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DRIVING DEVICE AND DRIVING METHOD
FOR MOTOR, COOLING DEVICE AND
ELECTRONIC MACHINE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of U.S. patent application Ser. No. 14/337461, filed on
Jul. 22, 2014, the entire contents of which are incorporated
herein by reference and priority to which is hereby claimed.
Priority under 35 U.S.C. § 119(a) and 35 U.S.C. § 365(b) is
hereby claimed from Japanese Application No. 2013-
152049, filed Jul. 22, 2013, the disclosures of which are both
also incorporated herein by reference.

BACKGROUND
[0002] The present disclosure is related to a motor driving
technology.
[0003] FIG. 1 shows a model diagram of a three-phase

brushless direct current (DC) motor 500. The motor 500
includes: respective stator cores 502 for U-phase, V-phase
and W-phase; a stator including stator coils (hereafter
referred to coils) L., L, and L, reeled in an activator core;
and a magnetic rotor 504 having a permanent magnet.
[0004] The coils L;,, L;- and L, are in sequence powered
(also called phase switch) by a driving circuit (not shown),
such that a winding field 506 produced by the stator rotates.
The winding field is applied on the magnetic rotor 504, so
as to rotate the magnetic rotor 504.

[0005] It is well known that when the torque of the motor
at the winding field 506 and the magnetic rotor 504 sub-
stantially have the relationship in position as shown in FIG.
1, more specifically, when winding field 506 is orthogonal to
the magnetic rotor 504, the torque of the motor is the
greatest.

[0006] If an equivalent circuit of an inductor L. and a
resistor R is accounted for a motor, formula (1) is established
between a coil current i(t), a voltage V (also called applied
voltage, driving voltage) between terminals, and an induced
voltage e (also called counter electromotive force).

Vee=R-i+L-di/dt=(R+jwL)-i )
[0007]
i=(V=e)/(R+joL)=(V-e)-(R—joL)/(0?L*+R?) )

[0008] In other words, the phase of the coil current i is
varied according to a composite vector (V-e) of the driving
voltage V and the induced voltage e and the resistance of the
motor (jwL+R). Specifically, the phase of the coil current
has a delay 6=arctan(wl/R) relatively to the composite
vector (V-e) of the driving voltage V and the induced voltage
e.
[0009] FIG. 2A shows the relationship among the driving
voltage, the induced voltage, and the current flowing
through the coil of a predetermined phase. The left drawing
of FIG. 2A shows the status that the driving voltage V is
generated with the same phase as the induced voltage e. In
the status, the phase of the coil current i delays relatively to
the induced voltage e.

[0010] The right drawing of FIG. 2A shows the status that
the driving voltage V leads the induced voltage e. In the
status, the coil current i and the induced voltage e have the
same phase, so as to obtain a high torque.

Formula (2) is obtained by varying formula (1).
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[0011] FIG. 2B is a vector diagram showing the phase
relationship of the right drawing of FIG. 2A. In order to
make the induced voltage e and the coil current i have the
same phase, the composite vector (V-e) of the induced
voltage e and the driving voltage V shall have a 6 delay
relatively to the coil current i, and the amplitude and the
phase of the driving voltage V are regulated in such way.

[0012] Herein, the induced voltage e is proportional to the
turning number w of the motor, and the phase leading angle
0 affected by the resistance of the motor is varied instanta-
neously according to the turning number ® of the motor.
Therefore, in order to obtain the maximal torque, the ampli-
tude and the phase of the driving voltage V have to be
instantaneously varied according to the turning number o of
the motor. It is also called a leading angle control since the
phase of the driving voltage V leads the phase of the induced
voltage e.

BRIEF SUMMARY OF THE INVENTION

[0013] In order to optimize the driving voltage V, the
following two methods are considered.

[0014] Inthe first method, the phase of the induced voltage
e and the phase of the current i of the coil current are
detected. Since the phase of the induced voltage e corre-
sponds to the position of the rotor, the phase of the induced
voltage e can be detected by a rotor position detector such
as a Hall element. Further, the phase of the coil current i is
detected by a current detector such as a current transformer,
and the phase of the driving voltage V is regulated based on
such information. In the first method, it is an issue that the
current detector is expensive.

[0015] In the second method, the relationship between the
frequency or level of the driving voltage V and the phase
angle is set in advance, and the phase angle is regulated by
an open loop based on the instant frequency or level of the
driving voltage V. In this method, it is more complicated that
each type of the motor or even each motor has to be set
individually, and the precision issue is to be considered.

[0016] The present disclosure is achieved by the following
conditions. It is an exemplary object of the present disclo-
sure to provide a motor driving device with low cost and/or
a simple leading angle control.

[0017] It is an aspect of the present disclosure to provide
a driving device for a brushless DC motor having at least one
coil. The driving device includes: a voltage zero crossing
detection unit for detecting a voltage zero crossing point at
which an induced voltage is generated by a coil under a
predetermined phase of a brushless DC motor; a detection
period setting unit for setting at least one detection period
synchronously at the voltage zero crossing point; a coil
voltage detection comparator for comparing a terminal volt-
age generated at one end of the coil under a predetermined
phase and a threshold voltage, and generating a coil voltage
detection signal indicating a comparison result; a current
phase detecting unit for generating a phase detection signal
indicating the relationship between the phase of the coil
current flowing in the coil under the predetermined phase
and the phase of the induced voltage based on a level of the
coil voltage detection signal of the detection period; a
driving signal synthesis unit for generating a driving control
signal based on the phase detection signal; and a driving
circuit for driving a brushless DC motor based on the driving
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control signal and allowing one end of the coil under the
predetermined phase to be in the status of high resistance in
the detection period.

[0018] If one end of the coil is in a high resistance status
around, before or after the voltage zero crossing point, the
terminal voltage is around ground level when the current
flows through the coil in the direction from the driving
circuit to the coil (also called a source-out direction), and the
terminal voltage is around the power source voltage level
when the current flows through the coil in the direction from
the coil to the driving circuit (drain-in direction). It means
that the direction of the coil current can be determined based
on the terminal voltage. In other words, the phase of the coil
current can be identified, and can be reflected on the phase
switch control of the driving voltage. Alternatively, the
detection period setting unit and the voltage zero crossing
point synchronously set a first detection period with a first
predetermined angle leading the voltage zero crossing point,
and a second detection period with a second predetermined
angle lagging the voltage zero crossing point. The phase
detection signal is generated by the current phase detecting
unit based on the combination of the levels of the respective
coil voltage detection signals from the first detection period
and the second detection period.

[0019] In this situation, when the coil current in the first
detection period and the second detection period is flowing
in the source-out direction, it can be determined that the
phase of the coil current lagging the phase of the induced
voltage. When the coil current in the first detection period
and the second detection period is flowing in the drain-in
direction, it can be determined that the phase of the coil
current leading the phase of the induced voltage.

[0020] The current phase detecting unit may also be
configured to determine one of that (i) a current zero
crossing point of a coil current zero crossing is positioned in
a first status leading the first detection period, (ii) a current
zero crossing point is positioned in a second status lagging
the second detection period, and (iii) a current zero crossing
point is positioned in a third status lagging the first detection
period and leading the second detection period. The driving
signal synthesis unit is configured to (i) delay a timing of the
phase switch for a predetermined first adjusting angle rela-
tively to the instant timing of the phase switch under a first
status; (ii) advance a timing of the phase switch for a second
adjust angle relatively to the instant timing of the phase
switch under a second status; and (iii) maintain a timing of
the phase switch as the instant timing of the phase switch
under a third status.

[0021] In addition to the first detection period and the
second detection period, the detection period setting unit can
also set a third detection period leading the first detection
period for a third predetermined angle and a fourth detection
period lagging the second detection period for a fourth
predetermined angle. Based on the combination of levels of
coil voltage detection signals from the first detection period
to the fourth detection period, the current phase detecting
unit determines one of that (i) the current zero crossing point
of'the coil current zero crossing is positioned in a first status
leading the third detection period, (ii) the current zero
crossing point is positioned in a second status lagging the
third detection period and leading the first detection period,
(iii) the current zero crossing point is positioned in a third
status lagging the fourth detection period, (iv) the current
zero crossing point is positioned in a fourth status lagging
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the second detection period and leading the fourth detection
period, and (v) the current zero crossing point is positioned
in a fifth status between the first detection period and the
second detection period. The driving signal synthesis unit is
configured to (i) delay a timing of the phase switch for a first
adjusting angle relatively to the instant timing of the phase
switch in the first status; (ii) delay a timing of the phase
switch for a second adjusting angle relatively to the instant
timing of the phase switch in the second status; (iii) make a
timing of the phase switch advanced for a third adjusting
angle relatively to the instant timing of the phase switch in
the third status; (iv) make the timing of the phase switch
advanced for a fourth adjusting angle relatively to the instant
timing of the phase switch in the fourth status; and (v)
maintain a timing of the phase switch as the instant timing
of the phase switch in the fifth status.

[0022] In this situation, the phase information of the coil
current can be precisely obtained.

[0023] The first adjusting angle can be larger than the
second adjusting angle, and the third adjusting angle can be
larger than the fourth adjusting angle.

[0024] In this situation, when the phase shift of the coil
current is larger, the phase of the driving voltage can be
varied with a larger angle, and when the phase shift of the
coil current is smaller, the phase of the driving voltage can
be varied with a smaller angle. Hence, the control speed is
increased, and/or the precision is enhanced.

[0025] The driving signal synthesis unit can also advance
(1) the timing of the phase switch for a predetermined angle
relatively to the instant timing of the phase switch when the
phase detection signal indicates that the phase of the coil
current laggin the phase of the induced voltage.

[0026] The driving signal synthesis unit delay (ii) the
timing of the phase switch for a predetermined angle rela-
tively to the instant timing of the phase switch when the
phase detection signal indicates that the phase of the coil
current leading the phase of the induced voltage.

[0027] The threshold voltage can also be a midpoint
voltage of a multi-phase coil. The threshold voltage can also
be a divided voltage of the power source voltage and the
ground voltage.

[0028] The voltage zero crossing detecting unit can also
include a Hall comparator for comparing a pair of Hall
signals, which are from a Hall element and indicate a
location of a rotor of the brushless DC motor, and generating
a Hall detection signal.

[0029] The voltage zero crossing detecting unit can also
include a counter electromotive force detection comparator
for comparing the terminal voltage and the midpoint voltage
of the coil when the terminal of the coil with a predeter-
mined phase of the brushless DC motor is in the status of
high resistance.

[0030] The brushless DC motor can also be a fan motor.

[0031] It is another aspect of the present disclosure to
provide a cooling device. The cooling device can also
include: a fan motor; and any one of the preceding driving
devices for driving the fan motor.

[0032] It is another aspect of the present disclosure to
provide an electronic machine. The electronic machine can
also include the above cooling device.

[0033] Further, any combination of the above elements or
replacements of the elements, methods, devices and systems
of the present disclosure are also effective.
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[0034] According to an embodiment of the present disclo-
sure, the cost is lowered, and/or the advance angle control is
simply performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0036] FIG. 1 shows a model diagram of a three-phase
brushless DC motor in accordance with some embodiments.
[0037] FIG. 2A is a drawing showing the relationship
among a driving voltage, an induced voltage, and current
flowing through the coil of a predetermined phase, and FIG.
2B is a vector diagram showing the phase relationship
shown in the right drawing of FIG. 2A in accordance with
some embodiments.

[0038] FIG. 3 is a block diagram showing an electronic
machine having a cooling device in accordance with some
embodiments.

[0039] FIG. 4A and FIG. 4B are circuit diagrams showing
statuses of a driving circuit in the detection period in
accordance with some embodiments, and FIG. 4C is a
waveform diagram showing the relationship between the
phase of the coil current I, and the induced voltage e,
[0040] FIG. 5A to FIG. 5D are waveform diagrams show-
ing the detection of the current phase of the driving device
in accordance with some embodiments.

[0041] FIG. 6 is a diagram showing the detection period
according to First Example.

DETAILED DESCRIPTION

[0042] The present disclosure is illustrated in the follow-
ing descriptions based on embodiments and referring to
drawings. The same or equivalent configuration elements,
components and processing steps have the same reference
numerals, and the repeated descriptions are omitted
adequately. Further, embodiments are exemplary and not
intended to limit the present disclosure. All features in the
embodiments and combinations thereof are not necessary for
the nature of the present disclosure.

[0043] In the specification of the present application,
“connection status between a component A and a component
B” is referred to that the component A is physically in direct
contact with the component B, and also includes the indirect
connection that other components may be disposed between
the component A and the component B without substantially
affecting the electrical connection status and damaging the
efficacy or effects of the combination of the components.
[0044] Similarly, “a component C disposed between a
component A and a component B” is referred to the direct
connection of the component A and the component C or the
direct connection of the component B and the component C,
and also includes the indirect connection that other compo-
nents may be disposed between the component A and the
component B without substantially affecting the electrical
connection status and damaging the efficacy or effects of the
combination of the components.

[0045] FIG. 3 is a block diagram showing an electronic
machine 100 having a cooling device 200 in accordance
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with some embodiments. The electronic machine 100 is a
computer such as a personal computer, a work station and so
on, or a home electrical appliance such as a refrigerator or
TV. The object to be cooled includes CPU 102, for example.
The CPU 102 is cooled via air blowing by the cooling device
200.

[0046] The cooling device 200 includes a fan motor 202,
a Hall element 204 and a driving device 300. The fan motor
202 is a three-phase brushless DC motor disposed in prox-
imity to the CPU 102 to be cooled. The fan motor 202 is
driven by the driving device 300 based on a control input
signal (hereafter called a control signal) S1 indicating a
torque (turning number or applying voltage) of the fan motor
202. The cooling device 200 is formed as a module, and
commercially distributed.

[0047] The fan motor 202 includes coils L., L, and L,
with U-phase, V-phase and L-phase of a star-shaped wiring,
and a permanent magnet (not shown). The Hall element 204
is installed on a specific position of the fan motor 202, and
generates a pair of Hall signals, VH+ and VH-, indicating a
location of a rotor of the fan motor 202. The Hall element
204 is provided with a Hall bias voltage V; from the
driving device 300. In the cooling device 200 of this
embodiment, the Hall element 204 is only prepared for one
phase rather than for all three phases of the coils.

[0048] The driving device 300 is a functional integrated
circuit established on a semiconductor substrate, providing
the power source terminal VCC with the power source
voltage V-, and the ground terminal GND with ground
voltage. Further, the output terminals OUTU~OUTW of the
driving device 300 are connected to one end of the coils L.,
L, and L, of the fan motor 202, and a midpoint voltage
V conr of the fan motor 202 is input to the common terminal
(COM).

[0049] The driving device 300 includes a coil voltage
detection comparator 302, a Hall comparator 304, a driving
signal synthesis unit 308, a PWM (Pulse-Width Modulation)
signal generating unit 310, a driving circuit 312, a detection
period setting unit 316, and a current phase detection unit
318.

[0050] A voltage zero crossing detecting unit 314 is
formed by the Hall comparator 304 and the Hall element
204. The Hall comparator 304 can also be integrated in a
Hall IC including the Hall element 204. The voltage zero
crossing detecting unit 314 is configured to detect a voltage
zero crossing point where an induced voltage e becomes
zero on the coil L, with a predetermined phase U of the fan
motor 202. Specifically, the Hall comparator 304 compares
a pair of Hall signals, H+ and H-, indicating a location of a
rotor from the Hall element 204, and generates a Hall
detection signal S4. The Hall detection signal S4 makes the
level shift for each voltage zero crossing point.

[0051] At least one detection period is set by the detection
period setting unit 316, synchronously with the Hall detec-
tion signal S4, before and/or after the voltage zero crossing
point, or in a way including the voltage zero crossing point.
In this embodiment, a first detection period is set before the
voltage zero crossing point by the detection period setting
unit 316, and a second detection period is set after the
voltage zero crossing point. An effective timing signal S7
(high level, for example) is generated in each of the first
detection period and the second detection period by the
detection period setting unit 316.
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[0052] The terminal voltage V,, generated at one end of
the coil L;, with a predetermined phase U and the threshold
voltage are compared by the coil voltage detection com-
parator 302, and a coil voltage detection signal S3 indicating
the comparison result is generated. In this embodiment, the
threshold voltage is the midpoint voltage V., of the fan
motor 202.

[0053] The timing signal S7 is received by a current phase
detecting unit 318. The phase relationship between the coil
current I, flowing through the coil L,, with a predetermined
phase U and the induced voltage e, is determined by the
current phase detecting unit 318 based on a level of the coil
voltage detection signal S3 of a period at which the timing
signal S7 is effective, i.e. the detection period set by the
detection period setting unit 316, and a phase detection
signal S8 indicating the determination result is generated.

[0054] A control signal S1 indicating a torque, a turning
number or an applying voltage of the fan motor 202 is
received externally by a PWM signal generating unit 310,
and a PWM signal S2 which is pulse modulated is generated
according to the control signal S1. The duty cycle of the
PWM signal S2 varied according to the control signal S1.
The pulse modulated control signal S1 is input to the PWM
signal generating unit 310 from the outside of the driving
device 300 according to the target torque of the motor, and
the control signal S1 is directly used as the PWM signal S2
to be output. Alternatively, an analog voltage can be received
by the PWM signal generating unit 310 corresponding to the
peripheral temperature Ta obtained by a thermistor, and a
PWM signal S2 having a duty cycle corresponding to the
analog voltage is generated. Alternatively, a digital signal
indicating the duty cycle can be received from a processor
such as the CPU, and the PWM signal S2 corresponding to
the digital signal can be generated by the PWM signal
generating unit 310.

[0055] In addition to the PWM signal S2 and the Hall
detection signal S4, the driving control signals S5,,, S5,-and
S5, for each of the U phase, V phase and W phase are
generated by the driving signal synthesis unit 308 based on
the timing signal S7 and the phase detection signal S8.

[0056] Further, the phase switch control is performed by
the driving signal synthesis unit 308 based on the Hall
detection signal S4 and the phase detection signal S8. In
other words, the phase advance angle (or phase delay angle)
is determined by the driving signal synthesis unit 308 based
on the phase detection signal S8, and the phase switch is
performed by shifting the timing for the phase advance angle
(phase delay angle) relatively to the voltage zero crossing
point indicated by the Hall detection signal S4. Still in other
words, the phase detection signal S8 is reflected on the
timing of the phase switch by the driving signal synthesis
unit 308, such that the phase relationship between the coil
current I,, and the induced voltage e approaches to a specific
relationship (the same phase, for example). Further, a driv-
ing control signal S5 is generated in the detection period, at
which the timing signal S7 is effective, by the driving signal
synthesis unit 308 in a manner that one end of the coil L,
with a predetermined phase is in a high resistance status.

[0057] Driving voltages V.,V and V. are applied on one
end of the respective coils L, L, and L, by the driving
circuit 312, according to the driving control signals S5,,, S5,
and S5,,. FIG. 3 only shows the driving circuit 312U with
the U-phase, and the V- and W-phases are omitted.
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[0058] The PWM (switching) driving or BTL (Bridged
Transless) driving can be performed on the fan motor 202 by
the driving circuit 312.

[0059] In the PWM driving, the driving voltages V,, V.
and V, are switched on and off with the power source
voltage V. and the ground voltage V5, p, 50 as to imple-
ment the pulse modulation. The target torque (target turning
number) is reflected on the duty cycle of each driving
voltage. Further, in order to inhibit noise during the phase
switch, the duty cycle of each driving voltage is gradually
changed during the phase switch. The driving circuit 312 for
the PWM driving includes a three-phase bridging circuit.
The driving circuit 312 for the PWM driving can also
include a bridging circuit 312a and a pre-driver 3125.
[0060] In the BTL driving, the envelop of the driving
voltages V,, V- and V. gradually shifts between the power
source voltage V.. and the ground voltage V;yp. The
envelop of the driving voltage for each phase is shifted based
on a sinusoidal wave, a quasi-sinusoidal wave, or a trap-
ezoidal wave, so as to realize a lower noise than using the
PWM driving. The waveform of the envelop can also be
generated according to drawings or the Hall signals VH, and
VH_. The driving voltage for each phase can be pulse
modulated by the duty cycle corresponding to the target
torque (target turning number). The driving circuit 312
driven by the BTL driving includes amplifiers 3125 respec-
tively disposed at the U-phase, V-phase and W-phase. The
output segment of each amplifier 3125 includes a push-pull
typed bridging circuit 312a.

[0061] Further, the driving signal synthesis unit 308 and
the driving circuit 312 are configured by well-known tech-
nology, and there is no limitation to the configuration and
driving method thereof.

[0062] Further, in the detection period, the driving circuit
312 makes one end of the coil L, at a predetermined phase
to be in a high resistance status. Specifically, the high
voltage side transistor M1 and the low voltage side transistor
M2 of the bridging circuit 3124 are cut out.

[0063] The configuration of the cooling device 200 is
illustrated in the above descriptions, and the action thereof
is illustrated in the following descriptions.

[0064] FIG. 4A and FIG. 4B circuit diagrams showing the
status of the driving circuit 312 in the detection period.
[0065] In the detection period, the high voltage side tran-
sistor M1 and the low voltage side transistor M2 are both cut
out, and the output terminal OUTU is in a status of high
resistance. FIG. 4A shows the status of the coil current I,
flowing in a direction (called a source-out direction) from
the driving circuit 312 to the coil L, in the detection period.
At this time, the coil current I, flows through the body diode
of the low voltage side transistor M2. Hence, the terminal
voltage V., becomes around the ground voltage V ;o p-
[0066] FIG. 4B shows the status of the coil current I,
flowing in a direction (called a drain-in direction) from the
coil L, to the driving circuit 312. At this time, the coil
current I, flows through the body diode of the high voltage
side transistor M1. Hence, the terminal voltage V., becomes
around the power source voltage V.

[0067] By using this property, the direction, i.e. the phase,
of the coil current I,, is determined by the coil voltage
detection comparator 302 based on the terminal voltage V,
in the detection period. Specifically, the terminal voltage V,
and the threshold voltage V.,,, are compared. The coil
current I, is determined to be positive, and the phase of the
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coil current is lagging when V<V ,,,. The coil current I,
is determined to be negative, and the phase of the coil
current is leading when V>V ,,,. FIG. 4C is a waveform
diagram showing the relationship between the phase of the
coil current I, and the induced voltage e,

[0068] For ease of understanding, consider the the detec-
tion period and the voltage zero crossing point to be con-
sistent. When the coil current is positive, i.e. flowing in the
source-out direction, at the voltage zero crossing, and there-
fore V<V o it is deduced that the phase of the current is
delayed. On the contrary, when the coil current is negative,
i.e. flowing in the drain-in direction, at the voltage zero
crossing, and therefore, V>V ., it is deduced that the
phase of the current is advanced.

[0069] FIG. 5A to FIG. 5D are waveform diagrams show-
ing the detection of the current phase by using the driving
device 300. FIG. 5A shows the status of the induced voltage
e, the high voltage side transistor M1 and the low voltage
side transistor M2. The high voltage side transistor M1 and
the low voltage side transistor M2 are switched on and off
in complementary to each other according to the PWM
signal S2. The time at which the voltage zero crossing point
is generated is set as t,.

[0070] In this embodiment, a first detection period Td1 is
set for a first predetermined angle o, leading the voltage
Zero crossing point t,, and a second detection period Td2 is
set for a second predetermined angle ., lagging the voltage
Zero crossing point t, by the detection period setting unit 316
synchronously with the voltage zero crossing point t,. Fur-
ther, a phase detection signal S8 is generated by the current
phase detecting unit 318 based on a combination of levels of
the coil voltage detection signal S3 from the first detection
period Tdl and the second detection period Td2.

[0071] FIG. 5B and FIG. 5C show the coil current I,, and
the terminal voltage V. FIG. 5B shows the waveform while
the phase of the coil current [, is lagging, FIG. 5C shows the
waveform while the coil current [, and the induced voltage
e have the same phase, and FIG. 5D shows the waveform
while the phase of the coil current I, is leading.

[0072] As shown in FIG. 5B, it is determined by the
current phase detecting unit 318 that the phase of the coil
current is lagging when the zero crossing point of the coil
current I, (hereafter called a current zero crossing point) is
lagging the second detection period Td2 when in both the
first detection period Tdl and the second detection period
Td2, V<V cour

[0073] Further, as shown in FIG. 5C, it is determined by
the current phase detecting unit 318 that the phase of the coil
current I, and the induced voltage e have the same phase
when, V>V ,,, in the first detection period Tdl and
V<V conr in the second detection period Td2 because the
current zero crossing point is positioned between the first
detection period Td1 and the second detection period Td2,
i.e. around the voltage zero crossing point.

[0074] Further, as shown in FIG. 5D, it is determined by
the current phase detecting unit 318 that the phase of the coil
current I, is leading when the current zero crossing point is
leading the first detection period Tdl, when V>V .5, in
both the first detection period Td1 and the second detection
period Td2.

[0075] The current phase detecting unit 318 determines
one of that (i) the current zero crossing point is in a first
status @1 leading the first detection period as shown in FIG.
5D; (i) the current zero crossing point is in a second status
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@2 lagging the second detection period Td2 as shown in
FIG. 5B; and (iii) the current zero crossing point is in a third
status @3 lagging the first detection period Td1 and leading
the second detection period Td2.

[0076] Then, when it is determined by the current phase
detecting unit 318 that the phase of the coil current I, is in
the second status @2 and is lagging as shown in FIG. 5B, the
timing of the phase switch, i.e. the phase of the driving
voltage, is advanced by the driving signal synthesis unit 308
for a first adjusting angle 0., relatively to the instant
timing.

[0077] Further, when it is determined by the current phase
detecting unit 318 that the phase of the coil current I, is in
the first status @1 and is leading as shown in FIG. 5D, the
timing of the phase switch, i.e. the phase of the driving
voltage, is delayed by the driving signal synthesis unit 308
for a second adjusting angle 0, ,, relatively to the instant
timing.

[0078] Further, when it is determined by the current phase
detecting unit 318 that the coil current I, is in the third status
@3 and has the same phase as the induced voltage e, as
shown in FIG. 5C, the timing of the phase switch, i.e. the
phase of the driving voltage, is maintained as the instant
timing.

[0079] Further, the first predetermined angle «; and the
second predetermined angle a, can be the same or different.
Similarly, the first adjusting angle 6 ,,,, and the second
adjusting angle 0 ,,,, can be the same or different.

[0080] By the repeating the above operations, feedback is
performed to cause the phase of the coil current I,, and the
phase of the induced voltage e, to be the same and therefore,
the fan motor 202 is driven with high efficiency and/or high
torque.

[0081] The operations of the cooling device 200 having
the driving device 300 are illustrated above.

[0082] According to the driving device 300, the detection
periods are set before and after the voltage zero crossing
point, and the direction, i.e. the phase, of the coil current I,
is detected according to the terminal voltage V., of the
detection periods, so as to control the phase switch.
[0083] In comparison with the first method, there is no
need to use a current mutual inductors for detecting the
phase of the coil current I, in the driving device 300, and
hence a driving device with a lower cost and a smaller area
than a conventional driving device is realized.

[0084] Further, it is the same as the second method which
uses an open loop control. There is no need to individually
set every type or each of motors, and therefore a simple
phase advancing control with high precision is achieved.
[0085] Particularly, two detection periods are set respec-
tively before and after the voltage zero crossing point, such
that the phase lead or phase lag of coil current is precisely
determined according to the combination of values of the
coil voltage detection signals S3 in the detection periods.
[0086] Further, since the stable point of the phase of the
coil current I, is positioned between the first predetermined
angle o, and the second predetermined angle c,, the posi-
tion thereof may be adjusted by adjusting the first predeter-
mined angle ¢, and the second predetermined angle c.,.
[0087] The foregoing illustrates embodiments of the pres-
ent disclosure. The embodiments are exemplary, and persons
skilled in the art should appreciate that various modifications
may be made to any combination of each essential element
or processing step of the embodiments, and the variations
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also fall within the scope of the present disclosure. The
examples of the various modifications are illustrated in the
following descriptions.

[0088] (First Varied Example)

[0089] In the embodiment, it is illustrated that two detec-
tion periods are set, but the number of the detection periods
are arbitrary. In the first varied example, four detection
periods are set.

[0090] FIG. 6 shows the detection period of the first varied
example. In addition to the first detection period Td1 and the
second detection period Td2, a third detection period Td3 is
set by the detection period setting unit 316 a third prede-
termined angle o, leading the first detection period Td1, and
a fourth detection period Td4 is set by the detection period
setting unit 316 a fourth predetermined angle o, lagging the
second detection period Td2.

[0091] Based on the combination of levels of coil voltage
detection signal S3 from the first detection period Td1 to the
fourth detection period Td4, the current phase detecting unit
318 determines one of that (i) the current zero crossing point
is positioned in the first status ®1 leading the third detection
period Td3, (ii) the current zero crossing point is positioned
in the second status ®2 lagging the third detection period
Td3 and leading the first detection period Tdl, (iii) the
current zero crossing point is positioned in the third status
@3 lagging the fourth detection period Td4, (iv) the current
zero crossing point is positioned in the fourth status ®4
lagging the second detection period Td2 and leading the
fourth detection period Td4, and (v) the current zero cross-
ing point is positioned in the fifth status @5 between the first
detection period Td1 and the second detection period Td2.
[0092] Then, the driving signal synthesis unit 308 is
configured to (i) delay a timing of the phase switch for a first
adjusting angle 0, ,, relatively to the instant timing in the
first status ®1; (ii) delay the timing of the phase switch for
a second adjusting angle 0,,,,, relatively to the instant
timing of the phase switch in the second status ®2; (iii)
advance the timing of the phase switch for a third adjusting
angle 0,5 relatively to the instant timing of the phase
switch in the third status ®3; (iv) advance the timing of the
phase switch for a fourth adjusting angle 0 ,,, ,, relatively to
the instant timing of the phase switch in the fourth status ®4;
and (v) maintain the timing of the phase switch as the instant
timing of the phase switch in the fifth status ®5.

[0093] According to the example, the phase information of
the coil current I, may be precisely obtained by increasing
the number of the detection periods.

[0094] Preferably, the following equations are established.

0.40170.4p1

0.403704p5

[0095] Under this situation, when the phase shift of the
coil current I, is larger, the phase of the driving voltage V,
is varied with a larger angle, and when the phase shift of the
coil current [, is smaller, the phase of the driving voltage V,
is varied with a smaller angle. Accordingly, the control speed
is increased, and the precision is enhanced.

[0096] (Second Varied Example)

[0097] One or plural detection periods may also be all
configured before or after the voltage zero crossing point, or
be configured to include the voltage zero crossing point.
[0098] (Third Varied Example)

[0099] In this embodiment, in the coil voltage detection
comparator 302, the threshold voltage, which is compared
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with the terminal voltage V., is set as the midpoint voltage
V conr of @ multi-phase coil, but the present disclosure is not
limited thereto. For example, a divided voltage, i.e. a mid-
point voltage V../2, is obtained from the power source
voltage V. and the ground voltage V., by the coil
voltage detection comparator 302, and is used as the thresh-
old voltage. In other words, the threshold voltage is set such
that the direction of the coil current can be determined.
[0100] (Fourth Varied Example)

[0101] The Hall element 204 is used for detecting the
voltage zero crossing point in this embodiment, but the
present disclosure is not limited thereto. For example, the
voltage zero crossing detecting unit 314 can also include a
counter electromotive force detection comparator for com-
paring the terminal voltage V,, and the midpoint voltage
V coar of the coil when the terminal of the coil L., with a
predetermined phase (U-phase, for example) of the brush-
less DC motor is in the status of high resistance.

[0102] Further, the detection of the detection period and
the voltage zero crossing point may be performed at the
point with the phase reversal of 180 degrees, or be per-
formed by using coils with different phases. When the
detection is performed at the same phase, a single compara-
tor may be time-shared by the counter electromotive force
detection comparator and the coil voltage detection com-
parator 302.

[0103] Alternatively, a coil, an encoder or a decomposer
may be used for detecting a location of a rotor, i.e. a voltage
zero crossing point.

[0104] (Fifth Varied Example)

[0105] The phase of the coil current I, and the phase of the
induced voltage e are made consistent in this embodiment,
but the present disclosure is not limited thereto. According
to the type or use of motors, it would be a better situation in
view of efficiency or torque that the phase is slightly shifted
compared to the situation that the phases are identical. Under
this situation, the target position of the phase of the coil
current may be arbitrarily set by shifting the detection
periods forward or backward relatively to the voltage zero
crossing point.

[0106] (Sixth Varied Example)

[0107] The phase of the brushless DC motor is not limited,
and can be a single phase, for example.

[0108] (Seventh Varied Example)

[0109] It is illustrated that the cooling device 200 is
carried on the electronic machine for cooling the CPU in this
embodiment, but the use of the present disclosure is not
limited thereto. The present disclosure can be used for
various applications for cooling a heat generating object.
Furthermore, the driving device 300 of this embodiment is
not limited to the use for driving a fan motor, and can be
used for driving various motors.

[0110] The present disclosure is illustrated based on
embodiments and with specific terms; however, the embodi-
ments only represent the principle and applications of the
present disclosure. It is understood that variations or
changes of arrangements can be made to the embodiments
and still fall within the scope of claims and spirit of the
present disclosure.

What is claimed is:

1. A driving device configured for use with a brushless DC
motor having at least one coil, the driving device compris-
ing:
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avoltage zero crossing detection unit, configured to detect
a voltage zero crossing point where an induced voltage
generated from the coil with a predetermined phase of
the brushless DC motor becomes zero ; and

a driving circuit, configured to apply a driving voltage on
the brushless DC motor, and (i) in a detection period
specified to include the voltage zero crossing point,
move a phase of the driving voltage in a first direction
when a polarity of a coil current flowing through the
coil with the predetermined phase is a first polarity, (ii)
move a phase of the driving voltage in a second
direction contrary to the first direction when the polar-
ity of the coil current is a second polarity.

2. The driving device of claim 1, wherein the driving
circuit is configured to make one end of the coil with the
predetermined phase in the detection period be in a status of
high resistance;

wherein the driving device further comprises a coil volt-
age detection comparator configured to compare a
terminal voltage generated from one end of the coil
with the predetermined phase with a threshold voltage,
and generate a coil voltage detection signal indicating
a comparison result; and

wherein the coil voltage detection signal generated in the
detection period indicates the polarity of the coil cur-
rent.

3. A driving device configured for use with a brushless DC
motor having at least one coil, the driving device compris-
ing:

a voltage zero crossing detecting portion, configured to

detect an induction voltage generated from the coil with
a predetermined phase of the brushless DC motor being
zero of a voltage zero crossing point;

a coil voltage detection comparator, configured to, in a
detection period specified to include the voltage zero
crossing point, compare a terminal voltage generated
from one end of the coil with the predetermined phase
with a threshold voltage, and generate a coil voltage
detection signal indicating a comparison result;

a driving signal synthesis portion, configured to generate
a driving control signal based on the coil voltage
detection signal, so as to make a phase of coil current
flowing through the coil with the predetermined phase
be the same with a phase of the induction voltage; and

a driving circuit, configured to drive the brushless DC
motor based on the driving control signal, and make
one end of the coil with the predetermined phase in the
detection period be in a status of high resistance.

4. The driving device of claim 3, wherein the threshold

voltage is a midpoint voltage of a polyphase coil.

5. The driving device of claim 3, wherein the threshold
voltage is a divisional voltage of a power source voltage and
a ground voltage.

6. The driving device of claim 3, wherein the voltage zero
crossing detecting portion comprises a Hall comparator for
comparing a pair of Hall signals indicating a location of a
rotor of the brushless DC motor from a Hall element, and for
generating a Hall detection signal.
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7. The driving device of claim 3, wherein the voltage zero
crossing detecting portion comprises a counter electromo-
tive force detection comparator for comparing the terminal
voltage and a midpoint voltage of the coil when the terminal
of'the coil with the predetermined phase of the brushless DC
motor is in the status of high resistance.
8. The driving device of claim 3, wherein the brushless
DC motor is a fan motor.
9. A cooling device, comprising:
a fan motor; and
the driving device of claim 1 for driving the fan motor.
10. An electronic machine, comprising the cooling device
of claim 9.
11. A driving method for driving a brushless DC motor
having at least one coil, the method comprising:
detecting a voltage zero crossing point where an induced
voltage generated from the coil with a predetermined
phase of the brushless DC motor becomes zero;

applying a driving voltage on the brushless DC motor;

detecting a polarity of a coil current flowing through the
coil with the predetermined phase in a detection period
specified to include the voltage zero crossing point;

moving a phase of the driving voltage (i) in a first
direction when the polarity of the coil current in the
detection period is a first polarity, (ii) in a second
direction contrary to the first direction when the polar-
ity of the coil current in the detection period is a second
polarity.

12. The driving method of claim 11, further comprising:

making one end of the coil with the predetermined phase

in the detection period be in a status of high resistance;
and

generating a coil voltage detection signal indicating the

polarity of the coil current by comparing a terminal
voltage generated from one end of the coil with the
predetermined phase and a threshold voltage in the
detection period.

13. A driving method for driving a brushless DC motor
having at least one coil, the method comprising:

detecting a voltage zero crossing point where an induced

voltage generated from the coil with a predetermined
phase of the brushless DC motor becomes zero;

generating a coil voltage detection signal indicating a

comparison result by comparing a terminal voltage
generated from one end of the coil with the predeter-
mined phase and a threshold voltage in the detection
period specified to include the voltage zero crossing
point;

generating a driving control signal based on the coil

voltage detection signal, so as to make the phase of coil
current flowing through the coil with the predetermined
phase to be the same with the phase of induction
voltage; and

driving the brushless DC motor based on the driving

control signal, and making one end of the coil with the
predetermined phase in the detection period be in a
status of high resistance.
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