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(57) ABSTRACT

A power supply includes a boost converter, a capacitor, a
step-down converter and a control unit. The boost converter,
when activated, converts an input voltage into a boost
voltage. The capacitor has a bulk voltage which is equal to
the boost voltage when the boost converter is activated. The
step-down converter converts the boost voltage into a step-
down voltage for output. While the boost converter is
deactivated, the control unit samples the input voltage and
the bulk voltage, calculates an estimated value, and deter-
mines a calibration parameter. While the boost converter is
activated, the control unit calculates a calibration value for
enabling the boost converter to convert the input voltage
with reference to the calibration value.

24 Claims, 4 Drawing Sheets
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POWER SUPPLY UNIT AND CALIBRATION
METHOD TO IMPROVE RELIABILITY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of Chinese Patent Appli-
cation No. 201610389176.X, filed on Jun. 3, 2016.

FIELD

The disclosure relates to a power supply and a calibration
method, and more particularly to a power supply with a bulk
voltage being calibrated and a method to be implemented by
the power supply for calibration of the bulk voltage.

BACKGROUND

Generally speaking, due to errors in manufacturing pro-
cesses, differences exist in parameters of the same type of
components among power supply units (PSUs). For a
capacitor of a PSU, error in capacitance of the capacitor
affects its voltage drop. The variation in the voltage drop
influences the performance of the PSU, and lowers reliabil-
ity of the PSU. In addition, a larger margin for error should
be considered in designing the PSU for overcoming the issue
of insufficient accuracy of voltage across the capacitor. The
capacitor of the PSU is often referred to as a “bulk capaci-
tor”. The voltage across the capacitor of the PSU is often
referred to as “bulk voltage”. It is noted that reliability
described here refers for example to the following: effi-
ciency of the PSU, and precision of indicative characteristics
of'the PSU, such as hold-up time, regulation, stress, thermal,
etc.

During the process of manufacturing conventional PSUs,
in order to solve the problem of inaccuracy of the bulk
voltage with respect to that according to PSU product
specifications, the actual bulk voltage is measured by using
a voltmeter in a production line for compensation of errors
s0 as to calibrate the actual bulk voltage.

However, since the bulk voltage usually cannot be mea-
sured directly at an output port of the conventional PSU, a
housing of the conventional PSU must be opened for the
measurement of the bulk voltage. Opening of the housing
might endanger operators on the production line due to
possible electric shock from high voltage of the PSU, and
could cause damages to the PSU. Moreover, it increases the
manufacturing time. Besides, though the conventional PSUs
have been calibrated during production, the reliability and
performance thereof might still deviate from the PSU speci-
fications due to variation in the bulk voltage caused by other
abnormal factors.

SUMMARY

Therefore, an object of the disclosure is to provide a
power supply and a calibration method that can alleviate at
least one of the drawbacks of the prior art, and that can
promote reliability (such as the hold-up time being guaran-
teed at a desired value) and performance of a PSU.

According to one aspect of the disclosure, the power
supply includes a boost converter, a capacitor, a step-down
converter, and a control unit. The boost converter is config-
ured to receive an input voltage, and to, when activated,
convert the input voltage into a boost voltage. The capacitor
has a first terminal electrically connected to the boost
converter, and a grounded second terminal. The capacitor
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has a bulk voltage between the first terminal and the second
terminal thereof which is equal to the boost voltage when the
boost converter is activated. The step-down converter is
electrically connected to the boost converter and the first
terminal of the capacitor. The step-down converter is con-
figured to convert the bulk voltage into a step-down voltage
for output when the boost converter is activated. The control
unit is electrically connected to the boost converter. Under
a condition that the boost converter is deactivated, the
control unit is programmed to sample the input voltage and
the bulk voltage, to calculate, at least according to the input
voltage thus sampled, an estimated value which is associated
with an estimation of the bulk voltage when it is determined
that the input voltage and the bulk voltage are both stable,
and to determine a calibration parameter according to the
estimated value and the bulk voltage thus sampled. Under a
condition that the boost converter is activated, the control
unit is further programmed to sample the bulk voltage, to
calculate a calibration value according to the calibration
parameter and the bulk voltage thus sampled, and to transmit
the calibration value to the boost converter for enabling the
boost converter to convert the input voltage with reference
to the calibration value.

According to another aspect of the disclosure, the cali-
bration method is configured for a power supply. The power
supply includes a boost converter, a capacitor, a step-down
converter and a control unit. The boost converter receives an
input voltage, and, when activated, converts the input volt-
age into a boost voltage. The capacitor is electrically con-
nected to the boost converter and has a bulk voltage which
is equal to the boost voltage when the boost converter is
activated. The step-down converter is electrically connected
to the boost converter and the capacitor, and is configured to
convert the bulk voltage into a step-down voltage for output
when the boost converter is activated. The control unit is
electrically connected to the boost converter. The calibration
method is to be implemented by the control unit and includes
the following steps: A) under a condition that the boost
converter is deactivated, sampling the input voltage and the
bulk voltage; B) calculating, at least according to the input
voltage thus sampled, an estimated value which is associated
with an estimation of the bulk voltage when it is determined
that the input voltage and the bulk voltage are both stable,
and determining a calibration parameter according to the
estimated value and the bulk voltage thus sampled; and C)
under the condition that the boost converter is activated,
sampling the bulk voltage, calculating a calibration value
according to the calibration parameter and the bulk voltage
thus sampled, and transmitting the calibration value to the
boost converter for enabling the boost converter to convert
the input voltage with reference to the calibration value.

An effect of the disclosure resides in that, by virtue of the
control unit of the power supply which implements the
calibration method, the boost voltage outputted by the boost
converter may remain stable, so the step-down voltage
outputted by the step-down converter may also remain
stable. Thus, the reliability of the power supply is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the disclosure will
become apparent in the following detailed description of the
embodiment (s) with reference to the accompanying draw-
ings, of which:

FIG. 1 is a block circuit diagram illustrating an embodi-
ment of a power supply according to the disclosure;
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FIG. 2 is a timing diagram illustrating an embodiment of
a source voltage being rectified to result in an input voltage;

FIG. 3 is a flow chart illustrating an embodiment of a
calibration method according to this disclosure; and

FIG. 4 is a timing diagram illustrating an embodiment of
a bulk voltage in a power supply when the calibration
method according to this disclosure is implemented.

DETAILED DESCRIPTION

Before the disclosure is described in greater detail, it
should be noted that where considered appropriate, refer-
ence numerals or terminal portions of reference numerals
have been repeated among the figures to indicate corre-
sponding or analogous elements, which may optionally have
similar characteristics.

Referring to FIG. 1, an embodiment of a power supply 9
according to this disclosure is described below. The power
supply 9 is configured to be electrically connected to an
alternating-current (AC) power source 1 for receiving an AC
source voltage (V), and includes a rectifier 2, a switch 3, a
resistor (R,), a bypass circuit 7, a boost converter 4, a
capacitor (C,), a step-down converter 5 and a control unit 6.

Referring further to FIG. 2, in this embodiment, the
rectifier 2 is a bridge full-wave rectifier. The rectifier 2 is
configured to receive the source voltage (V), and to convert
the source voltage (V) into an input voltage (V,,) which is
a direct current (DC) voltage. In this conversion, the nega-
tive component of the source voltage (V) is converted into
a positive polarity with the same amplitude to result in the
input voltage (V,,). In other embodiments, the rectifier 2
may be another kind of rectifier. Alternatively, the rectifier 2
may be omitted if the input voltage (V) is directly provided
by a DC source.

As depicted in FIG. 1, the resistor (R,) and the switch 3
are connected in parallel. The parallel connection of the
resistor (R, ) and the switch 3 is connected in series between
the boost converter 4 and the rectifier 2. The resistor (R))
serves as a current limiting resistor to prevent inrush current
caused when the power supply 9 is switched on. In this
embodiment, the switch 3 is a relay, but is not limited
thereto.

When activated, the boost converter 4 is configured to
receive the input voltage (V,,) and to convert the input
voltage (V,,) into a boost voltage. For the ease of explana-
tion of this embodiment, a voltage drop across the switch 3
or the resistor (R,) is not elaborated herein. It should be
noted that the boost converter 4 is not limited to merely
stepping up the input voltage (V,,) for outputting the boost
voltage, and in other cases, the boost converter 4 may
directly output the input voltage (V,,) to serve as the boost
voltage without stepping up or stepping down the input
voltage (V,,,). Besides, the boost converter 4 also provides a
function of power factor correction (PFC). In detail, the
boost converter 4 includes an inductor 41, a diode 42, and a
converter switch 43. The inductor 41 has a first terminal
configured to receive the input voltage (V,,), and a second
terminal. The diode 42 has a first terminal electrically
connected to the second terminal of the inductor 41, and a
second terminal electrically connected to the capacitor (C, ).
The converter switch 43 has a first terminal electrically
connected to the second terminal of the inductor 41, and a
grounded second terminal.

The capacitor (C,) has a first terminal electrically con-
nected to the second terminal of the diode 42 of the boost
converter 4, and a grounded second terminal. The capacitor
(C)) has a bulk voltage (Vz,,;,) between the first terminal and
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the second terminal thereof and equal to the boost voltage
when the boost converter 4 is activated. In the technical field
of power supplies, the capacitor (C,) is usually referred to as
a bulk capacitor. The capacitance of the bulk capacitor
usually ranges from 300 uF (microfarad) to 600 pF, but is not
limited thereto.

The bypass circuit 7 has a first terminal electrically
connected to the rectifier 2 via at least one of the switch 3
or the resistor (R,) for receiving the input voltage (V,,)
(similarly, the voltage drop of the switch 3 or the resistor
(R,) is omitted), and a second terminal electrically con-
nected to the first terminal of the capacitor (C,). The bypass
circuit 7 is connected to the boost converter 4 in parallel. In
another embodiment, the first terminal of the bypass circuit
7 may be connected to the rectifier 2 directly for the
configuration where the switch 3 and the resistor (R1) are
both omitted. The bypass circuit 7, in this embodiment, is a
bypass diode which has an anode serving as the first terminal
of the bypass circuit 7 and a cathode serving as the second
terminal of the bypass circuit 7.

The step-down converter 5 is electrically connected to the
boost converter 4 and the first terminal of the capacitor (C,).
The step-down converter 5 is configured to receive the bulk
voltage (Vg,,.) (i.e., the boost voltage when the boost
converter 4 is activated), and to convert the bulk voltage
(V. (.e., boost voltage) into a step-down voltage (V,,,,)
for output when the boost converter 4 is activated.

The control unit 6 is electrically connected to the rectifier
2 and the boost converter 4 for the purpose of sampling the
input voltage (V,,) and the bulk voltage (Vg,;.), respec-
tively, when the boost converter 4 is deactivated, and sam-
pling the boost voltage (i.e., the bulk voltage (V,,;)) when
the boost converter 4 is activated. It should be noted that, in
this embodiment, the control unit 6 is an independent
component of the power supply 9. In another embodiment,
the control unit 6 may be integrated into other components
of the power supply 9, such as being integrated into the
step-down converter 5, but implementation of the same is
not limited to the disclosure herein.

Under a condition that the boost converter 4 is deacti-
vated, the control unit 6 is programmed to sample the input
voltage (V,,) and the bulk voltage (V,,.), and to calculate
an estimated value (V) (see FIG. 4) according to the input
voltage (V,,,) thus sampled when it is determined that the
input voltage (V,,) and the bulk voltage (Vg,,.) are both
stable. The estimated value (V) is associated with an
estimation of the bulk voltage (Vz,.). The control unit 6 is
further programmed to determine a calibration parameter
(Slope) according to the estimated value (V,) and the bulk
voltage thus sampled.

Under a condition that the boost converter 4 is activated,
the control unit 6 is programmed to sample the boost
voltage, which is equal to the bulk voltage (V) of the
capacitor (C,), to calculate a calibration value (Vg ;. zesur)
according to the calibration parameter (Slope) and the bulk
voltage thus sampled, and to transmit the calibration value
(V suikwesutn) 10 the boost converter 4 for enabling the boost
converter 4 to convert the input voltage (V,,) with reference
to the calibration value (V, 4 zesuir)- In this way, the boost
converter 4 may be controlled to output a compensated boost
voltage, so the step-down voltage (V,,,) outputted by the
step-down converter 5 may be maintained at a desired value.
Moreover, the hold-up time of the step-down converter 5 can
be guaranteed at a desired value.

In detail, under the condition that the boost converter 4 is
deactivated, the capacitor (C,) is charged via a charging path
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by the source voltage (V). The control unit 6 is programmed
to calculate the estimated value (V,) according to the
equation,

Vi<V gV,

peak™ ¥ path>

where V. is a peak value of the input voltage (V,,,), and
V,am 18 @ voltage drop of the charging path, which includes
the rectifier 2, the bypass circuit 7, and at least one of the
resistor (R, ) or the switch 3. In other words, the voltage drop
of the charging path includes a voltage drop of the bypass
circuit 7, a voltage drop of the resistor (R, ) and/or the switch
3, and a voltage drop of traces and/or other elements on the
charging path. It should be noted that, in this case, when the
boost converter 4 is deactivated, the capacitor (C,) is
charged only by the rectifier 2 via the charging path.
Therefore, the estimated value (V,) may serve as the esti-
mation of the bulk voltage (V). More, V,,,, may be
calculated or evaluated in advance and stored in the control
unit 6.

According to different circuit design purposes, in a varia-
tion of this embodiment, the switch 3 and the resistor (R))
may be omitted in the power supply 9. In this way, the boost
converter 4 is electrically and directly connected to the
rectifier 2 for receiving the input voltage (V,,), and the
capacitor (C,) is charged by the source voltage (V) via a
charging path which includes the rectifier 2 and the bypass
circuit 7 and which has a voltage drop of V. Alterna-
tively, in another embodiment, the bypass circuit 7 may be
omitted in the power supply 9. For example, by virtue of the
inductor 41 and the diode 42 of the boost converter 4,V ,,
is the voltage drop of the charging path for charging the
capacitor (C,), and the charging path includes one of the
switch 3 and the resistor (R,), the inductor 41 and the diode
42. In another variation of this embodiment, the switch 3, the
resistor (R,) and the bypass circuit 7 may all be omitted in
the power supply 9. In such case, for example, V., is the
voltage drop of the charging path for charging the capacitor
(C,) which includes the inductor 41 and the diode 42.

The control unit 6 is further programmed to obtain
directly sampling the input voltage (V,,). Alternatively,
when the source voltage (V) is in the form of a sinusoidal
wave (i.e. sine wave), such as mains electricity AC supply
or the wave shown in FIG. 2, the peak value (V) of the
input voltage (V,,) may also be obtained by first determining
the root-mean-square (RMS) voltage (V,,,,) of the input
voltage (V,,), and then multiplying the root-mean-square
voltage (V,,,,) of the input voltage (V,,) by the square root
of 2.

Aside from sampling the input voltage (V,,,), the control
unit 6 may alternatively directly sample the source voltage
(V) to obtain the peak value (V) (see FIG. 2).

The control unit 6 is further programmed to determine the
calibration parameter (Slope) by the equation,

Sl Y
ope = 7R

where V, is the bulk voltage thus sampled by the control unit
6 when the boost converter 4 is deactivated.

The control unit 6 is further programmed to calculate the
calibration value (V g,z (zes.) @ccording to the equation,

VBulk(Result):Slopex V ButkSampiey

where Vg, it sumpiey 15 the boost voltage thus sampled when
the boost converter 4 is activated. At this moment, the boost
voltage should be equivalent to the bulk voltage (Vz,,)-
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It should be noted that, in this embodiment, the calibration
parameter (Slope) is calculated according to the estimated
value (V) and the bulk voltage thus sampled (V,) at a single
time point. In another embodiment, the calibration param-
eter (Slope) may be calculated according to the estimated
value and the bulk voltage thus sampled at two different time
points. For example, the control unit 6 is programmed to
determine the calibration parameter (Slope) by the equation,

Viz—Vu

Slope = S
P Va2 = Vau

where V|, is the estimated value which is associated with an
estimation of the bulk voltage at a first time point, V,,, is the
bulk voltage thus sampled at the first time point, V, is the
estimated value which is associated with an estimation of the
bulk voltage at a second time point, and V,, is the bulk
voltage thus sampled at the second time point. The estimated
values (V,; and V ,) may be calculated according to the
equation for calculating the estimated value (V).

Next, the control unit 6 is further programmed to calculate
an offset parameter (Offset) according to the equation,

Offset=V, -V, xSlope,

Finally, the control unit 6 is programmed to calculate the
calibration value (Vg ;zesurr) according to the equation,

VBuirResuiey=S10PeX Vpip(sampreytOffset,

where Vi 1 (sumpiey 15 the boost voltage (the bulk voltage)
thus sampled when the boost converter 4 is activated. The
control unit 6 is programmed to transmit the calibration
value (V1 (gesun) t0 the boost converter 4 for enabling the
boost converter 4 to convert the input voltage (V,,) with
reference to the calibration value (Vz,;z(gesis)- 10 this way,
the boost converter 4 may be controlled to output a com-
pensated boost voltage, so the step-down voltage (V,,,)
outputted by the step-down converter 5 may be maintained
at a desired value. Moreover, the hold-up time of the
step-down converter 5 can be guaranteed at a desired value.

According to another aspect of this disclosure, an embodi-
ment of a calibration method is described below. The
calibration method is to be implemented by the control unit
6 of the power supply 9.

Referring to FIG. 3, a flow chart shows an embodiment of
the steps (S0 to S5) of the calibration method.

In step SO0, the control unit 6 determines whether the boost
converter 4 is deactivated. In the affirmative, the flow
proceeds to step S2. In the negative, that is, the boost
converter 4 is activated, the flow goes to step S1.

In step S1, the control unit 6 issues a signal to the boost
converter 4 for deactivation of the same.

In step S2, when the boost converter is deactivated, the
control unit 6 samples the input voltage (V,,) and the bulk
voltage (Vz,.)-

In step S3, the control unit 6 determines whether the input
voltage (V,,) and the bulk voltage (V,,;.) are both stable. In
the affirmative, the flow proceeds to step S4. In the negative,
the flow goes back to step S2.

Generally, it is determined that a voltage is stable when a
value of variation in the voltage, during a certain period of
time, is maintained at zero or is smaller than a preset range.
Specifically, the control unit 6 determines whether a value of
variation in the root-mean-square (RMS) value of the input
voltage (V,,) or the peak value (V) of the input voltage
(V,,), during a certain period of time, is maintained at zero
or is smaller than a preset range. When the value of variation
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in the root-mean-square (RMS) value or the peak value
(Vpear) remains at zero or is within the preset range, the
control unit 6 is able to determine accordingly that the input
voltage (V,,) is stable. Similarly, stability of the bulk voltage
(V) may also be determined by continuously sampling
the same for a time period and observing a value of variation
in the root-mean-square value of the bulk voltage (V, ;) or
the peak value thereof.

In step S4, the control unit 6 calculates, at least according
to the input voltage (V,,,) thus sampled, an estimated value
(V,) which is associated with an estimation of the bulk
voltage (Vz,..), and to determine a calibration parameter
(Slope) according to the estimated value (V,) and the bulk
voltage thus sampled. Then the flow proceeds to step S5.

In step S5, under the condition that the boost converter 4
is activated, for example, but not limited to, the boost
converter 4 being activated by the control unit 6, the control
unit 6 calculates a calibration value (Vg zosur) according
to the calibration parameter (Slope) and the bulk voltage
thus sampled (Vg icsumpiey)> and transmits the calibration
value (Vz, 1(resun) 10 the boost converter 4 for enabling the
boost converter 4 to convert the input voltage (V,,) with
reference to the calibration value (Vz,z(gesias)- 10 this way,
an effect of compensation of errors of the boost voltage
outputted by the boost converter 4 may be achieved.

For example, in an ideal case, when all components of the
power supply 9 work normally and no error exists in these
components, the boost voltage outputted by the boost con-
verter 4 (should be equal to the bulk voltage (Vz,,.) is
400V. When there are errors in the circuit, such as errors due
to non-ideal property of the boost converter 4, the boost
voltage may, for example, become 390V. By applying the
calibration method according to the disclosure, the control
unit 6 first calculates the calibration parameter (Slope), then
samples the boost voltage (i.e., the bulk voltage (Vz,;.)
after the boost converter 4 is activated, next calculates the
calibration value (Vg uzosur), and lastly transmits the
calibration value (Vg zesuzr) t0 the boost converter 4 for
controlling the boost converter 4 to output a boost voltage of
410V. In this way, an effect that an actual value of the boost
voltage is 400V may be achieved, so the step-down voltage
(V,,» outputted by the step-down converter 5 may be
maintained at a desired value. Moreover, the hold-up time of
the step-down converter 5 can be guaranteed at a desired
value so as to promote reliability of the power supply 9.

Moreover, the calibration method for the power supply 9
may be performed in the following scenarios. The first
scenario is in a production line of the power supply 9 since
the boost converter 4 is originally deactivated during the
manufacturing process. The second scenario takes place
after the power supply 9 leaves the factory, where a user is
able to deactivate the boost converter 4 in a time-triggered
manner or event-triggered manner by means of an Input/
Output (I/O) interface provided in the power supply 9
through preset communication protocols, such as 12C.

Referring to FIG. 4 in combination with FIG. 1, where
FIG. 4 provides a timing diagram to illustrate an embodi-
ment that the calibration method according to this disclosure
is implemented. The horizontal axis of the timing diagram
represents time, and the vertical axis thereof represents
voltage. The timing diagram illustrates the relationship
between the bulk voltage (V,,,) and the input voltage (V,,,)
after the power supply 9 is turned on. When the power
supply 9 is just turned on, the voltage across the capacitor
(C)) is zero (Vg,,=0). To prevent inrush current from
causing damage to the boost converter 4, the boost converter
4 is not activated until the capacitor (C,) is charged via the
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bypass circuit 7 to reach a predetermined value (such as the
estimated value (V,)). In detail, at the time interval between
t, and t,, the capacitor (C,) is charged by the input voltage
(V,,,) via the charging path which includes the resistor (R,)
and the bypass circuit 7. At the time point of t, the switch
3 is turned on, and resistance of the charging path is reduced
so that the voltage of the capacitor (C)) (i.e., the bulk voltage
(V) 1s raised to the voltage (V). At a time point of t,,
the boost converter 4 is activated, and after that, the bulk
voltage (Vg,;) 1s raised to a target voltage (V,) from the
voltage (V). In this way, at the time interval between t; and
t, when the power supply 9 is turned on while the boost
converter 4 is deactivated, the calibration method according
to the disclosure may be performed for calibration of the
boost voltage (the bulk voltage (Vz,..))-

In sum, since it is required that the boost converter be
deactivated at first for carrying out the calibration method of
this disclosure, the calibration method of this disclosure may
be directly applied in the production line of the power supply
9, s0 as to save human resource for testing, equipment cost
and manufacturing cost, and to promote automation of the
production line of power supply products. Besides, in a
condition that the step-down voltage (V) is sufficient for
supporting normal operation of a load system, i.e., in a
condition that the step-down voltage (V,_,,,) to be outputted
may be maintained at a desired voltage level without acti-
vating the boost converter 4, the calibration method for a
power supply according to the disclosure may be performed
to compensate the errors of the bulk voltage (Vg,,;,) caused
by any abnormal factors in the circuit. In this way, the
reliability of a power supply may be improved.

In the description above, for the purposes of explanation,
numerous specific details have been set forth in order to
provide a thorough understanding of the embodiment (s). It
will be apparent, however, to one skilled in the art, that one
or more other embodiments may be practiced without some
of these specific details. It should also be appreciated that
reference throughout this specification to “one embodi-
ment,” “an embodiment,” an embodiment with an indication
of an ordinal number and so forth means that a particular
feature, structure, or characteristic may be included in the
practice of the disclosure. It should be further appreciated
that in the description, various features are sometimes
grouped together in a single embodiment, figure, or descrip-
tion thereof for the purpose of streamlining the disclosure
and aiding in the understanding of various inventive aspects.

While the disclosure has been described in connect ion
with what is (are) considered the exemplary embodiment(s),
it is understood that this disclosure is not limited to the
disclosed embodiment(s) but is intended to cover various
arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifi-
cations and equivalent arrangements.

What is claimed is:

1. A power supply comprising:

a boost converter configured to receive an input voltage,
and to, when activated, convert the input voltage into a
boost voltage;

a capacitor having a first terminal that is electrically
connected to said boost converter, and a second termi-
nal that is grounded, and further having a bulk voltage
between said first terminal and said second terminal of
said capacitor which is equal to the boost voltage when
said boost converter is activated;

a step-down converter electrically connected to said boost
converter and said first terminal of said capacitor, and
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configured to convert the bulk voltage into a step-down
voltage for output when said boost converter is acti-
vated; and

a control unit electrically connected to said boost con-
verter;

under a condition that said boost converter is deactivated,
said control unit being programmed to sample the input
voltage and the bulk voltage, to calculate, at least
according to the input voltage thus sampled, an esti-
mated value which is associated with an estimation of
the bulk voltage when it is determined that the input
voltage and the bulk voltage are both stable, and to
determine a calibration parameter according to the
estimated value and the bulk voltage thus sampled;

under a condition that said boost converter is activated,
said control unit being further programmed to sample
the bulk voltage, to calculate a calibration value accord-
ing to the calibration parameter and the bulk voltage
thus sampled, and to transmit the calibration value to
said boost converter for enabling said boost converter
to convert the input voltage with reference to the
calibration value.

2. The power supply as claimed in claim 1, wherein said

boost converter includes:

an inductor having a first terminal that is configured to
receive the input voltage, and a second terminal;

a diode having a first terminal that is electrically con-
nected to said second terminal of said inductor, and a
second terminal that is electrically connected to said
first terminal of said capacitor; and

a converter switch having a first terminal that is electri-
cally connected to said second terminal of said induc-
tor, and a second terminal that is grounded.

3. The power supply as claimed in claim 2, wherein under
the condition that said boost converter is deactivated, said
capacitor is charged via a charging path by the input voltage;

wherein said control unit is programmed to calculate the
estimated value according to the equation,

V= Vpeak_ Vpath >

where V), is the estimated value, V. is a peak value of the
input voltage, and V,,_,, is a voltage drop of the charging
path, which includes said inductor and said diode.

4. The power supply as claimed in claim 3, further
comprising a resistor and a switch which is connected in
parallel with said resistor, the parallel connection of said
resistor and said switch being connected in series to said
boost converter, V,,,,,, being the voltage drop of the charging
path, which further includes at least one of said resistor or
said switch in addition to said inductor and said diode.

5. The power supply as claimed in claim 1, further
comprising a bypass circuit that has a first terminal config-
ured to receive the input voltage, and a second terminal
electrically connected to said first terminal of said capacitor,
and that is connected in parallel with said boost converter.

6. The power supply as claimed in claim 5, wherein under
the condition that said boost converter is deactivated, said
capacitor is charged via a charging path by the input voltage;

wherein said control unit is programmed to calculate the

estimated value according to the equation,

V= Vpeak_ Vpath >

where V, is the estimated value, V., is a peak value of the
input voltage, and V,,,,, is a voltage drop of the charging
path, which includes said bypass circuit.

7. The power supply as claimed in claim 6, further

comprising a resistor and a switch that is connected in
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parallel with said resistor, the parallel connection of said
resistor and said switch being connected in series to said
boost converter, V,, ., being the voltage drop of the charging
path, which further includes at least one of said resistor or
said switch in addition to said bypass circuit.

8. The power supply as claimed in claim 1 being config-
ured to receive a source voltage, the power supply further
comprising a rectifier, said rectifier being configured to be
electrically connected to said boost converter, to receive the
source voltage, and to convert the source voltage to the input
voltage which is a direct current voltage.

9. The power supply as claimed in claim 8, wherein said
boost converter includes:

an inductor having a first terminal that is configured to
receive the input voltage, and a second terminal;

a diode having a first terminal that is electrically con-
nected to said second terminal of said inductor, and a
second terminal that is electrically connected to said
first terminal of said capacitor; and

a converter switch having a first terminal that is electri-
cally connected to said second terminal of said induc-
tor, and a second terminal that is grounded.

10. The power supply as claimed in claim 9, wherein
under the condition that said boost converter is deactivated,
said capacitor is charged via a charging path by the input
voltage;

wherein said control unit is programmed to calculate the
estimated value according to the equation,

V= Vpeak_ Vpath’

where V), is the estimated value, V,,, is a peak value of the
input voltage, and V,,,, is a voltage drop of the charging
path, which includes said rectifier, said inductor, and said
diode.

11. The power supply as claimed in claim 10, further
comprising a resistor and a switch that is connected in
parallel with said resistor, the parallel connection of said
resistor and said switch being connected in series between
said rectifier and said boost converter, V,,, being the
voltage drop of the charging path, which further includes at
least one of said resistor or said switch in addition to said
rectifier, said inductor, and said diode.

12. The power supply as claimed in claim 8, further
comprising a bypass circuit that has a first terminal electri-
cally connected to said rectifier, that has the first terminal
configured to receive the input voltage, and a second termi-
nal electrically connected to said first terminal of said
capacitor, and that is connected in parallel with said boost
converter.

13. The power supply as claimed in claim 12, wherein
under the condition that said boost converter is deactivated,
said capacitor is charged via a charging path by the input
voltage;

wherein said control unit is programmed to calculate the

estimated value according to the equation,

V= Vpeak_ Vpath’

where V), is the estimated value, V,,, is a peak value of the
input voltage, and V,,,, is a voltage drop of the charging
path, which includes said rectifier and said bypass circuit.

14. The power supply as claimed in claim 13, further
comprising a resistor and a switch that is connected in
parallel with said resistor, the parallel connection of said
resistor and said switch being connected in series between
said rectifier and said boost converter, V,,, being the
voltage drop of the charging path, which further includes at



US 9,923,479 B2

11

least one of said resistor or said switch in addition to said
rectifier and said bypass circuit.

15. A calibration method for a power supply, the power
supply including a boost converter, a capacitor, a step-down
converter, and a control unit, the boost converter receiving
an input voltage, and, when activated, converting the input
voltage into a boost voltage, the capacitor being electrically
connected to the boost converter and having a bulk voltage
which is equal to the boost voltage when the boost converter
is activated, the step-down converter being electrically con-
nected to the boost converter and the capacitor, and being
configured to convert the boost voltage into a step-down
voltage for output when the boost converter is activated, the
control unit being electrically connected to the boost con-
verter, the calibration method to be implemented by the
control unit comprising steps of:

A) under a condition that the boost converter is deacti-

vated, sampling the input voltage and the bulk voltage;

B) calculating, at least according to the input voltage thus

sampled, an estimated value which is associated with
an estimation of the bulk voltage when it is determined
that the input voltage and the bulk voltage are both
stable, and determining a calibration parameter accord-
ing to the estimated value and the bulk voltage thus
sampled; and

C) under the condition that the boost converter is acti-

vated, sampling the bulk voltage, calculating a calibra-
tion value according to the calibration parameter and
the bulk voltage thus sampled, and transmitting the
calibration value to the boost converter for enabling the
boost converter to convert the input voltage with ref-
erence to the calibration value.

16. The calibration method as claimed in claim 15, the
calibration method further comprising, prior to step A), step
of:

when it is determined that the boost converter is activated,

transmitting a control signal generated by the control
unit to the boost converter for deactivation of the boost
converter.

17. The calibration method as claimed in claim 16, the
boost converter including at least a diode, under the condi-
tion that the boost converter is deactivated, the capacitor
being charged via a charging path by the input voltage,

wherein step B) includes calculating the estimated value

according to the equation,

V= Vpeak_ Vpath >

where V), is the estimated value, V. is a peak value of the
input voltage, and V,,,, is a voltage drop of the charging
path, which includes the diode.

18. The calibration method as claimed in claim 17,
wherein step B) further includes obtaining the peak value of
the input voltage by one of two ways:

sampling the input voltage; and

determining the root-mean-square value of the input volt-

age and multiplying the root-mean-square value of the
input voltage by the square root of 2.

19. The calibration method as claimed in claim 18,
wherein step B) further includes determining the calibration
parameter by the equation,
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Slope = 22
ope = v

where Slope is the calibration parameter, and V, is the bulk
voltage thus sampled.

20. The calibration method as claimed in claim 19,
wherein the step C) of calculating a calibration value
includes calculating the calibration value according to the
equation,

VBulk(Result):Slopex VBulk(Sample)>

where Vg, iz esur 18 the calibration value, and Vg, csumpie)
is the bulk voltage thus sampled when the boost converter is
activated.

21. The calibration method as claimed in claim 20, the
power supply further including a resistor and a switch that
is connected in parallel with the resistor, the parallel con-
nection of the resistor and the switch being connected in
series to the boost converter,

wherein in step B), V,,,, is the voltage drop of the

charging path, which further includes at least one of the
resistor or the switch in addition to the diode.

22. The calibration method as claimed in claim 18,
wherein step B) further includes calculating the calibration
parameter according to the equation,

2=Vu

Slope = S
P Voo =V

where Slope is the calibration parameter, V,, is the esti-
mated value which is associated with an estimation of the
bulk voltage at a first time point, V,, is the bulk voltage thus
sampled at the first time point, V, is the estimated value
which is associated with an estimation of the bulk voltage at
a second time point, and V ,, is the bulk voltage thus sampled
at the second time point;

wherein step B) further includes calculating an offset

parameter according to the equation,

Offset=V, -V, xSlope,

where Offset is the offset parameter.

23. The calibration method as claimed in claim 22,
wherein the step of calculating a calibration value includes
calculating the calibration value according to the equation,

V BuitResutey=S10PEXV By sampreytOflset,

where Vg, iz esur 18 the calibration value, and Vg, csumpie)
is the bulk voltage that is sampled when the boost converter
is activated.

24. The calibration method as claimed in claim 23, the
power supply further including a resistor and a switch that
is connected in parallel with the resistor, the parallel con-
nection of the resistor and the switch being connected in
series to the boost converter,

wherein in step B), V,, is the voltage drop of the

charging path, which further includes at least one of the
resistor or the switch in addition to the diode.
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