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POWER SUPPLY CONTROL DEVICE AND 
METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a power supply 
control device and method. More particularly, the invention 
relates to a poWer supply control device having a semicon 
ductor sWitch Which is controlled in accordance With a 
control signal supplied to a control signal input terminal to 
control the supply of electric poWer from a poWer supply to 
a load under the sWitching control, and a poWer supply 
control method in use for the poWer supply control device. 

[0003] 2. Related Art 

[0004] The poWer supply control device With a semicon 
ductor device, Which arranged as shoWn in FIG. 8 is knoWn. 
This poWer supply control device, Which is used in a vehicle, 
selectively supplies electric poWer source from a battery to 
respective loads, and controls the poWer supply to the load. 

[0005] As shoWn, the related poWer supply control device 
is arranged such that a shunt resistor RS and a drain 
(D)—source (S) path of a thermal FET QF are connected in 
series in a poWer supply path for supplying an output voltage 
VB of a poWer supply 101 to a load 102 including head 
lights, poWer WindoWs and others. The poWer supply control 
device includes a driver 901 Which detects a current flowing 
through the shunt resistor RS and controls the drive of the 
thermal FET QF by a hardWare circuit, anA/D converter 902 
for translating the analogue value of a current monitored by 
the driver 901 into the digital value, and a microcomputer 
(CPU) 903. 

[0006] The thermal FET OP is contained With a ther 
mosensor (not shoWn). The thermal FET QF as a semicon 
ductor sWitch has an overheat shut-off function to forcibly 
shut off the thermal FET QF by a gate shut-off circuit 
contained therein When temperature of the thermal FET QF 
rises in eXcess of a predetermined temperature. In the ?gure, 
RG is a resistor, and ZD1 is a Zener diode Which keeps the 
voltage betWeen the gate G and the source S of the thermal 
FET QF at 12V, and When overvoltage is applied to the gate 
G of the FET, forms a bypass for a current caused by the 
overvoltage. 

[0007] This related poWer supply control device has a 
protecting function against an over current flowing through 
the load 102 or the drain-source path of the thermal FET OF. 
The driver 901 includes differential ampli?ers 911 and 913, 
Which serves as a current monitoring circuit, a differential 
ampli?er 912 as a current restricting circuit, a charge/pump 
circuit 915, and a drive circuit 914 Which drives the gate G 
of the thermal FET QF through the resistor RG based on an 
on/off control signal from the microcomputer (referred to as 
MICROCOMPUTER) 903 and the overcurrent judgement 
result output from the current restricting circuit. 

[0008] When the differential ampli?er 912 judges on a 
voltage drop through the shunt resistor RS that the current 
eXceeds a reference value (upper limit), viZ., it detects 
overcurrent, the drive circuit 914 turns off the thermal FET 
QF. Thereafter, When the current decreases to beloW another 
reference value (loWer limit), it turns on the FET again. 
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[0009] The MICROCOMPUTER 903 monitors the cur 
rent by the current monitor circuit (differential ampli?ers 
911 and 913) at all times. When an abnormal current in 
eXcess of a normal value flows, the MICROCOMPUTER 
903 stops the drive current for the thermal FET QF to turn 
off the FET. When temperature of the thermal FET QF 
eXceeds a prescribed value before a drive signal for the off 
control is output from the MICROCOMPUTER 903, the 
overheat shut-off function operates to turn off the thermal 
FET OF. 

[0010] The related poWer supply control device mentioned 
above needs the shunt resistor RS connected in series to the 
poWer supply path, in order to make the current detection. In 
the recent trend of large load currents, Which induces 
reduction of the resistance of the thermal FET QF, the heat 
loss by the shut resistor is not negligible. 

[0011] The overheat shut-off function and the overcurrent 
restricting circuit operate When an almost perfect short 
occurs in the load 102 or the Wiring, and large current flows. 
HoWever, those fail to operate When a layer short, e.g., an 
imperfect short having some short resistance, occurs and 
small short current flows. A possible measure taken for the 
layer short is that the MICROCOMPUTER 903 detects an 
abnormal current by only using the monitor circuit and turns 
off the thermal FET OF. A response of the MICROCOM 
PUTER basis control to such an abnormal current is poor. 

[0012] Since the shunt resistor RS, the MICROCOM 
PUTER 903 and the like are indispensably used in the 
related poWer supply control device, a large packaging space 
is required. Additionally, those part and component are 
relatively expensive, so that the resultant device is high in 
cost. 

SUMMARY OF THE INVENTION 

[0013] Accordingly, the present invention is directed to 
solve the above problems and to eliminate the inconvenient 
circumstances, and has an object to provide a poWer supply 
control device and method Which eliminates the shunt 
resistor connected in series to the poWer supply path in order 
to detect the current, thereby repressing the heat loss, 
quickly responses to an abnormal current flowing When a 
layer short, e.g., an imperfect short having some resistance, 
occurs, and is easy to integrate and is loW in cost. 

[0014] According to the present invention, there is pro 
vided a poWer supply control device comprising: a semi 
conductor sWitch being controlled in accordance With a 
control signal supplied to a control signal input terminal to 
control the supply of electric poWer from a poWer supply to 
a load under the sWitching control; a reference current 
generating device for generating a reference current; a 
reference voltage generating device for generating a refer 
ence voltage based on the reference current; a detector for 
detecting a difference betWeen a voltage betWeen terminals 
of the semiconductor sWitch and the reference voltage; and 
a controller for on/off controlling the semiconductor sWitch 
in accordance With a detected difference betWeen the termi 
nal-terminal voltage and the reference voltage. 

[0015] In the poWer supply control device, the reference 
voltage generating device includes a second semiconductor 
sWitch controlled in accordance With the control signal, and 
the second semiconductor is connected in series to the 
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reference current generating device to form a series circuit, 
Which is connected in parallel to the semiconductor sWitch 
and the load, Whereby the terminal-terminal voltage of the 
second semiconductor sWitch is generated in the form of the 
reference voltage. 

[0016] In the poWer supply control device, the reference 
current generating device generates a reference current 
dependent on an output voltage of the poWer supply. 

[0017] In the poWer supply control device, the reference 
current generating device is a constant current source. 

[0018] In the poWer supply control device, a voltage 
characteristic of the reference voltage of the reference 
voltage generating device is substantially equal to a voltage 
characteristic in a state that a target current flows, Which is 
in eXcess of a maximum current Within a range Where the 
semiconductor sWitch and the load are normally operable. 

[0019] In the poWer supply control device, the semicon 
ductor sWitch and the second semiconductor sWitch are 
equivalent to each other in a transient voltage characteristic 
of the terminal-terminal voltage When each semiconductor 
sWitch shifts its state from an off state to an on state. 

[0020] The poWer supply control device further includes 
overheat protector operating such that When the semicon 
ductor sWitch is overheated, the overheat protector turns off 
the semiconductor sWitch, to thereby protect the semicon 
ductor sWitch. 

[0021] In the poWer supply control device, the semicon 
ductor sWitch, the reference voltage generating device, the 
detector, the controller, and the overheat protector are 
formed on a same chip. 

[0022] In the poWer supply control device, the reference 
current generating device is located outside the chip. 

[0023] The poWer supply control device further comprises 
prohibiting device for prohibiting the controller from turning 
on and off the semiconductor sWitch for a ?xed period after 
the semiconductor sWitch is turned on. 

[0024] The poWer supply control device further includes 
number-of-times controller operating such that the number 
of-times controller adds up the number of times the con 
troller turns on and off the semiconductor sWitch, and When 
the number of on/off control times reaches a predetermined 
number of times, the number-of-times controller turns off 
the semiconductor sWitch. 

[0025] According to the present invention, there is pro 
vided a poWer supply control method in use for a poWer 

supply control device including a semiconductor sWitch 
Which is controlled in accordance With a control signal 
supplied to a control signal input terminal to control the 
supply of electric poWer from a poWer supply to a load under 
the sWitching control, the poWer supply control method 
comprising the steps of: generating a reference current; 
generating a reference voltage based on the reference cur 
rent; detecting a difference betWeen terminals of the semi 
conductor sWitch and the reference voltage; and on/off 
controlling the semiconductor sWitch in accordance With a 
detected difference betWeen the terminal-terminal voltage 
and the reference voltage. 
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[0026] In the poWer supply control devices and in the 
poWer supply control method, When the supply of electric 
poWer from the poWer supply to the load is controlled by the 
semiconductor sWitch in a sWitching manner, a reference 
current is generated by the reference current generating 
device (reference current generating step). A reference volt 
age is generated based on the reference current by the 
reference voltage generating device (reference voltage gen 
erating step). A difference betWeen the voltage betWeen 
terminals of the semiconductor sWitch and the reference 
voltage is detected by the detector (detecting step) The 
semiconductor sWitch is on/off controlled in accordance 
With the detected voltage difference betWeen the terminal 
terminal voltage and the reference voltage by the controller 
(control step). 
[0027] The semiconductor sWitch (second and third semi 
conductor sWitches to be described later) may be any of the 
folloWing sWitching elements: ?eld effect transistors (FETs) 
and static induced transistor (SITs), or emitter sWitched 
thyristors (ESTs), MOS complex devices, e.g., MOS con 
trolled thyristors (MCTs), and insulated gate poWer devices, 
e.g., IGBT (insulated gate bipolar transistors. Those sWitch 
ing elements may be of the n-channel type or the p-channel 
type. 

[0028] In particular, in the poWer supply control device, it 
is preferable that the reference voltage generating device 
includes a second semiconductor sWitch controlled in accor 
dance With the control signal. Further, the second semicon 
ductor is connected in series to the reference current gen 
erating device to form a series circuit. The series circuit is 
connected in parallel to the semiconductor sWitch and the 
load. The terminal-terminal voltage of the second semicon 
ductor sWitch is generated in the form of the reference 
voltage. It is desirable that the reference current generating 
device, as in the third poWer supply control device, gener 
ates a reference current dependent on an output voltage of 
the poWer supply, or that it is a constant current source, as 
in the fourth poWer supply control device. 

[0029] In the poWer supply control device, it is desirable 
that a voltage characteristic of the reference voltage of the 
reference voltage generating device is substantially equal to 
a voltage characteristic in a state that a target current flows, 
Which is in eXcess of a maXimum current Within a range 
Where the semiconductor sWitch and the load are normally 
operable. In the siXth poWer supply control device, it is 
desirable that the semiconductor sWitch and the second 
semiconductor sWitch are equivalent to each other in a 
transient voltage characteristic of the terminal-terminal volt 
age When each semiconductor sWitch shifts its state from an 
off state to an on state. 

[0030] In a case Where an PET is used for the semicon 
ductor sWitch, the terminal-terminal voltage (betWeen the 
drain and the source) of the FET forming a part of the poWer 
supply path varies depending on states of the poWer supply 
path and the load, viZ., a time constant de?ned by Wiring 
inductance and resistance of the path and short resistance, in 
the voltage characteristic When the FET shifts its state from 
an on state to an off state (the descending voltage charac 
teristic in the case of the n-channel In a normal 
operation Where no short occurs, the terminal-terminal volt 
age sWiftly converges to a voltage value beloW a reference 
voltage value. Where a short occurs, it does not converge to 



US 2001/0010458 A1 

below the reference voltage value. Where an imperfect short 
having some resistance occurs, it takes a long time till the 
terminal-terminal voltage converges to beloW the reference 
voltage value. 

[0031] The present invention utiliZes the transient voltage 
characteristic of the semiconductor sWitch When it shifts its 
state from an off state to an on state. In the invention, 
judgement is made as to Whether or not the terminal 
terminal voltage of the semiconductor sWitch (or the current 
in the poWer supply path) , Which forms a part of the poWer 
supply path, is out of a normal state by detecting a difference 
betWeen the terminal-terminal voltage of the semiconductor 
sWitch and the reference voltage generating device (refer 
ence voltage generating step). Overcurrent can be detected 
by the detector (detecting step) if the voltage characteristic 
of the reference voltage is set to bear a closest resemblance 
to the voltage characteristic in a state that a target current, 
Which is in eXcess of the maXimum current Within a normal 
operation range, ?oWs to the load. 

[0032] Therefore, the poWer supply control device and 
method of the invention does not need the shunt resistor, 
conventionally used, Which is connected in series to the 
poWer supply path for the current detection. With this 
feature, the heat loss of the device is suppressed. An abnor 
mal current by a layer short, such as an imperfect short 
having some short resistance, as Well as an overcurrent by a 
perfect short, can continuously be detected by use of the 
hardWare circuit or the program processing by the MICRO 
COMPUTER or the like. Further, the overcurrent can be 
detected Without the shunt resistor. Particularly, When the 
on/off control process for the semiconductor sWitch is real 
iZed by a hardWare circuit, there is no need of using the 
MICROCOMPUTER. This feature brings about the pack 
aging space reduction, and considerable reduction of the 
device cost. 

[0033] In a case Where, as in the poWer supply control 
device, the poWer supply control device further comprises 
overheat protector operating such that When the semicon 
ductor sWitch is overheated, the overheat protector turns off 
the semiconductor sWitch, to thereby protect the semicon 
ductor sWitch, When an imperfect short having some short 
resistance occurs, the semiconductor sWitch is repeatedly 
turned on and off by the controller, Whereby the current is 
greatly varied. That is, in this case, the periodic heating of 
the semiconductor sWitch quickens the turning off of the 
semiconductor sWitch by the overheat protector. In particu 
lar, the poWer supply control device of the invention can 
process the abnormal current caused by the imperfect short 
(layer short), Which cannot be processed by any Way than the 
program processing by the MICROCOMPUTER or the like 
in the conventional device, by using only the hardWare 
circuit contained in the poWer supply control device per se, 
or not using the control from an eXternal device, such as 
MICROCOMPUTER. Therefore, the device circuit is sim 
pli?ed, and hence the device cost is reduced. 

[0034] In the poWer supply control device, it is preferable 
that the semiconductor sWitch, the reference voltage gener 
ating device, the detector, the controller, and the second 
reference voltage generating device or the overheat protector 
are formed on one and the same chip. In the ninth poWer 
supply control device, the reference current generating 
device is preferably located outside the chip. By fabricating 
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those means and sWitch into one chip in an integrating 
fashion, the device circuit construction is reduced in siZe, the 
packing space is reduced, and the device cost is reduced. In 
the invention, the current detection is based on the detection 
of a difference betWeen the terminal-terminal voltage of the 
semiconductor sWitch and the reference voltage. With for 
mation of the semiconductor sWitch and the second semi 
conductor sWitch on one and the same chip, the invention 
succeeds in eliminating (removing) common mode error 
factors Which Will appears in both the main semiconductor 
sWitch and the second semiconductor sWitch (reference 
voltage generator) to the almost same eXtend in the current 
detecting operation, i.e., adverse in?uences by poWer volt 
age drift and temperature drift, and uneven quality among 
lots. Additionally, With the feature that the reference current 
generating device is located outside the chip, the reference 
voltage (reference current) is made to be insensitive to 
temperature variation of the chip. Accordingly, high preci 
sion current detection is realiZed. 

[0035] The poWer source terminal and the control signal 
input terminal of the semiconductor sWitch are connected to 
the poWer source terminal and the control signal input 
terminal of the second semiconductor sWitch of the refer 
ence voltage generating device, respectively. Further, the 
negative terminal of the second semiconductor sWitch is 
connected to the reference current generating device. With 
such an arrangement, judgement is made as to Whether or 
not current ?oWing through the poWer supply path is Within 
a normal range or an abnormal range by comparing a 
potential at the load terminal of the semiconductor sWitch 
With that at the negative terminal of the second semicon 
ductor sWitch. Thus, the terminals of the semiconductor 
sWitch and the second semiconductor sWitch are com 
moniZed. Accordingly, those sWitches may easily be inte 
grated onto one chip. 

[0036] In the poWer supply control device, prohibiting 
device prohibits the controller from turning on and off the 
semiconductor sWitch for a ?xed period after the semicon 
ductor sWitch is turned on. Usually, When the load starts its 
operation, an inrush current usually ?oWs into the poWer 
supply path. The inrush current is much greater than the 
current in a stationary state. If the controller eXecutes the 
overcurrent control for the inrush current, some time is taken 
till the load is settled doWn into a stationary state. As a result, 
the response of the load per se delays sometimes. The 
invention solves this problem through the prohibiting con 
trol by the prohibiting device. 

[0037] In the poWer supply control device, number-of 
times controller adds up the number of times that the control 
means turns on and off the semiconductor sWitch, and When 
the number of on/off control times reaches a predetermined 
number of times, the number-of-times controller turns off 
the semiconductor sWitch. When an overcurrent by a short 
circuit is detected, the overheat protector quickly functions 
to make an overheat shut-off (turn off) of the semiconductor 
sWitch. In the case of the imperfect short, the semiconductor 
sWitch is repeatedly turned on and off. The resultant periodic 
heating of the semiconductor sWitch causes the overheat 
protector to function. Accordingly, it is estimated that time 
taken till the overheat shut-off is relatively long. In this 
connection, in the invention, When the number of on/off 
controls reaches a predetermined number of times, the 
semiconductor sWitch is turned off. Therefore, even When 
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the imperfect short occurs, the turning-off of the semicon 
ductor sWitch may be quickened to a desired turning-off 
time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 is a circuit diagram showing a power supply 
control device Which is a ?rst embodiment of the present 
invention. 

[0039] FIG. 2 is a circuit diagram shoWing the detail of a 
semiconductor sWitch (main control FET) used in the 
embodiment. 

[0040] FIG. 3 is a graph shoWing operation characteristics 
of a main control FET and a reference FET in the poWer 
supply control device of the embodiment. 

[0041] FIG. 4 is a Waveform diagram shoWing variations 
of current and voltage in the semiconductor sWitch in the 
poWer supply control device When the device suffers from a 
short and it normally operates. 

[0042] FIG. 5 is a circuit diagram shoWing a poWer supply 
control device Which is a second embodiment of the inven 
tion. 

[0043] FIG. 6 is a circuit diagram shoWing a circuit 
additionally used in a modi?cation of the poWer supply 
control device. 

[0044] FIG. 7 is a circuit diagram shoWing a second 
modi?cation of the poWer supply control device. 

[0045] FIG. 8 is a circuit diagram shoWing a conventional 
poWer supply control device With a semiconductor sWitch. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

[0046] The preferred embodiments of the present inven 
tion Will be described in the order of ?rst embodiment, 
second embodiment and modi?cation, While referring to 
FIGS. 1 through 7. In the embodiment descriptions to be 
given hereafter, a poWer supply control device and method 
is applied to a device Which selectively supplies poWer 
source from a battery to loads, such as lamps, in a vehicle, 
and controls the supply of electric poWer to the loads. It 
should be understood that the invention may be applied to 
any form of the poWer supply control device and method if 
it controls the supply of electric poWer from a poWer supply 
to the load or loads in a sWitching manner. 

[0047] FIG. 1 is a circuit diagram shoWing a poWer supply 
control device Which is a ?rst embodiment of the present 
invention. FIG. 2 is a circuit diagram shoWing the detail of 
a semiconductor sWitch (main control FET) used in the 
embodiment. FIG. 3 is a graph shoWing operation charac 
teristics of a main control FET and a reference FET in the 
poWer supply control device of the embodiment. FIG. 4 is 
a Waveform diagram shoWing variations of current and 
voltage in the semiconductor sWitch in the poWer supply 
control device When the device suffers from a short and it 
normally operates. FIG. 5 is a circuit diagram shoWing a 
poWer supply control device Which is a second embodiment 
of the invention. FIG. 6 is a circuit diagram shoWing a 
circuit additionally used in a modi?cation of the poWer 
supply control device. FIG. 7 is a circuit diagram shoWing 
a second modi?cation of the poWer supply control device. 
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[0048] First Embodiment 

[0049] ApoWer supply control device, Which forms a ?rst 
embodiment of the present invention, Will be described in 
accordance With FIG. 1. The poWer supply control device is 
arranged such that a drain (D)—source (SA) path of a main 
control FET QA as a semiconductor sWitch is inserted in a 
series fashion in a path for supplying an output voltage VB 
of a poWer supply 101 to a load 102. In this instance, the 
main control FET QA is an NMOS FET having a DMOS 
structure. If required, it may be a PMOS FET. 

[0050] In the ?gure, a circuit section for driving and 
controlling the main control FET QA includes a reference 
FET (second semiconductor sWitch) QB, resistors R1 to 
R12, and RG, a Zener diode ZD1, diodes D1 to D3, 
transistors O1 to Q4, a comparator CMP1, a drive circuit 
111, and a sWitch SW1. In the speci?cation description to 
folloW and the accompanying draWings attached thereto, the 
resistors are denoted as R folloWed by reference numerals 
and characters. Those denotations speci?cally represent the 
resistors and resistance values of those resistors. A circuit 
section 110a enclosed With a dotted line indicates a circuit 
section to be analog integrated onto a chip (this section Will 
be referred to a chip-circuitry section). 

[0051] The load 102 includes for eXample, head lights, 
drive motors for poWer WindoWs and others, and starts to 
operate upon turning-on of a related sWitch SW1 by a user. 
The drive circuit 111 contains transistors being connected in 
series; a source transistor Whose collector is connected to 
potential VP and a sink transistor Whose emitter is connected 
to ground potential (GND). In accordance With signals 
produced by turning on and off a sWitch SW1, the source and 
sink transistors in the drive circuit are turned on and off, so 
that a signal for driving and controlling the main FET QA is 
produced. In the ?gure, VB indicates an output voltage of 
the poWer supply 101, e.g., 12V, and VP stands for an output 
voltage of the charge pump circuit, e.g., VB+10V. 

[0052] The detail of the main FET QA as the semicon 
ductor sWitch is as shoWn in FIG. 2. In FIG. 2, the main 
FET QA includes an internal resistor RG, a temperature 
sensor 121, a latch circuit 122 and an overheat shut-off FET 
OS. ZD1 represents a Zener diode. The Zener diode keeps 
the voltage betWeen the gate G and the source SA at 12V. If 
more than 12V voltage is applied betWeen the gate G and 
source SA of FET, the Zener diode forms a bypass for a 
current caused by the overvoltage. 

[0053] The main FET QA of the embodiment has the 
folloWing over heat shut-off function. When a temperature 
sensor 121 detects that temperature of the main FET QA 
rises to be in eXcess of a predetermined temperature value, 
the detected information is held by a latch circuit 122, and 
an overheat shut-off FET OS is turned on so as to reduce a 
voltage betWeen the gate TG and source SA to be Zero volt. 
In turn, the main FET QA is forcibly turned off. 

[0054] The temperature sensor 121 includes four diodes to 
be connected in cascade, and is formed at a location near the 
main FET QA by packaging requirements. With rising of 
temperature of the main FET QA, forWard voltage drops of 
those diodes of the temperature sensor 121 decrease. When 
the gate potential of an FET Q51 decreases to a potential of 
an “L” level, a state of the FET Q51 shifts from and an on 
state to an off state. As a result, a gate potential of an FET 
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Q54 is pulled up to a potential at the gate control terminal 
G of the main FET QA. The FET Q54 shifts its state from 
an off state to an on state, so that “1” is latched in the latch 
circuit 122. At this time, the output of the latch circuit 122 
is put at “H” level, and the overheat shut-off FET QS shifts 
its state from an off state to an on state. IN turn, a potential 
at the true gate TG of the main FET QA becomes the same 
potential at the source SA so that FET QA turns off. 

[0055] This embodiment of the poWer supply control 
device provides such protection from over current that if 
there happens to be a complete short circuit or a incomplete 
short circuit betWeen the Wiring from source SA of PET QA 
to the load 102, and the ground potential level, it prevents an 
over current from ?owing through FET QA. This protection 
Will be explained With reference to FIG. 1 as folloWs. 

[0056] Reference current generating device, Which Will be 
found in the claim description, is formed With a resistor R11 
and NPN transistors Q2 and Q3. As shoWn, the bases of the 
transistors Q2 and Q3 are interconnected, and the emitters of 
those transistors are connected to ground potential. The 
collector of the transistor Q3 is connected to one end of the 
resistor R11 and the bases of the transistors Q2 and Q3. The 
other end of the resistor R11 is connected to the collector of 
a transistor Q1, Which is used for dark-current measure as 
Will be described later. The collector of the other transistor 
Q2 is connected to the source SB of the reference FET QB. 

[0057] In the circuitry thus arranged, the collector current 
IC(Q3) of the transistor Q3 is expressed by 

IC(Q3)={VB—(0n-v0ltage of Q1)— (on-voltage 0f 
Q3)}/R11. 

[0058] The (on-voltage of Q1) and (on-voltage of Q3) are 
smaller than the poWer voltage VB. Accordingly, those 
voltages may be neglected, and then IC(Q3)zVB/R11. From 
this, it is seen that the collector current IC(Q3) is propor 
tional to the poWer voltage VB, and depends on the same. 

[0059] The reference current generating device includes a 
current mirror circuit. Accordingly, the collector current 
IC(Q2) of the transistor Q2 is equal to the collector current 
IC(Q3) of the transistor Q3; IC(Q2)=IC (Q3). The reference 
current Iref ?oWing through the reference FET QB equals to 
IC (Q2), therefore, it depends on the poWer voltage VB. In 
the case of FIG. 1, the tWo transistors Q2 and Q3 are 
provided outside the chip-circuitry section or chip 110a. To 
satisfy IC (Q2)=IC(Q3), those transistors Q2 and Q3 must be 
equal in dimension. It is preferable that the transistors Q2 
and Q3 are formed Within the chip 110a rather than outside 
the chip 110a so that formation of the transistors having the 
same dimensions is easy, and the integration in fabricating 
the poWer supply control device is more enhanced. 

[0060] The reference voltage generating device includes 
the reference FET QB. The voltage betWeen the drain and 
source of the reference FET QB is the reference voltage to 
be generated. The drain and gate of the reference FET QB 
are connected to the drain D and true gate TG of the main 
control FET QA. The source SB of the reference FET QB is 
connected to the collector of the transistor Q2. In this circuit, 
the reference FET QB and the main control FET QA are 
common in the drain D and the gate TG have the common 
potentials in their drains and gates respectively. This feature 
makes it easy to integrate them onto one chip (110a). 

[0061] The reference FET QB and the main control FET 
QA are formed on one and the same chip (11a) by one 
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fabricating process. The current detecting method in the 
embodiment is based on the difference betWeen the voltage 
VDSAbetWeen the drain and source of the main control FET 
QA and the reference voltage VDSB betWeen those of the 
reference FET QB, Which is detected by the comparator 
CMP1. Thus, the reference FET QB and the main control 
FET QA are fabricated onto one chip. Accordingly, the 
invention succeeds in eliminating (removing) common 
mode error factors Witch sill appears in both the main 
semiconductor sWitch and the second semiconductor sWitch 
(reference voltage generator) to the almost in the current 
detecting operation, i.e., adverse in?uences by poWer volt 
age drift and temperature drift, and uneven quality among 
lots. Further, the resistor included in the current mirror 
circuit (resistor R11) as the reference current generating 
device is located outside the chip 110a. With this feature, the 
reference voltage is made to be insensitive to temperature 
variation of the chip 110a. Accordingly, high precision 
current detection is realiZed. 

[0062] In order that a current capacity of the reference 
FET QB is smaller than that of the main control FET QA, a 
ratio of the number of the parallel connected transistors 
forming the reference FET QB and the number of the 
parallel connected transistors forming the main FET QA is 
selected typically as 

[0063] (number of the transistors of PET QB: 1)< 

[0064] (number of the transistors of PET QA: 1000) 

[0065] Aresistance value of the resistor R11 is selected so 
as to satisfy 

IC(Q3)=IC(Q2)=1ref=IDQALimX (number of the tran 
sistors ofFET QB .' 1) /(number of the transistors 0f 
FET QA: 1000)=IDQALim/1000. 

[0066] In the above relations, IDQALim is reference cur 
rent value used for judging Whether or not the current of the 
load 102 is an over current. Assuming that load resistance 
When a current of the reference current value IDQALim 
flows, as a load current, through the main FET QA is Rlim, 
the folloWing relation holds 

[0067] Since IC(Q3)zVB/R11, then VB/R11=VB/(Rlim>< 
1000), and R11= RLim><1000. Here, Rlim is a load resis 
tance value used for judging Whether or not the load is an 
over load, or abnormal. Therefore, the resistance R11 is a 
?xed resistance value determined corresponding to the ref 
erence resistance value Rlim. 

[0068] As described above, since the current of the refer 
ence current value Iref, Which ?oWs through the reference 
FET QB is VB/R11, the reference current value Iref depends 
on (proportional to) the poWer voltage VB. Accordingly, the 
reference current value IDQALim is proportional to the 
poWer voltage VB. HoWever, the reference resistance value 
Rlim is ?xed, independent of the poWer voltage VB. 

[0069] This Will be described using numerical values. In 
an example Where When R11=2.4 kQ, the load resistance is 
2.4 Q2 (2.4 kQ/1000=2.4 Q), the drain-source voltage of the 
main FET QA is equal to that of the reference FET QB; 
VDSA=VDSB. When the load resistance decreases to beloW 
2.4 Q, VDSA>VDSB. This state is judged to be an overload 
state. This Will be described by using the load current. When 
VB (poWer voltage)=12V, current of 5 mA (collector current 
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IC(Q3) of the transistor Q3) ?oWs through the resistor R11. 
When the load current is 5A (5 mA>< 1000=5A), the drain 
source voltage of the main control FET QA is equal to that 
of the reference FET QB; VDSA=VDSB. When the load 
current of 5A or larger ?oWs, it is judged that it is an 
overcurrent (overload). When the poWer voltage VB is 16V, 
the reference resistance value for overload judgement is 
invariable at 2.4 Q, the reference current value for overload 
judgement is 6.67A (16V/2.4 Q=6.67A), and its value is 
changed (increased) to be higher than 5A When VB=12V. 

[0070] So long as the load and the Wiring are normal, the 
total resistance of the load (=load resistance+Wiring resis 
tance) remains unchanged. For this reason, to judge Whether 
or not a state of the load including the Wiring is normal, it 
is desirable that the reference resistance value for the over 
load judgement is set at a ?xed value. This condition is 

satis?ed by the method employed in the embodiment, viZ. 
the reference current value Iref depends on the poWer 
voltage VB, since in the method, the reference resistance 
value for the overload judgement is set at a ?xed value. 

HoWever, a constant current method (second embodiment) 
to be described later in Which the reference current value Iref 
is ?Xed independently of the poWer voltage, is more pref 
erable for a case Where it is required to judge as to Whether 
or not the value of the current ?oWing through the load 
eXceeds a reference current value, While being independent 
of the poWer voltage VB. 

[0071] Where the circuit speci?cations mentioned above 
are employed, the Reference current generating device and 
the reference voltage generating device (reference FET QB) 
may be minimiZed in circuit scale. The result is minimiZa 
tion of the packaging space and reduction of the device cost. 

[0072] The comparator CMP1 forms a part of “detector” 
used in the claim descriptions. The source voltage VSA of 
the main control FET QA is applied through the resistor R5 
to the “+” input terminal of the comparator CMP1. A source 
voltage VSB of the reference FET QB is applied through the 
resistor R6 to the “—” input terminal of the comparator 
CMP1. When a potential applied to the “+” input terminal of 
the comparator CMP1 is higher than that applied to the “—” 
input terminal, its output is valid (“H” level). When a 
potential applied to the “+” input terminal of the comparator 
is loWer than that at the “—” input terminal, the comparator 
output is invalid (“L”). 

[0073] The reference voltage of the reference voltage 
generating device, viZ., a threshold value at Which the output 
level of the comparator CMP1 shifts from an “H” level to an 
“L” level, may be changed to another value by adjusting the 
reference current value Iref of the Reference current gener 
ating device. Some possible Ways of changing the setting of 
the reference current value Iref of the Reference current 
generating device (i.e., the reference of the reference voltage 
generating device) are: 

[0074] a) To locate the tWo transistors Q2 and Q3 
outside the chip, and to select their con?gurations and 
dimensions according to required speci?cations. 

[0075] b) To locate the resistor R11 outside the chip, 
and to select its con?guration and dimension according 
to required speci?cations. 
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[0076] c) To use the combination of a) and b) above. 

[0077] d) To change a resistance value of the resistor 
R11 Within the chip. 

[0078] Avalue of the reference current (reference voltage) 
may be set at a target value in a manner that a plurality of 
resistors are disposed in parallel in the chip, and a desired 
resistor is selected from among those plural resistors by 
means of sWitching means When the chip is packaged or the 
bare chip is mounted. By so doing, even When the poWer 
supply control device is fabricated in an integrated fashion, 
a plurality of speci?cations can be covered With one type of 
chip. With the variable setting of the reference current 
(reference voltage), it is possible to reliably detect the 
discrimination of the perfect short from the imperfect short 
for each type of the load (head lamps, drive motors or the 
like). Device protection against the short trouble is accu 
rately performed. 

[0079] The PNP transistor Q1 inserted betWeen the poWer 
supply 101 and the resistor R1 is provided for dealing With 
a dark current. Where the transistor Q1 is not used, even 
When the poWer supply to the load 102 is not instructed, viZ., 
the drive control of the main control FET QA is not carried 
out, a path of the dark current ranging from the poWer supply 
101 to GND (ground potential) eXists. Accordingly, the 
electric poWer of the poWer supply 101 is consumed, 
although its amount is small, even When the sWitch SW1 is 
in an off state. For reducing the electricity consumption of 
poWer supply 101 by the dark current, the transistor Q1 is 
turned on When the sWitch SW1 is turned on (instruct to 
supply the poWer to the load 102), and the transistor Q1 is 
turned off When the sWitch SW1 is turned off. Therefore, the 
path for dark current is cut off. 

[0080] The resistors R1 to R3, and the diodes D2 and D3 
form a diode clamping circuit. When the transistor Q1 is in 
an on state, VC>VE holds Where VC is a potential at a node 
betWeen the resistors R1 and R3, and VB is a potential at a 
node betWeen the resistors R3 and R2. 

[0081] When VSA (source voltage of PET QA)§VC— 
0.7V (=forWard voltage drop of the diode), the source 
voltage VSA is applied to the “+” input terminal of the 
comparator CMP1. When VSA< VC—0.7V, a potential of 
(VC—0.7V) is applied to the “+” input terminal of the 
comparator CMP1, independently of the source voltage 
VSA. Thus, even if the source voltage VSA drops, the “+” 
input terminal of the comparator CMP1 is held at VC- 0.7V 
and does not drop beloW this potential. The “—” input 
terminal of the comparator CMP1 is held at a potential of 
VE- 0.7V even if the source voltage VSB of the reference 
FET QB drops to a value loWer than the potential (VE 
0.7V). 
[0082] With provision of the diode clamping circuit, even 
When the main control FET QA and the reference FET QB 
shift their state to an off state and the source voltage VSA 
and the source voltage VSB drop, the “+” input terminal and 
“—” input terminal of the comparator CMP1 are clamped at 
(VC—0.7V) and (VE—0.7V), respectively. Since VC>VE, the 
output of the comparator CMP1 is set at “H” level. And the 
main control FET QA is reliably controlled irrespective of 
the amplitudes of the source voltage VSA and the source 
voltage VSB. It never happens that the potential at the “+” 
input terminal and the “—” input terminal of the comparator 
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CMPl drops to a reference potential value. In this respect, 
the voltage Withstand capability of the “+” input terminal 
and “—” input terminal is improved. 

[0083] An operation of the poWer supply control device of 
the embodiment, viZ., a poWer supply control method, Will 
be described With reference to FIG. 3. In gathering data 
plotted in a graph of FIG. 3, the main control FET QA is a 
thermal FET, “HAF2001”, manufactured by Hitachi Corpo 
ration in Japan. Operation characteristics of the main control 
FET QA and the reference FET QB are plotted Where the 
poWer voltage VB=12V. In FIG. 3, the abscissa represents 
the drain-source VDS (VDSA or VDSB), and the ordinate 
represents the drain current ID (IDQA or 1000X IDQB). 

[0084] In FIG. 3, a one-dot chain line indicates a refer 
ence value for the overload (overcurrent) When Iref (refer 
ence current)=5 mA. Since 1000><Iref=5A, it is depicted in 
(1) as a horiZontal line of 5A. This represents an operating 
line of the reference FET QB When it is converted into that 
of the main control FET QA. When the load and Wiring are 
normal and the main control FET QA and the reference FET 
QB are in an on state, an operating point of the reference 
FET QB is a point Ain the ?gure. The operating point of the 
main control FET QA is present betWeen the origin and the 
point A. It is assumed that the load is in an overload state and 
an overcurrent, for instance, the drain current IDQA=8A, 
?oWs. An operating point of the main control FET QA at that 
moment is a point B. At this time, IDQA (drain current of 
PET QA)>1000><XIref. Accordingly, the output of the com 
parator CMPl is at an “L” level, and the main control FET 
QA and the reference FET QB shift their state to an off state. 

[0085] In FIG. 3, a dotted line (2) indicates a load line 
depicted When the load is a resistive load and in an overload 
state, and further it contains the operating point B. Here, the 
resistive load is such a load that the inductance component 
of the load and Wiring is much smaller than the resistive 
component. A speci?c eXample of it is a lamp load. When 
the load is the resistive load, the operating point of the main 
control FET QA moves from the point B to the right side 
along the straight load line (2), With increase of the drain 
source voltage VDSA. If the load line (2) intersects the 
reference value line (1) for overload judgment at a point D, 
a relation IDQA>1000><Iref holds When the drain-source 
voltage VDSA lies in a region on the left side of the point 
D. When the operating point of the main control FET QA 
lies in a region on the right side of the point D, a relation 
IDQA<1000Iref holds. The main control FET QA shifts its 
state to an on state. 

[0086] Measures for preventing the main control FET 
from turning on as soon as the operating point enters the 
region on the right side of the point D are taken by the 
embodiment. The measure utiliZes such a phenomenon that 
When the gate drive of the main control FET QAby the drive 
circuit 111 is turned off, a potential at the output node of the 
drive circuit 111 becomes ground potential by the sink 
transistor Within the drive circuit 111. By the utiliZation of 
the phenomenon, current is made to flow through a path of 
base of the transistor Q4 resistor R9 diode D1 node N8 GND 
(ground potential), Whereby the transistor Q4 is turned on. 
By so doing, the “—” input terminal of the comparator CMPl 
is kept at high potential, and even if the operating point of 
the main control FET QA is on the right side of the point D, 
it maintains its off state. In a case Where the potential at the 
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<< 1, input terminal of the comparator CMPl is excessively 
pulled up to the high potential, When the source voltage VSA 
and the source voltage VSB drop, a timing Where a logic 
level at the output of the comparator CMPl is inverted from 
an “L” level to an “H” level by the diode clamping circuit, 
delays. To prevent this, it is desirable to select a resistance 
value of the resistor R10, Which is connected betWeen the 
collector of the transistor Q4 and the “—” input terminal of 
the comparator CMPl, so as to satisfy R10: R6 R1: R3. 

[0087] In the diode clamping circuit, voltage VC obtained 
by dividing the poWer voltage VB by a series circuit of the 
resistors R1, R2 and R3 is 

[0088] When the forWard voltage drop of the diode D2 is 
0.7V, the drain-source voltage VDSA of the main control 
FET QA Whereupon the potential at “+” input terminal being 
to be clamped by the potential of VC—0.7V is 

[0089] In FIG. 3, this is depicted as a hatched vertical line 
located near VDSA=7.3V. 

[0090] An intersection of the load line (2) and the vertical 
line is denoted as C1. When the operating point moves to 
and enters a region on the right side of the point C1, the gate 
drive of the main control FET QA by the drive circuit 111 is 
turned on. After a time of the circuit operation delay elapses, 
a potential at the output node N8 of the drive circuit 111 
changes from the “L” level to the “H” level. And the main 
control FET QA is turned on again. During the operation 
delay time of the drive circuit 111, the operating point 
further moves to the right side. When the main control FET 
QA is turned on, the operating point turns its moving 
direction to the left, and starts to move. 

[0091] When the potential at the output node N8 of the 
drive circuit 111 goes high in logical level, the transistor Q4 
shifts its state to an off state. As a result, the pulling up action 
of the potential at the “input terminal of the comparator 
CMPl by the transistor Q4 disappears. Accordingly, When 
the operating point of the main control FET QA enters a 
region on the left side of the point D, the drive circuit 111 
is put in an off control mode, and after the circuit operation 
delay time, the main control FET QA is turned off. During 
the operation delay time of the drive circuit 111, the point D 
shifts to the left beyond the point D, and then changes its 
moving direction and starts to move to the right. By repeat 
ing the above process, the main control FET QA and the 
reference FET QB are repeatedly turned on and off. 

[0092] In FIG. 3, a line (3) represents a load line When the 
load is an inductive overload. Here, the inductive load 
means such a load that an inductance component of the load 
and Wiring is much larger than a resistance component, and 
an eXample of it is a motor load. When the load is an 
inductive load, the operating line of the main control FET 
QA is a horiZontal straight line containing the point B as 
shoWn in the line When the main control FET QA shifts 
its state to an off state, the operating point of the main 
control FET QA moves from the point B to the right along 
the load line 

[0093] In the case of the inductive load, if the main control 
FET QA and the reference FET QB turn off, both the main 
current IDQA and the reference current Iref are unchanged 
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until VDSA reaches to the point C2 shown in FIG. 3. The 
point C2 denotes intersection of the operating line (3) and 
the vertical line at VB-VC +0.7V. In other Words IDQA is 
always larger than one thousand times Iref on the left side of 
the point C2 irrespective of pulling up the “—” input terminal 
by the FET Q4 unlike the resistive load. When the operating 
point of FET QA enters the region on the right side of the 
point C2, the output of CMP1 turns from “L” level to “H” 
level. Since there is a delay time in the drive circuit 111, 
operating point of FET QA goes on to the right side beyond 
the point C2 during the delay time. When FET QA and QB 
begin to turn on, the operating point changes the moving 
direction and starts to move to the left. 

[0094] When the drain-source voltage VDS decreases and 
the operating point of the main control FET QA reaches the 
point C2, the drive circuit 111 is put in an off control mode. 
After the operation delay time of the circuit, the main control 
FET QA shifts its state to an off state. During the operation 
delay time of the drive circuit 111, the operating points 
further moves to the left beyond the point C2. When the 
potential at the output node N8 of the drive circuit 111 
changes from an “L” level to an “H” level, the operating 
point changes its moving direction and starts to move to the 
right, hoWever. Repeating the above process, the main 
control FET QA and the reference FET QB are repeatedly 
turned on and off. 

[0095] IDQB=IC(Q2), and When n><IDQB>IDQA, the 
main control FET QA and the reference FET QB are keep to 
be in an on state. When n><IDQB<IDQA, the main control 
FET QA and the reference FET QB are turned on and off. 
Here, “n” is a ratio of the number of transistors of the main 
control FET QA to that of the reference FET QB, and IDQA 
and IDQB are the drain currents of the main control FET QA 
and the reference FET QB. That is, When the load current 
IDQA of the main control FET QA increases to be larger 
than a current Which is n times as large as the reference 
current value Iref (IC(Q2) ), those FETs are repeatedly 
turned on and off. After a predetermined time elapses, the 
main control FET QA and the reference FET QB are turned 
off. 

[0096] FIGS. 4(a) and 4(b) are Waveform diagrams shoW 
ing variations of current and voltage of the main control FET 
QA in the poWer supply control device of the embodiment. 
FIG. 4(a) shoWs a Waveform of a drain current ID of the 
FET, and FIG. 4(b) is a Waveform of the drain-source VDS. 
AWaveform (2) represents a variation of the drain current ID 
in a normal state. AWaveform (3) indicates a variation of it 
in an overload state (including a short of a Wiring betWeen 
the source and the load). In the overload state in the 
?gure), the main control FET QA is repeatedly turned on and 
off, and a periodic heating of the main control FET QA 
causes the overheat shut-off protecting function to operate. 

[0097] As described above, the poWer supply control 
device and method of the invention succeeds in eliminating 
the shunt resistor, conventionally used, connected in series 
to the poWer supply path in order to detect the current, and 
can detect an overcurrent With high precision Without the 
shut resistor, and represses the heat loss of the Whole device. 
Further, the poWer supply control device and method con 
tinuously detects, by the hardWare circuit, an abnormal 
current ?oWing When a layer short, e.g., an imperfect short 
having some resistance, occurs, and as Well an overcurrent 
caused When a perfect short occurs. 
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[0098] The on/off control of the semiconductor sWitch can 
be performed by only the hardWare circuit Which does not 
contain the MICROCOMPUTER. Accordingly, the poWer 
supply control device is reduced in packing space and device 
cost. 

[0099] By the adjustment of the reference current value 
Iref of the Reference current generating device, it is possible 
to reliably detect the discrimination of the perfect short from 
the imperfect short for each type of the load (head lamps, 
drive motors or the like). Device protection against the short 
trouble is accurately performed. 

[0100] Second Embodiment 

[0101] ApoWer supply control device and method, Which 
forms a second embodiment of the present invention, Will be 
described With reference to FIG. 5. The poWer supply 
control device of the embodiment is characteristically fea 
tured in that the Reference current generating device is 
constructed as a constant current source. Speci?cally, dif 

ference of the circuit arrangement (FIG. 1) of the poWer 
supply control device of the ?rst embodiment is that a 
resistor R13 is inserted betWeen the resistor R11 and the 
collector of the transistor Q1 in the Reference current 
generating device, and a Zener diode ZD2 is connected 
betWeen the other end of the resistor R13 and ground 
potential. In FIG. 5, a circuit section 110b enclosed With a 
dotted line indicates a circuit section to be analog integrated 
onto a chip (this section Will be referred to a chip-circuitry 

section). 
[0102] In the circuit arrangement, the collector current IC 
(Q3) is given by 

IC(Q3)={VZD2—(0n-v0ltage 0f Q3)}/R11 

[0103] Where VZD2 is a Zener voltage of the Zener diode 
ZD2. Accordingly, the collector current IC(Q3), or the 
reference current value Iref, is a constant current, Which is 
not dependent on the poWer voltage VB. 

[0104] The functions and modi?cations of the other ele 
ments, and operations of the poWer supply control device 
and method are substantially the same as of the ?rst embodi 
ment, and are valid in the poWer supply control device and 
method of the embodiment. 

[0105] Modi?cations 

[0106] Modi?cations of the poWer supply control devices 
of the ?rst and second embodiments described above Will be 
described in the order of ?rst modi?cation and second 
modi?cation, With reference to the accompanying draWings. 

[0107] First Modi?cation 

[0108] The ?rst modi?cation is characteristically featured 
in that a inrush current mask circuit 105 as shoWn in FIG. 
6 is additionally used to the circuit arrangement (FIG. 1 or 
5) of the poWer supply control device of the ?rst or second 
embodiment. 

[0109] When the load 102 (e.g., head lights) is turned on, 
in rush current ?oWs, Which is several to several tens times 
as large as a normal current in amplitude. The period that the 
inrush current ?oWs depends on the type and capacity of the 
load 102, but is about 3 msec to 20 msec. If the overcurrent 
control as described in the ?rst or second embodiment is 
carried out during the surge-current ?oWing period, some 



US 2001/0010458 A1 

time is taken till the load is settled doWn into a stationary 
state. As a result, the response of the load per se delays 
sometimes. Speci?cally, the headlights are delayed in light 
ing. The embodiment solves this problem by adding the 
inrush current mask circuit 105 (corresponding to prohibit 
ing device used in claims) to the circuit arrangement of FIG. 
1 or FIG. 5. 

[0110] In FIG. 6, the inrush current mask circuit 105 is 
made up of FETs Q11 and Q12, a diode D11, resistors R15 
to R18, and a capacitor C11. Terminals N6 and N9 are 
connected to the nodes N6 and N9 in the FIG. 1 and the 
FIG. 5 circuit, respectively. A terminal GND is earthen. 

[0111] The operation of the inrush current mask circuit 
105 Will be described. When the sWitch SW1 is turned on, 
the transistor Q1 is turned on. The poWer voltage VB is 
applied to the gate of the FET Q12 through the diode D11 
and the resistor R16. The poWer voltage VB is applied to the 
gate of the FET Q11 through the diode D11 and the resistor 
R15. 

[0112] The gate of the FET Q12 is connected to ground 
potential through the capacitor C11. The capacitor C11 is not 
yet charged immediately after the sWitch SW1 is turned on. 
In this state, the gate potential of the FET Q12 is insuf? 
ciently high, and the FET Q12 cannot shift its state to an on 
state. The FET Q11 is in an on state during the off state of 
the FET Q12, and pulls the potential at the “—” input 
terminal of the comparator CMP1 to a loWer potential. For 
this reason, even if large inrush current ?oWs, the output 
potential of the comparator CMP1 does not go 10W in logic 
level. And the main control FET QA does not shift its state 
to an off state. 

[0113] With time, the capacitor C11 is gradually charged 
through the resistor R16, and in due time the FET Q12 shifts 
its state to an on state. With this, the FET Q11 shifts its state 
to an off state, the masking state terminates, and ?nally the 
overcurrent detection control functions. 

[0114] The resistor R17 is a discharge resistor for resetting 
the capacitor C11 after the sWitch SW1 is turned off. Its 
resistance is preferably selected so as to satisfy R16<<R17 
in order to eliminate adversely affect the masking time. The 
masking time is determined by a time constant of R16><C11. 
Where the circuitry is integrated into one chip in fabrication, 
the masking time can be adjusted by appropriately adjusting 
the capacitance of the capacitor C1 attached to the chip. 

[0115] Second Modi?cation 

[0116] ApoWer supply control device of the second modi 
?cation Will be described With reference to FIG. 7. The 
poWer supply control device of the modi?cation is charac 
teristically featured in that an on/off counter circuit 107 is 
added to the circuit arrangement (FIG. 1 or FIG. 5) of the 
poWer supply control device of the ?rst or second embodi 
ment. In FIG. 7, a circuit section 110d enclosed With a 
dotted line indicates a circuit section to be analog integrated 
onto a chip (this section Will be referred to a chip-circuitry 

section). 
[0117] In the ?rst or second embodiment, When an imper 
fect short occurs, the main control FET QA is repeatedly 
turned on and off, and the resultant periodic heating of the 
main control FET QA causes the overheat shut-off function 
to operate. Accordingly, the time taken till the overheat 
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shutting off is relatively long. This problem is solved in the 
folloWing Way by the modi?cation. Speci?cally, the modi 
?cation additionally uses the on/off counter circuit (number 
of-times controller) 107 to quicken the turning off of the 
main control FET QA. The on/off counter circuit 107 turns 
off the main control FET QA When the number of on/off 
times reaches a predetermined time. 

[0118] In FIG. 7, the on/off counter circuit 107 includes 
transistors Q32 to Q34, FETs Q31 and Q35, diodes D31 to 
D33, a Zener diode ZD31, resistors R31 to R38, and a 
capacitor C31. The conductivity type of the FET Q31 is 
opposite to that of the FET Q35. In FIG. 7, the FET Q31 is 
of the NMOS type, While the FET Q35 is of the PMOS type, 
and those FETs are arranged in a latch circuit. 

[0119] The operation of the on/off counter circuit 107 Will 
be described. Every time that the overcurrent control mode 
is set up, and the main control FET QA is turned off (the gate 
potential is set at an “L” level) during the on/off control of 
the FET QA, the capacitor C31 is charged through the 
transistors Q32 and Q34 and the resistor R32. The capacitor 
C31 is charged only When the drain-source voltage VDSA 
goes high in logic level during the off control (the gate 
potential is at the “L” level), and is not charged When FET 
QA keeps to be in the on state or in the off state continuously. 
The gate potential of the FET Q31 is loWer than a threshold 
value in the initial stage, and is in an off state. With progress 
of the charging of the capacitor C31, the gate potential 
increases and the FET Q31 is turned on. At this time, the true 
gate of the main control FET QA is connected to ground 
potential through the diode D32, to turn off (off control) the 
main control FET QA. At this time, the FET Q35 is also 
turned on. Accordingly, the latch circuit including the FETs 
Q31 and Q35 holds information to the effect that the on/off 
counter circuit 107 turned off the main control FET QA. 

[0120] In the poWer supply control device (FIG. 7) of the 
second modi?cation, the drain of the FET Q31 is connected 
to the true gate (TG) of the main control FET QA by Way of 
the diode D32, Whereby the main control FET QA is directly 
on/off controlled. The modi?cation may be further modi?ed 
in the folloWing Way. In a ?rst case, a prohibiting gate 
(2-input AND gate) is provided at the output of the com 
parator CMP1. A drain potential of the FET Q31 is used for 
its prohibiting control signal (the drain potential of the FET 
Q31 is input to the other input of the tWo-input AND gate). 
In a second case, the drain of the FET Q31 is connected 
through a resistor to the “+” input terminal of the comparator 
CMP1. Also in those ?rst and second cases, it is necessary 
to form a latch circuit for holding information that the on/off 
counter circuit 107 has turned off the main control FET QA. 

[0121] In a third case, after the on/off controls are added 
up, the main control FET QA is turned off (off controlled) by 
the overheat shut-off function, viZ., by using a temperature 
sensor 121, a latch circuit 122 and an overheat shutting off 
FET QS (see FIG. 2). Speci?cally, the FET Q35 and the 
resistor R38 are removed, the resistor R31 is connected to 
the output node N8 in place of the collector of the transistor 
Q1, and the anode of the diode D32 is connected to the 
anode of the temperature sensor 121 (consisting of four 
diodes). In this case, When the FET Q31 is turned on, 
potential at the anode of the temperature sensor 121 (con 
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sisting of four diodes) is pulled doWn to a loW potential. 
Accordingly, the same conditions as in high temperature 
state are set up, and the FET QS is turned on to turn off (off 
control) the main control FET QA. 

[0122] Further, in the poWer supply control device of this 
modi?cation, the number of on/off control times is judged 
based on a quantity of charge stored in the capacitor C31 in 
the on/off counter circuit 107. Alternatively, the on/off 
counter circuit 107 maybe formed With a counter for directly 
counting the output signal of the drive circuit 111. In the 
alternative, When a count of the counter for counting the 
output signal of the drive circuit 111 reaches a predeter 
mined value, the FET Q31 (or overheat shutting off FET QS) 
is turned on to turn off (off control the FET QA. 

[0123] In the circuit arrangement of the poWer supply 
control device of each of the embodiments and their modi 
?cations, the main control FET QA, the reference FET QB, 
the overheat shutting off FET QS, and FETs Q1 to Q31 and 
Q51 to Q54 are of the n-channel type, and other FETs are of 
the p-channel type. It is evident that the conductivity types 
of those transistors may be reversed, as a matter of course. 
In this case, the circuit must be modi?ed such that the gate 
potentials for turning on and off the respective sWitching 
elements are reversed in terms of the logic level, “L” level 
and “H” level. The same thing is true for such a modi?cation 
that the NPN type of the bipolar transistor is changed to the 
PNP type, and vice versa. If required, IGBT (insulated gate 
bipolar transistor) may be used in lieu of the main control 
FET QA and the reference FET QB. 

[0124] As seen from the foregoing description, in the 
poWer supply control device and method of the invention, 
When the supply of electric poWer from the poWer supply to 
the load is controlled by the semiconductor sWitch in a 
sWitching manner, a reference current is generated by the 
Reference current generating device (reference current gen 
erating step). A reference voltage is generated based on the 
reference current by the reference voltage generating device 
(reference voltage generating step). Adifference betWeen the 
voltage betWeen terminals of the semiconductor sWitch and 
the reference voltage is detected by the detector (detecting 
step). The semiconductor sWitch is on/off controlled in 
accordance With the detected voltage difference betWeen the 
terminal-terminal voltage and the reference voltage by the 
control means (control step). The reference voltage gener 
ating device includes a second semiconductor sWitch con 
trolled in accordance With the control signal. Further, the 
second semiconductor is connected in series to the reference 
current generating device to form a series circuit. The series 
circuit is connected in parallel to the semiconductor sWitch 
and the load. The terminal-terminal voltage of the second 
semiconductor sWitch is generated in the form of the refer 
ence voltage. The reference current generating device gen 
erates a reference current dependent on an output voltage of 
the poWer supply, or is a constant current source, as in the 

fourth poWer supply control device. Judgement is made as to 
Whether or not the terminal-terminal voltage of the semi 
conductor sWitch (or the current in the poWer supply path), 
Which forms a part of the poWer supply path, is out of a 
normal state by detecting a difference betWeen the terminal 
terminal voltage of the semiconductor sWitch and the refer 
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ence voltage generated by the reference voltage generating 
device (reference voltage generating step). The poWer sup 
ply control device and method of the invention does not need 
the shunt resistor, conventionally used, Which is connected 
in series to the poWer supply path for the current detection. 
With this feature, the heat loss of the device is suppressed. 
An abnormal current by a layer short, such as an imperfect 
short having some short resistance, as Well as an overcurrent 

by a perfect short, can continuously be detected by use of the 
hardWare circuit or the program processing by the MICRO 
COMPUTER or the like. Particularly, When the on/off 
control process for the semiconductor sWitch is realiZed by 
a hardWare circuit, there is no need of using the MICRO 
COMPUTER. This feature brings about the packaging space 
reduction, and considerable reduction of the device cost. 

What is claimed is: 
1. A poWer supply control device comprising: 

a ?rst semiconductor sWitch Which controls a supply of 
electric poWer from a poWer supply to a load in 
accordance With a control signal; 

a reference current generating device Which generates a 
reference current; 

a reference voltage generating device Which generates a 
reference voltage based on said reference current; 

a detector Which detects a difference betWeen a voltage 
betWeen terminals of said ?rst semiconductor sWitch 
and said reference voltage; and 

a controller Which controls on/off state of said ?rst semi 
conductor sWitch in accordance With said detected 
difference. 

2. A poWer supply control device according to claim 1, 
Wherein said reference voltage generating device includes a 
second semiconductor sWitch controlled in accordance With 
said control signal, said second semiconductor sWitch is 
connected in series to said reference current generating 
device to form a series circuit Which is connected in parallel 
to said ?rst semiconductor sWitch and said load so that a 
voltage betWeen terminals of said second semiconductor 
sWitch is generated as said reference voltage. 

3. A poWer supply device according to claim 1, Wherein 
said reference current depends on an output voltage of said 
poWer supply. 

4. A poWer supply device according to claim 1, Wherein 
said reference current generating device is a constant current 
source. 

5. A poWer supply device according to claim 1, Wherein 
a voltage characteristic of said reference voltage is substan 
tially equal to a voltage characteristic in a state that a current 
Which is in eXcess of a maXimum current Within a range 
Where said ?rst semiconductor sWitch and said load are 
normally operated ?oWs. 

6. A poWer supply control device according to claim 2, 
Wherein said ?rst and second semiconductor sWitch are 
equivalent to each other in a transient voltage characteristic 
of said voltage betWeen said terminals of said ?rst and 
second semiconductor sWitches When each said ?rst and 
second semiconductor sWitch shifts its state from said off 
state to said on state. 
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7. A power supply control device according to claim 1 
further comprising an overheat protector Which turns off said 
?rst semiconductor sWitch When said semiconductor sWitch 
is overheat. 

8. A poWer supply control device according to claim 1 
further comprising a prohibiting device Which prohibits said 
controller from turning on and off said ?rst semiconductor 
sWitch for a predetermined period after said ?rst semicon 
ductor sWitch is turned on. 

9. A poWer supply control device according to claim 1 
further comprising a number-of-times controller Which 
counts a number of times that said controller turns on and off 

said ?rst semiconductor sWitch, said number-of-times con 
troller turns off said ?rst semiconductor sWitch When said 
number of times reaches a predetermined number of times. 

10. A poWer supply control device according to claim 1, 
Wherein said ?rst semiconductor sWitches, said reference 
voltage generator, said detector, and said controller are 
formed on a same chip. 

11. ApoWer supply control device according to claim 10, 
Wherein said reference current generator is located outside 
said chip. 
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12. A poWer supply control device according to claim 7, 
Wherein said ?rst semiconductor sWitches, said reference 
voltage generator, said detector, said controller, and said 
overheat protector are formed on a same chip. 

13. ApoWer supply control device according to claim 12, 
Wherein said reference current generator is located outside 
said chip. 

14. A poWer supply control method of poWer supply 
device including a semiconductor sWitch controlled in 
accordance With a control signal to control a supply of 
electric poWer from a poWer supply to a load, said poWer 
supply control method comprising the steps of: 

generating a reference current; 

generating a reference voltage based on said reference 
current; 

detecting a difference betWeen a voltage betWeen termi 
nals of said semiconductor sWitch and said reference 
voltage; and 

controlling on/off state of said semiconductor sWitch in 
accordance With said detected difference. 

* * * * * 


