DC- DC CONVERTER CI RCU T BACKGROUND OF THE I NVENTION 1. Field of the

I nvention The present invention relates to phase conpensati on of a DC DC
converter circuit. 2. Description of the Related Art In general, when phase
conpensation is not perfornmed on a DC-DC converter circuit, the stable
operation thereof cannot be ensured. There has been w dely known a net hod
of connecting a resistor with an output capacitor in series as one of the
nmet hods of performng the phase conpensation Fig. 3is a circuit diagram

showi ng a conventional chepp E&@%FH@?§E% uoe DC converter circuit. For
t he phase conpensati on to ensure € operation, a phase conpensation
resistor 112 is connected with an output capacitor 111 in series, or an
out put capacitor provided with an equival ent series resistor is used,
t hereby providing a zero point. In order to performsufficient phase
conpensation, it is nec8SEEROVHDsOF FHFY dFYENSYONz at the zero point in a
frequency band for which the phase conpensation is required. Here, assune
t hat a .capadid arceheallugenft ibhe out put capacitor 111 is given by Cout, a
resister value of the phase conpensation resistor 112 is given by RESR the
frequency fznatptdeezer avBAtAbnirse 1Y L86@Mhase compensation of a DC-DC

converter circuit.

2. Description of the Related Art

In general, when phase compensation is not performed on a DC-DC

converter circuit, the stable operation thereof cannot be ensured.

There has been widely known a method of connecting a resistor with

an output capacitor in series as one of the methods of performing

the phase compensation.

Fig. 3 is a circuit diagram showing a conventional chopper

type boosting DC~-DC converter circuit. For the phase compensation

to ensure the stable operation, a phase compensation resistor 112

is connected with an output capacitor 111 in series, or an output

capacitor provided with an equivalent series resistor is used,

therebyprovidinga zeropoint. Inordertoperformsufficient phase

compensation, it is necessary to set a frequency fz at the zero

pointinafrequencyband forwhichthe phase compensationisrequired.

Here, assume that a capacitance value of the output capacitor 111

is given by Cout, a resister value of the phase compensation resistor

112 is given by Rgsr, the frequency fz at the zero point is expressed

by the following expression (1).



by the follow ng expression (1). 1 fz =1/ (211 x Coat x Rena) (1) Fig. 4
is atimng chart of the chopper type boosting DC-DC converter circuit. In
t he chopper type boosting DC-DC converter circuit showmn in Fig. 3, a
current flows through a rectifying device 110 when a switching el enent 104
is turned off, and the current does not flow through the rectifying device
110 when the switching elenment 104 is turned on. Therefore, a variation in
current Ipk is caused in the rectifying device 110. Therefore, when the
resister value of the phase conpensation resistor 112 is given by RESR a
ripple voIt%@é=ka/e%ﬁféS§édtbyfﬁné fol | oMi)ng expression (2) is generated
in an output voltage. Vpk ' Ipk x RESR (2) In general, when the ripple

vol t ageid/pk Jereratisty charheoDuhputhopratt ageeitsod sirigey DAeDAEt orfveedtzac k
control is not performed, so the stable operation cannot be ensured.

Ther ef@resuit. oreerhd ensdppress e LT ahy 0a-0L ddevsi Pt eivebtiagmaod@k in the
output voltage, it is necessary to set the resister value RESR of the phase

ouever” Whth The reaster VATt TE Sl 4 R trase Shmeriat o TEcor’
) phase conpensation resistor
112 i Sa Ss?vsl’é&iangs néajdelmevrﬁ:I L!L%él iits iéurnneecc?sosfafr,y atnod it Cer ec?usrerent does not
flow through the rectifying device 110 when the switching element
104 is turned on. Therefore, a variation in current Ipk is caused
in the rectifying device 110. Therefore, when the resister value
of the phase compensation resistor 112 is given by Rgsr, @ ripple
voltage Vpk expressed by the following expression (2) is generated
in an output voltage.
Vpk =~ Ipk x Rgsg (2)
In general, when the ripple voltage Vpk generated in the output
voltage is large, normal feedback control is not performed, so the
stable operation cannot be ensured. Therefore, in order to suppress
generation of the ripple voltage Vpk in the output voltage, it is
necessary to sef the resister value Rgsg of the phase compensation
resistor 112 to a smali value. (See JP 07-274495 A (Fig. 1))
However, when the resister value Rggr of the phase gompensation
resistor 112 is set to a small value, it is necessary to increase
the capacitance value Coye of the output capacitor 111 in order to
achieve sufficient phase.cbmpensation. Therefore, there is a

problem in that a size of the output capacitor 111 is made large

and a cost thereof i1s increased.



t he capacitance value Co"t of the output capacitor 111 in order to achieve
sufficient phase conpensation. Therefore, there is a problemin that a size
of the output capacitor 111 is made large and a cost thereof is increased.
2 SUVWWARY OF THE | NVENTI ON The present invention has been nade to solve the
conventional problem as descri bed above. An object of the present invention
is to provide a DC-DC converter circuit which is stably operated. According
to the present invention, when a switching elenment is turned on so that a
charge current that was flowing into an output capacitor flows into the
switching elenent, the charge current is converted into a voltage. A

variation conponent in th %gt I f dded to an out put voltage
and a resultant voltage i system As descri bed
above, according to the present invention, it 1is possible to provide a
DC- DC conver Te? R&as@itt 1ikeehliead asePseantaae spetat &l téFefOV Rt Ho3HAI |
out put capacitor by suppressing a ripple voltage Vpk generated in the
out put pvobi egess Teesdripecyahent . of An siodlsidti vy Shendrasard anventent hewde can
be al so desired. BRI EF DESCRI PTION OF THE DRAWNGS In the acconpanying
drawi ngs: provide a DC-DC converter circuit which is stably operated.
According to the present invention, when a switching element
is turned on so that a charge current that was flowing into an output
capacitor flows into the switching element, the charge current is
converted into a voltage. A variation component in the converted
voltage is added to an output voltage and a resultant voltage is
fed back to a control system.
As described above, according to the present invention, it
is possible to provide a DC-DC converter circuit which can be stably
operated even with a small output capacitor by suppressing'a.ripple

voltage Vpk generated in the output voltage. The improvement of

stability similar to a current mode can be also desired.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Fig. 1 is a diagram showing a chopper type boosting DC-DC
converter circuit according to a first embodiment of the present
invention;

Fig. 2 is a timing chart of the chopper type boosting DC-DC

converter circuit according to the first embodiment of the present



Fig. 1 is a diagramshowi ng a chopper type boosting DC-DC converter circuit
according to a first enbodi nent of the present invention; Fig. 2 is a
timng chart of the chopper type boosting DC-DC converter circuit according
to the first enbodinent of the present 3 invention; Fig. 3.is a diagram
showi ng a conventional chopper type boosting DC-DC converter circuit; Fig.
4 is atimng chart of the conventional chopper type boosting DC DC
converter circuit; Fig. 5 is a diagram show ng a chopper type boosting DC DC
conver&ggeﬁkgngt according to a second enbodi ment of the present

I nvention Fig. 6is a dlagran1shomnng a chopper type inverting DC DC
converter ci .acc d|n a third enbo lnen f the1pre e i nventi on.
DETAI LED DES P PO OF2FH my @C%Wé%il) (OEPFsFt Y@ﬁsj%%‘?%%ﬁ Fig. 1

is a diagram showi ng a chopper type boosting DC-DC converter CIFCUIt
accordPﬁgD@oCQHV?FE?re%%é@?hﬁnt of the present invention.

Fig. 4 is a timing chart of the conventional chopper type
boosting DC—DC converter circuit;

Fig. 5 is a diagram showing a chopper type boosting DC-DC
converter circuit according to a second embodiment of the present
invention; and

Fig. 6 is a diagram showing a chopper type inverting DC-DC
converter circuit according to a third embodiment of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

(First Embodiment)

Fig. 1 is a diagram showing a chopper type boosting DC-DC
converter circgit according to a first embodiment of the present
invention. *

In the chopper type boosting DC-DC converter circuit shown
in Fig. 1, an inpﬁt voltage from a power source 101 is subjected
to energy conversion by an inductor 109, a switching element 104,
a rectifying device 110, and an output capacitor 111, to generate
an output voltage. Then, an error amplifying circuit 106 compares

a reference voltage 107 with a voltage obtained by dividing the

output voltage by a voltage dividing circuit 108 to generate an



In the chopper type boosting DC-DC converter circuit showmm in Fig. 1, an

i nput voltage froma power source 101 is subjected to energy conversion by
an inductor 109, a switching elenent 104, a rectifying device 110, and an
out put capacitor 111, to generate an output voltage. Then, an error
anplifying circuit 106 conpares a reference voltage 107 with a voltage
obt ai ned by dividing the output voltage by a voltage dividing circuit 108
to generate an 4 output signal for controlling a PWM control circuit 105.

The PVBLcontdQdn £ el Loh@3,04t pYt § @Wt@%&f@cxc&l”tcﬁ@cusﬂtg@@% torf bepyyd t ching
el enent 104 to nalntaln t he output vol t age at a predeternined ievel. A

phase ¢ Qn ;reshstar 2. Ls inserte yeen_the out put apaci tor
111 and” @ﬁ%gfgitl ylng S e %fﬁ eedback res?s%iq: % anﬁtéh]%%dback

capacitor 120, which are connected |n parallel wth each other are
connect B Yt W4n" AMESRRELE bFE FETRE (W HordR RT,2 PaEIRhrCRNRe 9684 fyi ng

device 110 and the phase conpensation resistor 112 are connected, and the
vol t age rliadaiquprsnsadiiton @@ s iatoippllé igolinagetedripetvéon tesi@ttrutlls is
connected between the switching elenent 104 and GND. A ripple voltage
corr ectapic Capadiltlomnilbhesrecohfigtii @ Hdetaedrn 0a canfeetibank podditstdr poi nt)
, at which the switching elenent 104 and the ripple voltage correction

resi stor3 LY ar écc68ABRCESHac 8P a LONRAGIIOR rROEBhnEELRAI i )parff1athi ch the
f eedback
with each other, are connected between a connection point (a point),
atwhichtherectifyingdevice 1ll0 and the phase compensationresistor
112 are connected, and the voltage dividing circuit 108. A ripple
voltage correction resistor 114 is connected between the switching
element 104 and GND. A ripple voltage correction capacitor 115 is
connectedbetween aconnectionpoint (bpoint), atwhichthe switching
element 104 and the ripple voltage correction resistor 114 are
connected, and a connection point (c point), at which the feedback
resistor 113 and the voltage dividing circuit 108 are connected.
Fig. 2 is a timing chart of the chopper type boosting DC-DC
converter circuit according to the first embodiment of the present
invention and the operation thereof will be described below.
First, when the switching element 104 is turned off, a current
fromthe indictor 109 flows into therectifyingdevice 110, to thereby
riseavoltageat theconnectionpoint (apoint) betweenthe rectifying
device 110 and the phase compensation resistor 112. When the current

flowingintotherectifyingdevice 110 isgivenby Ii.sranda resistance

value of the phase compensation resistor 112 is given by Rgsr, a



resistor 113 and the voltage dividing circuit 108 are connected. Fig. 2 is a
timng chart of the chopper type boosting DC-DC converter circuit according
to the first enbodi nent of the present invention and the operation thereof
wi |l be described below. First, when the switching element 104 is turned
off, a current fromthe indictor 109 flows into the rectifying device 110,
to thereby rise a voltage at the connection point (a point) between the
rectifying device 110 and the phase conpensation resistor 112.

Whent hegui gntvolftlg W g nta. ;Q%ss‘%%t'b yLag ¢eyheg 150 ﬁf@s\é%nby 3hLOT and

a resistanc val ue of the phase conpensation resist iI'ven’'by RESR,

a b5 r|S|ng Oltan@f hﬁ@expressGﬁ by the foll ow ng expreSS|on (3). Vvan
| Lof f x RESR 3) Pf t he swi‘tching el enent 104 is turned on, the

current from the indictor 109 flows _ into the switching el enent 104.
Therefore, tR&tydtayEhatsHHecoheeEM8ALt Pdlhi S(B PR RON Hetveer T ERE
rectifying device 110 and the phase conpensation resistor 112 |owers, so a
vol t ag€ romsBse atdidieo cbhfEd biven i e $bi poh by eBemaeer Ghe Shetreliong,

el enent 104 and the ripple voltage correction resistor 114. Wen the

cur r entchid 99l fggd B HdeoawetehbAp &l remeatpdit § Beiveen dye rkedirandga
resi stance value of the ripple voltage correction resistor 114 is given by

RSENSEde%&E%iQgnghﬁagﬁevgh5§ee%gﬁﬁéﬁggtQXntQ@s&gkbgwﬁﬁg lowers, so a

voltage rises at the connection point (bpoint) between the switching
element 104 and the ripple voltage correction resistor 114. When
the current flowing into the switching element 104 is given by Iron
and a resistance value of the ripple voltage correction resistor
114 is given by Remuss, @ risingvoltage Vb is expressedby the following
expression (4).

Vb ~ Tron X Rgense (4)

A variation in voltage Vc at the input point (c point) of the
voltagedividingcircuit 108 isexpressedby the followingexpression
(5). |

Ve & Troee X (Rgsn — Rsewss) (5)

Thus, by adjusting the resistance value Rgsg ©of the phase
compensationresistor112andtheresistancevaluefgmmgoftheripple
voltage correction resistof 114, it is possible to reduce the
variation in voltage Vc at the input point (c point) of the voltage
dividing circuit 108, that is, the ripple voltage to be inputted
to the voltage dividing circuit 108.

According to such a method, even when a capacitor whose size
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sion (4). Vb, ILon X RSENSE (4) A variation in voltage Vc at the

point (c point) of the voltage dividing circuit 108 is expressed by

| owi ng expression (5). VC ™ ILoff x (RESR - RSENSE) (5) Thus, by
ing the resistance val ue RESR of the phase conpensation resistor

112

e resistance value RSENSE of the ripple voltage correction resistor

t is possible to reduce the wvariation in voltage Vc at the input

(c point) of the voltage dividing circuit 108, that is, the ripple
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e, so stable operation is possible., Further, a capacitance val ue of

edbackt ¢aphdiabind 20 smpd Lsgi PPdeaV ohl ¥ee st |Sérabifareration the

vol tage correction capacitor 115 or the feedback capacitor 120 is
ooserbaeresi stance value of the phase conpensation resistor 112 is

a value smal | er
Further, a capacitance value of the feedback capacitor 120

is set to a value smaller than that of the ripple voltage correction
capacitor115orthefeedbackcapacitoriZOisremoved,oraresistance
value of the phase compensation resistor 112 is set Lo a value smaller
than that of the ripple voltage correction resistor 114 or the phase
compensation resistor 112 is removed, so that the ripple voltage
Vb which is expressed by the expression (4) and generated by thé
ripple voltage correction resistor 114 as a main cause becomes
dohinant as compared with the ripple voltage Va which is expressed
by the expression (3) andgeneratedby thephase compensationresistor
112 asamaincause. Therefore, the current flowing intothe inductor
109 which is increased or decreased according to a time for which
the switching element is being turned on can be fed back during
the switching element 104 is being turned on. Thus, it is possible
to further expand a stable operational region.
(Second Embodiment)

Fig. 5 is a diagram showing a chopper type boosting DC-DC
converter circuit according to a second embodiment of the present
invention. In the chopper type boosting DC-DC converter circuit

shown in Fig. 5, the ripple voltage correction resistor 114 is



than that of the ripple voltage correction resistor 114 or the phase
conpensation resistor 112 is renoved, so that the ripple voltage Vb which
is expressed by the expression (4) and generated by the ripple voltage
correction resistor 114 as a nmai n cause becones dom nant as conpared with
the ripple voltage Va which is expressed bytheexpression (3) and generated
by the phase conpensation resistor 112 as amain cause. Therefore, the
current flowng into the inductor 109 which is increased or decreased

di G . ' e . . . Cur
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converter circuit according to a second enbodi nent of the present
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Fig. 5 the ripple voltage correction resistor 114 is 7 connected between
t he swicochiesgiehenenisi04 ahd ©ND.cdheeciepl eenddrt dgeuwopeeatti ol tapacit or
115 is connected between the connection point, at which the swtching

el emenkrif4 a1t ingopteryel t ages.corrast Fendpesksictipatli4 oar el zonnect ed,
and an input point of the error anplifying circuit 106. The feedback
capaci g5 nt20ekSpetween the input point of the error amplifying circuit
l06andtherectifyingdevicell0. Accordingtothecircuitstructure
as shown in Fig. 5, the output voltage can be fed back to the error
amplifying circuit 106 with a state in which the ripple voltage
is reduced, so stable operation is possible.
(Third Embodiment)

Fig. 6 is a diagram showing a chopper type inverting DC-DC
converter circuit according to a third embodiment of the present
invention. In the chopper type inverting DC-DC converter circuit
shown in Fig. 6, the input voltage from the power source 101 is
inputted to the’switching element 104. The switching element 104
isconnectedwiﬁhGNDthroughtheinductor109andtheripplevoltage
correction resistor 114. In addition, the switching element 104
is connected with GND through the rectifying device 110, the phase
compensation resistor 112, and the output capacitor 111. The
connection point between the rectifying device 110 and the phase
compensation resistor 112 is connected with the voltage dividing

circuit 108. A second reference voltage circuit 117 is connected

between the voltage dividing circuit 108 and GND. An output from



connected between the input point of the error anplifying circuit 106
andthe rectifying device 110. According to the circuit structure as shown
in Fig. 5, the output voltage can be fed back to the error anplifying
circuit 106 with a state in which'the ripple voltage is reduced, so stable
operation is possible. (Third Enbodinent) Fig. 6 is a diagramshow ng a
chopper type inverting DC-DC converter circuit according to a third

enbodi ment of the present invention. In the chopper type inverting DC DC

convertgar \%It?é’%é tdoii}tlh%ghgm@igicﬂitesl?é he iy %&t‘égi'hlt.égaen Iié%r%ﬁ%gpr?r}gﬁﬁtsour ce

101 is Inputte tching el ement e sSWw ing el"enent 104 is
connected wt D_t hrough_the inductor 109 and e ripple voltage
correc%FSWlpg ig%LFhflﬁFgPﬁ 388?%?8ﬁ?gtﬁérgﬁfgchbﬁg el ement 104 is
connected with G\D through the rectifying device 110, the phase, _
conpensat i onAFESiISgerEing Wit herpdbpdtoichpasirrer amralifheg edhretti on
poi nt between the rectifying device 110 and the phase conpensation resistor
112 i slébnmectedewtel theh\woffage difeimee voilkeget c108uith 1décondougher ence
voltage circuit 117 is connected between the voltage dividing circuit 108
and G\PheAlecB4uM r&508t 08 1tihe Vthe@Qi‘%DEﬂlié/ifgiLﬂg?@dd}d&iéct]iQﬁl tsphopubted to

an inverting input termnal of the error anplifying circuit 106.
115 is connected with the connection point between the inductor
109 and the ripple voltage correction resistor 114. An output
terminal of the errorkamplifying circuit 106 is connected with the
PWM control circuit 105. An output terminal of the PWM cqntrol
circuit 105 is connected with the switching element 104.
According to the circuit structure as shown in Fig. 6, when
the reference voltage inputted to the error amplifying circuit 106
is controlled, the output voltage can be fed back to the error

amplifying circuit 106 with a state in which the influence of the

ripple voltage is reduced, so stable operation is possible.



A non-inverting input termnal of the error anplifying circuit 106 is
connected with a first reference voltage circuit 116 through the feedback
resistor 113. The ripple voltage correction capacitor 115 is connected with
t he connection point between the inductor 109 and the ripple voltage
correction resistor 114. An output termnal of the error anplifying circuit
106 is connected wiwth the PWMcontrol circuit 105. An output term nal of
the PMW control <circuit 105 is connected with the switching el ement 104.

Accordw%% to thg cirguit structure as shown in Fig. 6, when the reference
vol t agd Fhipaft 42t 8°thé&Sérror anplifying circuit 106 is controlled, the
out put voltage can be fed back to the error anplifying circuit 106 with a
state in whi gh A He~PRfIQrerfed 9F CLReVLEi fsyT BeyoPrErBge Y S edtidet cogdratanl e
operation is possible. 9 Wiat is clainmed is: 1. A DC-DC converter circuit
for pebloridedpavi t ofii ngn conttpalt Wyl faedbackafudmousputindidtage, a

i ncluding an inductor, a rectifying device, a voltage dividing circuit, a
ref er epeetydltiagede€idgUiat voandgan ottty capaciittor a ddre AdaddCreanuget er

circuit conprising: a swtching elenent; an error anplifier; and

circuit, and an output capacitor, the DC-DC converter circuit
cdmprising:

a switching element;

an error amplifier; and

a feedback circuit provided between the switching element and
the error amplifier,

wherein when a charge current flowing into the output
capacitor flows into the switching element, the feedback circuit
converts the charge current flowing into the switching element into
a voltage, adds the converted voltage to the output voltage, and

feeds back the output voltage to which the converted voltage is

added to the error amplifier.

2. A DC-DC converter circuit according to claim 1, wherein
the feedback circuit comprises:

a feedback resistor connected between a connection point, at
which the rectifying device and the output capacitor are connected,
and the voltage dividing circuit;

a ripple voltage correction resistor connected between the

switching element and GND; and
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a feedback circuit provided between the switching el ement and the error
anplifier, wherein when a charge current flowng into the output capacitor
flows into the switching el enent, the feedback circuit converts the charge
current flowng into the switching elenment into a voltage, adds the
converted voltage to the output voltage, and feeds back the output voltage
to which the converted voltage is added to the error anplifier. 2. A DC-DC
converter circuit according to claim1, wherein the feedback circuit
compri ses: 2 feqdpack resislor connected hetneen a conneatdon hoidt, At
whi ch the rectif§>ng devi-éd and the oﬁ%pﬁipba630|tor are connected,” and the
vol tage dividing circuit; a ripple voltage correction resistor caonnected
bet weerr FHE S Lt é%ﬁ’ilﬁ&'ela@né’ﬁ‘tl%d*@\l&w 11y &lﬁnkﬁcﬂte anst tté’ﬁe rdeFrléct i on
capaci tor connected between a connection point, at which the sw tching
el enentvadii@ deheorkppt €on vied & isgfec £ emeeconbactedi strol aaceneonheet @d,indnd a
connection point, at which the feedback resistor and the voltage dividing
Svihrcui tat aihg oho thec tfe@db3ic kA aG-i3E caoniRY ttere Gioltuide aticdrddinkg dieceliai m 1,
erein

are connected.

3. A DC-DC converter circuit according to claim 1, wherein
the feedback circuit comprises:

a ripple voltage correction resistor connected between the
switching element and GND; and

a ripple voltage correction capacitor connected between a
connection point, at which the switching element and the ripple
voltage correction resistor are connected, and an input terminal

of the error amplifier.

4. A DC-DC converter circuit according to claim 1, wherein
the feedback circuit comprises:

a feedback resistor connected between the reference voltage
circuit and an input terminal of the error amplifier;

a ripple voltage correction resistor connected between the
inductor and GND; |

a ripple voltage correction capacitor connected between a
connection point, at which the inductor and the ripple voltage

correction resistor are connected, and a connection point, at which

11



the feedback circuit conprises: a ripple voltage correction resistor
connected between the switching elenent and G\ND, and a ripple voltage
correction capacitor connected between a connection point, at which the
switching elenent and the ripple voltage correction resistor are connected,
and an input termnal of the error anplifier. 4. A DC-DC converter circuit
according to claiml1l, wherein the feedback circuit conprises: a feedback
resi stor connected between the reference voltage circuit and an input

termnal_ of, th rror._anplifier; a ripple voltage correctijon.resistor
connect EB%%%%@% “the™s na%ct[hoer éﬁﬁarcﬁlﬁ?ﬁa lr?rbﬁl%g g/%?t aegeedbcaocrkr 58?%8?%“
capaci tor connected between a connection point, at which the inductor and
the ri ppfFé ¢erragecdéorPecti on resistor are connected, and a connection
point, at which 11 the input termnal of the error anplifier and the
f eedback resi st eecoade redemeciced;vodridge seicordl r efeneecieed dbebgeeti k£bai t
connected between the voltage dividing circuit and the G\ND. 12

voltage dividing circuit and the GND.
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