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(57) ABSTRACT 

ApoWer controller comprises: a ?rst control signal generator 
operable With a second poWer voltage for generating a ?rst 
control signal; a ?rst reference voltage generator operable 
With a ?rst poWer voltage for generating a ?rst reference 
voltage corresponding to a difference betWeen the ?rst and 
second poWer voltages; a ?rst level converter coupled With 
the ?rst control signal generator for receiving the ?rst 
control signal, the ?rst level converter coupled With the ?rst 
reference voltage generator for converting the ?rst control 
signal into a ?rst level-converted control signal With a 
voltage level range betWeen the ?rst poWer voltage and the 
difference betWeen the ?rst and second poWer voltages; and 
a ?rst driver coupled With the ?rst level converter for 
receiving the ?rst level-converted control signal, and the 
?rst driver driving an external load With the ?rst level 
converted control signal. 
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FIG. 2 
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FIG. 5 
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FIG. 6 
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POWER CONTROLLER AND POWER 
CONTROLLING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a power controller 
and a poWer control method, and more particularly to a 
poWer controller and a poWer control method, Which are 
suitable for an integrated battery poWer system for vehicles. 

[0003] 2. Description of the Related Art 

[0004] A poWer controller is used for solenoid driving in 
the battery poWer system for vehicles. The poWer controller 
is operated With a poWer supply at 12V from the battery on 
the vehicles. The poWer controller comprises MOS transis 
tors having a high drain source Withstand voltage and a high 
gate source Withstand voltage for a high voltage of 12V. 

[0005] FIG. 1 is a block diagram illustrative of a conven 
tional poWer controller operable With 12V. The conventional 
poWer controller 80 has a control circuit 85, an output circuit 
84 and an external load 86. The control circuit 85 generates 
a control signal upon receiving an input signal. The control 
signal is supplied to the output circuit 84. The output circuit 
84 sWitches ON and OFF in accordance With the control 
signal for driving the external load 86. Amaximum variation 
Width in voltage level of the control signal is 12V. For this 
reason, the conventional poWer controller 80 comprises the 
transistors With the high drain source Withstand voltage of 
12V and the high gate source Withstand voltage of 12V. 

[0006] The poWer controller may sometime be integrated 
With a logic circuit operable With 5V over a single Wafer for 
the purpose of cost reduction and siZe and Weight reductions. 
In this case, the manufacturing process for the logic circuit 
is the base process, and the poWer controller operable With 
12V is formed by additional processes. These additional 
processes make it dif?cult to reduce the manufacturing cost. 

[0007] Japanese laid-open patent publications Nos. 
10-65516 and 11-327500 disclose the use of a level con 
verter circuit for ON-OFF control of the sWitching transis 
tors provided in the high voltage poWer side, Wherein 
additional circuit elements are provided, for example, a 
highly accurate voltage detector and a controller in the high 
voltage poWer side. These additional circuit elements make 
it dif?cult to increase the density of integration. These 
additional circuit elements may be hard to co-operate With 
the control circuit in the loW voltage poWer side. 

[0008] In the above circumstances, the development of a 
novel poWer controller and a poWer control method free 
from the above problems is desirable. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, it is an object of the present invention 
to provide a novel poWer controller free from the above 
problems. 
[0010] It is a further object of the present invention to 
provide a novel poWer controller suitable to be integrated 
With another circuit operable With a different poWer voltage 
from the poWer controller over a single Wafer for a possible 
manufacturing cost reduction and possible siZe and Weight 
reductions. 
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[0011] It is a still further object of the present invention to 
provide a novel poWer controller suitable to be integrated 
With another circuit operable With a different poWer voltage 
from the poWer controller over a single Wafer for alloWing 
additional circuit elements such as highly accurate voltage 
detector and controller in a high voltage poWer side Without 
for realiZing multi-functions, hoWever, making the circuit 
con?guration complicated. 

[0012] It is yet a further object of the present invention to 
provide a novel poWer control method free from the above 
problems. 

[0013] It is a further object of the present invention to 
provide a novel poWer control method suitable to be inte 
grated With another circuit operable With a different poWer 
voltage from the poWer controller over a single Wafer for a 
possible manufacturing cost reduction and possible siZe and 
Weight reductions. 

[0014] It is a still further object of the present invention to 
provide a novel poWer control method suitable to be inte 
grated With another circuit operable With a different poWer 
voltage from the poWer controller over a single Wafer for 
alloWing additional circuit elements such as highly accurate 
voltage detector and controller in a high voltage poWer side 
Without for realiZing multi-functions, hoWever, making the 
circuit con?guration complicated. 

[0015] The present invention provides a poWer controller 
operable With at least a ?rst poWer voltage and a second 
poWer voltage loWer than the ?rst poWer voltage. The poWer 
controller comprises: a ?rst control signal generator oper 
able With the second poWer voltage for generating a ?rst 
control signal; a ?rst reference voltage generator operable 
With the ?rst poWer voltage for generating a ?rst reference 
voltage Which corresponds to a difference betWeen the ?rst 
and second poWer voltages a ?rst level converter being 
electrically coupled With the ?rst control signal generator for 
receiving the ?rst control signal, the ?rst level converter 
being electrically coupled With the ?rst reference voltage 
generator for receiving the ?rst reference voltage, the ?rst 
level converter converting the ?rst control signal into a ?rst 
level-converted control signal With a voltage level range 
betWeen the ?rst poWer voltage and the difference betWeen 
the ?rst and second poWer voltages; and a ?rst driver 
electrically coupled With the ?rst level converter for receiv 
ing the ?rst level-converted control signal, and the ?rst 
driver driving an external load in accordance With the ?rst 
level-converted control signal. 

[0016] The above and other objects, features and advan 
tages of the present invention Will be apparent from the 
folloWing descriptions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Preferred embodiments according to the present 
invention Will be described in detail With reference to the 
accompanying draWings. 

[0018] FIG. 1 is a block diagram illustrative of a conven 
tional poWer controller operable With 12V. 

[0019] FIG. 2 is a block diagram illustrative of a novel 
poWer controller in a ?rst embodiment in accordance With 
the present invention. 
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[0020] FIG. 3 is a circuit diagram illustrative of a circuit 
con?guration of the reference voltage generator circuit of 
the poWer controller of FIG. 2. 

[0021] FIG. 4 is a circuit diagram illustrative of a circuit 
con?guration of the level converter circuit of the poWer 
controller of FIG. 2. 

[0022] FIG. 5 is a timing chart of operations of the poWer 
controller of FIG. 2. 

[0023] FIG. 6 is a block diagram illustrative of a novel 
poWer controller in a second embodiment in accordance 
With the present invention. 

[0024] FIG. 7 is a circuit diagram illustrative of a circuit 
con?guration of the failure diagnosis circuit of the poWer 
controller of FIG. 6. 

[0025] FIG. 8 is a circuit diagram illustrative of a circuit 
con?guration of the second level converter circuit of the 
poWer controller of FIG. 6. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] A ?rst aspect of the present invention is a poWer 
controller operable With at least a ?rst poWer voltage and a 
second poWer voltage loWer than the ?rst poWer voltage. 
The poWer controller comprises: a ?rst control signal gen 
erator operable With the second poWer voltage for generating 
a ?rst control signal; a ?rst reference voltage generator 
operable With the ?rst poWer voltage for generating a ?rst 
reference voltage Which corresponds to a difference betWeen 
the ?rst and second poWer voltages; a ?rst level converter 
being electrically coupled With the ?rst control signal gen 
erator for receiving the ?rst-control signal, the ?rst level 
converter being electrically coupled With the ?rst reference 
voltage generator for receiving the ?rst reference voltage, 
the ?rst level converter converting the ?rst control signal 
into a ?rst level-converted control signal With a voltage level 
range betWeen the ?rst poWer voltage and the difference 
betWeen the ?rst and second poWer voltages; and a ?rst 
driver electrically coupled With the ?rst level converter for 
receiving the ?rst level-converted control signal, and the 
?rst driver driving an external load in accordance With the 
?rst level-converted control signal. 

[0027] It is preferable that the ?rst reference voltage 
generator includes a band gap reference circuit. 

[0028] It is preferable to further comprise a detector 
electrically coupled With the ?rst reference voltage generator 
for receiving the ?rst reference voltage, and the detector 
being biased betWeen the ?rst poWer voltage and the ?rst 
reference voltage for performing a detecting operation. 

[0029] It is further preferable that the detector is electri 
cally coupled With the ?rst driver and the external load for 
detecting states of the ?rst driver and the external load. 

[0030] It is preferable to further comprise a second level 
converter being electrically coupled With the detector for 
receiving a detected signal, and the second level converter 
converts a level-converted detected signal With a voltage 
level range betWeen a ground level and the second poWer 
voltage level. 

[0031] It is further more preferable that the second level 
converter being electrically coupled With the ?rst control 
signal generator for supplying the level-converted detected 
signal to the ?rst control signal generator. 
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[0032] It is preferable to further comprise a Waveform 
shaping circuit electrically coupled betWeen the ?rst level 
converter and the ?rst driver for shaping the level converted 
control signal and supplying a Waveform-shaped control 
signal to the ?rst driver. It is further preferable that the 
Waveform shaping circuit is operated With a bias betWeen 
the ?rst poWer voltage and the ?rst reference voltage. 

FIRST EMBODIMENT 

[0033] A?rst embodiment according to the present inven 
tion Will be described in detail With reference to the draW 
ings. FIG. 2 is a block diagram illustrative of a novel poWer 
controller in a ?rst embodiment in accordance With the 
present invention. A poWer controller 1 includes a control 
circuit 5, a reference voltage generator circuit 2, a level 
converter circuit 3, and an output circuit 4, Which are 
integrated on a single semiconductor substrate Which is not 
illustrated. A ?rst poWer voltage V1 is supplied via a ?rst 
poWer input terminal 8 to the reference voltage generator 
circuit 2, the level converter circuit 3, and the output circuit 
4. Asecond poWer voltage V2 is supplied via a second poWer 
input terminal 7 to the control circuit 5. The poWer controller 
1 is operable With different tWo poWer voltages V1 and V2 
With reference to reference voltage level Which is the ground 
level, Wherein an absolute value of the ?st poWer voltage is 
larger than another absolute value of the second poWer 
voltage. 

[0034] The control circuit 5 is operable With the second 
poWer voltage V2 to generate a control signal “B” upon 
receipt of an input signal “A”. The control signal “B” is 
supplied to the level converter circuit 3. The reference 
voltage generator circuit 2 generates a virtual reference 
voltage V1—V2 based on the ?rst poWer voltage, Wherein the 
virtual reference voltage V1—V2 corresponds to a difference 
in absolute value betWeen the ?rst and second poWer volt 
ages. The virtual reference voltage V1—V2 is then supplied 
to the level converter circuit 3, so that the virtual reference 
voltage V1—V2 serves as a virtual ground voltage for the 
level converter circuit 3. The level converter circuit 3 
receives the control signal “B” from the control circuit 5, so 
that the level converter circuit 3 converts the control signal 
“B” in voltage level to a level-converted control signal “C” 
With reference to the virtual reference voltage V1—V2. The 
level-converted control signal “C” is supplied to the output 
circuit 4, so that transistors of the output circuit 4 shoW 
ON-OFF operations based on the level-converted control 
signal “C” for generating a control signal “D” for driving an 
internal load 6. P-channel MOS transistors With gate thresh 
old voltages of not more than the second poWer voltage 2V 
may be used for the output circuit 4. The poWer controller 
comprises transistors having a Withstanding voltage Which is 
higher than the second poWer voltage by a poWer voltage 
variation range. 

[0035] The folloWings are examples of the circuit con 
?gurations of the reference voltage generator circuit 2 and 
the level converter circuit 3, each of Which comprises the 
transistors having the gate-source Withstand voltages higher 
than the second poWer voltage by a poWer voltage variation 
range. FIG. 3 is a circuit diagram illustrative of a circuit 
con?guration of the reference voltage generator circuit of 
the poWer controller of FIG. 2. FIG. 4 is a circuit diagram 
illustrative of a circuit con?guration of the level converter 
circuit of the poWer controller of FIG. 2. 



US 2002/0024389 A1 

[0036] With reference to FIG. 3, the reference voltage 
generator circuit 2 comprises a band gap reference circuit 21 
and an differential ampli?er circuit 22. The hand gap refer 
ence circuit 21 comprises three diodes D1, D2, and D3, tWo 
resistances R3 and R4, four p-channel MOS transistors Tr1, 
Tr2, Tr21, and Tr22, six n-channel MOS transistors Tr3, Tr4, 
Tr23 Tr24, Tr31, and Tr32. Anodes of the diodes D1, D2, 
and D3 are connected to the ?rst input terminal 8 applied 
With the ?rst poWer voltage V1. A cathode of the diode D1 
is connected in series through the resistance R3 and a series 
connection of the transistors Tr1, Tr2, Tr3 and Tr4 to a 
ground. A cathode of the diode D2 is connected in series 
through another series connection of the transistors Tr21, 
Tr22, Tr23 and Tr24 to the ground. A cathode of the diode 
D3 is connected in series through the resistance R4 and a 
series connection of the transistors Tr31 and Tr32 to the 
ground. 

[0037] Gates of the transistors Tr1 and Tr21 are commonly 
connected to a drain of the transistor Tr21. Gates, of the 
transistors Tr2 and Tr22 are commonly connected to a drain 
of the transistor Tr22. Gates of the transistors Tr3, Tr23 and 
Tr31 are commonly connected to a drain of the transistor 
Tr3. Gates of the transistors Tr4, Tr24 and Tr32 are com 
monly connected to a drain of the transistor Tr4. An output 
node “E” of the band gap reference circuit 21 is positioned 
betWeen the resistance R4 and the transistor Tr31. 

[0038] The differential ampli?er circuit 22 comprises tWo 
resistances R1 and R2, ?ve p-channel MOS transistors Tr41, 
Tr43, Tr45, Tr47 and Tr51, six n-channel MOS transistors 
Tr42, Tr44, Tr46, Tr48, Tr49 and Tr50, and a single capacitor 
C1. 

[0039] The ?rst input terminal 8 applied With the ?rst 
poWer voltage V1 is connected to sources of the transistors 
Tr41, Tr43, Tr45, and Tr47 and the resistance R1. Adrain of 
the transistor Tr41 is connected through the transistor Tr42 
to a ground. A drain of the transistor Tr43 is connected to a 
drain of the transistor Tr44. A drain of the transistor Tr45 is 
connected to a drain of the transistor Tr46. A source of the 
transistor Tr44 is connected to a source of the transistor 
Tr46. The sources of the transistors Tr44 and Tr46 are 
connected through a series connection of the transistors Tr48 
and Tr49 to the ground. A drain of the transistor Tr47 is 
connected through the transistor Tr50 to the ground. The 
resistance R1 is connected through the resistance R2 to an 
output node “F”. A gate of the transistor Tr44 is connected 
to an intermediate point betWeen the resistances R1 and R2. 
The transistor Tr51 is connected betWeen the output node 
“F” and the ground. A gate of the transistor Tr51 is con 
nected to a drain of the transistor Tr50. The drain of the 
transistor Tr50 is connected through the capacitor C1 to the 
gates of the transistors Tr45 and Tr47 and also to the drains 
of the transistors Tr45 and Tr46. The drains of the transistors 
Tr45 and Tr46 are also connected to the gates of the 
transistors Tr45 and Tr47. A gate of the transistor Tr50 is 
connected to a gate and a drain of the transistor Tr42. A gate 
of the transistor Tr46 is connected to the output node “E” of 
the band gap reference circuit 21. A gate of the transistor 
Tr48 is connected to the gates of the transistors Tr3, Tr23 
and Tr31 in the band gap reference circuit 21. A gate of the 
transistor Tr49 is connected to the gates of the transistors 
Tr4, Tr24 and Tr32 in the band gap reference circuit 21. 

[0040] A voltage given by V1—((V1—V2)/4) appears on 
the output node “E” of the band gap reference circuit 21. The 
voltage V1—((V1—V2)/4) is supplied to the differential 
ampli?er circuit 22. A ratio in resistance values of the 
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resistance R1 to the resistance R2 is 1:3. Avoltage given by 
V1—V2 appears on the output node “P” of the differential 
ampli?er circuit 22. The reference voltage generator circuit 
2 generates the voltage V1—V2 based on the ?rst voltage 
level V1. The reference voltage generator circuit 2 has an 
extremely high accuracy in voltage level of the output 
voltage, and an extremely small temperature dependency of 
the output voltage. 

[0041] With reference to FIG. 4, the level converter circuit 
3 comprises tWo buffer circuits 31 and 35, tWo resistances 32 
and 33 and a single n-channel MOS transistor 34. A +-poWer 
terminal of the buffer circuit 31 is connected to the second 
poWer input terminal 7 applied With the second poWer 
voltage V2. An —-poWer terminal of the buffer circuit 31 is 
connected to the ground. A series connection of the resis 
tances 32 and 33 and the transistor 34 is interposed betWeen 
the ?rst poWer input terminal 8 applied With the ?rst poWer 
voltage V1 and the ground. A gate of the transistor 34 is 
connected to an output of the buffer circuit 31. An interme 
diate point betWeen the resistances 32 and 33 is connected 
to an input of the buffer circuit 35. A +-poWer terminal of the 
buffer circuit 35 is connected to the ?rst poWer input 
terminal 8 applied With the ?rst poWer voltage V1. An 
—-poWer terminal of the buffer circuit 35 is connected to the 
output terminal 20 of the above reference voltage generator 
circuit 22, so that the —-poWer terminal of the buffer circuit 
35 is applied With the voltage given by V1—V2. An input of 
the buffer circuit 31 is connected to the output of the control 
circuit 5 for receiving an input of the control signal “B” from 
the control circuit 5 shoWn in FIG. 2. 

[0042] The level converter circuit 3 converts the control 
signal “B” in voltage level to the level-converted control 
signal “C” With reference to the voltage V1—V2. Namely, the 
level converter circuit 3 adjusts the voltage poWer differ 
ences betWeen the ?rst and second poWer voltages. As a 
modi?cation, the level converter circuit 3 may be free of the 
buffer circuit 31, Wherein the control voltage With the 
OV-reference from the control circuit S is supplied to the 
gate of the transistor 34. 

[0043] The control circuit 5 may comprise a combination 
of a counter and a comparator. 

[0044] Operations of the above described poWer controller 
Will be described. FIG. 5 is a timing chart of operations of 
the poWer controller of FIG. 2, Wherein Waveforms of nodes 
“A”, “B”, “D” and “E” are illustrated. “E” represents the 
operations of the external load 6. 

[0045] The control circuit 5 receives the input signal With 
the OV-reference at a time t1, and then generates the control 
signal at a time t2, so that the control signal is inputted into 
the level converter circuit 3. The level converter circuit 3 
converts the control signal With the OV-reference into the 
level-converted control signal With reference to the refer 
ence voltage V1—V2, and outputs the level-converted con 
trol signal therefrom. The level-converted control signal is 
inputted into the output circuit 4. The output signal from the 
output circuit 4 varies in level depending on the level 
converted control signal. The output signal from the output 
circuit 4 is supplied to the external load 6, Whereby the 
external load 6 shoWs the ON-OFF sWitching operations. 

[0046] The output circuit 4 comprises the p-channel MOS 
transistors having the gate threshold voltage of not higher 
than the second poWer voltage V2. If the level-converted 
control signal has the ?rst poWer voltage level V1, a voltage 
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difference between gate and source of the transistors of the 
output circuit 4 becomes 0V, Whereby the transistors turn 
OFF. At this time, the output signal from the output circuit 
4 is 0V, Whereby the external load 6 is placed in OFF-state. 
If the level-converted control signal has the voltage given by 
V1—V2, the voltage difference betWeen gate and source of 
the transistors of the output circuit 4 becomes the second 
poWer voltage V2, Whereby the transistors turn ON. At this 
time, the output signal froWn the output circuit 4 is the ?rst 
poWer voltage level V1, Whereby the external load 6 is 
placed in ON-state. 

[0047] In the above embodiment, the transistors are the 
MOS transistors. Bipolar transistors or other elements may 
optionally be used. In the above embodiment, the reference 
voltage generator circuit 2 comprises the band gap reference 
circuit 21 and the differential ampli?er circuit 22. The 
reference voltage generator circuit 2 may optionally utiliZe 
Zener diodes for further simpli?cation of the circuit con 
?guration. In the above embodiment, the level converter 
circuit 3 has the buffer circuit 35. The level converter circuit 
3 may optionally use a Waveform shaping circuit operable 
With a voltage difference betWeen the ?rst poWer voltage V1 
and the reference voltage (V1—V2) from the reference 
voltage generator circuit 2 in place of the buffer circuit 35. 

[0048] The gate source Withstand voltages of all of the 
transistors in the poWer controller are suppressed at about 
the second loW poWer voltage level V2. Any additional 
process for forming an additional gate oxide ?lm Which 
increases the Withstand voltage up to the ?rst poWer voltage 
V1 is unnecessary. For those reasons, the above poWer 
controller provides the folloWing advantages. If the output 
circuit operable at the high voltage V1 and the large scale 
logic circuit operable at the loW voltage V2 are integrated 
together With each other over a single semiconductor sub 
strate, then the necessary manufacturing processes are less 
than the conventional poWer controller, Whereby the cost 
reduction and the siZe and Weight reductions are obtained. 

[0049] Further, the level converter circuit 3 alloWs that an 
additional circuit including the transistors of the gate-source 
Withstand voltage of about the second poWer voltage level 
V2 is further provided betWeen the level converter circuit 3 
and the output circuit 4 for reducing a noise. 

SECOND EMBODIMENT 

[0050] A second embodiment according to the present 
invention Will be described in detail With reference to the 
draWings. FIG. 6 is a block diagram illustrative of a novel 
poWer controller in a second embodiment in accordance 
With the present invention. ApoWer controller 50 includes a 
control circuit 5, a reference voltage generator circuit 2, a 
?rst level converter circuit 3, an output circuit 4, a second 
level converter circuit 52, and a failure diagnosis circuit 51 
Which are integrated on a single semiconductor substrate 
Which is not illustrated. 

[0051] The control circuit 5, the reference voltage genera 
tor circuit 2, the ?rst level converter circuit 3, and the output 
circuit 4 are the same as of the ?rst embodiment. In this 
poWer controller 50, the second level converter circuit 52, 
and the failure diagnosis circuit 51 are additionally pro 
vided. The failure diagnosis circuit 51 is provided in parallel 
to the output circuit 4. The second level converter circuit 52 
is provided betWeen the failure diagnosis circuit 51 and the 
control circuit 5. 
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[0052] The failure diagnosis circuit 51 monitors the poten 
tial at the node “D” for detecting any failure of the output 
circuit 5 or a short circuit formation of the external load 6 
and generates a detection signal. The second level converter 
circuit 52 converts a detection signal With the V1—V2 
reference from the failure diagnosis circuit 51 at a node “H” 
into a level-converted failure-detected signal With a OV-ref 
erence and output the level-converted failure-detected sig 
nal. This level-converted failure-detected signal is fed back 
to the control circuit 5. The control circuit 5 receives the 
level-converted failure-detected signal from the second level 
converter circuit 52 for placing the output circuit in OFF 
state. 

[0053] The folloWings are examples of the circuit con 
?gurations of the failure diagnosis circuit 51 and the second 
level converter circuit 52, each of Which comprises the 
transistors having the gate-source Withstand voltages higher 
than the second poWer voltage V2 by a poWer voltage 
variation range. FIG. 7 is a circuit diagram illustrative of a 
circuit con?guration of the failure diagnosis circuit of the 
poWer controller of FIG. 6. FIG. 8 is a circuit diagram 
illustrative of a circuit con?guration of the second level 
converter circuit of the poWer controller of FIG. 6. 

[0054] With reference to FIG. 7, the failure diagnosis 
circuit 51 comprises a comparator circuit 62, tWo resistances 
63 and 64, and a p-channel MOS transistor 61 for providing 
a loWer limit of V1—V2 of the voltage level of the input 
signal at a node “G” into the comparator circuit 62. A 
+-poWer terminal of the comparator circuit 62 is connected 
to the ?rst poWer voltage input terminal 8 applied With the 
?rst poWer voltage V1. An —-poWer terminal of the com 
parator circuit 62 is connected to the output terminal 20 of 
the reference voltage generator circuit 2 for receiving the 
virtual reference voltage (V1—V2). Tic ?rst poWer voltage 
terminal 8 is connected through a series connection of the 
resistances 63 and 64 to the output terminal 20 of the 
reference voltage generator circuit 2. An intermediate point 
betWeen the resistances 63 and 64 is connected to a +-input 
terminal of the comparator circuit 62. An —-input terminal of 
the comparator circuit 62 is connected to a drain of the 
transistor 61. Asource of the transistor 61 is connected to the 
external load 6. Agate of the transistor 61 is connected to the 
output terminal 20 of the reference voltage generator circuit 
2. An output of the comparator circuit 62 is connected to the 
second level converter circuit 52. 

[0055] In the normal operation mode, the output circuit 4 
is placed in ON-state. Apotential of the node “D” is the ?rst 
poWer voltage level V1, Whereby the transistor 61 turns ON. 
Avoltage given by V1—V2 appears on the output node “H”. 
If the short circuit formation of the external load 6 or the 
failure of the output circuit 4 appears, then the potential of 
the node “G” becomes V1—V2, Whereby the transistor 61 
turns OFF. A voltage V1 appears on the output node “H”, 
Whereby the short circuit formation of the external load 6 or 
the failure of the output circuit 4 can be detected. 

[0056] If in the normal operation mode, the output circuit 
4 is placed in OFF-state, the operation is different from the 
above. The potential of the node “G” becomes V1—V2, 
Whereby the transistor 61 turns OFF. Avoltage V1 appears 
on the output node “H”. If the short circuit formation of the 
external load 6 or the failure of the output circuit 4 appears, 
then a potential of the node “D” is 0V, Whereby the transistor 
61 turns ON. A voltage given by V1—V2 appears on the 
output node “H”, Whereby the short circuit formation of the 
external load 6 or the failure of the output circuit 4 can be 
detected. 



US 2002/0024389 A1 

[0057] With reference to FIG. 8, the second level con 
verter circuit 52 comprises tWo buffer circuits 71 and 75, tWo 
resistances 73 and 74 and a single p-channel MOS transistor 
72. A +-poWer terminal of the buffer circuit 75 is connected 
to the second poWer input terminal 7 applied With the second 
poWer voltage V2. An —-poWer terminal of the buffer circuit 
75 is connected to the ground. A series connection of the 
resistances 73 and 74 and the transistor 72 is interposed 
betWeen the ?rst poWer input terminal 8 applied With the ?rst 
poWer voltage V1 and the ground. A gate of the transistor 34 
is connected to an output of the buffer circuit 71. An 
intermediate point betWeen the resistances 73 and 74 is 
connected to an input of the buffer circuit 75. A +-poWer 
terminal of the buffer circuit 71 is connected to the ?rst 
poWer input terminal 8 applied With the ?rst poWer voltage 
V1. An —-poWer terminal of the buffer circuit 71 is con 
nected to the output terminal 20 of the above reference 
voltage generator circuit 22, so that the —-poWer terminal of 
the buffer circuit 71 is applied With the voltage given by 
V1—V2. An input of the buffer circuit 71 is connected to the 
output of the failure diagnosis circuit 51. An output of the 
buffer circuit 75 is connected to the control circuit 5. 

[0058] The second level-converter circuit 52 converts the 
detected signal With the V1—V2-reference from the failure 
diagnosis circuit 51 into the level-converted detected signal 
With the OV-reference. The second level-converter circuit 52 
adjusts the voltage differences betWeen the ?rst poWer 
voltage circuit and the second poWer voltage circuit. As a 
modi?cation, it is possible that the buffer circuit 71 is not 
provided, and the detected signal from the failure diagnosis 
circuit 51 is directly supplied to the gate of the transistor 72. 

[0059] In the above second embodiment, the failure diag 
nosis circuit 51 is provided as an additional circuit. It is of 
course possible to provide another additional circuit With a 
high voltage level accuracy. It is also possible to further 
provide an additional differential ampli?er circuit to gener 
ate a reference voltage for a voltage level Which lies betWeen 
the ?rst poWer voltage V1 and the reference voltage (V1 
V2), so that the generated reference voltage, the ?rst poWer 
voltage V1 and the reference voltage (V1-V2) are used for 
the detection operation. 

[0060] The poWer controller 52 provides the folloWing 
advantages. TWo circuits operable With different poWer 
voltages are integrated over a single Wafer, Wherein a 
detector or a controller Which has a high voltage level 
accuracy, is provided in the high poWer voltage side, Without 
rendering the circuit con?guration complicated. 

[0061] Although the invention has been described above 
in connection With several preferred embodiments therefor, 
it Will be appreciated that those embodiments have been 
provided solely for illustrating the invention, and not in a 
limiting sense. Numerous modi?cations and substitutions of 
equivalent materials and techniques Will be readily apparent 
to those skilled in the art after reading the present applica 
tion, and all such modi?cations and substitutions are 
eXpressly understood to fall Within the true scope and spirit 
of the appended claims. 
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What is claimed is: 
1. A poWer controller operable With at least a ?rst poWer 

voltage and a second poWer voltage loWer than said ?rst 
poWer voltage, said poWer controller comprising: 

a ?rst control signal generator operable With said second 
poWer voltage for generating a ?rst control signal; 

a ?rst reference voltage generator operable With said ?rst 
poWer voltage for generating a ?rst reference voltage 
Which corresponds to a difference betWeen said ?rst 
and second poWer voltages; 

a ?rst level converter being electrically coupled With said 
?rst control signal generator for receiving said ?rst 
control signal, said ?rst level converter being electri 
cally coupled With said ?rst reference voltage generator 
for receiving said ?rst reference voltage, said ?rst level 
converter converting said ?rst control signal into a ?rst 
level-converted control signal With a voltage level 
range betWeen said ?rst poWer voltage and said differ 
ence betWeen said ?rst and second poWer voltages; and 

a ?rst driver electrically coupled With said ?rst level 
converter for receiving said ?rst level-converted con 
trol signal, and said ?rst driver driving an external load 
in accordance With said ?rst level-converted control 
signal. 

2. The poWer controller as claimed in claim 1, Wherein 
said ?rst reference voltage generator includes a band gap 
reference circuit. 

3. The poWer controller as claimed in claim 1, further 
comprising a detector electrically coupled With said ?rst 
reference voltage generator for receiving said ?rst reference 
voltage, and said detector being biased betWeen said ?rst 
poWer voltage and said ?rst reference voltage for performing 
a detecting operation. 

4. The poWer controller as claimed in claim 3, Wherein 
said detector is electrically coupled With said ?rst driver and 
said eXternal load for detecting states of said ?rst driver and 
said eXternal load. 

5. The poWer controller as claimed in claim 3, further 
comprising a second level converter being electrically 
coupled With said detector for receiving a detected signal, 
and said second level converter converts a level-converted 
detected signal With a voltage level range betWeen a ground 
level and said second poWer voltage level. 

6. The poWer controller as claimed in claim 5, Wherein 
said second level converter being electrically coupled With 
said ?rst control signal generator for supplying said level 
converted detected signal to said ?rst control signal genera 
tor. 

7. The poWer controller as claimed in claim 1, further 
comprising a Waveform shaping circuit electrically coupled 
betWeen said ?rst level converter and said ?rst driver for 
shaping said level converted control signal and supplying a 
Waveform-shaped control signal to said ?rst driver. 

8. The poWer controller as claimed in claim 7, Wherein 
said Waveform shaping circuit is operated With a bias 
betWeen said ?rst poWer voltage and said ?rst reference 
voltage. 


