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(7) ABSTRACT

A DC/DC converter is provided with a DC power source; a
reference voltage generating circuit; an amplifier which
receives an electric power from the DC power source and
outputs an electric power of which voltage is controlled so
as to assume a target voltage value by stepping down the
voltage of the electric power from the DC power source
depending on a difference between the reference voltage and
a detection voltage; an oscillation circuit which generates
signals having a specific frequency; a voltage boosting
circuit which receives the output of the amplifier and the
output of the oscillation circuit, causes switching of the
output of the amplifier at the specific frequency to charge a
first capacitor, and performs voltage boosting by transferring
the electric charges charged in the first capacitor through
complementary ON/OFF switching with respect to the
former switching into a second capacitor after raising sub-
stantially upto n/m time voltage (wherein n>m and n and m
are integers equal to or more than 2) and charging the same
therewith; and an output voltage detection circuit which
generates the detection voltage depending on the output
voltage of the boosting circuit, whereby a voltage of sub-
stantially n/m times of the target voltage value is generated
from the voltage boosting circuit.

a

E . 1
11 | |
\*L '. OSCILLATION| |
T CIRCUIT
! (0sC) o
P GND




US 2002/0034082 A1

Patent Application Publication Mar. 21,2002 Sheet 1 of 5

-

(DSO)

NOLLVTIIOSO

f

1INOYIO !
el




US 2002/0034082 A1

Patent Application Publication Mar. 21,2002 Sheet 2 of 5

OA

(LINDYHID MOvE
a3ad IALLYDIN)

1INOHIO

6 TJOHINOD ADVLI0OA anNo
<or> Ak
|
| < LINOHID diNNd JOMVHO > | (0S0)
: " 1INDYHID
_ i |NOLLYTIIOSO
S5 s
S B v Ol iy " g o
“ . Ww—
" x_k " S
m T—os
" A _ O
" do
" @)
eg

aNo

—LLL




US 2002/0034082 A1

Patent Application Publication Mar. 21,2002 Sheet 3 of 5

)
L
<or> i
DZUJR
ANOD < " PAN
1
‘ o&\ LINDUID -
ano / NOLLVTTIOSO 11
el

Nt Lﬂ ZMS LIS Lo,

o) = I

A TS \,\nﬂ .fm

7
v aND 29 9 o H
g o 1
= s T [
(BAZ=)OA nM|A f 4 o

e .f

q/ PL ONIDHYHO o/ 9 e/
DO
o f h
at e Ol



US 2002/0034082 A1

Patent Application Publication Mar. 21,2002 Sheet 4 of 5

<or> aND
IJR
anNo
aND <«
. 2 T
.ooh o% 1INOMID 1
an
Nw_w Wi 09 zoE\.:_Mmo T,
N*g O P\? el A\. JOIA
v 7 mO SMS T
S
oz_o 3
“HVHO 9 1y OH
.
‘? e i
ﬂ?m *MS J o ‘MS o_fm C_M> A )
(BAZ=)OA ¢ e
m>>m LMS Z
o/ e9 e/
pL ONISHVHO D0A
LS \ W
0 .
g ) E



US 2002/0034082 A1

Patent Application Publication Mar. 21,2002 Sheet 5 of 5

aNO

1INOHIO NOILO313d
dOV1IT10A 1Ndino

anNod

¢ — — S — i —— — — — i — = — —

(0S0)

1INJdIO
NOLLYT110SO

_ 1 (NOI WNIHLIT

ONO-

G 9Id

T ALlvd

LL
f O

UIA



US 2002/0034082 Al

DC / DC CONVERTER

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a DC/DC con-
verter, and, more specifically, relates to a DC/DC converter
which suppresses noise generation during switching in a
switched capacitor type DC/DC converter which is used for
a battery driven power source circuit for a portable tele-
phone set such as for PHS (Personal Handyphone System)
and portable telephone system and a battery driven power
source circuit for a portable type electronic device such as an
electronic book and a PDA.

[0003] 2. Background Art

[0004] In a conventional electronic device driven by a
battery such as the portable telephone set for such as PHS
and portable telephone system and the portable type elec-
tronic device, a circuit which is driven by a higher voltage
than a normal battery voltage is incorporated. For example,
an LED element drive circuit used as a back light in a liquid
crystal display device and a signal transmission circuit are
such examples. In order to operate these sorts of circuits a
DC/DC converter for boosting the battery voltage is fre-
quently provided as a power source circuit within these
devices.

[0005] On the other hand, with regard to these sorts of
battery driven electronic devices, a size reduction and light
weighting of the devices themselves have been advanced,
and the size of power source circuit itself has been reduced
and correspondingly a circuit with a low power consumption
has been demanded. In response thereto, in these sorts of
devices and apparatuses, a DC/DC converter, which trans-
fers charged electric charges to a capacitor by means of a
switched capacitor such as a charge pump circuit and boosts
up to an n times voltage corresponding to a so called n times
voltage rectification, is provided, for example, as a part of an
LED element drive circuit and a power source circuit
therefor. In these sorts of devices and apparatus, the voltage
boosted by such DC/DC converter is further regulated and
stabilized at a constant voltage by a regulator to produce an
LED drive voltage. Thereby, a size reduction and a low
power consumption of the devices is realized.

[0006] Although there are a variety of DC/DC converters
of different types, however, in view of the LED element
drive circuit in which voltage boosting is performed by
making use of such as the charge pump circuit, it has been
proposed to utilize a so called switched capacitor type
DC/DC converter of which entire power source circuit is
also an n times voltage rectification type.

[0007] FIG. 5 is an example of such power source circuits.

[0008] InFIG.5,a DC/DC converter 10 includes, regard-
less to the LED element drive circuit, a charge pump circuit
(a double voltage boosting circuit) 12 which performs

switching at an oscillating frequency of an oscillation circuit
(0SO) 13.

[0009] Respective terminals of a capacitor C1 of the
charge pump circuit 12 are connected between an input side
power source line (a positive electrode side of a lithium ion
battery 11) Vin and the ground GND via respective switch
circuits SW1 and SW2. Further, the respective terminals of
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the capacitor C1 are again connected to a charging side
terminal of a power output use capacitor C2 and to the input
side power source line Vin via respective switch circuits
SW3 and SW4.

[0010] The charging side terminal of the capacitor C2 is
connected to an output terminal Vo and the other terminal of
the capacitor C2 is connected to the ground GND.

[0011] The DC/DC converter receives from the lithium ion
battery 11 an electric power of a voltage of, for example,
about 3.6V (usually, a certain voltage in a range of 3.0V-
42V) and performs a boosting operation by turning
ON/OFF the switch circuits SW1-SW4 in response to pulses
having a predetermined frequency being outputted from the
oscillation circuit (OSC) 13.

[0012] Namely, the DC/DC converter 10 turns ON the
switch circuits SW1 and SW2 and OFF the switch circuits
SW3 and SW4 to charge the capacitor C1 (a first capacitor),
further performs a complementary switching (switching of
reversing ON/OFF state of the respective switch circuits) of
turning OFF the switch circuits SW1 and SW2 and ON the
switch circuits SW3 and SW4 to transfer the electric charges
having been charged in the capacitor C1 to the power output
use capacitor C2 (a second capacitor) after boosting sub-
stantially to doubled voltage and to charge the same.

[0013] As a result, the DC/DC converter repeats a so
called double voltage rectification and generates a voltage of
about 7.2V at the capacitor C2.

[0014] Further, the switch circuits SW1-SW4 receive out-
put pulses from the oscillation circuit 13 and are turned
ON/OFF in response to High level thereof (hereinbelow, will
be referred to as “H”) and Low level thereof (hereinbelow,
will be referred to as “L”). Since the switch circuits SW3 and
SW4 receive the output pulses from the oscillation circuit 13
via an inverter, the switch circuit SW3 and SW4 perform the
complementary switching operation with respect to the
switching circuit SW1 and SW2.

[0015] The oscillation circuit 13 performs oscillation upon
receipt of electric power from the lithium ion battery 11 and
outputs pulses of 50% duty ratio having a predetermined
frequency to the charge pump circuit 12. Then, the DC/DC
converter detects the voltage Vo at the output side which is
boosted by the charge pump circuit 12 at an output voltage
detection circuit 14 to feed back the same to the oscillation
circuit 13 and controls the oscillation frequency of the
oscillation circuit 13 so that the output voltage Vo is kept at
a constant voltage.

[0016] However, in such switched capacitor type DC/DC
converter, since the capacitor C1 is connected to the input
side power source line Vin at the time of ON/OFF switching
of the switches, noises with a high level are induced on the
input side power source line Vin at the time of switching the
switches. Further, in order to stabilize the output voltage Vo
the oscillation frequency of the oscillation circuit 13 is
controlled in which when the output voltage Vo rises, in
order to lower the same the switching of the switches is
performed before completing charging of the capacitor C1,
therefore, noises are also induced on the output line of the
output voltage Vo.

[0017] Such noises reduces electric power conversion
efficiency as well as causes adverse effects to the surround-
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ing circuits. In particular, since the frequency of the oscil-
lation circuit varies, the frequency of the noises likely varies
which makes difficult to remove the noises by a filter.
Especially, such is problematic to battery driven portable
type electronic devices and apparatuses.

SUMMARY OF THE INVENTION

[0018] An object of the present invention is to resolve the
above problems in the conventional art and to provide a
DC/DC converter which can suppress noises induced at the
time of switching.

[0019] A DC/DC converter of a first aspect of the present
invention which achieves the above object is characterized
in that, the DC/DC converter comprises a DC power source;
a reference voltage generating circuit; an amplifier which
receives an electric power from the DC power source and
outputs an electric power of which voltage is controlled so
as to assume a target voltage value by stepping down the
voltage of the electric power from the DC power source
depending on a difference between the reference voltage and
a detection voltage; an oscillation circuit which generates
signals having a specific frequency; a voltage boosting
circuit which receives the output of the amplifier and the
output of the oscillation circuit, causes switching of the
output of the amplifier at the specific frequency to charge a
first capacitor, and performs voltage boosting by transferring
the electric charges charged in the first capacitor through
complementary ON/OFF switching with respect to the
former switching into a second capacitor after raising sub-
stantially upto n/m time voltage (wherein n>m and n and m
are integers equal to or more than 2) and charging the same
therewith; and an output voltage detection circuit which
generates the detection voltage depending on the output
voltage of the boosting circuit, whereby a voltage of sub-
stantially n/m times of the target voltage value is generated
from the voltage boosting circuit.

[0020] Further, according to a DC/DC converter of a
second aspect of the present invention, in place of the
reference voltage generating circuit a variable voltage gen-
erating circuit is provided and in place of the output voltage
detection circuit a voltage control circuit is provided which
controls the variable voltage generating circuit depending on
the output voltage of the voltage boosting circuit, whereby,
the voltage control circuit controls the output voltage of the
variable voltage generating circuit depending on the output
voltage of the voltage boosting circuit, so that the output
voltage of the amplifier assumes the target voltage value and
causes the amplifier to generate an electric power having the
target voltage value.

[0021] As has been explained in the above, according to
the first aspect of the present invention, since the output
voltage of the voltage boosting circuit is detected, the
detected voltage is fed back to the amplifier and the output
voltage of the amplifier is controlled so as to assume the
target voltage value, the voltage boosting circuit which
performs voltage boosting upon receipt of the output voltage
of the amplifier can generate an electric power having a
voltage of n/m times of the target voltage value. Thereby, the
voltage boosting circuit can output an electric power having
a stabilized voltage of substantially n/m times with respect
to the target voltage value.

[0022] In this instance, since the voltage boosting circuit
produces the boosted voltage through the switching control

Mar. 21, 2002

with the specific constant frequency, even when the boosted
voltage rises above the voltage of n/m times of the target
voltage value, the switching change-over during charging in
the voltage boosting operation never happens to thereby
suppress the noise generation. Moreover, since the switching
frequency is kept constant, a circuit which facilitates noise
removal in the surrounding circuits can be realized.

[0023] As aresult, in the switched capacitor type DC/DC
converter, the noise generation at the time of switching for
voltage boosting can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a block diagram of a switched capacitor
type DC/DC converter representing one embodiment to
which a DC/DC converter of the present invention is
applied;

[0025] FIG. 2 is a block diagram of another embodiment
of a DC/DC converter of the present invention;

[0026] FIG. 3 is a block diagram of one embodiment of a
three time voltage boosting DC/DC converter to which the
present invention is applied;

[0027] FIG. 4 is a block diagram of one embodiment of
1.5 time voltage boosting DC/DC converter to which the
present invention is applied; and

[0028] FIG. 5 is a block diagram showing an example of
conventional switched capacitor type DC/DC converters.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] In FIG. 1, 1 is a switched capacitor type DC/DC
converter in an IC form which is driven by an electric power
from a lithium ion battery 11 and includes a power supply
use error amplifier 2, a charge pump circuit 3, a resistor
voltage divider circuit 4 for output voltage detection and a
reference voltage generating circuit 5, and these circuits
excluding the battery 11 and capacitors C1 and C2 are
formed into a single IC. The portion surrounded by the
dotted frame shows the range of the IC and terminals 7a-7f
are ones of the IC.

[0030] 7a is an input terminal of the DC/DC converter 1,
7b is the output terminal thereof and 7c¢ is the ground
terminal thereof. The capacitor C1 is connected between the
terminals 7e¢ and 7f and the power output use capacitor C2
is connected between the terminal 7d and the ground GND.
Further, the same constitutional elements in FIG. 1 as in
FIG. 5 are designated by the same reference numerals as in
FIG. 5.

[0031] The power supply use error amplifier 2 is an
inverted amplifier constituted by a differential amplifier and
which receives at the power source line Vcc thereof an
electric power from the positive electrode side of the lithium
ion battery 11 via the terminal 7a to operate the same, steps
down the voltage of the power source line Vce through an
output transistor Tr therein and sends out the output to an
output line 6. The power supply use error amplifier 2
compares the detection voltage (a divided voltage) Vs of the
resistor divider circuit 4 and the reference voltage Vref of the
reference voltage generating circuit 5 and generates an
electric power of a voltage for canceling the difference
depending on the difference at the output line 6.
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[0032] Further, the voltage of the output line 6 is in a range
lower than the voltage Vec of the power source line Vee
(which corresponds to the voltage of the lithium ion battery
11) by about 0.4V-1.5V and is herein determined as the
target voltage value Va.

[0033] Forexample, when assuming that the voltage of the
lithium ion battery 11 is 3.6V (a certain voltage in a range
of 3.0V-4.2V) and the target voltage Va is 3.2V, the power
supply use error amplifier 2 steps down the voltage of the
power source Vcc by about 0.4V by means of the output
transistor Tr and performs a control so that when the voltage
Vs coincides with the reference output voltage Vref, the
output voltage thereof assumes the target voltage Va of 3.2V.
Further, for example, when assuming the target voltage Va
as 2.5V, the power supply use error amplifier 2 steps down
the voltage of the power source line Vec by about 1.1V by
means of the output transistor Tr and performs a control so
that when the voltage Vs coincides with the reference
voltage Vref, the output voltage assumes the target voltage
Va of 2.5V.

[0034] The charge pump circuit 3 is a double voltage
boosting circuit corresponding to the charge pump circuit 12
as shown in FIG. 5, the input side power source line Vin
thereof is connected to the output line 6, the connection
change-over (switching) of the capacitors C1 and C2 is
performed by the pulses from the oscillation circuit (OSC)
13 like in FIG. 5 and generates the output voltage Vo (=2Va)
at the output terminal 7b (or at terminal 7d) after boosting
the voltage of the output line 6 upto a double voltage.
Further, since the oscillation frequency is not controlled by
the oscillation circuit 13, a constant oscillation frequency is
given here.

[0035] When applying the example where the target volt-
age Va is assumed as 3.2V, the output voltage assumes 6.4V
which is two times of the target voltage Va under the
regulation condition. In this instance, the output voltage Vo
boosted in double at the output terminal 7b under a normal
operating condition falls in a range of about 4.8V-7.2V as a
regulation range.

[0036] The resistor divider circuit 4 is constituted by
resistors R1 and R2 connected in series between the output
terminal 7b and the ground GND, and generates the divided
voltage (detection voltage) Vs at the junction N of the
resistors R1 and R2.

[0037] An operation, where the target voltage Va is 3.2V,
will be explained, if the voltage of the divider voltage Vs at
the junction N is high, the current output voltage of the
power supply use error amplifier 2 is higher than the target
voltage Va of 3.2V. In this instance, the power supply use
error amplifier 2 performs an inverted amplification depend-
ing on the difference voltage Vs-Vref from the reference
output voltage Vref to increase the internal impedance in the
output transistor Tr, generates a reduced voltage at the output
line 6 to lower the output voltage Vo to be boosted to double
voltage by the charge pump circuit 3 and performs a control
to assume Vs=Vref. Thereby, the output voltage Vo is
controlled to assume 6.4V, two times of the target voltage.

[0038] Contrary thereto, when the voltage of the divided
voltage Vs at the junction N is low, the current output
voltage of the power supply use error amplifier 2 is lower
than the target voltage Va of 3.2V. In this instance, the power

Mar. 21, 2002

supply use error amplifier 2 performs an inverted amplifi-
cation depending on the difference voltage —(Vref-Vs) from
the reference output voltage Vref to decrease the internal
impedance in the output transistor Tr, generates a higher
voltage at the output line 6 to raise the output voltage Vo to
be boosted to double voltage by the charge pump circuit 3
and performs a control to assume Vs=Vref. Thereby, the
output voltage Vo is controlled to assume 6.4V, two times of
the target voltage.

[0039] In the above, the oscillation frequency of the oscil-
lation circuit (OSC) 13 is kept constant and is set to a
periodic value in which the change-over timing is deter-
mined in such a manner that after completing charging of the
capacitor C1 the connection for boosting the terminal volt-
age of the capacitor C1 is started. Therefore, the charge
pump circuit 3 always performs an accurate double voltage
boosting operation after completing the charging of the
capacitor C1. Thereby, the switching noises induced on the
output line of the output voltage Vo are suppressed. Further,
the oscillation frequency of the oscillation circuit 13 falls in
arange of 300 kHz-700 kHz. When the oscillation frequency
is assumed, for example, as 650 kHz, each capacitance of the
capacitors C1 and C3 is about 0.22 uF and the capacitance
of the output use capacitor C2 is about 1 uF. If the output
voltage Vo is selected in a range of 5.0V-6.4V, the output
power thereof is about 100 mA.

[0040] Further, in the present embodiment as shown in the
drawing, the input side power source line Vin of the charge
pump circuit 3 is connected not to the positive electrode of
the battery 11, but to the output line of the power supply use
error amplifier 2 and, in that connected to the positive
electrode of the battery 11 via the output stage transistor Tr.
Thereby, the noise generation at the input side is also
suppressed.

[0041] In both instances, since the generated noise fre-
quency corresponds to the oscillation frequency of the
oscillation circuit (OSC) 13, the noises in the surrounding
circuits are easily removed by a noise removing filter and the
surrounding circuits are hardly affected by the noises.

[0042] FIG. 2 shows a switched capacitor type DC/DC
converter la representing another embodiment of the
present invention, in which in place of the reference voltage
generating circuit 5 in FIG. 1 a variable voltage generating
circuit 8 is provided, in place of the differential amplifier 2
an operational amplifier (OP) 2a is provided and further, in
place of the resistor divider circuit 4 a voltage control circuit
(a negative feed back circuit) 9 is provided. Further, in the
present embodiment, the electric power for the oscillation
circuit 13 is supplied from the output of the operation
amplifier (OP) 2a. A resistor Rf and a resistor Rs in the
operation amplifier 2a are respectively a feed back resistor
and a reference resistor.

[0043] With regard to the operation of the present embodi-
ment, the output voltage of the variable voltage generating
circuit 8 is controlled by generating a negative feed back
control signal (a control signal which suppresses the output
voltage Vo when the same rises, and raises the same when
drops) which varies the output voltage of the variable
voltage generating circuit 8 depending on the output voltage
Vo by the voltage control circuit 9. The output voltage is
amplified and controlled by the operation amplifier 2a so
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that the output voltage of the operation amplifier 24 assumes
the target voltage value Va. Thereby, the output voltage Vo
is stabilized.

[0044] In this instance too, the oscillation frequency of the
oscillation circuit (OSC) 13 is kept constant and the charge
pump circuit 3 always performs an accurate double voltage
boosting operation after completing the charging of the
capacitor C1.

[0045] FIG. 3 shows a DC/DC converter 1b in which the
charge pump 3 in FIG. 1 is replaced by a three time voltage
boosting charge pump circuit 30. Like FIG. 1 embodiment,
the circuit other than the battery 11 and capacitors C1-C3 are
formed into a single IC, however, the dotted line frame
indicating the IC region is omitted.

[0046] In connection with the three time voltage boosting,
a third capacitor C3 is provided which is charged together
with the capacitor C1. Further, the charge pump circuit 30
includes seven switches (or switch circuit, the same is true
in the following) SW1-SW7, and charges the three capaci-
tors C1-C3 therewith. Further, the capacitor C3 is connected
between terminals 7g and 7h.

[0047] When explaining specifically, the output line 6 of
the power supply use error amplifier 2 is branched into three
power lines 6a, 60 and 6¢. The capacitor C1 is connected
between the power lines 6b and 6¢ via the respective
switches SW3 and SW1. The capacitor C3 is connected
between the terminal (terminal 7¢) at the side connected to
the power line 6b of the capacitor C1 and the power line 6a
via the respective switches SW4 and SWé6. Further, the
terminal (terminal 7%) of the capacitor C3 at the side being
connected to the capacitor C1 is connected to the ground
GND via the switch SW5, and the terminal (terminal 7f) of
the capacitor C1 at the side being connected to the power
line 6c¢ is connected to the ground GND via the switch SW2.

[0048] The terminal (terminal 7d) at the charging side of
the capacitor C2 is connected to the terminal (terminal 7g)
of the capacitor C3 at the side being connected to the power
line 6a via the switch SW7, and the other terminal of the
capacitor C2 is connected to the ground GND.

[0049] Herein, the switches SW1, SW4 and SW7 perform
a complementary switching operation with respect to the
switches SW2, SW3 and SWé by receiving the output pulses
from the oscillation circuit 13 via the inverter 32.

[0050] Inthe embodiment circuit, during the interval when
the output pulse from the oscillation circuit 13 assumes “H”,
as illustrated in the drawing, the respective switches SW2,
SW3, SW5 and SWé are turned ON, the respective switches
SW1, SW4 and SWS5 are turned OFF and the capacitors C1
and C2 are connected in parallel and are charged. During the
interval when the output pulse of the oscillation circuit 13
assumes “L.”, contrary thereto, the respective switches SW2,
SW3, SWS5 and SW6 are turned OFF, the respective switches
SW1, SW4 and SW7 are turned ON and the capacitors C1
and C3 are connected in series to the output line 6 (Vin) and
the terminal 7d, further the terminal 7f is connected to the
output line 6, thereby, the voltage of the capacitors C1 and
C3 is boosted by Vin. As a result, the terminal voltage of the
capacitor C3 assumes the three time voltage of Vin and the
electric charges thereof are transferred to the capacitor C2.

[0051] FIG. 4 shows a DC/DC converter 1c in which the
charge pump circuit 30 in FIG. 3 is replaced by a 1.5 time

Mar. 21, 2002

voltage boosting charge pump 31. Like FIG. 1 embodiment,
the circuit other than the battery 11 and capacitors C1-C3 are
formed into a single IC, however, the dotted line frame
indicating the IC region is omitted.

[0052] The charge pump circuit 31, likely, includes seven
switches SW1-SW7 and three capacitors C1-C3. However,
the connecting condition of the capacitors C1 and C3 is
different from that in FIG. 3 embodiment.

[0053] Namely, the capacitor C1 is connected between the
power lines 6a and 6b via the respective switches SW1 and
SW2. The capacitor C3 is connected between the terminal
(terminal 7f) of the capacitor C1 at the side being connected
to the power line 6b and the power line 6¢ via the respective
switches SW4 and SW5. Further, the terminal (terminal 7g)
of the capacitor C3 to which the switch SW4 is connected is
connected to the terminal (terminal 7d) at the charging side
of the capacitor C2 via the switch SW6, and the terminal
(terminal 7%) of the capacitor C3 at the side being connected
to the power line 6¢ is connected to the ground GND.
Further, the terminal (terminal 7¢) of the capacitor C1 at the
side being connected to the power line 6a is connected to the
terminal (terminal 7d) at the charging side of the capacitor
C2 via the switch SW3.

[0054] Like the previous embodiment, the switches SW1,
SW4 and SW7 perform a complementary switching opera-
tion with respect to the switches SW2, SW3 and SWé by
receiving the output pulses from the oscillation circuit 13 via
the inverter 32.

[0055] Now, in the present embodiment circuit, during the
interval when the output pulse from the oscillation circuit 13
assumes “H”, as illustrated in the drawing, the respective
switches SW2, SW3, SW5 and SW6 are turned OFF, the
respective switches SW1, SW4 and SWS5 are turned ON and
the capacitors C1 and C2 are connected in series and are
charged. During the interval when the output pulse of the
oscillation circuit 13 assumes “L”, contrary thereto, the
respective switches SW2, SW3, SWS and SWé6 are turned
ON, the respective switches SW1, SW4 and SW7 are turned
OFF and the capacitors C1 and C3 are connected in parallel
to the output line 6 (Vin) and the terminal 7d, further the
terminals 7f and 74 are connected to the output line 6,
thereby, the voltage of the capacitors C1 and C3 is boosted
by Vin. As a result, the terminal voltage of the capacitors C1
and C3 assumes the 1.5 time voltage of Vin and the electric
charges thereof are transferred to the capacitor C2, and the
voltage of the capacitor C2 assumes 1.5 time voltage.
Herein, the capacitances of the respective capacitors C1 and
C2 are the same.

[0056] The above is an embodiment in which the voltage
is boosted by adding 0.5 times of Vin, however, in the same
manner if n times voltage is added to 0.5 time voltage of Vin,
boosted voltage of 2.5 times, 3.5 times . . . can be generated.
After obtaining n times voltage (wherein, n is an integer of
equal to or more than 3) by connecting two capacitors in
series, it is easy to generate n/2 time voltage by connecting
these capacitors in parallel. Further, in the above embodi-
ment at first two capacitors are connected in series, there-
after, the connection of the capacitors is changed over to a
parallel connection to obtain the voltage Vin/2 with respect
to the power source voltage Vin, therefore, in the like
manner, at first k pieces (k is an integer equal to or more than
2) of capacitors are connected in series, thereafter, the k
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pieces of capacitors are connected in parallel to thereby
obtain the voltage of Vin/k, and when the voltage Vin is
added to the obtained voltage, the boosted voltage Vin(k+
1)/k can be generated. Further, if voltage of nVin which is
boosted to n times voltage is added to the above boosted
voltage, a further boosted voltage can be generated. Further,
a boosted voltage of nVin(k+1)/k also can be generated.

[0057] As will be understood from the above, voltage
boosting to n/m time voltage is generally possible. Wherein
n>m and n and m are integers more than 2.

[0058] Inthe embodiments as has been explained hitherto,
the use of the lithium battery is exemplified, however, the
power source is not limited to the lithium battery, but a
power source by means of a ferroelectric capacitor and a
power source in which an AC commercial power source is
converted into a DC can also be used. In other words, any
power sources of DC power source can be applied to the
present invention.

1. ADC/DC converter characterized in that, the DC/DC
converter comprises a DC power source; a reference voltage
generating circuit; an amplifier which receives an electric
power from the DC power source and outputs an electric
power of which voltage is controlled so as to assume a target
voltage value by stepping down the voltage of the electric
power from the DC power source depending on a difference
between the reference voltage and a detection voltage; an
oscillation circuit which generates signals having a specific
frequency; a voltage boosting circuit which receives the
output of the amplifier and the output of the oscillation
circuit, causes switching of the output of the amplifier at the
specific frequency to charge a first capacitor, and performs
voltage boosting by transferring the electric charges charged
in the first capacitor through complementary ON/OFF
switching with respect to the former switching into a second
capacitor after raising substantially upto n/m time voltage
(wherein n>m and n and m are integers equal to or more than
2) and charging the same therewith; and an output voltage
detection circuit which generates the detection voltage
depending on the output voltage of the boosting circuit,
whereby a voltage of substantially n/m times of the target
voltage value is generated from the voltage boosting circuit.

2. ADC/DC converter of claim 1, wherein the DC power
source is a battery, the amplifier is a differential amplifier at
the inputs of which the reference voltage and the detection
voltage are respectively received, and the boosting circuit
includes a charge pump circuit for charging the first and
second capacitors.

3. ADC/DC converter of claim 2, wherein the differential
amplifier is to perform an inverted amplification, the oscil-
lation circuit is to generate a pulse for the switching opera-
tion, the specific frequency is a frequency having a period
which permits the complementary switching after substan-
tially completing the charging of the first capacitor, and the
differential amplifier, the charge pump circuit, the oscillation
circuit, the output voltage detection circuit and the reference
voltage generating circuit are formed in an IC.

4. ADC/DC converter of claim 3, wherein the duty ratio
of the pulse is substantially 50%, the charge pump circuit
includes a plurality of switch circuits which permit selective
ON/OFF switching, and the selective ON/OFF switching of
the plurality of switch circuits is performed in response to
the pulse.
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5. A DC/DC converter of claim 4, wherein the charge
pump circuit performs the selective ON/OFF switching of
the plurality of switch circuits, and after charging the first
capacitor by grounding one terminal of the first capacitor
and by supplying at the other terminal thereof an electric
power from the differential amplifier, the ON/OFF switching
of the plurality of switch circuits is inverted, and the one
terminal of the first capacitor is connected to the output
terminal of the differential amplifier to generate a boosted
voltage at the other terminal thereof and to thereby charge
the second capacitor.

6. A DC/DC converter of claim 4, further comprises a
third capacitor wherein the charge pump circuit performs the
selective ON/OFF switching of the plurality of switch
circuits to connect the first and third capacitors in series, and
after charging the first and third capacitors by grounding one
terminal of the series connection and by supplying at the
other terminal thereof an electric power from the differential
amplifier, the ON/OFF switching of the plurality of switch
circuits is inverted, and the one terminal of the series
connection circuit is connected to the output terminal of the
differential amplifier to generate a substantially three times
boosted voltage at the other terminal thereof and to thereby
charge the second capacitor.

7. A DC/DC converter of claim 4, further comprises a
third capacitor wherein the charge pump circuit performs the
selective ON/OFF switching of the plurality of switch
circuits to connect the first and third capacitors in series, and
after charging the first and third capacitors by grounding one
terminal of the series connection and by supplying at the
other terminal thereof an electric power from the differential
amplifier, the ON/OFF switching of the plurality of switch
circuits is inverted, the series connected first and third
capacitors are connected in parallel, and the grounded one
terminal is connected to the output terminal of the differen-
tial amplifier to generate a substantially 1.5 times boosted
voltage at the other terminal thereof and to thereby transfer
the electric charges in the first and third capacitors to the
second capacitor.

8. ADC/DC converter of claim 1, wherein in place of the
reference voltage generating circuit a variable voltage gen-
erating circuit is provided and in place of the output voltage
detection circuit a voltage control circuit is provided,
whereby, the voltage control circuit controls the output
voltage of the variable voltage generating circuit depending
on the output voltage of the voltage boosting circuit so that
the output voltage of the amplifier assumes the target voltage
value and causes the amplifier to generate an electric power
having the target voltage value.

9. A DC/DC converter characterized in that, the DC/DC
converter comprises a DC power source; a variable voltage
generating circuit; an amplifier which receives an electric
power from the DC power source, amplifies the output
voltage of the variable voltage generating circuit and outputs
the same; an oscillation circuit which generates signals
having a specific frequency; a voltage boosting circuit which
receives the output of the amplifier and the output of the
oscillation circuit, causes switching of the output of the
amplifier at the specific frequency to charge a first capacitor,
and performs voltage boosting by transferring the electric
charges charged in the first capacitor through complemen-
tary ON/OFF switching with respect to the former switching
into a second capacitor after raising substantially upto n/m
time voltage (wherein n>m and n and m are integers equal
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to or more than 2) and charging the same therewith; and a
voltage control circuit which controls the output voltage of
the variable voltage generating circuit depending on the
output voltage of the boosting circuit so that the output
voltage of the amplifier assumes the target voltage value,
whereby a voltage of substantially n/m times of the target
voltage value is generated from the voltage boosting circuit.

10. ADC/DC converter of claim 9, wherein the DC power
source is a battery, and the boosting circuit includes a charge
pump circuit for charging the first and second capacitors.

11. A DC/DC converter of claim 10, wherein the oscilla-
tion circuit is to generate a pulse for the switching operation,
the specific frequency is a frequency having a period which
permits the complementary switching after substantially
completing the charging of the first capacitor, and the
amplifier, the charge pump circuit, the oscillation circuit, the
voltage control circuit and the variable voltage generating
circuit are formed in an IC.

12. A DC/DC converter of claim 11, wherein the duty
ratio of the pulse is substantially 50%, the charge pump
circuit includes a plurality of switch circuits which permit
selective ON/OFF switching, and the selective ON/OFF
switching of the plurality of switch circuits is performed in
response to the pulse.

13. A DC/DC converter of claim 12, wherein the charge
pump circuit performs the selective ON/OFF switching of
the plurality of switch circuits, and after charging the first
capacitor by grounding one terminal of the first capacitor
and by supplying at the other terminal thereof an electric
power from the amplifier, the ON/OFF switching of the
plurality of switch circuits is inverted, and the one terminal
of the first capacitor is connected to the output terminal of
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the amplifier to generate a boosted voltage at the other
terminal thereof and to thereby charge the second capacitor.

14. A DC/DC converter of claim 12, further comprises a
third capacitor wherein the charge pump circuit performs the
selective ON/OFF switching of the plurality of switch
circuits to connect the first and third capacitors in series, and
after charging the first and third capacitors by grounding one
terminal of the series connection and by supplying at the
other terminal thereof an electric power from the amplifier,
the ON/OFF switching of the plurality of switch circuits is
inverted, and the one terminal of the series connection
circuit is connected to the output terminal of the amplifier to
generate a substantially three times boosted voltage at the
other terminal thereof and to thereby charge the second
capacitor.

15. ADC/DC converter of claim 12, further comprises a
third capacitor wherein the charge pump circuit performs the
selective ON/OFF switching of the plurality of switch
circuits to connect the first and third capacitors in series, and
after charging the first and third capacitors by grounding one
terminal of the series connection and by supplying at the
other terminal thereof an electric power from the amplifier,
the ON/OFF switching of the plurality of switch circuits is
inverted, the series connected first and third capacitors are
connected in parallel, and the grounded one terminal is
connected to the output terminal of the amplifier to generate
a substantially 1.5 times boosted voltage at the other termi-
nal thereof and to thereby transfer the electric charges in the
first and third capacitors to the second capacitor.



