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third resistor couples with the fourth resistor and the gate of
the first transistor. The first transistor turned off and the gate
current is limited. When the current of the gate of the GaN
transistor exceeds the predetermined value, the breakdown
voltage is increased by limiting the gate current.
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CURRENT LIMIT CIRCUIT APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a current limit cir-
cuit apparatus, more particularly to a current limit circuit
apparatus for limiting the gate current of the GaN transistor,
in order to increase the breakdown voltage of the GaN tran-
sistor by limiting the gate current of the GaN transistor.
[0003] 2. Description of the Prior Art

[0004] The GaN is a wide band gap semiconductor with
quick switching capability. It is a high-frequency operated
electronic device for bringing great change to the communi-
cationtechnology. Except this, it has high breakdown voltage,
and it is also one of the best materials for manufacturing of the
high-power transistor and will bring the revolutionary change
to the high-power device.

[0005] Theconventional way for increasing the breakdown
voltage of GaN transistor is to use different process or change
the material of device, the technical level is higher and the
cost is also higher. How to increase the breakdown voltage of
GaN transistor without changing the process and material has
become one of the topics endeavored by the industry.

[0006] Please referring to FIG. 1, which shows the relation
between the leaking current at the output/input end of AlGaN/
GaN transistor and the voltage of drain-source. As shown in
FIG. 1, when the AlGaN/GaN transistor is operated at the
cut-off region, the leaking current is increased with the volt-
age difference (Vds) of the drain and the source. When the
breakdown voltage is achieved, almost all leaking current of
the drain flows to the gate. Upon using the abovementioned
feature, when the AlGaN/GaN transistor is turned off and the
current flown from the drain to the gate is limited, the break-
down voltage of GaN transistor will be increased.

[0007] Therefore, a current limit circuit apparatus coupled
with the gate of a GaN transistor is required to limit the
current flown out of the gate, in order to increase the break-
down voltage of GaN transistor.

SUMMARY OF THE INVENTION

[0008] 1In order to increase the breakdown voltage of GaN
transistor without changing the process condition and device
material, the present invention provides a current limit circuit
apparatus for limiting the gate current of the GaN transistor,
$0 as to increase its breakdown voltage.

[0009] Inordertoachieve the abovementioned purpose, the
present invention provides a current limit circuit apparatus
suitable for the GaN transistor. The process parameters need
not to be changed, and the finished GaN transistor can be used
directly. The circuit design is used to limit the gate current of
the GaN transistor for increasing its breakdown voltage. The
designer can have the flexible design, and reduce the manu-
facturing cost.

[0010] Based on the abovementioned purpose, the present
invention provides a current limit circuit apparatus, coupled
with the gate of a GaN transistor. The current limit circuit
comprises a diode, a first transistor, a second transistor, a first
resistor, a second resistor, a third resistor and a fourth resistor.
The source and the drain of the first transistor couple with the
diode. The drain of the second transistor couples with the gate
of the first transistor. The first resistor couples with the diode
and the source of the first transistor. One end of the second
resistor couples with the source of the second transistor and a
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first power supply. One end of the third resistor couples with
the fourth resistor and the gate of the first transistor. The other
end of the third resistor couples with the gate of the second
transistor and the other end of the second resistor. The drain of
the first transistor couples with one end of the diode and the
gate of the GaN transistor. The first transistor turned off and
the gate current is limited. When the current of the gate of the
GaN transistor exceeds the predetermined value, the break-
down voltage is increased by limiting the gate current.
[0011] Another purpose of the present invention is to pro-
vide a current limit circuit apparatus. The current limit circuit
further comprises a fifth resistor, a sixth resistor, a third tran-
sistor and a fourth transistor. The fifth resistor couples with
the third resistor and the gate of the first transistor. The drain
of the third transistor couples with the fifth resistor. The
source of the third transistor couples with a second power
supply. The source of the fourth transistor couples with a
second power supply. The drain of the fourth transistor
couples with the sixth resistor.

[0012] The gate of the fourth transistor couples with the
drain of the first transistor and the gate of the GaN transistor.
After the GaN transistor is turned of through the switch of the
third transistor and the fourth transistor, the first transistor is
turned off to limit the leaking current flown out from the gate
of the GaN transistor, so as to increase the breakdown voltage
of the GaN transistor.

[0013] In order to further understand the abovementioned
and other purposes, features and advantages of the present
invention, the preferred embodiments and Figures are
attached and described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0015] FIG. 1 shows the relation between the leaking cur-
rent at the output/input end of AlGaN/GaN transistor and the
voltage of drain-source;

[0016] FIG. 2 is a diagram illustrating the GaN circuit
apparatus for an embodiment of the present invention;
[0017] FIG. 3 is a diagram illustrating the current limit
circuit apparatus for a preferred embodiment of the present
invention; and

[0018] FIG. 4 is a diagram illustrating the current limit
circuit apparatus for another preferred embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] The present invention can be further understood
through the following Figures and detailed description. The
following embodiments are used for the detailed description,
but the scope of the present invention is not limited by the
following embodiments.

[0020] FIG. 2 is a diagram illustrating the GaN circuit
apparatus for an embodiment of the present invention. As
shown in FIG. 2, the GaN circuit apparatus 200 comprises a
transistor drive circuit 202, a current limit circuit 204 and a
GaN transistor M, The current limit circuit 204 couples
with the transistor drive circuit 202 and the GaN transistor
M, and the current limit circuit 204 couples with the gate
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of the GaN transistor M, . The transistor drive circuit 202
includes a P-type metal-oxide-semiconductor (PMOS) field
transistor 2022 and an N-type metal-oxide-semiconductor
(NMOS) field transistor 2024. The P-type metal-oxide-serni-
conductor (PMOS) field transistor 2022 connects to a high
voltage source V ;. The N-type metal-oxide-semiconduc-
tor (NMOS) field transistor 2024 connects to a low voltage
sourceVp,p; (this low voltage source Vo, uses the same low
voltage source as the transistor drive circuit 202). In this
embodiment, the high voltage source is V=0V, and the
low voltage source is V ,,,=—7V. The transistor drive circuit
202 control to switch the P-type metal-oxide-semiconductor
(PMOS) field transistor 2022 and the N-type metal-oxide-
semiconductor (NMOS) field transistor 2024 in accordance
with the input voltage V. In the Figure, the source and the
drain of the first transistor M, couple with the diode D. The
source of the second transistor M, couples with the gate of the
first transistor M.

[0021] FIG. 3 is a diagram illustrating the current limit
circuit apparatus for a preferred embodiment of the present
invention. As shown in the Figure, the first resistor Ro couples
with the diode D and the source of the first transistor M, . One
end of the second resistor R, % couples with the source of
the second transistor M, and the first power supply V5. One
end of the third resistor R couples with the fourthresistor R,
and the gate of the first transistor M, . The other end of the
third resistor R, couples with the gate of the second transistor
M,, and the other end of the second resistor R,. The drain of
the first transistor M, couples with the other end of the diode
D and the gate of the GaN transistor M,

[0022] Please referring to FIG. 2 and FIG. 3, when
V. =V, is inputted, the P-type metal-oxide-semiconductor
(PMOS) field transistor 2022 will be conducted. The current
will flow from the high voltage source V,;; to the GaN
transistor M, through the diode for turning on the GaN
transistor Mg, When V =V, is inputted, the N-type
metal-oxide-semiconductor (NMOS) field transistor will be
conducted. The current will flow from the gate of the GaN
transistor M, to the low voltage source V. At this time,
the voltage of the node N, is V,=V,,,, +AV, where AV rep-
resents the voltage drop of the first resistor R.

[0023] The voltage of the node N, is:

v v ‘(R2+R3
REF = rh\ Rl

) +VppL

where V , represents the critical voltage of the first transistor
M, and thesecond transistor M, R, is the second resistor, and
R; is the third resistor. The conducting condition of the first
transistor can be represented as:

Vage=V1>Va,

where V.- is the voltage of the node N,,. The above equation
is substituted into this equation to get:

AV v _3
<
th Ry

[0024] Tt is known that AV represents the voltage drop of
the first resistor R, therefore:

AV=isR¢s
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[0025] This equation is substituted into AV to obtain:

R2Rg

ic < Vi

[0026] It means when the gate current flown from the gate
of the GaN transistor M, ,, Is:

ic <V,
el {hRZRG

(predetermined value), the first transistor M, will be turned
on. On the contrary, when the gate current i is too large
(higher than the above predetermined value), the first transis-
tor M; will be turned off and the gate current i; will be
limited, in order to increase the breakdown voltage of the
GaN transistor M, The first transistor M, and the second
transistor M, are the N-type metal-oxide-semiconductor
(NMOS) field transistors.

[0027]  As for another embodiment, please referring to FIG.
2 and FIG. 4. FIG. 4 is a diagram illustrating the current limit
circuit apparatus for another preferred embodiment of the
present invention. The difference between this embodiment
and the above embodiment is that the third transistor M; and
the fourth transistor M, are added to modify the activating
time of the current limit circuit. Because, when the GaN
transistor M, 1s turned off quickly, the simultaneous cur-
rent of the gate will be very large. If the current is limited at
this time, the turn-off speed of the GaN transistor M, will
be reduced, even the current limit circuit shown in FIG. 4
started to limit the current only after the GaN transistor M,/
is turned off. The fifth resistor Ry couples with the third
resistor R; and the gate of'the first transistor M, . The drain of
the third transistor M, couples with another end of the fifth
resistor R,. The source of the third transistor M, couples with
the second power supply V,;, (i.e. the critical voltage of the
GaN transistor M; ).

[0028] As shown in FIG. 4, when the GaN transistor M,
is turn on and off, the gate voltageis about OV. At this time, the
third transistor M; is conducted, the fourth transistor M,, is not
conducted, and the voltage V; of thenode N is almost equiva-
lent to the critical voltage V., ; of the GaN transistor M, In
this embodiment, the critical voltage V,, ;=—4V. Then the first
transistor M, is conducted, the current flows from the gate of
the GaN transistor M, smoothly until the gate voltage
reaches about the critical voltage V,,,, in order to assure the
GaN transistor M, is turned off. Then, the gate voltage of
the GaN transistor M, 1s reduced continuously, so that the
third transistor M is not conducted, the fourth transistor M.,
is conducted, and the voltage V; of the node N is equivalent
to the voltage V- of the node N, specified in the above
embodiment shown in FIG. 3. This embodiment assures the
turn-off of the GaN transistor M, », in order to modify the
turn-on and turn-off time of the GaN transistor M .
Because, its simultaneous current closes to the breakdown
current of the gate, the turn-off speed of the GaN transistor
M, Will be reduced. The third transistor M, and the fourth
transistor M, are the P-type metal-oxide-semiconductor
(PMOS) field transistors.

[0029] A circuit design method is provided by the present
invention for the above two embodiments. Under the normal
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switch of the GaN transistor is unaffected, a current limit
circuit is coupled with the transistor drive circuit and the GaN
transistor to limit the gate current of the GaN transistor, in
order to increase the breakdown voltage (i.e. the drain-source
voltage) at the turn-off of the GaN transistor. The prior art can
be improved by process design, process parameters or device
design, in order to solve the drawbacks of inflexible design
and high cost.

[0030] Itisunderstood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.

What is claimed is:

1. A current limit circuit apparatus, coupled with the gate of

a GaN transistor, the current limit circuit comprises:

a diode;

a first transistor, a source and a drain of the first transistor
coupling with the diode;

a second transistor, a source of the second transistor cou-
pling with a gate of the first transistor;

a first resistor, the first resistor coupling with the diode and
the source of the first transistor;

a second resistor, one end of the second resistor coupling
with a source of the second transistor and a first power
supply; and

a third resistor, one end of the third resistor coupling with
a fourth resistor and the gate of the first transistor,
another end of the third resistor coupling with a gate of
the second transistor and another end of the second
resistor;
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wherein the drain of the first transistor coupling with one
end ofthe diode and a gate of the GaN transistor, the first
transistor turning off and the gate current being limited,
when a current of the gate of the GaN transistor exceed-
ing a predetermined value, a breakdown voltage being
increased by limiting a gate current.

2. The apparatus according to claim 1, further comprising:

a fifth resistor, the fifth resistor coupling with a third resis-
tor and a gate of the first transistor;

a third transistor, a drain of the third transistor coupling
with another end of the fifth resistor, a source of the third
transistor coupling with a second power supply;

a fourth transistor, a source of the fourth transistor coupling
with the second power supply. a drain of the fourth
transistor coupling with another end of the sixth resistor;

wherein a gate of the fourth transistor coupling with a drain
of the first transistor and a gate of the GaN transistor,
after the GaN transistor being turned of through a switch
of the third transistor and the fourth transistor, the first
transistor being tumed off to limit the leaking current
flown out from the gate of the GaN transistor, so as to
increase a breakdown voltage of the GaN transistor.

3. The apparatus according to claim 2, wherein the second

power supply is a critical voltage of the GaN transistor.

4. The apparatus according to claim 2, wherein the current
limit circuit apparatus automatically activate the current limit
function to limit the current flown from the gate of the GaN
transistor after the GaN transistor turning off completely.

5. The apparatus according to claim 2, wherein the third
transistor and the fourth transistor are the P-type metal-oxide-
semiconductor (PMOS) field transistors.

6. The apparatus according to claim 1, wherein the first
power supply is a low voltage source.

7. The apparatus according to claim 1, wherein the first
transistor and the second transistor are the N-type metal-
oxide-semiconductor (NMOS) field transistors.
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