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ELECTRONIC DEVICE  

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to an electronic device.   

 

BACKGROUND ART 

[0002] 

 Conventionally, there has been a technique for 

suppressing power supply by a constant current, for example, 

as disclosed in Patent Document 1.  For example, according to 

the technique described in Patent Document 1, an LED lighting 

apparatus is provided in which a light emitting state is 

detected by a photodiode, and a constant current circuit is 

controlled in accordance with a detected value of the 

photodiode to control the current flowing through the light 

emitting diode.  However, the applicant of the present 

application has developed an electronic device which performs 

communication using power line communication and receives 

power supply, and has filed a patent application as Japanese 

Patent Application No. 2017-156827.   

[0003] 

 Patent Document 1: Japanese Unexamined Patent 

Application, Publication No. 2003-163090 

 

DISCLOSURE  
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[0004] 

 Improvement in power supply efficiency has been demanded 

when using power line communication.  However, it is not 

possible to sufficiently satisfy such a demand simply by 

applying the conventional technique including the 

abovementioned Patent Document 1.   

[0005] 

 The present disclosure has been made in view of such a 

situation, and an object thereof is to improve power supply 

efficiency when performing power line communication.   

[0006] 

 In order to achieve the above, an electronic device 

according to an aspect of the present disclosure, which has at 

least a portion of a constant current circuit network 

connected to a predetermined load, includes a control unit 

configured to control an applied voltage to the predetermined 

load based on a state relating to the predetermined load.  In 

an aspect, there is an electronic device comprising: a 

constant current circuit network comprising a module 

comprising a predetermined load and an electronic device; a 

path in which at least a portion of a voltage to be applied to 

the predetermined load is generated when a current flows in 

the constant current circuit network;  

 a switch unit configured to switch between short-circuit 

of the path and release of the short-circuit of the path; and 

 a control unit configured to switch, in a case in which, 

in the constant current circuit network, information for 

communication is transmitted as a first pulse which repeats 

high and low voltages at a first frequency, a state of the 

switch unit at a second frequency higher than the first 

frequency, and control an applied voltage to the predetermined 

load in a form of a second pulse which repeats high and low 

voltages at the second frequency, in the module, wherein the 

control unit is configured to switch the state of the switch 

unit to a state of the short-circuit when a potential of the 

path is higher than a prescribed voltage, and switch the state 

of the switch unit to a state of the release of the short-

circuit when the potential of the path is lower than a 

prescribed voltage.   

 

[0007] 

 According to the present disclosure, it is possible to 

improve power supply efficiency when performing power line 

communication.   

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 

 FIG. 1 is a block diagram showing a configuration of an
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information processing system according to a first embodiment 

of the present invention; 

FIG. 2 is a diagram showing an example of a configuration in a 

state in which a basic core and a functional module according 

to the first embodiment of the present invention are 

connected; 

FIG. 3 is a circuit diagram showing an example of a two-wire 

constant current communication circuit according to the first 

embodiment of the present invention; 

FIG. 4 is a block diagram showing a connection mode, which is 

different from FIG. 1, of the information processing system 

according to the first embodiment of the present invention; 

FIG. 5 is a diagram showing an example of a block showing a 

connection mode, which is different from FIG. 1 and FIG. 4, of 

the information processing system according to the first 

embodiment of the present invention; 

FIG. 6 is a diagram showing an example of a communication 

waveform when information is transmitted from the functional 

module to the core module; 

FIG. 7 is a diagram showing an example of a waveform generated 

in accordance with the continuous switching of the state of a 

switch unit by the two-wire constant current communication 

circuit according to the first embodiment of the present 

invention; 

FIG. 8 is a circuit diagram showing an example of a two-wire 

constant current communication circuit according to a second 

embodiment of the present invention; 



4 

FIG. 9 is a flowchart for explaining a flow of low power 

consumption mode control processing executed by the two-wire 

constant current communication circuit according to the second 

embodiment of the present invention; and 

FIG. 10 is a diagram showing an example of a waveform by the 

two-wire constant current communication circuit according to 

the second embodiment of the present invention.   

 

PREFERRED MODE FOR CARRYING OUT THE INVENTION 

[0009] 

(First Embodiment) 

 Embodiments of the present invention will be described 

below with reference to the drawings.   

[0010] 

 FIG. 1 is a block diagram showing a configuration of an 

information processing system according to a first embodiment 

of the present invention.  The information processing system 

shown in FIG. 1 includes a user terminal 1 used by a user, a 

basic core 2, and a plurality of functional modules 3-1 to 3-

n, where n is any integer value of 1 or more.  It should be 

noted that, for each of the user terminal 1 and the basic core 

2, only one is illustrated for convenience of explanation in 

the example of FIG. 1.  However, the present invention is not 

particularly limited thereto, and it may be any number as long 

as pairing to be described later is possible.  Furthermore, the 

number-n of functional modules 3-1 to 3-n connected to the 

basic core 2 is not particularly limited.  For example, n may 
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be 2 as in the example of FIG. 1, n may be 3 as in the example 

of FIG. 4 or FIG. 5, or n may be another integer value.   

[0011] 

 The user terminal 1 performs communication with the basic 

core 2 by various methods such as NFC (registered trademark) 

(Near Field Communication) and Bluetooth (registered 

trademark).  It should be noted that, in the following, when it 

is not necessary to distinguish the functional modules 3-1 to 

3-n individually, these are collectively referred to as 

�functional module 3�.   

[0012] 

 In FIG. 1, a daisy chain type is exemplified as an 

example of a connection mode between the basic core 2 and the 

functional module 3.  The daisy chain type shown in FIG. 1 is a 

so-called daisy chain connection mode in which the basic core 

2 serves as one end, and one functional module 3-1 is 

connected to the one end, a functional module 3-2 is further 

connected to the functional module 3-1, and another functional 

module 3 (not shown) is further connected to the functional 

module 3-2.   

[0013] 

 Here, the basic core 2 and the functional module 3 used 

in the present embodiment will be briefly described.  The basic 

core 2 is a hardware device for use in connection with one or 

more functional modules 3, and performs pairing with the user 

terminal 1 in short-range wireless communication (e.g., 

communication conforming to the standard of NFC (registered 
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trademark)).   

[0014] 

 By performing pairing with a predetermined basic core 2-K 

(K is any integer value among 1 to m), the user terminal 1 

recognizes the basic core 2-K and the L number of functional 

modules 3-K1 or 3-KL connected to the basic core 2-K (L is any 

integer value).  In other words, a target to be connected with 

the basic core 2-K may be the serial connection of the L 

number of functional modules 3.  The user terminal 1 can 

individually recognize each of the L number of functional 

modules 3.  The functional module 3 is a hardware device 

configured by, for example, various sensors such as a 

temperature sensor, an operation device such as a push button, 

and a driving device such as a motor.   

[0015] 

 Here, the pairing of the user terminal 1 with the basic 

core 2-K described above will be described.  In the present 

embodiment, when creating programs including at least the 

operation of the functional modules 3 connected to the basic 

core 2-K, it is necessary to perform pairing of the user 

terminal 1 with the basic core 2-K using the short-range 

wireless communication.   

[0016] 

 In short, pairing refers to causing the user terminal 1 

to recognize the type, connection status, and the like of the 

basic core 2-K and the functional modules 3 connected to the 

basic core 2-K by using the short-range wireless 



7 

communication.  It should be noted that, when the user terminal 

1 recognizes the type, the state of connection, and the like, 

of the functional module 3, an H-part corresponding to the 

connected functional module 3 is displayed on a program 

production screen.  The user terminal 1 includes, for example, 

a tablet terminal.   

[0017] 

 Next, with reference to FIG. 2, a detailed explanation 

will be given of a connection form of a basic core 2-E (E is 

any integer value of 1 to m), a functional module 3-E1, and a 

functional module 3-E2 (E1 and E2 are each any integer value 

of 1 to n).  FIG. 2 is a diagram showing an example of a 

configuration in a state in which the basic core and the 

functional module according to the first embodiment of the 

present invention are connected.   

[0018] 

 FIG. 2 illustrates the basic core 2-E, the functional 

module 3-E1, the functional module 3-E2, and a battery unit 

PP.  The basic core 2-E is provided with a battery unit BU, a 

serial port SP1 and a SP2, and a short-range wireless 

communication unit BT.   

[0019] 

 The battery unit BU is, for example, a DC regulated power 

supply that supplies electricity with current to the basic 

core 2-E, the functional module 3-E1, and the functional 

module 3-E2.  The serial ports SP1 and SP2 are each a 

connection (connection connector) for connecting the basic 
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core 2-E to other hardware or the like.   

[0020] 

 In the example of FIG. 2, the basic core 2-E is provided 

with the serial ports SP1 and SP2, and the functional module 

3-E1 is provided with the serial port PS1.  Furthermore, the 

basic core 2-E and the functional module 3-E1 are connected 

via the two serial ports SP1 and PS1.   

[0021] 

 In addition, the functional module 3-E1 is provided with 

the serial port PS2 and the functional module 3-E2 is provided 

with the serial port PS3, and the functional module 3-E1 and 

the functional module 3-E2 are connected via the two serial 

ports PS2 and PS3.  A plurality of modules may be connected to 

the serial port SP2 of the basic core 2-E in a loop shape 

through the functional module 3 located at the end connected 

in series from the serial port SP1 and the serial port 

thereof.  The short-range wireless communication unit BT is 

equipped with an IC card or the like for performing short-

range wireless communication with other hardware or the like 

by a method according to a predetermined standard (e.g., 

Bluetooth (registered trademark)).   

[0022] 

 In the case of FIG. 2, the user terminal 1 (not shown in 

FIG. 2) and the basic-core 2-E including the short-range 

wireless communication unit BT perform short-range wireless 

communication in a method according to Bluetooth (registered 

trademark).  Specifically, for example, the execution result 
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(command or the like) of the program produced by the user 

terminal 1 is also transmitted to the basic core 2-E.   

[0023] 

 Moreover, the basic core 2-E acquires the execution 

result (command or the like) of the program transmitted from 

the user terminal 1, superimposes the execution result on the 

current signal (for supplying power) as the transmission 

information, and transmits the execution result to the 

functional module 3, which is a target of the command or the 

like, of the functional module 3-E1 and 3-E2.  Furthermore, the 

functional module 3-E1 is equipped with a tire T, and the 

functional module 3-E2 is equipped with a buzzer.   

[0024] 

 As described above, the functional modules 3-E1 and 3-E2 

acquire only the execution result (command, etc.) of the 

program to the own machine among pieces of the transmission 

information transmitted from the basic core 2-E.  The 

functional module 3-E1 shown in FIG. 2 drives the tire T in 

accordance with a command or the like for driving the tire 

among the execution results of programs (commands or the like) 

produced by the user terminal 1.  The functional module 3-E2 

sounds a buzzer in accordance with a command or the like for 

sounding a buzzer, among the execution results of programs 

(commands or the like) produced by the user terminal 1.   

[0025] 

 Here, in the example of FIG. 2, the battery unit PP is 

connected to the functional module 3-E1.  The battery unit PP 
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supplies power to the functional module 3-E1 as an external 

power supply, and also supplies power to the functional module 

3-E2 or the like connected to the functional module 3-E1.  It 

should be noted that, as described above, the battery unit PP 

is not an essential component if the power required for the 

functional module 3-E1 or the like can be supplied from the 

basic core 2.   

[0026] 

 The user terminal 1, the basic core 2, and the functional 

module 3 can execute program production processing in 

cooperation with various hardware and various software.  

Herein, program production processing refers to processing for 

creating a program for causing one or more of the functional 

modules 3 connected to the basic core 2 to function.   

[0027] 

 Herein, in the basic core 2 and the functional module 3 

shown in FIGS. 1 and 2, the two-wire constant current 

communication circuit is formed.  The two-wire constant current 

communication circuit is a circuit in which a signal current 

is superimposed on a constant current for power supply to omit 

wiring dedicated to communication, and the circuit is 

connected by only two wires used for power supply to perform 

current communication.  As compared with a case of wiring the 

power supply line and the communication line separately, this 

method requires a smaller number of wires.  Therefore, it is 

possible to make the cable finer when bundled into one, 

thereby allowing for easy wiring and requiring less connection 
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connectors.  Furthermore, unlike the voltage type communication 

system, in the current type communication system, the circuit 

does not become complicated even when realizing stable 

communication at long distance, and the cost or the substrate 

size does not increase.  That is, according to this method, it 

is possible to realize an assembly block capable of stably 

performing data communication with a simple configuration.   

[0028] 

 However, in the two-wire constant current communication 

circuit, there is a problem in that the power supply 

efficiency is poor.  As shown in FIG. 1, in the connection mode 

of the basic core 2 and the functional module 3, although the 

wiring does not constitute a closed loop in appearance, since 

the wiring is folded back in the basic core 2 or the 

functional module 3 located at the end, the configuration 

assumes a closed loop wiring electrically.  In such a wiring 

configuration, since the functional modules 3 are connected 

with each other in a row electrically, the current flowing 

through all the functional modules 3 is the same.  For this 

reason, it is necessary to design the system of the basic core 

2 and the functional module 3 in accordance with the 

functional module 3 that uses the largest amount of current 

(for example, the functional module 3-1).  Therefore, the 

functional module 3 (for example, the functional module 3-2) 

that does not use the current, will change the unused current 

to heat, a result of which the power supply efficiency is 

deteriorated.  Therefore, there is a desire to increase the 
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power supply efficiency, that is, to reduce the power 

consumption of the functional module 3.   

[0029] 

 In order to meet such a request, the functional module of 

the present embodiment is provided with a circuit as shown in 

FIG. 3.  FIG. 3 is a circuit connected to the two-wire constant 

current circuit network shown in FIG. 1, and is a circuit 

diagram showing an example of a circuit provided in one 

predetermined functional module, for example.  The circuit of 

FIG. 3 is connected to the two-wire constant current circuit 

network using a constant current source (not shown) provided 

in the core module 2.  The circuit of FIG. 3 is provided in the 

functional module 3.   

[0030] 

 In the circuit of FIG. 3, an input circuit positive 

terminal VP and an input circuit negative terminal VM are two-

wire connection terminals, and connected to the constant 

current source provided in the core module 2.  Herein, the 

connection refers to a broad concept including not only direct 

connection but also connection through other elements such as 

another functional module 3.   

[0031] 

 The circuit of FIG. 3 is configured to include a circuit 

portion K having an end K1 to an end K4, a current measuring 

resistor R1, and a capacitor C1.  In the circuit portion K, the 

end K1 is connected to the input circuit positive terminal VP, 

and the end K3 is connected to one end of the current 
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measuring resistor R1.  The other end of the current measuring 

resistor R1 is connected to one end of the input circuit 

negative terminal VM and the capacitor C1, and the other end 

of the capacitor C1 is connected to the control unit CT in the 

circuit portion K.  In the circuit portion K, a load (not 

shown) is connected to the end K2 of the potential Vcc and the 

end K4.   

[0032] 

 The circuit portion K includes a constant voltage diode 

D1, a field effect transistor Q1, a Schottky barrier diode D2, 

a capacitor C2, and a control unit CT.  In the circuit portion 

K, the constant voltage diode D1, the field effect transistor 

Q1, and the parallel connection of the Schottky barrier diode 

D2 and the capacitor C2 are connected in parallel between the 

end K1 and the end K4.  The end K2 is provided as a connection 

end of the Schottky barrier diode D2 and the capacitor C2, and 

the ends K3 and K4 are connected at the same potential.   

[0033] 

 The control unit CT has its output which is connected to 

a gate GT of the field effect transistor Q1, and has its input 

which is connected to the end K2 of the potential Vcc.  The 

control unit CT is also connected to the capacitor C1 and to 

the end K4 (the end K3), as described above.  The source SC of 

the field effect transistor Q1 is connected to the end K3, and 

a drain DR of the field effect transistor Q1 is connected to 

the end K1.   

[0034] 
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 Next, the operation of the circuit of FIG. 3 having such 

a configuration will be described.  As described above, the 

control unit CT switches the state of the field effect 

transistor Q1 as a switching element from one of the ON state 

and the OFF state to the other in accordance with the value of 

the potential Vcc to be inputted.  That is, in the circuit of 

FIG. 3 in a standby state in which a load is not operated, 

when the potential Vcc is higher than a prescribed voltage, 

the control unit CT controls to turn the field effect 

transistor Q1 to the ON state.  Thus, the resistance value 

between the drain DR - source SC becomes substantially zero, 

and short-circuits the circuit K, a result of which the 

constant voltage diode D1 is no longer energized.  Thus, heat 

generation from the constant voltage diode D1 is avoided, and 

the power consumption of the functional module 3 including the 

circuit of FIG.3 is significantly reduced.   

[0035] 

 On the other hand, in the circuit of FIG. 3 in the 

operating state in which the load is operated, when the 

potential Vcc becomes lower than the prescribed voltage, the 

control unit CT controls to turn the field effect transistor 

Q1 to the OFF state.  Thus, a substantially insulated state is 

set between the drain DR and the source SC, and a constant 

current is supplied to the constant voltage diode D1 from the 

outside, a result of which sufficient voltage required for 

operation of the load is acquired.  Therefore, the power 

consumption in this case is equal to the conventional case 
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without using the circuit of FIG. 3.   

[0036] 

 With such a configuration, while the power required for 

the load is sufficiently supplied from the outside to the 

circuit of FIG. 3 in the operating state, the power 

consumption is significantly suppressed in the standby state.   

[0037] 

 Here, the power saving effect is exhibited higher with 

the field effect transistor Q1 having lower on-resistance.  As 

a specific example of such a field effect transistor for a 

load switch, it is possible to employ a silicon N-channel MOS-

type field effect transistor.   

[0038] 

 Hereinafter, the effect when the circuit of FIG. 3 is 

applied will be more specifically exemplified.  It is assumed 

that a constant current of 20 mA flows between the input 

circuit positive terminal VP and the input circuit negative 

terminal VM.  In this circumstance, it is assumed that the 

constant voltage diode D1 is applied a voltage of 3.5 V, and 

the current measuring resistor R1 is applied a voltage of 0.2 

V.  That is, in this situation, the circuit consumes: 

(3.5 + 0.2) [V] × 20 [mA] = 74 [mW].   

[0039] 

 In this situation, when the field effect transistor Q1 is 

turned ON by the control of the control unit CT, since the 

power consumption of the circuit is only the current measuring 

resistor R1, 0.2 [V] × 20 [mA] = 4 [mW].  That is, power 
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consumption is significantly suppressed.   

[0040] 

 However, in the switching of the ON state/OFF state by 

the field effect transistor Q1 in the two-wire constant 

current communication circuit described above, there is a 

problem in that noise similar to the waveform at the time of 

communication is generated, which causes interference in 

communication with the own functional module 3 or another 

functional module 3.  This interference raises a problem 

because a closed loop is configured and wiring is set in 

series even when the functional module 3 performing 

communication and the functional module 3 performing the 

switching of the ON state/OFF state by the field effect 

transistor Q1 differ from each other.   

[0041] 

 In order to solve such a problem, it is possible for the 

control unit CT of the circuit of FIG. 3 described above to 

perform the control described below with reference to the 

drawings.  FIG. 6 is a diagram showing an example of a 

communication waveform when information for communication is 

transmitted from the functional module 3-1 to the core module 

2.  In the example of FIG. 6, it is assumed that the core 

module 2, the functional module 3-1, and the functional module 

3-2 constitute a closed loop and are wired in series.  In the 

upper part of FIG. 6, the horizontal axis represents time, and 

the vertical axis represents the voltage between the input 

circuit positive terminal VP and the input circuit negative 
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terminal VM applied in the functional module 3-1.  When 

information for communication is transmitted from the 

functional module 3-1 to the core module 2, the waveform of 

the voltage applied in the functional module 3-1 is shown by 

the upper part of FIG. 6 as a communication waveform.  In the 

lower part of FIG. 6, the horizontal axis represents time, the 

vertical axis represents the voltage between the input circuit 

positive terminal VP and the input circuit negative terminal 

VM to be applied in the functional module 3-2.  The functional 

module 3-2 is a functional module 3 for which other measures 

to be described later are not taken, and the waveform of the 

voltage to be applied in the functional module 3-2 is shown by 

the lower part of FIG. 6 in a case in which switching of the 

state of the field effect transistor Q1 continuously occurs in 

response to a change in the potential Vcc.  Here, it is assumed 

that, in the horizontal axis of the upper and lower two 

figures, each time corresponds in the upper and lower parts, 

and thus, it is possible to compare the voltages at the same 

timing in the upper and lower parts.  However, the core module 

2, the functional module 3-1, and the functional module 3-2 

constitute a closed loop and are wired in series.  For this 

reason, the current between the input circuit positive 

terminal VP and the input circuit negative terminal VM of the 

actual modules becomes the same, and the voltage obtained by 

adding the voltage shown in the upper part of FIG. 6 and the 

voltage shown in the lower part of FIG. 6 together is applied 

to the core module 2.   
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[0042] 

 Here, the information for communication is information 

composed of a combination of bits of �1� or �0�.  The 

information for communication is transmitted from the 

functional module 3 to the core module 2 as a signal of the 

pulse waveform shown in FIG. 6 having a high-level voltage 

indicating �0� and a low-level voltage indicating �1�.  In the 

example of the upper part of FIG. 6, the width of the pulse 

corresponding to the information for communication (portion 

which is a voltage of the low level indicating �1�) is about 

50 microseconds.  Here, if the voltage for about 50 

microseconds is at a low level, together with a portion of 

about 50 microseconds of the portion of the high level of any 

length before and after that, it can be said that about 100 

microseconds is one cycle of one pulse.  That is, the frequency 

of the communication waveform shown in the upper part of FIG. 

6 (pulse waveform) is about 10 KHz.   

[0043] 

 On the other hand, if no other measure is taken, the 

switching of the state of the field effect transistor Q1 

occurs continuously in accordance with the change of the 

potential Vcc, regardless of the fact that the signal of the 

communication waveform (pulse waveform) shown in the upper 

part of FIG. 6 is transmitted from the functional module 3 to 

the core module 2.  The switching of the state of the field 

effect transistor Q1 independent of the communication from the 

functional module 3 to the core module 2 may occur 
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continuously at a frequency of about 10 KHz, as shown in the 

lower row of FIG. 6.  In this case, due to the continuous 

switching of the state of the field effect transistor Q1, the 

waveform of the voltage between the input circuit positive 

terminal VP and the input circuit negative terminal VM becomes 

similar to the waveform of the voltage in a case in which the 

communication waveform (pulse waveform) shown in the upper 

part of FIG. 6 is superimposed.  Therefore, as a result of the 

continuous switching of the state of such a field effect 

transistor Q1, as shown in the lower part of FIG. 6, noise, 

which can easily be mistaken for a pulse wave of the 

information for communication in the core module 2 which is a 

transmission destination of the information for communication, 

is generated in functional module 3-2.   

[0044] 

 Therefore, as a countermeasure for the occurrence of such 

noise, for the time of a high-level voltage, the state of the 

field effect transistor Q1 is controlled so as to perform 

switching continuously at a high frequency, as shown in the 

lower part of FIG. 7.  FIG. 7 is a diagram showing an example 

of a waveform generated in accordance with the continuous 

switching of the state of the switch unit by the two-wire 

constant current communication circuit according to the first 

embodiment of the present invention.  In the example of FIG. 7 

as well, similarly to FIG. 6, it is assumed that the core 

module 2, the functional module 3-1, and the functional module 

3-2 constitute a closed loop, and are wired in series.  The 
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upper part of FIG. 7 is similar to the upper part of FIG. 6.  

That is, in the upper part of FIG. 7, the horizontal axis 

represents time, and the vertical axis represents the voltage 

between the input circuit positive terminal VP and the input 

circuit negative terminal VM to be applied in the functional 

module 3-1.  When information for communication is transmitted 

from the functional module 3-1 to the core module 2, the 

waveform of the voltage applied in the functional module 3-1 

is shown in the upper row of FIG. 7 as a communication 

waveform.  In the lower part of FIG. 7, the horizontal axis 

represents time, and the vertical axis represents the voltage 

between the input circuit positive terminal VP and the input 

circuit negative terminal VM to be applied in the functional 

module 3-2.  Here, similarly to FIG. 6, it is assumed that, in 

the horizontal axis of the upper and lower two figures, each 

time corresponds in the upper and lower parts, and thus, it is 

possible to compare the voltages at the same timing in the 

upper and lower parts.  However, similarly to FIG. 6, the core 

module 2, the functional module 3-1 and the functional module 

3-2 constitute a closed loop and are wired in series.  For this 

reason, similarly to FIG. 6, the current between the input 

circuit positive terminal VP and the input circuit negative 

terminal VM of the actual modules becomes the same, and the 

voltage obtained by adding the voltage shown in the upper part 

of FIG. 7 and the voltage shown in the lower part of FIG. 7 

together is applied to the core module 2.  In the example of 

the lower part of FIG. 7, unlike the communication waveform 
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(pulse waveform) shown in the upper stage of FIG. 7, for the 

time of a high-level voltage, the voltage is not sustained at 

a high level.  That is, for the time of the high-level voltage, 

it is shown that the high level and the low level are repeated 

at a high frequency of about 200 KHz, and a pulse having a 

high voltage, that is, a narrow pulse, continues to appear 

with respect to the width on the time axis.   

[0045] 

 In the functional module 3-2, if the voltage between the 

input circuit positive terminal VP and the input circuit 

negative terminal VM changes as described above, it is 

possible to take measures against the generation of noise by, 

for example, applying a low-pass filter which allows only a 

signal having a frequency of 100 KHz or less to pass 

therethrough as a noise removing means.  That is, for example, 

since a narrow pulse having a frequency of about 200 KHz does 

not pass through the low-pass filter, the waveform shown in 

the lower part of FIG. 7 is substantially unchanged after 

passing through the low-pass filter while remaining at the 

low-level voltage.   

[0046] 

 In contrast, the communication waveform shown in the 

upper stage of FIG. 7 is a frequency of about 10 KHz (pulse 

waveform) passes through the low-pass filter.  Therefore, even 

if the narrow pulse shown in the lower part of FIG. 7 and the 

communication waveform (pulse waveform) shown in the upper 

part of FIG. 7 are mixed, only the communication waveform 
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(pulse waveform) shown in the upper part of FIG. 7 can be 

extracted.   

[0047] 

 That is, even if the state of the field effect transistor 

Q1 is switched continuously in response to a variation in 

potential Vcc, according to the control of the control unit 

CT, if the supply of a high level of voltage is carried out by 

dividing into narrow pulses shown in the lower stage of a 

number of FIG. 7, these can be shut off with a low-pass 

filter.  Thus, since there is no negative effect on the 

communication to the core module 2, and the reliability of the 

communication is improved, it is possible for the core module 

2 to reliably control the functional module 3 based on the 

communication.   

[0048] 

 On the other hand, the high-level voltage is generated by 

the control unit CT controlling to turn the field effect 

transistor Q1 to the OFF state in order to restore the 

potential Vcc which has become lower than the prescribed 

voltage.  Therefore, as described above, if the voltage is not 

sustained at the high level, the time required for restoring 

the potential Vcc is prolonged.   

[0049] 

 To address this, the control unit CT may determine the 

duty ratio for the narrow pulse shown in the lower part of 

FIG. 7 based on the power required for the operation of the 

load.  That is, the control unit CT determines that, if the 
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power required for the operation of the load is large, the 

time occupied by the high-level voltage in one cycle is 

lengthened, and the time occupied by the low-level voltage is 

shortened.  Conversely, the control unit CT determines that, if 

the power required for the operation of the load is small, the 

time occupied by the high-level voltage in one cycle is 

shortened, and the time occupied by the low-level voltage is 

lengthened.  Thereafter, the control unit CT controls to 

perform switching of the state of the field effect transistor 

Q1 in accordance with a timing at which the determined duty 

ratio is applied at a frequency of, for example, about 200 

KHz.  More specifically, for example, in a case in which the 

duty ratio is determined to be 0.4 by the control unit CT and 

is applied to the frequency of 200 KHz, in 5 microseconds 

which is one cycle, the time occupied by the high-level 

voltage is 2 microseconds, and the time occupied by the low-

level voltage is 3 microseconds.   

[0050] 

(Second Embodiment) 

 The first embodiment described above realizes the 

elimination of the adverse effect on the communication to the 

core module 2 by dividing the supply of high-level voltage 

into the plurality of narrow pulses shown in the lower part of 

FIG. 7.  However, in order to eliminate the adverse effect on 

the communication to the core module 2, it is not necessarily 

required to divide the supply of high-level voltage into the 

plurality of narrow pulses shown in the lower part of FIG. 7.  
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For example, by not switching the state of the field effect 

transistor Q1 as much as possible, it is possible to eliminate 

the adverse effect on the communication to the core module 2.  

That is, the second embodiment in which the state of the field 

effect transistor Q1 is not switched as much as possible may 

be adopted.  By adopting this second embodiment, the control 

becomes simpler, and the power consumption associated with the 

switching of the state of the field effect transistor Q1 can 

be suppressed.   

[0051] 

 The system configuration of the second embodiment is the 

same as that of the first embodiment in FIG. 1.  That is, an 

information processing system of the second embodiment also 

includes a user terminal 1 used by a user, a core module 2, 

and a plurality of functional modules 3.  Since the 

configuration of the state in which the core module 2 and the 

functional module 3 are connected in the second embodiment is 

the same as that in the first embodiment shown in FIG. 2, a 

description thereof is omitted here.   

[0052] 

 FIG. 8 is a circuit connected to two-wire constant 

current communication circuit network according to the second 

embodiment of the present invention, and is, for example, a 

circuit diagram showing an example of a circuit provided in a 

predetermined one functional module.  The circuit of FIG. 8 is 

connected to a two-wire constant current circuit network using 

a constant current source (not shown) provided in the core 
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module 2.  The circuit shown in FIG. 8 is provided in each of 

the functional modules 3.   

[0053] 

 In the circuit of FIG. 8, an input circuit positive 

terminal VP and an input circuit negative terminal VM are two-

wire connection terminals, and are connected to a constant 

current source provided in the core module 2.   

[0054] 

 The circuit of FIG. 8 is configured to include a circuit 

portion L having ends L1 to L4, a current measuring resistor 

R1, and a capacitor C1.  In the circuit portion L, the end L1 

is connected to the input circuit positive terminal VP, and 

the end L3 is connected to one end of the current measuring 

resistor R1.  The other end of the current measuring resistor 

R1 is connected to one end of the input circuit negative 

terminal VM and the capacitor C1, and the other end of the 

capacitor C1 is connected to the negative terminal of a 

comparator CM1 in the circuit portion L, the negative terminal 

of a comparator CM2 and one end of a resistor R2 for current-

level comparison.  In the circuit portion L, a load (not shown) 

is connected to an end L2 of the potential Vcc and an end L4.   

[0055] 

 The circuit portion L has a constant voltage diode D1, a 

field effect transistor Q1, a Schottky barrier diode D2, a 

capacitor C2, a control unit CT, a reference voltage circuit 

VR, the resistor R2 for current-level comparison, the 

comparator CM1, and the comparator CM2.  In the circuit portion 
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L, the constant voltage diode D1, the field effect transistor 

Q1, and the Schottky barrier diode D2 and a capacitor C2 

connected in series are connected in parallel between the end 

L1 and the end L4.  As a connection end of the Schottky barrier 

diode D2 and a capacitor C2, an end L2 is provided, and an end 

L3 and the end L4 are connected at the same potential.  

Furthermore, the reference voltage circuit VR is also 

connected to the end L2.  The other three ends of the reference 

voltage circuit VR are respectively connected to the resistor 

R2 for current-level comparison, the positive terminal of the 

comparator CM1, and the positive terminal of the comparator 

CM2, and an output terminal CO1 of the comparator CM1 is 

connected to an RX terminal of the control unit CT and an 

output terminal CO2 of the comparator CM2 is connected to an 

INT terminal of the control unit CT.   

[0056] 

 In the control unit CT, the output from the Drv terminal 

is connected to a gate GT of the field effect transistor Q1, 

and the input is connected to the end L2 of the potential Vcc.  

Furthermore, in the control unit CT, an RX terminal is 

connected to the output terminal CO1 of the comparator CM1, 

and an INT terminal is connected to the output terminal CO2 of 

the comparator CM2 and also connected to the end L4 (the end 

L3).  A source SC of the field effect transistor Q1 is 

connected to the end L3, and a drain DR of the field effect 

transistor Q1 is connected to the end L1.   

[0057] 
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 Here, since the constant voltage diode D1, the field 

effect transistor Q1, the Schottky barrier diode D2, and the 

capacitor C2 are the same as the first embodiment, 

descriptions thereof will be omitted here.   

[0058] 

 In the reference voltage circuit VR, the input is 

connected to the end L2 of the potential Vcc, and the 

respective three ends of the output side are connected to the 

resistor R2 for current-level comparison, the positive 

terminal of the comparator CM1, and the positive terminal of 

the comparator CM2.  In the resistor R2 for current-level 

comparison, the other end is connected to the capacitor C1, 

the negative terminal of the comparator CM1, and the negative 

terminal of the comparator CM2.  In the comparator CM1, the 

positive terminal is connected to one end of the resistor R2 

for current-level comparison, the negative terminal is 

connected to one end of the input side of the reference 

voltage circuit VR, the capacitor C1, and the negative 

terminal of the comparator CM2, and the output terminal CO1 is 

connected to the RX terminal of the control unit CT.  In the 

comparator CM2, the positive terminal is connected to the 

resistor R2 for current-level comparison, the negative 

terminal is connected to one end of the input side of the 

reference voltage circuit VR, the capacitor C1, and the 

negative terminal of the comparator CM2, and the output 

terminal CO2 is connected to the INT terminal of the control 

unit CT.   
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[0059] 

 Next, the operation of the circuit of FIG. 8 having such 

a configuration will be described.  It should be noted that the 

description of points overlapping with the operation of the 

circuit of FIG. 3 will be omitted as appropriate.  The 

reference voltage circuit VR supplies a voltage as a reference 

for comparing the level of the current to the resistor R2 for 

current-level comparison, the comparator CM1 and the 

comparator CM2.  That is, the reference voltage circuit VR 

supplies a voltage as a reference for comparison between the 

level of current and a first threshold value to the comparator 

CM1, to thereby enable comparison with the voltage generated 

at both ends of the current measuring resistor R1 in 

accordance with the level of current.  Here, the first 

threshold value is a threshold value for the level of current, 

and a threshold value for obtaining bit information of 1 or 0 

from the current.  That is, the bit information takes the value 

of 1 if the voltage corresponding to the level of current is 

lower than the voltage corresponding to the first threshold 

value, and the bit information takes the value of 0 if the 

voltage corresponding to the level of current is higher than 

the voltage corresponding to the first threshold value.  

Furthermore, the reference voltage circuit VR supplies a 

voltage as a reference for comparison between the level of 

current and a second threshold value to the comparator CM2, to 

thereby enable comparison with the voltage generated at both 

ends of the current measuring resistor R1 in accordance with 
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the level of current.  That is, the second threshold value is a 

threshold value for detecting a signal to notify the start of 

communication from the current.  For example, when a voltage 

of, for example, 1.5 to 1.8 V appears at the output of the 

capacitor C1 for the voltage at the end L3, the reference 

voltage circuit VR supplies a voltage of 1.5 V to the resistor 

R2 for current-level comparison, a voltage of 1.6 V to the 

positive electrode of the comparator CM1, and a voltage of 1.7 

V to the positive electrode of the comparator CM2.   

[0060] 

 The comparator CM1 compares the level of current from the 

capacitor C1 and the first threshold value by a voltage 

corresponding to each of them, and if the level of current 

from the capacitor C1 exceeds the first threshold value, the 

comparator CM1 outputs the signal of 0 from the output 

terminal CO1 to the RX terminal of the control unit CT.  The 

signal indicates a bit value of 0.  Furthermore, the comparator 

CM1 compares the level of current from the capacitor C1 and 

the first threshold value by a voltage corresponding to each 

of them, and if the level of current from the capacitor C1 

does not exceed the first threshold value, the comparator CM1 

outputs the signal of 1 from the output terminal CO1 to the RX 

terminal of the control unit CT.  This signal indicates a bit 

value of 1.  That is, the comparator CM1 is a comparator for 

decoding information for communication from the current.  It 

should be noted that, when the transmission of information 

from the core module 2 ends, the signal of 1 is continuously 
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outputted to the RX terminal of the control unit CT from the 

output terminal CO1.  Therefore, when such a state continues 

for a predetermined period of time after the input of the 

signal of 0 to the RX terminal is eliminated, the control unit 

CT may recognize that the transmission of information has 

ended.   

[0061] 

 The comparator CM2 compares the level of current from the 

capacitor C1 and the second threshold value, and if the level 

of current from the capacitor C1 exceeds the second threshold 

value, the comparator CM2 outputs the signal of 0 from the 

output terminal CO2 to the INT terminal of the control unit 

CT.  The signal indicates the start of communication.  

Furthermore, the comparator CM2 compares the level of current 

from the capacitor C1 and the second threshold value, and if 

the level of current from the capacitor C1 does not exceed the 

second threshold value, the comparator CM2 outputs the signal 

of 1 from the output terminal CO2 to the INT terminal of the 

control unit CT.  This signal is a signal that is not 

particularly meaningful.  That is, the comparator CM2 is a 

comparator for detecting a signal notifying the start of 

transmission of the information for communication from the 

core module 2 to the functional module 3, from the current by 

the corresponding voltage.   

[0062] 

 As described above, the control unit CT switches the 

state of the field effect transistor Q1 as a switching element 
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from one to the other between the ON state and the OFF state 

in response to the value of the potential Vcc to be inputted, 

the signal of 1 or 0 from the comparator CM1, or the signal of 

1 or 0 from the comparator CM2.  That is, similarly to the 

first embodiment, in the circuit of FIG. 8 in the standby 

state in which the load is not operated, when the potential 

Vcc is higher than a prescribed voltage, the control unit CT 

controls to turn the field effect transistor Q1 to the ON 

state.  Thus, the resistance value between the drain DR and the 

source SC becomes substantially zero, and the circuit L is 

short-circuited, a result of which the constant voltage diode 

D1 is no longer energized.  Thus, heat generation from the 

constant voltage diode D1 is avoided, and the power 

consumption of the functional module 3 including the circuit 

of FIG. 8 will be significantly reduced.   

[0063] 

 Furthermore, similar to the first embodiment, in the 

circuit of FIG. 8 in the operating state in which the load is 

operated, when the potential Vcc becomes lower than the 

prescribed voltage, the control unit CT controls to turn the 

field effect transistor Q1 to the OFF state.  Thus, a 

substantially insulated state is set between the drain DR and 

the source SC, and a constant current is supplied to the 

constant voltage diode D1 from the outside, a result of which 

sufficient voltage required for operation of the load is 

acquired.  Therefore, the power consumption in this case is 

equal to the conventional case without using the circuit of 
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FIG. 8.   

[0064] 

 The control unit CT recognizes at least a part of the 

information for communication transmitted from the core module 

2 based on the signal of 1 or 0 from the comparator CM1.  For 

example, the control unit CT may recognize information that 

can identify the functional module 3 as a destination, 

information of the bit length of the information for the 

communication, and the like, from the information for 

communication.  As a result, the control unit CT can recognize 

whether or not the information for communication has been 

transmitted to the own functional module 3.  As a result, the 

control unit CT can recognize that the communication ends at 

the time when the transmission of the bit length of the 

information for communication is performed.  It should be noted 

that the bit length of the information for communication may 

be a fixed length.  In this case, even if the bit length 

information of the information for communication is not 

included, it is possible to recognize that the communication 

has ended at the time the transmission of the fixed length is 

performed.   

[0065] 

 Next, a sleep state to be introduced in the second 

embodiment will be described.  The sleep state refers to a 

state in which control by the control unit CT to restore the 

potential Vcc to a prescribed voltage is made to sleep until 

the communication from the core module 2 to the own functional 
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module 3 or another functional module 3 is started, and 

switching between the ON state and the OFF state of the field 

effect transistor Q1 is not induced during the sleep state.  

That is, even when the functional module 3 is in a standby 

state in which the load is not operated, the potential Vcc 

gradually decreases.  Therefore, when it reaches a state lower 

than the prescribed voltage, in the circuit of FIG. 3, the 

control unit CT controls to turn the field effect transistor 

Q1 to the OFF state.  Therefore, even when the functional 

module 3 is in a standby state in which the load is not 

operated, the control unit CT controls to turn the field 

effect transistor Q1 between the ON state and the OFF state 

repetitively, and a similar waveform as the communication 

waveform (pulse waveform) shown in FIG. 6 is generated each 

time the control unit CT controls to turn.  This causes 

malfunction.  However, even if the potential Vcc reaches a 

state lower than the prescribed voltage, the control unit CT 

does not immediately turn the field effect transistor Q1 to 

the OFF state, and the supply of power to the load is still 

possible even after the field effect transistor Q1 is turned 

to the OFF state when the communication from the core module 2 

to the own functional module 3 or another functional module 3 

is started.  Therefore, it is sufficient as a functional module 

3.   

[0066] 

 Therefore, it is considered that the control by the 

control unit CT to restore the potential Vcc to the prescribed 



34 

voltage is made to sleep until the communication from the core 

module 2 to the own functional module 3 or another functional 

module 3 is started, and the switching of the field effect 

transistor Q1 between the ON state and the OFF state is 

avoided during the sleep state.  Furthermore, it is considered 

that the field effect transistor Q1 is maintained in the OFF 

state until the communication between the core module 2 and 

the own functional module 3 or another functional module 3 

ends, and the switching to the ON state is enabled after the 

communication ends.  With such a configuration, the occurrence 

of a change in voltage due to the switching of the state of 

the field effect transistor Q1, which is noise when the 

information for communication is transmitted from another 

functional module 3 to the core module 2, is avoided.  This 

eliminates the adverse effect on the communication to the core 

module 2, and improves the reliability of the communication, a 

result of which it is possible for the core module 2 to 

reliably control another functional module 3 including the 

circuit of FIG. 8 based on the communication.   

[0067] 

 In the functional module 3, when a signal notifying the 

start of transmission of the information for communication 

from the core module 2 by the comparator CM2 is detected, it 

is possible for the control unit CT to switch the field effect 

transistor Q1 from the ON state to the OFF state.  Therefore, 

the amount of generation of the change in voltage due to the 

switching of the state of the field effect transistor Q1, 
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which is noise when the information for communication is 

transmitted from another functional module 3 to the core 

module 2 in this case, is equal to that in the case of the 

circuit of FIG. 3.  In addition, the control unit CT switches 

the field effect transistor Q1 from the OFF state to the ON 

state when the functional module 3 recognizes the end of 

transmission of the information to another functional module 3 

or recognizes the end of detection of the transmission of 

information by the comparator CM1.  Then, the control unit CT 

causes the control by the control unit CT to restore the 

potential Vcc to the prescribed voltage to sleep until the 

communication from the core module 2 to the own functional 

module 3 or another functional module 3 is started.  

Furthermore, the field effect transistor Q1 is maintained in 

the OFF state until the communication between the core module 

2 and the own functional module 3 or another functional module 

3 ends, and the switching to the ON state is enabled after the 

communication ends.  With such a configuration, the occurrence 

of a change in voltage due to the switching of the state of 

the field effect transistor Q1, which is noise when the 

information for communication is transmitted from another 

functional module 3 to the core module 2, is avoided during 

the communication.  This eliminates the adverse effect on the 

communication to the core module 2, and improves the 

reliability of the communication, a result of which it is 

possible for the core module 2 to reliably control another 

functional module 3 including the circuit of FIG. 8 based on 
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the communication.   

[0068] 

 FIG. 9 is a flowchart showing a flow of low power 

consumption mode control processing executed by the two-wire 

constant current communication circuit according to the second 

embodiment of the present invention.  In Step S1, the control 

unit CT performs initialization processing.  Initialization 

processing refers to, for example, processing for initial 

recognition of individual core modules 2 and a plurality of 

functional modules 3 which is required for the communication 

between the core module 2 and the plurality of functional 

modules 3.  In Step S2, the control unit CT shifts to the sleep 

state.  That is, the control by the control unit CT to restore 

the potential Vcc to the prescribed voltage is made to sleep.  

In Step S3, the control unit CT determines whether the level 

of current flowing between the input circuit positive terminal 

VP and the input circuit negative terminal VM is equal to or 

greater than the second threshold value.  If the level of 

current flowing between the input circuit positive terminal VP 

and the input circuit negative terminal VM is less than the 

second threshold value, in Step S3, it is determined as NO in 

Step S3, and the determination processing of Step S3 is 

repeated.  If a current equal to or greater than the second 

threshold value is detected while the determination processing 

of Step S3 is repeated, it is determined as YES in the 

subsequent Step S3, and the processing advances to Step S4.  In 

Step S4, the control unit CT ceases the sleep state, and 
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shifts the state to a state of operating the recovery of the 

potential Vcc to the prescribed voltage.  As a result, the 

communication processing by the control unit CT can be 

executed.  In Step S5, the control unit CT performs 

communication processing.  That is, in Step S5, the control 

unit CT reads the signal from the comparator CM1, and extracts 

at least the destination of the information.  It should be 

noted that the length of the communication may be extracted.  

In Step S6, the control unit CT determines whether or not the 

destination of the information is the own functional module 3.  

If the destination of the information is different from the 

own module, it is determined as NO in Step S6, and the 

processing advances to Step S8.  In Step S6, if the destination 

of the information is the own module, it is determined as YES, 

and the processing advances to Step S7.  In Step S7, the 

control unit CT operates the load based on the result of the 

communication processing in Step S5, i.e., based on the 

control of the core module 2.  In Step S8, the control unit CT 

determines whether the communication from the core module 2 to 

the own functional module 3 or another functional module 3 has 

ended.  If the communication is mid way, it is determined as NO 

in Step S8, and the processing returns to the communication 

processing of Step S5 and the subsequent processing is 

repeated.  In Step S8, if the communication ends, the control 

unit CT determines as YES, and the processing advances to Step 

S9.  In Step S9, the control unit CT determines whether or not 

there is an end instruction of the low power consumption mode 
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control processing.  Here, the end instruction of the 

processing is not particularly limited; however, in the 

present embodiment, an end instruction of the processing from 

the core module 2 is adopted.  That is, unless the end 

instruction of the processing is given from the core module 2, 

it is determined as NO in Step S9, and the processing returns 

to Step S2, and the subsequent processing is repeated.  On the 

other hand, when the end instruction of the processing is 

issued from the core module 2, it is determined as YES in Step 

S9, and the low power consumption mode control processing 

ends.   

[0069] 

 FIG. 10 is a diagram showing an example of a waveform by 

the two-wire constant current communication circuit according 

to the second embodiment of the present invention.  In the 

upper part of FIG. 10, the horizontal axis represents time, 

and the vertical axis represents the current between the input 

circuit positive terminal VP and the input circuit negative 

terminal VM.  When information for communication is transmitted 

from the core module 2 to the functional module 3, the 

waveform of the current superimposed on the constant current 

is shown in FIG. 10 as a communication waveform.  In the lower 

part of FIG. 10, the horizontal axis represents time, and the 

vertical axis represents the voltage between the input circuit 

positive terminal VP and the input circuit negative terminal 

VM.  When the information for communication is transmitted from 

the functional module 3 to the core module 2, the waveform of 
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the voltage applied to the functional module 3 is as shown in 

FIG. 10.  Here, it is assumed that, in the horizontal axis of 

the upper and lower two figures, each time corresponds in the 

upper and lower parts, and thus, it is possible to compare the 

currents and the voltages at the same timing in the upper and 

lower parts.   

[0070] 

 At time t0 in FIG. 10, the above-described low power 

consumption mode control processing is started, Steps 1 to 3 

in FIG. 9 are sequentially executed, and then Step 3 is 

repeatedly executed.   

[0071] 

 At time t1 in FIG. 10, as a signal for notifying the 

start of transmission of information for communication from 

the core module 2, a pulse current of a level exceeding the 

second current level (second threshold value) is transmitted.  

As a result, at time t1 in FIG. 10, YES is determined in Step 

S3 in the low power consumption mode control process in FIG. 

9, and the process proceeds to Step S5.  At the timing at which 

Step S5 in FIG. 9 is executed after the elapse of time t1 in 

FIG. 10, the control unit CT performs communication 

processing.  After time t1 in FIG. 10, as bit information 

indicating �0� in the information for communication from the 

core module 2, the pulse current of a level exceeding the 

first current level (first threshold value) is intermittently 

transmitted.  After time t1 in FIG. 10, the pulse current of 

the level exceeding the first threshold value by the 
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comparator CM1 is extracted as the information of 0, and the 

pulse current of the level not exceeding the first threshold 

value is extracted as the information of 1.  Here, it is 

assumed that the control unit CT recognizes that the 

destination of the information for communication from the core 

module 2 is the own functional module 3.  That is, at the 

timing at which Step S6 in FIG. 9 is executed, it is 

determined as YES, and the processing advances to Step S7.  At 

the timing at which Step S7 in FIG. 9 is executed, the control 

unit CT operates the load in accordance with the information 

for communication from the core module 2 while transmitting 

the information for communication to the core module 2.  Thus, 

in the own functional module 3, a voltage is applied between 

the input circuit positive terminal VP and the input circuit 

negative terminal VM.   

[0072] 

 At the timing at which Step S8 in FIG. 9 is executed 

after time t1 in FIG. 10, the control unit CT determines 

whether the communication has ended.  Assuming that the 

communication continues until time t2, it is determined as NO 

at the timing of executing Step S8 in FIG. 9, and the 

processing returns to the communication processing of Step S5, 

and the subsequent processing is repeated.  Each piece of the 

above processing is repeated until time t2.   

[0073] 

 At time t2 in FIG. 10, the communication with the core 

module 2 ends, and in Step S8 of FIG. 9, it is determined as 
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YES, and the processing advances to Step S9 in FIG. 9.  At time 

t2 in FIG. 10, in Step S9 of FIG. 9, the control unit CT 

determines that there is no end instruction of the low power 

consumption mode control processing, the processing returns to 

Step S2 in FIG. 9, and the subsequent processing is repeated.   

[0074] 

 While one embodiment of the present invention has been 

described above, the present invention is not limited to the 

above-described embodiments, and modifications, improvements, 

and the like within a scope achieving the object of the 

present invention are encompassed by the present invention.  

For example, a battery capable of supplying a stable direct 

current may be adopted.  The current to be supplied is not 

limited to the direct current, and alternating current may be 

supplied by adopting various means such as inverters.   

[0075] 

 In an electronic device according to the present 

invention, power line communication may be introduced.  With 

such a configuration, power supply and communication become 

possible with only two lines.  Furthermore, with such a 

configuration, it is possible to build a simple circuit strong 

to noise.  That is, the present invention can be applied to an 

electronic device capable of stabilizing data communication 

with a simple configuration.   

[0076] 

 In this case, a switching element provided for power line 

communication may also serve as the field effect transistor Q1 
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configuring the electronic device according to the present 

invention.  With such a configuration, it is possible to 

suppress the number of components of a power circuit.   

[0077] 

 Furthermore, in this case, components for power supply 

voltage measurement configuring the electronic device 

according to the present invention may also serve as 

components built in a microcomputer for power line 

communication.  With such a configuration, it is not necessary 

to add a comparator separately, and thus it is possible to 

curb the number of components.   

[0078] 

 It should be noted that, in this case, since the 

switching noise of the power saving mode is close to the 

waveform at the time of communication, it becomes interference 

noise to the communication.  Therefore, a temporary 

invalidation means which separates communication and non-

communication and does not switch ON/OFF at the time of 

communication may be added.  This makes it possible to avoid 

interference with communication.   

[0079] 

 Furthermore, although the field effect transistor Q1 is 

employed in the above-described example, as can be understood 

from the operation of the above-described circuit, the present 

invention is not particularly limited thereto as long as it 

has a switching function.  Furthermore, in the functional 

module 3, it is sufficient if the element for changing the 
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resistance value is provided.  This is because, if it is 

possible to suppress the voltage at the both ends of the 

functional module 3 by changing the resistance value, it is 

possible to suppress the power of the functional module 3.   

[0080] 

 Furthermore, in the above example, a case of the two-wire 

communication has been described; however, the present 

invention is not limited to this, and a power supply line and 

a communication line may be separately provided.  In addition, 

the connection is not limited to a wired connection, and 

wireless power supply and communication may be combined.   

[0081] 

 Furthermore, for example, the number of the basic cores 2 

and the number of the functional modules 3 are not 

particularly limited to the above-described embodiments.  That 

is, the number of the basic cores 2 and the number of the 

functional modules 3 may be the same or different.  That is, 

one functional module 3 may be connected to one basic core 2.   

[0082] 

 More specifically, for example, the example shown in FIG. 

4 or FIG. 5 may be adopted as another example of the 

connection mode between the basic core 2 and the functional 

module 3.  In FIG. 4, a star type is exemplified as an example 

of the connection mode between the basic core 2 and the 

functional module 3.  The star type shown in FIG. 4 is a 

connection mode in which the basic core 2 and two or more 

functional modules 3 (three functional modules 3-1 to 3-3 in 
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the example of FIG. 4) are connected to the star type.   

[0083] 

 In FIG. 5, a loop type is exemplified as an example of 

the connection mode between the basic core 2 and the 

functional module 3.  The loop type shown in FIG. 5 is a 

connection mode in which the basic core 2 and one or more 

functional modules 3 are connected in a predetermined order 

(in the example of FIG. 5, in the order of the basic core 2 

and the functional modules 3-1 to 3-3) in a loop to form a 

closed loop.   

[0084] 

 In the daisy-chain type and star type, the wiring does 

not constitute a closed loop in appearance.  However, since the 

wiring is folded back in the basic core 2 or the functional 

module 3 located at the end, the configuration assumes a 

closed loop wiring electrically.  The connection mode is 

basically configured as the connection mode described above; 

however, if the configuration assumes a closed loop wiring 

electrically, it is possible to adopt any connection mode such 

as a connection mode made by combining the above connection 

modes.   

[0085] 

 Furthermore, it suffices if a signal transmitted from the 

basic core 2 to supply power to one or more functional modules 

3 is in a form that can transmit power in a current system, 

and thus may be direct current or alternating current.   

[0086] 
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 In the above description, the two-wire constant current 

communication circuit network is provided in the combination 

of the core module 2 and the functional module 3.  However, the 

two-wire constant current communication circuit network is not 

limited to this, and the two-wire constant current 

communication circuit network may be provided, for example, in 

any combination made up of a module (master) having a constant 

current source and another module (slave).   

[0087] 

 In the example described above, the information for 

communication is transmitted from the functional module 3-1 to 

the core module 2, as a signal of the pulse waveform shown in 

FIG. 6 having a voltage of high level indicating �0� and a 

voltage of low level indicating �1�.  However, this is merely 

an example, and thus is not limitative.  That is, the 

information of 0 or 1 may be a reverse combination in relation 

of high-level voltage and low-level voltage, the low-level 

voltage may indicate �0�, and the high-level voltage may 

indicate �1�.   

[0088] 

 Furthermore, in the example described above, the pulse 

current of the level exceeding the first threshold value by 

the comparator CM1 is extracted as the information of 1, and 

the pulse current of the level not exceeding the first 

threshold value is extracted as 0.  However, this is merely an 

example, and thus is not limitative.  That is, the information 

of 0 or 1 to be extracted may be an inverse combination in 
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relation to whether exceeding the first threshold value or 

not, and the pulse current exceeding the first threshold value 

may be extracted as the information of 0, and the pulse 

current not exceeding the first threshold value may be 

extracted as the information of 1.   

[0089] 

 Furthermore, in the example of the above description, the 

second current level (second threshold value) is a higher 

current level (threshold value) than the first current level 

(first threshold value).  However, this is merely an example, 

and thus is not limitative.  That is, the second current level 

(second threshold value) may be the same current level 

(threshold value) as the first current level (first threshold 

value).   

[0090] 

 Furthermore, in the example described above, the time of 

the voltage of high level is controlled so as to continuously 

switch the state of the field effect transistor Q1 at high 

frequency.  However, this is merely an example, and thus is not 

limitative.  That is, the time of the voltage of low level may 

also be controlled to continuously switch the state of the 

field effect transistor Q1 at high frequency, as a 

configuration that can be short-cut including the current 

measuring resistor R1.   

[0091] 

 Furthermore, for example, the series of processing 

described above can be executed by hardware or software.  That 
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is, it suffices if the information processing system has a 

function capable of executing the above-described series of 

processing as a whole.  Furthermore, one functional block may 

be configured by a single hardware unit, a single software 

unit, or a combination thereof.   

[0092] 

 Furthermore, for example, when a series of processing is 

executed by software, programs constituting the software are 

installed on a computer or the like from a network or a 

recording medium.  The computer may be a computer embedded in 

dedicated hardware.  Furthermore, the computer may be a 

computer capable of executing various functions by installing 

various programs, such as a general-purpose smartphone or a 

personal computer, in addition to the server.   

[0093] 

 Furthermore, for example, the recording medium including 

such a program is not only configured by a removable medium 

(not shown) which is distributed separately from a device main 

body in order to provide the program to the user, but also 

configured by a recording medium or the like which is provided 

to the user in a state in which the recording medium is 

incorporated in the device main body in advance.   

[0094] 

 In the present specification, the step of writing the 

program recorded on the recording medium includes not only 

processing performed in time series along the order but also 

processing performed in parallel or individually, even though 
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the processing is not necessarily performed in time series.  In 

addition, in the present specification, the term �system� is 

intended to mean an overall device composed of a plurality of 

devices, a plurality of means, and the like.   

[0095] 

 In other words, the electronic device to which the 

present invention is applied can take various embodiments 

having the following configurations.  It suffices if an 

electronic device (for example, the functional module 3 of 

FIG. 1) to which the present invention is applied, including 

at least a portion of a constant current circuit network 

connected to a predetermined load, includes a control unit 

(for example, the control unit CT of FIG. 3) configured to 

control an applied voltage to the predetermined load based on 

a state relating to the predetermined load.   

[0096] 

 Here, the electronic device includes a path (for example, 

the path from the end K1 to the end K3 via the constant 

voltage diode D1 of FIG. 3) in which at least a portion of a 

voltage to be applied to the predetermined load is generated 

when a constant current flowing in the constant current 

circuit network flows therein; and a switch unit (for example, 

the field effect transistor Q1 of FIG. 3) configured to switch 

between short-circuit of the path and release of the short-

circuit of the path, and the control unit controls the applied 

voltage to the predetermined load by switching the state of 

the switch unit.  Thus, in a case of supplying power in a two-
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wire system, it is possible to suppress the power consumption 

at the load.  It is also possible to achieve a low power 

consumption of a circuit connected to the constant current 

circuit network.   

[0097] 

 Here, in relation to the electronic device, a module (for 

example, the functional module 3 of FIG. 1) including the 

predetermined load and the electronic device is included in 

the constant current circuit network (for example, the circuit 

K of FIG. 3), and, 

in a case in which, in the constant current circuit network, 

information for communication is transmitted as a first pulse 

which repeats high and low voltages at a first frequency, 

the control unit (for example, the control unit CT of FIG. 3), 

in the module, switches the state of the switch unit (for 

example, the field effect transistor Q1 of FIG. 3) at a second 

frequency higher than the first frequency, and controls the 

applied voltage to the predetermined load in a form of a 

second pulse which repeats high and low voltages at the second 

frequency.  With such a configuration, under a situation where 

the pulse voltage associated with the switching of the state 

of the field effect transistor Q1 is mixed, it is possible to 

acquire only information for communication, and thus it is 

possible to reliably operate the information processing system 

with improved power supply efficiency described above.   

[0098] 

 Here, in relation to the electronic device (for example, 
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the functional module 3 of FIG. 1), the control unit (for 

example, the control unit CT of FIG. 3) executes control for 

determining a duty ratio at the second pulse based on power 

required by the predetermined load.  With such a configuration, 

it is possible to supply power corresponding to the power 

required for the operation of the load.   

[0099] 

 Here, in relation to the electronic device, a module (for 

example, the functional module 3 of FIG. 1) including the 

predetermined load and the electronic device is included in 

the constant current circuit network, 

the electronic device further comprises a first detecting unit 

(for example, the comparator CM2 of FIG. 8) configured to 

detect a start of transmission of the information in the 

module, in a case in which information for communication is 

transmitted in the constant current circuit network, and 

the control unit (for example, the control unit CT of FIG. 8), 

in the module, switches the state of the switch unit (for 

example, the field effect transistor Q1 of FIG. 8) from a 

state of the short-circuit of the path to a state of the 

release of the short-circuit of the path when the start of 

transmission of the information is detected by the first 

detecting unit.  With such a configuration, the state of the 

field effect transistor Q1 is not switched as much as 

possible, which makes it possible to eliminate an adverse 

effect on communication from the own functional module 3 or 

another functional module 3 to the core module 2.  Here, the 
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first detecting unit is, for example, the comparator CM2 of 

FIG. 8.  However, this is merely an example, and the first 

detecting unit is not limited to the comparator.  That is, any 

one capable of detecting the start of transmission in the 

module of the information for communication transmitted in the 

constant current circuit network can be adopted.  For example, 

a combination of an A/D converter and a program determiner may 

be used.   

[0100] 

 Here, in relation to the electronic device, the control 

unit (for example, the control unit CT of FIG. 8), in the 

module (for example, the functional module 3 of FIG. 1), 

switches the state of the switch unit (for example, the field 

effect transistor Q1 of FIG. 8) from the state of the release 

of the short-circuit of the path to the state of the short-

circuit of the path when an end of transmission of the 

information is recognized.  With such a configuration, since 

the state of the field effect transistor Q1 is switched after 

the end of communication, it is possible to eliminate an 

adverse effect on the communication from the own functional 

module 3 or another functional module 3 to the core module 2.   

[0101] 

 Here, the electronic device further includes a second 

detecting unit configured to detect an end of transmission of 

the information in the module, in which the control unit (for 

example, the control unit CT of FIG. 8), in the module (for 

example, the functional module 3 of FIG. 1), switches the 
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state of the switch unit (for example, the field effect 

transistor Q1 of FIG. 3) from the state of the release of the 

short-circuit of the path to the state of the short-circuit of 

the path when the end of transmission of the information is 

detected by the second detecting unit (for example, the 

comparator CM1 of FIG. 8).  Here, the second detecting unit is, 

for example, the comparator CM1 of FIG. 8.  However, this is 

merely an example, and the second detecting unit is not 

limited to the comparator.  That is, any one capable of 

detecting the end of transmission in the module of the 

information for communication transmitted in the constant 

current circuit network can be adopted.  For example, a 

combination of an A/D converter and a program determiner may 

be used.  Furthermore, the first detecting unit may also serve 

as the second detecting unit (for example, the comparator CM2 

of FIG. 8).  In this example, it is unnecessary to separately 

provide the second detecting unit (for example, the comparator 

CM1 of FIG. 8).  With such a configuration, since the state of 

the field effect transistor Q1 is switched after the end of 

communication, it is possible to eliminate an adverse effect 

on the communication from the own functional module 3 or 

another functional module 3 to the core module 2.   

[0102] 

 Here, in relation to the electronic device, 

the control unit (e.g., the control unit CT of FIG. 8) is 

configured to, in the module (e.g. functional module 3 of FIG. 

1),  
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not switch the state of the switch unit (for example, the 

field effect transistor Q1 of FIG. 8) and maintain the state 

of release of short-circuit of the path until the end of 

transmission of the information is recognized, and  

switch the state of the switch unit (for example, the field 

effect transistor Q1 of FIG. 8, for example) from the state of 

release of short-circuit of the path to the state of short-

circuit of the path when the end of transmission of the 

information is recognized.  With such a configuration, since 

the state of the field effect transistor Q1 is switched after 

the end of communication, it is possible to eliminate an 

adverse effect on the communication from the own functional 

module 3 or another functional module 3 to the core module 2.   

[0103] 

 Here, the electronic device further includes a second 

detecting unit for detecting the end of transmission of the 

information in the module, and 

the control unit (e.g., the control unit CT of FIG. 8) is 

configured to, in the module (e.g. functional module 3 of FIG. 

1), 

not switch the state of the switch unit (for example, the 

field effect transistor Q1 of FIG. 8) and maintain the state 

of release of short-circuit of the path until the end of 

transmission of the information is detected by the second 

detecting unit (for example, the comparator CM1 of FIG. 8), 

and 

switch the state of the switch unit (for example, the field 
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effect transistor Q1 of FIG. 3, for example) from the state of 

release of short-circuit of the path to the state of short-

circuit of the path when the end of transmission of the 

information is detected by the second detecting unit (for 

example, the comparator CM1 of FIG. 8).  Here, the second 

detecting unit is, for example, the comparator CM1 of FIG. 8.  

However, this is merely an example, and is not limited to the 

comparator.  That is, any one capable of detecting the end of 

transmission, in the module, of the information for 

communication to be transmitted in the constant current 

circuit network can be adopted.  For example, a combination of 

an A/D converter and a program determiner may be used.  

Furthermore, the first detecting unit may also serve as a 

second detecting unit (for example, the comparator CM2 of FIG. 

8).  In this case, it is unnecessary to separately provide the 

second detecting unit (for example, the comparator CM1 of FIG. 

8).  With such a configuration, since the state of the field 

effect transistor Q1 is switched after the end of 

communication, it is possible to eliminate an adverse effect 

on the communication from the own functional module 3 or 

another functional module 3 to the core module 2.   

 

EXPLANATION OF REFERENCE NUMERALS 

[0104] 

 1... user terminal,  

2... basic core,  

3... functional module, 
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BT... short-range wireless communication unit,  

BU... battery unit,  

C1... capacitor,  

C2... capacitor,  

CT...control unit,  

D1... constant voltage diode,  

D2... Schottky barrier diode,  

DR... drain, 

GT... gate,  

K... circuit portion,  

K1... end,  

K2... end, 

K3... end,  

K4... end,  

PP... battery unit,  

PS1... serial port,  

PS2... serial port,  

PS3... serial port, 

Q1... field effect transistor,  

R1... current measuring resistor, 

SC... source,  

SP1... serial port,  

SP2... serial port,  

T... tire,  

VM... input circuit negative terminal,  

VP... input circuit positive terminal 
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CLAIMS 

 

1. An electronic device comprising: 

 a constant current circuit network comprising a module 

comprising a predetermined load and an electronic device; 

 a path in which at least a portion of a voltage to be 

applied to the predetermined load is generated when a current 

flows in the constant current circuit network;  

 a switch unit configured to switch between short-circuit 

of the path and release of the short-circuit of the path; and 

 a control unit configured to switch, in a case in which, 

in the constant current circuit network, information for 

communication is transmitted as a first pulse which repeats 

high and low voltages at a first frequency, a state of the 

switch unit at a second frequency higher than the first 

frequency, and control an applied voltage to the predetermined 

load in a form of a second pulse which repeats high and low 

voltages at the second frequency, in the module, 

 wherein the control unit is configured to switch the 

state of the switch unit to a state of the short-circuit when 

a potential of the path is higher than a prescribed voltage, 

and switch the state of the switch unit to a state of the 

release of the short-circuit when the potential of the path is 

lower than a prescribed voltage.   

 

2. The electronic device according to claim 1, wherein the 

control unit executes control for determining a duty ratio at 

the second pulse based on power required by the predetermined 

load.   

 

3. An electronic device comprising: 

 a constant current circuit network comprising a module 

comprising a predetermined load and an electronic device; 

 a path in which at least a portion of a voltage to be 

applied to the predetermined load is generated when a current 

flows in the constant current circuit network; 

 a switch unit configured to switch between short-circuit 

of the path and release of the short-circuit of the path;  

 a first detecting unit configured to detect a start of 

transmission of the information in the module, in a case in 

which information for communication is transmitted in the 

constant current circuit network, and  

 a control unit configured to switch, in the module a 

state of the switch unit to a state of the short-circuit when 

a potential of the path is higher than a prescribed voltage, 

and switch the state of the switch unit to a state of the 

release of the short-circuit after the start of transmission 

of the information is detected by the first detecting unit 

when the potential of the path is lower than a prescribed 
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voltage.   

 

4. The electronic device according to claim 3, wherein the 

control unit, in the module, switches the state of the switch 

unit from the state of the release of the short-circuit of the 

path to the state of the short-circuit of the path when an end 

of transmission of the information is recognized.   

 

5. The electronic device according to claim 3, further 

comprising a second detecting unit configured to detect an end 

of transmission of the information in the module,  

 wherein the control unit, in the module, switches the 

state of the switch unit from the state of the release of the 

short-circuit of the path to the state of the short-circuit of 

the path when the end of transmission of the information is 

detected by the second detecting unit.   

 

 




