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(57) ABSTRACT

A logic circuit for board power-supply evaluation to be
incorporated into a logic device loaded on a product board
includes a circuit that simulates an operation of the logic
device so that utilization rate is variable at an arbitrary
frequency by use of a predetermined circuit in all available
logic elements of the logic device; a circuit that judges
normality/abnormality of an operation of the operation
simulation circuit; a utilization control circuit that varies and
controls utilization rate of the logic device by controlling
execution of an operation of the operation simulation circuit
based on a judgement result of the operation judgement
circuit and sets a utilization rate when the operation simu-
lation circuit is instructed to stop the operation; and a
utilization output circuit that outputs the judgement result of
the operation judgement circuit and the utilization rate set by
the utilization control circuit to the outside.
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LOGIC CIRCUIT FOR BOARD POWER-SUPPLY
EVALUATION AND BOARD POWER-SUPPLY
EVALUATING METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a logic circuit for
board power-supply evaluation and a board power-supply
evaluating method for evaluating power-supply system of a
printed circuit board loaded with a rewritable semiconductor
integrated circuit device (hereinafter, “logic device”) such as
a field programmable gate array (FPGA).

[0003] 2. Description of the Related Art

[0004] Logic devices to be loaded on printed circuit
boards (hereinafter, “product boards™) used in electronic
apparatuses such as communications apparatuses, informa-
tion apparatuses, and control apparatuses includes sequential
circuits and combinational circuits, wiring areas/wiring
switches, and the like, and by connecting those in combi-
nation, various functions according to the respective appa-
ratuses have been realized.

[0005] Meanwhile, recently, there has been considerable
increase in the scale (multiple pins) and reduction in
required voltage of logic devices. As a result, in the product
boards loaded with those logic devices, there have been
reported occurrence of malfunction, such as an operation
reset of the logic device or an abnormal output signal, due
to voltage drop or ripple, a high-frequency noise (hereinaf-
ter, “power-supply system noise”), or the like. Therefore,
when designing a power-supply system of a product board,
power consumption of a logic device to be loaded is either
calculated or predicted, and based on that data, capacitance,
arrangement, and the like of a power-supply circuit and a
bypass capacitor element are designed.

[0006] As the method for calculating or predicting the
power consumption of a logic device, conventionally, a
method for calculation by emulating a logic circuit incor-
porated in a product board by use of a dedicated evaluation
device, which includes an emulator, a power unit, and a
measuring unit (for example, Patent Document 1), has been
employed.

[0007] Patent Document 1: Japanese Published Unexam-
ined Patent Application No. 2001-222561

[0008] However, despite designing of a product board by
estimating the power consumption of the logic device by
logic simulation after a detailed design of a logic circuit as
in the above, is was not possible to prevent the occurrence
of the malfunction mentioned above.

[0009] For identifying the cause of occurrence of the
malfunction, although it is necessary to distinguish whether
there is a problem in a power-supply design of a product
board or in a board circuit design such as timing, this is not
easy. Moreover, although there is a method for evaluating a
logic device alone by use of an evaluation board, there is no
method for evaluating a power-supply system in operation
of a logic device that has been loaded on a product board,
namely, a logic device programmed so as to realize a
function of an electronic apparatus to be applied.

SUMMARY OF THE INVENTION

[0010] Tt is an object of the present invention to at least
solve the problems in the conventional technology.
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[0011] According to an aspect of the present invention, a
logic circuit for board power-supply evaluation includes an
operation simulation circuit that simulates an operation of a
logic device so that a utilization rate is variable at an
arbitrary frequency by use of a predetermined circuit in all
available logic elements of the logic device that is a rewrit-
able semiconductor integrated circuit device loaded on a
printed circuit board of an electronic apparatus and used for
incorporating a function of the electronic apparatus; an
operation judgement circuit that judges normality/abnormal-
ity of operation of the operation simulation circuit; a utili-
zation control circuit that controls the utilization rate of the
logic device by controlling execution of an operation of the
operation simulation circuit based on a judgement result of
the operation judgement circuit and sets a utilization rate
when the operation simulation circuit is instructed to stop
the operation; and a utilization output circuit that outputs to
outside the judgement result of the operation judgement
circuit and the utilization rate set by the utilization control
circuit.

[0012] According to another aspect of the present inven-
tion, a board power-supply evaluating method includes
setting a logic scale of a logic device that is a rewritable
semiconductor integrated circuit device used for incorporat-
ing a function of an electronic apparatus; generating an
operation simulation circuit that simulates, according to the
logic scale, an operation of the logic device so that a
utilization rate is variable at an arbitrary frequency by use of
a[ |predetermined circuit in all available logic elements in
the logic scale; an operation judgement circuit that judges
normality/abnormality of an operation of the operation
simulation circuit; a utilization control circuit that varies and
controls utilization rate of the logic device by controlling
execution of an operation by the operation simulation circuit
based on a judgement result of the operation judgement
circuit and sets a utilization rate when the operation simu-
lation circuit is instructed to stop the operation; and a
utilization output circuit that outputs the judgement result of
the operation judgement circuit and the utilization rate set by
the utilization control circuit to the outside; incorporating
generated circuits into the logic device loaded on a printed
circuit board of the electronic apparatus; and operating the
logic circuit for board power-supply evaluation in the logic
device where the same has been incorporated and evaluating
a power-supply system of the printed circuit board based on
an obtained existence of an abnormal operation and a
utilization rate according thereto.

[0013] The above and other objects, features, advantages
and technical and industrial significance of this invention
will be better understood by reading the following detailed
description of presently preferred embodiments of the inven-
tion, when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a block diagram of a logic circuit for
board power-supply evaluation according to a first embodi-
ment of the present invention;

[0015] FIG. 2 is a detailed circuit diagram of a first
configuration example (basic configuration example) of an
operation simulation circuit shown in FIG. 1;



US 2007/0080706 Al

[0016] FIG. 3 is a detailed circuit diagram of a second
configuration example (dividing/grouping configuration
example) of the operation simulation circuit shown in FIG.
1;

[0017] FIG. 4 is a detailed circuit diagram of a configu-
ration example of an operation judgement circuit shown in
FIG. 1,

[0018] FIG. 5 is a detailed circuit diagram of a utilization
control circuit shown in FIG. 1;

[0019] FIG. 6 is a flowchart for explaining processing
procedure for evaluating the power-supply system of a
product board by use of the logic circuit shown in FIG. 1;

[0020] FIG. 7 is a block diagram of a logic circuit for
board power-supply evaluation according to a second
embodiment of the present invention;

[0021] FIG. 8 is a detailed circuit diagram of a first
configuration example (basic configuration example) of an
operation simulation circuit shown in FIG. 7; and

[0022] FIG. 9 is a detailed circuit diagram of a second
configuration example (dividing/grouping configuration
example) of the operation simulation circuit shown in FIG.
7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] Exemplary embodiments of a logic circuit for
board power-supply evaluation and a board power-supply
evaluating method according to the present invention will be
explained in detail with reference to the accompanying
drawings.

[0024] FIG. 1 is a block diagram of a logic circuit 1 for
board power-supply evaluation according to a first embodi-
ment of the present invention. The logic circuit 1 can be
incorporated into a logic device loaded on a product board.
The logic circuit 1 includes an operation simulation circuit
2, an operation judgement circuit 3, a utilization control
circuit 4, a utilization output circuit 5, and a clock generation
circuit 6.

[0025] The clock generation circuit 6 supplies a clock
signal to the operation simulation circuit 2. Moreover, the
clock generation circuit 6 supplies a clock signal to the
operation judgement circuit 3 or the like if necessary. The
clock generation circuit 6 includes, for example, a PLL
control circuit (phase-locked loop) provided for the logic
device. The clock generation circuit 6 can supply a clock
signal, which is obtained by changing an arbitrary fre-
quency, to at least the operation simulation circuit 2.

[0026] The operation simulation circuit 2 can have a
configuration as shown in FIG. 2 (first configuration
example) and FIG. 3 (second configuration example) for
sequential circuits (FFs: flip-flops) in all available logic
elements of the logic device in the first embodiment. The
operation simulation circuit 2 can carry out an operation
simulation while varying utilization rate of the logic device
by executing a simulation operation at an arbitrary fre-
quency, which is carried out by giving a clock signal from
the clock generation circuit 6 to the respective sequential
circuits in a predetermined order, according to control
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signals for an operation permission and for an operation stop
inputted from the utilization control circuit 4.

[0027] The operation judgement circuit 3 is configured as
shown in, for example, FIG. 4. The operation judgement
circuit 3 judges normality/abnormality of the simulation
operation based on an output result from the operation
simulation circuit 2, and notifies the utilization control
circuit 4 and utilization output circuit 5 of a result of the
judgement.

[0028] The utilization control circuit 4 is configured as
shown in, for example, FIG. 5. The utilization control circuit
4 monitors the judgement result of the operation judgement
circuit 3, and executes utilization rate control of the logic
device by carrying out control to increase the utilization rate
from O percent toward 100 percent by continuously giving a
control signal for an operation permission to the operation
simulation circuit 2 during a time of “operation normality,”
and giving, if the utilization rate reaches 100 percent without
occurrence of an operation abnormality, a control signal for
an operation stop to the operation simulation circuit 2 at that
point in time so as to hold and output the utilization rate of
100 percent, while giving, if an “operation abnormality”
occurs in midstream, a control signal for an operation stop
to the operation simulation circuit 2 at that point in time so
as to hold and output the utilization rate equal to or less than
100 percent at that time.

[0029] The utilization output circuit 5 monitors the judge-
ment result of the operation judgement circuit 3, and out-
puts, if no operation abnormality occurs at all, the utilization
rate of 100 percent retained and outputted by the utilization
control circuit 4, and, if an operation abnormality occurs in
midstream, the utilization rate equal to or less than 100
percent retained and outputted by the utilization control
circuit 4 at that point in time, to the outside in an identifiable
manner, respectively.

[0030] At this time, usually, in a logic device to be loaded
on a product board, it is difficult to secure output pins
dedicated for a logic circuit for board power-supply evalu-
ation according to the present invention. Therefore, in the
present embodiment, the utilization output circuit 5 outputs
the utilization rate after converting the same to an output
mode tailored to the number of pins that can be secured. For
example, when the number of output pins that can be
secured is one although the utilization control circuit 4
outputs the utilization rate in a parallel form, the utilization
rate is made into one signal by a serial conversion.

[0031] FIG. 2 is a detailed circuit diagram of a first
configuration example (basic configuration example) of the
operation simulation circuit 2 as an operation simulation
circuit 2a. The operation simulation circuit 2a includes N,
where N is a positive integer, series connected sequential
circuits FF_1 to FF_N, which are all the available logic
elements of the logic device. An output bit of first sequential
circuit FF_1 is input, in an inverted manner, to a data input
terminal of the first sequential circuit FF. Moreover, clock
input terminals of the sequential circuits FF_1 to FF_N are
connected to a clock line. If a control signal Enable from the
utilization control circuit 4 indicates an operation permis-
sion, the operation simulation circuit 2a can supply a clock
signal DATA_CLK from the clock generation circuit 6 to the
clock line.

[0032] When the control signal Enable from the utilization
control circuit 4 indicates an operation permission, because
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the N sequential circuits FF_1 to FF_N alternately transmit
bit 1 and bit 0 in turn according to the clock signal
DATA_CILK, this operates in synchronization with a period
(frequency: F/2) twice as long as that of the clock signal
DATA_CIK (frequency: F). When an operation abnormality
occurs in any sequential circuit, the bit 1 or bit 0 is
consecutively outputted. Thereby, in the operation simula-
tion circuit 2a, an operation of the logic device can be
simulated.

[0033] As shown in FIG. 2, for making it possible to
change the utilization rate in a configuration where all
sequential circuits in all available logic elements of the logic
device are connected in series, it is basically sufficient to
supply the clock signal DATA_CLK to each of all sequential
circuits individually. A further practical configuration
example where the utilization rate can be changed is shown
in FIG. 3.

[0034] FIG. 3 is a detailed circuit diagram of a second
configuration example (dividing/grouping configuration
example) of the operation simulation circuit 2 as an opera-
tion simulation circuit 254. In the operation simulation circuit
2b, sequential circuits in all the available logic elements of
the logic device are divided into a plurality of groups 241 to
2aN, where N is a positive integer. The sequential circuits in
each group are connected in the same manner as in the
operation simulation circuit 2a. The clock signal DATA-
_CLK from the clock generation circuit 6 is input into the
clock line of each group. Moreover, operation control is
carried out according to control signals for an operation
permission and for an operation stop inputted from the
utilization control circuit 4. With such a configuration, a
simulation operation while varying utilization rate of the
logic device can be effectively executed.

[0035] FIG. 4 is a detailed circuit diagram of a configu-
ration example of the operation judgement circuit 3. The
operation judgement circuit 3 includes a sequence circuit
(FF_A) 3a and a sequence circuit (FF_B) 354, which are
connected in series, and an exclusive OR circuit 3¢. A clock
signal DATA_CLK from the clock generation circuit 6 is
supplied to the clock input terminals of the sequential circuit
(FF_A) 3a and the sequence circuit (FF_B) 3b. A signal
output from the operation simulation circuit 2 is input into
a data input terminal of the sequential circuit (FF_A) 3a. A
data bit output from the sequential circuit (FF_A) 3a is input
into both the sequential circuit (FF_B) 356 and the exclusive
OR circuit 3c. A data bit output from the sequential circuit
(FF_B) 3b is also input into the exclusive OR circuit 3c.

[0036] When the operation simulation circuit 2 is normally
operating, because one of the two inputs into the exclusive
OR circuit 3¢ is bit 1 and the other is 0, the exclusive OR
circuit 3¢ consecutively outputs bit 0. On the other hand, if
the operation simulation circuit 2 performs an abnormal
operation, because the two inputs into the exclusive OR
circuit 3¢ both result in bit 1 or bit 0, the exclusive OR
circuit 3¢ consecutively outputs bit 1 at a point in time where
the abnormal operation has occurred. Thereby, in the opera-
tion judgement circuit 3, whether the operation simulation
circuit 2 is normally operating or an abnormal operation has
occurred can be judged.

[0037] The operation judgement circuit 3 shown in FIG. 4
can be used in combination with the operation simulation
circuit 2a shown in FIG. 2. An operation judgement circuit
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that can be used in combination with the operation simula-
tion circuit 2b shown in FIG. 3 can be configured in a similar
manner. In other words, because the N groups 2al to 2aN
operate in order, an operation judgement circuit that can be
used in combination with the operation simulation circuit 254
can be obtained by adding an OR circuit into which respec-
tive outputs from the groups 2al to 2aN are inputted.

[0038] FIG. 5 is a detailed circuit diagram of the utiliza-
tion control circuit 4. The utilization control circuit 4
includes a counter 4a that gives utilization rate of the
operation simulation circuit 2 and a decoder 45 that outputs
the control signal Enable. Here, a case where the operation
simulation circuit 2 is the operation simulation circuit 25
shown in FIG. 3 will be explained.

[0039] The counter 4a performs a count-up operation that
increases utilization rate of the operation simulation circuit
25b from O percent toward 100 percent in order during a time
where an output from the operation judgement circuit 3 is a
bit “0” level. As a result, when the utilization rate of the
operation simulation circuit 26 becomes 100 percent, the
counter 4a stops the count-up operation at that point in time,
and holds and outputs the count value. In addition, when an
output from the operation judgement circuit 3 becomes a bit
“1” level in the course of the count-up operation, the counter
4a stops the count-up operation at that point in time, and
holds and outputs the count value.

[0040] The decoder 4b generates and outputs control sig-
nals Enable that indicate an operation permission and an
operation stop to corresponding groups of the groups 2a1 to
2aN based on a count value that the counter 4a outputs in the
process of the count-up operation mentioned above and a
count value retained and outputted. Thereby, in the operation
simulation circuit 25, because “execution of an operation”
and a “stop thereof™ of the groups 241 to 2aN are individu-
ally controlled in order, this allows carrying out a simulation
operation while varying the utilization rate. The utilization
output circuit 5 has already been mentioned.

[0041] A method for carrying out a power-supply system
evaluation (anti-power-supply noise evaluation) of a product
board by use of the logic circuit 1 will be explained with
reference to FIG. 6. A case when the operation simulation
circuit 2 is the operation simulation circuit 26 shown in FIG.
3 is explained in FIG. 6.

[0042] As shown in FIG. 6, first, a logic device (herein-
after, “target device”) to be loaded on a product board that
is subject to an evaluation is selected, and a logic scale,
which is the total number of logic elements in the selected
target device, is set (step ST1). It is assumed here that the
logic scale is 10000.

[0043] Then, the operation simulation circuit 25 is fabri-
cated according to the logic scale so as to set a division
number, and an operation frequency is set (step ST2). Out of
the target devices 10000 assuming the the number of logic
elements used for a control circuit and the like other than the
operation simulation circuit 26 is 1000, and a number of
logic elements that can be used as the operation simulation
circuit 256 is 9000, the division number is set to 10. Each
group of the operation simulation circuit 24 in this case
results in a number of component elements of 900. Namely,
the available logic elements are all provided as sequential
circuits.
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[0044] Next, the logic circuit 1 shown in FIG. 1 is gen-
erated based on the logic scale and the division number (step
ST3). Subsequently, the generated logic circuit 1 is down-
loaded to the target device on the product board, namely, the
generated logic circuit 1 is incorporated into the target
device (step ST4).

[0045] Inthe incorporated logic circuit 1, a utilization rate
is set by a reset processing (step ST5), and operation of the
operation simulation circuit 25 is started based on the set
utilization rate (step ST6). In the current example, first,
provided is a setting to operate 900 logic elements, which
are 10 percent of the total divided into 10 and grouped, and
one group (for example, the first group 2a1) starts operation.
In this case, a control signal Enable for an operation per-
mission is given to the first group 241, and to all of the other
groups, a control signal Enable for an operation stop is
given.

[0046] After a standby for a delay time in response to the
number of divided and grouped logic elements 900 in the
operation simulation circuit 25, in the operation judgement
circuit 3, an output signal form the operation simulation
circuit 25 is detected so as to judge as to whether the
operation is normal or abnormal (step ST7).

[0047] When it is judged that the operation of the opera-
tion simulation circuit 25 is abnormal (step ST7: No), a
control signal Enable for an operation stop is given to a
group that has performed the abnormal operation of the
operation simulation circuit 25 from the utilization control
circuit 4, whereby all groups in the operation simulation
circuit 26 are brought into a condition where the operation
has stopped (step ST10). Because the utilization control
circuit 4 holds the current utilization rate (utilization rate at
a point in time where the abnormality has occurred), the
utilization output circuit 5 outputs the utilization rate equal
to or less than 100 percent at the point in time where the
abnormality has occurred to the outside (step ST11).

[0048] When it is judged that the operation of the opera-
tion simulation circuit 2b is normal (step ST7: Yes), the
current set utilization rate (current count value) is examined
in the utilization control circuit (step ST8). If the utilization
rate is less than 100 percent (step ST8: No), the utilization
rate matched with the set division number is increased (step
ST9), and returning to step ST5, the increased utilization
rate is set as the utilization rate of the operation simulation
circuit 2b. Namely, one group to be operated next is deter-
mined, a control signal Enable is given thereto, and to all the
other groups, a control signal Enable for an operation stop
is given.

[0049] If the utilization rate is equal to 100 percent in step
ST8 (step ST8: Yes), a control signal Enable for an operation
stop is given to the last Nth group 2aN by the utilization
control circuit 4, whereby all groups in the operation simu-
lation circuit 25 are brought in a condition where the
operation has stopped (step ST10). Because the utilization
control circuit 4 holds the current utilization rate (i.e., the
utilization rate at a point in time where the normal operation
has ended), the utilization output circuit 5 outputs the
utilization rate equal to 100 percent at the point in time
where the operation has normally ended to the outside (step
ST11).

[0050] Thus, according to the first embodiment, while
focusing on a point that a power-supply noise has no
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relationship with a function of a target electronic apparatus
to be incorporated into a logic device and is dependent only
on the number of logic elements to be used and the operation
frequency of an internal logic, a logic circuit for board
power-supply evaluation that can grasp the existence of an
abnormal operation and utilization rate according thereto by
simulating an operation while arbitrarily changing the uti-
lization rate of the internal logic elements and the operation
frequency is incorporated into a logic device to be loaded on
a product board used for the target electronic apparatus,
therefore, a power-supply system evaluation of the product
board loaded with the logic device can be carried out by use
of'the existence of an abnormal operation and utilization rate
according thereto outputted by the incorporated logic circuit
for board power-supply evaluation.

[0051] Concretely, a logic circuit (hereinafter, “product-
version logic circuit”) used for a product board loaded with
a logic device in which the logic device for board power-
supply evaluation has been incorporated is operated, and
when a problem such as an abnormal output signal occurs,
a position where the problem resides can be swiftly distin-
guished such that, if an abnormal operation occurs in the
logic circuit for board power-supply evaluation for which an
operation frequency has been set based on specifications of
the product-version logic circuit, the problem resides in the
power-supply design of the product board, and if no abnor-
mal operation occurs, the problem resides in the logic circuit
design.

[0052] In addition, before a detailed design of a product-
version logic circuit used for a product board or before
incorporating a product-version logic circuit for which a
detailed design has been completed into a product board, by
loading a logic device in which the logic board for power-
supply evaluation has been incorporated on the product
board and operating the logic board for power-supply evalu-
ation so as to carry out an anti-power-supply noise evalua-
tion, it becomes possible to take countermeasures against a
power-supply noise in advance.

Second Embodiment

[0053] FIG. 7 is a block diagram of a logic circuit for
board power-supply evaluation according to a second
embodiment of the present invention. In FIG. 7 identical
symbols are used for components identical or equivalent to
those shown in FIG. 1 (first embodiment). Only the new
sections will be explained here.

[0054] A logic circuit 8 according to the second embodi-
ment includes an operation simulation circuit 9. The opera-
tion simulation circuit 9 can be configured as shown in, for
example, FIG. 8 (first configuration example) or FIG. 9
(second configuration example) for combinational circuits
(INV: inverter circuits) in all available logic elements of the
logic device, and can carry out an operation simulation while
varying utilization rate of the logic device by executing a
simulation operation, which is carried out by giving a clock
signal from the clock generation circuit 6 to the respective
combinational circuits in a predetermined order, according
to control signals for an operation permission and for an
operation stop inputted from the utilization control circuit 4.

[0055] FIG. 8 is a detailed circuit diagram of a first
configuration example (basic configuration example) of the
operation simulation circuit 9 as an operation simulation
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circuit 9a. The operation simulation circuit 9a is configured
so that, when there are N combinational circuits in all
available logic elements of the logic device, the N combi-
national circuits INV_1 to INV_N are connected in series,
and to an input end of the first combinational circuit INV_1,
a clock signal DATA_CLK from the clock generation circuit
6 can be supplied when a control signal Enable from the
utilization control circuit 4 indicates an operation permis-
sion.

[0056] When a control signal Enable received from the
utilization control circuit 4 indicates an operation permis-
sion, because the N combinational circuits INV_1 to INV_N
alternately transmit bit 1 and bit 0 of an inversion thereof
according to the clock signal DATA_CLK, this operates in
synchronization with a period (frequency: F/2) twice as long
as that of the clock signal DATA_CILK (frequency: F). When
an operation abnormality occurs in any combinational cir-
cuit, the bit 1 or the bit 0 is consecutively outputted.
Thereby, in the operation simulation circuit 2a, an operation
of the logic device can be simulated.

[0057] As shown in FIG. 8, for making it possible to
change the utilization rate in a configuration where all
combinational circuits in all available logic elements of the
logic device are connected in series, it is basically sufficient
to supply the clock signal DATA_CLK to each of all
combinational circuits individually. A further practical con-
figuration example where the utilization rate can be changed
is shown in FIG. 9.

[0058] FIG. 9 is a detailed circuit diagram of a second
configuration example (dividing/grouping configuration
example) of the operation simulation circuit 9 as an opera-
tion simulation circuit 95. The operation simulation circuit
95 has a configuration where combinational circuits in all
available logic elements of the logic device are divided into
a plurality of groups (N in the illustrated example) so as to
make up a plurality of circuits that can be connected in series
as in the operation simulation circuit 9« into one group, a
clock signal DATA_CLK from the clock generation circuit
6 is given for each of the groups 9a1 to 9aN having a
connection relationship as in the operation simulation circuit
9a, and operation control is carried out according to control
signals for an operation permission and for an operation stop
inputted from the utilization control circuit 4. According to
the configuration, a simulation operation while varying
utilization rate of the logic device can be effectively
executed.

[0059] In the second embodiment as well, a power-supply
system evaluation (anti-power-supply noise evaluation) of a
product board can be carried out according to the procedures
shown in FIG. 6. Although, in terms of all available logic
elements of the logic device that carries out an operation
simulation, the sequential circuits have been cited and
explained in the first embodiment and the combinational
circuits have been cited and explained in the second embodi-
ment, an operation simulation circuit for both the sequential
circuits and combinational circuits can also be configured
based on the same conception.

[0060] According to the present invention, it becomes
possible to evaluate an anti-power-supply noise and distin-
guish a position where a problem resides when a malfunc-
tion occurs.

[0061] Although the invention has been described with
respect to a specific embodiment for a complete and clear
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disclosure, the appended claims are not to be thus limited but
are to be construed as embodying all modifications and
alternative constructions that may occur to one skilled in the
art that fairly fall within the basic teaching herein set forth.

What is claimed is:
1. A logic circuit for board power-supply evaluation
comprising:

an operation simulation circuit that simulates an operation
of a logic device so that a utilization rate is variable at
an arbitrary frequency by use of a predetermined circuit
in all available logic elements of the logic device that
is a rewritable semiconductor integrated circuit device
loaded on a printed circuit board of an electronic
apparatus and used for incorporating a function of the
electronic apparatus;

an operation judgement circuit that judges normality/
abnormality of operation of the operation simulation
circuit;

a utilization control circuit that controls the utilization rate
of the logic device by controlling execution of an
operation of the operation simulation circuit based on a
judgement result of the operation judgement circuit and
sets a utilization rate when the operation simulation
circuit is instructed to stop the operation; and

a utilization output circuit that outputs to outside the
judgement result of the operation judgement circuit and
the utilization rate set by the utilization control circuit.

2. The logic circuit according to claim 1, wherein

the predetermined circuit is any one of a sequential
circuit, a combinational circuit, and a circuit provided
by uniting a sequential circuit and a combinational
circuit, and

the operation simulation circuit is configured so that all of
the predetermined circuits execute and stop the opera-
tion in a predetermined order.

3. The logic circuit according to claim 1, wherein

the predetermined circuit is any one of a sequential
circuit, a combinational circuit, and a circuit provided
by uniting a sequential circuit and a combinational
circuit, and

the operation simulation circuit is configured so that all of
the predetermined circuits are divided into a plurality of
groups by connecting a plurality of the predetermined
circuits in series so as to make the same into one group
and each of the divided group executes and stops the
operation in a predetermined order.

4. A board power-supply evaluating method comprising:

setting a logic scale of a logic device that is a rewritable
semiconductor integrated circuit device used for incor-
porating a function of an electronic apparatus;

generating

an operation simulation circuit that simulates, accord-
ing to the logic scale, an operation of the logic device
so that a utilization rate is variable at an arbitrary
frequency by use of a predetermined circuit in all
available logic elements in the logic scale;
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an operation judgement circuit that judges normality/
abnormality of an operation of the operation simu-
lation circuit;

a utilization control circuit that varies and controls
utilization rate of the logic device by controlling
execution of an operation by the operation simula-
tion circuit based on a judgement result of the
operation judgement circuit and sets a utilization rate
when the operation simulation circuit is instructed to
stop the operation; and

a utilization output circuit that outputs the judgement
result of the operation judgement circuit and the
utilization rate set by the utilization control circuit to
the outside;

incorporating generated circuits into the logic device
loaded on a printed circuit board of the electronic
apparatus; and

operating the logic circuit for board power-supply evalu-
ation in the logic device where the same has been
incorporated and evaluating a power-supply system of
the printed circuit board based on an obtained existence
of an abnormal operation and a utilization rate accord-
ing thereto.
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5. The board power-supply evaluating method according
to claim 4, wherein

the predetermined circuit is any one of a sequential
circuit, a combinational circuit, and a circuit provided
by uniting a sequential circuit and a combinational
circuit, and

the operation simulation circuit is configured so that all of
the predetermined circuits execute and stop the opera-
tion in a predetermined order.
6. The board power-supply evaluating method according
to claim 4, wherein

the predetermined circuit is any one of a sequential
circuit, a combinational circuit, and a circuit provided
by uniting a sequential circuit and a combinational
circuit, and

the operation simulation circuit is configured so that all of
the predetermined circuits are divided into a plurality of
groups by connecting a plurality of the predetermined
circuits in series so as to make the same into one group
and each of the divided group executes and stops the
operation in a predetermined order.
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