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LOAD SWITCH CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 111128878, filed on Aug. 2, 2022.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND

Technical Field

[0002] The disclosure relates to a switch circuit and more
particularly relates to a load switch circuit controlled by a
control chip.

Description of Related Art

[0003] Conventional power load switches are mainly cat-
egorized into two types. The first type is a simple load switch
integrated circuit (IC) which is merely able to support low
amperage of current, and a drain-source on resistance (Rds
(on)) of a metal oxide semiconductor field effect transistor
(MOSFET) in the IC is relatively high, thus resulting in a
large voltage drop and the lack of additional protection
mechanisms. The second type is a load switch composed of
passive elements, which is mainly composed of a switch
transistor and a charge pump. Issues of insufficient current
amperage that may be supported and the large voltage drop
may be solved by selecting materials and components of the
switch transistor, while the disadvantage lies in an increase
in the number of components used in the load switch and an
increase in the area occupied by the load switch.

[0004] However, both types of the aforesaid conventional
power load switches require additional combinations of
additional external passive elements (such as resistors, tran-
sistors, capacitors, and so on) to achieve various protection
mechanisms (e.g., power state monitor, current monitor, and
so on). Errors resulting from the external elements may
easily deteriorate the accuracy and characteristics of the
conventional power load switches.

SUMMARY

[0005] According to an aspect of this disclosure, a load
switch circuit is provided. The load switch circuit includes
a control chip and a current limit protection circuit. The
control chip is operated at a power supply voltage, config-
ured to receive an input voltage, and controlled by an enable
signal to provide an output voltage and an output current to
a load. The current limit protection circuit us coupled to the
control chip and configured to provide a current limit control
voltage to a current limit and low power pin of the control
chip, so that the control chip adjusts a current limit of the
output current.

[0006] In view of the above, it is not necessary for the load
switch circuit provided in one or more embodiments of the
disclosure to be combined with a significant amount of
external passive elements for accomplishing various protec-
tion mechanisms, and the number of elements used in the
load switch circuit and the area occupied by the load switch
circuit may be reduced. Besides, the load switch circuit
provided herein may be prevented from being affected by
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errors resulting from the external elements, and the current
amperage which may be supported by the load switch circuit
is increased.

[0007] To make the aforementioned more comprehensible,
several embodiments accompanied with drawings are
described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are
incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the dis-
closure and, together with the description, serve to explain
the principles of the disclosure.

[0009] FIG. 1 is a schematic circuit view of a load switch
circuit according to an embodiment of the disclosure.
[0010] FIG. 2 is a schematic circuit view of a current limit
protection circuit according to an embodiment of the dis-
closure.

[0011] FIG. 3 is a schematic circuit view of a current limit
protection circuit according to an embodiment of the dis-
closure.

[0012] FIG. 4 is a schematic circuit view of a current limit
protection circuit according to an embodiment of the dis-
closure.

[0013] FIG. 5 is a schematic circuit view of a load switch
circuit according to an embodiment of the disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0014] Reference is now made in detail to exemplary
embodiments of the disclosure, and examples of the exem-
plary embodiments are described in the accompanying
drawings. Whenever possible, the same reference numbers
are used in the drawings and descriptions to indicate the
same or similar parts.

[0015] With reference to FIG. 1, a load switch circuit 100
provided in this embodiment may serve as a power load
switch. As shown in FIG. 1, the load switch circuit 100
includes a control chip 110, a current limit protection circuit
120, a first resistor R1 to a second resistor R2, and a first
capacitor C1 to a fifth capacitor C5.

[0016] The control chip 110 is constituted by, for instance,
an integrated circuit (IC). The control chip 110 is operated
at a power supply voltage Vdd, configured to receive an
input voltage Vin, and provides an output voltage Vout and
an output current lout to a load 200 according to an enable
signal Sen. The load 200 is, for instance, any electronic
element or device and equipment that consumes active
power on a circuit, which should however not be construed
as a limitation in the disclosure.

[0017] To be specific, the control chip 110 may be con-
trolled by the enable signal Sen and may then be turned on
or turned off. For instance, when the enable signal Sen is at
a high logic level, the control chip 110 may be in an on state,
so that the control chip 110 may provide the output voltage
Vout and the output current Tout to the load 200 according
to the input voltage yin. When the enable signal Sen is at a
low logic level, the control chip 110 may be in an off state,
so that the control chip 110 stops providing the output
voltage Vout and the output current Tout to the load 200. In
other embodiments, note that the enable signal Sen may also
control the state of the switch according to the logic level
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opposite to what is described above, which should however
not be construed as a limitation in the disclosure.

[0018] In this embodiment, the control chip 110 has a
power pin VDD, an input pin VIN, a power ready pin POK,
an enable pin EN; an output pin VOUT, a current limit and
low power pin ILIM/LPM, a soft-start pin SS, a monitor pin
IMON, and ground pins GND1 and GND2. Functions of
each of the pins are explained below.

[0019] Basically, in order for the control chip 110 to be
operated normally, the control chip 110 receives a power
supply voltage Vdd required for its operation through the
power pin VDD, and the control chip 110 is coupled to a
ground potential (0V) through the ground pins GND1 and
GND2. In other words, the control chip 110 is operated at the
power supply voltage Vdd. As shown in FIG. 1, a first end
of first resistor R1 is coupled to the power supply voltage
Vdd, and a second end of the first resistor R1 is coupled to
the power pin VDD. A first end of the first capacitor C1 is
coupled to the power pin VDD, and a second end of the first
capacitor C1 is coupled to the ground potential (0V). A value
of the power supply voltage Vdd is, for instance, 3.3V to 5V,
a value of the first resistor R1 is, for instance, 1 ohm (a), and
a value of the first capacitor C1 is, for instance, 0.1 micro-
farad (uF).

[0020] The control chip 110 receives the input voltage Vin
through the input pin VIN. As shown in FIG. 1, a first end
of the second capacitor C2 is coupled to the input pin VIN,
and a second end of the second capacitor C2 is coupled to
the ground potential. A value of the second capacitor C2 is,
for instance, 10 uF. A value of the input voltage Vin is within
a range not exceeding the value of the power supply voltage
vdd.

[0021] The control chip 110 outputs the output voltage
Vout and the output current Iout to the load 200 through the
output pin VOUT. As shown in FIG. 1, a first end of the third
capacitor C3 is coupled to the output pin VOUT, and a
second end of the third capacitor C3 is coupled to the ground
potential. A value of the third capacitor C3 is, for instance,
1 pF.

[0022] The control chip 110 indicates a status of the output
voltage Vout by outputting a power ready signal Spok
through the power ready pin POK. For instance, when the
power ready signal Spok is at a high logic level, it indicates
that the output voltage Vout of the control chip 110 is in a
good condition and able to be used by the load 200 (e.g., the
output voltage Vout has reached 90% of the input voltage
Vin). When the power ready signal Spok is at a low logic
level, it indicates that the output voltage Vout of the control
chip 110 is in a poor condition. In other embodiments, note
that the power ready signal Spok may also indicate the status
of the output voltage Vout according to the logic level
opposite to what is described above, which should however
not be construed as a limitation in the disclosure.

[0023] To control an on state and an off state between the
input pin VIN and the output pin VOUT, the enable signal
Sen input may be input to the enable pin EN. The control
chip 110 receives the enable signal Sen through the enable
pin EN. As shown in FIG. 1, a first end of the fourth
capacitor C4 is coupled to the enable pin EN, and a second
end of the fourth capacitor C4 is coupled to the ground
potential. A value of the fourth capacitor C4 is, for instance,
0.01 pF.

[0024] The current limit and low power pin ILIM/LPM of
the control chip 110 is coupled to the current limit protection
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circuit 120. The current limit protection circuit 120 is
configured to provide the current limit control voltage Vim
to the current limit and low power pin ILIM/LPM, so that the
control chip 110 may adjust the current limit of the output
current Tout according to the current limit control voltage
VIm. Specifically, the control chip 110 may select a desig-
nated range from a plurality of predetermined current limit
ranges according to the current limit control voltage VIim as
a current protection point, so as to limit the amount of the
output current Tout.

[0025] In particular, in a design stage of the circuit struc-
ture, a designer may configure the circuit structure of the
current limit protection circuit 120 according to actual
needs, so as to select the designated range as the current
protection point. For instance, FIG. 2 to FIG. 4 illustrate
three embodiments of the circuit structure of the current
limit protection circuit 120, which may correspond to a first
current limit range to a third current limit range, respec-
tively. The first current limit range to the third current limit
range respectively refer to limitation of the output current
Iout to the current protection points of 7 amperes (amps), 5
amps, and 3 amps, which should however not be construed
as a limitation in the disclosure.

[0026] First, in FIG. 2, the current limit protection circuit
120 pulls up the current limit control voltage Vim to a
pull-up voltage Vph, so the control chip 110 receives the
current limit control voltage VIm that is pulled to the pull-up
voltage Vph through the current limit and low power pin
ILIM/LPM. At this time, the control chip 110 selects the first
current limit range as the designated range and accordingly
limits the amount of the output current Tout (i.e., limiting the
output current Tout to be equal to or less than 7 amps). A
value of the pull-up voltage Vph is, for instance, 3.3 volts
(V) to 5V (e.g., approximately the same as the value of the
power supply voltage Vdd). In an embodiment of the
disclosure, the current limit protection circuit 120 may also
leave the current limit control voltage VIm floating and
allow the control chip 110 to select the first current limit
range as the designated range.

[0027] Next, in FIG. 3, the current limit protection circuit
120 includes a current limit resistor Rlm. A first end of the
current limit resistor Rlm is coupled to the current limit and
low power pin ILIM/LPM, and a second end of the current
limit resistor Rlm is coupled to the ground potential. At this
time, the control chip 110 selects the second current limit
range as the designated range and accordingly limits the
amount of the output current Iout (i.e., limiting the output
current lout to be equal to or less than 5 amps). A value of
the current limit resistor Rlm is, for instance, 1 milliohm
(me).

[0028] Finally, in FIG. 4, the current limit protection
circuit 120 directly couples the current limit and low power
pin ILIM/LPM to the ground potential, and therefore the
control chip 110 receives the ground potential through the
current limit and low power pin ILIM/LPM. At this time, the
control chip 110 selects the third current limit range as the
designated range and accordingly limits the amount of the
output current lout (i.e., limiting the output current Iout to be
equal to or less than 3 amps).

[0029] When the control chip 110 is practically applied,
the control chip 110 may perform a sampling operation on
the current limit control voltage Vlm through the current
limit and low power pin ILIM/LPM within about the first
300 milliseconds after the chip is activated, so as to deter-
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mine the current protection point to be used. In addition,
after the current protection point is determined, the control
chip 110 may also enable the function of a low power mode.
[0030] For instance, in the embodiment shown in FIG. 2,
the current limit protection circuit 120 pulls up the current
limit control voltage Vim to the pull-up voltage Vph or
leaves the current limit control voltage Vim floating; after
the control chip 110 selects the first current limit rage as the
designated range according to the current limit control
voltage VIm, the current limit protection circuit 120 may
change a connection path via the switch circuit and transmit
a low power triggering signal to the current limit and low
power pin ILIM/LPM from another electronic element or
another device on the circuit, whereby the control chip 110
enters the low power mode.

[0031] In the low power mode, the control chip 110 is in
the off state, the output voltage Vout is naturally discharged
and gradually decreased, so as to reduce the power con-
sumption of the control chip 110. When the control chip 110
is in the low power mode, note that the power ready signal
Spok output by the power ready pin POK is not dropped
from the high logic level, which meets the requirement of
the power saving mechanism.

[0032] With reference to FIG. 1, the control chip 110
obtains a predetermined soft-start time through the soft-start
pin SS, i.e., the time required for gradually raising the output
voltage Vout from OV to a rated voltage. As shown in FIG.
1, a first end of the fifth capacitor C5 is coupled to the
soft-start pin SS, and a second end of the fifth capacitor C5
is coupled to the ground potential. The control chip 110 may
adjust the soft-start time according to a value of the fifth
capacitor C5. If the soft-start function of the control chip 110
is not enabled, note that the soft-start pin SS of the control
chip 110 may be left floating. In addition, as to the settings,
the value of the fifth capacitor C5 should be less than a
predetermined upper-limit time of the control chip 110
within which the control chip 110 completes the soft-start
function.

[0033] The control chip 110 outputs a monitor current Im
through the monitor pin IMON to reflect the amount of the
output current lout. The monitor current Im may be obtained
by multiplying the output current lout by a predetermined
multiplier, so that the output current lout may be monitored
through the monitor current Im. As shown in FIG. 1, a first
end of the second resistor R2 is coupled to the monitor pin
IMON, and a second end of the second resistor R2 is coupled
to the ground potential. A value of the second resistor R2 is,
for instance, 1000€2.

[0034] Besides, in this embodiment, a plurality of protec-
tion functions may be integrated into the control chip 110,
and the monitor pin IMON and an error reporting function
may be integrated to notify a user of triggering an over-
temperature protection, an under-voltage protection, and a
short-circuit protection through the monitor pin IMON.
Specifically, when the control chip 110 encounters any of the
over-temperature issue, the under-voltage issue, and the
short-circuit issue, the control chip 110 actively pull up the
potential of the monitor pin IMON (e.g., pullingup to 3.3 V
to 5 V), so as to notify that the protection mechanism has
been triggered and stop providing the output voltage Vout
and the output current Tout from the output pin VOUT. In
this embodiment, the over-temperature issue means that a
temperature of the control chip 110 is greater than a prede-
termined threshold temperature, the under-voltage means
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that the output voltage Vout is lower than the input voltage
Vin by a predetermined voltage difference, and the short-
circuit issue means that the control chip 110 suddenly
generates a significant amount of current within a short
period of time. As such, function accuracy is no longer
affected by the external elements, and the accuracy of the
protection function may be improved.

[0035] Based on actual design and application require-
ments, note that other functional pins may be added to the
control chip 110, which should however not be construed as
a limitation in the disclosure. In addition, the control chip
110 may have an ultra-low impedance through process
optimization. The control chip 110 further includes a
memory, which may record the protection mechanism trig-
gered this time until the next restart, which is conducive to
the maintenance and repair of the chip.

[0036] In an embodiment of the disclosure, to increase the
limit of the output current, two control chips may be
connected in parallel and respectively provide the rated
output current to the load to increase the available current
amperage. As shown in FIG. 5, a load switch circuit 300
includes a control chip 310, a current limit protection circuit
320, a resistor R3 to a resistor R4, and a capacitor C6 to a
capacitor C10. The coupling manner and the functions of
these elements are similar to or the same as those of the
control chip 110, the current limit protection circuit 120, the
first resistor R1 to the second resistor R2, and the first
capacitor C1 to the fifth capacitor C5 provided in the
previous embodiment, which is therefore not elaborated
hereinafter.

[0037] In addition, the load switch circuit 300 further
includes another control chip 330, another current limit
protection circuit 340, a resistor R5 to a resistor R6, and a
capacitor C11 to a capacitor C14 with the same specification.
The coupling manner and the functions of the resistor R5 to
the resistor R6 and the capacitor C11 to the capacitor C14
are the same or similar to the coupling manner and the
functions of the resistor R3 to the resistor R4, the capacitor
C6 to the capacitor C8, and the capacitor C10. As shown in
FIG. 5, the enable pin EN and the soft-start pin SS of the
control chip 310 are coupled to the enable pin EN and
soft-start pin SS of the another control chip 330. The load
switch circuit 300 may receive the input voltage Vin through
the input pin VIN of the control chip 310 and the input pin
VIN of the control chip 330, respectively, and the load
switch circuit 300 may output the output current loutl and
the output current lout2 to the load 400 through the output
pin VOUT of the control chip 310 and the output pin VOUT
of the control chip 330, respectively.

[0038] For instance, when the load is required to input a
current of 10 amps, the current limit protection circuit 320
may limit the output current Ioutl to be equal to or less than
7 amps by adopting an embodiment corresponding to the
first current limit range, and the current limit protection
circuit 340 may limit the output current lout2 to be equal to
or less than 3 amps by adopting an embodiment correspond-
ing to the third current limit range, so as to generate a total
of 10 amps of current. As such, a plurality of control chips
may be connected in parallel to support a larger amount of
current amperage and achieve the function of automatic
current balance, and each control chip still achieves the
function of the protection mechanism described above.
[0039] To sum up, the load switch circuit provided in one
or more embodiments of the disclosure may integrate vari-
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ous protection mechanisms into the control chip without
additionally applying a significant number of external pas-
sive elements, and thus the function accuracy is no longer
affected by the external elements. In addition, the load
switch circuit provided in one or more embodiments of the
disclosure may be flexibly applied regardless of a large
amount or a small amount of current, the corresponding
current protection point may be set, and the current amper-
age which may be supported by the load switch circuit is
increased according to actual needs.

[0040] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
disclosed embodiments without departing from the scope or
spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure covers modifications and varia-
tions provided that they fall within the scope of the follow-
ing claims and their equivalents.

What is claimed is:

1. A load switch circuit, comprising:

a control chip, operated at a power supply voltage,
configured to receive an input voltage, and controlled
by an enable signal to provide an output voltage and an
output current to a load; and

a current limit protection circuit, coupled to the control
chip and configured to provide a current limit control
voltage to a current limit and low power pin of the
control chip, so that the control chip adjusts a current
limit of the output current.

2. The load switch circuit according to claim 1, wherein
the control chip selects a designated range from a plurality
of predetermined current limit ranges according to the
current limit control voltage, so as to limit an amount of the
output current.

3. The load switch circuit according to claim 1, wherein
the current limit protection circuit pulls up the current limit
control voltage to a pull-up voltage or leaves the current
limit control voltage floating.

4. The load switch circuit according to claim 3, wherein
after the control chip selects the designated range according
to the current limit control voltage, the control chip enters a
low power mode when the current limit protection circuit
transmits a low power triggering signal to the current limit
and low power pin.

5. The load switch circuit according to claim 1, wherein
the current limit protection circuit comprises:

a current limit resistor, having a first end coupled to the
current limit and low power pin and a second end
coupled to a ground potential.

6. The load switch circuit according to claim 1, wherein
the current limit protection circuit directly couples the
current limit and low power pin to a ground potential.

7. The load switch circuit according to claim 1, wherein
the control chip further has a power pin, and the load switch
circuit further comprises:
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a first resistor, having a first end coupled to the power
supply voltage and a second end coupled to the power
pin; and

a first capacitor, having first end coupled to the power pin
and a second is coupled to a ground potential.

8. The load switch circuit according to claim 1, wherein
the control chip further has a ground pin, so as to be coupled
to a ground potential.

9. The load switch circuit according to claim 1, wherein
the control chip further has an input pin to receive the input
voltage, and the load switch circuit further comprises:

a second capacitor, having a first end coupled to the input

pin and a second end coupled to a ground potential.

10. The load switch circuit according to claim 1, wherein
the control chip further has an output pin to output the output
voltage and the output current to the load, and the load
switch circuit further comprises:

a third capacitor, having a first end coupled to the output

pin and a second end coupled to a ground potential.

11. The load switch circuit according to claim 1, wherein
the control chip further has a power ready pin to output a
power ready signal to indicate a status of the output voltage.

12. The load switch circuit according to claim 1, wherein
the control chip further has an enable pin to receive the
enable signal, and the load switch circuit further comprises:

a fourth capacitor, having a first end coupled to the enable
pin and a second end coupled to a ground potential.

13. The load switch circuit according to claim 1, wherein
the control chip further has a soft-start pin, and the load
switch circuit further comprises:

a fifth capacitor, having a first end coupled to the soft-start

pin and a second end coupled to a ground potential, and

the control chip adjusts a soft-start time according to a
capacitance value of the fifth capacitor.

14. The load switch circuit according to claim 1, wherein
the control chip further has a monitor pin, and the load
switch circuit further comprises:

a second resistor, having a first end coupled to the monitor

pin and a second end coupled to a ground potential, and
the monitor pin outputs a monitor current to reflect an
amount of the output current.

15. The load switch circuit according to claim 14, when
the control chip encounters any of an over-temperature
issue, an under-voltage issue, and a short-circuit issue, the
control chip pulls up a potential of the monitor pin and stops
providing the output voltage and the output current.

16. The load switch circuit according to claim 1, wherein
the load switch circuit further comprises:

another control chip, connected in parallel to the control
chip,

the control chip and the another control chip respectively
provide a corresponding output current to the load, and

an enable pin and a soft-start pin of the control chip are
coupled to an enable pin and a soft-start pin of the
another control chip.
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