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(57) ABSTRACT

The present invention provides a high-side driver circuit
including a power transistor, the first transistor, the second
transistor, the second capacitor, the second diode, a start-up
circuit. The start-up circuit is coupled between a resistor and
the second capacitor to complete a gate driving circuit. And,
the aforementioned resistor can either be the gate resistance
of the power transistor or an external resistor. The design of

(22) Filed: Aug. 28,2012 start-up circuit enables the functionality of the bootstrap
. C - capacitor of being charged to a designate voltage level. Thus,
(30) Foreign Application Priority Data the depletion-mode transistor can be controlled to turn on/off
Mar. 15,2012 (TW) 101108777 without a floating voltage source or a negative voltage source.
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HIGH-SIDE DRIVER CIRCUIT

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention, relates to a high-side driver
circuit, more particularly to a high-side driver circuit com-
bined with the bootstrap circuit and the depletion-mode tran-
sistor.

[0003] 2. Description of the Prior Art

[0004] Inthecommon high-efficiency and high-power sys-
tem, the N-type device with better performance is used as the
high-side power transistor. Thus, the source of the power
transistor is a floating voltage, which is unable to be used to
control the switch of the transistor directly via a constant gate
voltage. The conventional method for solving the problem is
that to adopt a bootstrap circuit to float the gate voltage with
respect to the source voltage. The design for the high-side
power transistor with the conventional bootstrap circuit is
only applicable for the enhancement-mode transistor and is
not the depletion-mode transistor, because the charging is not
enough for the bootstrap capacitor upon driving the deple-
tion-mode transistor.

[0005] Please referring to FIG. 1 which is a diagram illus-
trating the conventional high side gate driver with the boot-
strap circuit. The bootstrap capacitor containing high side
gate driver 100 is used to drive the enhancement-mode tran-
sistor Mtop. The operation principle is described as the fol-
lowings: When the enhancement-mode transistor Mtop is
turned off, the input voltage VCC will charge the first capaci-
tor C1. In the first capacitor C1, the voltage of negative end
(i.e. the source voltage of the enhancement-mode transistor
Mtop) is zero, and the voltage of positive end is VCC. When
the first transistor M1 is conducted, the gate-source voltage
V ss0ofthe enhancement-mode transistor Mtop is VCC. Thus,
the enhancement-mode transistor Mtop is conducted, and the
source voltage is increased to VDD. The gate-source voltage
V g5 0f the enhancement-mode transistor Mtop is maintained
at VCC via C1, in order to conduct the enhancement-mode
transistor Mtop continuously. When the first transistor M1 is
turned off, and the second transistor M2 is conducted, the
gate-source voltage V ., of the enhancement-mode transistor
Mtop is zero. Thus, the enhancement-mode transistor Mtop is
turned off.

[0006] The design for this circuit is only applicable for the
enhancement-mode transistor. When the power transistor is
the depletion-mode transistor, the transistor is conducted
because the gate-source voltage V 5 of the depletion-mode
transistor is zero. Thus, a circuit design applicable for the
depletion-mode transistor is provided for the high side gate
driver with the bootstrap circuit.

[0007] In recent years, many high performance power
devices developed prosperously are the depletion-mode
devices. One driver design of conventional depletion-mode
transistor combines the MOSFET and high performance
depletion-mode device to become the enhancement-mode
device. Then, the driving technique of the existing enhance-
ment-mode transistor is adopted to control the switch of
device. However, this design will reduce the performance of
the depletion-mode transistor, such as increase the on-resis-
tance of composite device.

[0008] Thesecond driver design of conventional depletion-
mode transistor uses a floating voltage source to obtain the
required negative voltage to control the switch of the deple-
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tion-mode transistor. However, this design requires a floating
voltage source, which is more complicated.

[0009] The third driver design of conventional depletion-
mode transistor uses the switch of a capacitor and relevant
transistors to produce a negative voltage to control the switch
of the depletion-mode transistor. However, this design is not
applicable for the high-side driver circuit with the bootstrap
circuit.

[0010] Therefore,the present invention provides a highside
gate driver with the depletion-mode transistor. This circuit
can combine the bootstrap circuit to complete the switch of
the depletion-mode transistor without reducing the perfor-
mance of the depletion-mode transistor and the need of a
floating voltage source or a negative voltage source.

SUMMARY OF THE INVENTION

[0011] The present invention provides a high-side driver
circuit including a power transistor, the first transistor, the
second transistor, the second capacitor, the second diode, and
the resistor. The drain of the power transistor couples with the
first voltage source. The source of the first transistor is
coupled between the first capacitor and the first diode. The
second diode couples with the second voltage source. The
drain ofthe second transistor couples with the drain of the first
transistor. The second capacitor couples with the drain of the
first transistor and the drain of the second transistor. The
second diode couples with the second capacitor and the
source ofthe second transistor. The second transistor couples
with the output. The resistor is coupled between the second
capacitor and the gate of the power transistor. The first level
shifter couples with the first input and the second input.
[0012] The latch loop device couples with the first level
shifter and the gate of the first transistor and the gate of the
second transistor. The start-up circuit is coupled between the
resistor and the second capacitor. The start-up circuit is used
to turn off the power transistor, so that the second voltage
source has enough time to charge the first capacitor.

[0013] The start-up circuit design of the high-side driver
circuit further includes a third transistor and a second level
shifter. The drain of the third transistor couples with the
resistor. The gate and the source of the third transistor couple
with the second level shifter. The source of the third transistor
couples with the third voltage source. The third voltage
source is a negative voltage source. The third transistor is
conducted to produce a negative voltage at the gate of the
power transistor. The third voltage source provides a negative
voltageto the gate of the power transistor to turn off the power
transistor, so that the second voltage source has enough time
to charge the first capacitor.

[0014] The other start-up circuit design of the high-side
driver circuit further includes a third transistor and a third
diode. The source of the third transistor is grounded. The
drain of the third transistor couples with the third diode. The
third diode couples with the resistor and the second capacitor.
The third diode limits the flow direction of a current to par-
tially turn off the power transistor, so that the second voltage
source has enough time to charge the first capacitor.

[0015] In another aspect, the power transistor is a deple-
tion-mode transistor.

[0016] Inanother aspect, the material of the power transis-
tor includes the silicon carbide (SiC) or the gallium nitride
(GaN).

[0017] A high side gate driver with the depletion-mode
transistor is provided to improve the problem of insufficient
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charging time for the bootstrap capacitor, in order to complete
the switch of the depletion-mode transistor without reducing
the performance of the depletion-mode transistor and the
need of a floating voltage source or a negative voltage source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] 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:

[0019] FIG. 1 is a diagram illustrating the conventional
high side gate driver with the bootstrap circuit;

[0020] FIG. 2 is a diagram illustrating the high side gate
driver with the depletion-mode transistor for an embodiment
of the present invention; and

[0021] FIG. 3 is a diagram illustrating the high side gate
driver with the depletion-mode transistor for another embodi-
ment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0022] In order to further understand the features and the
technical contents of the present invention, please refer to the
following detail description of invention and attached Fig-
ures. The attached Figures are only used for the reference and
description, which are not used to limit the present invention.
[0023] Please referring to F1G. 2, which is a diagram illus-
trating the high side gate driver with the depletion-mode
transistor for an embodiment of the present invention. The
difference between the depletion-mode transistor and the
enhancement-mode transistor is that when its gate-source
voltage V 5 is negative, the transistor is turned off, and when
its gate-source voltage V ;¢ is zero, the transistor is con-
ducted. Thus, it is necessary to design a circuit to control the
turn on/off of the depletion-mode transistor. As shown in FIG.
2, a high-side driver circuit 200 is disclosed. The high-side
driver circuit 200 includes a power transistor Mtop, the first
transistor M1, the second transistor M2, the first capacitor C1,
the second capacitor C2, the first diode D1, the second diode
D2, the start-up circuit 210, the first level shifter 202, the latch
loop device 204 and the resistor Rg. The power transistor
Mtop is a depletion-mode transistor. The resistor Rg can
either be the gate resistance of the power transistor or an
external resistor. The material of the power transistor Mtop
includes the silicon carbide (SiC) or the gallium nitride
(GaN). The drain of the power transistor Mtop couples with
the first voltage source VDD. The source of the first transistor
M1 is coupled between the first capacitor C1 and the first
diode D1. The first diode D1 couples with the second voltage
source VCC. The drain of the second transistor M2 couples
with the drain of the first transistor M1. The second capacitor
C2 couples with the drain of the first transistor M1 and the
drain of the second transistor M2. The second diode D2
couples with the second capacitor C2 and the source of the
second transistor M2. The second transistor M2 couples with
the output Vout. In this embodiment, the output Vout is 0V to
VDD. The resistor Rg is coupled between the second capaci-
tor C2 and the gate of the power transistor Mtop. The first
level shifter 202 couples with the first input Vinl and the
second input Vin2. The latch loop device 204 couples with the
first level shifter 202 and the gate of the first transistor M1 and
the gate of the second transistor M2. The start-up circuit 210
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is coupled between the resistor Rg and the second capacitor
C2. The start-up circuit is used to turn off the power transistor,
so that the second voltage source has enough time to charge
the first capacitor. In this embodiment, it is assumed that the
capacitance of the first capacitor C1 is larger than the capaci-
tance of the second capacitor C2 by above 10 times.

[0024] The start-up circuit 210 of the high-side driver cir-
cuit 200 shown in FIG. 2 is used to drive the depletion-mode
power transistor Mtop. The start-up circuit 210 includes a
second level shifter 212 and a third transistor M3. The drain of
the third transistor M3 couples with the resistor Rg. The gate
and the source of the third transistor M3 couple with the
second level shifter. The third transistor M3 couples with the
third voltage source VSS. The third voltage source VSS is a
negative voltage source. When the third transistor M3 is con-
ducted, the gate of the power transistor Mtop is negative
voltage. The third voltage source VSS provide a negative
voltage to the gate of the power transistor Mtop to turn off the
power transistor Mtop. The second voltage source VCC
charges the first capacitor C1. The voltage for the negative
end of the first capacitor (i.e. the sourge voltage of the power
transistor Mtop) is zero. Thus, the voltage for the positive end
of the first capacitor C1 is VCC. When the first transistor M1
is conducted, the first capacitor C1, the second capacitor C2
and the second diode D2 form a loop. Thus, the The voltage
difference of the second capacitor C2 is VCC. The voltage for
the negative end of the second capacitor is zero. The gate-
source voltage V ;. ; of the power transistor Mtop is also zero,
the power transistor Mtop is conducted. Similarly, the power
transistor Mtop is conducted continuously through the boot-
strap circuit. When the first transistor M1 is turned off and the
second transistor M2 is conducted, the second diode D2 will
be turned off by the voltage of the positive end of the second
capacitor (i.e. the sourge voltage of the power transistor
Mtop). The gate-source voltage V  of the power transistor
Mtop is -VCC, the power transistor Mtop is turned off. In this
embodiment, the additional second capacitor C2, the second
diode D2 and the start-up circuit 210 are used to control the
depletion-mode power transistor Mtop. The second voltage
source VCC will have enough time to charge the first capaci-
tor C1 via the start-up circuit 210. In this embodiment, the
high-side driver circuit 200 can complete the on/off of 24V
depletion-mode power transistor Mtop, and the on/off fre-
quency is 100 KHz.

[0025] Please referring to FIG. 3, which is a diagram illus-
trating the high side gate driver with the depletion-mode
transistor for another embodiment of the present invention.
The difference between this embodiment and the aforemen-
tioned embodiment is that the design of the start-up circuit
310 in this embodiment is different. The source of the third
transistor M3 is grounded. The drain of the third transistor M3
is coupled with a third diode D3. The other end of the third
diode D3 is coupled the resistor Rg and the second capacitor
C2.

[0026] The high-side driver circuit 300 shown in FIG. 3
includes a power transistor Mtop, the first transistor M1, the
second transistor M2, the first capacitor C1, the second
capacitor C2, the first diode D1, the second diode D2, the
third diode D3, the start-up circuit 310, the first level shifter
302, the latch loop device 304 and the resistor Rg. The power
transistor Mtop is a depletion-mode transistor. The material
of the power transistor Mtop includes the silicon carbide
(SiC) or the gallium nitride (GaN). The drain of the power
transistor Mtop couples with the first voltage source VDD.



US 2013/0241601 Al

The source of the first transistor M1 is coupled between the
first capacitor C1 and the first diode D1. The first diode
couples with the second voltage source VCC. The drain of the
second transistor M2 couples with the drain of the first tran-
sistor M1 and the drain of the second transistor M2. The
second capacitor C2 couples with the drain of the first tran-
sistor M1 and the drain of the second transistor M2. The
second diode D2 couples with the second capacitor C2 and
the source of the second transistor M2. The second transistor
M2 couples with the output Vout. The resistor Rg is coupled
between the second capacitor C2 and the gate of the power
transistor Mtop. The first level shifter 302 couples with the
first input Vinl and the second input Vin2. The latch loop
device 304 couples with the first level shifter 302 and the gate
of the first transistor M1 and the gate of the second transistor
M2. The start-up circuit 310 is coupled between the resistor
Rg and the second capacitor C2. In this embodiment, it is
assumed that the capacitance of the first capacitor C1 is larger
than the capacitance of the second capacitor C2 by above 10
times.

[0027] The start-up circuit 310 of the high-side driver cir-
cuit 300 shown in FIG. 3 is used to drive the depletion-mode
power transistor Mtop. The start-up circuit 310 includes a
third transistor M3 and a third diode D3. The drain of the third
transistor M3 is grounded. The signal of 0-5V can be used
directly to control the start-up circuit 310 without the need of
additional level shifter.

[0028] Pleasing referring to FIG. 3 for the operation way.
When the operation is started, the third transistor M3 of the
start-up circuit 310 is conducted, the gate potential of the
high-side power transistor Mtop is about 0V, the output Vout
is limited to the critical voltage V, of the high-side power
transistor. In this embodiment, ifit is -4V, the output Vout will
be about 4V. Then, the second voltage source VCC will
charge the first capacitor C1, so that the span voltage of the
first capacitor C1 will be VCC-Vout. The third transistor M3
1s then turned off to control the switch of the high-side power
transistor Mtop. In this embodiment, the additional second
capacitor C2, the second diode D2 and the start-up circuit 310
are used to control the depletion-mode power transistor Mtop.
The second voltage source VCC will have enough time to
charge the first capacitor C1 via the start-up circuit 310.
[0029] It has to note that the first capacitor C1 can only be
charged to VCC-Vout (i.e. approximate to VCC-1V ). Thus,
a second voltage source VCC has to be selected to obtain
-(VCC-IV,, )<V, for turning off the power transistor Mtop.
The third transistor M3 has a third diode D3 to limit the
current flowing direction, in order to switch the power tran-
sistor Mtop normally.

[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
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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 high-side driver circuit, comprising:

a power transistor, a drain of the power transistor coupling
with a first voltage source;

a first transistor, a source of the first transistor coupling
between a first capacitor and a first diode, the second
diode coupling with a second voltage source;

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

a second capacitor coupling with the drain of the first
transistor and the drain of the second transistor;

a second diode coupling with the second capacitor and the
drain of the second transistor, wherein the second tran-
sistor coupling with an output;

aresistor coupling between the second capacitor and a gate
of the power transistor;

a first level shifter coupling with a first input and a second
input;

a latch loop device coupling with the first level shifter and
a gate of the first transistor and a gate of the second
transistor; and

a start-up circuit coupling between the resistor and the
second capacitor;

wherein the start-up circuit being used to turn off the power
transistor, so that the second voltage source having
enough time to charge the first capacitor.

2. The circuit according to claim 1, wherein the start-up
circuit further comprises a third transistor and a second level
shifter, the drain of the third transistor couples with the resis-
tor, the gate and the source of the third transistor couple with
the second level shifter, the source of the third transistor
couples with the third voltage source.

3. The circuit according to claim 1, wherein the third volt-
age source is a negative voltage source, the third transistor is
conducted to produce a negative voltage, the third voltage
source provides a negative voltage to the gate of the power
transistor to turn off the power transistor, so that the second
voltage source has enough time to charge the first capacitor.

4. The circuit according to claim 1, wherein the start-up
circuit further comprises a third transistor and a third diode,
the source of the third transistor is grounded, the drain of the
third transistor couples with the third diode, the third diode
couples with the resistor and the second capacitor, the third
diode limits a current to turn off the power transistor, so that
the second voltage source having enough time to charge the
first capacitor.

5. The circuit according to claim 1, wherein the power
transistor is a depletion-mode transistor.

6. The circuit according to claim 5, wherein the material of
the power transistor is selected from the group consisting of
the silicon carbide (SiC) and the gallium nitride (GaN).
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