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SOLE/IOINT INVENTION
(U:S. Rights Only)
ASSIGNMENT

WHEREAS I'We, the below named inventoi(s), [hereinafter referred to as Assignor(s)], have
miade an invention entitled:

MICRO CONTROLLER UNIT

for which I/'WE executed an application for United States Lettérs Patent concmently herewith; or filed an
application for United States Letters Patent.on ,.{Serial No. ) and

WHEREAS, SANKEN ELECTRIC CO., LTD. , a corporation of Japan, whose post office address
s 3-6-3, Kitano, Niiza<shi, Saitama, 352-8666 Japan, (hereinafter referred to as Assignee), is desirous:of
securing the entire right, title; and interest in and to this invention, the application for United States
Letters:Patent on this invention:and the Letters Patent to.issue upon this application;.

NOW THEREFORE, be it known that, for good and valuable consideration the receipt-of which
from assignee is hereby acknewledged, I/WE, as assignor(s), have sold, assigned, transferred, and-set over,
and do hereby sell, assign, transfer, and set over unto the assignee, its lawful successors:and assigss,
MY/OUR entire right, title, and interest in and to this invention and this application, and all divisions, and
continuations theréof, and all Letters Patent of the Uniteéd States which may be granted thereon, atid all
reissues thereof; and /WE hereby authorize and request the Commissioner of Patents and Trademarks of
the United States to issue all Letters Patent for this invention to assignes, its successors and assigns, in
accerdince with the terims of this Assignment;

AND, YWE HEREBY further covenant and agiee that YWE will, without further consideration,.
communicate with assignes, its suceessors and assigns, any facts known to ME/US respecting this
invention and testify in any legal proceeding, sign all lawful papers when called-upon 1o .do $o, execute
and deliver all papers-that may be necessaryor desirable to perfect the tifle:to this invention in said
assignee, its successors and assigns, execute all divisional, continuation, and reissue applications, make
all rightful oaths and: generally do everything possible to aid assignee, its successors-and assigns, to obtain
.and enforce proper patent protection for thisinvention in the United States, it being understood that-any
expense incident to the execution of such papers shall be borne by the assignee, its successors-and.assigns.

~ AND, I/WE HEREBY authorize and request the attorneys I/WE have empowered in the Declaration
and Power of Attorney in this application, to insert here in parenthesis (Application No. 15/33¢ 795, filed
) the filing date and application number of said application when known.

October 28, 2016
IN TESTIMONY WHEREQF, I/WE have hereunto set our hand(s).

Full Name of Sole or First Assignor Assignot's Sighature, Date
lTakanaga YAMAZAKI “Ja z?ma% YAz kx\ Dcrobar-26, 2916
\ddress ¢/0 SANKEN ELECTRIC CO., LTD,, 3-6-3, Kitaflo, Nit4a-shi, Saitama, 352- [Citizenship
666 Japan Japan
Full Name of Second Assignor Assighor's Signatute Date
Address Citizenship
INames of additional inventors attached [ [Yes XNo
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MICRO CONTROLLER UNIT

TECHNICAL FIELD

[0001] This disclosure relates to a micro controller unit for controlling a power

conversion device.

BACKGROUND

[0002] In micro controller units (MCUs) suitable for power conversion
applications in which a real-time property is important, such as control of digital
power supplies or automobile motors handles various events. For example,
conversion ending events are output from analog/digital (A/D) converters, inversion
detection events are output from comparators, timing events are output from pulse
width modulation (PWM) timers, and arithmetic ending events are output from digital
signal processors (DSPs), then control contents are changed according to such events.
[0003] JP-A-H09-91139 discloses a technology for correcting an error of a
read-only memory (ROM).

SUMMARY

[0004] The control content is changed in response to that a processor of MCUs
changes various control parameters (values of program counters, values of condition
flags, values of timers, content of data storing registers, and the like) used for control.
[0005] As methods of changing control parameters, there are methods of rewriting
control parameters on memories through interrupt processing or direct memory access

(DMA) transmission. In the methods, however, it takes some time to rewrite the
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control parameters.

[0006] A configuration in which a processor is operated by a program designating
a read destination of a control parameter for each control content can also be
considered. However, because of an increase in the capacity of a program, this
configuration is not suitable for an MCU in which there is a limitation of the capacity
of a memory storing a program.

[0007] The present disclosure is to provide a micro controller unit capable of
changing content of power conversion control at a high speed according to an
operation situation or an operation state without increasing the capacity of a program.
[0008] According to this disclosure, a micro controller unit capable of controlling
a power conversion device includes: an arithmetic processing unit that executes an
arithmetic processing based on a program; a data storage unit that stores data used in
the arithmetic processing; a peripheral circuit unit that outputs an event signal, which
is a trigger for start of the arithmetic processing by the arithmetic processing unit,
based on an operation state; and a data access control unit, wherein, when an
instruction to access the data designated by the first address is received from the
arithmetic processing unit, the data access control unit selectively executes,
depending on the event signal input from the peripheral circuit unit: a processing of
instructing the data storage unit to access data designated by a first address indicating
a storage location of the data on the data storage unit; and a processing of processing
of converting the first address and instructing the data storage unit to access data
designated by a second address, which is associated with the first address and is
different from the first address.

[0009] The micro controller unit according to the present disclosure is capable of
changing contents of power conversion control at a high speed according to an

operation situation or an operation state without increasing the capacity of a program.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0010] The foregoing and additional features and characteristics of this disclosure
will become more apparent from the following detailed descriptions considered with
the reference to the accompanying drawings, wherein:

[0011] FIG. 1 is a schematic diagram illustrating a schematic configuration of an
MCU 100 according to a first embodiment of this disclosure;

[0012] FIG. 2 is a schematic diagram illustrating an internal configuration of a
data access control unit 2 of the MCU 100 illustrated in FIG. 1;

[0013] FIG. 3 is a flowchart illustrating an operation of the data access control
unit 2 of the MCU 100 illustrated in FIG. 1;

[0014] FIG. 4 is a schematic diagram illustrating a schematic configuration of an
MCU 200 according to a second embodiment of this disclosure;

[0015] FIG. 5 is a schematic diagram illustrating an internal configuration of a
CPU 1A of the MCU 200 illustrated in FIG. 4;

[0016] FIG. 6 is a schematic diagram illustrating an internal configuration of a
data access control unit 12 of the MCU 200 illustrated in FIG. 4; and

[0017] FIG. 7 is a flowchart illustrating an operation of the data access control

unit 12 of the MCU 200 illustrated in FIG. 4.

DETAILED DESCRIPTION

[0018] Hereinafter, embodiments of this disclosure will be described with
reference to the drawings.

[0019] FIG. 1 is a schematic diagram illustrating a schematic configuration of an
MCU 100 according to a first embodiment of this disclosure.

[0020] The MCU 100 is mounted on a switching power device serving as a power
conversion device that converts a first direct-current voltage into a second
direct-current voltage by turning on and off a switching element such as an MOSFET
and outputs the second direct-current voltage. The MCU 100 controls a switching

operation of the switching element.
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[0021] The MCU 100 includes a CPU 1, a data access control unit 2, a ROM 3
functioning as a data storage unit, a peripheral circuit unit 4, and a RAM 7
functioning as a work memory of the CPU 1.

[0022] The CPU 1, the data access control unit 2, the ROM 3, the peripheral
circuit unit 4, and the RAM 7 are connected to each other via a data bus 5.

[0023] The peripheral circuit unit 4 includes a timer 41, an A/D converter 42, m
comparators (where m is an integer equal to or greater than 2) 43-1 to 43-m, a DSP 44,
and a PWM timer 45, and all of which form peripheral circuits. The peripheral
circuits included in the MCU 100 are examples and are not limited to the peripheral
circuits illustrated in FIG. 1. The MCU 100 includes the plurality of peripheral
circuits.

[0024] The timer 41 outputs an event signal to an event bus 6 when a count value
becomes a pre-decided value.

[0025] An analog signal is input from an analog circuit or the like included in the
switching power device to the A/D converter 42. Then, the A/D converter 42
converts the analog signal into a digital signal and outputs the digital signal to the
data bus 5.

[0026] The A/D converter 42 outputs an event signal to the event bus 6 when the
conversion of the analog signal into the digital signal ends.

[0027] Analog signals are input from an analog circuit or the like included in the
switching power device to the comparators 43-1 to 43-m. Then, the comparators
43-1 to 43-m compare these analog signals to analog signals obtained by receiving
digital signals via the data bus 5 and converting the digital signals.

[0028] For example, when two analog signals are identical to each other, two
analog signals are not identical to each other, or a difference between two analog
signals is equal to or greater than a threshold, the comparators 43-1 to 43-m outputs
event signals to the event bus 6.

[0029] The MCU 100 is assumed to include m comparators, but the number of
comparators is not limited thereto. For example, one comparator may be included.

[0030] The DSP 44 is configured as a processor that executes a program stored in
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the ROM 3.

[0031] The DSP 44 executes, for example, an arithmetic processing using a digital
signal output from the A/D converter 42 and generates information for deciding a
switching frequency, an ON-width, or the like of the switching element. When the
DSP 44 ends the arithmetic processing, the DSP 44 outputs an event signal to the
event bus 6.

[0032] The PWM timer 45 generates a control signal for driving the switching
element based on the information generated by the DSP 44 and outputs the control
signal to the outside of the MCU 100. The switching element of the switching power
device is driven based on the control signal. In synchronization with a timing
where the control signal driving the switching element is changed or a time internally
set in the PWM timer 45, the PWM timer 45 outputs an event signal to the event bus
6.

[0033] In this way, each peripheral circuit included in the peripheral circuit unit 4
outputs an event signal according to an operation state.

[0034] The CPU 1 is configured as a chip that includes a processor functioning as
an arithmetic processing unit. The processor executes various arithmetic
processings necessary for power control based on programs. An event signal output
to the event bus 6 is input to the CPU 1.

[0035] The ROM 3 stores programs (arithmetic processing sequences) used for the
CPU 1 to execute arithmetic processings and various kinds of data (hereinafter
referred to as control data) to be referred by the programs.

[0036] The CPU 1 executes an arithmetic processing by loading and executing a
program stored in the ROM 3 on the RAM 7 and reads the control data necessary for
the arithmetic processing from the ROM 3 to use the control data.

[0037] An address indicting a storage location is allocated to the control data
stored in the ROM 3. The CPU 1 can read arbitrary control data by designating the
address.

[0038] The ROM 3 stores a plurality of programs. The CPU 1 executes a

necessary program among the programs loaded on the RAM according to the kinds of
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event signals input from the event bus 6.

[0039] In this way, the event signals output from the peripheral circuits are
triggered for start of the arithmetic processings by the CPU 1.

[0040] When there is a program that executes an arithmetic processing using
control data A and there is a program that executes an arithmetic processing using
control data B, only the pieces of control data used in the arithmetic processings are
different in the two programs.

[0041] The ROM 3 does not store all of the plurality of programs in which only
the pieces of control data to be used are different, but stores only one of the plurality
of programs as a common program. Thus, the capacity of the ROM 3 is reduced.
[0042] The event signals output to the event bus 6 are input to the data access
control unit 2.

[0043] When the CPU 1 instructs the data access control unit 2 to read control
data designated by a first address from the ROM 3, the data access control unit 2
selectively executes a processing of instructing the ROM 3 to access the control data
designated by the first address and a processing of instructing the ROM 3 to access
control data designated by a second address associated with the first address and
different from the first address based on the event signals input from the peripheral
circuits of the peripheral circuit unit 4. Hereinafter, an example where the data access
control unit 2 performs reading of the data will be described. However, the data
access control unit 2 can performs writing of the data.

[0044] FIG. 2 is a schematic diagram illustrating an internal configuration of the
data access control unit 2 of the MCU 100 illustrated in FIG. 1.

[0045] The data access control unit 2 includes an event signal selector 21, n
enable bit editors 22-1 to 22-n  (where n is an integer equal to or greater than 2), and
a transmission unit 23.

[0046] The event signals output from the peripheral circuits are input to the event
signal selector 21. The event signal selector 21 selects the event signals, which is
necessary to change arithmetic processing sequences of the CPU 1 among the input

event signals, and inputs the selected event signals to the respective enable bit editors
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22-1 to 22-n.

[0047]  The transmission unit 23 stores at least one data set (in the example of FIG.
2, (4xn) data sets) in which the enable bit, range information indicating an arbitrary
range of the address of the control data on the ROM 3, and converted address which is
a specific address out of the arbitrary range are associated with each other.

[0048] The transmission unit 23 is configured to include a register or a memory
such as a ROM storing the data set.

[0049] The enable bit included in the data set is denoted by "EB" in FIG. 2. The
enable bit can be written as one of information indicating "validity" and information
indicating "invalidity."

[0050] The range information included in the data set is denoted by a combination
of "ADDR_BGN_**" and "ADDR_END_**" (where the sign ** corresponds to 0 to
n) in FIG. 2.

[0051] "ADDR BGN_**" included in each data set indicates a start address of a
predetermined range of a storage region of the control data of the ROM 3, and
"ADDR_END_**" indicates an end address of the predetermined range. The sign
"#E" 15 given for convenience to distinguish information and does not mean an
address itself.

[0052] A total data amount of control data in a range indicated by the range
information included in each data set is, for example, approximately 1-digit byte
equal to or greater than 2 bytes and equal to or less than 4 bytes.

[0053] The converted address included in the data set is denoted by
"ADDR_NEW_@@" (where sign @@ corresponds to 00 to 03, 10 to 13, and n0 to
n3) in FIG. 2. The sign "@@" is given for convenience to distinguish information
and does not mean an address it self.

[0054] The transmission unit 23 stores n groups 23-1 to 23-n which respectively
include four data sets.

[0055] In the four data sets included in each group, the range information is the
same and the converted address is different. The range information of the data set

included in each of the groups 23-1 to 23-n is set in a range which does not overlap.
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[0056] The enable bit editors 22-1 to 22-n are installed to correspond to the
groups 23-1 to 23-n, respectively. That is, the enable bit editor 22-1 corresponds to
the group 23-1, the enable bit editor 22-2 corresponds to the group 23-2, ..., and the
enable bit editor 22-n corresponds to the group 23-n.

[0057] Each of the enable bit editors 22-1 to 22-n sets the enable bits (writes valid
information) or resets (writes invalid information) included in four data sets of the
corresponding group based on the event signals input from the event signal selector
21.

[0058] In the enable bit editors 22-1 to 22-n, it is possible to arbitrarily set
information indicating the data set, in which the enable bits are set or reset, in
response to input a certain event signal.

[0059] In a state where an instruction to read the control data designated by the
first address is received from the CPU 1, if there is a data set in which the enable bits
are set to be valid (hereinafter also referred to as valid data bits) and the first address
is included in the range designated by the range information included in the valid data
set, the transmission unit 23 outputs the converted address (the second address)
included in the valid data set to the ROM 3 and executes a processing of instructing
the ROM 3 to read data designated by the converted address.

[0060] In a state where the instruction to read the control data designated by the
first address is received from the CPU 1, if there is no valid data set, the transmission
unit 23 outputs the first address to the ROM 3 without converting and executes a
processing of instructing the ROM 3 to read data designated by the first address.
[0061] In a state where the instruction to read the control data designated by the
first address is received from the CPU 1, if there is a valid data set and the first
address is not included in the range designated by the range information included in
the valid data set, the transmission unit 23 outputs the first address to the ROM 3
without converting and executes a processing of instructing the ROM 3 to read data
designated by the first address.

[0062] In the data access control unit 2, a function other than a storage element

storing the data set may be realized by either hardware or software.
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[0063] FIG. 3 is a flowchart illustrating an operation of the data access control
unit 2 of the MCU 100 illustrated in FIG. 1.

[0064] When an event signal is output from the peripheral circuit in the MCU 100,
the event signal is input to the CPU 1 and the data access control unit 2.

[0065] When the CPU 1 receives the event signal, in order to start executing this
arithmetic processing sequence, the CPU 1 transmits the first address of the control
data used in another arithmetic processing sequence to the data access control unit 2.
[0066] When the data access control unit 2 receives the event signal (step S1), the
data access control unit 2 sets the enable bit in the necessary data set among all of the
data sets based on the event signal and maintains the enable bit in a reset state in the
other data sets (step S2).

[0067] After step S2, the data access control unit 2 receives the first address from
the CPU 1 (step S3) and determines whether there is the valid data set in which the
enable bit is valid (step S4).

[0068] When there is the valid data set (YES in step S4), the data access control
unit 2 compares the range designated by the range information included in the valid
data set to the first address received in step S3 and determines whether there is the
valid data set in which the first address falls in the range (step S5).

[0069] When there is the valid data set in which the first address falls in the range
designated by the range information (YES in step S5), the data access control unit 2
transmits the converted address included in the valid data set to the ROM 3 and
instructs the ROM 3 to read the control data designated by the converted address (step
S6).

[0070] When there are the plurality of valid data sets in which the first address
falls in the range designated by the range information, the data access control unit 2
determines priority decided in advance for the plurality of valid data sets and executes
the processing of step S6 in sequence from the valid data set with higher priority.
[0071] According to the processing of step S6, the CPU 1 can read the control
data present at the second address while executing the processing of designating the

first address, and thus can execute the arithmetic processing using the control data.
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[0072] When there is no valid data set (NO in step S4) or when there is the valid
data set but there is no valid data set in which the first address falls in the range
designated by the range information (NO in step S5), the data access control unit 2
transmits the first address received from the CPU 1 to the ROM 3 without converting
and instructs the ROM 3 to read the control data designated by the first address (step
S7).

[0073] As described above, in the MCU 100, the CPU 1 can refer to another
control data in accordance with an occurrence situation of the event signal without
converting the address of the ROM 3 designated by the CPU 1. According to this
configuration, the power control can be changed at a high speed since it is not
necessary to use interrupt processing, DMA transmission, or the like.

[0074] The MCU 100 can realize the power control with high precision at a low
cost since many pieces of control content can be realized even with the small number
of programs.

[0075] FIG. 4 is a schematic diagram illustrating a schematic configuration of an
MCU 200 according to a second embodiment of this disclosure.

[0076] The MCU 200 illustrated in FIG. 4 has the same configuration as the MCU
100 except that the CPU 1 is changed to a CPU 1A and the data access control unit 2
1s omitted.

[0077] FIG. 5 is a schematic diagram illustrating an internal configuration of the
CPU 1A of the MCU 200 illustrated in FIG. 4.

[0078] The CPU 1A includes a processor 11 functioning as an arithmetic
processing unit, a data access control unit 12, and a memory unit 13 functioning as a
data storage unit. They are integrated on one chip.

[0079] The processor 11 executes an arithmetic processing by executing a
program loaded on the RAM 7 and reads control data necessary for the arithmetic
processing from the memory unit 13 to use the control data.

[0080] The memory unit 13 includes a register group 131, a register group 132, a
register group 133, and a register group 134. The memory unit 13 may include at

least one register group.

10
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[0081] Each of the register groups 131 to 134 is configured to include a total of
sixteen registers, registers RO to R15.

[0082] A register number for identifying the register and a bank number for
identifying the register group to which the register belongs are allocated to each of the
registers RO to R15.

[0083] Control data which is referred to in an arithmetic processing sequence are
loaded from the ROM 3 to be stored in each of the registers included in each of the
register groups 131 to 134.

[0084] The register number and the bank number allocated to each of the registers
of an arbitrary register group serve as information indicating a storage location of the
control data stored in this register.

[0085] If an instruction to read the control data from the register designated by a
first register number and a first bank number (corresponding to a first address)
allocated to an arbitrary register in the register group 131 is received from the
processor 11, the data access control unit 12 selectively executes: a processing of
instructing the memory unit 13 to read the control data from the register designated by
the first register number and the first bank number; and a processing of instructing the
memory unit 13 to read the control data designated by a register number and a bank
number (corresponding to a second address) of a register associated with the first
register number and different from the register with the first register number, based on
an event signal input from each peripheral circuit of the peripheral circuit unit 4.
[0086] FIG. 6 is a schematic diagram illustrating an internal configuration of the
data access control unit 12 of the MCU 200 illustrated in FIG. 4.

[0087] The data access control unit 12 includes an event signal selector 121, n
enable bit editors 122-1 to 122-n (where n is an integer equal to or greater than 2), and
a transmission unit 123.

[0088] The event signals output from the peripheral circuits are input to the event
signal selector 121. The event signal selector 121 selects the event signals which is
necessary to change arithmetic processing sequences executed by the processor 11

among the input event signals and inputs the selected event signals to the respective

11
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enable bit editors 122-1 to 122-n.

[0089] The transmission unit 123 stores at least one data set (in the example of
FIG. 6, (4xn) data sets) in which enable bits, group specifying information indicating
a range of register numbers of the registers included in an arbitrary group in a case of
sixteen registers included in the register group 131 are arranged in a number order and
are classified into n groups, and converted access information, which includes register
numbers of the registers other than the arbitrary group and bank numbers of the
register group to which the registers belong, are associated with each other.

[0090] The transmission unit 123 is configured to include a register or a memory
such as a ROM storing the data set.

[0091] The enable bit included in the data set is denoted by "EB" in FIG. 6. One
of information indicating "validity" and information indicating "invalidity" can be
written into the enable bit.

[0092] The group specifying information included in the data set is denoted by a
combination of "BGN_*" and "END_*" (where * corresponds to 0 to n) in FIG. 6.
[0093] "BGN_*" included in each data set indicates a minimum value of the
register numbers of the registers included in the group, and "END _ *" indicates a
maximum value of the register numbers of the registers included in the group. The
sign "*" is given for convenience to distinguish information and does not mean the
above-described register number.

[0094] A total data amount of control data stored in all of the registers of the
groups indicated by the group specifying information included in each data set is, for
example, approximately 1-digit byte equal to or greater than 2 bytes and equal to or
less than 4 bytes.

[0095] The converted access information included in the data set is denoted by
"R# NEW_@" (where (@ corresponds to 0 to 3, 10 to 13, and n0O to n3) and
"B# NEW_(@" (where @) corresponds to 0 to 3, 10 to 13, and nO to n3) in FIG. 6.
[0096] "R# NEW_$" indicates a specific register number and "B# NEW §"
indicates a specific bank number (where $ corresponds to 0 to 3, 10 to 13, and nO to

n3). The sign "$" is given for convenience to distinguish information and does not
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mean the above-described register number or bank number.

[0097] The transmission unit 123 stores n groups 123-1 to 123-n which
respectively include four data sets.

[0098] In the four data sets included in each group, the group specifying
information is the same and the converted access information is different. The group
specifying information of the data set included in each of the groups 123-1 to 123-n
all serves information indicating groups which do not overlap.

[0099] The enable bit editors 122-1 to 122-n are installed to correspond to the
groups 123-1 to 123-n, respectively. That is, the enable bit editor 122-1 corresponds
to the group 123-1, the enable bit editor 122-2 corresponds to the group 123-2, ..., and
the enable bit editor 122-n corresponds to the group 123-n.

[0100] Each of the enable bit editors 122-1 to 122-n sets or resets the enable bits
included in four data sets of the corresponding group based on the event signals input
from the event signal selector 121.

[0101] In the enable bit editors 122-1 to 122-n, it is possible to arbitrarily set
information indicating the data set, in which the enable bits are set or reset, in
response to input a certain event signal.

[0102] In a state where an instruction to read the control data designated by the
first register numbers and the first bank numbers allocated to the registers belonging
to the register group 131 is received from the processor 11, if there is a data set in
which the enable bits are set to be valid (hereinafter also referred to as valid data bits)
and the first register number is included in the range of the register numbers of the
group designated by the group specifying information included in the valid data set,
the transmission unit 123 outputs the converted access information included in the
valid data set to the memory unit 13 and executes a processing of instructing the
memory unit 13 to read the control data designated by the converted access
information.

[0103] In a state where the instruction to read the control data designated by the
first register number and the first bank number is received from the processor 11, if

there is no valid data set, the transmission unit 123 outputs the first register number
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and the first bank number to the memory unit 13 without converting and executes a
processing of instructing the memory unit 13 to read the control data designated by
the first register number and the first bank number.

[0104] In a state where the instruction to read the control data designated by the
first register number and the first bank number is received from the processor 11, if
there is a valid data set and the first register number is not included in the range of the
register numbers of the group designated by the group specifying information
included in the valid data set, the transmission unit 123 outputs the first register
number and the first bank number to the memory unit 13 without converting and
executes a processing of instructing the memory unit 13 to read the control data
designated by the first register number and the first bank number.

[0105] In the data access control unit 12, a function other than a storage element
storing the data set may be realized by either hardware or software.

[0106] FIG. 7 is a flowchart illustrating an operation of the data access control
unit 12 of the MCU 200 illustrated in FIG. 4.

[0107] When an event signal is output from the peripheral circuit in the MCU 200,
the event signal is input to the processor 11 and the data access control unit 12.
[0108] When the processor 11 receives the event signal, in order to start executing
this arithmetic processing sequence, the processor 11 transmits the first register
number of the register storing the control data used in another arithmetic processing
sequence to the data access control unit 12.

[0109] When the data access control unit 12 receives the event signal (step Sla),
the data access control unit 12 sets the enable bit in the necessary data set among all
of the data sets based on the event signal and maintains the enable bit in a reset state
in the other data sets (step S2a).

[0110] After step S2a, the data access control unit 12 receives the first register
number and the first bank number from the processor 11 (step S3a) and determines
whether there is the valid data set in which the enable bit is valid (step S4a).

[0111] When there is the valid data set (YES in step S4a), the data access control

unit 12 compares the range of the register numbers of the group designated by the
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group specifying information included in the valid data set to the first register number
received in step S3a and determines whether there is the valid data set in which the
first register number falls in the range (step S5a).

[0112] When there is the valid data set in which the first register number falls in
the range (YES in step S5a), the data access control unit 12 transmits the converted
access information included in the valid data set to the memory unit 13 and instructs
the memory unit 13 to read the control data designated by the converted access
information (step S6a).

[0113] When there are the plurality of valid data sets in which the first register
number falls in the range, the data access control unit 12 determines priority decided
in advance for the plurality of valid data sets and executes the processing of step S6a
in sequence from the valid data set with higher priority.

[0114] According to the processing of step S6a, the processor 11 can read the
control data stored in the different register from the register with the first register
number while executing the processing of designating the first register number of an
arbitrary register of the register group 131, and thus can execute the arithmetic
processing using the control data.

[0115] When there is no valid data set (NO in step S4a) or when there is the valid
data set but there is no valid data set in which the first register number falls in the
range (NO in step S5a), the data access control unit 12 transmits the first register
number and the first bank number received from the processor 11 to the memory unit
13 and instructs the memory unit 13 to read the control data designated by the first
register number and the first bank number (step S7a).

[0116] As described above, in the MCU 200, the processor 11 can refer to another
control data in accordance with an occurrence situation of the event signal without
converting the storage location (at least one of the bank number and the register
number) of the control data of the memory unit 13 designated by the processor 11.
In this configuration, the power control can be changed at a high speed since it is not
necessary to use interrupt processing, DMA transmission, or the like.

[0117] The MCU 200 can realize the power control with high precision at a low
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cost since many pieces of control content can be realized even with the small number
of programs.

[0118] The MCU 100 and the MCU 200 execute the power control by controlling
a switching element in a switching power device. For example, the present
disclosure can also be similarly applied to a micro controller unit that controls, for
example, an alternator-regulator switching element.

[0119] The MCU 100 and the MCU 200 may include a dedicated event output
processor that outputs an event signal according to an operation state of another
peripheral circuit or an operation state of a CPU or a DSP as a peripheral circuit.
[0120] For example, the event output processor outputs an event signal to the
event bus 6 based on an event signal output from some of the above-described
peripheral circuits. Specifically, the event output processor outputs an event signal
when it is determined that an event signal is repeatedly output from the comparator.
[0121] The event output processor may monitor a progress of an arithmetic
processing in an arithmetic processing sequence executed by the CPU 1 or the CPU
1A and may output an event signal to the event bus 6 when a progress situation
satisfies a predetermined condition.

[0122] The cases in which the CPU 1 and the CPU 1A read the control data have
been described above. However, the present disclosure can also be applied to a case
in which the DSP 44 executes a program and reads control data used for an arithmetic
processing based on the program from a register group in the ROM 3 or the DSP 44.
In this case, the DSP 44 functions as an arithmetic processing unit.

[0123] The specific embodiment of the present disclosure has been described
above, but the embodiment is merely an example and can, of course, be modified in
the scope of the present disclosure without departing from the gist of the present
disclosure. For example, in the above description, a case where reading address is
converted and reading from the data storage unit is performed is described. However,
this disclosure is not limited thereto. That is, writing address can be converted and
writing to the data storage unit can be performed.

[0124] As described above, the following factors are disclosed in the present
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specification.

[0125] According to this disclosure, a micro controller unit capable of controlling
a power conversion device includes: an arithmetic processing unit that executes an
arithmetic processing based on a program; a data storage unit that stores data used in
the arithmetic processing; a peripheral circuit unit that outputs an event signal, which
is a trigger for start of the arithmetic processing by the arithmetic processing unit,
based on an operation state; and a data access control unit, wherein, when an
instruction to access the data designated by a first address is received from the
arithmetic processing unit, the data access control unit selectively executes,
depending on the event signal input from the peripheral circuit unit: a processing of
instructing the data storage unit to access data designated by the first address
indicating a storage location of the data on the data storage unit; and a processing of
processing of converting the first address and instructing the data storage unit to
access data designated by a second address, which is associated with the first address
and is different from the first address.

[0126] In the above-described micro controller unit, the data access control unit
may stores at least one of data sets in which range information indicating a range of
storage locations of data on the data storage unit and an address indicating a storage
location out of the range are associated, and wherein the data access control unit sets
the data set to be valid or invalid based on the event signal, wherein if there is the data
set which is set to be valid and the first address is included in a range based on the
range information included in the data set which is set to be valid, the data access
control unit executes the processing of processing of converting the first address and
instructing the data storage unit to access data designated by the second address by
using the address included in the data set as the second address.

[0127] In the above-described micro controller unit, a capacity of the data in the
range indicated by the range information included in the data set may be equal to or
greater than 2 bytes and equal to or less than 4 bytes.

[0128] In the above-described micro controller unit, the data storage unit may be

configured by a memory, which is provided outside a chip including the arithmetic
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processing unit and is connected to the arithmetic processing unit via a bus.

[0129] In the above-described micro controller unit, the data storage unit may be
configured by a register, which provided inside a chip including the arithmetic
processing unit.

[0130] In the above-described micro controller unit, the peripheral circuit unit
may include a comparator, and the comparator may output the event signal based on a
comparison result of a plurality of input signals.

[0131] In the above-described micro controller unit, the peripheral circuit unit
may include an event output processor that outputs the event signal based on event

signals output from other circuit of the peripheral circuit unit.
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What i1s claimed is:

1. A micro controller unit capable of controlling a power conversion device,
comprising:

an arithmetic processing unit that executes an arithmetic processing based
on a program,;

a data storage unit that stores data used in the arithmetic processing;

a peripheral circuit unit that outputs an event signal, which is a trigger for
start of the arithmetic processing by the arithmetic processing unit, based on an
operation state; and

a data access control unit,

wherein, when an instruction to access the data designated by a first
address is received from the arithmetic processing unit, the data access control unit
selectively executes, depending on the event signal input from the peripheral circuit
unit:

a processing of instructing the data storage unit to access data
designated by the first address indicating a storage location of the data on
the data storage unit; and

a processing of processing of converting the first address and
instructing the data storage unit to access data designated by a second
address, which is associated with the first address and is different from

the first address.

2. The micro controller unit according to claim 1,
wherein the data access control unit stores at least one of data sets in which
range information indicating a range of storage locations of data on the data storage
unit and an address indicating a storage location out of the range are associated, and
wherein the data access control unit sets the data set to be valid or invalid
based on the event signal,

wherein if there is the data set which is set to be valid and the first address
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is included in a range based on the range information included in the data set which is
set to be valid, the data access control unit executes the processing of processing of
converting the first address and instructing the data storage unit to access data
designated by the second address by using the address included in the data set as the

second address.

3. The micro controller unit according to claim 2,
wherein a capacity of the data in the range indicated by the range
information included in the data set is equal to or greater than 2 bytes and equal to or

less than 4 bytes.

4. The micro controller unit according to claim 1,
wherein the data storage unit is configured by a memory, which is provided
outside a chip including the arithmetic processing unit and is connected to the

arithmetic processing unit via a bus.

5. The micro controller unit according to claim 1,
wherein the data storage unit is configured by a register, which is provided

inside a chip including the arithmetic processing unit.

6. The micro controller unit according to claim 1,
wherein the peripheral circuit unit includes a comparator, and
wherein the comparator outputs the event signal based on a comparison

result of a plurality of input signals.

7. The micro controller unit according to claim 1,
wherein the peripheral circuit unit includes an event output processor that
outputs the event signal based on event signals output from other circuit of the

peripheral circuit unit.
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ABSTRACT

A micro controller unit includes an arithmetic processing unit that executes
an arithmetic processing; a peripheral circuit unit that outputs an event signal, which
is a trigger for start of the arithmetic processing, based on an operation state; and a
data access control unit. When an instruction to access the data designated by the
first address is received from the arithmetic processing unit, the data access control
unit selectively executes, depending on the event signal input from the peripheral
circuit unit: a processing of instructing the data storage unit to access data designated
by a first address indicating a storage location of the data on the data storage unit; and
a processing of processing of converting the first address and instructing the data
storage unit to access data designated by a second address, which is associated with

the first address and is different from the first address.

21

PATENT
REEL: 041761 FRAME: 0263



1NdNI TYNONIS OOTVNY

>

LNd1NO WMd — —
Gy oY W-g I-§p A Vb
oA 2 Sy S v il 9
d3NIL HOLVYVd |, | ¥OLVdVd ¥313ANOD
W dsa o 0D T HIWIL
@ A A A
w y \ Y y A
LINA TOMINOD
Wvd WO 8390V v1va € Ndo
S S S
L o |
NOW
f
001

LIl

PATENT
REEL: 041761 FRAME: 0264



u-¢¢

(A4

|-€¢

u-¢¢

w

(L3S3y/L3s)

d011a3

119 379VN3

l—

¢-¢t -

&

(L3s3y/138)

d011a3

119 378VN3

(1383¥/13S)

d011d3

119 319VN3

¢U M3N ¥aav | U ANT ¥aav |V NOg ¥aavy| €3
¢U MIN ¥Aav |V aNT ¥aav |V NOg ¥adav| €3
LU M3N ¥aav | U aN3 ¥aay | U Nog ¥aav| 83
0U M3IN ¥aav | Y aN3 ¥aav | U NOd ¥aav| 93
€L M3N ¥aav | | ONJ ¥aav| | Nod daav| €3
¢l M3N ¥aav | L ON3 ¥aav | L Nog ¥aav| €3
Ll M3N ¥aav | L ONJ ¥aav | | Nog ¥aav| €3
0L M3IN ¥aQv | 1 N3 ¥aav | | Nog ¥aav| €3
€0 M3IN ¥aav | 0 ONJ ¥aav | 0 NOg ¥aav| €3
20 MIN ¥AAv | 0 NJ ¥aav | 0 NOg ¥aay| 83
10 M3N ¥aayv | 0 ANJ ¥aav | 0 Nog ¥aav| €3
00 M3N ¥aav | 0 ANJ ¥aav | 0 Nod ¥aav| €3
14

LIC

A

d010313S
TVYNOIS
IN3JAL

)

l-¢¢

¢ Ol

INVOIS IN3AT

PATENT
REEL: 041761 FRAME: 0265



FIG. 3 a0

( START )

A 4

RECEIVE EVENT SIGNAL

—S51

UPDATE ENABLE BIT
BASED ON EVENT SIGNAL

82

A 4

RECEIVE FIRST ADDRESS

IS THERE
DATA SET IN WHICH

ENABLE BIT IS VALID?

IS THERE
VALID DATA SET IN WHICH

NO

FIRST ADDRESS FALLS
IN RANGE?

VES S6 ‘ S7
OUTPUT CONVERTED ADDRESS OF OUTPUT FIRST ADDRESS TO
CORRESPONDING VALID DATASETTO ROM 3 AND INSTRUCT TO
ROM 3 AND INSTRUCT TO READ READ (ACCESS) CONTROL
(ACCESS) CONTROL DATA DATA DESIGNATED BY
DESIGNATED BY CONVERTED ADDRESS FIRST ADDRESS
Y
END
PATENT

REEL: 041761 FRAME: 0266



1NdNI TYNONIS DOTVNY
A

1NdLNO AMd - N
14174 1474 w-¢gy | - €Y A A7
[ n il S v i 9
H3ANIL dOlvdvd | ,,, | HOLvdvd Y313ANOD
NMd dsd oo “NOD av d3NIL
9
AW \ 4 A
AVYH WOY Ndd
5 : S
L £ Vi
NOW
v Ol4

Ly

PATENT
REEL: 041761 FRAME: 0267



Y

(Skd-0d)| || (shu-0d)| ||| (shy-0u)| ||| (Sha-0d)| |, LINN TOXLNOD)| HOSSIO0M
y3LSI93Y | Y| ¥3Lsoay | Y ¥aLrsoay | 4| ¥aLsoay S8392v v1vd
3 3 3 3 5 1 5%
vEl ecl €l 1€l 4 b
9
¢l
Nd9
f
vi TYNDIS LNIAT
G 94

LIS

PATENT
REEL: 041761 FRAME: 0268



u-g¢l

¢-¢cl

| -€¢l

u-¢2cl

f

(13s3Yy/13S)

¥0l11a3

1189 3719VN3

l—

¢-acl -

&

(13S3y/139)

d011a3

119 3719VYN3

(13S3¥/139)

¥011a3

118 319VN3

L9

€ MIN #8 U MIN#Y uan3 uNog a3

|, | TMIN#E'ZU MIN#Y U'aN3 U'NOg g3
I MaN#g LU MAN &Y U"gnN3 U Nogd a3

0 MIN“#g'0U MaN # U an3 u N9g g3

€ MIN #9° € MaN#y e E| I NOg a3

., Z MIN #9 2 MaN #Y | ON3 I NOg a3
L MAN #E' L MAN B } N3 | Nog a3

0 MaN#9' 0F MaN #d I aN3 I NOg g3

€ MIN #9'€ MaN &Y 0 aN3 0 Nog g4

- Z M3aN #9'¢ MaN # 0 aN3 0 Nog g3
I M3aN #9'L MaN #d 0 N3 0 Nog g4

0 M3IN #8°0 MaN #Y 0 aN3 0 N9g g4

gcl

d010313S
TVYNOIS
IN3AS

)

l -¢cl

el

9 94

INVOIS LN3AT

PATENT
REEL: 041761 FRAME: 0269



FIG. 7 7’7

( START )

y

RECEIVE EVENT SIGNAL

| _S1a

y
UPDATE ENABLE BIT
BASED ON EVENT SIGNAL

| _ S2a

\ 4
RECEIVE BANK NUMBER
AND REGISTER NUMBER

S4a

L _S3a

IS THERE

DATA SET IN WHICH NO

NABLE BIT IS VALID?

YES
S5a

IS THERE
VALID DATA SET

NO

IN WHICH REGISTER NUMBER
FALLS IN RANGE?

S6a S7a
YES ~ ’
OUTPUT BANK NUMBER AND OUTPUT RECEIVED BANK
REGISTER NUMBER CORRESPONDING NUMBER AND REGISTER
TO REGISTER RANGE TO MEMORY NUMBER TO MEMORY UNIT 13
UNIT 13 AND INSTRUCT TO READ AND INSTRUCT TO READ
(ACCESS) CONTROL DATA (ACCESS) CONTROL DATA
Y
END
PATENT

RECORDED: 02/17/2017

REEL: 041761 FRAME: 0270



