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BAND-GAP REFERENCE START-UP
CIRCUIT WITH GREATER NOISE MARGIN
FOR START-UP

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This non-provisional application claims priority of
U.S. provisional application No. 62/768,099, filed on Nov.
16, 2018, included herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention is related to a band-gap
reference start-up circuit, and more particularly, to a band-
gap reference start-up circuit with a greater noise margin for
start-up.

2. Description of the Prior Art

[0003] A band-gap voltage reference circuit is widely used
in integrated circuits for producing a fixed voltage regardless
of power supply variations, temperature changes and circuit
loading from a device. The fixed voltage can be used as a
reference voltage by charge pumps for providing other high
voltages required by the system. Therefore, the stability of
the band-gap reference voltage can be crucial to the system.
[0004] In prior art, the start-up process of the band-gap
voltage reference circuit is triggered by voltage detection.
That is, when the power is turned on, if the reference voltage
generated by the band-gap voltage reference circuit is not
high enough, the start-up process will be triggered. How-
ever, the noise margin for the start-up of the band-gap
voltage reference circuit is rather small and is greatly
dependent on the manufacturing process of the components.
Therefore, when the supply voltage is unstable, the transient
of the band-gap reference voltage can cause a restart-up of
the band-gap voltage reference circuit easily, resulting in
instability or damages to the system.

SUMMARY OF THE INVENTION

[0005] One embodiment of the present invention discloses
a band-gap reference start-up circuit. The band-gap refer-
ence start-up circuit includes a pull-up unit, a bias current
unit, and a start-up unit.

[0006] The pull-up unit is coupled to a control node, and
generates a pull-up current for raising a voltage of the
control node when the band-gap voltage reference circuit is
enabled and generates a biasing reference voltage. The bias
current unit is coupled to the control node, and generates a
bias current for pulling down the voltage of the control node.
The start-up unit is coupled to a trigger terminal of the
band-gap voltage reference circuit and the control node. The
start-up unit generates a start-up current for raising a voltage
of the trigger terminal.

[0007] During a start-up process of the band-gap voltage
reference circuit, the start-up unit is enabled when the
voltage of the control node is pulled down by the bias
current unit, and the band-gap voltage reference circuit is
enabled when the voltage of the trigger terminal is raised by
the start-up current.

[0008] Another embodiment of the present invention dis-
closes a voltage reference generator. The voltage reference
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generator includes a band-gap voltage reference circuit and
a band-gap reference start-up circuit.

[0009] The band-gap voltage reference circuit provides a
band-gap reference voltage. The band-gap reference start-up
circuit includes a pull-up unit, a bias current unit, and a
start-up unit.

[0010] The pull-up unit is coupled to a control node, and
generates a pull-up current for raising a voltage of the
control node when the band-gap voltage reference circuit is
enabled and generates a biasing reference voltage. The bias
current unit is coupled to the control node, and generates a
bias current for pulling down the voltage of the control node.
The start-up unit is coupled to a trigger terminal of the
band-gap voltage reference circuit and the control node. The
start-up unit generates a start-up current for raising a voltage
of the trigger terminal.

[0011] During a start-up process of the band-gap voltage
reference circuit, the start-up unit is enabled when the
voltage of the control node is pulled down by the bias
current unit, and the band-gap voltage reference circuit is
enabled when the voltage of the trigger terminal is raised by
the start-up current.

[0012] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the
preferred embodiment that is illustrated in the various fig-
ures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows a voltage reference generator accord-
ing to one embodiment of the present invention.

[0014] FIG. 2 shows a voltage reference generator accord-
ing to another embodiment of the present invention.
[0015] FIG. 3 shows a voltage reference generator accord-
ing to another embodiment of the present invention.
[0016] FIG. 4 shows a voltage reference generator accord-
ing to another embodiment of the present invention.

DETAILED DESCRIPTION

[0017] FIG. 1 shows a voltage reference generator 100
according to one embodiment of the present invention. The
voltage reference generator 100 includes a band-gap voltage
reference circuit 110 and a band-gap reference start-up
circuit 120.

[0018] The band-gap voltage reference circuit 110 can
provide a band-gap reference voltage VBG as a reference
voltage for the system. In some embodiments, the band-gap
reference voltage VBG canbe 1.15V to 1.25V. The band-gap
reference start-up circuit 120 can be used to enable the
band-gap voltage reference circuit 110 when the power is
turned on.

[0019] The band-gap reference start-up circuit 120
includes a pull-up unit 122, a bias current unit 124, and a
start-up unit 126. The pull-up unit 122 and the bias current
unit 124 can be coupled to a control node NSTA, and the
start-up unit 126 can be coupled to a trigger terminal NTA
of the band-gap voltage reference circuit 110 and the control
node NSTA.

[0020] During the start-up process of the band-gap voltage
reference circuit 110, the bias current unit 124 will be
enabled first to generate the bias current I, pulling down the
voltage of the control node NSTA. When the voltage of the
control node NSTA is pulled down by the bias current unit
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124, for example, when the voltage is pulled down to be
lower than a threshold value, the start-up unit 126 will be
enabled to generate a start-up current I for raising a voltage
of' the trigger terminal NTA. The band-gap voltage reference
circuit 110 is then enabled when the voltage of the trigger
terminal NTA is raised by the start-up current I.

[0021] Once the band-gap voltage reference circuit 110 is
enabled to produce the band-gap reference voltage VBG, the
reference voltage V5 of the band-gap voltage reference
circuit 110 will drop, thereby enabling the pull-up unit 122
to generate the pull-up current [, and raising the voltage of
the control node NSTA. In some embodiments, the pull-up
current [; is greater than the bias current 1. Therefore, the
voltage of the control node NSTA will be raised by the
pull-up current I,; eventually, and the start-up unit 126 will
be disabled.

[0022] In this case, since the band-gap reference start-up
circuit 120 can perform the start-up process by controlling
different currents, the noise margin for the start-up process
can be broadened, thereby improving the stability of the
voltage reference generator 100.

[0023] In FIG. 1, the pull-up unit 122 includes a P-type
transistor P1A having a first terminal for receive a first
system voltage V1, a second terminal coupled to the control
node NSTA, and a control terminal for receiving the biasing
reference voltage V5. The bias current unit 124 includes a
current source CS1, and N-type transistors N1A and N2A.
The current source CS1 can generate a reference current
Iz The first N-type transistor N1A has a first terminal for
receiving the reference current I, .., a second terminal for
receiving a second system voltage V2 lower than the first
system voltage V1, and a control terminal coupled to the first
terminal of the N-type transistor N1A. In some embodi-
ments, the first system voltage V1 can be the high operation
voltage of the system, and the second system voltage V2 can
be the ground voltage of the system. The N-type transistor
N2A has a first terminal coupled to the control node NSTA,
a second terminal for receiving the second system voltage
V2, and a control terminal coupled to the control terminal of
the N-type transistor N1A. That is, the N-type transistors
N1A and N2A can form a current mirror and produce the
bias current I; according to the reference current I ...

[0024] In addition, the start-up unit 126 includes a P-type
transistor P2A having a first terminal for receiving the first
system voltage V1, a second terminal coupled to the trigger
terminal NTA of the band-gap voltage reference circuit 110,
and a control terminal coupled to the control node NSTA.

[0025] Furthermore, in FIG. 1, the band-gap voltage ref-
erence circuit 110 includes an amplifier 112, P-type transis-
tors P3A and P4A, resistors R1A, R2A and R3A, and
diode-connected bipolar junction transistors (BJTs) Q1A
and Q2A.

[0026] The amplifier 112 has a positive input terminal, a
negative input terminal coupled to the trigger terminal NTA
of the band-gap voltage reference circuit 110, and an output
terminal for providing the biasing reference voltage V5.
The P-type transistor P3A has a first terminal for receiving
the first system voltage V1, a second terminal, and a control
terminal coupled to the output terminal of the amplifier 112.
The P-type transistor P4A has a first terminal for receiving
the first system voltage V1, a second terminal for outputting
the band-gap reference voltage VBG, and a control terminal
coupled to the control terminal of the P-type transistor P3A.
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[0027] The resistor R1A has a first terminal coupled to the
second terminal of the P-type transistor P3A, and a second
terminal coupled to the positive input terminal of the ampli-
fier 112. The resistor R2A has a first terminal coupled to the
second terminal of the P-type transistor P4A, and a second
terminal coupled to the negative input terminal of the
amplifier 112. The resistor R3A has a first terminal coupled
to the second terminal of the resistor R1A, and a second
terminal.

[0028] The diode-connected BJT Q1A has a first terminal
coupled to the second terminal of the resistor R3A, and a
second terminal for receiving the second system voltage V2.
The diode-connected BJT Q2A has a first terminal coupled
to the trigger terminal NTA, and a second terminal for
receiving the second system voltage V2. In some embodi-
ments, the size of the diode-connected BJT Q1A can be
greater than the size of the diode-connected BJT Q2A, or the
band-gap voltage reference circuit 110 can include more
diode-connected BJTs coupled in parallel with the diode-
connected BJT Q1A.

[0029] InFIG. 1, the diode-connected BJTs Q1A and Q2A
can be PNP bipolar junction transistors. In this case, the
control terminals (base terminals) of the diode-connected
BJTs Q1A and Q2A can both receive the second system
voltage V2. However, in some other embodiments, the
diode-connected BITs Q1A and Q2A can also be NPN
bipolar junction transistors. In this case, the control terminal
of the diode-connected BJT Q1A would be coupled to the
first terminal of the diode-connected BJT Ql1A, and the
control terminal of the diode-connected BJT Q2A can be
coupled to the first terminal of the diode-connected BJT
Q2A.

[0030] In FIG. 1, when the power is turned on, if the
band-gap voltage reference circuit 110 has not been enabled,
then biasing reference voltage V, generated by the ampli-
fier 112 should be at a high voltage, turning off the P-type
transistors P1A, P3A, and P4A. That is, the pull-up unit 122
is also disabled. However, the bias current unit 124 will start
to generate the bias current I; when power up, thereby
pulling down the voltage of the control node NSTA.
[0031] When the voltage of the control node NSTA is
pulled to a rather low level, the P-type transistor P2A in the
start-up unit 126 will be turned on. Therefore, the start-up
unit 126 will generate the start-up current I to charge the
trigger terminal NTA of the band-gap voltage reference
circuit 110. Since the trigger terminal NTA is coupled to the
negative input terminal of the amplifier 112, the biasing
reference voltage V,z will drop when the voltage of the
trigger terminal NTA increases. When the biasing reference
voltage V5 is pulled down to a rather low level, the P-type
transistors P3A and P4A will both be turned on, and the
band-gap voltage reference circuit 110 is enabled to generate
the band-gap reference voltage VBG.

[0032] In prior art, the trigger terminal may be coupled to
output terminal of the amplifier 112, so the triggering
voltage can cause great transient to the band-gap reference
voltage VBG during the start-up process.

[0033] However, in the voltage reference generator 100,
the trigger terminal NTA is coupled to the negative input
terminal of the amplifier 112; therefore, the overshoot of the
band-gap reference voltage VBG can be reduced.

[0034] Also, the P-type transistor P1A in the pull-up unit
122 will also be turned on when the P-type transistors P3A
and P4A are turned on by the biasing reference voltage V5.
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Therefore, when the band-gap voltage reference circuit 110
is enabled, the pull-up unit 122 will start to generate the
pull-up current I,;. Since the pull-up current I, can be
designed to be greater than the bias current I, the voltage of
the control node NSTA will be raised by the pull-up current
1, thereby turning off the P-type transistors P2A in the
start-up unit 126. Consequently, the start-up process is
completed, and the band-gap voltage reference circuit 110
can generate the band-gap reference voltage VBG accord-
ingly.

[0035] In FIG. 1, the band-gap voltage reference circuit
110 can provide the band-gap reference voltage VBG with
the desired level by selecting the proper resistors and
transistors. However, in some other embodiments, the band-
gap voltage reference circuit can be implemented with other
structures, and the band-gap reference start-up circuit 120
can still be applied.

[0036] FIG. 2 shows a voltage reference generator 200
according to another embodiment of the present invention.
The voltage reference generator 200 includes a band-gap
voltage reference circuit 210 and the band-gap reference
start-up circuit 120.

[0037] The band-gap voltage reference circuit 210
includes an amplifier 212, P-type transistors P3B, P4B, and
P5B, resistors R1B, R2B, R3B, and R4B, and diode-con-
nected BJTs Q1B and Q2B.

[0038] The amplifier 212 has a positive input terminal, a
negative input terminal coupled to the trigger terminal NTB
of the band-gap voltage reference circuit 210, and an output
terminal for providing the biasing reference voltage V5.
The P-type transistor P3B has a first terminal for receiving
the first system voltage V1, a second terminal coupled to the
positive input terminal of the amplifier 212, and a control
terminal coupled to the output terminal of the amplifier 212.
The P-type transistor P4B has a first terminal for receiving
the first system voltage V1, a second terminal coupled to the
negative input terminal of the amplifier 212, and a control
terminal coupled to the control terminal of the P-type
transistor P3B.

[0039] The resistor R1B has a first terminal coupled to the
second terminal of the P-type transistor P3B, and a second
terminal. The resistor R2B has a first terminal coupled to the
second terminal of the P-type transistor P3B, and a second
terminal for receiving the second system voltage V2. The
resistor R3B has a first terminal coupled to the second
terminal of the P-type transistor P4B, and a second terminal
for receiving the second system voltage V2.

[0040] The diode-connected BJT Q1B has a first terminal
coupled to the second terminal of the resistor R1B, and a
second terminal for receiving the second system voltage V2.
The diode-connected BJT Q2B has a first terminal coupled
to the trigger terminal NTB, and a second terminal for
receiving the second system voltage V2.

[0041] The P-type transistor P5B has a first terminal for
receiving the first system voltage V1, a second terminal for
outputting the band-gap reference voltage VBG, and a
control terminal coupled to the output terminal of the
amplifier 212. The resistor R4B has a first terminal coupled
to the second terminal of the P-type transistor P5B, and a
second terminal for receiving the second system voltage V2.
[0042] In this case, by raising the voltage of the trigger
terminal NTB of the band-gap voltage reference circuit 210,
the band-gap reference start-up circuit 120 can enable the
band-gap voltage reference circuit 210 when power up.
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Also, once the band-gap voltage reference circuit 210 is
enabled, the biasing reference voltage V- generated by the
amplifier 212 will drop, thereby enabling the pull-up unit
122 for stopping the start-up process. Consequently, the
band-gap voltage reference circuit 210 can be controlled by
currents so that the noise margin for start-up can be broad-
ened. Also, the overshoot of the band-gap reference voltage
VBG generated by the band-gap voltage reference circuit
210 can be reduced by triggering through the negative input
terminal of the amplifier 212.

[0043] Furthermore, in FIG. 2, the diode-connected BITs
Q1B and Q2B are NPN BIJTs. In this case, the control
terminal of the diode-connected BJT Q1B can be coupled to
the first terminal of the diode-connected BJT Q1B, and the
control terminal of the diode-connected BJT Q2B can be
coupled to the first terminal of the diode-connected BJT
Q2B. However, in some other embodiments, the diode-
connected BJTs Q1B and Q2B can be PNP BITs, and the
control terminals of the diode-connected BJTs Q1B and
Q2B can receive the second system voltage V2 as the
diode-connected BJTs Q1A and Q2A shown in FIG. 1.
[0044] FIG. 3 shows a voltage reference generator 300
according to another embodiment of the present invention.
The voltage reference generator 300 includes a band-gap
voltage reference circuit 310 and the band-gap reference
start-up circuit 120.

[0045] The band-gap voltage reference circuit 310
includes an amplifier 312, P-type transistors P3C, P4C, and
P5C, resistors R1C, R2C, R3C, R4C, R5C, and R6C, and
diode-connected BJTs Q1C and Q2C.

[0046] The amplifier 312 has a positive input terminal, a
negative input terminal, and an output terminal for providing
the biasing reference voltage VPB. The P-type transistor
P3C has a first terminal for receiving the first system voltage
V1, a second terminal, and a control terminal coupled to the
output terminal of the amplifier 312. The P-type transistor
P4C has a first terminal for receiving the first system voltage
V1, a second terminal coupled to the trigger terminal NTC
of the band-gap voltage reference circuit 310, and a control
terminal coupled to the control terminal of the P-type
transistor P3C.

[0047] The resistor R1C has a first terminal coupled to the
second terminal of the P-type transistor P3C, and a second
terminal. The resistor R2C has a first terminal coupled to the
second terminal of the P-type transistor P3C, and a second
terminal coupled to the positive input terminal of the ampli-
fier 312. The resistor R3C has a first terminal coupled to the
second terminal of the resistor R2C, and a second terminal
for receiving the second system voltage V2. The diode-
connected BJT Q1C has a first terminal coupled to the
second terminal of the resistor R1C, and a second terminal
for receiving the second system voltage V2.

[0048] The resistor R4C has a first terminal coupled to the
second terminal of the P-type transistor P4C, and a second
terminal coupled to the negative input terminal of the
amplifier 312. The resistor R5C has a first terminal coupled
to the second terminal of the resistor R4C, and a second
terminal for receiving the second system voltage V2. The
diode-connected BJT Q2C has a first terminal coupled to the
trigger terminal NTC, and a second terminal for receiving
the second system voltage V2.

[0049] The P-type transistor P5C has a first terminal for
receiving the first system voltage V1, a second terminal for
outputting the band-gap reference voltage VBG, and a
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control terminal coupled to the output terminal of the
amplifier 312. The resistor R6C has a first terminal coupled
to the second terminal of the P-type transistor P5C, and a
second terminal for receiving the second system voltage V2.
[0050] In this case, by raising the voltage of the trigger
terminal NTC of the band-gap voltage reference circuit 310,
the band-gap reference start-up circuit 120 can enable the
band-gap voltage reference circuit 310 when power up.
Also, once the band-gap voltage reference circuit 310 is
enabled, the biasing reference voltage VPB generated by the
amplifier 312 will drop, thereby enabling the pull-up unit
122 for stopping the start-up process. Consequently, the
band-gap voltage reference circuit 310 can be controlled by
currents so that the noise margin for start-up can be broad-
ened. Also, the overshoot of the band-gap reference voltage
VBG generated by the band-gap voltage reference circuit
310 can be reduced by triggering through the negative input
terminal of the amplifier 312.

[0051] FIG. 4 shows a voltage reference generator 400
according to another embodiment of the present invention.
The voltage reference generator 400 includes a band-gap
voltage reference circuit 410 and the band-gap reference
start-up circuit 120.

[0052] The band-gap voltage reference circuit 410
includes an amplifier 412, P-type transistors P3D, P4D, and
P5D, resistors RID and R2D, and diode-connected BITs
Q1D, Q2D and Q3D.

[0053] The amplifier 412 has a positive input terminal, a
negative input terminal coupled to the trigger terminal NTD
of the band-gap voltage reference circuit 410, and an output
terminal for providing the biasing reference voltage V.
The P-type transistor P3D has a first terminal for receiving
the first system voltage V1, a second terminal coupled to the
positive input terminal of the amplifier 412, and a control
terminal coupled to the output terminal of the amplifier 412.
The P-type transistor P4D has a first terminal for receiving
the first system voltage V1, a second terminal coupled to the
negative input terminal of the amplifier 412, and a control
terminal coupled to the control terminal of the P-type
transistor P3D.

[0054] The resistor RID has a first terminal coupled to the
second terminal of the P-type transistor P3D, and a second
terminal. The diode-connected BJT Q1D has a first terminal
coupled to the second terminal of the resistor R1D, and a
second terminal for receiving the second system voltage V2.
The diode-connected BJT Q2D has a first terminal coupled
to the trigger terminal NTD, and a second terminal for
receiving the second system voltage V2.

[0055] The P-type transistor P5D has a first terminal for
receiving the first system voltage V1, a second terminal for
outputting the band-gap reference voltage VBG, and a
control terminal coupled to the output terminal of the
amplifier 412. The resistor R2D has a first terminal coupled
to the second terminal of the P-type transistor PSD, and a
second terminal. The diode-connected BJT Q3D has a first
terminal coupled to the second terminal of the resistor R2D,
and a second terminal for receiving the second system
voltage V2.

[0056] In this case, by raising the voltage of the trigger
terminal NTD of the band-gap voltage reference circuit 410,
the band-gap reference start-up circuit 120 can enable the
band-gap voltage reference circuit 410 when power up.
Also, once the band-gap voltage reference circuit 410 is
enabled, the biasing reference voltage V o generated by the
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amplifier 412 will drop, thereby enabling the pull-up unit
122 for stopping the start-up process. Consequently, the
band-gap voltage reference circuit 410 can be controlled by
currents so that the noise margin for start-up can be broad-
ened. Also, the overshoot of the band-gap reference voltage
VBG generated by the band-gap voltage reference circuit
410 can be reduced by triggering through the negative input
terminal of the amplifier 412.

[0057] In FIGS. 1 to 4, the band-gap reference start-up
circuit 120 can be used with the band-gap voltage reference
circuits 110, 210, 310, and 410 to perform the start-up
processes. Furthermore, in some embodiments, the band-gap
reference start-up circuit 120 can also be used to perform the
start-up processes for other types of band-gap voltage ref-
erence circuits to provide a greater noise margin and a
smaller start-up transient.

[0058] In summary, the band-gap reference start-up cir-
cuits and the voltage reference generators provided by the
embodiments of the present invention can perform the
start-up process with current control, thereby increasing the
noise margin and decreasing the start-up transient.

[0059] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be
construed as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A band-gap reference start-up circuit comprising:

a pull-up unit coupled to a control node, and configured
to generate a pull-up current for raising a voltage of the
control node when a band-gap voltage reference circuit
is enabled and generates a biasing reference voltage;

a bias current unit coupled to the control node, and
configured to generate a bias current for pulling down
the voltage of the control node; and

a start-up unit coupled to a trigger terminal of the band-
gap voltage reference circuit and the control node, and
configured to generate a start-up current for raising a
voltage of the trigger terminal;

wherein during a start-up process of the band-gap voltage
reference circuit:

the start-up unit is enabled when the voltage of the control
node is pulled down by the bias current unit; and

the band-gap voltage reference circuit is enabled when the
voltage of the trigger terminal is raised by the start-up
current.

2. The band-gap reference start-up circuit of claim 1,

wherein the pull-up current is greater than the bias current.

3. The band-gap reference start-up circuit of claim 1,

wherein the pull-up unit comprises:

a first P-type transistor having a first terminal configured
to receive a first system voltage, a second terminal
coupled to the control node, and a control terminal
configured to receive the biasing reference voltage.

4. The band-gap reference start-up circuit of claim 1,

wherein the bias current unit comprises:

a current source configured to generate a reference cur-
rent;

a first N-type transistor having a first terminal configured
to receive the reference current, a second terminal
configured to receive a second system voltage lower
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than the first system voltage, and a control terminal

coupled to the first terminal of the first N-type transis-

tor; and

a second N-type transistor having a first terminal coupled
to the control node, a second terminal configured to
receive the second system voltage, and a control ter-
minal coupled to the control terminal of the first N-type
transistor.

5. The band-gap reference start-up circuit of claim 1,

wherein the start-up unit comprises:

a second P-type transistor having a first terminal config-
ured to receive a first system voltage, a second terminal
coupled to the trigger terminal of the band-gap voltage
reference circuit, and a control terminal coupled to the
control node.

6. A voltage reference generator comprising:

a band-gap voltage reference circuit configured to provide
a band-gap reference voltage; and

a band-gap reference start-up circuit comprising:

a pull-up unit coupled to a control node, and configured
to generate a pull-up current for raising a voltage of
the control node when the band-gap voltage refer-
ence circuit is enabled and generates a biasing ref-
erence voltage;

a bias current unit coupled to the control node, and
configured to generate a bias current for pulling
down the voltage of the control node; and

a start-up unit coupled to a trigger terminal of the
band-gap voltage reference circuit and the control
node, and configured to generate a start-up current
for raising a voltage of the trigger terminal;

wherein during a start-up process of the band-gap voltage
reference circuit:

the start-up unit is enabled when the voltage of the control
node is pulled down by the bias current unit; and

the band-gap voltage reference circuit is enabled when the
voltage of the trigger terminal is raised by the start-up
current.

7. The voltage reference generator of claim 6, wherein the

pull-up current is greater than the bias current.

8. The voltage reference generator of claim 6, wherein the

pull-up unit comprises:

a first P-type transistor having a first terminal configured
to receive a first system voltage, a second terminal
coupled to the control node, and a control terminal
configured to receive the biasing reference voltage.

9. The voltage reference generator of claim 6, wherein the

bias current unit comprises:

a current source configured to generate a reference cur-
rent;

a first N-type transistor having a first terminal configured
to receive the reference current, a second terminal
configured to receive a second system voltage lower
than the first system voltage, and a control terminal
coupled to the first terminal of the first N-type transis-
tor; and

a second N-type transistor having a first terminal coupled
to the control node, a second terminal configured to
receive the second system voltage, and a control ter-
minal coupled to the control terminal of the first N-type
transistor.

10. The voltage reference generator of claim 6, wherein

the start-up unit comprises:
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a second P-type transistor having a first terminal config-
ured to receive a first system voltage, a second terminal
coupled to the trigger terminal of the band-gap voltage
reference circuit, and a control terminal coupled to the
control node.

11. The voltage reference generator of claim 6, wherein

the band-gap voltage reference circuit comprises:

an amplifier having a positive input, a negative input
coupled to the trigger terminal of the band-gap voltage
reference circuit, and an output terminal configured to
provide the biasing reference voltage;

a third P-type transistor having a first terminal configured
to receive a first system voltage, a second terminal, and
a control terminal coupled to the output terminal of the
amplifier;

a fourth P-type transistor having a first terminal config-
ured to receive the first system voltage, a second
terminal configured to output the band-gap reference
voltage, and a control terminal coupled to the control
terminal of the third P-type transistor;

a first resistor having a first terminal coupled to the second
terminal of the third P-type transistor, and a second
terminal coupled to the positive input terminal of the
amplifier;

a second resistor having a first terminal coupled to the
second terminal of the fourth P-type transistor, and a
second terminal coupled to the negative input terminal
of the amplifier;

a third resistor having a first terminal coupled to the
second terminal of the first resistor, and a second
terminal;

a first diode-connected bipolar junction transistor having
a first terminal coupled to the second terminal of the
third resistor, and a second terminal configured to
receive a second system voltage lower than the first
system voltage; and

a second diode-connected bipolar junction transistor hav-
ing a first terminal coupled to the trigger terminal, and
a second terminal configured to receive the second
system voltage.

12. The voltage reference generator of claim 11, wherein:

the first diode-connected bipolar junction transistor and
the second diode-connected bipolar junction transistor
are PNP bipolar junction transistors;

a control terminal of the first diode-connected bipolar
junction transistor is configured to receive the second
system voltage; and

a control terminal of the second diode-connected bipolar
junction transistor is configured to receive the second
system voltage.

13. The voltage reference generator of claim 11, wherein:

the first diode-connected bipolar junction transistor and
the second diode-connected bipolar junction transistor
are NPN bipolar junction transistors;

a control terminal of the first diode-connected bipolar
junction transistor is coupled to the first terminal of the
first diode-connected bipolar junction transistor; and

a control terminal of the second diode-connected bipolar
junction transistor is coupled to the first terminal of the
second diode-connected bipolar junction transistor.

14. The voltage reference generator of claim 11, wherein:

a size of the first diode-connected bipolar junction tran-
sistor is greater than a size of the second diode-
connected bipolar junction transistor.
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15. The voltage reference generator of claim 6, wherein

the band-gap voltage reference circuit comprises:

an amplifier having a positive input, a negative input
coupled to the trigger terminal of the band-gap voltage
reference circuit, and an output terminal configured to
provide the biasing reference voltage;

a third P-type transistor having a first terminal configured
to receive a first system voltage, a second terminal
coupled to the positive input terminal of the amplifier,
and a control terminal coupled to the output terminal of
the amplifier;

a fourth P-type transistor having a first terminal config-
ured to receive the first system voltage, a second
terminal coupled to the negative input terminal of the
amplifier, and a control terminal coupled to the control
terminal of the third P-type transistor;

a first resistor having a first terminal coupled to the second
terminal of the third P-type transistor, and a second
terminal;

a second resistor having a first terminal coupled to the
second terminal of the third P-type transistor, and a
second terminal configured to receive a second system
voltage lower than the first system voltage;

a third resistor having a first terminal coupled to the
second terminal of the fourth P-type transistor, and a
second terminal configured to receive the second sys-
tem voltage;

a first diode-connected bipolar junction transistor having
a first terminal coupled to the second terminal of the
first resistor, and a second terminal configured to
receive the second system voltage;

a second diode-connected bipolar junction transistor hav-
ing a first terminal coupled to the trigger terminal, and
a second terminal configured to receive the second
system voltage;

a fifth P-type transistor having a first terminal configured
to receive the first system voltage, a second terminal
configured to output the band-gap reference voltage,
and a control terminal coupled to the output terminal of
the amplifier; and

a fourth resistor having a first terminal coupled to the
second terminal of the fifth P-type transistor, and a
second terminal configured to receive the second sys-
tem voltage.

16. The voltage reference generator of claim 15, wherein:

the first diode-connected bipolar junction transistor and
the second diode-connected bipolar junction transistor
are PNP bipolar junction transistors;

a control terminal of the first diode-connected bipolar
junction transistor is configured to receive the second
system voltage; and

a control terminal of the second diode-connected bipolar
junction transistor is configured to receive the second
system voltage.

17. The voltage reference generator of claim 15, wherein:

the first diode-connected bipolar junction transistor and
the second diode-connected bipolar junction transistor
are NPN bipolar junction transistors;

a control terminal of the first diode-connected bipolar
junction transistor is coupled to the first terminal of the
first diode-connected bipolar junction transistor; and

a control terminal of the second diode-connected bipolar
junction transistor is coupled to the first terminal of the
second diode-connected bipolar junction transistor.
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18. The voltage reference generator of claim 6, wherein

the band-gap voltage reference circuit comprises:

an amplifier having a positive input, a negative input, and
an output terminal configured to provide the biasing
reference voltage;

a third P-type transistor having a first terminal configured
to receive a first system voltage, a second terminal, and
a control terminal coupled to the output terminal of the
amplifier;

a fourth P-type transistor having a first terminal config-
ured to receive the first system voltage, a second
terminal coupled to the trigger terminal of the band-gap
voltage reference circuit, and a control terminal
coupled to the control terminal of the third P-type
transistor;

a first resistor having a first terminal coupled to the second
terminal of the third P-type transistor, and a second
terminal;

a second resistor having a first terminal coupled to the
second terminal of the third P-type transistor, and a
second terminal coupled to the positive input terminal
of the amplifier; and

a third resistor having a first terminal coupled to the
second terminal of the second resistor, and a second
terminal configured to receive a second system voltage
lower than the first system voltage;

a first diode-connected bipolar junction transistor having
a first terminal coupled to the second terminal of the
first resistor, and a second terminal configured to
receive the second system voltage;

a fourth resistor having a first terminal coupled to the
second terminal of the fourth P-type transistor, and a
second terminal coupled to the negative input terminal
of the amplifier;

a fifth resistor having a first terminal coupled to the
second terminal of the fourth resistor, and a second
terminal configured to receive the second system volt-
age;

a second diode-connected bipolar junction transistor hav-
ing a first terminal coupled to the trigger terminal, and
a second terminal configured to receive the second
system voltage;

a fifth P-type transistor having a first terminal configured
to receive the first system voltage, a second terminal
configured to output the band-gap reference voltage,
and a control terminal coupled to the output terminal of
the amplifier; and

a sixth resistor having a first terminal coupled to the
second terminal of the fifth P-type transistor, and a
second terminal configured to receive the second sys-
tem voltage.

19. The voltage reference generator of claim 18, wherein:

the first diode-connected bipolar junction transistor and
the second diode-connected bipolar junction transistor
are PNP bipolar junction transistors;

a control terminal of the first diode-connected bipolar
junction transistor is configured to receive the second
system voltage; and

a control terminal of the second diode-connected bipolar
junction transistor is configured to receive the second
system voltage.
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20. The voltage reference generator of claim 18, wherein:

the first diode-connected bipolar junction transistor and
the second diode-connected bipolar junction transistor
are NPN bipolar junction transistors;

a control terminal of the first diode-connected bipolar
junction transistor is coupled to the first terminal of the
first diode-connected bipolar junction transistor; and

a control terminal of the second diode-connected bipolar
junction transistor is coupled to the first terminal of the
second diode-connected bipolar junction transistor.
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