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SWITCHING REGULATOR

TECHNICAL FIELD

[0001] The invention relates to a switching regulator for
driving a switching element in a power-supply apparatus, a
motor-controlling apparatus, or the like that uses an output
voltage or output current produced by switching action. Spe-
cifically, the invention relates to a technique to spread a fre-
quency spectrum of switching noise produced by switching
action over a wide range and to reduce the noise level at a
particular frequency.

BACKGROUND ART

[0002] Switching-type power-supply apparatuses and
motor-controlling apparatuses have an advantage of losing
less electric power than series-regulator type apparatuses.
The switching-type apparatuses, however, have a drawback
that their switching actions produce switching noises, which
may affect adversely other electronic devices and appara-
tuses. Specifically, there is a case where a power-supply appa-
ratus of switching type is situated near an electronic device,
for instance, an audio device such as a radio receiver that
emits voices, music, or melodies. In this case, the switching
noises produced by the power-supply apparatus are some-
times superposed on the voices, the music, or the melodies,
resulting in deterioration in the quality of the sound that the
audio device produces.

[0003] Conventional techniques have been dealing with
this problem attributable to switching noises by, for example,
setting the switching frequency at a value not overlapping the
radio frequency or at a value outside the audible frequency
range as well as providing a built-in component for suppress-
ing noises in the power-supply apparatus or motor-control-
ling apparatus. The electronic devices of recent years, how-
ever, use signals of various frequency ranges, and therefore it
is practically difficult to set the switching frequency ata value
that does not interfere with any of the signals used by the other
electronic devices in use. To address this, techniques have
been recently proposed which reduces the noise level of a
particular frequency by spreading the frequency spectrum of
switching noise in such a way as to variously change the cycle
of'a driving pulse for driving a switching element, or the time
of'the rising edge of the driving pulse, as described in Patent
Documents 1 and 2.

[0004] FIG. 11 illustrates an exemplary configuration of a
power-supply apparatus with a built-in switching regulator to
keep the noise level of a particular frequency low by spread-
ing the frequency spectrum of the switching noise.

[0005] InFIG. 11, a detector is denoted by 1, and a switch-
ing regulator 2 is provided on an output side of the detector 1.
A driver 3 is situated on an output side of the switching
regulator 2. A step-down DC/DC converter 5 is provided
between the driver 3 and a load 4. The step-down DC/DC
converter 5 includes a switching transistor Q1 and a choke
coil L1 which are connected in series between the load 4 and
a power-supply line Vcec, a rectifying transistor Q2 and a
smoothing capacitor C1. The rectifying transistor Q2 is con-
nected between one end of the choke coil L1 and the ground.
The smoothing capacitor C1 is connected between another
end of the choke coil L1 and the ground.

[0006] Inthepower-supply apparatus shown in FIG. 11, the
detector 1, the switching regulator 2, and the driver 3 are
provided to operate the step-down DC/DC converter 5. The
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detector 1 operates so as to detect the output voltage supplied
from the step-down DC/DC converter 5 to the load 4, and to
supply the switching regulator 2 with a feedback signal cor-
responding to the detected output voltage. The switching
regulator 2 operates so as to generate a pulse signal with an
on-duty cycle, a duty ratio (hereinafter, simply referred to as
“on-duty cycle”) corresponding to the inputted feedback sig-
nal. The driver 3 operates so as to turn on or off the switching
transistor Q1 and the rectifying transistor Q2 depending on
the pulse signal.

[0007] The switching regulator 2 shown in FIG. 11 will be
described in more detail. The switching regulator 2 internally
includes pulse-width-modulation processing unit (PWM) 2a
and pulse-cycle-manipulation processing unit 25. The pulse-
width-modulation processing unit (PWM) 2a mentioned here
is a processing unit for setting the on-duty cycle of the pulse
signal depending on the signal supplied by the detector 1. On
the other hand, the pulse-cycle-manipulation processing unit
2b1s a processing unit for manipulating cycles of pulse wave-
forms in accordance with a predetermined waveform pattern
in a way that consecutive pulse waveforms of a predetermined
number include two or more pulses having different cycles.
The pulse signal thus generated through the pulse-width-
modulation processing unit (PWM) 2a and the pulse-cycle-
manipulation processing unit 25 has waveforms shown in
FIGS. 12A and 12B, for example.

[0008] The pulse signal shown in FIG. 12A includes a
combination of three pulses T1, T2, and T3 in a series of
pulse-signal cycles T4. A high-value period of each of the
three pulses T1, T2, and T3 has a length depending on the
feedback signal supplied from the detector 1 and on the cycle
of the corresponding pulse T1, T2, or T3. In FIG. 12A, the
high-value periods of the pulses T1, T2, and T3 are set at such
lengths that all the three pulses T1, T2, and T3 have the same
on-duty cycle, for instance, 50(%). Each cycle of the pulses
T1,T2, and T3 is manipulated in accordance with a predeter-
mined waveform pattern. Specifically, the pulse T1 is set
shorter than the pulse T2, and the pulse T3 is set to have the
same length as the pulse T2.

[0009] The pulse signal shown in FIG. 12B also includes a
combination of three pulses T6, T7, and T8 in a series of
pulse-signal cycles T5. As in the case ofthe pulses T1, T2, and
T3 shown in FIG. 12A, a high-value period of each of the
three pulses T6, T7, and T8 has a length depending on the
signal supplied from the detector 1 and on the cycle of the
corresponding pulse T6, T7, or T8. In FIG. 12B, the high-
value periods of the pulses T6, T7, and T8 are set at such
lengths that all the three pulses T6, T7, and T8 have the same
on-duty cycle, for instance, 50(%). Each cycle of the pulses
T6,T7 and T8 is manipulated, however, in accordance with a
waveform pattern different from the one shown in FIG. 12A.
Specifically, the cycle of the pulse T6 is set shorter than that
of'the pulse T7, and the cycle of the pulse T8 is also set shorter
than that of the pulse T7. Consequently, the cycles of respec-
tive series of pulse signals generated in accordance with
respective patterns, that is, the pattern cycles T4 and T5 are set
to have lengths different from each other on a waveform
pattern basis.

[0010] In the pulse signal shown in FIG. 12A, when the
level of each ofthe pulses T1, T2, and T3 is at a high value, the
switching element, that is, the switching transistor Q1 shown
in FIG. 11 is turned on and turned off when the level is at a low
value.
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[0011] In a case where the switching transistor Q1 is oper-
ated by using a pulse signal with the waveform pattern, i.e.,
the series of pulse signal waveform shown in FIG. 12A, the
cycle of the operation of the switching transistor Q1 varies
because the waveform pattern includes pulses of different
cycles, e.g., the pulses T1 and T2 shown in FIG. 12A. To put
it differently, the spectrum of the switching frequency is
spread. Along with this, the frequency spectrum ofthe switch-
ing noise is also spread, so that the noise level of a particular
frequency is reduced.

[0012] The use of only the pulse signal with the waveform
pattern shown in FIG. 12A to drive the switching transistor
Q1, however, may increase a noise level of the switching
noise of a particular frequency for the following reason: for a
particular on-duty cycle, the time interval between the turn-
off times of two sequent pulses, that is, falling down portions
of'the pulses is equal to one to an integer of the pattern cycle
T4. To solve this problem, the waveform pattern is changed
from one to another depending on the on-duty cycle. Specifi-
cally, the waveform pattern shown in FIG. 12A is changed to
the one shown in FIG. 12B. Since the pattern cycles T4 and T5
have lengths different from each other, the noise level of the
switching noise at a particular frequency can be prevented
from becoming higher for a particular on-duty cycle.

[0013] Besides the changing of the waveform patterns,
there is another way to prevent the level of the noise of a
particular frequency from becoming high when the interval of
the turn-off times of sequent pulse waveforms shown in FI1G.
12A is equal to one to an integer of the pattern cycle T4. As
FIGS. 13(a) and 13(b) show, different shifting times ¢0 to $2
may be added to the turn-on times of the respective pulse
waveforms T9 to T16 in the pattern cycle T17. Note that the
waveform pattern shown in FIG. 13(a) is the one before the
shifting times ¢0 to ¢2 are added. The processing unit for
adding shifting times of plural kinds to the turn-on times of
the pulses will be hereinafter referred to as a pulse-position-
modulation processing unit (Pulse Position Modulation).
[0014] The waveform pattern shown in FIG. 13(5) includes
two different kinds of pulse waveform and three different
kinds of shifting time, that is, shifting times ¢0, ¢1 and ¢2.
The occurrence frequency of the same combination of a par-
ticular pulse waveform and a particular shifting time is kept
low, so that the frequency spectrum of the switching noise is
spread effectively. To obtain a pulse signal of such waveform
pattern, as shown in FIG. 14, the pulse-position-modulation
processing unit (PPM) 2¢ is driven after the pulse-cycle-
manipulation processing unit 24 is driven. For example, when
the pulse-position-modulation processing unit (PPM) 2¢ is
configured together with the pulse-cycle-manipulation pro-
cessing unit 26, as shown in FIG. 14, the constituent parts
necessary for the pulse-position-modulation processing unit
(PPM) 2¢ are provided in the switching regulator 2. Instead,
when a delay circuit or the like is used in place of the pulse-
position-modulation processing unit (PPM) 2¢ to secure the
same function as that of the pulse-position-modulation pro-
cessing unit (PPM) 2¢, the delay circuit or the like may also be
situated on the output side of the switching regulator 2, at the
previous stage of the driver 3, or in the driver 3.

[0015] The pulse-width-modulation processing unit
(PWM) 24, the pulse-cycle-manipulation processing unit 25,
and the pulse-position-modulation processing unit (PPM) 2¢
are formed of elements such as microcomputers that have
computing function. FIG. 15 shows a specific hardware con-
figuration of the switching regulator 2 in this case. The
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switching regulator 2 shown in FIG. 15 internally includes an
A/D converter 2A, a computing unit 2B, and a memory 2C.
[0016] The memory 2C in the switching regulator 2 shown
in FIG. 15 stores in advance data necessary for the formation
of waveform patterns and data for setting the shifting times.
The A/D converter 2A converts an analog signal supplied
from the detector 1 into a digital signal, and outputs the digital
signal. In this state, the computing unit 2B loads the data
stored in the memory 2C as appropriate, and generates a pulse
signal with a predetermined waveform pattern in accordance
with the loaded data. At the same time, the computing unit 2B
performs an operation of acquiring the digital signal gener-
ated by the A/D converter 2A as appropriate, and making the
high-value period of each pulse to be the length correspond-
ing to the digital signal. As a result of the operations of the
units 2A to 2C, a pulse signal with a waveform pattern shown
in FIG. 13 is inputted from the switching regulator 2 into the
driver 3.

[0017] The pulse-cycle-manipulation processing unit 25
shown in FIG. 14 manipulates the cycles of the pulse wave-
forms in accordance with a predetermined pattern so that the
sequent pulse waveforms of a predetermined number include
pulse waveforms of different cycles. An objective of the
pulse-cycle-manipulation processing unit 25 is to vary the
operational cycle of the switching element, and thus spread
the frequency spectrums of the switching frequency and the
switching noise. This objective can be achieved pulse wave-
forms of different cycles are included in the sequent pulse
waveforms of a predetermined number. Thus, the cycles of
the pulse waveforms may be manipulated at random, that is,
not according to the waveform pattern. Processing unit for
manipulating the cycles of pulse waveforms at random is
referred to as an asynchronous modulation processing unit.
Non-patent document 1 has a research report on the study on
the asynchronous modulation processing unit (ASM).
[0018] Regarding the series of pulse-signal cycles T17
shown in FIGS. 13(a) and 13(5), the pulse-position-modula-
tion processing unit (PPM) 2¢ is used instead of changing
waveform patterns. In a case where only the pulse-position-
modulation processing unit (PPM) 2¢ is used immediately
after the pulse-width-modulation processing unit (PWM) 2a,
both the frequency spectrums of the switching frequency and
the switching noise are spread as in the case of using the
pulse-cycle-manipulation processing unit 26 or the asynchro-
nous-modulation processing unit (ASM). The pulse signal
which has the waveform pattern shown in FIG. 13(4) and
which is formed by both the pulse-cycle-manipulation pro-
cessing unit 25 and the pulse-position-modulation processing
unit (PPM) 2¢ can spread effectively the frequency spectrum
of the switching noise by taking advantage of the synergy
effect of the operations of the pulse-cycle-manipulation pro-
cessing unit 25 and the pulse-position-modulation processing
unit (PPM) 2¢. However, if the pulse-position-modulation
processing means (PPM) 2¢ is simply used, a problem occurs
that the on-duty cycles are limited by the shifting times as
described below.

[0019] In a waveform chart shown in FIG. 13(b), for
instance, the longest one among the shifting times ¢0 to $2
added to the turn-on times for the pulses T9 to T16 is the
shifting time ¢2. To spread sufficiently the frequency spec-
trum of the switching noise and thus to reduce the noise level
of'a particular frequency, it is preferable to elongate the shift-
ing time ¢2 as well as to increase the number of the kinds of
shifting times to be set. Incidentally, when the shifting time
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$2is set athalfa time length of the pulse T9, the on-duty cycle
of the pulse signal at this time must be 50(%) or lower. If the
on-duty cycle exceeds 50(%), the high-value period of the
preceding pulse T9 and that of the next pulse T10 partially
overlap, and thus the on-duty cycles of the pulses T9 and T10
as well as the on-duty cycles of the pattern cycle T17 may
deviate from their respective proper values.
[0020] Accordingly, if the pulse-position-modulation pro-
cessing unit (PPM) 2¢ is used, the maximum value of the
on-duty cycle and the maximum value of the shifting times $0
to 2 have the trade-off relationship. As the shifting times ¢0
to ¢2 are set longer, the on-duty cycle has to be set shorter,
accordingly.
[0021] Under such circumstances, an objective of the
present invention is to provide a switching regulator capable
of using a pulse-position-modulation processing unit (PPM)
2¢ without having limitation on the on-duty cycle by shifting
times ¢0 to ¢2. Specifically, the switching regulator to be
provided by the present invention may generate a pulse signal
with an on-duty cycle of 50(%) or higher even when the
longest shifting time is set at half a cycle of the pulse wave-
form.
[0022] Patent Document 1: Japanese Patent [Laid-Open No.
2006-288103
[0023] Patent Document 2: Japanese Patent [Laid-Open No.
2006-288104
[0024] Non-Patent Document 1: Tetsuro TANAKA and
two others, “On the Low-Frequency Output-Noise of a
DC-t0-DC Converter with Random-Switching Control,”
The Institute of Electronics, Information and Communica-
tion Engineers Transactions B September, 2000, Vol. J38-
B, No. 9, pp. 1335-1341.

DISCLOSURE OF THE INVENTION

[0025] In order to achieve the above objective, the first
aspect of the invention is a switching regulator including a
pulse-width-modulation processing unit that determines a
duty ratio of a pulse signal for a switching element depending
onan output of the switching element, the switching regulator
including: a changing-over unit connected to the pulse-width-
modulation processing unit and configured to set any one of a
first code and a second code; a asynchronous-modulation
processing unit configured to operate when the changing-
over unit sets the first code; and first and second pulse-posi-
tion-modulation processing units configured to operate when
the changing-over unit sets the second code. The asynchro-
nous-modulation processing unit sets a first operational cycle
that is different from a reference cycle, and sets a first turn-off
time for the pulse signal on the basis of the first operational
cycle and the duty ratio determined by the pulse-width-modu-
lation processing unit. When the duty ratio is 0% to 50%, both
inclusive, the first pulse-position-modulation processing unit
sets a second operational cycle that is the same as the refer-
ence cycle, and a first shifting time for an on-period of the
pulse signal to set a second turn-on time and a second turn-off
time of the pulse signal on the basis of the operational cycle,
the duty ratio, and the first shifting time. When the duty ratio
is 50% exclusive to 100% inclusive, the second pulse-posi-
tion-modulation processing unit sets the second operational
cycle that is the same as the reference cycle, and a second
shifting time for an off-period of the pulse signal to set a third
turn-on time and a third turn-off time of'the pulse signal on the
basis of the operational cycle, the duty ratio, and the second
shifting time.
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[0026] In addition, the second aspect of the invention is the
invention according to the first aspect, further comprising a
register unit and a pulse-generation unit. The register unit is
configured to hold, as data for each cycle, the duty ratio, the
setting by the changing-over unit, the first or second opera-
tional cycle, as well as the first turn-off time and the second
turn-on and turn-off times or the third turn-on and turn-off
times. The pulse-generating unit is configured to load, for
each cycle, the data held in the register unit, to generate a
pulse waveform based on the data, and to output a pulse signal
based on the pulse waveform.

[0027] The switching regulator of the present invention is
capable of generating a pulse signal including both a pulse
signal generated by an asynchronous-modulation processing
unit (ASM) and a pulse signal generated by a pulse-position-
modulation processing unit (PPM). The switching regulator
of the invention includes two systems of pulse-position
modulation processing unit that operates in the switching
regulator. First pulse-position-modulation processing unit
changes the turn-on time so as to shift the on-period, and
second pulse-position modulation processing unit changes
the turn-off time so as to shift the off-period. The switching
regulator of the present invention operates the first pulse-
position-modulation processing unit when the on-duty cycle
(duty ratio) is 50(%) or lower. The switching regulator of the
present invention operates the second pulse-position-modu-
lation processing unit when the on-duty cycle (duty ratio) is
higher than 50(%). The switching regulator can thereby
obtain an effect that the on-duty cycle (duty ratio) is not
limited by shifting times.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG.1is acircuit-configuration diagram illustrating
a switching regulator according to the invention and a power-
supply apparatus having the switching regulator built therein;
[0029] FIG. 2A is a pulse-waveform chart obtained by
operating an asynchronous-modulation processing unit
(ASM) included in the configuration shown in FIG. 1;
[0030] FIG. 2B isa pulse-waveform chart obtained by oper-
ating a first pulse-position-modulation processing unit
(PPM1) included in the configuration shown in FIG. 1;
[0031] FIG.2C isa pulse-waveform chart obtained by oper-
ating a second pulse-position-modulation processing means
(PPM2) included in the configuration shown in FIG. 1;
[0032] FIG. 3 is a block diagram illustrating an exemplary
configuration of the switching regulator according to the
invention;

[0033] FIG. 4 is a timing chart for the operation of each of
the components shown in FIG. 3;

[0034] FIG. 5 is a flowchart illustrating a flow of computa-
tions and data processing operations performed by a comput-
ing unit shown in FIG. 3;

[0035] FIG. 6 is a characteristic chart illustrating the rela-
tionship between the feedback signal VFB and the duty ratio
D in the operation of the computing unit shown in FIG. 5;
[0036] FIG. 7A is a flowchart illustrating an operation by
the asynchronous-modulation processing unit (ASM)
according to the present invention and illustrating a flow of
specific processes included in a routine processing performed
by the ASM;

[0037] FIG. 7B is a waveform chart illustrating the wave-
forms of pulses obtained by the operation of the asynchro-
nous-modulation processing unit (ASM) according to the
present invention;
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[0038] FIG. 8A is a flowchart illustrating an operation by
the first pulse-position-modulation processing unit (PPM1)
and illustrating a flow of specific processes included in the
routine processing performed by the PPM1;

[0039] FIG. 8B is a waveform chart of the pulses obtained
by the operation of the first pulse-position-modulation pro-
cessing unit (PPM1);

[0040] FIG. 9A is a flowchart illustrating an operation by
the second pulse-position-modulation processing unit
(PPM2) and illustrating a flow of specific processes included
in the routine processing performed by the PPM2;

[0041] FIG. 9B is a waveform chart of the pulses obtained
by the operation of the second pulse-position-modulation
processing unit (PPM2);

[0042] FIG. 10 is a flowchart illustrating a flow of specific
processes performed by a pulse-generating unit of the switch-
ing regulator according to the invention;

[0043] FIG. 11 is a circuit-configuration chart diagram
illustrating a switching regulator of a conventional technique
and a power-supply apparatus including the switching regu-
lator built therein;

[0044] FIG. 12A is a waveform chart illustrating an exem-
plary waveform pattern formed by a pulse-cycle-manipula-
tion processing performed by a conventional switching regu-
lator;

[0045] FIG. 12B is a waveform chart illustrating an exem-
plary waveform pattern formed by a pulse-cycle-manipula-
tion processing performed by a conventional switching regu-
lator;

[0046] FIG. 13 is a waveform chart illustrating an exem-
plary waveform pattern obtained when shifting time is added
to each turn-on time of each pulse waveform of the conven-
tional technique;

[0047] FIG. 14 is a circuit-configuration chart illustrating
the configuration of the switching regulator of a conventional
technique including an additional configuration for a pulse-
position-modulation (PPM) processing to add shifting times;
and

[0048] FIG.15isablock diagram illustrating an exemplary
configuration of the switching regulator of the conventional
technique.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0049] A switching regulator according to an embodiment
of the present invention will be described below by referring
to the accompanying drawings.

[0050] FIG. 1 illustrates a configuration of a switching
regulator 6A according to the present invention and a power-
supply apparatus internally including the switching regulator
6A. The power-supply apparatus of the present invention has
the same configuration as the power-supply apparatuses of
conventional technique except for the switching regulator 6 A.
A power-supply apparatus 6 includes a detector 1, the switch-
ing regulator 6A, and a driver 3. In addition, as in the case of
the conventional technique, the power-supply apparatus 6
includes a step-down DC/DC converter 5 and a load 4, which
are provided on an output side of the driver 3.

[0051] As FIG. 3 shows, the switching regulator 6 A shown
in FIG. 1 includes therein a computing unit 8 that has a
computing function. Through the computation processing of
the computing unit 8, the switching regulator 6 A implements
the functions of the following processing units.
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[0052] Firstly, the switching regulator 6 A makes a pulse-
width-modulation processing unit (PWM) 2a shown in FIG.
1 perform a pulse-width-modulation processing where the
pulse-width-modulation processing unit (PWM) 2a receives
a feedback signal that corresponds to the output of the detec-
tor 1, and then determines the on-duty cycle of a pulse signal.
Subsequently, the signals and data obtained by the pulse-
width-modulation processing unit (PWM) 2a are subjected to
further modulation processing to spread frequency spectrum.
To this end, branching processing is performed where switch
changing-over unit 2d randomly selects either the asynchro-
nous-modulation processing unit (ASM) 2e or the pulse-
position-modulation processing unit (PPM). When the pulse-
position-modulation processing unit (PPM) is selected,
another branching processing is performed where the switch
changing-over unit 24 selects either the first pulse-position-
modulation processing unit (PPM1) 2f or second pulse-posi-
tion-modulation processing unit (PPM2) 2g depending on the
on-duty cycle.

[0053] When the asynchronous-modulation processing
unit (ASM) 2e is selected in the branching processing per-
formed by the switch changing-over unit 2d, the asynchro-
nous-modulation processing unit (ASM) 2e functions so as to
set an operational cycle at a duration that is different from a
reference cycle and set the turn-off times depending on the
operational cycle and the on-duty cycle. Alternatively, when
the first pulse-position-modulation processing unit (PPM1)
2fis selected in the branching processing performed by the
switch changing-over unit 24, the first pulse-position-modu-
lation processing unit (PPM1) 2f functions so as to set the
operational cycle at the same duration as the reference cycle,
and set shifting times for the on-periods. On the basis of the
operational cycle and shifting times set as above and the
on-duty cycle, the first pulse-position-modulation processing
unit (PPM1) 2fsets the turn-on times and the turn-off times.

[0054] When the second pulse-position-modulation pro-
cessing unit (PPM2) 2g is selected in the branching process-
ing performed by the switch changing-over unit 24, the sec-
ond pulse-position-modulation processing unit (PPM2) 2¢g
functions so as to set the operational cycle at the same dura-
tion as that of the reference cycle, and set shifting times for the
off-periods. On the basis of the operational cycle and shifting
times set as above and the on-duty cycle, the second pulse-
position-modulation processing unit (PPM2) 2g sets the turn-
on times and the turn-off times. Pulse waveforms are formed
in this manner through the asynchronous-modulation pro-
cessing unit (ASM) 2e and the first pulse-position-modula-
tion processing unit (PPM1) 2for the second pulse-position-
modulation processing unit (PPM2) 2g. The pulse waveforms
thus formed are supplied as a pulse signal to the driver 3.

[0055] Specifically, the asynchronous-modulation process-
ing unit (ASM) 2e that operates in the switching regulator 6 A
forms such a pulse waveform as one shown in FIG. 2A. Note
that the pulse waveforms depicted with the dashed lines in
FIGS. 2A to 2C are shapes of pulses shaped by the pulse-
width-modulation processing unit (PWM) 2a and directly
inputted into the driver without operating any of the asyn-
chronous-modulation processing unit (ASM) 2e, the first
pulse-position-modulation processing unit (PPM1) 2f, and
the second pulse-position-modulation processing unit
(PPM2) 2g. In other words, the pulse waveforms depicted
with the dashed lines in FIGS. 2A to 2C are shapes of the
reference pulses. A cycle T0 represents the reference cycle,
which is equivalent to the reference cycle described above.
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The pulse waveform depicted with the solid line in FIG. 2A
represents the pulse waveform that is to be inputted into the
driver 3 after the asynchronous-modulation processing unit
(ASM) 2e functioned.

[0056] The pulse waveform formed after the operation of
the asynchronous-modulation processing unit (ASM) 2e and
depicted with the solid line has an operational cycle T18 with
a duration that is different from that of the reference cycle T0.
The operational cycle T18 finishes earlier than the reference
cycle by time difference between the reference cycle T0 and
the operational cycle T18. The operational cycle T18 and the
reference cycle T0 start at the same turn-on time at which the
pulse waveform rises from the low value up to the high value.
The turn-off time at which the pulse waveform falls from the
high value down to the low value, on the other hand, comes
earlier than that of the reference cycle T0 depending on the
proportion of the operational cycle T18 to the reference cycle
T0. In the pulse waveform depicted with the solid line, the
frequency spectrum of the pulse itself is spread by changing
the operational cycle T18. In addition, by shortening the
turn-off time according to the proportion of the operational
cycle T18 to the reference cycle T0, the on-duty cycle set
before the asynchronous-modulation processing unit (ASM)
2e starts its operation can be kept even after the asynchro-
nous-modulation processing unit (ASM) 2e finishes its opera-
tion.

[0057] In order to operate the asynchronous-modulation
processing unit (ASM) 2e to generate the pulse waveform
depicted with the solid line in FIG. 2A, firstly, the operational
cycle T18 is set at a duration that is different from that of the
reference cycle T0. On the basis of this operational cycle T18
and the on-duty cycle, the turn-off time is set appropriately.
The pulse waveform is shaped on the basis of these two set
values so as to have the high value at the start of the cycle, to
have the low value when the turn-off time comes after the start
of'the cycle, and to terminate the cycle when the operational
cycle T18 passes. The pulse waveform depicted with the solid
line in FIG. 2A is obtained in this way.

[0058] The first pulse-position-modulation processing unit
(PPM1) 2f'that operates in the switching regulator 6A, on the
other hand, shapes such a pulse waveform as one shown in
FIG. 2B. The dashed line in FIG. 2B is the pulse waveform of
the reference pulse T0. The solid line in FIG. 2B represents
the pulse waveform that is to be inputted into the driver 3 after
the first pulse-position-modulation processing unit (PPM1)
2ffunctioned.

[0059] The pulse waveform after the first pulse-position-
modulation processing unit (PPM1) 2f functioned which is
depicted with the solid line has an operational cycle T19 with
the same duration as that of the reference cycle T0 and has the
on-period with the same duration as that of the reference
pulse. The pulse waveform depicted with the solid line and
the reference pulse, however, are different in that the turn-on
time, at which the pulse waveform rises from the low value up
to the high value, and the turn-off time, at which the pulse
waveform falls from the high value down to the low value, are
shifted. The pulse waveform depicted with the solid line has
the same operational cycle T19 and the on-period as the
reference pulse, so that the on-duty cycle set before the first
pulse-position-modulation processing unit (PPM1) 2f starts
its operation is kept after the first pulse-position-modulation
processing unit (PPM1) 2/ finishes its operation.

[0060] In addition, in the pulse waveform depicted in solid
line, the intervals between the turn-on times of the adjacent
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pulse waveforms change according to the shifting amount of
the turn-on time, that is, the shifting time. Assume a case
where three waveforms including the pulse waveform
depicted with the solid line, the previous one, and the next one
together form a single waveform pattern whose entire cycle is
three times the reference cycle T0. The assumed case is
equivalent to a case where all the pulse waveforms changed
their respective cycles. For example, suppose a case where the
turn-on time of the middle one of three sequent pulse wave-
forms shifts as FIG. 2B shows while the turn-on times of the
previous and the next ones do not shift. In this case, the cycle
of the next pulse waveform is the same as the reference cycle
T0. The cycle of the previous pulse waveform, however, is
longer than the reference cycle T0, and the cycle of the middle
pulse waveform is shorter than the reference cycle T0. This
consequently leads to spreading of the frequency spectrum of
pulse waveforms.

[0061] In order to operate the first pulse-position-modula-
tion processing unit (PPM1) 2fto generate the pulse wave-
form depicted with the solid line in FIG. 2B, firstly, the
operational cycle T19 is set at a duration that is the same as
that of the reference cycle T0 and the shifting time for the
on-period is set either randomly or in accordance with a
predetermined pattern. On the basis of the shifting time thus
set, the turn-on time and the turn-off time are set appropri-
ately. The pulse waveform is shaped on the basis of these set
values so as to have the low value at the start of the cycle, to
have the high value at the turn-on time, to have the low value
at the turn-off time, and to terminate the cycle as the opera-
tional cycle T19 passes. The pulse waveform depicted with
the solid line in FIG. 2B is obtained in this way.

[0062] Finally, the second pulse-position-modulation pro-
cessing unit (PPM2) 2¢g that operates in the switching regu-
lator 6A shapes such a pulse waveform as one shown in FIG.
2C. The dashed line in FIG. 2C represents the waveform of
the reference pulse. The solid line in FIG. 2C represents the
pulse waveform that is to be inputted into the driver 3 after the
second pulse-position-modulation processing unit (PPM2)
2¢ finishes its operation. Note that since the second pulse-
position-modulation processing unit (PPM2) 2g is selected
when the value of the on-duty cycle is high, the durations of
the on-period and of the off-period of the pulse waveform
shown in FIG. 2C have an opposite relationship from those of
the pulse waveform shown in FIG. 2B.

[0063] The pulse waveform formed after the second pulse-
position-modulation processing unit (PPM2) 2g finishes its
operation which is depicted with the solid line has the same
operational cycle T20 with the reference cycle T0 and has the
same on-period or the off-period with the reference pulse. The
pulse waveform depicted with the solid line and the reference
pulse, however, are different in the following point: the turn-
off time, at which the pulse waveform falls from the high
value down to the low value, is shifted and after an off-period
with the same duration as that of the reference pulse passes,
the pulse waveform rises anew from the low value up to the
high value, that is, the pulse waveform is turned. The pulse
waveform depicted with the solid line has the same opera-
tional cycle T20 and the off-period as the reference pulse. For
this reason, the on-duty cycle set before the second pulse-
position-modulation processing unit (PPM2) 2g starts its
operation is kept after the second pulse-position-modulation
processing unit (PPM2) 2g finishes its operation.

[0064] Also, in the pulse waveform depicted by the solid
line, the intervals between the turn-off times of the sequent
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pulse waveforms change depending on the shifting time of the
turn-off time. As in the case of the first pulse-position-modu-
lation processing unit (PPM1) 2f, this is equivalent to a case
where all the pulse waveforms change their respective cycles.
This consequently leads to spreading of the frequency spec-
trum of pulses.

[0065] Inorderto operate the second pulse-position-modu-
lation processing unit (PPM2) 2g to generate the pulse wave-
form depicted with the solid line in FIG. 2C, firstly, the
operational cycle T20 is set at a duration that is the same as
that of the reference cycle T0, and the shifting time for the
off-period is set. On the basis of the shifting time, the turn-off
time and the turn-on time are set. The pulse waveform is
obtained on the basis of these set values so as to have the high
value at the start of the cycle, to have the low value at the
turn-off time, to have the high value again at the turn-on time,
and to terminate the cycle when the operational cycle T20
passes. The pulse waveform depicted with the solid line in
FIG. 2B is obtained in this way.

[0066] In the pulse waveform shown in FIG. 2B which is
obtained by operating the first pulse-position-modulation
processing unit (PPM1) 2f; the on-duty cycle of the pulse
waveform can be changed within a range of 0 to 50(%) when
the maximum value of the shifting time for the turn-on time is
set, for instance, at half the length of T19 (i.e., the reference
cycle T0). On the other hand, in the pulse waveform shown in
FIG. 2C which is obtained by operating the second pulse-
position-modulation processing unit (PPM2) 2g, the on-duty
cycle of the pulse waveform can be changed within a range of
50 to 100(%) when the maximum value of the shifting time
for the turn-off time is set, for instance, at half the length of
T20 (i.e., the reference cycle T0). The switching regulator 6A
of the invention uses the functions of these two pulse-posi-
tion-modulation processing units, i.e., the first pulse-posi-
tion-modulation processing unit (PPM1) 2f and the second
pulse-position-modulation processing unit (PPM2) 2g, and
switches from one to the other depending on the on-duty
cycle. Thus, the invention is capable of achieving a regulator
of' which the on-duty cycle is not limited by the shifting time.
[0067] Specifically, the switching regulator 6A according
to the present invention has a configuration shown in FIG. 3.
FIG. 3 shows that the switching regulator 6A internally
includes an A/D converter 7, a computing unit 8, a register
unit 9, and a pulse generator 10. The switching regulator 6A
operates in the following way.

[0068] Firstly, the A/D converter 7 converts from analog to
digital the feedback signal inputted from the detector 1 into
the switching regulator 6 A. As FIG. 1 shows, the computing
unit 8 includes, in the form of a software or a hardware, the
pulse-width-modulation processing unit (PWM) 2a, the
switch changing-over unit 24, the asynchronous-modulation
processing unit (ASM) 2e, the first pulse-position-modula-
tion processing unit (PPM1) 2f; and the second pulse-posi-
tion-modulation processing unit (PPM2) 2¢g. The computing
unit 8 receives the feedback signal digitized by the A/D con-
verter 7, and is in charge of the computations and data pro-
cessing operations in the pulse-width-modulation processing
unit (PWM) 2a, the asynchronous-modulation processing
unit (ASM) 2e, the first pulse-position-modulation process-
ing unit (PPM1) 2f, and the second pulse-position-modula-
tion processing unit (PPM2) 2g. The register unit 9 receives
the data obtained by the computations and data processing
operations by the computing unit 8, and holds the received
data.
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[0069] Immediately before the start of a cycle of a pulse
waveform, that is, immediately before the start of the genera-
tion operation of one pulse waveform, the pulse generator 10
loads the data held by the register unit 9. Then, the pulse
generator 10 sets the pulse waveform at the high value or at
the low value depending on the loaded data, and then gener-
ates a desired pulse waveform, which is a pulse generated by
operating the pulse-width-modulation processing unit
(PWM) 24 and then by operating any one of the asynchro-
nous-modulation processing unit (ASM) 2e, the first pulse-
position-modulation processing unit (PPM1) 2, and the sec-
ond pulse-position-modulation processing unit (PPM2) 2g.
The pulse generator 10 performs pulse generation operations
successively, and a pulse signal including a sequence of plural
kinds of pulse waveforms is inputted from the switching
regulator 6A to the driver 3.

[0070] Since apparatuses such as power-supply appara-
tuses have been downsized in recent years, the frequencies at
which switching elements operates, that is, the switching
frequencies have become higher. Along with this trend, the
cycles of pulse waveforms have become shorter. When the
computing time becomes nonnegligible relative to the cycle
of the pulse waveform due to the shortening of the cycle, the
operation of the computing unit 8 and that of the pulse gen-
erator 10 are performed in a parallel manner.

[0071] FIGS. 4(a), 4(b), and 4(c) respectively illustrate the
operations of the computing unit 8, the register unit 9, and the
pulse generator 10.

[0072] For example, in FIG. 4(c), let’s assume the pulse
generator 10 starts the pulse generation operation at a prede-
termined time ts1. After starting the operation, the pulse gen-
erator 10 loads data from the register unit 9 to generate pulse
waveforms in accordance with the loaded data. When the
computing time becomes nonnegligible relative to the cycle
of the pulse waveform, the computing unit 8 is configured to
start its operation at a time that is later than the time ts1.
[0073] Although specific computations and data process-
ing operations to be performed by the computing unit 8 will
be described later, in short, the computing unit 8 receives the
digitized feedback signal from the A/D converter 7, and is in
charge of the computations and data processing operations at
the pulse-width-modulation processing unit (PWM) 2a, the
asynchronous-modulation processing unit (ASM) 2e, the first
pulse-position-modulation processing unit (PPM1) 2f, and
the second pulse-position-modulation processing unit
(PPM2) 2g. The register unit 9 receives the data obtained by
the computations and the data processing operations per-
formed by the computing unit 8, and holds the received data.
[0074] The datathus obtained here is inputted to the register
unit 9 after being subjected to the computations and the data
processing operations. Then, as FIG. 4(a) shows, the comput-
ing unit 8 enters a stand-by state until a time ts2 at which the
computing unit 8 starts the next pulse generation operation.
By thus operating the computing unit 8 and the pulse genera-
tor 10 simultaneously in a parallel fashion, even a long com-
puting time does not affect the generation of the pulse signal.
[0075] Thereis a small time gap between the time when the
pulse generator 10 starts the pulse generation operation by
loading data and the time when the pulse generator 10 outputs
the pulse waveforms thus generated. The gap, however, is
negligible relative to the time needed for the computation by
the computing unit 8. In this regard, the duration of the time
gap can be easily made constant almost every time, unlike the
computation processing time for alternatively operating any
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one of the asynchronous-modulation processing unit (ASM)
2e, the first pulse-position-modulation processing unit
(PPM1) 2f, and the second pulse-position-modulation pro-
cessing unit (PPM2) 2¢g depending on the selection result of
the switch changing-over unit 2d. Correction the cycle of the
pulse waveform in advance by a length corresponding to the
time gap can make the time gap ignorable.

[0076] FIG. 5 shows an operational routine that illustrates
the operations of the computing unit 8 which is a flow of
specific computations and data processing operations (here-
after, simply referred to as “processing operations”).

[0077] A computation operation starts at step 1. Then at
step 2, a VEB-input processing operation is performed where
the digitized feedback signal VFB is taken in from the A/D
converter 7. Then at step 3, a processing operation to set a duty
ratio is subsequently performed where the duty ratio D is
determined depending on the magnitude of the value of the
feedback signal. In the processing operation to set the duty
ratio, for example, the relationship shown in FIG. 6 between
the feedback signal VFB and the duty ratio D is used to
determine the duty ratio depending on the feedback signal.
[0078] Following the processing operation to set the duty
ratio, a processing operation to set a random variable is per-
formed at step 4, and then a processing operation to select a
modulation method is performed at step 5. A random variable
A set in this processing operation 1 takes any one of the two
codes “0” and “1.” The code of the random variable A is used
to branch the flow of processing operations in the processing
operation to select a modulation method. For instance, when
the random variable A is “0,” the processing operations pro-
ceed in the direction of the ASM processing routine per-
formed by the asynchronous-modulation processing unit
(ASM) 2e at step 6. When the random variable A is “1,” the
processing operations proceed in the direction of the PPM-
selection processing operation performed either by the first
pulse-position-modulation processing unit (PPM1) 2/ or the
second pulse-position-modulation processing unit (PPM2)
2.

[0079] When the processing operations proceed in the
direction of the PPM-selection processing operation at step 7,
the PPM-selection processing operation further branches the
flow of processing operation depending on the duty ratio D.
Specifically, when the duty ratio D is 50(%) or lower, the
processing operations proceed in the direction of a PPM1
processing routine performed by the first pulse-position-
modulation processing unit (PPM1) 2f at step 8. When the
duty ratio D is higher than 50(%), the processing operations
proceed in the direction of a PPM2 processing routine per-
formed by the second pulse-position-modulation processing
unit (PPM2) 2g at step 9. With the two processing operations
for selection at steps 5 and 7, the ASM processing routine at
step 6, the PPM1 processing routine at step 8, or the PPM2
processing routine at step 9 alternatively operates. After that,
the single computation operation is finished at step 10.
[0080] The ASM processing routine at step 6 in the flow of
processing operations shown in FIG. 5 has a flow of process-
ing operations shown in FIG. 7A. Once the ASM processing
routine starts, an asynchronous-modulation processing
operation starts at step 11 shown in FIG. 7A. Then, a process-
ing operation to set a random variable is performed at step 12
and, subsequently, a processing operation to set an opera-
tional cycle is performed at step 13. In the processing opera-
tion to set a random variable, a random variable B is set at a
randomly and alternatively selected one of a plurality of val-
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ues. The processing operation to set an operational cycle
changes the operational cycle depending on the value of the
random variable B. For instance, the random variable B is set
at a value among “0,” ““1,” “2,” or “3.” Meanwhile, the opera-
tional cycle is set at a period that is shorter than the reference
cycle TO by a length obtained by multiplying the reference
cycle TO by Vs and the random variable B, that is, shorter than
the reference cycle T0 by a length equal to TOx 4xB.

[0081] Once the processing operation to set operational
cycle at step 13 is finished, a processing operation to set a
standard turn-off time is performed at step 14. Here, a stan-
dard turn-off time t1 is obtained and set on the basis of both
the operational cycle set in the processing operation to set an
operational cycle and the duty ratio D set in the processing
operation to set a duty ratio. After the completion of the
processing operation to set a standard turn-off time, a pro-
cessing operation to output a computed data is performed at
step 15. In the processing operation to output a computed
data, all the set values that have been set in the course of
processing operations shown in FIGS. 5 and 7A since the start
of the computation operation are sent as data to the register
unit 9 shown in FIG. 3. For example, the data sent to the
register unit 9 includes the duty ratio D, the random variable
A, the operational cycle, and the standard turn-off time t1.
After the processing operation to output the computed data at
step 15, the ASM processing routine is terminated at step 16.

[0082] Suppose a case where, in the flow from the start of
the computation operation at step 11 to the end of the com-
putation operation at step 16, the processing operations from
step 1 to step 5 shown in FIG. 5 and the processing operations
from step 11 to step 16 shown in FIG. 7A are successively
performed. FIG. 7B shows pulse waveforms generated on the
basis of the data set in the course of the processing operations
in this case. The pulse waveforms shown in FIG. 7B corre-
spond to cases where the random variable B is set at values
“0,7 “1,” “2,” and “3,” respectively. In accordance with the
value of the random variable B, both the duration of the
operational cycle and the standard turn-off time t1 are
changed.

[0083] The PPM1 processing routine at step 8 in the flow of
processing operations shown in FIG. 5 has a flow of process-
ing operations shown in FIG. 8 A. Once the PPM1 processing
routine starts at step 17, a processing operation to set an
operational cycle is performed as step 18, and, subsequently,
a processing operation to set a standard turn-off time is per-
formed at step 19. In the processing operation to set the
operational cycle, the operational cycle is set at the reference
cycle T0. In the processing operation to set the standard
turn-off time, the standard turn-off time t1 is obtained on the
basis of the operational cycle and the duty ratio D that have
been obtained previously, and is thus set.

[0084] After the completion of the processing operation to
set a standard turn-off time at step 19, a processing operation
to set a random variable is performed at step 20, and, subse-
quently, a processing operation to set a shifting time is per-
formed at step 21. In the processing operation to set a random
variable, the random variable B is set at a randomly and
alternatively selected one of a plurality of values. In the pro-
cessing operation to set a shifting time, at step 21, a shifting
time ts for the on-period of the pulse waveform is set depend-
ing on the value of the random variable B. For instance, the
random variable B is set at a value among “0,”“1,”“2,” or “3.”
Meanwhile, the shifting time ts is set at a period obtained by
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multiplying the reference cycle T0 by % and the random
variable B, that is, a period equal to TOx%sxB.

[0085] After the completion of the processing operation to
set a shifting time at step 21, a processing operation to set an
adjusted turn-on time is performed at step 22, and, subse-
quently, a processing operation to set an adjusted turn-off
time is performed at step 23. In the processing operations to
set the adjusted turn-on and turn-off times, the adjusted turn-
ontime t2 is set to the shifting time ts and the adjusted turn-off
time 13 is set to a value that is increased by the shifting time ts
from the standard turn-oft time t1, so that the on-period of the
pulse waveform is shifted by an amount corresponding to the
shifting time ts. As exemplified in the pulse waveforms in
FIG. 8B, the adjusted turn-on time t2 is set at a value increased
from O by the predetermined shifting time ts, gradually from
the uppermost to the lowermost pulse waveforms.

[0086] After the processing operation to set an adjusted
turn-off time, a processing operation to output a computed
data is performed at step 24. In the processing operation to
output a computed data, all the set values that have been set in
the course of processing operations shown in FIGS. 5 to 8A
since the start of the computation operation are sent as data to
the register unit 9. Specifically, the data sent to the register
unit 9 includes the duty ratio D, the random variable A, the
operational cycle, the adjusted turn-on time t2, and the
adjusted turn-off time t3. After the completion of the process-
ing operation to output a computed data, the PPM1 process-
ing routine is terminated at step 25.

[0087] Suppose a case where, in the flow from the start of
the computation operation to the end of the computation
operation, the processing operations from step 1 to step 5 and
step 7 shown in FIG. 5 and the processing operations from
step 17 to step 25 shown in FIG. 8A are successively per-
formed. FIG. 8B shows pulse waveforms generated on the
basis of the data set in the course of the processing operations
in this case. The pulse waveforms shown from top to the
bottom in FIG. 8B correspond to cases where the random
variable B is set at values “0,” “1,” “2,” and “3,” respectively.

[0088] The PPM2 processing routine in the processing
operation shown at step 9 in FIG. 5 has a flow of processing
operations shown in FIG. 9A.

[0089] Once the PPM2 processing routine starts at step 26,
a processing operation to set an operational cycle is per-
formed as step 27, and, subsequently, a processing operation
to set a standard turn-off time is performed at step 28. In the
processing operation to set an operational cycle, the opera-
tional cycle is set at the reference cycle T0. In the processing
operation to set a standard turn-off time, the standard turn-off
timet1 is obtained on the basis of the operational cycle and the
duty ratio D that have been obtained previously, and is thus
set.

[0090] After the completion of the processing operation to
set a standard turn-off time at step 28, a processing operation
to set a random variable is performed at step 29, and, subse-
quently, a processing operation to set a shifting time is per-
formed at step 30. In the processing operation to set a random
variable, the random variable B is set at a randomly and
alternatively selected one of a plurality of values. In the pro-
cessing operation to set a shifting time, a shifting time ts, that
is, the shifting amount, for the off-period of the pulse is set
depending on the value of the random variable B. For
instance, the random variable B is set at a value <0,” <1, “2,”
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or “3”” Meanwhile, the shifting time ts is set at a period
obtained by multiplying the reference cycle T0 by V% and the
random variable B.

[0091] After the completion of the processing operation to
set a shifting time at step 30, a processing operation to set an
adjusted turn-off time is performed at step 31, and, subse-
quently, a processing operation to set an adjusted turn-on time
is performed at step 32. In the processing operations to set the
adjusted turn-off and turn-on times, the adjusted turn-off time
t4 is set at a value obtained by subtracting the shifting time ts
from the standard turn-on time t1 and the adjusted turn-on
time t5 is set at a value obtained by subtracting the shifting
time ts from the operational cycle, so that the off-period of the
pulse waveform is shifted by an amount corresponding to the
shifting time ts. The uppermost operational cycle shown in
FIG. 9B is equal to the adjusted turn-on time t5.

[0092] After the processing operation to set an adjusted
turn-on time at step 32, a processing operation to output a
computed data is performed at step 33. In the processing
operation to output a computed data, all the set values that
have been set in the course of processing operations shown in
FIGS. 5 to 9A since the start of the computation operation are
sent as data to the register unit 9. Specifically, the data sent to
the register unit 9 includes the duty ratio D, the random
variable A, the operational cycle, the adjusted turn-off time t4,
and the adjusted turn-on time t5. After the completion of the
processing operation to output a computed data at step 24, the
PPM2 processing routine is terminated at step 34.

[0093] Suppose a case where, in the flow from the start of
the computation operation to the end of the computation
operation, the processing operations from step 1 to step 5 and
step 7 shown in FIG. 5 and the processing operations from
step 26 to step 34 shown in FIG. 9A are successively per-
formed. FIG. 9B shows pulse waveforms generated on the
basis of the data set in the course of the processing operations
in this case. The pulse waveforms shown from the top to the
bottom in FIG. 9B correspond to cases where the random
variable B is set at values “0,” “1,” “2,” and ““3,” respectively.
[0094] The pulse generator 10 included in the switching
regulator 6 A generates a pulse waveform on the basis of the
data obtained through the computation operation of the com-
puting unit 8 and then held by the register unit 9.

[0095] FIG. 10 shows the flow of specific processing opera-
tions performed by the pulse generator 10. Once a processing
operation to generate pulse starts at step 35, the data held by
the register unit 9 is loaded in a processing operation to input
data performed at step 36. After the processing operation to
input data, a processing operation to check a modulation
method is performed at step 37. The processing operation to
check a modulation method branches the flow of processing
operations depending on the code of the random variable A
included in the loaded data. Specifically, for instance, when
the random variable A is “0,” the processing operations pro-
ceed in the direction of a processing operation to set an output
signal performed at step 38. When the random variable A is
“1,” the processing operations proceed in the direction of a
processing operation to check a PPM performed at step 39.
[0096] When the processing operations proceed in the
direction of the processing operations to check a PPM, the
flow of processing operations branches further depending on
the duty ratio D. Specifically, when the duty ratio D is 50(%)
orlower, the processing operations proceed in the direction of
a processing operation to set an output signal performed at
step 40. When the duty ratio D is higher than 50(%), the
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processing operations proceed in the direction of a processing
operation to set an output signal performed at step 41.
[0097] When the processing proceeds in the direction of the
processing operation to set an output signal at step 38 depend-
ing on the code of the random variable A, first, the processing
operation to set an output signal at step 38 is performed and
the output signal DRV is set at ““1.”” In this respect, when the
output signal DRV is “1,” the pulse waveform is at the high
value. In contrast, when the output signal DRV is “0,” the
pulse waveform is at the low value. After the completion of
the processing operation to set an output signal, a processing
operation to count time is performed at step 42. In the pro-
cessing operation to count time, the proceeding to the subse-
quent processing operation is halted until the time t at zero
reaches the standard turn-off time t1.

[0098] Once the time t reaches the standard turn-off time t1
in the processing operation to count time performed at step
42, a processing operation to set an output signal is subse-
quently performed and the output signal DRV is set at “0” at
step 43. After the processing operation to set an output signal
is performed at step 43, a processing operation to count time
is performed. In the processing operation to count time, the
proceeding to the subsequent processing operation is halted
until the time t at the standard turn-off time t1 reaches the
operational cycle. Once the time t reaches the operational
cycle in the processing operation to count time performed at
step 44, the processing to generate one pulse waveform ends
at step 45.

[0099] The processing operation to check a modulation
method performed at step 37 shown in FIG. 10 corresponds to
the processing operation to select a modulation method per-
formed at step 5 shown in FIG. 5. The processing operation to
check a PPM performed at step 39 shown in FIG. 10 corre-
sponds to the PPM-selection processing operation performed
at step 7 shown in FIG. 5. Accordingly, when the loaded data
is the one obtained by executing the ASM processing routine
performed at step 6 shown in FIG. 5, the processing opera-
tions from step 38 to 44 are performed. With the performance
of these processing operations, the pulse outputted by the
pulse generator 10 has a shape as shown in FIG. 7B.

[0100] Meanwhile, in FIG. 10, when the processing opera-
tions proceed in the direction of the processing operation to
set an output signal at step 40 depending on the code of the
random variable A and the value of the duty ratio D, first, the
processing operation to set an output signal at step 40 is
performed and the output signal DRV is set at “0.” After the
processing operation to set an output signal is performed at
step 40, a processing operation to count time is performed at
step 46, where the proceeding to the subsequent processing
operation is halted until the time t at zero reaches the adjusted
turn-on time t2. Once the time t reaches the adjusted turn-on
time t2 in the processing operation to count time performed at
step 46, a processing operation to set an output signal is
subsequently performed at step 47 and the output signal DRV
is set at “1.” After the processing operation to set an output
signal is performed at step 47, a processing operation to count
time is performed at step 48 and the proceeding to the subse-
quent processing operation is halted until the time t at the
adjusted turn-on time t2 reaches the adjusted turn-off time t3.
[0101] Once the time t reaches the adjusted turn-off time t3
in the processing operation to count time performed at step
48, a processing operation to set an output signal is subse-
quently performed at step 49 and the output signal DRV is set
at “0” again. After the processing operation to set an output
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signal is performed, a processing operation to count time is
performed at step 50 and the proceeding to the subsequent
processing operation is halted until the time t at the adjusted
turn-off time t3 reaches the operational cycle. Once the time
t reaches the operational cycle in the processing operation to
count time performed at step 50, a processing to generate one
pulse waveform is terminated at step 45.

[0102] As described earlier, the processing operation to
check a modulation method performed at step 37 shown in
FIG. 10 corresponds to the processing operation to select a
modulation method performed at step 5 shown in FIG. 5,
while the processing operation to check a PPM performed at
step 39 shown in FIG. 10 corresponds to the PPM-selection
processing operation performed at step 7 shown in FIG. 5.
Accordingly, when the loaded data is the one obtained by
executing the PPM1 processing routine shownin FIG. 8A, the
processing operations from step 40 to 50 are performed. With
the performance of these processing operations, the wave-
form of the pulse outputted by the pulse generator 10 has a
shape as shown in FIG. 8B.

[0103] Meanwhile, in FIG. 10, when the processing opera-
tions proceed in the direction of the processing operation to
set an output signal at step 41 depending on the code of the
random variable A and the value of the duty ratio D, first, the
processing operation to set an output signal at step 41 is
performed and the output signal DRV is set at “1.” After the
processing operation to set an output signal is performed, a
processing operation to count time is performed at step 51,
where the proceeding to the subsequent processing operation
is halted until the time t at zero reaches the adjusted turn-off
time t4. Once the time t reaches the adjusted turn-off time t4
in the processing operation to count time performed at step
51, a processing operation to set an output signal is subse-
quently performed at step 52 and the output signal DRV is set
at “0.” After the processing operation to set an output signal is
performed at step 52, a processing operation to count time is
performed at step 53, where the proceeding to the subsequent
processing operation is halted until the time t at the adjusted
turn-off time t4 reaches the adjusted turn-on time t5.

[0104] Once the time t reaches the adjusted turn-on time t5
in the processing operation to count time performed at step
53, a processing operation to set an output signal is subse-
quently performed at step 54 and the output signal DRV is set
at “1” again. After the processing operation to set an output
signal is performed, a processing operation to count time is
performed at step 55, where the proceeding to the subsequent
processing operation is halted until the time t at the adjusted
turn-on time t5 reaches the operational cycle. Once the time t
reaches the operational cycle in the processing operation to
count time performed at step 55, processing to generate one
pulse waveform is terminated at step 45. Note that, when the
loaded data is the one obtained by executing the PPM2 pro-
cessing routine shown in FIG. 5, the processing operations
from step 41 to 55 shown in FIG. 10 are performed. With the
performance of these processing operations, the pulse wave-
form outputted by the pulse generator 10 has a shape as shown
in FIG. 9B.

[0105] Note that, immediately after completion of the pro-
cessing to generate one pulse waveform, the processing to
generate the next pulse waveform has to start for the purpose
of'successively generating pulse signals. Accordingly, as long
as the switching regulator 6 A operates normally, the reaching
of the flow of the processing operations to the finish of the
generation processing at step 45 in FIG. 10 makes the pro-
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cessing operations unconditionally return to the start of the
generation processing at step 35.

[0106] In the flow of processing operations performed by
the pulse generator 10, it is expected that a certain predeter-
mined time is necessary from the start of the processing to
generate a pulse waveform until the performance of the pro-
cessing operation to set the output signal DRV at the step 38,
step 40, or step 41. Here, when the processing proceeds from
the start of the generation processing at step 35 to the pro-
cessing operation to set an output signal at step 38, the nec-
essary time is shorter by the length corresponding to the
processing operation to check a PPM at step 39 than the time
necessary in the case where the processing proceeds to the
processing operation to set an output signal at step 40 or to the
processing operation to count time at step 46. [f the necessary
times have to be equal to each other regardless of the direc-
tions among three the processing proceeds, putting a dummy
determination processing unit between the processing opera-
tion to check a modulation method at step 37 and the process-
ing operation to set an output signal at step 38.

[0107] The flow of processing operations performed by the
computing unit 8 and the pulse generator 10, both of which
are included in the switching regulator 6A of the present
invention shown in FIG. 3, is shown in FIGS. 5 and 10. The
switching regulator 6A shown in FIG. 1 includes the pulse-
width-modulation processing unit (PWM) 2a, and causes the
pulse-width-modulation processing unit (PWM) 2a to per-
form the processing operation to input VFB at step 2 shown in
FIG. 5 and the processing operation to set a duty ratio at step
3 shown in FIG. 5. In addition, the portion 2d surrounded by
dashed lines in FIG. 1 is a two-step switch changing-over
unit. The switch changing-over unit performs the processing
operation to set a random variable at step 4 shown in FIG. 5,
the processing operation to select a modulation method at
step 5 shown in FIG. 5, the proceeding operation to select a
PPM at step 7 shown in FIG. 5, the processing operation to
check a modulation method at step 37 shown in FIG. 10, and
the processing operation to check a PPM at step 39 shown in
FIG. 10.

[0108] The asynchronous-modulation processing unit
(ASM) 2e shown in FIG. 1 performs the ASM processing
routine at step 6 shown in FIG. 5, and the processing opera-
tions at step 38 and steps 42 to 44 shown in FIG. 10. The first
pulse-position-modulation processing unit (PPM1) 2f'shown
in FIG. 1 performs the PPM1 processing routine at step 8
shown in FIG. 5, and the processing operations at step 40 and
steps 46 to 50 shown in FIG. 10. The second pulse-position-
modulation processing unit (PPM2) 2g shown in FIG. 1 per-
forms the PPM2 processing routine at step 9 shown in FIG. 5,
and the processing operations at step 41 and steps 51 to 55
shown in FIG. 10.

[0109] For the switching regulator 6 A shown in FIG. 3, the
computing time necessary for the asynchronous-modulation
processing operation or the pulse-position-modulation pro-
cessing operation is nonnegligible relative to the cycle of the
pulse waveform. For this reason, the computing unit 8 and the
pulse generator 10 are provided independently so that the
computing unit 8 and the pulse generator 10 can execute
processing operations simultaneously. If the computing time
necessary for the asynchronous-modulation processing
operation or the pulse-position-modulation processing opera-
tion is short enough to ignore relative to the cycle of the pulse
waveform, the computing unit 8 and the pulse generator 10 do
not have to be provided independently. In this case, the pulse
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generator 10 is not provided and the flow of the processing
operations is altered in the following way. The processing
operations at step 38 and steps 42 to 44 shown in FIG. 10 are
performed at the last of the ASM processing routine per-
formed at step 6 shown in FIG. 5. The processing operations
at step 40 and steps 46 to 50 shown in FIG. 10 are performed
at the last of the PPM1 processing routine shown in FIG. 8A.
The processing operations at step 41 and steps 51 to 55 shown
in FIG. 10 are performed at the last of the PPM2 processing
routine shown in FIG. 9A.

[0110] The pulse waveforms obtained using the switching
regulator 6A of the present invention are pulse waveforms
each of which is generated through either an asynchronous-
modulation processing or a pulse-position-modulation pro-
cessing. The pulse waveforms provided by the technique of
the present invention can make the maximum shifting time
longer and make the variations of settable kinds of shifting
times wider than those of the pulse waveforms provided by
the conventional technique. Accordingly, the effect to spread
the frequency spectrum of the noise of pulse waveforms pro-
vided by the invention is as excellent as the effect in the case
of the conventionally-provided pulse waveforms shown in
FIG. 13(b). Needless to say, unlike the pulse waveforms pro-
vided by the conventional technique, the on-duty cycle of the
pulse waveforms provided by the technique of the invention is
not limited by the shifting time because either the first pulse-
position-modulation processing unit (PPM1) or the second
pulse-position-modulation processing unit (PPM2) 2g is
selectively used by switching from one to the other.

1. A switching regulator with a pulse-width-modulation
processing unit that determines a duty ratio of a pulse signal
for a switching element depending on an output of the switch-
ing element, comprising:
changing-over unit connected to the pulse-width-modula-
tion processing unit and configured to set any one of a
first code and a second code;

asynchronous-modulation processing unit configured to
operate when the changing-over unit sets the first code;
and

first and second pulse-position-modulation processing

units configured to operate when the changing-over unit
sets the second code,

wherein the asynchronous-modulation processing unit sets

a first operational cycle that is different from a reference
cycle to set a first turn-off time for the pulse signal on the
basis of the first operational cycle and the duty ratio
determined by the pulse-width-modulation processing
unit,

wherein, when the duty ratio is 0% to 50%, both inclusive,

the first pulse-position-modulation processing unit sets
a second operational cycle that is the same as the refer-
ence cycle and a first shifting time for an on-period of the
pulse signal to set a second turn-on time and a second
turn-off time of the pulse signal on the basis of the
operational cycle, the duty ratio, and the first shifting
time, and

wherein, when the duty ratio is 50% exclusive to 100%

inclusive, the second pulse-position-modulation pro-
cessing unit sets the second operational cycle that is the
same as the reference cycle and a second shifting time
for an off-period of the pulse signal to set a third turn-on
time and a third turn-off time of the pulse signal on the
basis of the operational cycle, the duty ratio, and the
second shifting time.
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2. The switching regulator according to claim 1, further
comprising:

aregister unit configured to hold, as data for each cycle, the

duty ratio, the setting by the changing-over unit, and the
first or second operational cycle, as well as the first
turn-off time and the second turn-on and turn-off times
or the third turn-on and turn-off times; and

a pulse-generating unit configured to load, for each cycle,

the data held in the register unit to generate a pulse
waveform based on the data, and to output a pulse signal
based on the pulse waveform.

3. The switching regulator according to claim 2, wherein,
when the setting by the changing-over unit in the loaded data
is the first code, the pulse-generating unit operates to: set a
signal level of the pulse waveform at a high value at the start
of a cycle; set the signal level at a low value in accordance
with the data on the first turn-offtime; and terminate the cycle
in accordance with the data on the first operational cycle, and

wherein, when the setting by the changing-over unit is the

second code and the duty ratio is 50% or lower, the
pulse-generating unit operates to: seta signal level of the
pulse waveform at a low value at the start of a cycle; set
the signal level at a high value in accordance with the
data on the second turn-on time; set the signal level at the
low value in accordance with the data on the second
turn-off time; and terminate the cycle in accordance with
the data on the second operational cycle, and

wherein, when the setting by the changing-over unit is the

second code and the duty ratio exceeds 50%, the pulse-
generating unit operates to: set a signal level of the pulse
waveform at a high value at the start of a cycle; set the
signal level at a low value in accordance with the data on
the third turn-off time; set the signal level at the high
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value in accordance with the data on the third turn-on
time; and terminate the cycle in accordance with the data
on the second operational cycle.

4. The switching regulator according to claim 1, wherein
the first pulse-position-modulation processing unit sets the
first shifting time for the on-period randomly and alterna-
tively.

5. The switching regulator according to claim 1, wherein
the second pulse-position-modulation processing unit sets
the second shifting time for the off-period randomly and
alternatively.

6. The switching regulator according to claim 2, wherein
the first pulse-position-modulation processing unit sets the
first shifting time for the on-period randomly and alterna-
tively.

7. The switching regulator according to claim 3, wherein
the first pulse-position-modulation processing unit sets the
first shifting time for the on-period randomly and alterna-
tively.

8. The switching regulator according to claim 2, wherein
the second pulse-position-modulation processing unit sets
the second shifting time for the off-period randomly and
alternatively.

9. The switching regulator according to claim 3, wherein
the second pulse-position-modulation processing unit sets
the second shifting time for the off-period randomly and
alternatively.

10. The switching regulator according to claim 7, wherein
the second pulse-position-modulation processing unit sets
the second shifting time for the off-period randomly and
alternatively.



