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(54) RECTIFIER AND ALTERNATOR USING THE SAME

(57) A rectifier includes a rectification MOSFET that
performs rectification, a comparator formed by connect-
ing a drain of the rectification MOSFET to a non-inverting
input terminal and a source to an inverting input terminal,
and a control circuit that performs an on/off control of the
rectification MOSFET using an output of the comparator.
The control circuit includes a shut-off MOSFET that dis-
connects a drain of the rectification MOSFET and a

non-inverting input terminal of the comparator from each
other, and a shut-off circuit that turns off the shut-off
MOSFET to electrically disconnect the drain of the rec-
tification MOSFET and the non-inverting input terminal
of the comparator from each other when the drain voltage
of the rectification MOSFET is equal to or higher than a
predetermined first voltage.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an autonomous
type synchronous rectification metal oxide semiconduc-
tor field effect transistor (MOSFET) rectifier and an alter-
nator using the same.

2. Description of the Related Art

[0002] A diode has been employed as a rectification
element in an alternator that generates electricity in a
vehicle until now. The diode is inexpensive, but has a
large loss due to a forward voltage drop. In this regard,
in recent years, a metal oxide semiconductor field effect
transistor (MOSFET) has been employed in place of the
diode as a rectification element of the alternator. Since
the MOSFET performs synchronous rectification, a for-
ward voltage drop does not occur, and a forward current
is generated just above 0 V. Therefore, it is possible to
implement a rectification element having a little loss.
[0003] As a method for performing an on/off control of
the synchronous rectification MOSFET of the alternator,
there is known a method of controlling the MOSFET by
detecting a position of the motor using a Hall element.
Such a control method performed by receiving an exter-
nal signal from the Hall element or the like is called an
external control type here. In the external control type
synchronous rectification MOSFET, it is necessary to use
a sensor such as the Hall element and perform a com-
plicated control using a control circuit. Therefore, a rec-
tification unit of the alternator becomes expensive.
[0004] As another method of performing the on/off con-
trol of the synchronous rectification MOSFET of the al-
ternator, JP-2011-507468-A discusses a method of per-
forming a MOSFET control by determining a voltage be-
tween a source and a drain of the synchronous rectifica-
tion MOSFET. A method of performing the control on the
basis of an internal voltage without such an external sig-
nal will be referred to as an autonomous type. The au-
tonomous type synchronous rectification MOSFET does
not necessitate a sensor such as the Hall element and
typically has a simple control circuit. Therefore, it is pos-
sible to reduce the cost of the rectification unit of the
alternator. In addition, since a capacitor is integrated as
a power source, the number of external terminals can be
reduced to two. As a result, it is possible to obtain the
same terminal configuration as that of the diode and sub-
stitute a circuit configuration of the alternator with the
diode of the alternator without a change.
[0005] In the alternator, when a load dump phenome-
non in which an output terminal or a battery terminal of
the alternator is removed during electric generation op-
eration occurs, it is necessary to internally consume the
energy generated by the electric generation to prevent a

high voltage from being output to the output terminal of
the alternator. In a case where a diode is employed as
the rectification element of the related art, the energy
during the load dump is consumed in the diode by allow-
ing the diode has a clamp function as a Zener diode.
[0006] In comparison, a method of consuming energy
during a load dump in a case where a synchronous rec-
tification MOSFET is employed in place of the diode is
discussed in JP-2009-524403-A. In the method dis-
cussed in JP-2009-524403-A, the current is attenuated
by circulating it in a bridge circuit and a generator by
electrically conducting a LOW-side MOSFET or a HIGH-
side MOSFET during the load dump, so as to consume
the energy during the load dump. In a case where the
LOW-side MOSFET is electrically conducted, and a volt-
age of the stator coil during the load dump increases, a
controller detects a voltage higher than that, so that the
LOW-side MOSFET is turned on, and the HIGH-side
MOSFET is turned off. By controlling the LOW-side MOS-
FET and the HIGH-side MOSFET in combination, it is
possible to prevent a current from flowing through the
HIGH-side MOSFET and the LOW-side MOSFET. In ad-
dition, when the voltage of the stator coil becomes equal
to or lower than a voltage necessary to supply electricity
to an electric load in order to continuously feed electricity
to the electric load connected to the alternator during the
load dump, inversely, the LOW-side MOSFET is turned
off, and the HIGH-side MOSFET is turned on in some
cases. In this case, an operation of turning off the LOW-
side MOSFET and turning on the HIGH-side MOSFET
and an operation of turning on the LOW-side MOSFET
is turned on and turning off the HIGH-side MOSFET are
repeated, so that the voltage of the stator coil is main-
tained in the necessary voltage or higher.

SUMMARY OF THE INVENTION

[0007] In the autonomous type synchronous rectifica-
tion MOSFET having a pair of external terminals, it is
difficult to perform the on/off control of the MOSFET using
an external controller or an external signal. Therefore, it
is difficult to detect an abnormal voltage during a load
dump and control the LOW-side MOSFET and the HIGH-
side MOSFET in combination on the basis of the detec-
tion. As a result, it is not easy to prevent the current from
flowing through the HIGH-side MOSFET and the LOW-
side MOSFET. In particular, it is not easy to prevent the
through current when an operation of turning off the LOW-
side MOSFET and turning on the HIGH-side MOSFET
and an operation of turning on the LOW-side MOSFET
and turning off the HIGH-side MOSFET are repeated in
order to continuously feed electricity to an electric load
connected to the alternator during a load dump. In addi-
tion, when the operation of turning off the LOW-side
MOSFET and turning on the HIGH-side MOSFET and
the operation of turning on the LOW-side MOSFET and
turning off the HIGH-side MOSFET are repeated, electric
charges of the capacitor used as a power source of the
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control circuit in the autonomous type synchronous rec-
tification MOSFET having a pair of external terminals are
continuously consumed by repeating driving of the gate
of the MOSFET. Therefore, it is difficult to sufficiently
drive the gate of the MOSFET due to deficiency of electric
charges in the capacitor. As a result, it may be difficult
to turn on the MOSFET.
[0008] In this regard, an object of the present invention
is to provide a rectifier of an autonomous type synchro-
nous rectification MOSFET capable of consuming ener-
gy by circulating and attenuating a current during a load
dump in a bridge circuit and a generator, and in particular,
a rectifier of an autonomous type synchronous rectifica-
tion MOSFET having a pair of external terminals, and an
alternator using the same.
[0009] In order to address the aforementioned prob-
lems, according to an aspect of the present invention,
there is provided a rectifier including: a metal oxide sem-
iconductor field effect transistor (MOSFET) configured
to perform rectification; a control circuit configured to re-
ceive a voltage between a pair of main terminals of the
MOSFET and perform an on/off operation of the MOS-
FET on the basis of the voltage between the pair of main
terminals; a power source configured to supply a source
voltage to the control circuit; and a hold circuit configured
to boost a gate voltage of the MOSFET when an internal
trigger voltage of the control circuit is equal to or higher
than a first voltage and hold the boosted state for a period
independent from a voltage between the pair of main
terminals.
[0010] According to another aspect of the present in-
vention, there is provided an alternator provided with a
rectification circuit, including the rectifier described
above as a first rectifier, the first rectifier being provided
in any one of LOW and HIGH sides of the rectification
circuit.
[0011] According to the present invention, it is possible
to provide a rectifier of an autonomous type synchronous
rectification MOSFET, in particular, a rectifier of an au-
tonomous type synchronous rectification MOSFET hav-
ing two external terminal, and an alternator having the
same, capable of consuming energy generated during a
load dump by turning on the rectification MOSFET and
holding the ON state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is a circuit diagram illustrating a rectifier of an
autonomous type synchronous rectification MOS-
FET according to a first embodiment;
FIG. 2 is a circuit diagram illustrating an overvoltage
detection and gate drive circuit provided in the rec-
tifier according to the first embodiment;
FIG. 3 is a circuit diagram illustrating a hold circuit
provided in the overvoltage detection and gate drive
circuit according to the first embodiment;

FIG. 4 is a graph for describing operations of the
overvoltage detection and gate drive circuit accord-
ing to the first embodiment;
FIG. 5 is a circuit diagram illustrating a schematic
configuration of an alternator using the rectifier ac-
cording to the first embodiment;
FIG. 6 is a circuit diagram illustrating a rectifier of an
autonomous type synchronous rectification MOS-
FET used in an opposite side to that of the rectifier
of the present invention;
FIG. 7 is a graph illustrating a waveform of a gate
voltage of a rectification MOSFET during a load
dump in the alternator having the rectifier according
to the first embodiment;
FIG. 8 is a graph illustrating a waveform of a capac-
itor voltage during a load dump in the alternator hav-
ing the rectifier according to the first embodiment;
FIG. 9 is a graph illustrating a waveform of a drain
current of the rectification MOSFET during a load
dump in the alternator having the rectifier according
to the first embodiment;
FIG. 10 is a graph illustrating a waveform of a gate
voltage of the rectification MOSFET during a load
dump in an alternator having a rectifier in which an
on-time thold of the rectification MOSFET according
to the first embodiment is short;
FIG. 11 is a graph illustrating a waveform of a ca-
pacitor voltage during a load dump in an alternator
having a rectifier in which the on-time thold of the
rectification MOSFET according to the first embod-
iment is short;
FIG. 12 is a graph illustrating a waveform of a drain
current of the rectification MOSFET during a load
dump in an alternator having a rectifier in which the
on-time thold of the rectification MOSFET according
to the first embodiment is short;
FIG. 13 is a circuit diagram illustrating a rectifier of
an autonomous type synchronous rectification MOS-
FET according to a second embodiment;
FIG. 14 is a circuit diagram illustrating a rectifier of
an autonomous type synchronous rectification MOS-
FET according to a third embodiment;
FIG. 15 is a circuit diagram illustrating an overvoltage
detection and gate drive circuit provided in the rec-
tifier of the third embodiment;
FIG. 16 is a circuit diagram illustrating a rectifier of
an autonomous type synchronous rectification MOS-
FET according to a fourth embodiment;
FIG. 17 is a circuit diagram illustrating an overvoltage
detection and gate drive circuit provided in the rec-
tifier of the fourth embodiment;
FIG. 18 is a circuit diagram illustrating a rectifier of
an autonomous type synchronous rectification MOS-
FET provided in an overvoltage detection and ca-
pacitor open circuit used in the opposite side to that
of the rectifier of the present invention;
FIG. 19 is a circuit diagram illustrating an overvoltage
detection and capacitor open circuit of a rectifier
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used in the opposite side to that of the rectifier of the
present invention;
FIG. 20 is a graph illustrating a waveform of a voltage
in a B terminal during a load dump in an alternator
having a rectifier of an autonomous type synchro-
nous rectification MOSFET having an overvoltage
detection and capacitor open circuit used in the op-
posite side to that of the rectifier of the present in-
vention in the HIGH side; and
FIG. 21 is a circuit diagram illustrating a modification
of the alternator having the rectifier of the present
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] Hereinafter, modes for carrying out the present
invention will be described in details with reference to the
respective drawings. In the drawings for describing the
embodiments, like reference numerals denote like ele-
ments, and they will not be described repeatedly as ap-
propriate. In addition, in the following description of the
embodiment, identical or similar parts will not be de-
scribed repeatedly as appropriate unless particularly
necessary.
[0014] FIG. 1 is a circuit diagram illustrating a rectifier
108 of an autonomous type synchronous rectification
MOSFET having a pair of external terminals according
to a first embodiment.
[0015] As illustrated in FIG. 1, the rectifier 108 of the
autonomous type synchronous rectification MOSFET ac-
cording to the first embodiment has a pair of external
terminals including a positive electrode main terminal K
and a negative electrode main terminal A, a rectification
MOSFET 101, a capacitor 106, and a control circuit 107.
The control circuit 107 has, for example, a comparator
102, a gate drive circuit 103, a diode 104, and an over-
voltage detection and gate drive hold circuit 105. How-
ever, the gate drive circuit 103 is not an indispensable
element in the present invention as described below.
[0016] The rectification MOSFET 101 internally has a
parasitic diode to perform rectification. The control circuit
107 includes the comparator 102, whose non-inverting
input terminal IN+ (first input terminal)is connected to a
drain of the rectification MOSFET 101 via a shut-off MOS-
FET 105 and whose inverting input terminal IN-(second
input terminal)is connected to a source of the rectification
MOSFET 101. For example, in a case where the control
circuit 107 has a gate drive circuit 103, the gate drive
circuit 103 that receives an output of the comparator 102
is configured to perform an on/off control of the rectifica-
tion MOSFET 101.
[0017] Typically, as the rectification MOSFET 101, a
power MOSFET is employed because a large current
generated by a generator unit of the alternator flows. The
rectification MOSFET 101 performs synchronous rectifi-
cation to flow the rectification current. The rectification
MOSFET 101 has a drain connected to the positive elec-
trode main terminal K and a source connected to the

negative electrode main terminal A. Therefore, the inter-
nal diode of the rectification MOSFET 101 has an anode
connected to the negative electrode main terminal A and
a cathode connected to the positive electrode main ter-
minal K.
[0018] In the rectification MOSFET 101, a drain voltage
Vd is applied to the drain, a source voltage Vs is applied
to the source, and a gate voltage Vg is applied to the
gate. In addition, in the rectifier 108, the source voltage
Vs of the rectification MOSFET 101 corresponds to the
GND voltage.
[0019] In the comparator 102, the non-inverting input
terminal IN+ is connected to the drain of the rectification
MOSFET 101, and the inverting input terminal IN- is di-
rectly connected to the source of the rectification MOS-
FET 101. An output terminal COUT of the comparator
102 is connected to an input terminal IN of the gate drive
circuit 103. An output signal of the comparator 102 is
output from the output terminal COUT of the comparator
102. The comparator 102 compares voltages between
the non-inverting input terminal IN+ and the inverting in-
put terminal IN- and changes over the output signal de-
pending on a result of the voltage difference. The com-
parator 102 outputs a result of the comparison between
the source voltage Vs of the negative electrode main ter-
minal A and the drain voltage Vd of the positive electrode
main terminal K. The comparator 102 preferably has high
accuracy, but the present invention is not limited thereto.
In addition, the comparator 102 is not necessarily a so-
called comparator as long as it can switch the output
depending on a voltage difference between the drain and
the source of the rectification MOSFET 101. For exam-
ple, a circuit such as a differential amplifier may also be
employed in place of the comparator.
[0020] In a case where the control circuit 107 has the
gate drive circuit 103, the gate drive circuit 103 is provided
in a rear stage of the comparator 102, and its output ter-
minal GOUT is connected to the gate of the rectification
MOSFET 101. The on/off driving operation of the gate of
the rectification MOSFET 101 is performed on the basis
of a magnitude of the voltage input to the input terminal
IN. In this case, it is possible to drive the gate of the
rectification MOSFET 101 faster by providing the gate
drive circuit 103.
[0021] Meanwhile, in a case where the control circuit
107 does not have the gate drive circuit 103, the output
terminal of the comparator 102 or the differential amplifier
(the output terminal COUT in the case of the comparator
102) is connected to the gate of the rectification MOSFET
101. As described above, the gate drive circuit 103 is not
dispensable, and the on/off driving operation of the gate
of the rectification MOSFET 101 may be performed using
the output of the comparator 102 or the like. In this case,
since the gate drive circuit 103 is omitted, it is possible
to simplify a circuit configuration of the control circuit 107.
If a necessary gate driving speed can be obtained without
the gate drive circuit 103, it is possible to further reduce
the manufacturing cost while securing performance of
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the rectifier.
[0022] The diode 104 is connected between the posi-
tive electrode main terminal K and the positive terminal
of the capacitor 106 such that a forward bias direction
matches a direction of the diode 104 from the positive
electrode main terminal K to the positive terminal of the
capacitor 106. Electric charges that form the current flow-
ing through the diode 104 are accumulated in the capac-
itor 106 and serve as a power source for driving the con-
trol circuit 107.
[0023] In the overvoltage detection and gate drive hold
circuit 105, a capacitor voltage input terminal VCIN is
connected to the positive terminal of the capacitor 106,
a ground terminal GND is connected to the source of the
rectification MOSFET 101, and an output terminal OUT
is connected to the gate of the rectification MOSFET 101.
[0024] The overvoltage detection and gate drive hold
circuit 105 detects an overvoltage applied to the drain
voltage Vd of the rectification MOSFET 101 during a load
dump and boosts the gate of the rectification MOSFET
101 to turn on the rectification MOSFET 101. Then, this
state is held for a predetermined time (for example, a
certain time).
[0025] The control circuit 107 may be configured of,
for example, a one-chip integrated circuit (IC) having a
single silicon integrated circuit chip. In this case, it is an-
ticipated to obtain at least one of merits such as low cost,
small area, and high anti-noise performance.
[0026] The capacitor 106 supplies power source for
operating the control circuit 107. Hereinafter, a voltage
of the positive terminal of the capacitor 106 will be re-
ferred to as a capacitor voltage Vc. Since the capacitor
106 is used as a power source of the control circuit 107,
the number of external terminals of the rectifier 108 be-
comes two. As a result, it is possible to provide the rectifier
108 with compatibility with a conventional rectification
diode that has been used in the alternator 140 in terms
of the number of the external terminals. As a result, it is
possible to improve performance of the alternator 140 by
substituting the conventional rectification diode with the
rectifier 108. Note that an external power source may
also be used in place of the capacitor 106.
[0027] An exemplary circuit configuration of the over-
voltage detection and gate drive hold circuit 105 of the
rectifier 108 according to the first embodiment and oper-
ations thereof will now be described with reference FIGS.
2 and 3.
[0028] FIG. 2 is an exemplary circuit diagram illustrat-
ing the overvoltage detection and gate drive hold circuit
105 provided in the rectifier 108 according to the first
embodiment.
[0029] The overvoltage detection and gate drive hold
circuit 105 has an overvoltage detection circuit 109, a
hold circuit 110, and an overvoltage gate drive circuit 111.
[0030] The overvoltage detection circuit 109 includes
a Zener diode ZD, a diode D1, and a resistor R1 con-
nected in series between the VCIN terminal of the over-
voltage detection and gate drive hold circuit 105 and the

GND terminal.
[0031] The hold circuit 110 has a VCIN terminal con-
nected to the VCIN terminal of the overvoltage detection
and gate drive hold circuit 105 and a GND terminal con-
nected to the GND terminal of the overvoltage detection
and gate drive hold circuit 105. The terminal IN is con-
nected between the diode D1 and the resistor R1 corre-
sponding to an output portion of the overvoltage detection
circuit 109. The terminal IN may also be connected be-
tween the Zener diode ZD and the diode D1. The output
terminal is connected to a gate of the n-type MOSFET
(NMOS) 1 of the overvoltage gate drive circuit 111.
[0032] The overvoltage gate drive circuit 111 includes
an NMOS 1 and a diode D2 connected in series between
the VCIN terminal and the GND terminal. The positions
of the NMOS 1 and the diode D2 may be reversed. The
NMOS 1 may also be a p-type MOSFET (PMOS) in FIG.
2.
[0033] FIG. 3 is an exemplary circuit diagram illustrat-
ing the hold circuit 110 of the rectifier 108 according to
the first embodiment.
[0034] The hold circuit 110 has a latch circuit 112 that
holds an output, an input signal boosting circuit 113 that
sufficiently boosts an input signal, an output-stop deci-
sion circuit 114 that stops the output after a certain time,
and an output-stop and signal boosting circuit 115 that
sufficiently boosts an output stop signal.
[0035] The latch circuit 112 has a typical latch circuit
configuration provided with a MOS pair including a PMOS
51 and an NMOS 2 and a MOS pair including a PMOS
52 and an NMOS 3. A node between the PMOS 52 and
the NMOS 3 serves as an output of the latch circuit and
is connected to the gate of the NMOS 1 of the overvoltage
gate drive circuit 111. In a case where a PMOS is used
instead of the NMOS 1 of the overvoltage gate drive cir-
cuit 111, the wire between the PMOS 51 and the NMOS
2 serves as an output of the latch circuit.
[0036] The input signal boosting circuit 113 has two
stages of inverters including a constant current circuit
CC1, an NMOS 4, a PMOS 53, and an NMOS 5. An
output of the overvoltage detection circuit 109 is connect-
ed to an input of the front stage inverter, and an output
of the rear stage inverter is connected to a gate of the
NMOS 2 of the latch circuit.
[0037] The output-stop decision circuit 114 has two
stages of resistors R2 and R3, an NMOS 8, and a con-
stant current circuit CC2 and an NMOS 7 connected in
series between the VCIN terminal and an intermediate
node of the resistors R2 and R3. A gate of the NMOS 8
is connected to a wire between the PMOS 52 and the
NMOS 3 of the latch circuit 112. A gate of the NMOS 7
is connected to the VCIN terminal to determine an output
stop under the OFF state of the NMOS 7. The wire be-
tween the constant current circuit CC2 and the NMOS 7
serves as the output of the output-stop decision circuit
114.
[0038] The output-stop and signal boosting circuit 115
has a PMOS 54, a constant current circuit CC3, and two
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stages of inverters including a PMOS 55 and an NMOS
6. An output of the rear stage inverter is connected to the
gate of the NMOS 2 of the latch circuit. An output of the
output-stop decision circuit 114 is connected to an input
of the front stage inverter, and an output of the rear stage
inverter is connected to the gate of the NMOS 3 of the
latch circuit 112.
[0039] The constant current circuits CC1, CC2, and
CC3 are used to limit the current. For example, an n-type
depletion MOSFET having a gate short-circuited to a
source is employed. Alternatively, a resistor may also be
employed. This similarly applies to other constant current
circuits described below.
[0040] Although the hold circuit 110 having the latch
circuit 112 has been described in conjunction with FIG.
3, a circuit capable of holding a state by feeding back the
inverter may be employed in place of the latch circuit 112.
Since the latch circuit 112 is not used, it is possible to
reduce a possibility that a state is inverted and is held
erroneously.
[0041] Subsequently, operations of the rectifier 108 ac-
cording to the first embodiment when an overvoltage is
applied during a load dump will be described with refer-
ence to FIGS. 1 to 3.
[0042] As a voltage between two external terminals,
that is, the positive electrode main terminal K and the
negative electrode main terminal A of the rectifier 108
increases, a forward bias current flows to the diode 104
of the control circuit 107 to charge the capacitor 106, so
that the capacitor voltage Vc increases. If the capacitor
voltage Vc is applied to a cathode of the Zener diode ZD
of the overvoltage detection circuit 109 of the control cir-
cuit 107, and the capacitor voltage Vc exceeds a Zener
voltage Vz of the Zener diode ZD, a current flows to the
Zener diode ZD. The current flowing through the Zener
diode ZD flows to the resistor R1 to boost the voltage of
the input terminal IN of the hold circuit 110. As a result,
in the hold circuit 110, the NMOS 4 is turned on, the
PMOS 53 is turned on, and the NMOS 2 is turned on.
Subsequently, the latch circuit 112 fixes the PMOS 52 in
the ON state and the PMOS 51 in the OFF state. As a
result, a high voltage of the capacitor voltage Vc is output
to the output terminal OUT of the hold circuit 110. The
high voltage of the output terminal OUT of the hold circuit
110 turns on the NMOS 1 of the overvoltage gate drive
circuit 111, so that the current flows to the gate of the
rectification MOSFET 101 connected to the VCIN termi-
nal of the overvoltage detection and gate drive hold circuit
105 through the NMOS 1 and the diode D2 of the over-
voltage gate drive circuit 111, and the gate voltage of the
rectification MOSFET 101 is boosted to the capacitor
voltage Vc. As a result, the rectification MOSFET 101 is
turned on.
[0043] The capacitor voltage Vc is charged to a high
voltage with the overvoltage between two external termi-
nals, that is, the positive electrode main terminal K and
the negative electrode main terminal A. The rectification
MOSFET 101 having the gate where the high voltage is

applied has a sufficiently low resistance, so that the volt-
age between the drain and the source of the rectification
MOSFET 101 sufficiently decreases. The overvoltage
between two external terminals, that is, the positive elec-
trode main terminal K and the negative electrode main
terminal A is eliminated, so that the current does not flow
to the Zener diode ZD of the overvoltage detection circuit
109. However, the latch circuit 112 holds the high voltage
output of the overvoltage detection and gate drive hold
circuit 105, and the rectification MOSFET 101 continu-
ously maintains the ON state with a low resistance in the
gate where the high voltage is applied.
[0044] While the rectification MOSFET 101 continu-
ously maintains the ON state, the capacitor voltage Vc
gradually decreases due to the current flowing through
the control circuit 107, that is, the current flowing through
the comparator 102 and the overvoltage detection and
gate drive hold circuit 105. Accordingly, the gate voltage
Vg of the rectification MOSFET 101 decreases. As the
capacitor voltage Vc decreases, a voltage drop of the
resistor R2 of the output-stop decision circuit 114 de-
creases. As this voltage drop is smaller than a threshold
voltage of the PMOS 7 of the output-stop decision circuit
114, the PMOS 7 is turned off. As a result, in the output-
stop and signal boosting circuit 115, the PMOS 54 is
turned off, the PMOS 55 is turned on, the NMOS 3 of the
latch circuit 112 is turned on, and the PMOS 51 is turned
on. As a result, the state of the latch circuit is inverted,
and the low voltage of the GND terminal is output to the
output terminal OUT of the hold circuit 110. In this case,
the NMOS 1 of the overvoltage gate drive circuit 111 is
turned off, and the voltage of the gate of the rectification
MOSFET 101 connected to the output terminal OUT of
the overvoltage detection and gate drive hold circuit 105
decreases, so that the rectification MOSFET 101 has an
OFF state.
[0045] As described above, in the rectifier 108 accord-
ing to the first embodiment, as the overvoltage between
two external terminals is applied, and the capacitor volt-
age Vc increases, the rectification MOSFET 101 holds
the ON state. As the capacitor voltage Vc decreases due
to the current of the control circuit 107, the rectification
MOSFET 101 holds the OFF state.
[0046] FIG. 4 is a graph for describing a hold time thold
for holding the ON state in the rectification MOSFET 101.
In this graph, the abscissa refers to time, and the ordinate
refers to the capacitor voltage Vc and the drain voltage
Vd.
[0047] Here, "Vcon" denotes a capacitor voltage when
the rectification MOSFET 101 is turned on, "ton" denotes
a timing at that moment, "Vcoff" denotes a capacitor volt-
age for turning off the rectification MOSFET 101, and
"toff" denotes a timing at that moment.
[0048] The time thold for holding the ON state in the
rectification MOSFET 101, that is, the time from the timing
ton to the timing toff is defined as "thold=(Vcon-
Vcoff)xC/Iic" where "C" denotes a capacitance of the ca-
pacitor 106, and "Iic" denotes a consumed current of the
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control circuit when the rectification MOSFET 101 holds
the ON state.
[0049] Out of the parameters for determining the hold
time thold, "Vcon" is set to be higher than a maximum
voltage of normal operation of the alternator 140, and the
output voltage of the alternator 140 during a load dump
is set to be smaller than an allowable voltage. "Vcoff" is
preferably set to be higher than the capacitor voltage Vc
during a normal rectification operation. As a result, during
a normal rectification operation, the NMOS 3 of the latch
circuit 112 is turned on at all times, so that it is possible
to prevent inversion of the latch circuit state. The capac-
itance "C" is preferably set to a minimum capacitance by
which a voltage necessary to drive the control circuit 102
can be supplied during a normal rectification operation.
If the capacitance "C" is higher than a necessary level,
the capacitor size increases, and this also generates a
cost increase. The current "Iic" is a sum of the current
flowing through the comparator 102 and the overvoltage
detection and gate drive hold circuit 105 while the recti-
fication MOSFET 101 holds the ON state. The current
flowing through the overvoltage detection and gate drive
hold circuit 105 can be freely designed. Therefore, design
may be performed to obtain a desired hold time thold by
determining the current Iic using the current of overvolt-
age detection and gate drive hold circuit 105. Specifically,
design is performed to obtain a desired current Iic and a
desired hold time thold using the constant current value
of the constant current circuit CC2 or CC3 included in
the overvoltage detection and gate drive hold circuit 105
or the resistance value of the resistor R2 or R3. In the
circuit illustrated in FIGS. 2 and 3, the current Iic flows
only when the rectification MOSFET 101 is held in the
ON state by virtue of the overvoltage. In a normal recti-
fication operation, all of the current paths of the overvolt-
age detection and gate drive hold circuit 105 are shut off
by the NMOS or the PMOS, so that the current Iic does
not flow, and there is no influence on the normal rectifi-
cation operation. For example, a design value of the hold
time thold is set to be longer than the maximum time for
entirely consuming energy in the load dump in order to
turn off the rectification MOSFET 101 after consuming
the whole energy of the load dump.
[0050] In the rectifier 108 according to the first embod-
iment, the ON and OFF states of the rectification MOS-
FET 101 during application of the overvoltage are deter-
mined on the basis of the same capacitor voltage Vc.
Therefore, it is possible to facilitate design of the hold
time thold without significantly depending on the opera-
tional condition (such as a value dv/dt of the overvoltage
or the surrounding temperature).
[0051] FIG. 5 is a circuit diagram illustrating a sche-
matic configuration of an alternator 140 using an auton-
omous type rectifier 108.
[0052] As illustrated in FIG. 5, the alternator 140 using
the rectifier 108 of the autonomous type synchronous
rectification MOSFET includes a generator unit and a
rectification circuit 130. The generator unit includes a ro-

tor coil 116 and stator coils 117uv, 117vw, and 117wu.
[0053] The generator unit includes a rotor coil 116 and
Δ-connected three stator coils 117uv, 117vw, and 117wu.
A middle point wire of a U-phase leg 131u is extracted
from a node where the stator coils 117wu and 117uv are
connected. A middle point wire of a V-phase leg 131v is
extracted from a node where the stator coils 117uv and
117vw are connected. A middle point wire of a W-phase
leg 131w is extracted from a node where the stator coils
117vw and 117wu are connected. Note that connection
of each stator coil 117uv, 117vw, and 117wu may be a
Y-connection instead of the Δ-connection, and the inven-
tion is not limited thereto.
[0054] The rectification circuit 130 includes a U-phase
leg 131u, a V-phase leg 131v, and a W-phase leg 131w
and rectifies a three-phase AC current of the nodes Nu,
Nv, and Nw into a DC current flowing between the nodes
Np and Nn (between the DC terminals). The rectifiers
108ul, 108vl, and 108wl according to the first embodi-
ment described above in conjunction with FIGS. 1 to 3
are connected to the LOW sides of the nodes Nu, Nv,
and Nw. In addition, the LOW-side rectifiers 108ul, 108vl,
and 108wl include rectification MOSFETs 101ul, 101vl,
and 101wl, respectively, control circuits 107ul, 107vl, and
107wl, respectively, provided with the overvoltage detec-
tion and gate drive hold circuit 105 described above in
conjunction with FIGS. 1 to 3, and capacitors 106ul,
106vl, 106wl, respectively.
[0055] Rectifiers 120uh, 120vh, and 120wh different
from the LOW-side rectifier 108 are connected to the
HIGH sides of the nodes Nu, Nv, and Nw, respectively.
In addition, the HIGH-side rectifiers 120uh, 120vh, and
120wh include rectification MOSFET 101uh, 101vh, and
101wh, respectively, control circuits 119uh, 119vh, and
119wh, respectively, different from the control circuit 107
of the LOW-side rectifier 108, and capacitors 106uh,
106vh, and 106wh, respectively.
[0056] FIG. 6 is an exemplary circuit diagram illustrat-
ing the rectifier 119 used in the HIGH side. Unlike the
rectifier 108 used in the LOW side of FIG. 1, the rectifier
119 has a control circuit 119 having no overvoltage de-
tection and gate drive hold circuit 105. In addition, basi-
cally, the same elements as those of the LOW-side rec-
tifier 108 are used in the rectification MOSFET 101, the
capacitor 106, and elements of the control circuit such
as the comparator 102, the gate drive circuit 103, and
the diode 104.
[0057] The HIGH-side rectifiers 120uh, 120vh, and
120wh are connected to a positive terminal of a battery
118 (energy storage) through a DC positive electrode
side node Np. The LOW-side rectifiers 108ul, 108vl, and
108wl are connected to a negative terminal of the battery
118 through a DC negative electrode side node Nn.
[0058] The battery 118 (energy storage) is, for exam-
ple, an on-vehicle battery having an operational range,
for example, between 10.8 V and 14 V.
[0059] Hereinafter, the rectifiers 108uh to 108wl having
the control circuit 107 provided with the LOW-side over-
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voltage detection and gate drive hold circuit 105 will be
referred to as a rectifier 108 in each embodiment unless
specified otherwise. In addition, the rectifiers 120uh to
120wl having the control circuit 119 having no HIGH-side
overvoltage detection and gate drive hold circuit 105 will
be referred to as a rectifier 120 in each embodiment un-
less specified otherwise. Each control circuit 107ul to
107wl will be referred to as a control circuit 107 in each
embodiment unless specified otherwise. Each control cir-
cuit 119uh to 119wh will be referred to as a control circuit
119 in each embodiment unless specified otherwise.
Each rectification MOSFETs 101uh to 101wl will be sim-
ply referred to as a rectification MOSFET 101 unless
specified otherwise. Each capacitor 106uh to 106wl will
be simply referred to as a capacitor 106 unless specified
otherwise.
[0060] For connection of the rectifier, in contrast to FIG.
5, the rectifier 108 having the control circuit 107 provided
with the overvoltage detection and gate drive hold circuit
105 according to the first embodiment illustrated in FIGS.
1 to 3 may be connected to the HIGH side, and the rectifier
120 having the control circuit 119 provided with no over-
voltage detection and gate drive hold circuit 105 illustrat-
ed in FIG. 6 may be connected to the LOW side.
[0061] FIGS. 7 to 9 are graphs illustrating waveforms
of each part when a load dump occurs in the alternator
140 of FIG. 5 using the autonomous type rectifier 108
according to the first embodiment during a rectification
operation. FIG. 7 illustrates a gate voltage Vg of the rec-
tification MOSFET 101 of the autonomous type rectifier
108, and FIG. 8 illustrates a capacitor voltage Vc of the
positive electrode of the capacitor 106 of the autonomous
type rectifier 108. In addition, FIG. 9 illustrates a drain
current Id of the rectification MOSFET 101 of the auton-
omous type rectifier 108. The graphs (a) to (f) of FIGS.
7 to 9 show voltages and currents of the LOW-side U-
phase rectifiers 108ul, 108vl, and 108wl, and the HIGH-
side rectifiers 120uh, 120vh, and 120wh of the alternator
140. The abscissas of all the graphs of FIGS. 7 to 9 refer
to time commonly.
[0062] First, until the timing t70, a normal rectification
operation is performed. The drain current Id of the recti-
fication MOSFET 101 of FIG. 9 periodically flows to the
LOW-side, the HIGH-side, the U-phase, the V-phase,
and the W-phase as a rectification current. While the
drain current Id of the rectification MOSFET 101 flows,
the gate voltage Vg of the rectification MOSFET 101 of
FIG. 7 autonomously increases to turn on the rectification
MOSFET 101. As the drain current Id of the rectification
MOSFET 101 completely flows, the gate voltage Vg of
the rectification MOSFET 101 autonomously decreases
to turn off the rectification MOSFET 101. The capacitor
106 is charged during the OFF state of the rectification
MOSFET 101 and is discharged during the ON state, so
that the capacitor voltage Vc of FIG. 7 is maintained at
a generation voltage of the alternator 140 or its vicinity.
[0063] At the timing t70, the positive terminal of the
alternator 140 and the positive terminal of the battery 118

are disconnected so as to generate a load dump. In this
case, the generation current of the alternator 140 loses
its destination, and the voltages Vu, Vv, Vw of the middle
point wire of the U phase, the V phase, and the W phase,
respectively, and the voltage of the positive terminal of
the alternator 140 abruptly rise. As the voltages Vu, Vv,
and Vw of the U-phase, V-phase, and W-phase middle
point wires increase, the capacitors 106 of the LOW-side
rectifiers 108ul, 108vl, and 108wl of the alternator 140
are charged, so that the capacitor voltage Vc increases
as illustrated in FIG. 8. As the capacitor voltage reaches
the level Vcon, the overvoltage detection and gate drive
hold circuit 105 is operated, so that the gate voltage of
the rectification MOSFET 101 increases to turn on the
rectification MOSFET 101. If the energy generated during
the load dump is large at a certain level, all of the recti-
fication MOSFETs 101 of the LOW-side rectifiers 108 are
turned on. The voltage between the positive electrode
main terminal K and the negative electrode main terminal
A of the LOW-side rectifier 108 decreases, and the volt-
ages Vu, Vv, and Vw of the U-phase, V-phase, and W-
phase middle point wires decrease. In contrast, in the
HIGH-side rectifier 120, the voltage between the positive
electrode main terminal K and the negative electrode
main terminal A increases, and the control circuit 119
autonomously maintains the gate voltage of the rectifi-
cation MOSFET 101 in the OFF state.
[0064] Here, in a case where the HIGH-side rectifica-
tion MOSFET is turned on as the rectification current
flows during the load dump, and a gate boosting rate of
the rectification MOSFET 101 caused by the LOW-side
overvoltage detection and gate drive hold circuit 105 is
fast, both the HIGH-side rectification MOSFET 101 and
the LOW-side rectification MOSFET 101 are turned on,
so that a large through current flows through the HIGH-
side and LOW-side rectification MOSFETs. In order to
prevent this through current, it is desirable to delay the
gate boosting rate of the rectification MOSFET 101
caused by the LOW-side overvoltage detection and gate
drive hold circuit 105. Specifically, a current driving ca-
pability of the NMOS 1 of the overvoltage gate drive circuit
111 is lowered. That is, a gate width W of the NMOS 1
is reduced, or a gate length L is lengthened.
[0065] After turning on the LOW-side rectification
MOSFET 101, the generated current of the alternator
does not flow to the HIGH-side rectification MOSFET 101
having the OFF state, and flows to the LOW-side rectifi-
cation MOSFET 101 having a low resistance in the ON
state as illustrated in FIG. 9. The current flowing through
the LOW-side rectification MOSFET is recirculated be-
tween the stator coils 117uv, 117vw, and 117wu and the
LOW-side rectification MOSFET 101. As the energy is
gradually reduced during the recirculation, the reflux cur-
rent is reduced. Since the stator coil 117 has a resistance
larger than that of the rectification MOSFET 101, most
of the energy of the reflux current is consumed in the
stator coil 117. Accordingly, it is possible to suppress
heat generation in the rectification MOSFET 101.
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[0066] In a case where the energy generated during
the load dump is small, all of the rectification MOSFETs
101 of the LOW-side rectifiers 108 are not turned on in
some cases. Even in this case, the current recirculates
between the LOW-side rectification MOSFET 101 having
the ON state, the internal diode of the LOW-side rectifi-
cation MOSFET 101 having the OFF state, and the stator
coils 117uv, 117vw, and 117wu, so that the energy is
gradually reduced during the recirculation in a similar
way, and the reflux current is reduced.
[0067] While the reflux current flows, the capacitor volt-
age Vc of the LOW-side rectifier 108 gradually decreases
due to the current flowing to the control circuit. The gate
voltage Vg of the rectification MOSFET 101 also decreas-
es accordingly. At the timing t71 after the hold time thold
elapses from the timing t70, the capacitor voltage Vc de-
creases to the level Vcoff, so that the overvoltage detec-
tion and gate drive hold circuit 105 is operated. In addi-
tion, the gate voltage of the rectification MOSFET 101
decreases, so that the rectification MOSFET 101 of the
LOW-side rectifier 108 is turned off. In this case, the reflux
current loses most of the energy, so that the voltages Vu,
Vv, and Vw of the U-phase, V-phase, and W-phase mid-
dle point wires do not rise significantly, and the capacitor
voltage does not reach the level Vcon in this case. In
addition, a normal autonomous rectification operation is
continuously performed without operating the overvolt-
age detection and gate drive hold circuit 105, so that the
energy of the load dump is consumed, and the operation
stops.
[0068] FIGS. 7 to 9 illustrate operation waveforms of
the alternator 140 in which the rectifier 108 having the
control circuit 107 provided with the overvoltage detec-
tion and gate drive hold circuit 105 according to the first
embodiment is connected to the LOW-side of FIG. 5, and
the rectifier 120 having the control circuit 119 provided
with no overvoltage detection and gate drive hold circuit
105 is connected to the HIGH-side. However, reversely,
even when the rectifier 108 having the control circuit 107
provided with the overvoltage detection and gate drive
hold circuit 105 according to the first embodiment is con-
nected to the HIGH-side, and the rectifier 120 having the
control circuit 119 provided with no overvoltage detection
and gate drive hold circuit 105 is connected to the LOW-
side, the alternator 140 is similarly operated so as to con-
sume the energy by recirculating the current. Specifically,
an overvoltage of the HIGH-side rectifier 108 is detected,
so that the rectification MOSFET 101 is turned on, and
this state is held. In addition, the current is recirculated
between the HIGH-side rectification MOSFET 101 and
the stator coils 117uv, 117vw, and 117wu, and the rec-
tification MOSFET 101 is turned off after the hold time
thold elapses.
[0069] FIGS. 7 to 9 illustrate an exemplary operation
when the overvoltage detection and gate drive hold circuit
105 is employed, in which the hold time thold is designed
to be longer than an energy consumption time of the load
dump. It may be possible to design the hold time thold

to be shorter. FIGS. 10 to 12 illustrate an exemplary op-
eration when the overvoltage detection and gate drive
hold circuit 105 is employed, in which the hold time thold
is designed to be a half of the case of FIGS. 7 to 9. The
graphs of FIGS. 10 to 12 correspond to the graphs of
FIGS. 7 to 9.
[0070] During the period until the timing t70, a normal
rectification operation is performed. If a load dump occurs
at the timing t70, similar to the case of FIGS. 7 to 9, the
overvoltage detection and gate drive hold circuit 105 of
the LOW-side rectifier 108 is operated to turn on the rec-
tification MOSFET 101.
[0071] A reflux current flows between the LOW-side
rectification MOSFET 101 and the stator coils 117uv,
117vw, and 117wu, and the capacitor voltage Vc of the
LOW-side rectifier 108 gradually decreases in the mean-
time. In the control circuit 107 of FIGS. 10 to 12, the hold
time thold is designed to be a half, compared to that of
FIGS. 7 to 9. Therefore, the capacitor voltage Vc de-
creases at a double rate compared to that of FIGS. 7 to
9. At the timing t72 after a half of the hold time thold/2
elapses from the timing t70, the capacitor voltage Vc de-
creases to the level Vcoff, and the overvoltage detection
and gate drive hold circuit 105 is operated so that the
gate voltage Vg of the rectification MOSFET 101 de-
creases, and the rectification MOSFET 101 of the LOW-
side rectifier 108 is turned off.
[0072] In this case, the time for recirculating the current
is short, and the energy generated from the load dump
still remains, so that the reflux current loses its destina-
tion, and the voltages Vu, Vv, and Vw of the U-phase, V-
phase, and W-phase middle point wires and the voltage
of the positive terminal of the alternator 140 rise again.
The overvoltage detection and gate drive hold circuit 105
is operated sequentially in each phase to turn on the rec-
tification MOSFET 101. A reflux current flows between
the LOW-side rectification MOSFET 101 and the stator
coils 117uv, 117vw, and 117wu so that the energy of the
reflux current is consumed. At the timing t73 after a half
of the hold time thold/2 elapses from the timing t72, the
capacitor voltage Vc decreases to the level Vcoff, and
the overvoltage detection and gate drive hold circuit 105
is operated so that the gate voltage of the rectification
MOSFET 101 decreases to turn off the rectification MOS-
FET 101 of the LOW-side rectifier 108. In this case, if the
reflux current sufficiently loses the energy, the voltages
Vu, Vv, and Vw of the U-phase, V-phase, and W-phase
middle point wires do not rise significantly, and the ca-
pacitor voltage in this case does not reach the level Vcon.
In addition, a normal autonomous rectification operation
is continuously performed without operating the overvolt-
age detection and gate drive hold circuit 105, so that the
energy of the load dump is consumed, and the operation
stops. If energy remains in the reflux current, the rectifi-
cation MOSFET 101 of the LOW-side rectifier 108 is
turned on again, and the current is recirculated, so that
this operation is repeated until the energy of the load
dump is consumed.
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[0073] FIG. 13 is a circuit diagram illustrating a rectifier
108B according to a second embodiment. Compared to
the rectifier 108 of the first embodiment, the Zener diode
121 is connected in parallel with the rectification MOS-
FET 101.
[0074] In the rectifier 108 according to the first embod-
iment, if the voltages Vu, Vv, and Vw of the U-phase, V-
phase, and W-phase middle point wires during a load
dump rise steeply, the overvoltage detection and gate
drive hold circuit 105 of the LOW-side rectifier 108 is op-
erated, so that the voltages Vu, Vv, and Vw of the U-
phase, V-phase, and W-phase middle point wires exces-
sively rise until the rectification MOSFET 101 is turned
on in some cases. In this case, a high voltage is applied
to the rectification MOSFET 101 of the LOW-side rectifier
108, the control circuit 107, and the capacitor 106, so
that these elements may be broken down. By providing
with the Zener diode 121, the drain voltage of the recti-
fication MOSFET 101, that is, the voltages Vu, Vv, and
Vw of the U-phase, V-phase, and W-phase middle point
wires are clamped. Therefore, it is possible to prevent a
high voltage from being applied to these elements. In
particular, in a case where the gate boosting rate of the
rectification MOSFET 101 caused by the overvoltage de-
tection and gate drive hold circuit 105 is delayed in order
to prevent the through current in the HIGH-side and LOW-
side rectification MOSFETs as described above, the volt-
age clamping using the Zener diode 121 is useful. The
Zener diode 121 may be provided in parallel with the
rectification MOSFET 101 as a separate chip or may be
integrated into the rectification MOSFET 101.
[0075] FIG. 14 is a circuit diagram illustrating a rectifier
108C according to a third embodiment. Unlike the first
embodiment of FIG. 1, the overvoltage detection and
gate drive hold circuit 105C has a drain voltage input
terminal VDIN and a source voltage output terminal VC-
COUT, the drain voltage input terminal VDIN is connect-
ed to the drain terminal of the rectification MOSFET 101,
and the source voltage output terminal VCCOUT is con-
nected to the source voltage terminal VCC of the com-
parator 102 and the source voltage terminal VCC of the
gate drive circuit 103.
[0076] FIG. 15 is an exemplary circuit diagram illus-
trating an overvoltage detection and gate drive hold cir-
cuit 105C of the rectifier 108C according to the third em-
bodiment.
[0077] The overvoltage detection and gate drive hold
circuit 105C of FIG. 15 has a shut-off circuit 122, com-
pared to the overvoltage detection and gate drive hold
circuit 105 of FIG. 2. The shut-off circuit 122 includes
NMOSs 9, 10, and 11, PMOSs 56, 57, and 58, a diode
D3, constant current circuits CC4 and CC5.
[0078] If the drain voltage Vd of the rectification MOS-
FET 101 is smaller than the capacitor voltage Vc during
a normal rectification operation, and the PMOS 58 of the
shut-off circuit 122 is turned on, electricity is conducted
between the capacitor input terminal VCIN and the
source voltage output terminal VCCOUT of the overvolt-

age detection and gate drive hold circuit 105C, so that
the capacitor voltage Vc is supplied to the source voltage
terminal VCC of the comparator 102 and the source volt-
age terminal VCC of the gate drive circuit 103. In this
state, an autonomous gate driving operation of the rec-
tification MOSFET 101 is performed using the compara-
tor 102 of the control circuit 107C and gate drive circuit
103. If the drain voltage Vd of the rectification MOSFET
101 is nearly equal to the capacitor voltage Vc in a normal
rectification operation, and the PMOS 56 of the shut-off
circuit 122 is turned off, a shut-off state is established
between the VCIN terminal of the overvoltage detection
and gate drive hold circuit 105b and the source voltage
output terminal VCCOUT, so that the capacitor voltage
Vc is not supplied to the source voltage terminal VCC of
the comparator 102 and the source voltage terminal VCC
of the gate drive circuit 103.
[0079] Here, if an overvoltage of the load dump is ap-
plied to the positive electrode main terminal K of the rec-
tifier 108C, the overvoltage detection and gate drive hold
circuit 105C detects the overvoltage, and the hold circuit
110 outputs a high voltage to the output terminal OUT to
boost the gate of the rectification MOSFET 101. In this
case, an inverter including the PMOS 56 and the NMOS
9 of the shut-off circuit 122 outputs a low voltage to turn
on the PMOS 57. As a result, the PMOS 58 is turned off,
and the capacitor voltage Vc is not supplied to the source
voltage terminal VCC of the comparator 102 and the
source voltage terminal VCC of the gate drive circuit 103.
In addition, in this case, the NMOS 10 is turned on. As a
result, the source voltage terminal VCC of the comparator
102 and the source voltage terminal VCC of the gate
drive circuit 103 are short-circuited to the source voltage
Vs of the rectification MOSFET 101.
[0080] As a first advantage of the rectifier 108C ac-
cording to the third embodiment, the hold time thold for
holding the ON state of the rectification MOSFET 101 in
the overvoltage detection and gate drive hold circuit 105C
during a load dump can be lengthened. This is because
the capacitor voltage Vc is not supplied to the source
voltage terminal VCC of the comparator 102. According-
ly, it is possible to suppress a decrease of the capacitor
voltage Vc. This effect is remarkable when the current of
the source terminal of the comparator is large. It is not
necessary to increase the capacity of the capacitor 106
in order to lengthen the hold time thold, and it is possible
to reduce the mount area.
[0081] As a second advantage of the rectifier 108C ac-
cording to the third embodiment, it is possible to reduce
the current flowing to drive the gate boosting of the rec-
tification MOSFET 101 during a load dump. This is be-
cause the capacitor voltage Vc is not supplied to the
source voltage terminal VCC of the gate drive circuit 103,
and the source voltage terminal VCC of the gate drive
circuit 103 is short-circuited to the source terminal of the
rectification MOSFET 101. In this state, the gate-source
voltage of the PMOS and the NMOS of the CMOS buffer
in the final stage included in the gate drive circuit 103

17 18 



EP 3 327 917 A1

11

5

10

15

20

25

30

35

40

45

50

55

becomes zero, so that all of them are turned off. As a
result, it is possible to boost the gate of the rectification
MOSFET 101 with a small current without increasing a
gate resistance connected to the output terminal OUT of
the gate drive circuit 103. Therefore, it is possible to re-
duce a gate resistance and a delay in the gate driving in
a normal rectification operation. If the gate terminals of
the PMOS and the NMOS of the CMOS buffer in the final
stage of the gate drive circuit 103 are short-circuited to
the source terminal of the rectification MOSFET 101 in
addition to the source voltage terminal VCC of the gate
drive circuit 103, it is possible to prevent an increase of
the gate voltage using the gate capacitances of the
PMOS and the NMOS of the CMOS buffer of the final
stage. Therefore, it is possible to secure the second ad-
vantage.
[0082] The first and second advantages can be ob-
tained independently. When it is desired to obtain only
one of the advantages, a configuration for this purpose
may be possible. Specifically, if it is desired to obtain only
the first advantage, the source voltage output terminal
VCCOUT of the overvoltage detection and gate drive
hold circuit 105C is connected to only the source voltage
terminal VCC of the comparator 102, and the source volt-
age terminal VCC of the gate drive circuit 103 is directly
connected to the positive terminal of the capacitor 106.
In addition, the NMOS 10 of the overvoltage detection
and gate drive hold circuit 105C is not necessary. If it is
desired to obtain only the second advantage, the source
voltage output terminal VCCOUT of the overvoltage de-
tection and gate drive hold circuit 105C is connected to
only the source voltage terminal VCC of the gate drive
circuit 103, and the source voltage terminal VCC of the
comparator is directly connected to the positive terminal
of the capacitor 106.
[0083] FIG. 16 is a circuit diagram illustrating a rectifier
108D according to a fourth embodiment. The rectifier
108D according to the fourth embodiment is different
from the rectifier 108 of the first embodiment in that the
overvoltage detection and gate drive hold circuit 105D
has a drain voltage input terminal VDIN.
[0084] FIG. 17 is an exemplary circuit diagram illus-
trating the overvoltage detection and gate drive hold cir-
cuit 105D of the rectifier 108D according to the fourth
embodiment.
[0085] The overvoltage detection and gate drive hold
circuit 105D of FIG. 17 is different from the overvoltage
detection and gate drive hold circuit 105 of FIG. 2 in that
the Zener diode ZD is connected to the drain voltage
input terminal VDIN. Similar to the circuit of FIG. 2, the
source voltage terminal VCC of the hold terminal and the
NMOS 1 of the overvoltage gate drive circuit 111 are
connected to the capacitor voltage input terminal VCIN.
[0086] When an overvoltage is applied to the positive
electrode main terminal K of the rectifier 108 in a load
dump, the current flows through the diode 104 and charg-
es the capacitor 106 in the rectifier 108 illustrated in FIGS.
1 and 2. After the capacitor voltage Vc increases, the

Zener diode ZD of the overvoltage detection circuit 109
is driven to turn on the rectification MOSFET. The turning-
on of the rectification MOSFET 101 is delayed as long
as the time for charging the capacitor 106. In comparison,
in the rectifier 108D of FIGS. 15 and 16, as the voltage
of the positive electrode main terminal K increases, the
voltage of the drain terminal of the rectification MOSFET
increases accordingly, so that the Zener diode ZD of the
overvoltage detection circuit 109 is driven to turn on the
rectification MOSFET. Therefore, it is possible to turn on
the rectification MOSFET 101 fast as early as the time
for charging the capacitor 106 is not necessary. It is pos-
sible to turn on the rectification MOSFET 101 before the
voltage of the positive electrode main terminal K increas-
es. Therefore, it is possible to prevent an overvoltage
from being applied to and breaking down other elements
such as the MOSFET, the control circuit, and the capac-
itor. The turn-off operation of the HIGH-side rectification
MOSFET is expedited so as not to flow the through cur-
rent to the HIGH-side and LOW-side rectification MOS-
FETs 101 when the LOW-side rectification MOSFET is
turned on.
[0087] FIG. 18 is a circuit diagram illustrating a rectifier
120B as another embodiment of the rectifier 120 used in
the HIGH-side of the alternator 140 of FIG. 6. Unlike the
HIGH-side rectifier 120 of the alternator 104 of FIG. 6,
the control circuit 119B of the rectifier 120b has an over-
voltage detection and capacitor connection circuit 123.
[0088] In the overvoltage detection and capacitor con-
nection circuit 123, the capacitor voltage input terminal
VCIN is connected to the positive terminal of the capacitor
106, the ground terminal GND is connected to the source
of the rectification MOSFET 101, and the output terminal
OUT is connected to the drain of the rectification MOS-
FET 101.
[0089] The overvoltage detection and capacitor con-
nection circuit 123 detects an overvoltage in the drain
voltage Vd of the rectification MOSFET 101 during a load
dump and connects a current path from the capacitor 106
to the drain of the rectification MOSFET 101, so that this
state is held for a certain time.
[0090] FIG. 19 is an exemplary circuit diagram illus-
trating the overvoltage detection and capacitor connec-
tion circuit 123 of the rectifier 120B.
[0091] The overvoltage detection and capacitor con-
nection circuit 123 has an overvoltage detection circuit
109B and a hold circuit 110 having the same circuit con-
figurations as those of the overvoltage detection and gate
drive hold circuit 105 of FIG. 2 to connect the output ter-
minal OUT of the hold circuit 110 to a capacitor connec-
tion circuit 124. The capacitor connection circuit 124 has
an inverter including a PMOS 59 and an NMOS 10, a
PMOS 60, and a diode D4. A gate of the PMOS 60 is
connected to a gate of the PMOS 59 of the inverter. The
capacitor connection circuit 124 has the PMOS 60 and
the diode D4. The output terminal OUT of the hold circuit
110 is input to the inverter, and the output of the inverter
is connected to the gate of the PMOS 6. The hold circuit
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110 uses the same circuit as that of the hold circuit 110
of FIG. 3.
[0092] As the LOW-side rectifier 108 is turned on in a
load dump, the voltage between the positive electrode
main terminal K of the LOW-side rectifier 108 and the
negative electrode main terminal A decreases, and the
voltage between the positive electrode main terminal K
of the HIGH-side rectifier 120 and the negative electrode
main terminal A increases. In addition, the capacitor volt-
age Vc of the HIGH-side rectifier 120 increases, so that
the Zener diode ZD2 is driven to increase the voltage of
the input terminal IN of the hold circuit 110. In addition,
a high voltage is output to the output terminal OUT of the
hold circuit 110, and the PMOS 60 of the capacitor con-
nection circuit 124 is turned on, so that the capacitor volt-
age input terminal VCIN of the overvoltage detection and
capacitor connection circuit 123 and the output terminal
OUT are connected through the diode D4. In addition,
this connection state is held by the hold circuit 110. As a
result, when the positive electrode main terminal K of the
HIGH-side rectifier 120 decreases, the current from the
capacitor 106 of the HIGH-side rectifier 120 flows to the
positive electrode main terminal K, so that the voltage
between the positive electrode main terminal K of the
rectifier 120 and the negative electrode main terminal A
is maintained at the capacitor voltage Vc within a capac-
itance range of the capacitor 106.
[0093] Similar to the LOW-side rectifier 108, as the ca-
pacitor voltage Vc decreases, the capacitor voltage input
terminal VCIN of the overvoltage detection and capacitor
connection circuit 123 and the output terminal OUT are
disconnected from each other.
[0094] It is necessary to turn on the rectification MOS-
FET of the LOW-side rectifier 108 after the connection
of the capacitor to the positive electrode main terminal K
of the HIGH-side rectifier 120B. Therefore, the Zener volt-
age of the Zener diode ZD2 of the overvoltage detection
circuit 109B of the overvoltage detection and capacitor
connection circuit 123 is designed to be higher than the
Zener voltage of the Zener diode ZD1 of the overvoltage
detection circuit 109 of the LOW-side overvoltage detec-
tion and gate drive hold circuit 105.
[0095] FIG. 20 is a graph illustrating a voltage VB of
an external terminal of the positive electrode side of the
alternator when a load dump occurs in a rectification op-
eration in the alternator 140 in which the rectifier 120B
of FIG. 18 and the rectifier 120 of FIG. 6 are used in the
HIGH side. The solid line refers to a case where the rec-
tifier 120B of FIG. 18 is used, and the dotted line refers
to a case where the rectifier 120 of FIG. 6 is used. The
abscissa refers to time common to FIGS. 7 to 9.
[0096] As the rectification MOSFET of the LOW-side
rectifier 108 is held in the ON state at the timing t70, in
the HIGH-side rectifier 120, the voltage VB of the external
terminal of the positive electrode side of the alternator
decreases within a short time due to a leakage current
of the rectification MOSFET 101 of the HIGH-side rectifier
120. As a result, power is not supplied to a device con-

nected to the external terminal of the positive electrode
side of the alternator while the rectification MOSFET of
the LOW-side rectifier 108 remains in the ON state. In
comparison, in the HIGH-side rectifier 120B, the over-
voltage detection and capacitor connection circuit 123 is
operated, so that the voltage VB of the external terminal
of the positive electrode side of the alternator is held in
a high voltage due to the voltage of the capacitor 106 of
the HIGH-side rectifier 120B. As a result, while the rec-
tification MOSFET of the LOW-side rectifier 108 remains
in the ON state, it is possible to supply power source to
a device connected to the external terminal of the positive
electrode side of the alternator.
[0097] A capacitance of the capacitor 106 of the HIGH-
side rectifier 120B is set to a necessary value in order to
hold the voltage VB of the external terminal of the positive
electrode side of the alternator. In a case where its ca-
pacitance is too large, and a package of the rectifier 120B
is not stabilized, a capacitor 125 for holding the voltage
VB of the external terminal of the positive electrode side
of the alternator may be provided between the external
terminal Np of the positive electrode side of the alternator
and the external terminal Nn of the negative electrode
side as illustrated in FIG. 21. This capacitor may be pro-
vided between the external terminal Np of the positive
electrode side of the alternator and the middle points Nu,
Nv, and Nw.
[0098] The present invention is not limited to the afore-
mentioned embodiments, but includes various modifica-
tions. For example, the aforementioned embodiments
have been described in details in order to explain the
present invention in an easy-to-understand manner, and
are not necessarily limited to those having all the config-
urations described above. A part of the configuration of
an embodiment may be replaced with a configuration of
another embodiment, and a configuration of an embod-
iment may be added to a configuration of another em-
bodiment. Further, additions, deletions, and substitutions
may also be possible for a part of the configuration of
each embodiment.
[0099] In each embodiment, a control line or an infor-
mation line indicates what is considered to be necessary
for the explanation, and all the control lines and informa-
tion lines are not always shown on the product. In fact,
it may be considered that most of the configurations are
connected to each other.

Claims

1. A rectifier comprising:

a metal oxide semiconductor field effect transis-
tor (MOSFET) configured to perform rectifica-
tion;
a control circuit configured to receive a voltage
between a pair of main terminals of the MOSFET
and perform an on/off operation of the MOSFET
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on the basis of the voltage between the pair of
main terminals;
a power source configured to supply a source
voltage to the control circuit; and
a hold circuit configured to boost a gate voltage
of the MOSFET when an internal trigger voltage
of the control circuit is equal to or higher than a
first voltage and hold the boosted state for a pe-
riod independent from a voltage between the
pair of main terminals.

2. A rectifier comprising:

a MOSFET configured to perform rectification;
a control circuit configured to receive a voltage
between a pair of main terminals of the MOSFET
and perform an on/off operation of the MOSFET
on the basis of the voltage between the pair of
main terminals;
a power source configured to supply a source
voltage to the control circuit; and
a hold circuit configured to boost a gate voltage
of the MOSFET when an internal trigger voltage
of the control circuit is equal to or higher than a
first voltage, turn on the MOSFET, and hold the
on-state of the MOSFET for a period independ-
ent from a voltage between the pair of main ter-
minals.

3. The rectifier according to claim 1 or 2, wherein the
power source is a capacitor.

4. The rectifier according to claim 3, having only a pair
of external terminals which are connected to the pair
of main terminals of the MOSFET that performs rec-
tification.

5. The rectifier according to claim 3, wherein the trigger
voltage is a voltage of the capacitor.

6. The rectifier according to claim 5, wherein the gate
voltage of the MOSFET is reduced when the capac-
itor voltage is equal to or lower than a second voltage
which is lower than the first voltage.

7. The rectifier according to claim 1 or 2, wherein the
control circuit has a Zener diode, and
it is detected that the trigger voltage is equal to or
higher than the first voltage by the Zener diode.

8. The rectifier according to claim 1 or 2, wherein the
hold circuit has a latch circuit.

9. The rectifier according to claim 1 or 2, further com-
prising a Zener diode connected in parallel with the
MOSFET that perform rectification.

10. The rectifier according to claim 1 or 2, wherein the

control circuit has a decision circuit, and a shut-off
circuit that electrically disconnects the power source
and the decision circuit when the trigger voltage is
equal to or higher than the first voltage.

11. The rectifier according to claim 1 or 2, wherein the
control circuit has a gate drive circuit, and a shut-off
and short-circuit circuit that electrically disconnects
the power source and the gate drive circuit and short-
circuits a source voltage terminal of the gate drive
circuit and the source terminal of the MOSFET when
the trigger voltage is equal to or higher than the first
voltage.

12. An alternator provided with a rectification circuit,
comprising the rectifier according to claim 1 as a first
rectifier, the first rectifier being provided in any one
of LOW and HIGH sides of the rectification circuit.

13. The alternator according to claim 12, further com-
prising a second rectifier provided in the other one
of the LOW and HIGH sides opposite to that of the
first rectifier,

the second rectifier having

a MOSFET configured to perform rectifica-
tion,
a control circuit configured to receive a volt-
age between a pair of main terminals of the
MOSFET and perform an on/off operation
of the MOSFET on the basis of the voltage
between the pair of main terminals, and
a capacitor configured to supply a source
voltage to the control circuit; and

a hold circuit configured to electrically connect
a path for flowing a current to the capacitor and
a drain of the MOSFET and holds the connected
state for a period independent from a voltage
between the pair of main terminals when an in-
ternal trigger voltage of the control circuit is
equal to or higher than a third voltage.

14. The alternator according to claim 13, wherein the
third voltage is higher than the first voltage.

15. The alternator according to claim 12, further com-
prising a capacitor between a positive electrode side
output terminal and a negative electrode side output
terminal.
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