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An injection control device controls a drive of a solenoid in
a high pressure pump for pressurizing fuel to an internal
combustion engine. The injection control device includes a
transistor on an upstream side of a power supply path from
a direct current power supply line to the solenoid and a
transistor provided on a downstream side of the power
supply path. The injection control device further includes a
diode at a position between an upstream terminal of the
solenoid and ground, a transistor arranged in parallel with
the diode, and a drive controller. The drive controller drives
the solenoid to an open position by switching ON the
transistors on the upstream and downstream sides of the
power supply path.
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INJECTION CONTROL DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on and claims the
benefit of priority of Japanese Patent Applications No.
2018-081376, filed on Apr. 20, 2018, and No. 2018-230008,
filed on Dec. 7, 2018, the disclosures of which are incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to an injection con-
trol device for controlling a solenoid of a high pressure
pump that pressurizes fuel for an internal combustion
engine.

BACKGROUND INFORMATION

[0003] Injection control devices may be used to control the
operation of solenoids for providing pressurized fuel to
internal combustion engines in vehicles. The switching
elements used to realize such solenoid operations may cause
both a forward current to flow through the solenoid and a
return current to flow from the solenoid. The return current
may cause a heat loss to occur in the injection control device.
As such, injection control devices are subject to improve-
ment.

SUMMARY

[0004] The present disclosure describes an injection con-
trol device capable of reducing heat loss in the injection
control device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Objects, features, and advantages of the present
disclosure will become more apparent from the following
detailed description made with reference to the accompany-
ing drawings, in which:

[0006] FIG. 1 illustrates a schematic configuration of an
injection control device in a first embodiment of the present
disclosure;

[0007] FIG. 2 is a timing chart of a solenoid current, an
application voltage to a solenoid, and a drive state of each
transistor in the first embodiment;

[0008] FIG. 3 is a timing chart of a solenoid current, an
application voltage to a solenoid, and a drive state of each
transistor in a second embodiment of the present disclosure;
and

[0009] FIG. 4 is a timing chart of a solenoid current, an
application voltage to a solenoid, and a drive state of each
transistor in a third embodiment of the present disclosure.

DETAILED DESCRIPTION

[0010] An injection control device for controlling the fuel
injection of an internal combustion engine functions by
controlling the operation of a solenoid in a high pressure
pump that pressurizes fuel to the engine. Such injection
control devices may include an upstream switch provided on
an upstream side of the power supply path from a direct
current (DC) power supply line supplying a battery voltage
to the solenoid, and a downstream switch provided on a
downstream side of the power supply path (e.g., the power
return path from the solenoid). By switching ON the
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upstream switch and the downstream switch, power from the
battery can be applied to the solenoid.

[0011] Such configurations may use a reflux diode is to
control the flow of a return current that is generated when the
current supply to the solenoid is interrupted when the
upstream side switch is turned OFF. In such instances, the
reflux diode may cause heat loss when current flows through
the reflux diode in a forward direction. Since the heat loss is
in proportion to the forward voltage of the reflux diode, the
heat losses in such injection control devices may be rela-
tively large and cause problems in the design and operation
of the injection control device.

[0012] The embodiments of the present disclosure are
described with reference to the drawings. In the following
embodiments, like features and elements among the embodi-
ments may be referred to by the same reference numerals,
and a repeat description of previously described like features
and elements may be omitted from the descriptions of the
latter embodiments.

First Embodiment

[0013] The first embodiment of the present disclosure is
described with reference to FIGS. 1 and 2.

[0014] In FIG. 1, an injection control device 1 is one of a
plurality of electronic control devices or electronic control
units (ECUs) installed in a vehicle. The electronic control
devices may also be referred to as electronic control units
(ECUs). The injection control device 1 controls the fuel
injection of an internal combustion engine in a vehicle. The
injection control device 1 may be referred to simply as an
engine ECU 1. The engine ECU 1 integrally controls various
actuators based on various sensor signals during various
vehicle operations to operate the vehicle in an optimum
engine state.

[0015] The injection control device 1 controls a high
pressure pump for controlling the flow of pressurized fuel to
the engine. More specifically, the injection control device 1
drives or controls a drive of the high pressure pump, where
“drive” may mean transmitting power or not transmitting
power to control the operation of the high pressure pump.
The high pressure pump has a solenoid-type electromagnetic
valve 2. The solenoid-type electromagnetic valve 2 may be
referred to simply as a solenoid 2. The injection control
device 1 controls an electric current flowing to the solenoid
2 of the high pressure pump, to control an amount of
pressurized fuel discharged from the high pressure pump.
Specifically, the injection control device 1 controls a power
supply to the solenoid 2 to drive the solenoid 2 (i.e., the
valve) to open and closed positions, to control the flow of the
pressurized fuel. As such, the injection control device 1
functions to control the drive of the solenoid 2.

[0016] A battery voltage VB output from a vehicle-
mounted battery (not shown) is supplied via a direct current
(DC) power supply line L1 to the injection control device 1.
The battery voltage VB may also be referred to as a DC
voltage. The injection control device 1 has terminals P1 and
P2 for connecting the solenoid 2. An upstream terminal (i.e.,
the power supply terminal) of the solenoid 2 is connected to
the terminal P1 and a downstream terminal (i.e., the power
return terminal) of the solenoid 2 is connected to the
terminal P2. Upstream and downstream may be used to
indicate a position of an element in the injection control
device 1 relative to the power supply path of the solenoid 2,
where the power supply path to the solenoid 2 may be
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referred to as “upstream,” and the return path from the
solenoid 2 may be referred to as “downstream.” Similarly, an
upstream terminal of the solenoid 2 may refer to the terminal
on the power supply side of the solenoid 2 and the down-
stream terminal of the solenoid 2 may refer to the terminal
on the power return side of the solenoid 2.

[0017] The injection control device 1 includes a drive
circuit 3 and an integrated circuit (IC) controller 4. The IC
controller 4 may be a system on a chip (SoC) integrated
circuit-type controller 4 that includes computer and elec-
tronic components such as a processor (CPU), memory,
input/output (I/O) ports such as terminals, a bootstrap diode,
and like components on a single substrate in an integrated
circuit package.

[0018] The drive circuit 3 also includes transistors Q1, Q2,
and Q3 (i.e., transistors Q1-Q3), diodes D1 and D2, a Zener
diode ZD1, resistors R1 and R2, and a capacitor C1. The
transistors Q1-Q3 are N-channel type metal-oxide-semicon-
ductor field-effect transistors (i.e., n-type MOSFETs). Each
of the transistors Q1-Q3 has a body diode connected
between the drain and the source, with the anode of the diode
positioned on a source side and the cathode of the diode
positioned on the drain side. In FIG. 1, only the diodes D1
and D2 that are the body diodes for the transistors Q1 and
Q2 are shown, and illustrations of the other body diodes
connected between the source and drain of the other tran-
sistors (e.g., Q3) are omitted.

[0019] The drain of the transistor Q1 is connected to the
DC power supply line L1 and the source of the transistor Q1
is connected to the terminal P1. DC power supply line [.1
supplies the battery voltage VB. The transistor Q1 is dis-
posed at a position upstream of the power supply path from
the DC power supply line L1 to the solenoid 2. As such, the
transistor Q1 may be referred to as a first upstream switch
Q1.

[0020] The cathode of the diode D2 is connected to the
terminal P1, and the anode of the diode D2 is connected to
ground (e.g., a return path) at which there is a ground
potential of 0 V, that is, a reference potential of the circuit.
The diode D2 allows a return current to flow when the
current supply to the solenoid 2 is cut off by turning OFF of
the transistor Q1. As such, the diode D2 is connected
between the upstream terminal of the solenoid 2 and ground
and may be referred to as a reflux diode D2.

[0021] The source of the transistor Q2 is connected to
ground and the drain of the transistor Q2 is connected to the
terminal P1. The transistor Q2 is disposed in parallel with
the diode D2 at a position between at position between the
upstream terminal of the solenoid 2 and ground. The tran-
sistor Q2 may also be referred to as a short circuit switch Q2.
[0022] The drain of the transistor Q3 is connected to the
terminal P2, and the source of the transistor Q3 is connected
to ground via the resistor R1. The transistor Q3 is disposed
at a position on the downstream side (i.e., power return side)
of the power supply path, and as such, may be referred to as
a downstream switch Q3. The Zener diode ZD1 is connected
at a position between the gate and the drain of the transistor
Q3 with the anode of the Zener diode ZD1 connected to the
gate of the transistor Q3 and the cathode of the Zener diode
ZD1 connected to the terminal P2. The Zener diode ZD1
operates to clamp a gate voltage of the transistor Q3, and by
such operation prevents an excessive voltage that exceeds
the breakdown voltage of the Zener diode ZD1 from being
applied to the gate of the transistor Q3.
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[0023] A drive signal output from the IC controller 4 is
input to the gate of each of the transistors Q1, Q2, and Q3,
to control the ON and OFF switching of each of the
transistors Q1, Q2, and Q3. That is, in such case, the
transistors Q1-Q3 are each driven by a separate drive signal
(e.g., a respectively different drive signal) from the IC
controller 4.

[0024] The resistor R1 detects the electric current flowing
through the solenoid 2. As such, the resistor R1 may be
referred to as a shunt resistor R1. The terminal voltage of the
resistor R1 (e.g., the inter-terminal voltage or voltage
between the terminals of the resistor R1) is input to the IC
controller 4. A current detection unit 5 included in the IC
controller 4 may include, for example, an amplifier circuit
(not shown). Based on a voltage obtained by amplifying the
terminal voltage of the resistor R1, the current detection unit
5 can detect a solenoid current, that is, the electric current
flowing through the solenoid 2.

[0025] The voltages at the terminals P1 and P2 are input
to the IC controller 4. The IC controller 4 may also include
a voltage detection unit 6. The voltage detection unit 6 may
include, for example, a voltage dividing circuit, i.e., a
voltage divider (not shown). The voltage detection unit 6 can
detect a voltage of the upstream terminal of the solenoid 2
based on the voltage obtained by dividing the voltage of the
terminal P1. The voltage detection unit 6 can also detect a
voltage of the downstream terminal of the solenoid 2 based
on the voltage obtained by dividing the voltage of the
terminal P2. The voltage detection unit 6 detects an appli-
cation voltage applied to the solenoid 2 based on the
voltages of the upstream and downstream terminals of the
solenoid 2, as described above. As such, the voltage detec-
tion unit 6 may be referred to as both a terminal voltage
detector and an application voltage detector.

[0026] One terminal of the capacitor C1 is connected to
the bootstrap terminal of the IC controller 4 and the other
terminal of the capacitor C1 is connected to the source of the
transistor Q1 via the resistor R2. The source of the transistor
Q1 is connected to the bootstrap terminal of the IC controller
4. The capacitor C1 and the resistor R2 together with a diode
in the IC controller 4 (not shown) make up a bootstrap
circuit 7 for generating an ON drive voltage for driving (i.e.,
turning) the transistor Q1 ON.

[0027] The drive controller 8 of the IC controller 4 con-
trols the operation of the drive circuit 3 based on: an
instruction given from an external computer/controller, that
is, a computer or processing device external to the injection
control device 1 (not shown); a result of the current detection
by the current detection unit 5; and a result of the voltage
detection by the voltage detection unit 6. That is, the drive
controller 8 in the IC controller 4 controls the ON and OFF
switching of the transistors Q1-Q3 based on an instruction
from an external computer, the current detection, and the
voltage detection. Specifically, when an instruction to ener-
gize the solenoid 2 is input to the IC controller 4 from the
external computer, the IC controller 4 drives the transistor
Q3 ON and repeatedly switches the transistor Q1 ON and
OFF. At the same time, the controller IC 4 also controls the
drive of the transistor Q1 so that the solenoid current has a
desired value based on a detection result of the electric
current by the current detection unit 5. In such manner, the
drive controller 8 turns ON the transistor Q1 and turns ON
the transistor Q3 to drive the solenoid 2.
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[0028] Since the transistor Q1 is an n-type MOSFET, a
drive voltage higher than the battery voltage VB is required
to drive the transistor Q1 ON. However, the power supply
voltage supplied to the IC controller 4 is, for example, 5V,
which is lower than the battery voltage VB. Consequently,
the drive controller 8 in the IC controller 4 generates the ON
drive voltage of the transistor Q1 by using the above-
described bootstrap circuit 7.

[0029] The operation of the injection control device 1,
configured as described above, is described with reference to
FIG. 2. In about the first half of a drive period TQ for driving
the solenoid 2 (e.g., t1-15), the drive controller 8 controls the
solenoid current to have a first set value. In about the second
half of the drive period TQ (e.g., t5-t7), the drive controller
8 controls the solenoid current to have a second set value,
where the second set value is lower than the first set value.
[0030] At time t1, the drive controller 8 drives the tran-
sistors Q1 and Q3 to ON. Time t1 is the starting time of the
drive period TQ for driving the solenoid 2. As a result, the
battery voltage VB is applied to the solenoid 2, and the
solenoid current starts to increase. In addition, the drive
controller 8 drives the transistor Q2 to OFF at time t1. As a
result, the diode D2 is in a non-short circuited state. That is,
the diode D2 between the two ends of its terminals may
function as if in a non-short circuited state (e.g., as an open
circuit equivalent or with some resistance).

[0031] The drive controller 8 drives the transistor Q1 to
OFF at time t2 when the solenoid current reaches a first
upper limit value. The first upper limit value of the solenoid
current is based on the first set value. As a result of switching
the transistor Q1 to OFF, the application voltage to the
solenoid 2 becomes 0 V, and the solenoid current starts to
decrease. After a predetermined amount of time elapses
(e.g., the period from time t2 to t3), the drive controller 8
drives the transistor Q1 to ON at time t3. At time t3, the
solenoid current decreases to reach a first lower limit value,
where the first lower limit value may be based on the first set
value. When the solenoid current decreases to reach the first
lower limit value, the drive controller 8 drives the transistor
Q1 to ON.

[0032] As a result, at time t3 the battery voltage VB is
applied to the solenoid 2, and the solenoid current starts to
increase again. The drive controller 8 drives the transistor
Q1 to OFF at time t4 when the solenoid current has
increased to reach the first upper limit value. As a result, at
time t4, the application voltage to the solenoid 2 becomes 0
V and the solenoid current starts to decrease again. In the
first half of the drive period TQ, the drive controller 8
repeats such control to supply the solenoid 2 with an electric
current at the first set value.

[0033] After the above-described predetermined period
lapses (e.g., the period from time t1 to t5), the drive
controller 8 performs another ON and OFF drive of the
transistor Q1 until the end of the drive period TQ. That is,
at time t5 when the solenoid current decreased to reach a
second lower limit value, the drive controller 8 drives the
transistor Q1 to ON. The second lower limit value is based
on the second set value. As a result, at time t5 the battery
voltage VB is applied to the solenoid 2, and the solenoid
current starts to increase again.

[0034] The drive controller 8 drives the transistor Q1 to
OFF at time t6 when the solenoid current increases to reach
the second upper limit value that is set based on the second
set value. As a result, at time t6, the application voltage to
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the solenoid 2 becomes 0 V and the solenoid current starts
to decrease again. In the second half of the drive period TQ
(e.g., from time t5 to time t7), the drive controller 8 repeats
such control to supply electric current to the solenoid 2 at the
second set value.

[0035] The drive controller 8 drives the transistor Q2 to
ON at time t2 when the solenoid current reaches the first
upper limit value and the transistor Q1 is driven to OFF. The
drive controller 8 drives the transistor Q2 ON and OFF until
the end of the drive period TQ based on the forward current
flow to the solenoid 2 as controlled by the transistors Q1 and
Q3. That is, in the first half of the drive period TQ where
electric current at the first set value is supplied to the
solenoid 2, the drive controller 8 drives the transistor Q2 to
OFF at time t3 when the solenoid current has decreased to
reach the first lower limit value. The drive controller 8 drives
the transistor Q2 to ON at time t4 when the solenoid current
increases to reach the first upper limit value.

[0036] In the second half of the drive period TQ where the
electric current at the second set value is supplied to the
solenoid 2, the drive controller 8 drives the transistor Q2 to
OFF at time t5 when the solenoid current decreases to reach
the second lower limit value. The drive controller 8 drives
the transistor Q2 to ON at time t6 when the solenoid current
increases to reach the second upper limit value.

[0037] The drive controller 8 drives the transistors Q1 and
Q3 to OFF at time t7 when the drive period TQ ends. By
driving the transistors Q1 and Q3 to OFF at time t7, the
solenoid current decreases down to zero as time lapses,
reaching a zero current level at time t8. When the solenoid
current reaches zero at time t8, the drive controller 8 drives
the transistor Q2 to OFF. The drive controller 8 is configured
to drive the transistor Q2 to ON when the transistor Q1 is
turned OFF and the current supply to the solenoid 2 is cut
off. In other words, when a forward current greater than zero
is flowing through the solenoid 2, the drive controller 8
drives the transistor Q2 to ON when the supply of the
forward electric current to the solenoid 2 is cut off in
response to driving the transistor Q1 to OFF. As a result,
when the supply of the electric current to the solenoid 2 is
interrupted, the diode D2 (i.e., between the terminals of the
diode D2) functions in a short circuited state, and a return
current flows through the transistor Q2 that is in an ON state.
The forward current described above is the electric current
flowing through the solenoid 2 from the upstream terminal
to the downstream terminal.

[0038] In such a case, a total ON time Ts for the transistor
Q2 where the diode D2 functions in a short circuited state
during the drive period TQ is derived by subtracting the time
Tql from the drive period TQ, as shown in Equation (1). Tql
is the total ON time for the transistor Q1 in the drive period
TQ.

Ts=TQ-Tq1

[0039] The {following advantageous effects can be
achieved and realized by the present embodiment. In the
injection control device 1 of the present embodiment, when
the transistors Q1 and Q3 are turned ON, the battery voltage
VB is applied to the solenoid 2. When the transistor Q2 is
turned OFF, the diode D2 functions in a non-short circuited
state, and when the transistor Q2 is turned ON, the diode D2
functions in a short circuited state.

[0040] The transistor Q2 is turned ON when the transistor
Q1 is turned OFF during the period from time t1 to time t8,

Equation (1)
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which includes the drive period TQ from time t1 to t7 and
the following period from time t7 to time t8 when the drive
current falls to zero. In other words, when a forward current
flows through the solenoid 2, the transistor Q2 is configured
to turn OFF when the transistor Q1 is turned ON. In such a
manner, when the electric current supply to the solenoid 2 is
interrupted, the transistor Q2 turns ON and a return current
flows through the transistor Q2. As such, no substantial
forward current flows through the diode D2 during the flow
period of the return current, because the return current flows
through the transistor Q2 instead. In other words, even
though the diode D2 acts like a short circuit when the
transistor Q2 is turned ON, little to no current flows through
the diode D2, and the return current flows through the
transistor Q2 instead. As a result of substantially no forward
current flowing through the diode D2 when the transistor Q2
is turned ON, the diode D2 exhibits little or no heat loss. In
this case, heat loss is caused by the transistor Q2, but the heat
loss caused by the transistor Q2 is nominal. That is, the heat
loss by the transistor Q2 is much smaller than the heat loss
by the diode D2, because the transistor Q2 is a MOSFET-
type transistor.

[0041] Based on the above-described configuration of the
injection control device 1, a greater reduction in heat loss
can be achieved by the injection control device 1 of the
present embodiment compared to the heat reduction effects
of injection control devices used by related technology. Heat
loss may increase and become more noticeable as the current
supplied to the solenoid 2 increases. In other words, in larger
engines with larger engine capacities and higher perfor-
mance levels that use a greater amount of current to drive the
solenoid 2, the heat loss may be more noticeable and the heat
loss reduction effects exhibited by the injection control
device 1 of the current embodiment can become even more
beneficial, with the advantageous heat-loss-reducing effects
of the current embodiment also becoming more noticeable.
[0042] When a forward current flows through the solenoid
2 (i.e., during a period of forward current flow), the drive
controller 8 controls the ON and OFF switching of the
transistors Q1 and Q2, to turn the transistor Q2 OFF when
the transistor Q1 is ON. If the transistor Q2 is turned ON
while the transistor Q1 is turned ON, switching both the
transistors Q1 and Q2 ON at the same time may cause an
excessive short circuit current to flow from the DC power
supply line L1 to ground. However, by controlling the ON
and OFF switching of the transistors Q1 and Q2 in the
above-described manner, the injection control device 1 of
the present embodiment prevents such a short circuit cur-
rent.

[0043] The control logic of the present embodiment can be
modified. For example, the drive controller 8 may control
the transistor Q2 to be turned OFF at times when the
application voltage to the solenoid 2, as detected by the
voltage detection unit 6, is higher than zero (0 V). Similarly,
the drive controller 8 may control the transistor Q2 to be
turned ON at times when the application voltage is equal to
or lower than zero (0 V). Even using such control, the total
time in the drive period TQ during which the transistor Q2
is turned ON and the diode D2 functions in a short circuited
state, is substantially the same as the total ON time Ts of the
transistor Q2 calculated in equation (1).

[0044] Alternatively, the drive controller 8 may perform
an ON control of the transistor Q2 at times when the voltage
of'the upstream terminal of the solenoid 2, as detected by the
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voltage detection unit 6, is lower than the voltage of the
downstream terminal of the solenoid. Even using such
control, the total ON time of the transistor Q2 in the drive
period TQ during which the diode D2 functions in a short
circuited state, is substantially the same as the total ON time
Ts of the transistor Q2 calculated in equation (1).

[0045] Even with such example modifications, effects
similar to those achieved and realized by the above-de-
scribed embodiment can also be achieved by the above-
described modifications. In each of the above-described
example modifications, the transistor Q2 is controlled based
on the detected value of the application voltage to the
solenoid 2, or the detected value of the voltage of the
upstream terminal and the detected value of the voltage of
the downstream terminal of the solenoid 2. As a result, the
above-described heat loss reduction effects can be better
achieved and realized using the example modifications as
compared with the control based on the detected value of the
solenoid current alone. That is, by using the example modi-
fications, the return current flowing through the transistor
Q2 can be better controlled to better reduce the heat loss and
realize the effects of the heat loss reduction.

Second Embodiment

[0046] The second embodiment of the present disclosure
is described with reference to FIG. 3. The description of the
second embodiment focuses on the difference in the control
of solenoid 2 from the first embodiment. In the second
embodiment, the configuration of the injection control
device 1 is the same as the configuration of the injection
control device in the first embodiment, as shown in FIG. 1.
[0047] In the control logic of the present embodiment, the
ON and OFF control of the transistor Q2 is different from the
control logic of the first embodiment. In the present embodi-
ment, the drive controller 8 drives the transistor Q2 ON and
OFF in the first half of the drive period TQ (e.g., from time
tl to time t5) just like it does in the first embodiment.
However, the drive controller 8 drives the transistor Q2 to
OFF in the second half of the drive period TQ (e.g., from
time t5 to time t7).

[0048] Even with the control logic of the present embodi-
ment, since the transistor Q2 is turned ON when the tran-
sistor Q1 is turned OFF for only a portion of the period
where forward current flows through the solenoid 2, a heat
loss reduction effect similar to first embodiment can be
achieved and realized by the second embodiment. In such
cases, though the return current in the first half of the drive
period TQ flows through the transistor Q2 when the tran-
sistor Q2 is ON, the return current in the second half of the
drive period TQ flows through the diode D2.

[0049] The current flowing through the solenoid in the first
half of the drive period TQ is larger than the current flowing
through the solenoid in the second half of the drive period
TQ. As aresult, the return current in the first half of the drive
period TQ is also larger than the return current in the second
half of TQ. Consequently, even when the return current is
configured to flow through the transistor Q2 in only the first
half of the drive period TQ, a significant heat loss reduction
can still be achieved by the present embodiment as com-
pared to the injection control devices used by related tech-
nologies.

Third Embodiment

[0050] The third embodiment of the present disclosure is
described with reference to FIG. 4. The description of the
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third embodiment focuses on the differences in the control of
the solenoid 2 from the previous embodiments. In the third
embodiment, the configuration of the injection control
device 1 is the same as the configuration of the injection
control device in the first embodiment, as shown in FIG. 1.
[0051] In the control logic of the present embodiment, the
ON and OFF control of the transistor Q2 is different from
that of the control logic of the previous embodiments. In the
present embodiment, the drive controller 8 drives the tran-
sistor Q2 ON and OFF in the second half of the drive period
TQ (e.g., from time t6 to time t7) similar to the control in the
first embodiment. However, in the present embodiment, the
drive controller 8 drives the transistor Q2 to OFF in the first
half of the drive period TQ (e.g., from time t1 to time t6).
[0052] Even with the control logic of the present embodi-
ment, since the transistor Q2 is turned ON when the tran-
sistor Q1 is turned OFF for only a portion of the period
where a forward current flows through the solenoid 2, heat
loss reduction effects similar to the previous embodiments
can be achieved and realized by the third embodiment. In
such cases, though the return current in the second half of the
drive period TQ flows through the transistor Q2 when the
transistor Q2 is ON, the return current in the first half of the
drive period TQ flows through the diode D2.

[0053] In the third embodiment, the voltage application to
the solenoid in the second half of the drive period TQ may
be longer than the first half of the drive period TQ, depend-
ing on how the solenoid is controlled. Consequently, even
when the return current is configured to flow through the
transistor Q2 in only the second half of the drive period TQ,
a significant heat loss reduction can still be achieved by the
present embodiment as compared to the injection control
devices in related technologies.

Other Embodiments

[0054] The present disclosure is not limited to the embodi-
ments described above and illustrated in the drawings, and
can be arbitrarily modified, combined, or expanded without
departing from the scope of the injection control device
described in the description. Numerical values given in the
above embodiments are examples only, and are not intended
to be limiting.

[0055] The present disclosure is not limited to an injection
control device in an engine ECU that controls the fuel
injection of an engine, but can also be applied generally to
an injection control device that controls the drive of a
solenoid of a high pressure pump for pressurizing fuel to an
internal combustion engine. In other words, the above-
described embodiments are not limited to use in an engine
ECU.

[0056] The transistors Q1, Q2, and Q3 are not limited to
n-type MOSFETs, and various types of semiconductor
switching elements can also be used. The reflux diode is not
limited to the diode used as the body diode of the transistor
Q2, and one or more additional diodes may be used as reflux
diodes.

[0057] The drive controller 8 may drive the transistor Q2
to OFF in the period from time t7 to time t8 after the drive
period TQ ends at time t7. In cases where the drive controller
8 turns the transistor Q2 OFF, the return current flows
through the reflux diode D2 in the period from time t7 to
time t8, that is, after the drive period TQ until the solenoid
current falls to zero. During this period where the solenoid
current decreases toward zero, the return current is also
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relatively small. Consequently, by turning OFF the transistor
Q2 in the period from time t7 to time t8, the injection control
device 1 of the present disclosure can achieve sufficiently
less heat loss than the injection control devices used by
related technologies.

[0058] Although the present disclosure has been described
in accordance with the embodiments, it should be under-
stood that the present disclosure is not limited to those
embodiments and structures described herein. The present
disclosure covers various modification examples and
equivalent arrangements. Furthermore, various combina-
tions of the embodiments, where such combinations may
add additional elements to the resulting combination or
remove elements from the resulting combination, are under-
stood to be included within the scope of the present disclo-
sure.

What is claimed is:

1. An injection control device for controlling a drive of a
solenoid in a high pressure pump that pressurizes fuel to an
internal combustion engine, the injection control device
comprising:

an upstream switch disposed on an upstream side of a
power supply path that extends from a direct current
(DC) power supply line that supplies a DC voltage to
the solenoid;

a downstream switch disposed on a downstream side of
the power supply path;

a reflux diode disposed at a position between an upstream
terminal of the solenoid and ground, an anode of the
reflux diode connected to ground;

a short circuit switch disposed at a position between the
upstream terminal of the solenoid and ground, the short
circuit switch arranged in parallel with the reflux diode;
and

a drive controller configured to control the drive of the
solenoid by controlling an ON and OFF switching of
the upstream switch, the downstream switch, and the
short circuit switch, wherein

the drive controller is further configured to drive the
solenoid to an open position by switching ON the
downstream switch and the upstream switch.

2. The injection control device of claim 1, wherein

the drive controller is further configured to switch OFF
the short-circuit switch when a forward current flows in
the solenoid and the upstream switch is switched ON.

3. The injection control device of claim 1 further com-
prising:

an application voltage detector configured to detect an
application voltage applied to the solenoid, wherein

the drive controller is further configured to switch the
short circuit switch OFF when the application voltage
detected by the application voltage detector is a voltage
greater than zero.

4. The injection control device of claim 1 further com-

prising:

an application voltage detector configured to detect an
application voltage applied to the solenoid, wherein

the drive controller is further configured to switch the
short circuit switch ON when the application voltage
detected by the application voltage detector is a voltage
less than or equal to zero.

5. The injection control device of claim 1 further com-

prising:
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a terminal voltage detector configured to detect a terminal
voltage of the solenoid, wherein

the drive controller is further configured to switch the
short-circuit switch ON when the terminal voltage
detector detects that a voltage at the upstream terminal
of the solenoid is less than a voltage at the downstream
terminal of the solenoid.
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