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APPARATUS AND CIRCUIT FOR POWER SUPPLY, 
AND APPARATUS FOR CONTROLLING LARGE 

CURRENT LOAD 

TECHNICAL FIELD 

[0001] The present invention relates to various power 
supply apparatuses used in automobiles, electric vehicles, 
construction machinery, various public Welfare devices 
(such as video devices, television sets, and audio devices), 
various industrial devices (such as personal computers, 
communication devices, and FA control devices), and so on. 
Furthermore, the present invention relates to a poWer supply 
circuit and a large current load control apparatus of sWitch 
ing poWer supply using GaN-FETs. 

BACKGROUND ART 

[0002] Heretofore, poWer semiconductor devices such as 
diodes, thyristors, triacs, GTO (Gate Turn Off) thyristors, 
bipolar transistors, MOS-FETs, and IGBTs (Insulated Gate 
Bipolar Transistors) are used in various poWer supply appa 
ratuses. In these poWer semiconductor devices, a main 
current that flows through the poWer semiconductor device 
is controlled by sWitching control or analog control. These 
poWer semiconductor devices are devices serving as nuclei 
for implementing stabiliZed poWer supply apparatuses, such 
as sWitching regulators and linear regulators, and inverters 
for performing conversion to poWer having an arbitrary 
frequency and an arbitrary output voltage. 

[0003] In these poWer semiconductor devices, there are 
sWitching loss caused by superposition of transient voltage 
and current at the time of sWitching and conduction loss 
caused at the time of conduction. These losses are converted 
mainly to heat. By the Way, the conduction loss has such a 
characteristic as to become small as the on-resistance is 
decreased. This on-resistance corresponds to composite 
resistance of the channel resistance, bulk resistance, and so 
on eXisting Within the semiconductor eXcept contact resis 
tance betWeen electrodes and semiconductor layer interfaces 
in the poWer semiconductor device. Heat generated by the 
poWer semiconductor device causes a temperature rise of the 
poWer semiconductor device itself. Due to this temperature 
rise, the poWer semiconductor device operates at high tem 
perature. Due to this high temperature operation, heat gen 
eration of the poWer semiconductor device is promoted. 
Such positive feedback is caused. As a result, thermal 
destruction of the poWer semiconductor device is caused by 
thermal runaWay. 

[0004] Usually in the poWer supply apparatus, therefore, 
the poWer semiconductor device itself is provided With a 
radiation mechanism and in addition, With a radiator such as 
radiation ?ns for radiating heat generated by the poWer 
semiconductor device. Furthermore, a radiation fan is pro 
vided in order to improve the radiation effect in some cases. 
Furthermore, there is provided a fail safe mechanism that 
senses the temperature of the poWer semiconductor device 
and stops operation of the poWer semiconductor device 
When the temperature rises to such a value as to cause 
thermal runaWay. 

[0005] HoWever, the radiator is formed of a good thermal 
conductive material, such as aluminum, in order to provide 
the radiator With a function of heat sink as Well. This results 
in a problem that the Whole poWer supply apparatus 
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becomes large in Weight and capacity. Especially as for 
mobile poWer supply apparatuses for vehicles or portable 
poWer supply apparatuses, emergence of poWer supply 
apparatuses reduced in siZe and Weight is demanded 
strongly. 
[0006] For eXample, in a conventional poWer supply appa 
ratus shoWn in FIG. 16, a radiator 302 having a large Weight 
and a large capacity is needed. The poWer supply apparatus 
shoWn in FIG. 16 is a DC-DC converter poWer supply 
apparatus of a vehicle. A MOS-FET using a Si semiconduc 
tor material is incorporated in the poWer supply apparatus as 
a sWitching element. The apparatus main body 301 encloses 
all the elements forming the poWer supply apparatus. On the 
top of the apparatus main body 301, a radiator 302 formed 
of aluminum is provided. On a junction interface betWeen 
the radiator 302 and the apparatus main body 301, a MOS 
FET, Which is not illustrated, stick to the radiator 302. Heat 
generated by the MOS-FET is absorbed by the radiator 302, 
and radiated by ?ns disposed on the top of the radiator 302. 
Because of installation of the radiator 302, the Weight and 
volume of the Whole poWer supply apparatus become eXces 
sively large. 

[0007] Furthermore, the radiator needs to stick to the 
poWer semiconductor device in order to favorably transfer 
the heat from the poWer semiconductor device. This brings 
about limitation on design that the radiator needs to be 
disposed With due regard to the outer periphery of the casing 
of the poWer supply apparatus and the radiation path. This 
results in a problem that the degree of freedom of the poWer 
supply apparatus is reduced. In addition, as for devices such 
as vehicles using the poWer supply apparatus, design of the 
Whole device must be changed according to the disposition 
position of the poWer supply apparatus. Thus, there is also 
a problem that the design of the Whole device is largely 
affected. 

[0008] In addition, in designing the radiator, it is necessary 
to conduct sufficient radiation design With due regard to the 
ambient environment of the poWer supply apparatus. In 
addition, it is necessary to prevent the poWer semiconductor 
device, Which is a heat source, from affecting other circuit 
elements having loW heat-resisting property. This results in 
a problem that much time and labor are required for radia 
tion design and arrangement design of other circuit elements 
included in the poWer supply apparatus. 

[0009] Furthermore, a heat protection circuit for prevent 
ing thermal runaWay of the poWer supply apparatus is 
needed. This heat protection circuit monitors the tempera 
ture changes of important components, such as the poWer 
semiconductor device, included in the poWer supply appa 
ratus. When the temperature has risen to a predetermined 
value, the heat protection circuit conducts fail safe control, 
such as stopping the poWer supply apparatus and causing 
shift to a loW dissipation mode. This heat protection circuit 
is a complicated circuit that senses the temperature, output 
current, and so on and conducts a shift to fail safe control by 
using a logic processing circuit. Thus, there is a problem that 
the poWer supply apparatus must have a heat protection 
circuit having such a complicated circuit. 

[0010] Recently as semiconductor devices having high 
heat-resisting property, high breakdoWn voltage, high opera 
tion rate and loW conduction loss, GaN (gallium nitride) 
FETs (Field Effect Transistors) have been developed. 
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[0011] Heretofore, such power supply circuits have been 
applied to, for example, automobiles, various public Welfare 
devices (such as video, television and audio devices), and 
industrial devices (such as personal computers, communi 
cation devices, and FA control devices). 

[0012] The above described poWer supply circuit includes 
a transformer. A transistor made of, for example, a poWer 
MOS element turns on and off according to a gate signal. As 
a result, an output voltage is generated on a secondary 
Winding side. 

[0013] In the above described poWer supply circuit, hoW 
ever, the poWer MOS element used as the transistor, such as 
a poWer MOS-FET (2SK2313) generates much heat. There 
fore, it is necessary to perform the radiation design accu 
rately. A channel temperature Tch max of the poWer MOS 
FET itself at 

an ambient temperature of 85° C. is calculated as Tch max : 

Ta max+ Plural ><Rlh (ch-a) : 85° C. +2 W><50° C./W : 185° C. 

[0014] Where Ta max: ambient temperature 

[0015] Ptotal: total loss 

[0016] Rth (ch-a): thermal resistance betWeen chan 
nel and environment. 

[0017] The temperature rises up to the channel tempera 
ture or higher. Therefore, it is necessary to provide a 
radiation plate. Supposing derating of 50° C. for a channel 
temperature of 150° C., the radiation plate design is repre 
sented as 

[0018] Where 0f: thermal resistance of radiator 

[0019] 0ch-a: total thermal resistance betWeen chan 
nel and environment 

[0020] 0i: thermal resistance betWeen junction por 
tion and case (internal thermal resistance) 

[0021] 0c+0s: thermal resistance betWeen case and 
radiator 

[0022] From the foregoing description, it is necessary to 
select a radiator having a thermal resistance of 5 .9° C./W or 
less. For example, therefore, a radiation plate made of an 
aluminum plate of 100 cm2 having a thickness of 1 mm 
becomes necessary. As a result, the conventional poWer 
supply circuit has a problem that the circuit con?guration 
becomes large and heavy because of the radiation plate. 

[0023] Furthermore, heretofore, such a large current load 
control apparatus is applied to, for example, lighting control 
of head lamps of automobiles. 

[0024] In the above described large current load control 
apparatus, lighting control of a head lamp is conducted by 
turning on and off a poWer MOS-FET formed of, for 
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example, an on/off control sWitching element provided on a 
poWer supply line, Which connects a battery to the lamp, 
under the control of a microcomputer. 

[0025] In this control apparatus, hoWever, the poWer 
MOS-FET used as the sWitching element of on/off control 
generates much heat. Therefore, it is necessary to perform 
the radiation design accurately. A channel temperature Tch 
max of the poWer MOS-FET is calculated as 

Tch max = (10) 

(Ta max) + (Ron max) X ([0 max) X ([0 max) >< Rth (ch — a) = 

85° C. +0.013 9X10 A><10 A><50° C./W : 150° C. 

[0026] Where Ta max: ambient temperature 

[0027] Ron max: on-resistance 

[0028] 
[0029] Rth (ch-a): thermal resistance betWeen chan 

nel and environment. 

10 max: current value 

[0030] The temperature rises up to the channel tempera 
ture. Therefore, it is necessary to provide a radiation plate. 
Supposing derating of 50° C. for a channel temperature of 
150° C., the radiation plate design is represented as 

[0031] Where 0f: thermal resistance of radiator 

[0032] 0j -a: total thermal resistance betWeen channel 
junction portion and the outside air 

[0033] 0i: thermal resistance betWeen junction por 
tion and case (internal thermal resistance) 

[0034] 0c+0s: thermal resistance betWeen case and 
radiator 

[0035] From the foregoing description, it is necessary to 
select a radiator having a thermal resistance of 9.9° C./W or 
less. For example, therefore, a radiation plate made of an 
aluminum plate of 6 cm2 having a thickness of 1 mm and a 
Weight of approximately 10 g becomes necessary. As a 
result, the conventional large load control apparatus has a 
problem that the circuit con?guration becomes large and 
heavy because of the radiation plate. 

[0036] Therefore, it is one object of the present invention 
is to provide a poWer supply apparatus capable of imple 
menting reduction of the siZe and Weight, conducting ?ex 
ibly design including the radiation design, and remarkably 
reducing the time and labor required for the design. 

[0037] Furthermore, it is an another object of the present 
invention is to provide a poWer supply circuit capable of 
reducing the heat generated by the transistor, thereby mak 
ing the radiation plate unnecessary, and implementing 
reduction of the siZe and Weight of the circuit. 
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[0038] Furthermore, it is still another object of the present 
invention is to provide a large current load control apparatus 
capable of reducing the heat generated by the on/off control 
sWitching element, thereby making the radiation plate 
unnecessary, and implementing reduction of the siZe and 
Weight of the circuit. 

DISCLOSURE OF THE INVENTION 

[0039] ApoWer supply apparatus according to the present 
invention comprises: a semiconductor element disposed in 
the path of a main current that is a subject of poWer control 
and formed by using a GaN compound; and control unit 
Which controls conduction of the main current ?oWing 
through the semiconductor element. 

[0040] According to the above-mentioned aspect of the 
present invention, a semiconductor element formed by using 
a GaN compound is disposed in the path of a main current 
that is a subject of poWer control, and control unit controls 
conduction of the main current ?oWing through the semi 
conductor element. Since the semiconductor element is 
small in resistance at the time of conduction, little heat is 
generated and it becomes unnecessary to provide the poWer 
supply apparatus With a radiator. Furthermore, it becomes 
unnecessary to make the semiconductor element stick to a 
radiator. The semiconductor element can be disposed in an 
arbitrary position in the poWer supply apparatus. 

[0041] Furthermore, a poWer supply apparatus according 
to the present invention comprises: a semiconductor element 
disposed in the path of a main current that is a subject of 
poWer control and formed by using a GaN compound; and 
control unit Which conducts sWitching control on conduction 
of the main current ?oWing through the semiconductor 
element. 

[0042] According to the above-mentioned aspect of the 
present invention, a semiconductor element formed by using 
a GaN compound is disposed in the path of a main current 
that is a subject of poWer control, and control unit conducts 
sWitching control on conduction of the main current ?oWing 
through the semiconductor element. Since the semiconduc 
tor element is small in resistance at the time of conduction, 
little heat is generated and it becomes unnecessary to 
provide the poWer supply apparatus With a radiator. Further 
more, it becomes unnecessary to make the semiconductor 
element stick to a radiator. The semiconductor element can 
be disposed in an arbitrary position in the poWer supply 
apparatus. 

[0043] Furthermore, a poWer supply apparatus according 
to the present invention comprises: a plurality of the semi 
conductor elements, and the plurality of the semiconductor 
elements are connected in parallel, in the above described 
invention. 

[0044] According to the above-mentioned aspect of the 
present invention, the poWer supply apparatus includes a 
plurality of the semiconductor elements disposed in the path 
of a main current that is a subject of poWer control, and each 
of the semiconductor elements are connected in parallel. The 
limit of the main current that can be controlled is remarkably 
improved. Even if the semiconductor elements are con 
nected in parallel, the semiconductor elements generate little 
heat, the temperature of the semiconductor elements them 
selves rises little. A current unbalance among the semicon 
ductor elements caused by dispersion of the temperature 
characteristic is slight. 
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[0045] Furthermore, a poWer supply apparatus according 
to the present invention, Wherein the plurality of semicon 
ductor elements are arranged so as to be adjacent to each 
other, in the above described invention. 

[0046] According to the above-mentioned aspect of the 
present invention, the poWer supply apparatus includes a 
plurality of the semiconductor elements disposed in the path 
of a main current that is a subject of poWer control, and When 
connecting each of the semiconductor elements in parallel, 
the semiconductor elements in the poWer supply apparatus 
are arranged so as to be adjacent to each other. 

[0047] Furthermore, a poWer supply apparatus according 
to the present invention, Wherein the semiconductor element 
is a GaN-FET, in the above described invention. 

[0048] According to the above-mentioned aspect of the 
present invention, the semiconductor element disposed in 
the path of a main current that is a subject of poWer control 
is formed of a GaN-FET, and the resistance at the time of 
conduction is made extremely small. Thus, heat generated 
by the semiconductor element is made little. 

[0049] Furthermore, a poWer supply circuit according to 
the present invention having a transformer, and conducting 
on/off control on voltage applied to a primary Winding of the 
transformer, and thereby supplying a stabiliZed poWer sup 
ply voltage to a secondary Winding side of the transformer, 
Wherein the poWer supply circuit includes a GaN-FET 
connected to the primary Winding of the transformer and 
on/off-controlled by a gate signal. 

[0050] According to the above-mentioned aspect of the 
present invention, the radiator having a large occupied area 
and a large Weight is made unnecessary by forming a 
transistor serving as a sWitching element by use of a GaN 
FET, Which is small in generated heat. 

[0051] Furthermore, a large current load control apparatus 
according to the present invention that conducts on/off 
control on a current supplied from a poWer source according 
to a predetermined instruction and supplies a resultant 
current to an electric load, Wherein the poWer supply circuit 
includes a GaN-FET that is connected to a poWer source line 
for connecting the source to the load and that conducts on/off 
operation according to the control. 

[0052] According to the above-mentioned aspect of the 
present invention, the radiator Which occupies a area and 
Which is heavy is made unnecessary by forming the on/off 
control sWitching element by use of a GaN-FET, Which 
generates little heat and Which can operate at high tempera 
ture (at least 500°). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] FIG. 1 is a diagram shoWing a schematic circuit 
con?guration of a poWer supply apparatus that is a ?rst 
embodiment of the present invention; 

[0054] FIG. 2 is a diagram shoWing a con?guration of 
GaN-FET shoWn in FIG. 1; 

[0055] FIG. 3(a) to (c) are diagrams shoWing differences 
in structure betWeen a poWer supply apparatus using an FET 
of a Si semiconductor and a poWer supply apparatus of a ?rst 
embodiment using a GaN-FET; 
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[0056] FIG. 4 is a diagram showing a schematic circuit 
con?guration of a power supply apparatus that is a second 
embodiment of the present invention; 

[0057] FIG. 5(a) to (c) are diagrams shoWing differences 
in structure betWeen a poWer supply apparatus using an FET 
of a Si semiconductor and a poWer supply apparatus of a 
second embodiment using a GaN-FET; 

[0058] FIG. 6 is a diagram shoWing a schematic circuit 
con?guration of a poWer supply apparatus that is a third 
embodiment of the present invention; 

[0059] FIG. 7 is a diagram shoWing a schematic circuit 
con?guration of another poWer supply apparatus Which is a 
third embodiment of the present invention; 

[0060] FIG. 8(a) to (c) are diagrams shoWing a schematic 
circuit con?guration of another poWer supply apparatus that 
is a third embodiment of the present invention; 

[0061] FIG. 9 is a diagram shoWing a schematic circuit 
con?guration of a poWer supply apparatus that is a fourth 
embodiment of the present invention; 

[0062] FIG. 10 is a circuit diagram shoWing an eXample 
of a con?guration of a poWer supply circuit according to the 
present invention; 

[0063] FIG. 11 is a Waveform diagram shoWing the rela 
tion betWeen the current of a coil L1 and on/off operation of 
a GaN-FET 11; 

[0064] FIG. 12 is a Waveform diagram shoWing current 
voltage Waveforms of a primary side of a transformer shoWn 
in FIG. 10; 

[0065] FIG. 13 is a circuit diagram shoWing a circuit 
con?guration of a large current load control apparatus 
according to the present invention; 

[0066] FIG. 14 is a circuit diagram shoWing a circuit 
con?guration of an overcurrent detection circuit shoWn in 
FIG. 13; 

[0067] FIG. 15 is a circuit diagram shoWing another 
circuit con?guration of a large current load control apparatus 
according to the present invention; and 

[0068] FIG. 16 is an oblique vieW shoWing a con?gura 
tion of a conventional poWer supply apparatus. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0069] Embodiments of the poWer supply apparatus, 
poWer supply circuit, and the large current load control 
apparatus according to the present invention Will be 
described in detail. 

[0070] FIG. 1 is a diagram shoWing a schematic circuit 
con?guration of the poWer supply apparatus according to a 
?rst embodiment of the present invention. This poWer sup 
ply apparatus is a linear regulator. This poWer supply 
apparatus is a stabiliZed poWer supply apparatus for con 
verting an input voltage Vin of 12 VDC to 5VDC of 
maXimum 10 A and outputting the 5VDC as an output 
voltage Vout. 

[0071] In FIG. 1, a GaN-FET 10 is connected betWeen an 
input terminal 11 of an input voltage Vin side and an output 
terminal 12 of an output voltage Vout side. Drain D and 
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source S of the GaN-FET 10 are connected to the input 
terminal 11 side and the output terminal 12 side, respec 
tively. Gate G of the GaN-FET 10 is connected to a Zener 
diode ZD. In other Words, the GaN-FET 10 controls the 
main current, Which ?oWs from the input voltage Vin side to 
the output terminal Vout side. 

[0072] An electrolytic capacitor C1 is a capacitor for 
smoothing a voltage Waveform in the case Where the input 
voltage Vin is full-Wave recti?ed by a bridge diode and so 
on. The Zener diode ZD and a resistor R form a shunt 
regulator, and conducts voltage setting so as to convert the 
input voltage of 12 V to the output voltage Vout of 5 V. 
Assuming noW that the terminal voltage of the Zener diode 
ZD is a voltage V2 and the gate-source voltage of the 
GaN-FET 10 is a voltage Vgs, the output voltage Vout is 
represented by the folloWing equation 

[0074] Where the voltage VZ of the Zener diode ZD is 
concretely set to 5.6 V and the voltage Vgs is 0.3 V. 
Therefore, the output voltage Vout is output as 5.6 V—0.3 
V=5.3 V. A ceramic capacitor C2 is a capacitor for prevent 
ing oscillation of the GaN-FET 10. Further more, an elec 
trolytic capacitor C3 is a capacitor for smoothing an instan 
taneous variation of a load, Which is not illustrated, 
connected to the output voltage Vout. As a result, the poWer 
supply apparatus shoWn in FIG. 1 supplies a stabiliZed 
poWer supply voltage having an output voltage of 5.3 V to 
the load. 

[0075] As a general FET, a Si semiconductor, Which can 
be easily subjected to ?ne processing, is used. In the case of 
an FET that makes fast operation possible, a GaAs com 
pound semiconductor is used. The GaN-FET 10 is an FET 
that uses a GaN compound semiconductor and that has high 
heat-resisting property, high breakdoWn voltage, high opera 
tion rate and loW conduction loss. The GaN-FET 10 has, for 
eXample, a HEMT type or an MES (Metal-semiconductor) 
type FET structure. 

[0076] In the GaN-FET 10 shoWn in FIG. 2, a GaN buffer 
layer 2 is formed on a semi-insulating sapphire substrate 1. 
On the GaN buffer layer 2, a semi-insulating GaN layer 3 is 
formed. On the semi-insulating GaN layer 3, an n-type 
AlGaN layer 4 is formed. In addition, on a part of a central 
portion of a surface layer portion of the n-type AlGaN layer 
4, a diffusion layer 4a With In and C or Mg doped is formed. 
On the diffusion layer 4a, an electrode of the gate G is 
loaded. On the remaining portions of the surface layer 
portion of the n-type AlGaN layer 4, an n-type GaN layer 5 
is formed. Over one of the remaining portions of the surface 
layer portion of the n-type AlGaN layer 4, an electrode of the 
source S is loaded. Over the other of the remaining portions 
of the surface layer portion of the n-type AlGaN layer 4, an 
electrode of the drain D is loaded. Portions other than the 
electrodes are covered by an insulating ?lm 6 of SiO. 

[0077] Each of the semiconductor layers of the GaN-FET 
10 shoWn in FIG. 2 is formed of a GaN compound semi 
conductor, and formed by using an epitaXial crystal groWth 
method such as the MOCVD method or the MBE method. 
The term GaN compound semiconductor is a general term of 
GaN, AlGaN, InGaN, InAlGaN, InGaNAs, InGaNP and so 
on. 

In other Words, it folloWs that 
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[0078] In the GaN-FET 10, the on-resistance per unit area 
becomes nearly 1/100 or less that of the FET of the Si 
semiconductor, and the conduction loss is small. Therefore, 
the amount of heat generated by the GaN-FET 10 becomes 
extremely small. Furthermore, the operation temperature of 
the Si semiconductor is in the range of approximately 125° 
C. to 150° C. at most, Whereas the GaN-FET 10 can operate 
stably even at 500° C. A current of 10 A at most ?oWs 
through the GaN-FET 10. Therefore, channel (junction) 
generated heat maximum temperature T1chmax of the GaN 
FET 10 Will noW be compared With channel generated heat 
maximum temperature T2chmax of the FET of the Si 
semiconductor through Which a maximum current of 10 A 
?oWs, and studied. 

[0079] By using a maximum ambient temperature Tamax, 
a maximum on-resistance Ronmax, a maximum on-current 
Ionmax, and a thermal resistance coef?cient Rth(ch-a) 
betWeen the channel and environment, the channel gener 
ated heat maximum temperature Tchmax can be represented 
by the folloWing equation 

[0080] Assuming that the maximum ambient temperature 
Tamax is 85° C., the thermal resistance coef?cient Rth(ch-a) 
is 50° C./W, and the maximum on-resistance Ronmax of the 
Si semiconductor is 0.0139, the channel generated heat 
maximum temperature T2chmax of the FET of the Si 
semiconductor becomes 

: 1500 C. 

[0081] On the other hand, in the GaN-FET 10, the maxi 
mum on-resistance Ronmax is 1/ 100 or less that of the FET 
of the Si semiconductor. Therefore, the channel generated 
heat maximum temperature T1chmax of the GaN-FET 10 
becomes 

85.65° C. 

[0082] When a maximum current of 10 A?oWs, therefore, 
the temperature rises to 150° C. in the FET of the Si 
semiconductor. In the GaN-FET 10, hoWever, the tempera 
ture is nearly the same as the ambient temperature Tamax, 
and there is little temperature rise. Therefore, a radiator for 
cooling the GaN-FET 10 of the poWer supply apparatus 
shoWn in FIG. 1 becomes unnecessary. 

[0083] FIG. 3 is a diagram shoWing differences in struc 
ture betWeen the poWer supply apparatus using the FET of 
the Si semiconductor and the poWer supply apparatus using 
the GaN-FET 10. FIG. 3(a) is a sectional of a poWer supply 
apparatus corresponding to the conventional poWer supply 
apparatus shoWn in FIG. 10. In FIG. 3(a), a FET 20 of a Si 
semiconductor is used. The FET 20 generates much heat. 
Accordingly, a radiator 22 made of aluminum having high 
conductivity is provided on the top of an apparatus main 
body 21. One end surface of the radiator 22 is opposed to the 
apparatus main body 21, and it serves as a lid of the 
apparatus main body 21. On the other end surface of the 
radiator 22, radiation ?ns are provided to radiate heat 
generated by the FET 20 to the environment. Most of the 
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heat generated by the conventional poWer supply apparatus 
is occupied by heat generated by the FET 20. Therefore, the 
FET 20 is joined to the one end surface of the radiator 22 so 
as to make the contact area large. 

[0084] On the other hand, FIG. 3(b) is a sectional vieW of 
the poWer supply apparatus using the GaN-FET 10. The 
poWer supply apparatus shoWn in FIG. 3(b) differs from the 
poWer supply apparatus shoWn in FIG. 3(a) in that the 
radiator 22 is not provided. As described above this is 
because the poWer supply apparatus shoWn in FIG. 3(b) uses 
the GaN-FET 10, Which generates less heat. In the poWer 
supply apparatus using the GaN-FET 10, therefore, the 
radiator 22, Which is large in Weight and volume, can be 
eliminated. As a result, reduction of the siZe and Weight of 
the poWer supply apparatus can be realiZed, and it becomes 
unnecessary to conduct the radiation design calculation for 
design of the radiator 22. 

[0085] Furthermore, since the GaN-FET 10 itself does not 
generate heat, the GaN-FET 10 can be disposed in an 
arbitrary position of the apparatus main body 23. Therefore, 
arrangement of components included in the poWer supply 
apparatus, i.e., layout design can be conduct ?exibly. 

[0086] Furthermore, since heat generation of the GaN 
FET 10 need not be considered, the radiation design of the 
Whole poWer supply apparatus is facilitated. In addition, 
since the layout design can be conducted ?exibly, it becomes 
possible to integrate the layout of components included in 
the poWer supply apparatus as shoWn in FIG. 3(a). As a 
result, it becomes possible to obtain a poWer supply appa 
ratus 24 contracted as compared With the poWer supply 
apparatus main body 23. Accordingly, further reduction of 
the siZe and Weight of the poWer supply apparatus is 
realiZed. Furthermore, because of reduced siZe and Weight of 
the poWer supply apparatus and less heat generated by the 
poWer supply apparatus, this poWer supply apparatus can be 
disposed in an arbitrary position of a device such as a vehicle 
using the poWer supply apparatus. 

[0087] The reason Why the siZe of the GaN-FET 10 shoWn 
in FIGS. 3(b) and (c) is reduced as compared With the siZe 
of the FET 20 shoWn in FIG. 3(a) is that the amount of heat 
generated by the GaN-FET 10 is small and consequently the 
radiation structure of the GaN-FET 10 itself becomes unnec 
essary and the siZe and Weight of the GaN-FET 10 itself 
become small. 

[0088] The poWer supply apparatus shoWn in FIG. 1 is an 
example of the simplest linear regulator. In addition, a 
circuit for stabiliZing the output voltage Vout under the load 
variation may be provided. For example, the voltage VZ of 
the Zener diode ZD may be adjusted by using resistors 
connected in series across the output voltage Vout, thereby 
conducting voltage division, using semi?xed resistors as 
respective resistors, and adjusting the semi?xed resistors 
?nely. 

[0089] Furthermore, there may be provided a protection 
circuit that uses a differential ampli?er for comparing a 
voltage divided by resistors connected in series With a 
reference voltage and thereby conducts protection against 
overcurrent and load shortcircuit. Since the temperature of 
the GaN-FET 10 itself is hardly raised even by an overcur 
rent, hoWever, the thermal protection circuit may be simpli 
?ed or eliminated. In this case, other components can be 
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prevented from being destroyed by providing a fuse or the 
like on the input voltage Vin side. As a result, in the poWer 
supply apparatus using the GaN-FET 10, the thermal pro 
tection circuit can be simpli?ed or eliminated. Therefore, 
reduction in siZe and Weight of the poWer supply apparatus 
is further promoted, and the time and labor required for the 
design of the poWer supply apparatus can be reduced. 

[0090] According to the ?rst embodiment, the GaN-FET 
10 having a loW on-resistance is used, and consequently the 
radiator 22 of the poWer supply apparatus is not needed, and 
the GaN-FET 10 can be disposed in an arbitrary position in 
the poWer supply apparatus. Therefore, the poWer supply 
apparatus can be remarkably reduced in siZe and Weight. 
Furthermore, the time and labor required for the radiation 
design including the radiator and the design of the thermal 
protection circuit can be reduced. In addition, the time and 
labor required for the radiation design including the radiator 
and the design of thermal protection circuit can be reduced, 
and the GaN-FET 10 can be disposed in an arbitrary position 
in the poWer supply apparatus, therefore the time and labor 
required for the layout design of the Whole poWer supply 
apparatus can also be reduced. In addition, since the amount 
of heat generated by the GaN-FET 10 itself is small and the 
GaN-FET 10 has a heat-resisting property of 500° C. or 
more, it becomes possible to use the poWer supply apparatus 
for a long time and the maintenance required for the poWer 
supply apparatus is also reduced. 

[0091] A second embodiment of the present invention Will 
noW be described. In a poWer supply apparatus according to 
the second embodiment, the GaN-FETs 10 are connected in 
parallel. 
[0092] FIG. 4 is a diagram shoWing a schematic circuit 
con?guration of a poWer supply apparatus that is an embodi 
ment of the present invention. In the poWer supply apparatus 
shoWn in FIG. 4, a GaN-FET 30 having the same con?gu 
ration as that of the GaN-FET 10 is connected in parallel 
With the GaN-FET 10. The parallel connection of the GaN 
FET 10 and the GaN-FET 30 unit connecting sources S, 
drains D and gates G of each of the GaN-FET 10 and 
together. Remaining con?guration is the same as that of the 
poWer supply apparatus shoWn in FIG. 1. The same com 
ponents are denoted by like characters. 

[0093] As described above, each of the GaN-FETs 10 and 
30 themselves has an extremely small on-resistance. There 
fore, the conduction loss is loW and the amount of generated 
heat is small. Therefore, adjacent arrangement of a plurality 
of GaN-FETs becomes possible. Parallel connection of 
GaN-FETs that does not cause a large Weight change and a 
large volume change as compared With the case of the 
GaN-FET 10 alone becomes possible. As a result, the 
maXimum current value of the poWer supply apparatus can 
be doubled. In other Words, each of the GaN-FETs 10 and 30 
shoWn in FIG. 4 can How a maXimum current of 10 A. By 
connecting them in parallel, hoWever, a maXimum current of 
20 A can be ?oWn. As a result, the current supply capability 
of the Whole poWer supply apparatus can be doubled. 

[0094] FIG. 5 is a diagram shoWing differences in struc 
ture betWeen the poWer supply apparatus using the FET of 
the Si semiconductor and the poWer supply apparatus using 
the GaN-FETs 10 and 30 connected in parallel. FIG. 5(a) is 
a sectional of the conventional poWer supply apparatus 
shoWn in FIG. 3(a). FIG. 5(b) is a sectional vieW of the 
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poWer supply apparatus having the GaN-FETs 10 and 30 
connected in parallel and arranged so as to be adjacent to 
each other. In the case Where a poWer supply apparatus that 
?oWs a current of 20 Ain the same Way as the GaN-FETs 10 
and 30 connected in parallel is implemented by using the 
FET 20 of the Si semiconductor, the amount of heat gener 
ated by the FET 20 becomes further large. Therefore, the 
radiator 22 shoWn in FIG. 5(a) must be made further larger. 

[0095] On the other hand, although the apparatus shoWn in 
FIG. 5(b) has a capability that is tWice the amount of poWer 
supplied by the poWer supply apparatus shoWn in FIG. 5(a), 
the radiator 22 is not needed and consequently remarkable 
reduction in siZe and Weight is realiZed. Furthermore, since 
the GaN-FETs 10 and 30 can be arranged so as to be adjacent 
to each other, design of the poWer supply apparatus is also 
facilitated. 

[0096] In FIG. 5(c), a poWer supply apparatus further 
reduced in siZe and Weight is implemented by conducting 
the layout design of respective components included in the 
poWer supply apparatus in the same Way as FIG. 3(a). 

[0097] By the Way, the con?guration having tWo GaN 
FETs 10 and 30 connected in parallel is shoWn In FIG. 4. 
HoWever, the con?guration is not limited thereto, but a 
con?guration having three or more GaN-FETs are connected 
in parallel may be used. In this case, the current supply 
capability can be further improved. 

[0098] In addition to the operation effects of the ?rst 
embodiment, according to the second embodiment, the 
poWer supply capability of the poWer supply apparatus itself 
can be doubled With the same Weight, volume, and scale as 
those When one GaN-FET is used by only connecting the 
GaN-FETs 10 and 30 in parallel. Furthermore, in vieW of the 
current situation that the development of a GaN-FET 
capable of ?oWing a large current therethrough is under 
progress, the parallel connection of GaN-FETs becomes 
effective unit Which easily realiZes the reduction of siZe and 
Weight in large-poWer poWer supply apparatuses. 

[0099] A third embodiment of the present invention Will 
noW be described. In both the ?rst and second embodiments, 
the poWer supply apparatus serves as a linear regulator. In 
the third embodiment, hoWever, the above described GaN 
FET is used in a poWer supply apparatus serving as a 
sWitching regulator. 

[0100] FIG. 6 is a diagram shoWing a schematic circuit 
con?guration of a poWer supply apparatus that is a third 
embodiment of the present invention. The poWer supply 
apparatus shoWn in FIG. 6 is a sWitching regulator. In other 
Words, in the poWer supply apparatuses shoWn in the ?rst 
and second embodiments the current value is controlled 
linearly by using the GaN-FETs 10 and 30, Whereas in this 
poWer supply apparatus the current value is controlled by 
sWitching control. 

[0101] The sWitching regulator shoWn in FIG. 6 is a 
sWitching regulator of forWard type. In this sWitching regu 
lator, a pulse Width modulation (PWM) signal output by a 
pulse Width control circuit 41 is applied to a GaN-FET 40 at 
its gate, and the GaN-FET 40 is sWitched. When the GaN 
FET 40 is on, energy of an input voltage Vin stored across 
an electrolytic capacitor C41 is transferred to an electrolytic 
capacitor C42 via a transformer T1, a diode D1 and an 
inductor L1. When the GaN-FET 40 is off, energy left in the 



US 2005/0012541 A1 

inductor L1 is transferred to the electrolytic capacitor C42 
via a diode D2. The electrolytic capacitor C42 outputs it as 
an output voltage Vout. 

[0102] A differential ampli?er 42 compares a voltage 
obtained by voltage division using resistors R1 and R2 
connected in series across the output voltage Vout With a 
reference voltage Vref, and noti?es the pulse Width control 
circuit 41 of the control value caused by a load variation, via 
a photocoupler PC. The pulse Width control circuit 41 
applies a PWM signal corresponding to the control value 
input from the photocoupler PC to the GaN-FET 40 at its 
gate, controls the current value of the GaN-FET 40, and 
thereby conducts poWer control of the output voltage Vout 
side (secondary side). 
[0103] In this sWitching regulator, GaN-FET 40 is used as 
a sWitching element of a primary side. In the same Way as 
the GaN-FET 10 and 30 in the ?rst and second embodi 
ments, hoWever, the GaN-FET 40 is smaller in on-resistance 
than the conventional FET of the Si semiconductor. There 
fore, the amount of heat generated by the GaN-FET 40 itself 
is little and the radiator for radiation becomes unnecessary. 

[0104] Furthermore, since the heat generated by the GaN 
FET 40 itself is little and the radiator is unnecessary, the 
GaN-FET 40 can be disposed arbitrarily in the sWitching 
regulator. As a result, reduction of the siZe and Weight of the 
sWitching regulator can be realiZed, and in addition the time 
and labor required for the design including the radiation 
design can be reduced. 

[0105] FIG. 7 is a diagram shoWing a schematic circuit 
con?guration of another poWer supply apparatus that is the 
third embodiment of the present invention. Although the 
poWer supply apparatus shoWn in FIG. 6 is a sWitching 
regulator of forWard type, the poWer supply apparatus 
shoWn in FIG. 7 is a sWitching regulator of ?yback type. In 
other Words, in the poWer supply apparatus shoWn in FIG. 
6, poWer energy of the primary side is transferred to the 
secondary side When the GaN-FET 40 is on. In the poWer 
supply apparatus shoWn in FIG. 7, poWer energy of the 
primary side is transferred to the secondary side When a 
GaN-FET 50 is off. 

[0106] With reference to FIG. 7, in this sWitching regu 
lator, a pulse Width modulation (PWM) signal output by a 
pulse Width control circuit 51 is applied to the GaN-FET 50 
at its gate, and the GaN-FET 50 is sWitched. A Winding 
direction of a transformer T2 is different from a Winding 
direction of a transformer T1. When the GaN-FET 50 is on, 
energy of an input voltage Vin is stored in the transformer 
T1. When the GaN-FET 50 is off, energy stored in the 
transformer T2 is transferred to an electrolytic capacitor C52 
via a diode D3 and the electrolytic capacitor C52 outputs an 
output voltage Vout. 

[0107] A differential ampli?er 52 compares a voltage 
obtained by voltage division using resistors R1 and R2 
connected in series across the output voltage Vout With a 
reference voltage Vref, and noti?es the pulse Width control 
circuit 51 of the control value caused by a load variation, via 
a photocoupler PC. The pulse Width control circuit 51 
applies a PWM signal corresponding to the control value 
input from the photocoupler PC to the GaN-FET 50 at its 
gate, controls the current value of the GaN-FET 50, and 
thereby conducts poWer control of the output voltage Vout 
side. 

Jan. 20, 2005 

[0108] Since the sWitching regulator of ?yback type also 
uses the GaN-FET 50, the radiator becomes unnecessary, 
reduction of the siZe and Weight of the Whole sWitching 
regulator is realiZed, and design including the radiation 
design can be conducted ?exibly. 

[0109] In the same Way, FIG. 8 shoWs an example of 
another sWitching regulator using a GaN-FET. FIG. 8(a) 
shoWs an example of a sWitching regulator of push-pull type 
(center tap type). FIG. 8(b) shoWs an example of a sWitching 
regulator of half bridge type. Furthermore, FIG. 8(a) shoWs 
an example of a sWitching regulator of full bridge type. In 
sWitching regulators shoWn in FIG. 8(a) to 8(c), GaN-FETs 
61, 62, 71, 72 and 81 to 84 are used. 

[0110] Since each of the sWitching regulators shoWn in 
FIG. 8(a) to 8(a) also uses the GaN-FETs 61, 62, 71, 72 and 
81 to 84, the radiator becomes unnecessary, reduction of the 
siZe and Weight of the Whole sWitching regulator is realiZed, 
and design including the radiation design can be conducted 
?exibly. In particular, since a plurality of sWitching elements 
are used and a plurality of GaN-FETs 61, 62, 71, 72 and 81 
to 84 are used as each of the sWitching elements, adjacent 
arrangement of GaN-FETs becomes possible and reduction 
of siZe and Weight of the sWitching regulator is promoted. 

[0111] In other sWitching regulators as Well, the above 
described operational effect can be achieved by using GaN 
FETs as the sWitching elements of the sWitching regulator in 
the same Way. For example, the sWitching regulator may be 
a self-excited sWitching regulator using a RCC (ringing 
choke coil) scheme. 

[0112] All of the above described sWitching regulators use 
the pulse Width control. HoWever, sWitching regulators are 
not limited thereto. The current value of each GaN-FET may 
be controlled by the frequency of pulses. 

[0113] In the same Way as the ?rst and second embodi 
ments, according to the third embodiment, the radiator of the 
poWer supply apparatus is not required and GaN-FETs can 
be disposed in arbitrary positions in the poWer supply 
apparatus even in the case Where the poWer supply apparatus 
is a sWitching regulator, by using GaN-FETs, Which are 
small in on-resistance, as the sWitching elements. Therefore, 
the poWer supply apparatus can be remarkably reduced in 
siZe and Weight. 

[0114] Furthermore, the time and labor required for the 
radiation design including the radiator can be reduced. In 
addition, since the GaN-FETs can be disposed in arbitrary 
positions in the poWer supply apparatus, the time and labor 
required for the layout design of the Whole poWer supply 
apparatus can be reduced. In addition, since the amount of 
heat generated by the GaN-FETs themselves is small and the 
GaN-FETs have a heat-resisting property, it becomes pos 
sible to use the poWer supply apparatus for a long time and 
the maintenance required for the poWer supply apparatus is 
also reduced. 

[0115] A fourth embodiment of the present invention Will 
noW be described. All of the poWer supply apparatuses of the 
?rst to third embodiments are DC-DC converters. In the 
fourth embodiment, hoWever, GaN-FETs are used as sWitch 
ing elements used in a DC-AC inverter. 

[0116] FIG. 9 is a diagram shoWing a schematic circuit 
con?guration of a poWer supply apparatus that is a fourth 
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embodiment of the present invention. The power supply 
apparatus shoWn in FIG. 9 recti?es an AC current supplied 
from a commercial three-phase AC poWer source 90, by 
using a diode group included in a rectifying circuit 91, and 
smooths the recti?ed current by using an electrolytic capaci 
tor C91. The smoothed current is converted to an AC current 
having a desired frequency and a desired output voltage by 
an inverter circuit 92. The AC current is output to an 
induction motor (IM) 94. 

[0117] The inverter circuit 92 includes GaN-FET pairs 101 
and 102, 103 and 104, and 105 and 106 serving as sWitching 
element pairs respectively corresponding to the U phase, V 
phase and W phase. A drive control section 93 sends PWM 
signals corresponding to respective phases to the GaN-FET 
pairs 101 to 106, and conducts sWitching control on each of 
each of the GaN-FET pairs 101 to 106, and three-phase AC 
poWer having a desired frequency and out put voltage is 
supplied. Gates of the GaN-FETs 102, 104 and 106 are 
supplied With inverted signals of PWM signals supplied to 
each of the GaN-FETs 101, 103 and 105. 

[0118] Since the poWer supply apparatus serving as an 
inverter shoWn in FIG. 9 uses the GaN-FETs 101 to 106, the 
radiator becomes unnecessary, reduction of the siZe and 
Weight of the Whole sWitching regulator is realiZed, and 
design including the radiation design can be conducted 
?exibly. 

[0119] Even in the case of other poWer supply apparatuses 
serving as inverters, such as an inverter that is used in a rice 
cooking jar using induction heating and that converts a DC 
current to a desired AC current by using one sWitching 
element, a similar operational effect can be obtained by 
using a GaN-FET as a sWitching element. 

[0120] In the same Way as the ?rst to third embodiments, 
according to the fourth embodiment, the radiator of the 
poWer supply apparatus is not required and GaN-FETs can 
be disposed in arbitrary positions in the poWer supply 
apparatus, by using GaN-FETs, Which are small in on 
resistance, as the sWitching elements used in an inverter. 
Therefore, the poWer supply apparatus can be remarkably 
reduced in siZe and Weight. Furthermore, the time and labor 
required for the radiation design for designing the radiator 
can be reduced. In addition, since the GaN-FETs can be 
disposed in arbitrary positions in the poWer supply appara 
tus, the time and labor required for the layout design of the 
Whole poWer supply apparatus can be reduced. In addition, 
since the amount of heat generated by the GaN-FETs them 
selves is small and the GaN-FETs have a heat-resisting 
property, it becomes possible to use the poWer supply 
apparatus for a long time and the maintenance required for 
the poWer supply apparatus is also reduced. 

[0121] In the foregoing description of the ?rst to fourth 
embodiments, FETs of MSE type are used as GaN-FETs. 
HoWever, GaN-FETs are not limited thereto, but they may 
be FETs of HEMT type or MOS type. Furthermore, various 
semiconductor elements such as thyristors, triacs, GTO 
thyristors, bipolar transistors, MOS-FETs, and IGBTs may 
also be semiconductor elements using GaN compound semi 
conductors. 

[0122] Furthermore, in all of the ?rst to fourth embodi 
ments, there has been eXplained the case Where semicon 
ductor elements using GaN compound semiconductors have 
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been applied to the poWer supply apparatuses. HoWever, the 
semiconductor elements are not limited thereto, but any 
semiconductor elements using a semiconductor material 
capable of making the on-resistance small may be used. For 
eXample, semiconductor elements using a SiC compound 
semiconductor material or semiconductor elements using an 
AlN compound semiconductor material may be used. 

[0123] An embodiment of a poWer supply circuit accord 
ing to the present invention Will noW be described. 

[0124] In FIG. 10, a poWer supply circuit is, for eXample, 
a sWitching poWer supply circuit (one-transistor forWard 
type). It includes a transformer T1 supplied With an input 
voltage Ein, a GaN-FET 200 connected to a primary Wind 
ing of the transformer T1, an electrolytic capacitor C1 
connected in parallel With the primary Winding of the 
transformer T1, a diode D1 and a coil L1 connected to a 
secondary Winding of the transformer T1, and a diode D2 
and an electrolytic capacitor C2 connected in parallel With 
the secondary Winding of the transformer T1. On the sec 
ondary Winding side, a voltage E2 is generated according to 
a Winding ratio. 

[0125] In the GaN-FET 200, for eXample, a GaN buffer 
layer 2 is formed on a semi-insulating sapphire substrate 1 
as shoWn in FIG. 2. On the GaN buffer layer 2, a semi 
insulating GaN layer 3 and an n-type AlGaN layer 4 are 
sequentially formed. In addition, on a part of a central 
portion of a surface layer portion of the n-type AlGaN layer 
41d, a diffusion layer 4a With In and C or Mg doped is 
formed. On the diffusion layer 4a, an electrode of the gate 
G is loaded. 

[0126] Furthermore, on the remaining portions of the 
surface layer portion of the n-type AlGaN layer 4, an n-type 
GaN layer 5 is formed. Over the remaining portions of the 
surface layer portion of the n-type AlGaN layer 4 and on one 
n-type GaN layer 5, an electrode of the source S is loaded. 
Over the other of the remaining portions of the surface layer 
portion of the n-type AlGaN layer 4 and on the other n-type 
GaN layer 5, an electrode of the drain D is loaded. Portions 
other than the electrodes of the gate G, the source S and the 
drain D are covered by an insulating ?lm 6 of SiO. 

[0127] Each of the semiconductor layers of the GaN-FET 
200 shoWn in FIG. 2 is formed of a GaN compound 
semiconductor, and formed by using an epitaxial crystal 
groWth method such as the MOCVD method or the MBE 
method. The term GaN compound semiconductor is a gen 
eral term of GaN, AlGaN, InGaN, InAlGaN, InGaNAs, 
InGaNP and so on. 

[0128] If a gate signal (for eXample, 100 kHZ) is input to 
the gate of the GaN-FET 200, then the GaN-FET 200 turns 
on and off according to the gate signal. At this time, an input 
voltage Ein is supplied to a primary Winding of the trans 
former T1, and a voltage E2 is generated according to the 
Winding ratio. 

[0129] Assuming noW that the ratio betWeen the primary 
Winding and the secondary Winding is N11N2, the voltage E2 
becomes 

[0130] At this time, a voltage of a positive direction is 
supplied to the diode D1, and consequently a current Is ?oWs 
through the diode D1. Since this current Is charges the 










