridi% 15 8bLE Boh Torianae dpbndiyl/b Jagny st t 0 t he
cl osed state. 24. N6 tage converter according to claiml mherqin t he
control se%WlbﬂhcﬁhﬁhoN@qrﬁﬂéﬁénﬂﬁ§P§F8§Hﬁf§ﬁ°§§maEﬁft&ﬁe secon
10 voltage output from the voltage conversion section has

decreased below the desired voltage.

15. A voltage converter according to claim 13, wherein the
control section controls the opening/closing of the switch

i5 in a period during which a voltage at the first node is smaller
than the first voltage supplied from the power supply and
larger than the desired voltage.

16. A voltage converter according to claim 14, wherein the
20 control section further comprises:

a sécond detector for detecting that a voltage at
tt = first node has reached a predetermined first reference
voltage: and

a third detector for detecting that the voltage at

25 the first node has reached a predetermined second reference
voltage which is larger than the predetermined first
reference voltage, wherein:

when the second detector detects that the voltage
at the first node has reached the predetermined first

30 feference voltage, the control section controls the switch
so that a state of the switch changes from an 'open state
to a closed state; and

when the third detector detects that the voltage at

e
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in a period during which the voltage at the first nede—is—increasing. 25. A

vol tage converter according to claim 13, wherein the gntigb&% 1&&@

controls the opening/closing of the switch in a perfig t he

voltage at the first node is decreasing 26. (Arrendedl) m& nverter,
i

conprising: a voltage conversion section for convertl | t age
supplied froma power supply to a second 1sd t-age and suppl ying the second
voltage to a voltage receiving circuit; and a control section for

control ling thRee/Olftid@R CABWRr ShAB SEEAEREA WHY epiredete rflne®e seeowndr Si on
section includes_a resonance ci rctg)g i ncl Ugl ng an i nductor, a._first,
Fhd ug

capaci t ance corfERIERCE YD FRELER stigR contrals the svitehy
second capaci tsmehatotiteaitectd ofatlod Bitedchanide frviithercdsed staded

node, and a sv%tc havi n atfjﬁrst termnal and a second termnal, the first
terminal bei ng-TonnectRE t3"Fh& power supply, and the second term nal being
connecteddto the first node of the resonance circuit: the control section

o orconor LELASH AL (G oty UL AGR £87NHSHOMm 84100
tenporarily stbirsly a detechorurr dmitdatgs f | cvperatbomyh t hhereofch fimom
the ©nductor ! SyRiRrbRE-RPYEH PHIPLY iing At AU nEONPEASE deciving
converting a voltage supplie
circuit operates.
10
18. A voltage converter according to claim 13, wherein:
the control section comprises a fourth detector for
detecting that the second voltage output from the voltage
conversion section has reached a predetermined reference
15 voltage;

' in response to a reset signal, the control section
controls the switch so that a state of the switch changes
from an open state to a closed state:; and

when the fourth detector has detected that the

20 second voltage output from the voltage conversion section

has reached the predetermined reference voltage, the control

section controls the switch so that the state of the switch
changes from the closed state to the open state.

25 19. A voltage converter according to claim 18, wherein the
control section further comprises:
a clock signal generator for generating a clock
signal according to a voltage change at the first node: and
a circuit for outputting the reset signal when
30 detecting that a frequency of the clock signal is different
from a predetermined frequency.

20. A voltage converter according to claim 18, wherein the

_ THIS SHEET HAS BE|
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froma power supply—to—adesited voltage and supplying the desired voltage
~to a voltage reqegvi éé; idced t e vol tage converter conprising: a first
vol tage convert®p st conversion efficiency; a second voltage
converter havin H[B ersion efficiency which is higher than the
first conversio [ en a current smaller than a predeterm ned
current flows fromthe voltage converteri9® +he voltage receiving circuit:
and a current detector for detecting a current flow ng fromthe voltage
converter to Lg:yght 896t {6 Wtef iddmptiseel 8lipcuie fof butwuttley

converter operates when a current detected by the current detector LS
| arger than tEeepreaeteripnad Whepefieteghipgaths easﬁﬁﬁﬁﬂuWoY?gag ®bnVerter

oper at es whenybheagd' r €RAnget est ety Eheseurneaé disd esimalliex sthiherat han
the predeternmined current. 28. A voltgggkconverter, conprising: a voltage
conversi on seBFPERLEEMINGH, HafetPnee iYetta’8 1 age supplied froma power

supply tg a second voltage and suppl yi ng the second voltage to a voltage
recei ving circgyi

it; and.a control section - oLl1 e o
conversion se iroft % ?r°?9¥9ﬁﬁﬁ5eﬁﬁ?éﬁgﬁéggﬁénégéggi%E'iﬁgkgggg'a
first resonance circuithd ncontlirod ssdé¢tion further -compuises, & first
capaci tance cqnnected to d _of L r i 4 L r g and
By e Rl i ok s it
second voltage; and

10 the first reference voltage generator only operates
in a period during which the first detector operates.

22. A voltage converter according to claim 14, wherein:
the control section further comprises a first

15 reference voltage generator for generating the desired
voltage:; and |

the first reference voltage generator varies the
desired voltage according to a signal sent from the voltage
receiving ‘circuit.

20
23. A voltage converter according to claim 14, wherein:

the control section further comprises a second
detector for detecting that a voltage at the first node has
reached a predetermined first reference voltage:

25 when the second detector detects that the voltage
at the first node has reached the predetermined first
reference voltage, the control section controls the switch
so that a state of the switch changes from an open state
to a closed state: and

30 the control section controls the switch so that the
state of the switch changes from the closed state_ to the
open state after passage of a predetermined time since when
the state of the switch has changed from the open state to

REPLAGED
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node, a first switch having a first termnal and a second termnal, the
first termnal being connected to the power supply, and the second term nal
bei ng connected to the first node of the first resonance circuit, a second
resonance circuit including a second inductor, a thirdrGashaeiHasBeeReplaced
connected to one end of the second inductor at a third rii il t h
capaci tance connected to another end of. tjhgy second mdu%ﬂumngwu h
node, and a second switch having a third termnal and a’ i'tal ,
the third terngnal | cted to the second node of the first
resonance cirg%| ,céﬁégghéeggﬁfth term nal being connected to the third
node of the second resonance circuit; and the control section controls

openi ng/ cl osi “24,OfA%ﬁfa{dé}co?u‘@éxcﬁéxa%@cb%ii%cﬁadcf%ﬁlcﬁ, Ahere 4P lthoe

converter, conprisi ng: a voltage conversion séction_for converting a first

vol tage suppl i ¢ertFehseqelanr conigials she eReBABIVEILPA4BIaRE B WAL t he
second Vot agejj Oa dpesel @ARF €| Whieh CHHRE W1t el Bt GHY Ol rHEGIRD fPr
controlling the voltage conversion section, wherein: the voltage conversion
section incl udt®CEe#8$BHance circuit including a first inductor, a first

capaci tance connected to one end of the first inductor at a first node, and
2 second capachLange Sonneet ol V- AOSUIEL D ko' BEalhr 85, MSUELER e @
control section controls the opening/closing of the switch
10  in a period during which the voltage at the first node is
decreasing.

26. A voltage converter according to claim 13, wherein the

voltage conversion section further comprises storage means
15 for temporarily storing a return current which flows through

the switch from the inductor toward the power supply.

27. A voltage converter for converting a voltage supplied
from a powér supply to a desired voltage and supplying the
20 desired voltage to a voltage receiving circuit,
the voltage converter comprising:
a first voltage converter having a first
conversion efficiency:
a second voltage converter having a second
25 conversion efficiency which is higher than the first
conversion efficiency when a current smaller than a
predetermined current flows from the voltage converter to
the voltage receiving'circuit: and
a current detector for detecting a current
30 flowing from the voltage converter to the voltage receiving
circuit, wherein
the first voltage converter operates when a current
detected by the current' detector is larger than the

THIS SHEET HAS BEEN

O O __rere




a first swwtch having a first termnal and a second_term nal, the first
term nal being connected to the power supply, and the second term nal Dbei ng
connected to the first node of the resonance circui tThis Skte Has BRE gtkfiick N
resonance circuit including a second inductor, a thir . and a
second switch having a third termnal and a fourth telmml' Md of the
second i nductor being connected to the seq@nd capacit ‘d node,
anot her end of the second inductor being connected to the second node, 'the
third term nal ] ' q&g ,
and the fouHﬂ?é%&%ﬁ%%ﬁ§é#@?ﬁéﬁgégghﬁﬁg%??%h e%%%gggﬁﬁég?% Q?%ﬁ?ﬁgﬁgﬁ¥rd
node; and the eusiadtes stan dhecorrrens pspchgichbysihyg Birrent Qetectar t ch
and the second; $Wh£IM eB0thén VehéagecaaREemifea Fent .Ng: a vol tage
conversion section for converting a first voltage supplied froma power
supply to a second vol tage and supplying the second voltage to a voltage
recei vingscircag} A apdlbagentoaveseeld, Okompaiisd@g:r ol 1 ing the vol tage
conversi on section, wherei.n: the voltage convgrsio section_.i.nclu s'a%
resonance circuit i ncl%&’l"r}&a@"‘f FPOVerSdod; BPCLAOR T CORYES DB E’o‘?ﬁ] cted
to one end of vdEtégessuppliiiefofrain a powslr Bupdlyartd a SExwt caglbicadeance
connected to another_end.of the first inducfor at a_sec ode | [ St

owi Loh havi ng Snd SepBREiRs, 18, e ond P RGe hade” VEEAEY el
bei ng connect editouihe poder supply, and the second term nal being

connecteggto the T irsf nodn .0f) tRRAGIAAPEE Pdrnttidrl Al FnEPXbALLSD

resonance circuit including a
conversion section, wherein:

the voltage conversion section includes

a first resonance circuit including a first

inductor, a first capacitance connected to one end of the

15 first inductor at a first nbde, and a second capacitance
connected to another end of the first inductor at a second
node,

a first switch having a first terminal and a
second terminal, the first terminal being connected to the

20 power supply, and the second terminal being connected to
the first node of the first resonance circuit,

a sedond resonance circuit including a second
inductor, a third capacitance connected to one end of the
second inductor at a third node, and a fourth capacitance

25 connected to another end of the second inductor at a fourth
node, and

a second switch having a third terminal and a
fourth terminal, the third terminal being connected to the
second node of the first resonance circuit, and the fourth

30 terminal being connected to the third node of the second
resonance circuit; and
the control section controls opening/closing of the
first switch and the second switch.
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- 203 - second inductor, a third capacitance, and a second switch having a
third termnal and a fourth termnal, one end of the second inductor being
connected to the first node, another and of the second inductor—being-

connected to the third capacitance at a third node, theﬁhlsﬁqt@%ngn a2k

t he second switch being connected to the power supply,
terminal of the second switch being comné®lded to the th|r '
control section controls opening/closing of the first swi cond
switch. 31. A semiconductor integrated circuit, conprising: a power supply
appar at us i nchigdi RQ AN ddgd GSONFEELe £ rEH:hbr:LQEH at least one circuit block
to which a power supply voltage Is suppl I ed fromthe power supply

apparatus, wherein a re¥8iiAge ¢PRYOEREPRCTeHON EoregoRYREL1BPIR FHTSts set

so that an inkendge (gu;aﬁ,m&efﬁbmca bewast sﬁﬁbmgdtaaaege%nhhwlet%@aance
frequency |s equal to or

ess_than a predetermned value within a frequency
band used b AUBRLEInG nEhe; F@ﬁ’l@dolvdblb&tag?z t\ ReWPLEATGC FECELYEEG at ed
circuit accordjmditt;clamn 31, wherein the power supply apparatus and t he
at | east one circuit block _are.forne si ngl e, seni condugt or e . 33 A
seni conduct or i nt egrataedcf?P?‘El?llt E\SS: ?‘8%3({ gPBFFrP 10gh et RE n ¥

supply appar ateonwerxkide se¢ctianl wheretnecuit bl ock are fornmed on di fferent

sem conductor ohi ps. e ASPEASENAHELEL I At egLaLed CibRiadtpeor ding to

claim 31, wherein the power Supply-ap ara us sSu
10 a resonance c:chu:Lt 1nclud1ng a first inductor,

a first capacitance. connected to one end of the first
inductor at a first node, and a second capacitance connected
to another end of the first inductor at a second node,
a first switch having a first terminal and a
15 second terminal, the first terminal being connected to the
power supply, and the second terminal being connected to
the first node of the resonance circuit, and
_ | a modulation resonance circuit including a
second inductor, a third capacitance, and a second switch
20 having a third terminal and a fourth terminal, one end of
the "second inductor being connected to the second
capacitance at a third node, another end of the second
inductor being connected to the second node, the third
terminal of the second switch being connected to the power
25 supply., and the fourth terminal of the second switch being
connected to the third node; and o '
the control section controls opéning/ closing of the
first switch and the second switch.

30 30. A voltage converter, comprising:
a voltage conversion section for converting a first
voltage supplied from a power supply to a second 'voltage
and supplying the second voltage to a voltage receiving

IR ™S Soeer bas o
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- 204 - direct-current voltage to the at least one circuit block. 35.
(Added) A power supply apparatus, conprising: ener gy supplylng nmeans for
suppl yi ng dynanic energy and static energy; and ﬁb@ﬁ& lateg means for
receiving the dynanmic energy and the static energ n1the ener gy
suppl yi ng neans and preserving the dynam c energy c ener gy,
wherein: the energy preserving neans i nck@des an |nductor I'r st
capaci tance connected to one and of the inductor at a first node, and a
_second capacibamcm1ﬁnnnﬂﬁied to another end of the inductor at a second
node, the energy being, supplied (0. 8480002 thecf] #lnR0d%ie 208 kG,
energy preserving neans h d%s €ner gy CONVETs neans T Or
converting atdaaxﬂr31anSGanqﬁ tWhengnan1c energy stored in the energy
preserving nmeans to stafd GHREL égngéggfgﬁlggc@ioﬁegﬁ 18aR8rtion of the
static energy stored in the energy preserving ne nam c energy. 36.
(Added) A& power supply apparesabanceceiredit G-n(ﬂlal@hf%a eipdugdogher gy

conver si on ”E%"'Sfifﬁu%'i;a%ﬁ\éﬁdé‘ SORREELEE o tdife SBRANGMOHRe Fddithe
switch is controlled so as In a_period during which a voltage at

the second nod@daciRp st ?‘65163(814 ngetf@hdé $PEORE GARASIGANEE CoOPRFFIE A

power. supply apparidtiseBCe&Rd dbNOthe £iakt 3hdushercat hhgeeswmmdam,versi on
means i ncludes a switch conn cted to, {%B ﬁecond no [

g + g g he s tch is
controlled so as to be ON?' Serfwl AYLRHi Brt&EH0 C5GE ﬁgl éond
node i s 10 ghersedwmd et egrnuimall NdﬂHea@&rsREEbAﬁENENTbStEETconnected to the

power supply, and the second terminal being connected to
the first node of the resonance circuit, and

a modulation resonance circuit including a
second inductor, a third capacitance, and a second switch
15 having a third terminal and a fourth terminal, one end of
the second inductor being connected to the first node,
another end of the second inductor being connected to the
third capacitance at a third node, the third terminal of
the second switch being connected to the power supply., and
20 the fourth terminal of the second sw'itch being connected
to the third node; and

the control section controls opening/closing of the

first switch and the second switch.

25 31. A semiconductor integrated circuit, comprising:
a power supply apparatus .includin'g an LC resonance
circuit; and
at least one circuit block to which a power supply
voltage is supplied from the power supply apparatus, wherein
30 a resonance frequency of the LC resonance cii‘cuit
is set so that an intensity of noise which is determined
based on thg resonance frequency is equal to or less than

a predetermined value within a frequency band used by the
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at least one ¢ircuit block.

32. A semiconductor integrated circuit according to
claim 31, wherein the power supply apparatus and the at least
one circuit block are formed on a single semiconductor chip.

33. A semiconductor integrated circuit according to
claim 31, wherein the power supply apparatus and the at least

one circuit block are formed on different semiconductor
chips.

34. A semiconductor integrated circuit according to
claim 31, wherein the power supply apparatus supplies a
direct-current voltage to the at least one circuit block.
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