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Description
SIGNAL TRANSMITTINGAPPARATUS, POWERSUPPLYING SYSTEM,

AND SERIAL COMMUNICATION APPARATUS

Field of *he Invention

The present invention generally relates to a signal
transmitting apparatus for multiplexing a plurality of digital
signalsandsendingandrecéivingthepluralityofcﬁgitalsignals
through a single signal line, a power supplying system for
conducting each of controls of actuating and stopping a pluralitly
of power supplying devices, an output voltage, an cutput current,
and operation modes of the piurality of power supp.ying devices
through a communicationpart, anda serial communication apparatus
for conducting a serial communication, especially by a half-duplex

communication.

Description of Relatgd Art

Conventionally, since a signal line is provided per
each signal in order to send and receive a plurality of signals,
the number of signal _ines has been increased proportional to the
numberofsignélsandwiringsamongdevicesforsendingandreceive
signals become more complicate. As a result, the devices become
larger and expenses are increased. Accordingly, & serial
communication for sending receiving data by & single signal, in

whichtheplu:alityofsignalsarealignaiinchronologicalorder,
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is conducted. The number of signal lines is remarkably reduced
by applying the serial communication. On the other hand, since
the serial comnunication sends a signal by converting into 2 serial
data,aparallel-serialconvertingcircuitisrequiredforasending
rart and a serial-parallel converting circuit is required for a
receiving part. Accordingly, the circuit size is enlarged, a
device size becomes bigger, and expenses are increased.

Morecver, sinée the plurality of signals are sent by
a time-share, a transmissicn rate becomes lower. Furthermore,
in & case of the serial communication, at least three signal lines
are required for a data signal, a clock signal used as a shift
signal, a load signal for latching to convert the serial signal
sent inchronological order intoanoriginal parallel signal. Thus
in a case of a few signals for a transmission, the number of signals
cannot be reduced and the circuit size is enlarged even if the
serial communication is applied. 1In this case, there is no
advantage. Therefore, for example, the Japanese Laid-Open Patent
Application No. 11-355255 discloses a multiplexed data
Transmission device in that the data signal, the clock signal,
and the load signal are multiplexed and a wave height of a signal
waveform is cﬁanged to send a multiplexed signal through a single
signal line.

As described above, the number of the signal lines
becomes one line. However, since a plurality of data sets ar

senttoadatalineinserialinchronologicalorder, timeis required
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for convert serizal data to a parallel signal. Thus, a higher data

transmission cannot be achieved. Still, +he parallel-serial

converting circuit is regquired for the sending part, and the
serial-parallel converting circuit is required for the recelving

FIG. 1 is a block diagram illustrating a power supply
apparatus being used conventionally and generally.

In a power supply apparatus 100 illustrated in FIG.
1, a power supplying part 101 is connected loads 102 through 104,
Fach of theé lcads 102 through 104 receives a power supply from
the power suppiying part 101. A controlling part 105 conducts
various opera<tion controls and conditicn settings such as an
actuatingoperationandastoppingoperation, asettingoefanoutput
voltage, a setting of an output current, and a switching operation
for switching an operation mode from a regular meode to a
low—-power—consump=-ion mode, with respect to the power supplying
part10l. Moreover, thepowersupplyingpartlOlmonitorsapresent
electric current consumption value and the cutput voltage for each
of the loads 102 though 104 and sends monitoring information to
the controlling part 105. As a result, the controlling part 105
sends a new instruction to the power supplying part 101. As
described above, a large amount of information is sent and receilved
mutually between the conirolling part 105 and the power supplyving
part 101.

FIG. 2 is a plock diagram illustrating a conventional
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power supplying apparatus having a configuration in that a
controlling part controls a pluraliiy of power supplying parts.

In a power supply svparatus 110 shown in FIGl 2, a
first power supplying part 112 is connected to loads la through
lc, a second power supplying part 113 is connected to loads 2a
through 2¢, and a third power supplying part 114 is connected to
loads 3a through 3¢, respectively. A contrelling part 111 is
connected to the first, seéond, and third power supplying parts
112 through 114, and directly controls each of the first, second,
and third power supplying parts 112 through 11%4.

Recently, functions of electronic products are
remarkably improved. Variocus circuits and components having
various functions are used inside the electronic products. For
example, alargenumbersof circuits and components suchasadigital
camera, a speaker, a microprorne, a liguid crystal display unit,
switches, asendingcircuit, a receivingcircuit, anaudiocircuit,
a motor, an operating unit, a storage unit, and a like are used
inside & cellular phone. Moreover, the digital camera itself
mounted inside the cellular phone includes a large number of
functional components.

I‘n order o supp.y an electric power to a large number
of circuits and components, for example, a voltage and current

characteristics suitable for each of circuits and the components

-

s reguired. Thus, it is difficult to conduct by one electric

power circuit. In particular, since a power saving has been
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demanded, instead of supplying the electric power to all circuits

inside the electric products, it becomes common to restrain power

supplies tounused circuits and components based ona use condition

€=

of the electric product, and to minimize the power consumption

of a power supply circuit itself for supplying the electric power
to these cilrcuits and components.

Moreover, an overcurrent preventing circuit and &
shortprotectingcircuit areprovided toeach of the power supplying
parts 112 through 114, so that an action i1s informed to each of
the contrelling parts 105 and 110 when the overcurrent preventing
circuit and the short protecting circuit are activated and then,
an operation is determined as the electric product. Therefore,
conventionally, infecrmation sent and receilved between the
controlling parts 111 and the power supplying parts 112 through
114 has been simply to control an activation and stop of the power
supplying parts 112 through 114. Recently, an amount of the
information is significantly:increased and as a result, the number
of éignal lines i1s increased. In addition, when the number of
the power supplying parts 112 through 114 is increased, the number
of signal lines 1s increased by the increase ¢f the number of the
power supply‘_ﬁg parts 112 through 114, This increaseof the number
of signal lires causes the electric products to be enlarged and
an increase of an expense. In order to reduce the number of signal
lines between the controlling part 111 and the plurality of the

power supplyingparts 112 throughll4, theJapaneseLald-OpenPatent
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Application No. 4-322140 discloses a power supply COnRtrol system
120 in that a controlling unit including a CPU (Central Processing
Unit) iz connected to a plurelity of power supplying unifs, asg
shown in FIG. 3.

The power supply contrel system 120 includes &
plurality of power supplying units P81 through PS4, and a plurality
of remote controllers RCD1 through RCD4 for controlling power ON
and QFF of eachof theplurality of power supplyingunits PS1 through
PS4 and monitoring the plurality of power supplying units PS1
through PS4. The peower supply control system 120 further includes
a power controller MCD for outputting serial data configuring
instruction data of each of selecting, turning on, shutting down,
and menitoring the power supplying units PS1 through PS4 with

respect to each of the remote controilers RCD1 through RCD4, and

m

a serial bus SBUS connected between the power controller MCD and
each of the remote controllers RCD1 through RCD4. The serial bus
SBUS transmits each instruction data from the power controller
MCD to each of the remote controllers RCD1 through RCD4 and power
monitor data from each of the remote controllers RCD1 through RCD4
0 the power controller MCD.

However, in the convention system described above,
since the power controller MCD s ssparated from the remote
controllers RCD1 through RCD4, even 1f the convention system is
realized by a minimum configuration, & serial bus is reguired.

Therefore, it makes it difficult to minimize the system.
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Conventionally, various methods for transmitting a
digital signal by a serial communication have been known. One
'pical methods is shown in FIG. < through FIG. 7.

In FIG. 4, a data signal SdA is the most common signal

hows data by a sigral level. Data are extracted from the

4]
3
Q.
n

data signal SdA by using a synchronous signal SaA indicating a
delimiter of a data block. In this method, two signals, that is,
a data signal and a synchfonization sig;al are reguired.

Next, in FIG. 5, the data signal SdB is a signal of
which pulse width Zs modulated, and an interval of the data signal
SdB is constant inthatapulsewidthwhendata shows “"0” isdifferent
froma pulse width when data shows “1”. Inthismethod, an interval
of code may be concerned but it is possible to easily conduct an
asynchronous operation. In addition, in FIG. 6, the data signal
SdC is a signal in a pulse position modulating method in that a
temporal position of the pulse i1s changed. Data are sampled by
the synchronous signal SaC as a time base. InFIG. 7, adata signal
SdD is a signal corresponding the pulse width modulation described
above to the pulse position modulation. It should be noted that
the interval of code is not the same but the data signal SdD is
an asynchronoﬁs signeal and the synchronous signal is not needed.

FIG. 8 is a schematic block diagram illustrating a
conventional serial communication apparatus for conducing a
half-duplex communication. In a serial communication apraratus

120 shown in FIG. 8, an host sending/receiving circuit 121 includes
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a first sending circulit part 122, & first receiving circuit part
123, and a first switching vart 124 for conducting a sending righ<

control., Similarly, a slave sending/receiving circuit 125

includes a second sending cilrcuit par

ot
[N
ro
(o)

& second recelving
circuit part 127, and a second switching part 128 for conducting

the sending right control. Basically, the first sending circuit

part 122 is the same as the second sending circuls part 126 and
the first receiving circuilt part 123 is the same as the second
recelving circuit part 127.

In a case in that the host sending/receiving circuit
121 has a sending right, data are transmitted fromthe first sending
circuit part 122 of the host sending/receiving circuit 121 to the
second receilving circuit part 127 of the slave sending/receiving
circuit 125. When the sending right is moved to the slave
sending/receivingcircuitl25, dataaretransmitited fromthe second
sending circuit 127 of the slave sending/receiving circuit 125
to the first receilving circuit part 123 of the host
sending/receiving circuit 121.

However, as described above, conventionally, the
synchronous signal in addition o the data signal is required.
Even if the synchronous signal is not required, circuit
configuration to generate a data signal from data and extract date
fromthedata signal arecomplicated. Moreover, inocrdertoconduct
thehalf-duplex communication, the same as theheostside is reguired

for the slave side. Accordingly, a switching part for switching
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between a sending part and a receiving part i1s reguired. As a

result, a circuilt size and a circuilt space become larger, and an

expense iz increased.

Summary of the Invention

It ig a general object of the present invention to
provide a signal transmitting apparatus for multiplexing a
pluralityofdigital signaléand sendingandreceivingtheplurality
of digital signals through a single signal line, a power supplying
system for conducting each of controls of actuating and stopping
apluralityofpower supplyingdevices, anoutputvoltage, .an ocutput
curren*, and cperation modes of the plurality of power supplying
devices through a communication part, and a serial communication
apparatus for conducting a serial communication, especially by
ahalf-duplex communication, inwhich the above-mentionedproblems
are eliminated.

A more specific object of the present invention is
to provide the signal transmitting apparatus for transmitting a
plurality of data sets by a single signal line without a
parallel-serial conversionatasendingpart anda serial-parallel
conversion at a receiving par=:.

Another obhject of the present invention is to provide
the power supplying systemthat can reduce an increase of the number
of signal lines connectinga controllingpart and a power supplying

part even if the number of the power supplying parts is increased
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10
and an amount of Znformation to send and receive between the power
supplying parts and the contrelling part.
ent invention iS to

Still another obiject the pr

]
in

3

provide the serial communication apparatuszs, which is minimired
and realized by less expense in that a synchronous sigrnal is not
needed, each of a sending circuit and & receiving circuit at a
host side and a slave side can be realized by a simple circuit
configuration, a circuit load at the slave side can be reduced,
and a switching part for switching between the sending circuit
and the receiving circuit is not needed.

Theaboveobjectsof thepresent inventionareachieved
by a signal transmitting apparatus for sending and receiving a
pluralityof digital input signals input tc the signal transmitting
apparatus through a single signal Zine, the signal transmitting
apparatus including: a sending part for converting each width of
the pilurality of digital input signals into avoltage in accordance
with a predetermired weight, generating a send signal by adding
voltages converted from the plurality of digital input signals,
and ocutputting the send signal; and a receiving part for receiving
the send signal from the sending part, comparing the send signal
with a plurality of predetermined voltages? generating each of
the digital input signals, and outputting the each of the digital
invut signals.

The aboveobjects of thepresent inventionareachieved

by a power supplying system for supplying a power froma plurality
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of power supplying devices to each of a plurality of loads, the
power supplying system including: a first power supplying device
inzluding a first power supplying part for supplving s poﬁer to
at least one of the plurality of loads, a controlling part for
conducting an operation control of the first power supplying part,
and a first communicating part for sending and receiving a signal
to and from the controlling part; and at least one second power
supplying device including & second power supplying part for
supplying a power to at least one of the plurality of lecads, and
a second communicating part for sending and receiving a signal
to and from the second power supplying part, wherein the first
communicating part and the second communicating parti send and
receive signals each other, and the controlling part conducts the
operation control of the second power supplying part through the
first communicating part and the second communicating part.
The aboveobiects of thepresentinventionareachieved
by a power _supplying‘ system fo£ supplying a power froma plurality
of power supplying devices to each of a plurality of loads, the
power supplying system including: a first power supplying device
including a first power supplying part for supplying a power to
at least one éf the plurality of loads, a controlling part for
conducting an operation control of the first power supplying part,
and a first communicating part for sending and receiving a signal
te and from the cont?olling part; and at least one second power

supplying device iIncluding a second power supplying part for
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supplying a power to at least one of the plurality of loads, and
a second communicating part for sending and receiving a signal
to and from the second power supplving part, wherein the'first
communicating part and the second communicating part send and
receive signals each other, and the controlling part conducts the
operation control of the second power supplying part through the
first communiceating part and the second communicating part.
The above objects of thepresent inventionareachieved
by a serial communication apparatus for conducting a serial
communication by & half-duplex communication between a first
sending/receiving circuit and a second sending/receiving circuit
in that at least one first sending/receiving circuit is connected
to at least one second sending/receiving circuit through a
transmission channel, wherein each of the first sending/receiving
circuit and the second sending/receiving circuit includes: a
sending circuit part for generating a serial data signal by
superimposing a predetermined superimposing pulse over a send data
signal having two values during a predetermined signrnal level, and
outputting the serial data signal; and a receiving circult part
for receiving the serizl data sigral sent from the sending circuit
part, and exﬁracting the send data signal by extracting the

superimposing pulse from the serial data signal.

Brief Description of the Drawings

Otherobjects, features, andadvantages of the present
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invention will become more apparent from the following detailed

deacript;onwhenreadinconjunctionwiththeaccompanyingdrawings,
in which:
FIG. 1 iz a block diagram illustrating a conventional

power supply apparatus;
iz a block diagram illustrating another

o]

FIG. 2
conventional power supplying apparatus having a configuration in

that a controlling part controls a plurality of power supplying

parts;
10 FIG. 3 is a block diagram illustrating a conventional

power supplying system;

FIG. 4 is a diagram showing a method for Transmitting
a2 digital signal by a serial commurication;
FIG. 5 is a diagram showing another method for
15 +transmitting a digital signal by a serial communication;
FIG. 6 is a diagram showing a still another method

for transmitting a digital signal by a serial communication;

FIG. 7 is a diagram showing a further method for

transmitting a digital signal by a serial communication;
8 is a schematic block diagram illustrating a

FIG.
conventional serial communication apparatus for conducing a

-duplex communication;
9 is a diagram showing a circuit configuration

th

hal

3]

IG.
ofeasignaltransmittingapparatusaccording1x>aflrstembodiment

of the present invention;
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FIG. 10 is a diagram showing voltage values of output
voltages Vo in combinations of signal levels of the digital input
signalsAiandBisLowninETG.9§aﬁcordingtothefirstembodiment
of the present invention;

FIG. 11 is a timing chart diagram showing a waveform

=]

of a signal of each part shown in FIG. 9, according to the first
embodiment of the present invention;

FIG. 12 is a diagram Zllustrating a circuit
configuration of a signal transmi<tting apparatus according to a
second embodiment of the present invention;

FIG. 13 is a diagram showing voltage values of output
voltages VoA in combinations of signal levels of the dig;tal input
sigralsAiandBishowninFIG. 12, accordingto the secondembodiment
of the present invention;

FIG. 14 is a timing chart diagram showing a waveform
of a signal of each part shown in FIG. 12, according to the second
embodiment of the present invention;

FIG. 15 is a diagram showing another circuit
configuration of the signal transmitting apparatus according to
the second embodiment of the present inventicn;

FIG. 16 is a diagram showing voltage values of output
voltages VoB in combinations of signal levels of the digital input
signels Ai, Bi, and Ci shown in FIG. 12, according teo the second
enbodiment of the present invention;

FIG. 17 1s a block diagram illustrating a power
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supplying system according to a third embodiment of the present
invention;

FIG. 18 iz a Plock diagram illus ratingamctherﬁower
supplying system according to the third embodiment of the present

5 invention;

FIG. 1% is a block diagram illustrating a power
supplying system acceording to a fourth embodiment of the present
inventicn;

FIG. 20 is a schematic block diagram illustrating a

10 serial communication apparatus according to a fifth embodiment
of the present invention;

FIG. 21 i1s a diegram illustrating a circuit
configuration of a first sending circuit part shown in FIG. 20,
according to the fifih embodiment of the presen:t invention;

15 FIG. 22 is & timing chart diagram showing a waveform
of a signal of each part shown‘in FIG. 21, according to the £ifth
embodiment of the present invention;

FIG. 23 i1s a diagram illustrating a circuit
configuration of a first receiving circuit part in FIG. 20,

20 according *to the fifth embodiment of the present invention;

s a timing chart diagram showing a waveform

-

FIG. 24

(83}

of each part in FIG. 23, accoxding to the fifth embodiment of the
present invention;

FIG. 25 i1s a diagram illustrating another circuit

25 configuration of an input signal delaying circuit shown in FIG.
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23, according to the fifth embodiment of the present invention;

FIG. 26 i1s a diagram illustrating a circuit

conficuration of 2 slave sending/receiving circuit shown in FIG.
23, according to the fifth embodiment of “he present invention;

FIG. 27 is a timing chart showing a waveform of each

[82]

part shown in FIG. 26, according to the fifth embodiment of the
present Inventiorn;

FIG. 28A through FIG. 28C are diagrams illustrating
the serial output signal output from the transmission channel,

10 according to the fifth embodiment of the present invention;

FIG. 29 is a diagram illustrating another circuilt
configuration of the first receivingcircuitaccordingto the fifth
embodiment of the present invention;

FIG. 30 is a timing chart diagram showing a waveform

15 of a signal of each par: shown in FIG. 29, according to the f£ifth
embodiment of +the present invention;

FIG. 31 is a diagram illustrating a circuit
configuration of a slave sending/receiving circuit of a serial
communication apparatus according to a sixth embodiment of the

20 present invention; and

FIG. 32 is a timing chart diagram showing a waveform

of a signal of each part shown in FIG. 31, according to the sixth

embodiment of the present invention;
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Detailed Description Of The Preferred Embodiments

In the following, embodiments the present invention

[First Embodiment]

ti

IG. 9 is a diagram showing a circuit configuration
of a signal transmitting apparatus according to & first embodiment
of the present invention. In FIG. 9, for the sake of convenience,
a case of mﬁltiplexing and ﬁransmitting two digital input signals
is illustrated.

In FIG. 9, a signal transmitting apparatus 1 includes
a sendingpar:t 2 for convertingamplitude of adigital input signals
Ai and Bi input to the signal transmitting apraratus 1 into each
voltageinaccordancewithapredeterminedweightand forgenerating
and outputiing & send signal Sol by adding each vol:tage converted
fromamplitude, and a receivingpart 3 for receiving the send signal
Sol from the sending part 2 through a signal line 5, for comparing
the send signal Scol with each of predetermined reference voltages
Vtl through Vi3, and for generating and outputting digital input
sigrals Ai and Bi based on a comparison result.

The sending part 2 includes an inversion amplifying
circuit configured of an cperational amplifier AMPL and resistors
Rl through R5. Thedigital input sigrnal Ai is input toaninverting
input terminal of the operatiocnal amplifier AMP1 through the
resisteor R1 having an input resistance. The digital input signal

Bi Is input to the inverting input termiral of the operational
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amplifier AMPL through the resistor R2 having an input resistance.
On the other hand, between a power veltage Vdd and an earth ground,
the resistor R4 and the resistor R3 ars connected in series, a
connection portion for the resistors R4 and R5 is cornected to
a non~inverting input terminal of the operational amplifier AMPI,
and a predetermined hias voltage Vs is input to the non-inverting
input terminal of the operational amplifier AMP1l. Moreover, the
resistor R3 having a feedback resistance is connected between an
output terminal of the operational amplifier AMPI and an inverting
inputterminal, andtheoutputterminal of theoverationalamplifier
AMP1l is connected to the send terminal OUT of the sending part
2. The send terminal OUT is connected to a receilve terminal IN
of the receiving part 3 by the signal lirne 5.

Next, the receiving part 3 includes vo_tage
comparators CMP1 through CMP3, NAND circuits N1 through N3, an
inverter INV, andresistorsR6 througch R8. TheresistorsR6through
R9 configure reference voltage generating circuits, the voltage
comparators CMPL through CPM3 configurevoltage comparingcircuits
and the NAND circuits N1 through N3 and the inverter INV configure
logic circuits. A sigral input to the receive terminal IN is input
to each inverfing input terminal of the voltage comparators CMP1
through CEM3. The resistors R6 through RY are connected in series
between the rower voltage Vdd and the earth ground. A connection
portions of the resistor R6 and the resister R7 1s connected to

the non-inverting input terminal of the voltage comparator CMPL,
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a connectionportionof the resistor R7 and resistor R8 is connected
to the non—-inverting input terminal of the voltage comparatoxr CMP2

14

nd a connection portion of the resistor R8 and the resisztor RO

()]
n
H
1

iz connected to the non-inverting input terminal of the voltage
comparator CMFP3.

The output terminal of the veltage comparaotr CMPL
is connected to the input terminal at one side of the NAND circuit
N1, and the ocutput terminai of the voltage comparator CMP2 is an
output terminal at one side of the receiving part 3 and is connected
o the input terminal at another side of the NAND circuit NI.
Moreover, the output terminal of the voltage comparator CMP2 Iis
connected to the input terminal at one side of the NAND circuit
N2, and the output terminal of the voltage comparator CMP3 is
connected to the input terminal at another side of the NAND circuit
2. Theoutput terminalsof theNAND circuitsNIl andNZareconnected
to relative input terminals of the NAND circuit N3, and the output
terminal of the NAND circuit N3 is the output termiral at another
side of the receiving part

Inthisconfiguration, thevoltageVoof thesendsignal
Sol output from the send terminal OUT of the sending part 2 is
expressed by £he following a formula (1):

Vo=Vs-R3x{ (VAL-Vs) /R1}+ (VBi-Vs) /R1}} (1)
Inthe formula (1), Rl represents a resistancevalue of the resistor
R1l, R3 represents a resistance value of the resistor R3, Vai

represents a voltage at a high level or a low level of the digital
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input signal AL, and Vbi represents a voltage at a high level or

a low level of the digital input signal Bi.

The power voltage Vdd is 6V, the bias voltage Vs isg
3V, the resistance value of the resistor Rl iz 15kQ, the resistance

value of the resistor R2 is 30ki, and the resistance value of
the resistor R3is10kQ. Inaddition, inthedigital ‘nput signals
Al and Bi, each voltage at the high level is 6V and is 0V at the
low level. In this case, the output voltage Vo by each combination
of signal levels of the digital input signals Ai and Bi becomes
as shown in FIG. 10. In a case in that the bias voltage Vs is
set to be half the power voltage Vdd, a resistance ratio of the
resistor R1 to the resistor R2 is set to be 1:2, and the resistance
value of the resistor R3 is set to be equal to a combined resistance
valuewhentheresistorRl isconnectedtotheresistorR2inparallel
as shown in FIG. 10, the ocutput voltage Vo is obtained as an even
voltage difference with respect to each combination of veltages
of the digital input signal Ai and the digital input signal Bi.
This relationship is stable even if the number of the input signals
1s increased.

That is, in FIG. 10, in a case of a state M1 in that
both the digitél input signeals Ai and Bi are the high level, the
cutput voltage Vo becomes 0V of a predetermined value V1., And
in a case of a state M2 in that the digital input signal Al is
the high Zevel and the digital input signal Bi is the low level,

the cutput voltage Vo is 2V of a predetermined value V2. Moreover,

I4
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in a case of a state M3 in that the digital input signal Al is
the low level and the digital input.signal Bl is the high level,
theoutputvoltageVois4Vofap:EueferminedvalueVS. Furthermore,
in a case of a state M4 in that the digital input signal Al and
Bi are the low level, the output voltage Vo is 6V of a predetermined
value V&,

FIG. 11 is a timing chart diagram showing a waveform

a signal of each part shown in FIG. 9.

th

@

In FIG. 11, in a section (a) of the ow level of both
the digital input signal Ai and the digital input signal Bi, the
output voltage Vo 1s 6V. When the digital input signal Bl becomes
the high level in a section (b), the output veltage Vo becomes
4V. When the digital input signal Ai becomes the high level in
a section (c), the output voltage Vo becomes 0V. Next, when the
digital input signal Bi becomes the low level in a section (d),
“he output voltage Vo is 2V. After a section (d), in sections
(e), (£), (g), (h), and (1), thevoltage value of the output voltage
Vo 1s changed each time the signal levels of the digital input
signal Al and thedigital input signal Biarechanged. Inaddition,
with respect toall combinations of the signal levels inthedigital
input signal Al and the digital input signal Bi, the cutput voltage
Vo output a different voltage value.

Next, in the receiving part 3, each voltage value of
the resistors R6 through RS is set so that a reference value Vtl

is 1V, a reference voltage Vt2 is 3V, and a reference voltage Vt3
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is 5V. Thaﬁis,thereferencevaluthlissettobeanjjmermediate
value of the ocutput voltages Vo of the state M1 and the state N2
showninFIG.lO,thereferencevaluthQissettobeanintermédiate
value of the output voltages Vo of the state M2 and the state M3
shown in FIG. 10, and the reference value Vt3 is set to be an
intermediate value of the cutput veoltages Vo of the state M3 and
the state M4 shown in FIG. 10.

As seen from FIG. 11, the same signal as the digital
inpu® signal Al is output from the cutput terminal of the voltage
comparator CMP2. When the output signal Ao is the high level,
“he same signal as the digital input signal Bi is output from the
output terminal of the voltage comparator CMP3 and is output from
the NAND circuit N2. Moreover, when the ouitput signal Ao is the
low level, the same signal as the digital input signal Bi is output
from the output terminal of the voltage comparator CMPLl and is
output from the NAND circuit N1. The output signals of the NAND
circuits N1 and N2 are synthesized by the NAND circuit N3, and
the same signal as the digital input signal Bi is output as the
output signal Bo.

As described zbove, in the signal transmitting
apparatus 1, ﬁhe sending part 2 converts amplitude of the digital
input signals Al and Bi intec a voltage in accordance with a
predetermined weight, adds all converted voltages, generates
different predetermired voltages V1 through V4, respectively, and

“ransmits a signal to the receiving part 3. The receiving part
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3 conducts a voltage comparison for the signal received from the
sending part 2 by using the predetermined reference voltages Vtl
th

through v+ - the

)
(@)

renerates the output =ignal Ao bhein

W

M

same 3

mn

U

input signal A1 and the output signal Bo being the same

digita
as the digital input signal Bi from the comparison resuLt, and
outputs the ouiput signal AcandtheoutputsignalBo. Accordingly,
it is possible to reproduce all digital input signals at the same
time. Since the delay by Ehe conventional serial-parallel
conversioniseliminated, itispossible toconductasignal process
at higher speed.

In the first embodiment, the case of two digital input
signals is illustrated and described. Since this case 1s just
an example, the pfesent invention is not limited to this case but
can be applied tc a plurality of digital input signals. Moreover,
in the first embodiment, the case in that each of the resis<tance
values is weighted by a multiple of two. Since this case is just
an exampie, the present invention is not limited to this case.
[Second Embodiment]

In a case of sending a signal to a specific circuilt

here 1s an enable signa. tTo enable the specific circuit, if

t

and
other controllsignals are multiplexed and transmitted only when
the enable signal becomes active, 1% is possikle to multiplex the
control signals by a simple circuit. Thet is, in the first

embodiment, the sending part 2 can multiplex and transmit the

digital input sigrnals Al and 31 <o the receiving part 3 only when
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the digital input signal Ai is the low level and the high level.
This configuration will be described as a second embodiment of
the pressent invention.

FIG. 12 is & diagram illustrating a circuit
configuration of a signal transmitting apparatus according to the
second embodiment of the present invention. In FIG. 12, parts
that parts that are the same as those shown in FIG. 2 are given
the same reference numbers. Also, in FIG. 12, for the sake of
convenience, the case of multiplexing and transmitiing twodigital
input signals is illustrated and described.

In FIG. 12, for example, the sigrnal transmitting

Hh

apparatus la includes a sending part 2a and a receiving part Zb.
The sending part 2a converts amplitude of the digital input signal
Bi when the digital irnput signal Al is the low level, into each
voltage in accordance with a predetermined weight, in which the
amplitude is converted by a greatest weight in two digital input
signals Ai and Bi. Also, the sending part 2a generates & send
signal SoA by adding the converted voltages of the digital input
signal Bi to the converted voltages of the low level of the digital
input signal Ai. The receiving part 3a receives a send signal
ScoA from the éending part 2a through the sigral iine 5, cocmpares
the send signal ScA as a receive signal with each of predetermined
referencevoltages Vté and Vt5, generates thedigital inputsignais
Ai and Bi based on a comparison result, and outputs the digital

input signals Al and Bi.
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The sending part 2a includes NMOS (N-channel MOS)
transistors Ml and M2 configuring switchingcircuits end resistors

Rl1leandR22 configuringloadres

n

istances. Thedigitzl inputsicnzl
Al i1s input to a gate of the NMOS transistor M1, and the digital
input signal Bi is input to a gate of the NMOS transistor M2. On
the other hand, the resistor R11 and the NMOS transistor M1l are
connected in series between the power voltage Vdd and the earth
ground, and a series circuit of the resistor R12 and the NMOS
transistor M2 i1s connected to the NMOS transistor M1l in parallel.
A cornnection portion of the NMOS transistor M1l and the resistors
R11l and R12 is connected to a sending terminal OUT of the sending
part 2a. The sending terminal QUTa is connected to a receilving
terminal Ina of the receiving part 3a by the signal line 5.
Next, the receliving part 3a includes voltage

comparators CMP1ll and CMP1l2 and resistors R13 through R15. The
resistors R13 through R15 configure reference voltage generating
circults, thevoltagecomparators CMP11l andCMP1l2 configurevoltage
generating circuits, and the voltage comparators CMP1l and CMP1Z
configure voltage comparing circuits. Eachwiringline connected
to each output terminal of the voltage comparators CMP1l and CMF12

=

configures a pseudo logic circult. A signa

input to a receiving

-

terminal INa is inputtoeach invertinginput terminal of thevoltage
comparators CMPLll and CMP12. The resistors R13 through R15 are
cagnnected in series between the power voltage Vdd and the earth

ground. A connection pertion of “he resistor R13 and the resistoxr
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R14 is connected to a non-inverting input terminal of the voltage
comparator CMP1l, and a connection portion of the resistor R14
and the resistor R15 is connected tc & non-inverting input of the
voltage comparator dMPl:. The ocutput terminal of the voltage
comparetor CMP11 configures cne output terminal of the receiving

part 3a and the output terminal of the voltage comparator CMPLZ
configures another output terminal of the receiving part 3a.

In this configﬁration described above, in a case In
that the power voltage Vdd is set fo be 4V and a resistance value
of the resistor R11 s the same as a resistance value of the resistor
R12, an output voltage VoA corresponding to each combination of
signal levels of the digitel input sigrnal Al and Bi becomes as
shown in FIG. 13. As seen from FIG. 13, by setting the resistance
value of the resistor R11 to be the same as the resistance value
of the resistor R12, amplitudes of the digital input signals Ai
and Bi1 are evenly changed.

That is, in FIG. 13, in a case of a state M4a in that
both the digital input signals Al and Bi are the low level, the
output voltage VoA becomes 4V of a predetermined value V3a. And
in a case of a state M3a in that the digital input signal Al is
the Zow levelland the digital input signal Bi is the high level,
the output voltage VoA becomes 2V of a predetermined value V2a.
Moreover, in a case of a state M2z in that the digital input signal
Ai is the high Zevel and the digital input signal 31 is the high

level an in & case of & state Mla in that both the digital input
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signals Al and Bi are the high level, the output voltage VoA becomes
0V of a predetermined wvalue Vla.

FIG. 14 ig & timing chart diagram showing a wa&eform
of a signal of each part shown in FIG. 12. Each operation of parts
shown in FIG. 12 will be described in detail with reference to
TIG. l14.

When the digital input signal A1 is the high Zevel
(4V) , the NMOS transistor Ml as a switching device is turned on
and 0V of *he send signal SoA is output from the send terminal
OUTa. When thedigital input signal Al becomes the Low level (0V),
2V or 4V corresponding to the signal level of the digital input
signal Bi is ouiput from the send terminal OUTa as the send signal
SoA. That is, in a case in that the digital input signal AL is
the low level, the send signal SoA becomes 4V when the digital
input signal Bi is the low level (0V), and the send signal SoA
becomes 2V when the digital input signal Bl is the high level (4V).

On the other hand, in the receiving part 3a, the
resistance values of the resistors R13 through R15 are set so that
the reference voltage Vt4 becomes 1V and the reference voltage
Vt5 becomes 3V, that is, the reference voltage Vii becomes an
intermediate‘value between the predetermined value Vla and the
predetermined value VZa becomes an intermediate value between the
predetermined V2a and the predetermined value V3a. As seen from
BIG. 14, the voltage comparator CMPil outputs the ocuiput signad

Bo having a signal level corresponding to the comparison result
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from comparing the output voltage VoA and the reference voltage
Vt5, and the output signal Bo becomes the same signal as the digital

input signal Bi. Also, the voltage comparsator CMP1Z outputs the

(0]
[tH

output signal Achavinga signal level corresponding the comparison
result from comparing the ocutput voltage VoA and the reference
voltage Vté.

In a case in that the digital input signal Al is the
high level and the digital input signal Bi ismultiplexed, in FIG.
12, simply, the signal level of the digitel input signal Al is
invertedbyaninverterandisinputtothegateof theNMOStransistor
M1l. Alternatively, the NMOS transistors Ml and M2 may be replaced
with a PMOS transistor. As described above, it is possible o
transmit a signal by a simple circuit configuration in the case
of mulitipiexing two signals.

Thecaseofmultiplexing two inputsignals isdescribed
with reference to FIG. 12 <through FIG. 14. In FIG. 12 through
FIG. 15, parts that are the same as those shown in FIG. 12 are
given the same reference numpbers and the explanation therecf will
be omitted. Differences from FIG. 12 will be described.

Different fromFIG. 12, in FIG. 15, an NMOS transistor
M3 ard a resiétor R21 are additionelly provided to the sending
part 2z shown in FIG. 12 as a switching device. Moreover, instead
of the resistors R13 through R15 in the receiving part 3a shown
in FIG. 12, resistors R22 through R26 are additicnally provided,

and the voltage comparators CMPL3 and CMP14 and a logic circuit
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11 are additionally provided to the receiving part 3a.
In FIG. 15, the signal transmitting spparatus 1lb

includes a sending part Zb and a receiving part 3. The sending

'J
3

rt 2b converts amplitude of each of the digital input signals
Bi and Ci when the digital input signal Ai is the low level, into
each voltage in accordance with a predetermined weight, in which
the amplitude is converted by a greatest welght in three digital
input signals AL, Bi, and Ci. And the sending part 2b generates
a2 send signal SoBby adding eachvoltage of thedigital input signals
Bi and Ci to a voltage at the low level of the converted digital
input signal Ai, and outputs the send signal SoB. The receiving
part 3b recelves the send signal SoB fromthe sendingpart 2b through
the sigrnal line 5, compares the send sigral SoB with each of
predetermined V6 through Vt2, generates the digital input signal
Ai, Bi, and Ci based on the comparison result, and cutputs the
digital input signal Ai, Bi, and Ci.

The sending part 2b includes NMOS transistors M1
through M3 configuring a switching circuit, and resisters R11,
R12, andR2leachofwhichconfiguresaloadresistance. Thedigital
irput signal CI is input to a gate of the NMOS transistor M3.
Moreover, a series circult of the NMOS transistor M2 is connected

to a ~e

wn

e

H

circuit of the resistor R12 inparallel. A connection

9]

portion of the NMOS transistor M1 and the resistors R11, R12Z, and
R21 is connected a sending terminal OUTb of the sending part 2b.

Tre sending terminal OUTb is connected to a recezving terminal
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INb of the receiving part 3b by the signal line 5.
Next, the receiving part 3b includes voltage
comparators CMPLl1l through CMPl4. ths r R22 through R2&,

siztor

0]
)
LK

and a logic circuit 11. The resistors R22 through R2Z6 configure
referencevoltage generatingcircuits, and thevoltage comparators
CMP11l through CMP1l3 configure voltage comparing circuits. 2
signal input into the receiving terminal INb is input to each of
the inverting input termiﬂals of the voltage comparator CMPl1
through CMPl4. The resistors R22 through R26 are connected in
series between the power voltage Vdd and the earth ground. A
connecticon pertion of the resistor R22 and the resistor RE3 is
connected to a non-inverting input terminal of the voltage
comparator, and a connection portion of the resistor R23 and the
resistor R24 is connected to & non-inverting input terminal of
the voltage comparator CMP1Z.

Moreover, a connection portion of the resistor R24
and the resistor R25 is connected to a non—-inverting input terminal
of the voltage comparator CMP1l3, a connection portion of the
resistor R25 and the resistor R2Z6 is connected to a non-inverting
input terminal of the voltage comparator CMP1l4. Each ocutput
cerminal of the veltage comparators CMP 11 through CMP14 is
connected to the logic circuit 11. The logic circuit 11 generates
each of the digital input signal Ai, Bi, and Ci from each ouiput
signa. of the four voltage comparators CMPl1l through CMPl4 and

outputs each of the output signals Ao, Bo, and Co fromcorresponding
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output terminals of the receiving part 3b.

In this circuit configuration, in a case in that the
power voltage Vdd is set to bhe 4V. the resisgstor R1I1 is set.to be
10k, the resistor R11 is 15k, and <he resistor R21 is set to
be SOkQ, output voltages VoB corresponding to combinations of
the signal levels of the digital input signal Ai, Bi, and Ci. As
seen from FIG. 16, a resistance ratic of the resistance R12 and
the resistance R21 is set tobe 1:2, the resistor R12 is connected
to the resistor R21 in parallel, and a combined resistance value
issettobeapproximatelyequal tcaresistancevalueof theresistor
R11, so that & voltage change of the output voltage VoB output
from the sending terminal OUTb is made to be relatively greater.

On the other hand, each of the reference voltages Vté
through V<8 may be set to be an intermediate voliage of the cutput
voltages VoB shown in FIG. 16. For example, in a case shown in
FIG. 16, each resistance value of the resistors R22 through R26
s set so that the reference voltage Vt6 becomes 1V, the reference
voltage Vi7 becomes 2.2V, the reference voltage Vt8 becomes 2.7V,
and the reference voltage Vt9 becomes 3.5V. The logic circuit
11 generates each of the digital input sigrals Ai, Bi, and Ci from
each output signal of the four voltage comparateors CMP1ll through
CMFPl4, and outputs the digital input signalis Ai, Bi, and Ci as
output sigrnals Ac, Bo, and Co.

As described above, the signal transmitting apparatus

la according to the second embodiment, the sending part 2a converts
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amplitude of eachdigital input signal intoavoltage in accordance

with & predetermined weight only when a predetermined cone inpux

;. different

{n
=-
{®]

mal Zs the low level or the high level. generate

¢
(1))

H

edeterminedvoltages by adding convertedvoltages, and transmits

¥

the different voltages to the receiving part 3b. The receiving
prart 3b conducts a voltage comparison To compare a signal received

o]

fromthe sendingpart 3bwith eachpredetermined reference voltage,
generates an output signal.being the same as each of the digital
input signals based on the comparison result, and outputs each
output signal. Accordingly, the same effects as the firs:
embodiment can be obtained in the second embcecdiment. Moreover,
in a ca;e in that only when an enable signa’ for enablinga specific
circuit 1s active, other control signals are multiplexed and
transmitted, 1t is possible to simplify a circuilt configuration.
According to the present invention, in *the signal
transmitting apparatuses 1, la, and lb, since the amplitude of
each of the plurality of the digital input sigrals is converted
into a voltage by a predetermined weight, and voltages of converted

di

Q
l,_l -

tal input signals are added and are transmitted, it is possibkble
to transmit information of the plurality of the digital input
sigrnals by & single signal line. Therefore, it is possible to
reduce a space for wiring lines and an expense. Moreover, it is
possible to simultaneousiy all digital input signals at the

receiving parts 3, 3a, and 3b, it is possible to eliminate a time

loss for the conventional serial-parallel conversion, and it is
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vossible to conduct a signal process at higher speed.
Moreover, inacase in that otherdigital input signals
rital input signal having *the

=

are transmitted only when the dis

reatest weight in the plurality of digital input signals is the

©

n

ignal level, which is either <the high level or the low level,
it is possible to realize and minimize a sending/receiving circuit
by & simple configuration, and to reduce the expense of the
sending/receiving circuilt.

[Third Embodiment]

FIG. 17 is a block diagram illustrating a power
supplying system according to a third embodiment of the present
invention.

In FIG. 17, the power supplying system 1001 includes
a first power supplying unit 1002 for conducting a power supply
to loads Al through Am (m is an integer where m>0), and a second
power supplying unit 1003 for conducting a power supply tc loads
Bl throughBn (nisanintegerwheren>0). The firstpower supplying
unit 1002 and the second power supplying unit 1003 zre mutually
connected by a communication line 1004.

The power supplying unit 1002 includes a first power
supplying par£ 1011 for conducting a power supply to the loads
Al through Am, a controlling part 1012 for conducting an operation
control of the first power supplying part 1011, and a first
communicating part 1013 for communicating with the second power

supp~ying unit 1003. MNoreover, the second power supp-ying unit
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1003 includes a second power supplying part 1021 for conducting
a power supply to the leads Bl through Bn, and a second comnunicating
part 1022 for communicating with the first power supplyiﬁg unit
1002. The first communicating part 1013 and the second
communicatingpart 1022 mutually send and receive a signal by using
the communication line 1004. The contreolling part 1012 conducts
the operation control of the first power supplying part 1101 and
aiso conducts the operatioﬁ control of the second power supplying
part 1021 through the first communiceting part 1013 and the second
communicating part 1022.

For example, the controlling part 1012 conducts
various condition settings and operation controls such as a start
and stop of the power supply, a voltage setting of a power to supply,
a current secting of the power to supply, a switch from a regular
operation mode to a low power consumption operation mode, and a
Zike, with respect to the firs< power supplying part 1011 and the
second power supplying part 1021. In addition, the controlling
part 1012 receives information for each of the loads Al through
Am sent from the first power supplying part 1011 and the second
power supplying part 1021, for example, information such as a
present curreﬁt consumption value, an output voltage value, and
a like, and sends a new instruction to the first power supplying
part 1011 and the second power supplying part 1021. As described
above, the controlling part 1012 sends and receives information

e

to and from the first power supplying part 1011 and the second
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power supplying part 1021, mutually.
A signal between the contrelling part 1012 and the

first power supplving part 1011 is directly sent and received.

o

A signal between the controlling part 1012 and the second power
supplying part 1021 is sent and received through the first
communicating part 1013 and the second communication part 10272,
The first communication part 1013 and the second communication
part 1022 are mutually connected by the communicetion line 1004.
The first communicating part 1013 and the second communicating
part 1022 may be connected by any kind of communication part. A
well-known-echnologycanbeusedandmaybeeitherwiredorwireless.
The first power supplying unit 1002 corresponds to a first power
supplying device in claims, and the second power supplying unit
1003 corresponds to a second power supplying device in claims.
The first power supplying part 1011 corresponds to & first power
supplying part in claims, and the first communicating part 1013
corresponds to a first communication part in claims. The second
power supplying part 1021 corresponds to a second supplying part
in claims, and the second communicating part 1022 corresponds to
a second communicating part in claims.

B§ this configuration, in a case in that a small size
power supplying system is formed due to a fewer number of loads
for conducting the power supply, it is possible to minimize the
pewer supplying system by configuring by the £irst power supplying

unit 1002 alone. Moreover, in order <o correspond to a product
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size such as the number of loads for conducting the power supply,
it is possible to correspond to a case of conducting 8 complicated
power supply by adding the second power supplving unit 1003.
In addition, in order to conirecl the second power
supplying part 1021, simply, only a signal line may be.connected
between the first communicating part 1013 and *he second

communication part 1022, so that it is possible t

0]

easily wire
lines within a product using the power supplying system 1001.
Moreover, a serial communication can be used for a communication
between the first communicating part 1013 and the second
communicatingpart 1022, so that it ispossible to reduce the number
of signal lines. Therefore, itispossible tominimize the product
using the power supprlying system 1001 and reduce the expense.
Furthermore, the communication between the first communicating
rart 1013 and the second communicating part 1022 can be realized
byaradiotransmission. Accordingly, thesignal line isnotneeded,
and 1t is possible to further minimize the power supplying system.
Next, in FIG. 17, a case in that a power supplying
unit connected to the first power supplying unit 1002 is only the
second power supplying unit 1003 is illustfated. Alternatively,

"
L

a plurality of power supplying units may be connected to the firs=:
power supplying unit 1002. In this case, the configuration shown
in FIG. 17 can be modified as shown in FIG. 18. In FIG. 18, a

case in that two power supplying units are connected to the first

power supplying unit 1002 is illustrated. In FIG. 18, parts that
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are the same as those shown in FIG. 17 are given the same reference
numbers and the explanation thereof will be omitted. Differences
from FIG. 17 will be described.

Different from the configuration shown in FIG. 17,
in FIG. 18, & third power supplying unit 1005 is additicnally
rrovided.

In FIG. 18, a power supplying system 1101 includes
the first power supplying ﬁnit 1002, the second power supplying
unit 1003, and the third power supplying unit 1005 for conducting
the power supply to loads Cl through Cp (p is an integer where
p>0) . The first power supplying unit 1002, the second power
supplying unit 1003, and the third power supplying unit 1005 are
connected to the communication line 1004. The third power
supplying unit 1005 includes a third power supplying part 1031
for conducting the power supply to loads C1l through Cp, and & third
communicating part 1032 for communicating with the first power
supplying unit 1002. The first through the third communicating
parts 1013, 1022, and 1032 mutually communicate by using the
communication line 1004. The controlling part 1012 conducts the
operation controls of the first power supplying part 1011 and the
second power supplying part 1021, and also conducts the operation
control of the third prower supplying part 1031 through the first
commuricating part 1013 and the third communicating part 1032.

For example, the_controlling part 1012 conducts

various condition settings and coperation controls such as a start
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and stop of the power supply, a voltage settingof a power o supply,
a current setting of the power to supply, & switch from a regular
operation mede to a low powsr consumption operation mode,.and &
like, with respect to each of the first, zecond, and third power
supplying parts 1011, 1021, and 1031. Also, the controlling part
1012 receilves information for each of the loads Al through Am,
Bl through Bn, and Cl through Cp sent from the first power supplying
part 1011, the second power supplying part 1021, and the third
power supplying part 1031, for example, information such as a
present current consumption value, an output voltage value, and
a like, and sends a new instructicn to the first power supplying
rart 1011, the second power supplying part 1021, and the tﬁird
rower supplying part 1031. As described above, thé controlling
rart 1012 sends and receives information to and from the first
power supplying part 1011, the second power supplying part 1021,
and the third power supplying part 1031, mutually.

| A sigrnal between the controlling part 1012 and the
third power supplying part 1031 is received and sent through the
first communicating part 1013 and the third communicating part
1032. Thefirst, second, andthirdcommunicatingparts 1013, 1022,

and 1032 are connected by the communication iine 1004, The first,

w

second, and third communicating parts 1013, 1022, and 1032 may
be connected by any kind of a communicetion part. A well-known

“echnology can ke used and may be either wired ox wireless. The

third power supplying unit 1005 corresponds to the second power
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supplying device in claims, the third power supplying part 1031
corresponds to the second power supplying rart in claims, and the
third communicating part 1032 corresponds to ths second
communicating part.

By this configuration, in oxder to correspond to the
product size based on the number of loads for conducting the power
supply, in addition <o operating the first power supplying unit
1002, the first, second, ahd third power supplying units are
corbined to use. Accordingly, by ccmbining the firsi, second,
and third power supplyingunits 1002, 1003, and 1005, it is possible
to realize a further complicated power supply.

Moreover, inordertocontrol the thirdpower supplying
part 1031, only the signal line may be simply connected between
the first communicatingpart 1013 and the third communicating part
1032. Therefore, it i1s possible to easily wire lines within the
product using the power supplying system 1101. Furthermore, a
serial communication can be used for a communication between the
first communicating part 1013 and each of the second communicating
part 1022 and the third communicating part 1032, so that it is
possible to reduce the number of signal lines. Therefore, it is
possible to:niﬁimize the product using the power supplying system
and reduce the expense. In addition, a radioc transmission can
be used for a communication between the first communicating part
1013 and sach of the second comnunicating part 1022 and the third

communicating part 1032, so that the signal line is not needed.
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Therefore, it is possible to further minimize the product using
“he power supplying system.

Ls described abov communication linre

V)]
oF
=y
[n]
(s}
[}
18]
of
i
o

1004, an instruction from the contrelling part 1012 provided to
the first power supplying unit 1002 is sent to each of the power

supplying units 1003 and 1005. Accordingly, various conditions

tn

can be set for each of the power supplying units 1003 and 1005.
On the other haﬁd, informafion from each of the power supplying
units 1003 and 1005 is sent to the first power supplying unit 1002.
Then, the controlling part 1012 receives the information and
gernerates a next instruction. By this configuration, it is
possible to realize the power supplying system 1101 by a simple
configuration for any size of the product. Moreover, by using
communication parts for an external communication of the power
supply system 1101, it is possible to control an option apparatus
externally provided to the power supply system 1101 and a power
supplying unit of a parallel operation of <tThe same system.

As described zbove, the power supp.y systems 1001 and
1101 according to the third embodiment, the first power supplying
unit 1002 is connected o at least one of other power supplying
units by the communication line 1004, and the operation control
of the power supplying part within at least one power supplying
unit is conducted. Accordingly, even if the number of the power
sppplying units is increase and an amount of information to send

and receive between the power supplying units and the number of
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controlling part is increased, it is possible to reduce the number
of signal lines to connect the controlling part and the power
supplying units.
[Fourth Embodimen<t]

in the third embodiment, the controlling part 1012
controls each power supplying part. Some products using the power
supplying system includes a controlling part for controlling
various functions being included in the product and controls the
power supplying part by the controlling part. In this case, it
is ineffective to provide a special controlling circuit for
controlling the power supplying part. Accordingly, the
controlling part 1012 may be configured as one contrelling unit
separated from the first power supplying unit 1002. This
configuration will be described as a fourth embodiment.

FIG. 19 is a block diagram illustrating a power
supplying system according to the fourth embodiment of the present
invention. In FIG. 19, parts that are the same as those shown
in FIG. 18 are given the same reference numbers and the expianation
thereof will be omitted. Differences from FIG. 18 will be
described.

Different from the configuraticn shown in FIG. 18,
InFIG. 19, the controliing part 1012 of the first power supplying
unit 1002 is separately configured as a controlling unit 1041,
ap interface part for connecting the power supplying unit 1002

and *he controlling unit 1041 is provided to each of the first
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power supplying unit 1002 and the controlling unit 1041.
Zccordingly, the first power supplying unit 1002 shown in FIG.

irst power suppilving unit 1002a shown in

1]

18 ig configured as

n

FIG. 18, and the power supplying system 1001 shown in FIG. 18 is
configured as a power supplying system 100la.

In FIG. 19, the power supplying system 1001a includes
the first power supplying unit 1002a, the second power supplying
unit 1003, the third power.supplying unit 1004, and a function
unit including the first, second, and third power supplying part
1011, 1021, and 1031 and a predetermined function. The power
supplying unit 1002a includes a first interface part 1015 for
interfacing between the first power supplying part 1011 and the
contrelling unizt 1041, and a first communicating part 1013. 1In
addition, acontrollingpart 1042 for conductingoperationcontrols
of the first, second, and third power supplying parts 1011, 1021,
and 1031, and the function unit 1045, and a second interface part
1043 for interfacing with the filrst power supplying unit 1002a.

The first and second interface parts 1015 and 1043
are connected each other and the first interface part 1015 and
the first communicating part 1013 are connected each other. The
controlling'pért 1042 and the function unit 1045 send and receive
a2 signal directly each other. The controlling part 1042 sends
and receives a signal to and from the first power supplying part
1811 through the second interface part 1043 and the first interface

part 1015. Moreover, the controllingpart 1042 sends and receives
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a signal to and from the second power supplying part 1012 through
the second interface part 1043, the first interface part 1015,
the first communicating part 1013, the communication line'lOOé,
and the second communicating part 1022, Alsc, the controlling
part 1042 sends and receives a signal fo and from the third power

supplying part 1031 through the second interface part 1043, the

|

first interface part 1015, the first communicating rart 1013, the
communicatiocn iine 1004, and the third communicating part 1032.
The controlling par: 1042 conducts various condition

settings and operation controls such as a start and stop of the

vower supply, a voitage setting of a power to supply, a current

mode tTo a low power consumptlon operation mode, and a like, with
respect to each of the first, second, and third power supplying
parts 1011, 1021, and 1031. Also, the controlling part 1042

receives information for each of the loads Al through Am, Bl throuch
Bn, and Cl through Cp sent from the first power supplying part
1011, the second power supp_yving part 1021, and the third power
supplying part 1031, for example, information such as a present
current consumption value, an output voltage value, and & like,
and sends a new instruction to the first power supplyingpart 1011,
the second power supplyingpart 1021, and the thirxd power supplying
part 1031. As described above, the contrelling part 1012 sends
and receives information to and from the first power supplying

part 1011, <the second power supplying part 1021, and the third
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power supplying part 1031, mutually.

As described above, the power supplying syétem 1001=a

n
)

in the second embodiment conducts the opesration control to each
of the power supplying parts 1011, 1021, and 1031 of the power
supplying units 1002a, 1003, and 1005 by separately providing the
controlling unit 1041, and also gends and receilves a signal with
respect to the function unit 1045 so as to conduct the operation
control. Accordingly,knftheconfigurationjjlthata.controlling
part for controlling the entire product or a controlling part for
controlling another function other than a power source serves as
a controlling part for controlling each power supplying part of
each power supplying unit, it is possible to further minimize the
configuration of the power supplying system 100la and to further
reduce the expense.

In the fourth embodiment, the first interface part
1015 and the second interface vart 1043 are provided in the power
supplying system 100la. Alterratively, if conditions such as
input/output voltage levels, currentdrivingabilities, anda like
of the controlling part 1042 corresponds to those of the first
power supplying part 1011 and the first communicating part 1013,
the first intérface 1015 and the second interface part 1043 are
notneeded. Accordingly, thecontrollingpartlf4Zmaybedirectly
connected to the first power supplying part 1011 and the first

cpmmunicating part 1013.

As seen from the above-explanation, according to the
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power supplyingsystemaccordingtothethirdand fourthembodiment
of the present invention, the first power supplying part directly
contreolled from the contreolling peart is combined withvat'least
one second power supplying part controlled from the contreolling
rart through the first communicating part and the second
communicating part. Therefore, it is possible to realice &
preferable power supply from a small size of the power supplying
system <0 a large size of the power supplying system. Moreover,
since the first communicating part and the second communicating
partconductacommunicationeachother tosendandreceivea signa’,
the number of signal lirnes is not increased even in the large size
power supplying system. It is possible to minimize the power
supplying system and reduce the expense.

Moreover, the controllingunit is provided to conduct
the operation control of the first power supp.ying part in the
first power supplying unit is conducted, and also the operation
control of the second power supplying part in the second power
supplying unit. Accordingly, the controlling part being used in
the product can be partially used. Therefore, it is possible to
furtherminimize the power supplying systemand reduce the expense.
[Fifth Embodiﬁent}

FIG. 20 is a schematic block diagram illustrating a
serial communication apparatus according to a fifth embodiment
of the present invention.

&

Irn FIG. 20, the seria. communication apparatus 2001
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conducts a serial communication by a half-duplex communication

between the host unit HC and slave unit SC, and includes a host

sending/receiving circuit 2002, and a slave sending/receiving
cirouit 2003 The host sending/receiving circuit 2002 is

connected to the host unit HC and the slave sending/receiving
circuit 2003 is connected to the slave unit SC. The host

sending/receiving circuit 2002 and the slave sending/receiving

Q
-

rcult 2003 are connected each other by a transmission channel

AN}

004 for a transmission of a serial signal. The host:
sending/receiving circuit 2002 corresponds to a first
sending/receiving circuit in claims, and the slave
sending/receiving circuit 2003 corresponds <o a second
sending/receiving circuit in claims.

The host sending/receiving circuit 2002 includes a
first sending circuit part 2011 and a first recelving circult part
2012. The slave sending/receiving circuit 2003 includes a second

sending circuit part 2003 and a second receiving circuit part 2014.

|=-

The first sending circuit part 2011 and the first receivingcircuit
part 2012 are connected to the second sending circuit part 2013
and the second receiving circuit part 2014 by the transmission
channel 2004. In a case of sending data from the host
sending/receiving circuit 2002 to the slave sending/receiving
circuit 2003, & serial data signal is sent to the slave

sending/receiving circulit 2003 fromthe first sending circuitpart

2011 throughthetransmissionchannel 2004, andthe secondreceiving
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circuit part 2014 extracts data from an signal input through the
“ransmission channel 2004.

Moreover, when date are sent from the siave
sending/receiving circuit 2003 to the host sending/receiving
circuit 2002, ano-datasignal issent fromthe firstsendingcircuit
part 2011 fo the slave sending/receiving circuit 2003 through the
transmission channel 2004. The second sending circuit part 2013
isconnectedtothesecondréceivingcircuitpart2014. The second
sending circuit part 2013 writesldata by superimposing a pulse
over the no-data signal input through the transmission channel
2004, and sends a serial data signal, in which the data are written,
tothehostsending/receivingcircuit2002throughthetransmission
channel 2004. The first receiving circuit part 2012 extracts the
data from a signal input through the transmission channel 2004.

FIG. 2. 1s a diagram illustrating a circuit
configuration of the first sending circuit part 2011 shown in FIG.
20 according to the fifth embodiment of the present invention.
FIG. 22 is a timing chart diagram showing a waveform of a signal
of each part shown in FIG. 21. The first sending circult part
2011 wil; be described with reference to FIG. 21 and FIG. 22.

An output data signal SDo5l and & clock signal CLK
are input to the first sending circuit part 2011 shown in FIG.
21 from the host unit HC. The first sending circuit part 2011
generates a serial output signeal Sobl corresponding to the output

data signal SDo51 and outputs the serial output sigral So5l to



10

15

20

25

WO 2004/093377 PCT/JP2004/005376

48
thetransmissionchannel 2004. TheclocksignalCLKhasa frequency
two times as much as an output timing of the output data signal
SDebl, and synchronizes the output data signal SDo5l.

The first sending circuilt part 2011 includes a T52

Hh

delaying circuit 2021 for delaying the clock signal CLK by a
predetermined time T52, a T51 delaying circuit 2022 for further
delaying ar output signal S51 or the T52 delaying circui: 2021
by a predetermined time TSl, a superimposing pulse generating
circuit 2023 for generating a superimposing pulse signalil S53 from
“he output signal S51 of the T52 delaying circuit 2021 and the
output signal S52 of the T51 delaying circuit 2022, a T53 signal
gernerating circuit 2024 for generating a pulse signal S55 of a
predetermined pulse width T53 by dividing the clock signal CLK
into two freguencies, and an output signal generating circuit 2025
for generating the serial output signal So51 from a superimposing
pulse signal S$54, in which “he superimposing pulse signal 853 is
superimposed by corresponding to the output data signal Sob5l, and
the pulse signal S55. The T51 delaying circuit 2022 corresponds
toa first T51 delaying circuit in claims, the superimpesing pulse
generating circuit 2023 corresponds to a first superimposingpulse
generating circuit in claims, and the output signal generating
circuit2025correspondstoafirstoutputsignal generatingcircuit
in claims.

The T52 delaying circuilt 2021 includes a resistor R51,

& capacitor C51, and a buffer gate BUF51l. The capaciteor C31 is
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connected between one end of the resistor R51 and the earth ground,

and the clock signal CLK is Zinput to another end of the resistor

n

the resistor R51 and the

h

R51. Moreover, s connection portion o

capacitor C51 is connected to an input terminal of the buffer gate
BUF51. The output signal S51 of the T52 delaying circuit 2021
becomes a signal in which the clock signal CLK is delayed by the
time T52 as showninFIG. 22. ThetimeTb2tobedelayedisdetermined
by a threshold voltage Vi51 for the resistor R51, the capacitor
C51, and the buffer gate BUF51.

Moreover, the T51 delaying circuit 2022 includes a
resiszor R52, a capacitor C52, andan inverter INV51. Theresistor
R52 and the capacitor C52 are connected in serial at an output
terminal of the T52 delaying circuit 2021, that is, between an
output terminal of the buffer gate BUF51 and an earth ground. In
addition, aconnectionportionof the resistor R52 and the capacitor
C52 is connected to an input terminal of the inverter INV51. The
output signal S52 of the T51 delaying circuit 2022 inverts the
output signal S51 of the T52 delaying circuit 2021 as shown in
FIG. 22, and becomes a signal being delayed by the time T51. The
time T51 tobedelayed fortheT51ldelayingcircuit2022 isdetermined
by a thresholci Vt52 for the resistor R32, the capacitor C52, and
the inverter INVOL.

The superimposing pulse generating circuit 2023
includes an AND circuit ANS51. The cuitput signal S51 cf the T32

delaying circuit 2021 and the output signal S52 of the T51 delaying
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circuit 2022 are input to input terminals of the AND circuit ANS51,
respectively. As shown by the superimpesing pulse signal 553‘in
FIG. 22, from the output terminal of the AND circuit ANii, the
superimpeosing pulse is created at intervals of one perilod of the
clock signal CLX one by one.

The T53 signal generating circuit 2024 includes a 1/2
dividing circuit configured of a D flip flop DFFE1. The clock
signal CLK is irnput to a élock input terminal CK of the D flip
flop DFF51. Anoutput terminal Q is inverted when the clock signal
CLK is raised from the low level to the high level, and as shown
by the signal 855 in FIG. 22, the T53 sigrnal generating circuit
2024 generates a signal having the pulse width T53 being inverted
at intervals of the time T533, and outputs the signal.

The outpu: signal generating 2025 includes an AND
circuit AN52 and ExOR (Exclusive OR) cilrcult EXC51. The output
data signal SDo51 and the output signal S33 of the superimposing
pulse generating circuit 2023 are input to two input termineals
of the AND circuit AN52, respectively. An output terminal of the
AND circuit AN52 is connected to one input terminal of the ExOR
circuit EXC51. The output signal 855 of the T53 signal generating
circuit2024isinputtoanotherinputterminaloftheExORcircuit
EXC51. The output signal generating circuit 2025 determines a
presence or absence of a superimposing rulse of the cutput signel
S63 in response to the output data sigral SDo5l each time the signal

level of the output signal $55 is changed, and generates the serial
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output signal So51 as shown in FIG. 22.
Next, FIG. 23 1s a diagram iilustrating a circuit

configuretion of the first receiving circuit part 2012 in

g

T

[k ]

11

20. FI 24 1s a timing chart diagram showing a waveform of each
part in FIG. 23. The first receiving circuit part 2012 will Dbe

described with FIG. 23 and FIG. 24.

n

I

23|
Gl
\N)
>

The first receiving circuit part 2012 in
extracts data from a seriél input signal Si51 input from the
transmission channel 2004 and cutputs the data as an input data
signal SDi51 to the host unit EC.

The first receiving circuit part 2012 incliudes a T51
eliminating circuit 2031 for eliminating a superimposing pulse
fromthe seria’ input signal Si51, an input signal delayingcircuit
2032 for delaying by more than a time of the serial iInput signal
Si51 (T51 + T52) while eliminating the superimposing pulse, a
superimpeosing pulse extracting circuit 2033 for extracting the
superimposing pulse from the serial input signal Si51, an output
signal S12 of the T51 eliminating circuit 2031, an output signal
S1l4 of the input signal delayingcircuit 2032, andadata extracting
circuit 2034 for extracting a data sigral from an output signal

S17 of the superimposing pulse extracting circuit 2033 and

d

n

outputting the data signal as the input data signal SDi51 to the
host uni<t EC. Moreover, the T51 eliminating circuit 2031

corresponds to a first Tl eliminating circuit in claims, the input

signal delaying circuit 32 corresponds to an input signal delaying
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circuit inclaims, the superimposingpulse extractingcircuit 2033
corresponds to a first superimposing pulse extracting circuit in
claims,andthedﬁtaextractingcircuit2034correspondstozﬁfirst
data extracting circuit in claims.

The T51 eliminating circuit 2031 includes a resistor
R11, a capacitor Cll, and a buffer gate BUF1l. The capacitor Cl1l
is connected between one end of the resistor R11l and the earth
ground, and the serial inpﬁt signal 8151 is input to another end
of theresistorRll. Moreover, aconnectionportionof<heresistor
R1l ard the capacitor Cll is connected to an input termirnal of
the buffer gate BUF1l. A signal at a connection portion of the
resistor R11l and the capacitor Cll is & sigrnal S11.

As seen from FIG. 24, by the T51 eliminating circuit
2031, the superimposing pulse of the serial input signal Si51 is
eliminated, and an original signal of the pulse wid:th T53 is taken
cut and cutput as the ouiput signal S12. The shorter the pulse
width T51 of the superimposing pulse, the smaller a time constant
cf the T31 eliminating circuit 2031 becomes. Accordingly, it is
possible to easily eliminate the superimposing pulse. Moreover,
since a phase difference between the ocutput signal S12 of the T51
eliminating‘circuit 2031 and the serial input signal Si51 becomes
smaller, it is preferable when the pulse width T51 of the imposed

se 1s shorter.

nu
The input signal delaying circuit 2032 includes a

resistor R1Z, a capacitor ClZ2, and a buffer gate BUF1Z. The
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capacitor Cl2 is connected to one end of the resistor R12 and an
earth ground, and the serial input signal Si51 Is input to the
resistor R12. Moreover, a connection portion of the resisfor R1Z
and the capacitor Cl2 is connected to an input terminal of the
buffer gate BUF12. Asignal ataconnectionportionof theresistor

R1

o

and the capacitor Cl2 is a signal S13.

As seen from FIG. 24, since a time constant of the
input signal delaying circuit 2032 is set to be greater then the
~ime constant, the ocutput signal §14 of the irnput signal delaying
circuit 2032 is a signal in that the superimposing pulse is
eliminated from the serial input signal Si51 and the serial input
signal 8151 is delayed by more than a time (T51 + T52). 1In FIG.
24, a voltage Vtll shows a thresheold voltage of the buffer gate
BUF1l1l and the voltage Vtl2 i1s a threshold voltage of the buffer
gate BUFlZ.

The superimposing pulse extracting circuit 2033
includes an ExNOR (Exclusive NOR) circuit EXN11l, an ExXOR circuit
EXC1l1l, and an AND circuit AN1ll. The serial input signal Si51 and
the output signal S14 of the input signal delaying circuit 2032
are corresponded and input to two input terminals of the ExXNOR
circuitEXNll; The cutput terminal of the T51 elimirating circuit
2031 and the outpﬁt terminal of the input signal delaying circuit
2032 are corresponded and connected to two input terminals of the
EXOR circuit EXCL1.

The output termiral of the EXNOR circuit EXN11 and
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the output terminal of the ExOR circuit EXCll are corresponded
and connected to two input terminals of the AND circuit ANL1. An
output signal S15 is the output signal of the ExCOR circuit EXCll,
an output signal 816 is the output signal of the ExXNOR circuit
EXN11l, and an output signal S17 is the output signal of the AND
circuit AN1l. As seen from FIG. 24, an extracted superimposing
pulse is output as the output signal S17 from the AND circuit ANILL,

Thedataextrac cing clircult 2034 includes three D flip
flop DFF11 through DFF13, an inverter INV11l, and an ExOR circuit

EXC1l2. Theoutputsignal S17 of the superimposingpulseextracting

circuit 2033 is input to a clock signal input terminal CK of the

]
h
}_l
-'c;
9]
e}
S
5|
!4\
=

An inverting output terminal QB of the D flip
flop DFF11 is connected fo a data input termirnal D of the D flip
flop DFF1l. 1In addition, an output terminal Q of the D flip flop

DFF1l is connected to a data input terminal D of the D flip flop

Furthermore, the output terminal Q of the D £lip flop
DFF12 is connected to a data input terminal D of the D flip flop
DFF13. An cutput terminal of the ExXOR circult EXC1ll is connected
to the D flip flop DFF12 and the clock signal input terminal CK
of the D flip‘flop DFF13 The output terminals Q of the D flip
flop DFF12 and the D £f1ip flop DFF13 are corresponded and connected
to two input terminals of the ExCOR circuit EXCLl2.

Aoutput signal S18 istheoutput signal of the inverter

INV1i and output signals S19 through 521 are the output signals



10

WO 2004/093377 PCT/JP2004/005376

55

frmntheoutputtérminalsCgoftheI)flipflopDFFllthroughDFFl3.

In FIG. 24, the ExOR circuit EXCl2 cutputs a signal
having the Zow level when the signal levels of the output éignal
S20 and the ocutput signal SZ21 are corresponded to sach other, and
the ExXOR circuit EXC12 outputs a signal having the high level when
the signal levels of the output signal 820 and the ocutput signal
S21 are not corresponded to each other. Accordingly, the input
data signal SDi5l becomes the high level while the superimposing
pulse is superimposed over *the serial input signal Si51.

FIG. 25 is a diagram illustrating another circuit

configuration of the input signal delaying circuit 2032 shown in

Hi

FIG. 24. Since the superimposing pulse is eliminated by the T51
eliminating circuit 2031, it is possible to generate a signal S14
shown in FIG. 24 by delaying the output signal $12 of the T51
elimirating circuit 2031. InFIG. 25, acircultexampleutilizing
a signal delay until an input change of inverters appears is

ilZustrated. Four inverters INV12 through INV 15 are connected
in series. It is possible to cbtain a necessary delay time by
increasing the number of inverters. InFIG. 25, inthe inputsignal
delayingcircuit 2032, the number of inverters, which are connected
in series so aé not to invert the signal level of the ouiput signel
with respect to the input signsl, is even number. Moreover, the
input signal delaying circuit 2032 is not limited to the circuit

shown in FIG. 25 but can be a moncosieble multivibrator using a

CR or a deleying circuit such a shift transistor or a like.
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FIG. 26 1s a diagram illustrating a circuit
configuration of the slave sending/receivingcircult shown in FIG.
20. FIG. 27 is & timing chart showing a waveform of eacE part
stown in FIG. 26. The slave sending/receilving circuit 2003 will
be described with reference to FIG. 26 and FIG. 27..

In FIG. 26, the second receilving circuit part 2014
extracts data from the serial input signal S$i152 input from the
transmission channel and dutputs as the input data sigral SDi52
to the slave unit SC.

The second recelving circuit part 20314 includes a TS5l
eliminating circuit 2041 for eliminating the superimposing pulse
from the serial input signal S152, a input signal delaying circuit
2042 for outputting an output signal S31 of the T51 eliminating
circuit 2041 by delaying by more than a time (T51 + T32), a
superimposing pulse extracting circuit 2043 for extracting the
superimposing pulse from the serial input signal S1i52, the ocutput
signal S31 of the T51 eliminating circuit 2041, and the output
signal S32 of the input signal delaying circuit 2042, and a data
extractingcircult 2044 forextractingadata sigral fromthe output
signal of the superimposing pulse extracting circuit 2042 and
outputting tﬁe data signal as the input data signal SDi52.

The second receiving circult part 2014 has a circuit
configuration similar to the first receiving circuit part 2012
shown in FIG. 23, and the explanatiocn therecf will be omitted.

The T51 eliminating circuit 2041 corresponds to a second Tl
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el minating circult in claims, the input signal delaying circuit
2042 corresponds to an input signal delaying circuit in claims,

the superim e extracting circuit 2043 corresponds to

9]

osing pul

n

a second superimposing pulse extractin

(9]

circuilt in claims. and
the data extracting circuit 2044 corresponds to a second data
extracting circult in claims.

Next, the second sending circuit part 2013 includes
a T3l delaying circuit 2051 for delaying the output signal §32
of the input signal delaying circuit 2042 by a time T51, a
superimposing pulse generating circuit 2052 for generating and
outputting a superimposing pulse signal 834 from the output signal
S§32 of the input signal delaying circuit 2042 and the output signal
S33cftheT5ldelayingcircuit2051, andancutputsignal generating
circuit 2053 for generating a serial output signal So52 and
outputtingtheserialcutputsignal So52+*othetransmissionchannel
2004. The T51 delaying circuit 2051 corresponds o a second T51
delaying circuit in claims, the superimposing pulse generating
circuit 2052 corresponds toasecond superimposingpulsegenerating
circuit in claims, and the ou:put signal generating circuit 2053
corresponds to a secondoutput sigral generatingcircuit inclaims.

The T3l delayingcircuit 2051 includes a resistor R32,
a capacitor C22, and an inverter INV26. The capacitor C22 is
connected tobetween oneandof the resistor R32 and ean earth ground,
and an output signal S32 of the input signal delaying circuis 2042

is input to another end of the resistor R32. Noreover, a connec=ion
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part of the resistor R32 and the capacitor C22 is connected *o
anvinput terminal of the inverter INV26. As seen from FIG. 27,
the T51 delaying circuit 2051 delays the output signal 532 of the
input signal deleying circuit 2042 by the delay time T51 and also
inverts the signal level to output the output signal $32 as the
output signal 833.

The superimposing pulse generating circuit 2052
includes an ExXNOR circuit EXN22. An input termiral and an output
terminal of the T51 delaying circuit 2051 correspond and are
connec=ed to two input terminals of the ExNOR circuit EXN22. From
an output terminal of the ExNOR circuit EXN22, the output signal
S34, which is formed by generating the superimposing signal one
by one at intervals of half period of the serial input sigrnal 5152,
is output.

The output signal generating circuit 2053 includes
an AND circuit AN22 having three input terminals, a NAND circuit
N221 having three input terminals, a PNP transistor TrZl, and an
NPN transistor Tr22. 1In the AND circuit AN22 and the NAND circuiz<
NAZ21, the output signal S34 of the superimposing pulse generating
circuit 2052 is input to each of first input terminals and the
outputdatasiénalSDoSZisinputtoeachofsecondinputterminals.
Furthermore, the output signal S31 of the T51 eliminating circuit
2041 in the second receiving circuit part 2014 is input to a third
input terminal of the AND circuit AN22, and a signal, in which

the signal level of the output signal S31 of the T51 eliminating
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circuit 2041 is inverted, is input to a third input terminal of
the NAND circuit NAZL.

AnoutputterminaloftheANDcircuitANECiscmnﬁecteT

to a base of the NPN trasistor Tr22, and an output terminal of
the NAND circuit NAZ1 is connected to a base cof the PNF transistor
Tr22. The PNP transistor Tr2l and the NPN transistor Tr22 are
connected in series between the power voltage Vdd and an earth
ground,andtheserialoutputsignalSo52isoutputfromaconnection
portion of the PNP transistor Tr2l and the NPN transistor Tr22
¢ *he transmission channel 2004. The AND circuit AN22 outputs
a signal having the high evel when both the serial input signal
§i52 and the output data signal SDob52 have the high level, and
the NPN transistor Tr22 turns ON to lower the signal level of the
serial output signal Sob5Z.

The NAND circuilt NA21 cutputs a signal having the low
“evel when the serial input sigrnal Si52 is the low level and the
output data signal SD152 is the high level, and the PNP transistor
Tr2l turns ON to raise the signa. level of the serial input sigral
Si52. As described above, the second sending circuit part 2013
generates the serial output signal Sc52 by superimposing the
superimposing pulse over the serial irput signal So32. In the
serial output signal 8052 cutput from the second sending circuit
vart 2013 in FIG. 26, & location where the superimposing pulse
is superimposed is later than approximate time (T52 + T51) from

a start point. Since the time T51 is sufficiently smal_er than



10

15

WO 2004/093377 PCT/JP2004/005376

60
the time T52, T52 = T51 + T52 can be expressed. Accordingly, the
serial output signal So52 canbe sufficiently receivedby the first
recelving circuit part 2012 deszcribesd above.

The times T51 through T53 will be described above.

FIG. 28A through FIG. 28C are diagrams il ustrating
éhe serial output signal ocutput from the transmission channel.

In the serial output signal shown in FIG. 28A, both
a time point of changing from the low level to the high level and
a time point of changing from the high Zevel to the low Zevel in
a repeating signal repeating a pulse width having the time T53
are a start point.

When the output data sigrel is “1”, at a time point
when the time T52 passes from the start point, a pulse, which has
a pulse width having the Zime T51 and in which the signal level
is inverted, is generated. When the output data signal is “0”,
“he pulse having the time T51 is not generated. In addition, the
time T53 shows a term from the start point to the high level or
the low Zevel.

Relationships among the times T51 through T53 satisfy
“he following condition 1:

T51 < TSZ < T53 and (T51 + T52) < T53 (condition 1).

The smaller thetime TSl asmuchaspossible, theeasier
a sending/receiving circuit can be configured. Preferably, the
times T51 through T53 satisfy the following condition 2:

T51 << T52 < T53 (condition 2).
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Moreover, if the time 53 is two times shorter than
thetimeT52, thesending/receivingcircuitcanbeeasilyconfigured.

zatisfied:

n

Preferably, the following corndition 3 1
(T51 + T52) < T53/2 (condition 3).

FIG. 28B illustrates a serial output signal in that
a =ime point of changing from the low level to the high level in
the repeating signal i1s set as the start point. In this case,
a pulse width having T53 is a termof the high level of the repeating
signal. On the other hand, i1f the start point is a time point
of changing from the high level to the low level, the pulse width
having the time T53 becomes a termof the low level of the repeating
signal.

FIG. 28C illustrates a serial output sigral in that
a time point of changing from the Low level to the high level every
two periods of the repeating sigrnal is set as the start point.

Various settings of the start point can be considered
other than the star* points shown in FIG. 28A, FIG. 28B, and FIG.
28C. Preferably, the start point may be set so as to satisfy the

above conditions 1 through 3 based on a transmission system being

used.

1}

FI 29 is a diagrem illustrating another circuizt

configuration of the first recelving circuit. FIG. 30 is a timing
chart diagram showing a waveform of a signal of each part shown

ip FIG. 28. In FIG. 28, parts that are the same as those shown

inFIG. 23 are given the same reference numbers, and an explanation
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thereof will be omitted. Different points from the circuit

configuration of the first receiving circuit 2012 in FIG. 23 will

Differently from the circuit configuration shown in
FIG. 23, in FIG. 29, a circult configuration of the data extracting
circuit 2034 in FIG. 23 is changed.

The data extracting circuit 2034 in FIG. 29 includes
aI)flipflopDFFllthroughD?Fl3,amjadowncounterDC3lconfigured
by an inverter INV11l and a PLL (Phase-Locked Loop). Connections
to the D flip flop DFF11l are similar to the connections in FIG.
23, and connections to the D flip flops DFFl2, DFF1l3, and the ExCR
circuit EXC12 are similar to the connections cther than each clock
signal input terminal CK of the D flip flops DFFl2 and DFF13,

Aninternal clocksignal CLKi, inwhichtheclocksignal
CLK is divided intc four, is supplied from an output terminal Q2
of the down counter DC31 being an ouiput of the PLL to each clock
signal input terminal CK of the D flip Flops DFF1Z and DFF13.
Accordingly, as shown in FIG. 30, an output signal S20 of the D
flip flop DEFF12 and an cutput signal S21 of the D filip flop DFF13
synchronize when the internal clock signal CLXi rises and become
a signal in fhat “he output signal of the D f£lip flop DFF1l is
shifted.

The output signal S$17 of the superimposing pulse
extracting circuit 2033 is Input to a reset input terminal R of

the down counter DC31, and the clock signa’ CLK is locked so as
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to generate four clocks during the pulse width having the time
T53. Accordingly, the internal clock signal CLKi output from the
output terminal Q of the down counter DC31 being the outﬁut of
the PLL becomes a signal having two times freguency as much as
a basic frequency of the serial input signal Si51. As seen from
FIG. 30, the ExOR circuit EXC12 outputs a signal being the Low
level when the signal levels of the output signels S20 and SZ21
are corresponded to each éther, and outputs a signal being the
high level when the signal levels of the output signals 520 arnd
S21 are not corresponded o each other. As seen from the input
data signal SDi51 shown in FIG. 30, the input data signal SDi51,
which becomes the high level in a term in which the serial input
signal Si51 is superimposed over the serial input signal Si31,
can be obtained.

As described abeove, according to the fifth embodiment
of the present invention, in the serial communication apparatus,
w17 and “0” of data are represented by a presence and absence of
the superimposing pulse having a shorter pulse width than the time
T52 in the pulse width having the time T53 which starts from &
predetermined start point, at a time point in which the time T52
shorterthanthetime T53 passes fromthe startpoint. Accordingly,
a synchronization signal is not reguired, and it s possible to
realize sending/receiving circuits at an host side and a slave

side by a simple circuit configuration. And it 1s possible to
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switching to send or receive is not required. It is possible to
minimize theserial communicationapparatus andreduce the expense.

otrequiredfortheslavesendi
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le Lo generate a clock signal. Therefore, it is
possgible to further simplify the circuit configuration.

ixth Embodiment]

(53]

[
FIG. 31 is a diagram illustrating a circuit
configuration of the slave sending/receiving circuit of the serial

communication apparatus according to a sixth embodiment of the

LD

present invention. FIG. 32 is a timing char: diagram showing a
waveform of a signal of each part shown in FIG. 31. In FIG..32,
reference numbers are changed regarding the slave

sending/receivingclircuit 2003 and the second sending circuitpart

2013 in ¥IG. 20. In FIG.

)

2, parts other than the slave
sending/receiving circuit 2003 and the second sending circuit part
2013 in FIG. 20 are the same as those shown in FIG. 26 and are
gilven the same reference numbers, and an explanation thereof will
be omitied. Different points from the circuit configuration in
FIG. 26 will be described.

Differently fromthe configuration in FIG. 26, inFIG,
31, thecilrcuitconfigurationof the superimposingpulsegenerating
circuit 2052 in FIG. 26 is changed to be a superimposing pulse
generating circuit 2052a, and the circuilt configuration of the
output signal generating circuit 2053 is changed to be an output

signal generatingcircuit 2053a. Thus, the second sendingcircull
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part 2013 in FIG. 26 i1s shown as a second sending circuit part
2013a, and the slave sending/receiving circuit 2003 is shown as

a zlave sending/receiving circuit 2003

[8)]

InFIG. 31, the slave sending/receiving circuit 2003a
includes the second sending circuilt part 2013a and the second
receiving circuit part 2014, The second receiving circuilt part
2014 is the same as thét in FIG. 7 and an explanation thereof will
be omitted.

The second sending circuilt part 2013a includes & T51
delayingcircuit5l, asuperimposingpulsegeneratingcircuit2052a
for generating a suﬁerimposing'pulse signal S34a from the output
signal 832 of the input signal delaying circuilt 2042 and the output
signal S33 of the T3l delaying circuit 2051, and an output signal
generating circuit 2053a for generating the serial output signal
So52 and outputting the serial output signal So52 to the
transmission channel 2004. The superimposing puise generating
circuit 2052a corresponds to & second superimposing pulse
generating circuit in claims, and the output signal generating
circuit 2053z corresponds to a second output signal circuit.

The superimposing pulse generating circuit 2052a
includes an AﬁD circuit AN21. An input terminal and an output
terminal of the T51 delaying circuit 2051 are corresponded and
connected to two input terminals of the AND circuit AN31l. Anoutput
signal S34a, which i1s formed by generating every high level term

of the serial input signal 5152 one by one, is output from the
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output terminal of the AND circuit AN31.
The output signal generating circuit 2053a includes
the AND circuit AN32 and the NPN transistor Tril. Theoutputéignal

|

S34a of the superimposing pulse generating circuit 2052a 1

n

5 connected to one input terminal of the AND circuit AN32 and =he
cutput data signal SDo352 is connected to another input terminal
of the AND circuit AN32. The output terminal of the AND circuit
AN32 is connected to a base of the NPN transistor Tr31, and *he
NPN transistor Tr3l is connected between the input terminal where

10 theserial input signal Si52 and an earth ground. An output signal
836a 1s <the output signal of the AND circuit AN32.

In this configuration, when the output signal S36a
of the AND circuit AN32 becomes the high level, the NEN transistor
Tr31 turns ON to lower the signal level of the serial input signal

15 Si52. Therefore, as shown in FIG. 32, it is pcssible to generate
the serial output signal So52 in which the superimposing pulse
is superimposed over the serial input signal. As seen from FIG.
32, the second sending circuit.parf 2013a in FIG. 31 superimposes
the superimposing pulse over the serial input signal Si52 only

20 when the serial input signal $i52 is the high level. 1In a case
of sending thé data signal from the second sending circuilt part
2013a to the host unit HC, a data signal density becomes half a
case of sending the data signal from the host sending/receiving

circult 2003 to the slave sending/receiving circuit 2003. 1In this

W]

U1

case, the serial cutput signal So52 is the same as that shown in
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As described above, according to the sixth embodiment

of the present invention, in the s

1]

rial communication apparatus

2003a, the second sending circuit part 2013a superimposes the

4]

superimposing pulse over the seriasl input signal Si152 only when
the serial input signal $i52 is the high level. Therefore, it
is possible to obtain the same effect as the fifth embodiment.
Inaddition,whenthereisIMSdatafromtheslavesending/receiving
circuit 2003, the location of the start point is set every one
veriod of the repeating signal. Thus, it is possible to further
simplify the circuit configuration of the sending circuit part
2013a in =he slave sending/receiving circuit 2003.

According to the fifth embodiment and the sixth
embodiment, intheserial communicaticnapparatuses 2003and2003a,
~he reference pulse signal having the pulise width having the time
T53 and starting from a predetermined start point represents “17
and “0” of send data at a time point in which the time 52 shorter
than the time T53 passes from the predetermined start peoint, by
corresponding to a presence and absence of the superimposing pulse
having a shorter width than the <tTime T32. Accordirngly, a
synchronization sigral, which is a line different from the data

signal to send, is not reguired. Therefore, it is possible to
configure the sendingcircuitparts2013and2013aandthe receiving

circuit part 2014 by only a simple circuit such as two sets of

a delaying circuit and a simple logic circuit. In addition, the
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delaying circuit can be significantly a simple circuit applying
a time constant of a CR, so that it i1s possible fo save circuit
space and to improve cost performance.

Moreover, in the second sending/recelving ci

H

cult,

O

the delaying circuit used in the receiving circuilt part can be
partially shared with the sending circult part, and the sending
circuit part itself can be configured by a simple logic circuit.
In addition, the second seiding/receiving circuit superimposes
the superimposing pulse over the serial data signal having no data
input<tothesecondsending/receivingcircuittogeneratetheserial
data signal to ouiput to the transmission channel. Therefore,
“he clockgeneratingcircuitandacircuit forcontrollinga sending
right are not reguired arnd it 1s possible for the second
sending/receilvingcircuit tosave circuit spacemore than the first
sending/receiving circuit and improve the cost performance.

Furthermore, when there isnosenddate fromthe second
sending/receiving circuit, the location of the start pcint is set
every one period of the reference pulse signal. Therefore, it
is possible to further simplify the circuilt configuration of the
sending circuit part.

Iﬁ the power supplving system, the serizl
communication apparatus can be applied to the first communicating
part and the second communicating part. In addition, the serial
transmitting apparatus can be applied to the serial communication

apparatus.



o1

10

20

WO 2004/093377 PCT/JP2004/005376

69
According to the present invention, the power
supplying system for supplying a power from a plurality of power
suppiying devices to each of a pilurality of loads, may inélude:
a first power supplying device including & first power supplying
part for supplying a power to at least one of the plurality of

loads, a controlling part for conducting an operation controel of

the first power supplying part, and & first communicati

t
3
te]
3
o
o]

for sending and receivingla sigrnal to and from the controlling
part; and at least one second power supplying device including
a second power supplying part for supplying a power to at least
cne of the plurality of loads, and & second communicating part
for sending and receiving a signal to and from the second power
suppriyingpart, wherein the first communicatingpart and the second
communicating part send and receive signals each other, and the
controllingpart conducts theoperation contirol of the second power
supplying part through the first communicating part and the second
communicating pvart,

wherein a serial communication by a half-duplex
communication is conducted between a first sending/receiving
circuit in the first communicating part and & second
sending/receiving circuit in the second communicating part in that
at least one first sending/receiving circult is connected <o at
least one second sending/receiving circuit through a transmission
channel, wherein each of the first sending/receiving circuit and

the second sending/receiving circuit incliudes: a sending circuit
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part for generating a serial data signal by superimposing a

predetermined superimposing pulse over & send data signal having

=

- a

two walues during a predetermined signal level. and outputiing

the serial da*ta signal; and a receiving circuit vart for receiving

3]

the serial data signal sent from the sending circuit part, and

pulse from the serial data signal.

According to ﬁhe present invention, the power
supplying system for supplying a power from a plurality of power
supplying devices to each of a plurality of loads may include:
a first power supplying device including a first power supp-ying
part for supplying a power to at least one of the plurality of
loads, a controlling part for conducting an operation control of
the first power supplying part, and a first communicating part
for sending and receiving a signal to and from the controlling
part; and at least one second power supplying device including
a second power supplying part for supplying a power to at least
one of the plurality of loads, and a second communicating part
for sending and receiving a signal to and from the second power
supplyingpart, wherein the first communicatingpart and the second
communicating part send and receive signals each other, and the
controllingpartconductstheoperationcontrcloftheéecondpower
supplying part through the first communicating part and the second
communicating part,

wherein a serial communication by a half-duplex



10

20

o
[6)]

WO 2004/093377 PCT/JP2004/005376

71
communication is conducted between a first sending/receiving
circuit in the first communicating part and & second

n the second communicatingpart in that

-

rouit

|_l<

sending/receivingc

l

at least one first sending/receiving circuit is connected to at
least one second sending/receiving circuit through a transmission
channel, wherein each of the first sending/receiving circuit and
~he second sending/receiving circuit includes: a sending circuit
part for generating a serial data signal by superimposing a
predetermined superimposing pulse over a send data signal having
two values during a predetermined signal level, and outputting
the serial data signal; and a recelving circuit part for receiving
the serial data signal sent from the sending circuit part, and
extracting the send data signal by extracting the superimposing
pulse from the serial data signal,

wherein, each of the first sending/receiving circuit
and the first sending/receiving circuit includes, a sending part
for converting each width of the plurality of digital input signals
intoavoltageinaccordancewithapredeterminedweight, generating
a send signal by adding voltages converted from the plurality of
digital input signals, and outputting the send signal; and a
receivingpart for receiving the send signal from the sendingpart,

comparingthesendsignalwithapluralityofpredeterminedvoltages
generating each of the digital input signals, and outputting the

each of the digital input signals, so that a plurality of digital

‘nput signals are sent and received through a single signal line.
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The present invention is not limited to the

specifically disclosed embodiments, and variations and

U]
a

=
(9]
(_.1
'

lifications may be made without departing from the scope of the

present invention.
The present application is based on the Japanese

Priority Patent Applications No. 2003-112230 filed on April 17,

)

2003, No. 2003-112916 filedon April 17, 2003, and No. 2003-112922
filed on April 17, 2003 thé entire contents of which are hereby

incorporated by reference.



10

20

WO 2004/093377 PCT/JP2004/005376

Cleims

[

1. A signal transmitting apparatus for Sendiﬁg an
recelvingaplurality of digital input signals input to saidsignal
transmitting apparatus through a single signal lirne, said signal
transmitting apparatus comprising:

a sending part for converting each width of the
plurality of digital input signals into & voltage in accordance
with a predetermined weight, generating a send signal by adding
voltages converted from the plurality of digital input signals,
and outputting the send signal; and

a receiving part for receiving the send signal from
the sending part, comparing the send signal with a plurality of
predetermined voltages, generating each of the digital input

signals, and outputting said each of the digital input signals.

2. The signal transmitting apparatus as claimed in
claim 1, wherein said sending part includes input resistances,
of which number is a same number as the digital signals, and an
inversion amplifying circuit formed by an cperaticnal amplifier,
wherein & resistance value of each of the input resistances
connecting to the inverting input terminals of the operaticnal

amplifier is set to correspond to a weight of said each width of

the digital input signals.
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3. The signal transmitting apparatus as claimed in
claim?2, wherein a combined resistancevalue in a case of connecting
theinputresistagcesinseriesisaw;ro:imatelyequaltoafeéﬂback

resistance value of the operational amplifier.

4, The signal transmitiing apparatus as claimed in
claim 2, wherein the resistance value of each of the input
’

resistances is weighted by a multiple of two.

5. The signal transmitting apparatus as claimed in
claim 2, wherein a voltage of & non-inverting input terminal of
the operational amplifier is set to be approximately half a power

voltage.

6. The signal transmitting apparatus as claimed in
claim 1, wherein said receiving part includes:

a referencevolfage generatingcircuit for generating
a plurality of predetermined reference voltages;

a voltage comparing circuit for comparing each of the
plurality of predetermined reference values with a signal received
from said sending part, and outputting a signal showing each
comparison result; and

a logic circuit for synthesizing each digital input
signal from each output signal of said voltage comparing circuit

in accordance with a predetermined method,
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wherein said reference voltage generating circuit
£ which

generates each of the plurality of reference voltages, o
frommultiplyving a number of the digital input

ng one, and outputs said each of the

number is resulted
signals by two and subtracti

prlurelity of reference voltages.

aratus as claimed in

7. The signal transmittin

claim 6, wherein in a case of two digital input signals, in response
to an output signal from said voltage comparing circult for

detecting one digital input signal which weight is greater than
cancels one of

~T

Y
O

another digital input signal, said logic circu
t for detecting

The output signals fromthe voltage comparing circul

another digital input signal.

15 8. The signal transmitting apparatus as claimed in
claiml, whereinsaid sendingpartadds the voltages beingconverted

whileadigital input signal havinga greatestweight inthedigital

-

a predetermined signal level.

input sigrals is

ng apparatus as claimed in

-

9. The signal transmitt
aim 8, wherein said sending part includes:
a plurality of switching circuits each being

ol

controlled by each respective digital input signal; and

a plurality of load resistances each being connected

25 <o each switching circuit in series,
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whereinone lcad resistance connected to one switching
circuit, which Zs controlled by one digital irput signal having

connected between a predetermined voltag

{n
Q.

a greatest welght, 1s

(

10
D

and the relative switching circuit, and a series circuit for other
switching circuits and relative resisteances s connected to the

one switchingcircuit, which is controlled by the one digital input

le

[
I-

signal having the greatest weight, in para .
10. The signal transmitting apparatus as claimed in
claim 9, wherein the one load resistance connected to the one

switching circuit, which is controlled by the one digital input
signal having the greatest welght, is set to be the same resistance

value as a compinedresistance value when theother load resistances

are connected in parallel.

11. The signal transmitting apparatus as claimed in
claim 1, wherein said receiving part iIncludes:

areferencevoltage generatingcircult for generating
and outputting each of a plurality of predetermined reference
voltages;

-

a voltage comparing circuit for comparing each of the
pluralityofpredeterminedreferencevoltages andasignal received
from said sending part, and ocutputting a signal showing each

cempariscen result; and

a logic circuit for synthesizing each of the digital
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input signals from each output signal of said veltage comparing

circuit in accordance with a predetermined method.

12. The sigrnal transmitting appsaratus as claimed in
claim 11, wherein in a case of two digital input signals, said
logic circult output said each output signal as each of the digital

signals received from the voltage comparing circuiz.

13. A power supplying system for supplying a power
froma plurality of power supplying devices to each of a plurality
of loads, said power supplying system comprising:

a firstpower supplyingdevice includinga first power
supplyingpart for supplyingapower tc at leastoneof theplurality
of loads, & controlling par:t for conducting an operation control
of “he first power supplying part, and a first communicating par:
for sending and receiving a signal to and from the controlling
part; and

at least one second power supplying device including
a second power supplying part for supplying a power to at least
one of the plurality of loads, and a second communicating part
for sending aﬁd receiving a signal to and from the second power
supplying part,

wherein the first communicating part and the second
communicating part send and receive signals each other, and the

controllingpart conducts the cperation control of the second power
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supplying part through the first communicating part and the second

communicating part.

14. The power supplying system for supplying a power
from a plurality of the power supplying devices to a plurality
of loads, said power supplving system comprising:

a firstpower supplyingdevice includinga first power
supplyingpartforsupplyingapowertoatleastoneoftheplurality
of loads, and a first power supplying device including a first
communicating part for sending and receiving a signal with an
external device;

at least one second power supplying device including
a second power supplying vart for supplying a power to at least
one of the plurality of lcads, and a second communicating part
for sending and receilving a signal to and from the second power
supplying part; and

a controlling device for conducting each of a first
operation control of the first power supplying part of the power
supplying device and a second operation control of the second power
supplying part of the power supplying device,

wherein the first communicating part and the second
communicating part send and receive sigrnals to and fromeach other,
and the controlling deviqe conducts the first operation control
of the first power supplying part and the second operation control

of the second power supplying part through the first communicating
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part and the second cocmmunicating part.

15. The power supplying system as claimed i claim
14, wherein:

said first power supplying device includes a first
interface part for conducting an interface with said controlling
device; and

said controlling‘device'includes a second interface
part for conducting an interface with the first power supplying
device,

wherein said controlling part conducts the first

operation control of the first power supplying part through the

I

‘rst interface part and the second interface part.

16, The power supplying system as claimed in claim
15, wherein said controlling device is connected to the first
communicating vart through the first interface part and the second
interface part and conducts the second operation control of the
second power supplying part through the first communicating part

and the second communicating part:.

17. The power supplving system as cleimed in claim
14, wherein said controlling device conducts the first operation
control of the first power supplying part and the second operation

control of the secondpower supplyingpart and conducts anoperation
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control of a function device including a predetermined function.

18. A serial communication apparatus for conducting
a serial communication by a half-duplex communication between a

first sending/receiving circuit and a second sending/receivin

{e]

clrcuit in that at least one first sending/receiving circuit is
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connected t
& Transmission channel,

wherein each of said first sending/receiving circuit
and said second sending/receiving circuit includes:

a sending circuilt part for generating a serial data
signal by superimposing a predetermined superimposing pulse over
a send data signal having two values during a predetermined signal
level, and outputting the serial da*ta signal; and

a receiving circuilt part for receiving the serial data
signal sernt from said sending circuit par:, and extracting the
send data signal by extracting the superimposing pulse from the

seria’ data signral.

19. The serial communication apparatus as claimed
in claim 18, Wherein sald sending circuit part superimposes a
superimposing pulse, in which a reference pulse signal is inverted
and which has a pulse width having a time T1l, over the reference
pulse signal starting from a predetermined start point and having

a time T3 at a time point when a time T2 passes from the start
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point, so that predetermined levels of the two values for one bit

are shown in the send data signal and cther levels of the two values

for one hit are shown in the send data signal when the superimposin

12

m
m

pulse is not superimposed at the time point when the time TZ passe

n

from the start point, and

saldsendingcircuitpart further generates theserial
data signal so that the time T1l, the time T2, and the time T3 satisfy
relationships of T1 < T2 < T3 and (Tl + T2) < T3, and outputs the

send data signal successively every one Dbit.

20. The serial communication apparatus as claimed
in claim 19, wherein said sending circuit part in the first
sending/receiving circuit includes:

a T2 delaying circuilt, to which a clock signal CLK
synchronizing with the send data sigral is input, for the clock
signal CLK the clock signal CLK by delaying by the time TZ;

a first Tl delaying circuit for outputting an output
signal of the T2 delaying circuit by delaying by the time TI1;

a first superimposing pulse generating circuit for
generating the superimposing pulse having the pulse width having
the time T1 frém the output signal of the T2 delaying circuit and
the output signal of the first Tl delaying circuit and ocutputting
the superimposing pulse;

a T3 signal generatingcircult for generatinga signal

having a pulse width ha?ing the time T3 from the clock signal CLK
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and ocutputting the signal; and
a first output signal generating circuit for
surverimposing the superimposing pulse ouitput from the first

superimposgin

Q

pulse generating circuit over the signal cutput from
the T3 signal generatingcircuitinresponse tothe senddatasignal,
for generating the serial data signal being to sendby sequentielly
generating a data signal for one bit, and for cutputting the serial

data signal to the transmission channel.

21. The serial communication apparatus as claim in
claim 19, wherein said receiving circuit in said first
sending/receiving circuit includes:

a first 71 elimirnating circuit for eliminating the
superimposing pulse from the serial data signal received from the
transmission channel and outputting the seriasl data signal;

a first input signal delaying circuit fer eliminating
the superimposing pulse from the serial deta signal received from
the transmission channel, and for outputting the serial data signal
by delaying by more than a time (Tl + T2),;

a first superimposingpulse extracting and outputting
circuitforexfractingthesuperimposingpulsefromanoutputsignal
of the first Tl eliminating circuit, and an output signal of the
first input signal delaying circuit; and

a first data extracting circuit for extracting and

outputting the send data signal from an output signal of the first
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superimposing pulse extracting circuit.

22. The serial communication apparatus as ciaimed
in claim 19, wherein said receiving circuit part in seid first
5 sending/receiving circuit includes:

a first Tl eliminating circuit for eliminating and
outputiing the superimposing pulse from the serial data signal
received from the transmission channel;

a first input signal delaying circuit for outputting

10 arn output signal of the first Tl eliminating circuit by delaying
by more than a time (T1 + T2);

a first superimposing pulse extracting circuit for
extracting and cutputting the superimposing pulse fromthe serial

data signal received from the transmission channel, the output

15 signal of the first Tl eliminating circuit, the output signal of
the first input signal delaying circuilt; and
a first data extracting circuit for extracting and
outputting the send data signal from an output signal of the first
extracting circuit.
20

Lo
W -

The serial communication apparatus as claimed
incleim 21, wherein said first data extracting circuit generates
a predetermined internal clock signal CLKL from the clock signal
CLK, and outputs the send data signal subjected to be extracted,

25 by synchronizing with +the internal clock signal CLKi.
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The serial communication apparatus as claimed

econd

(G,

in claim 19, wherein said receiving circuit part in =aid

a second Tl eliminating circuit for eliminating and
outputting the superimposing pulse from the serial data signal
received from the transmission channel;

a second input signal delayingcircuilt foreliminating
the superimposing pulse from the serial data signal received from
the “ransmission channel, for ouiputting the serial date signa
by delaying by more than a time (Tl + T2);

a second superimpesing pulse extracting circuit for
extracting and cutputting the superimposing pulse from the serial
datasignalreceived fromthetransmissionchannel, anoutputsignal
of the second Tl eliminating circuit, and an output signal of the
second input signal delaying circuit; and

a second data extracting circuit for extracting and
outputtingfhesenddatasignalfrmnanoutputsignalofthesecond
superimposing pulse extracting circuit, and

said sendingcircuit in said second sending/receivin
circuit includes:

a second Tl delaving circuit for cutputting an cutput
signal of said second input signal delaying circuit by delaying
by a time T1;

a second superimposing pulse generating circuit for
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generatingandoutputting the superimposing pulse having the pulse
width having the time Tl from an output signal of the second T1
delaying circuit; and

& second output signal generating circuit for
superimposing the superimposing pulse output from the second
superimposing pulse generating circuit over the serial data sigrnal
received by said receiving circuit part in said second
sending/receiving circuit in response to the send data signal,
for generating the serial data signal to send, and for outputting

the serial data signal to the transmission channel.

25. The serial communication apparatus as claimed
in claim 19, wherein said receiving circuit part in said second
sending/receiving circuit includes:

a second Tl eliminating circuit for eliminating and
outputting the superimposing pulse from the serial data signal
received from the transmission channel;

a second input signal delaying circuit for ocutputting
an output signal of the second Tl eliminating circuit by more than
a time (Tl + T2);

a2 second superimposing pulse extracting circuit for
extracting and cutputting the superimposing pulse from the serial
datasigral receivedfiromthetransmissionchannel, anoutputsignal

of said second Tl eliminating circuit, and an output signal of

said second input signal delaying circuit; and
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a second data extracting circuit for extracting and
outputting the senddata signal fromanoutput signal of said second
guperimposing pulse extracting circulit. and
said sending circuit part in said second
sending/receiving circuit includes:

a second Tl delaying circuit for cutputting an cutput

-

gignal of said second input signal delaying circuit by delaying
by the time T1;

a second superimposing pulse generating circuit for
generating and outputting the superimposing puise having the pulse
width having the time T1 from an output signal of the second T1
delaying circuit; and

a second output sigral generating circuit for
superimposing the superimposing pulse output from said second
superimposingpulse generating circult over the serial data signal
received by said receiving circuilt part in said second
sending/receiving circuit, for generating the serial data signal
<o send, and for outputting the serial data signal to the

transmission channel.

med

-

26. The serial communication apparatus as cla
in claim 24, wherein said second cutput signal generating circuit
superimposes the superimposing pulse output from said second

superimposing pulse generating circult over the serial data signal

received by said receiving circuit part and outputs the serial
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data signal to the transmission charnel when the seria. data signal

Ia]

aceivedbysaidreceivingcircuitinsaidsecondsending/receiving

reuit is a predetermined signal level.

]
n

-

(@]

27. The serial communication apparatus as claimed

in claim 19, wherein said second sending/receiving circuilt uses

the serial data sigral in which data is not included and which

-

-

sent d first sending/receivingcircuit, as the reference

-
n

romsa
pulse signal in a case of sending the data signal to said first

sending/receiving circuit.

28. The serial communication apparatus as claimed
in claim 27, wherein:

said first sending/receiving circuit generates the
serial data signal by superimposing the superimposing pulse over
tre send data signal input from a predetermined host device during
a predetermined signal level, and outputs the serial data signal
to said second sending/receiving circuit through the transmission
channel; and

said second sending/receiving circuit extracts the
send data signal by extracting the superimposing pulse from the
serialdatasignélinputfromthetransmissionchannel,andoutputs
the send data signal being extracted to a predetermined slave

device.
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29. The serial communication apparatus as claimed
‘n claim 28, wherein:

aid second sending/receiving circuit generates the

tn

serial data signal by superimposing the superimposing pulse over
5 the send data signal input from the slave device during a
predetermined signal level, and outputs the serial data signal
to said first sending/receiving circuit through the transmission
channel,; and
said first sending/receiving circuit extracts the
10 send data signal by extracting the superimposing pulse from the
serial data signal input fromthe transmission channel, andoutputs

the send data signal being exiracted to the host device.
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2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of
any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.
No protest accompanied the payment of additional search fees.
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The" special technical features" of claim 18-29 relates to [a
serial communication apparatus for conducting a2 serial
communication by a half-duplex communication between z first
sending/receiving circuit and a second sending/receiving circuit
in that at least one first sending/receiving circuit is connected
to at least one second sending/receiving circuit through a
transmission channel, wherein each of szid first
sending/receiving circuit and said second sending/receiving
circuit].

There is no technical relationship among those inventions
involving one or more of the same or corresponding technical
features. Therefore, these groups of inventions are not so llnked
as to form a single general inventive concept.

And the separate groups of invention claiml-12 are not so linked
as to form a single general inventive concept for the following
reasons:

A common technical features" of claim 1-12 is the subject matter
of claim 1. '

However the subject matter of claim 1 does not appear to be novel
with respect to D1 = [JP 53-12215 A] and D4 = [JP 2002-101044 A].
The" special technical features" of claiml-5 relates to the
subject matter of claim 2.

The" special technical features" of claim6,7,11,12 relates to the
subject matter of claim 6.

The "special technical features" of claim 8-10 relates to the
subject matter of claim 8.
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