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(54) RADIO FREQUENCY SWITCH CIRCUIT

(57) A radio frequency switch circuit (100) includes
a series circuit (110_1 to 110_4, 210, 310, 410). The
series circuit (110_1 to 110_4, 210, 310, 410) includes
a first series connection group (211, 311, 411) and a sec-
ond series connection group (212, 312, 412). The first
series connection group (211, 311, 411) includes first
transistors (T1_1 to T4_1). The second series connection
group (212, 312, 412) includes second transistors (T1_2
to T4_2). When an electrostatic discharge event occurs,
a voltage at control terminals of the first transistors (T1_1
to T4_1) are different from a voltage at control terminals
of the second transistors (T1_2 to T4_2). In a normal
operation state, switch states of the first series connec-
tion group (211, 311, 411) and the second series con-
nection group (212, 312, 412) are the same as each oth-
er.



EP 4 429 111 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

Technical Field

[0001] The disclosure relates to a switch circuit. Par-
ticularly, the disclosure relates to a radio frequency
switch circuit.

Description of Related Art

[0002] FIG. 1 is a schematic diagram of a series circuit
currently used in a radio frequency switch circuit. A series
circuit 10 is disposed between a first end and a second
end of a transmission path P. The series circuit 10 in-
cludes transistors T1 to T8. The transistors T1 to T8 are
coupled in series to each other. Control terminals (i.e.,
gates) of the transistors T1 to T8 are commonly coupled
through an impedance and commonly receive the same
control signal. As a result, the series circuit 10 may turn
off or turn on the transmission path P according to the
control signal.
[0003] However, when an electrostatic discharge
(ESD) event occurs at one end of the series circuit 10,
an ESD voltage VESD or an ESD current with an ESD
energy is generated. Taking the ESD voltage VESD with
an ESD energy as an example, the ESD voltage VESD
may be coupled to the control terminals of the transistors
T1 to T8 through the parasitic capacitance of the transis-
tor T1. It should be noted that the control terminals of the
transistors T1 to T8 are commonly coupled through an
impedance and receive the same ESD voltage VESD.
As a result, the sources of the transistors T1 to T8 have
different voltages based on voltage division of the tran-
sistors T1 to T8. The switching voltages of the transistors
T1 to T8 are all different. In other words, the voltage dif-
ferences (VGS) between the gates and the sources of
the transistors T1 to T8 are all different.
[0004] For example, when the ESD voltage VESD has
a peak voltage equal to 100 volts (V), the voltage at the
first terminal of the transistor T1 is equal to 100 V, the
voltage at the second terminal of the transistor T1 is equal
to 87.5 V, and the voltage at the control terminal of the
transistor T1 is equal to 100 V. As a result, the switching
voltage of the transistor T1 is equal to 12.5 V. The voltage
at the second terminal of the transistor T2 is equal to 75
V. The switching voltage of the transistor T2 is equal to
25 V. The voltage at the second terminal of the transistor
T3 is equal to 62.5 V. The switching voltage of the tran-
sistor T3 is equal to 37.5 V. Similarly, the switching volt-
age of the transistor T8 is equal to 100 V.
[0005] Based on the foregoing, as the number of tran-
sistors T1 to T8 increases, the difference between the
switching voltage of the transistor T1 (which is closest to
the place where the ESD occurs) and the switching volt-
age of the transistor T8 (which is farthest from the place
where the ESD occurs) increases. The transistors T1 to

T8 cannot respond to the voltage transient changes of
ESD, resulting in different switching operations. As a re-
sult, the capability of dissipating ESD is adversely affect-
ed.

SUMMARY

[0006] The disclosure provides a radio frequency
switch circuit, which can improve the capability of dissi-
pating electrostatic discharge (ESD).
[0007] According to an embodiment of the disclosure,
a radio frequency switch circuit includes a series circuit.
The series circuit includes a first series connection group
and a second series connection group. The first series
connection group includes a plurality of first transistors.
The second series connection group includes a plurality
of second transistors. Control terminals of the plurality of
first transistors are all coupled to a first control node. Con-
trol terminals of the plurality of second transistors are all
coupled to a second control node. When an electrostatic
discharge event occurs, a voltage at the first control node
is different from a voltage at the second control node. In
a normal operation state, a switch state of the first series
connection group and a switch state of the second series
connection group are the same as each other.
[0008] According to an embodiment of the disclosure,
a radio frequency switch circuit includes a radio frequen-
cy input terminal, a radio frequency output terminal, and
a series circuit. The radio frequency output terminal has
a first transmission path with the radio frequency input
terminal. A first terminal of the series circuit is coupled
to the first transmission path. A second terminal of the
series circuit is coupled to a reference voltage end. The
series circuit includes a first series connection group and
a second series connection group. The first series con-
nection group includes a plurality of first transistors. The
second series connection group includes a plurality of
second transistors. A terminal of the second series con-
nection group is coupled to the reference voltage end. In
a normal operation state, a switch state of the first series
connection group and a switch state of the second series
connection group are the same as each other.
[0009] According to an embodiment of the disclosure,
a radio frequency switch circuit includes a series circuit.
The series circuit includes a first series connection group
and a second series connection group. The first series
connection group includes a plurality of first transistors.
The second series connection group includes a plurality
of second transistors. Control terminals of the plurality of
first transistors are all coupled to a first control node. Con-
trol terminals of the plurality of second transistors are all
coupled to a second control node. When an electrostatic
discharge event occurs, a voltage at the first control node
is different from a voltage at the second control node.
[0010] Based on the foregoing, the series circuit in-
cludes the first series connection group and the second
series connection group. The control terminals of the plu-
rality of first transistors of the first series connection group
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are all coupled to the first control node. The control ter-
minals of the plurality of second transistors of the second
series connection group are all coupled to the second
control node. When an ESD event occurs, the voltage at
the first control node is different from the voltage at the
second control node. When an ESD event occurs, the
switching voltages (the voltage differences between the
gates and the sources) of the plurality of first transistors
and the plurality of second transistors are relatively close.
In this way, the radio frequency switch circuit can improve
the capability of dissipating ESD.
[0011] To make the aforementioned more comprehen-
sible, several embodiments accompanied with drawings
are described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings are included to
provide a further understanding of the disclosure, and
are incorporated in and constitute a part of this specifi-
cation. The drawings illustrate exemplary embodiments
of the disclosure and, together with the description, serve
to explain the principles of the disclosure.

FIG. 1 is a schematic diagram of a series circuit cur-
rently used in a radio frequency switch circuit.

FIG. 2 is a schematic diagram of a radio frequency
switch circuit according to an embodiment of the dis-
closure.

FIG. 3 is a schematic diagram of a series circuit ac-
cording to an embodiment of the disclosure.

FIG. 4 is a schematic diagram of a series circuit ac-
cording to an embodiment of the disclosure.

FIG. 5 is a schematic diagram of a series circuit ac-
cording to an embodiment of the disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0013] Part of embodiments of the disclosure accom-
panied with the drawings will be described in detail. The
same reference numerals when used in the following de-
scription and in different drawings will be regarded as
referring to the same or similar elements. These embod-
iments are only part of the disclosure, and do not disclose
all the possible implementations of the disclosure. More
precisely, these embodiments are just examples of the
scope of the disclosure’s patent application.
[0014] With reference to FIG. 2, FIG. 2 is a schematic
diagram of a radio frequency switch circuit according to
an embodiment of the disclosure. In this embodiment, a
radio frequency switch circuit 100 includes transmitting
terminals TP1, TP2, and TP3 and series circuits 110_1,
110_2, 110_3, and 110_4. The transmitting terminal TP1
is coupled to a common node PC1. The transmitting ter-

minal TP2 is coupled to a common node PC2. The trans-
mitting terminal TP3 is coupled to a common node PC3.
The series circuit 110_1 is coupled between the common
node PC2 and a reference voltage end. The reference
voltage end may be grounded or receive a low reference
voltage. The voltage at the reference voltage end is equal
to 0 V, for example. The series circuit 110_2 is coupled
between the common node PC1 and the common node
PC2. The series circuit 110_3 is coupled between the
common node PC1 and the common node PC3. The se-
ries circuit 110_4 is coupled between the common node
PC3 and a reference voltage end. In this embodiment,
the transmitting terminals TP1, TP2, and TP3 are con-
figured to receive or send a radio frequency signal. The
transmitting terminals TP1, TP2, and TP3 may each be
a pad or a pin. For example, the transmitting terminal
TP1 may serve as a radio frequency input terminal. One
of the transmitting terminals TP2 and TP3 may serve as
a radio frequency output terminal. There is a transmission
path P1 between the transmitting terminals TP1 and TP2.
There is a transmission path P2 between the transmitting
terminals TP1 and TP3.
[0015] In this embodiment, in a normal operation state,
the radio frequency switch circuit 100 may cause the se-
ries circuits 110_1 and 110_3 to be in a turned-off state
and turn on the series circuits 110_2 and 110_4. As a
result, the transmitting terminal TP2 forms the transmis-
sion path P1 with the transmitting terminal TP1 through
the common nodes PC2 and PC1. Alternatively, the radio
frequency switch circuit 100 may cause the series circuits
110_2 and 110_4 to be in a turned-off state and turn on
the series circuits 110_1 and 110_3. As a result, the
transmitting terminal TP3 forms the transmission path P2
with the transmitting terminal TP1 through the common
nodes PC3 and PC1.
[0016] In this embodiment, the radio frequency switch
circuit 100 may utilize a control signal to cause the series
circuits 110_1, 110_2, 110_3, and 110_4 to be in one of
a turned-off state and a turned-on state.
[0017] In some embodiments, the radio frequency
switch circuit 100 includes the transmitting terminals TP1
and TP2 and the series circuits 110_1 and 110_2. The
implementation aspects of the radio frequency switch cir-
cuit of the disclosure are not limited to this embodiment.
[0018] With reference to FIG. 3, FIG. 3 is a schematic
diagram of a series circuit according to an embodiment
of the disclosure. In this embodiment, a series circuit 210
is taken to implement one of the series circuits 110_1 to
110_4 as shown in FIG. 2, for example. Taking this em-
bodiment as an example, the first terminal of the series
circuit 210 is coupled to a common node PC2. The sec-
ond terminal of the series circuit 210 is coupled to a ref-
erence voltage end. In some embodiments, the first ter-
minal of the series circuit 210 is coupled to the common
node PC2, and the second terminal of the series circuit
210 is coupled to a common node PC1, as shown in FIG.
2.
[0019] In this embodiment, the series circuit 210 in-
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cludes series connection groups 211 and 212. The series
connection groups 211 and 212 are coupled in series to
each other. The series connection group 211 includes
transistors T1_1 to T4_1. The transistors T1_1 to T4_1
are coupled in series to each other. For example, the first
terminal of the transistor T1_1 is coupled to the common
node PC2, the first terminal of the transistor T2_1 is cou-
pled to the second terminal of the transistor T1_1, the
first terminal of the transistor T3_1 is coupled to the sec-
ond terminal of the transistor T2_1, and so on. The series
connection group 212 includes transistors T1_2 to T4_2.
The transistors T1_2 to T4_2 are coupled in series to
each other. For example, the first terminal of the transistor
T1_2 is coupled to the second terminal of the transistor
T1_4, the first terminal of the transistor T2_2 is coupled
to the second terminal of the transistor T1_2, and so on.
In this embodiment, control terminals of the transistors
T1_1 to T4_1 are all coupled to a control node NDC1.
Control terminals of the transistors T1_2 to T4_2 are all
coupled to a control node NDC2.
[0020] In this embodiment, the transistors T1_1 to
T4_1 and T1_2 to T4_2 are implemented by N-type tran-
sistors. The transistors T1_1 to T4_1 and T1_2 to T4_2
are N-type MOSFETs, for example. The transistors T1_1
to T4_1 and T1_2 to T4_2 have the same design size
(for example, the same channel width to length ratio). As
a result, the series connection groups 211 and 212 have
the same design size, but the disclosure is not limited
thereto. In some embodiments, the transistors T1_1 to
T4_1 and T1_2 to T4_2 may have similar but different
design sizes, as long as the design size of the transistors
T1_1 to T4_1 and T1_2 to T4_2 meet the standard size
or design tolerance. In addition, in some embodiments,
the transistors T1_1 to T4_1 and T1_2 to T4_2 are im-
plemented by P-type transistors. The transistors T1_1 to
T4_1 and T1_2 to T4_2 are P-type MOSFETs, for exam-
ple.
[0021] In a normal operation state, a switch state of
the series connection group 211 and a switch state of
the series connection group 212 are same as each other.
In this embodiment, when the series circuit 210 is in a
turned-on state, the series connection groups 211 and
212 are both turned on. As a result, the transistors T1_1
to T4_1 and T1_2 to T4_2 are all turned on. When the
series circuit 210 is in a turned-off state, the transistors
T1_1 to T4_1 and T1_2 to T4_2 are all turned off.
[0022] In this embodiment, in a normal operation state,
the switch state of the series connection group 211 and
the switch state of the series connection group 212 may
be controlled by a control circuit 220. The control circuit
220 is coupled to the control node NDC1 and the control
node NDC2. The control circuit 220 provides a control
signal SC1 to the control node NDC1, and provides a
control signal SC2 to the control node NDC2. For exam-
ple, the control circuit 220 includes control signal gener-
ators 221 and 222. The control signal generator 221 is
coupled to the control node NDC1. The control signal
generator 222 is coupled to the control node NDC2. The

control signal generator 221 generates the control signal
SC1, and provides the control signal SC1 to the control
node NDC1. The control signal generator 222 generates
the control signal SC2, and provides the control signal
SC2 to the control node NDC2. In this embodiment, the
voltage of the control signal SC1 and the voltage of the
control signal SC2 are both higher than the thresholds
of the transistors T1_1 to T4_1 and T1_2 to T4_2. In this
embodiment, to improve the capability of dissipating
ESD, the control signal generators 221, 222 each include
a respective switch driver, such as an inverter. The out-
puts of the switch drivers of the control signal generators
221, 222 are coupled to control nodes NDC1, NDC2,
respectively. In a normal operation state, the control cir-
cuit 220 is in a non-floating state, and the voltage levels
of the inputs of the switch drivers of the control signal
generators 221, 222 are defined to generate control sig-
nals SC1, SC2, respectively, so that the switch state of
the series connection group 211 and the switch state of
the series connection group 212 are controlled by the
control circuit 220; when an ESD event occurs, the control
circuit 220 is in a floating state, and the voltage levels of
the inputs of the switch drivers of the signal generators
221, 222 are floating.
[0023] In this embodiment, the control circuit 220 may
be disposed in the radio frequency switch circuit 100 as
shown in FIG. 2. In some embodiments, the control circuit
220 may be an external control circuit connected to the
radio frequency switch circuit 100. For example, the ex-
ternal control circuit may be a bias circuit.
[0024] In this embodiment, when an ESD event occurs,
the voltage at the control node NDC1 is different from
the voltage at the control node NDC2. For example, an
ESD event is used to test ESD withstand ability of the
radio frequency switch circuit 100. When an ESD event
occurs, the control circuit 220 is in a floating state. As a
result, the control signals SC1 and SC2 are also in a
floating state. At this time, ESD enters the common node
PC2 from a transmitting terminal TP2. An ESD voltage
VESD is transmitted to the control terminal of the tran-
sistor T1_1 through the parasitic capacitive coupling of
the transistor T1_1. In addition, the ESD voltage VESD
is also transmitted to the control terminals of the transis-
tors T2_1 to T4_1 through the control node NDC1. As a
result, the voltage at the control node NDC1 and voltages
VG1 to VG4 at the control terminals of the transistors
T1_1 to T4_1 are substantially equal to the ESD voltage
VESD. In this embodiment, a voltage VS4 at the second
terminal of the transistor T4_1 is transmitted to the control
terminal of the transistor T1_2 through the parasitic ca-
pacitive coupling of the transistor T1_2. As a result, the
voltage at the control node NDC2 and voltages VG5 to
VG8 at the control terminals of the transistors T1_2 to
T4_2 are substantially equal to the voltage VS4.
[0025] Taking this embodiment as an example, based
on the voltage division operation of the transistors T1_1
to T4_1 and T1_2 to T4_2 on the ESD voltage VESD,
the voltage VS4 is substantially equal to the intermediate
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voltage of ESD. The intermediate voltage of ESD is equal
to a half of the ESD voltage VESD. The intermediate
voltage of ESD is transmitted to the control terminal of
the transistor T1_2 through the parasitic capacitive cou-
pling of the transistor T1_2. As a result, the voltage at
the control node NDC2 and the voltages VG5 to VG8 at
the control terminals of the transistors T1_2 to T4_2 are
substantially equal to the intermediate voltage of ESD.
As can be known, when an ESD event occurs, the voltage
at the control node NDC1 is different from the voltage at
the control node NDC2.
[0026] Taking providing the ESD voltage VESD with
an ESD energy as an example, the ESD voltage VESD
is equal to 100 V. The voltages VG1 to VG4 at the control
terminals of the transistors T1_1 to T4_1 are equal to
100 V. The voltage at the first terminal of the transistor
T1_1 is equal to 100 V. A voltage VS1 at the second
terminal of the transistor T1_1 is equal to 87.5 V. As a
result, the switching voltage of the transistor T1_1 (i.e.,
VGS1 = VG1 - VS1) is equal to 12.5 V. A voltage VS2 at
the second terminal of the transistor T2_1 is equal to 75
V. As a result, the switching voltage of the transistor T2_1
(i.e., VGS2 = VG2 - VS2) is equal to 25 V. A voltage VS3
at the second terminal of the transistor T3_1 is equal to
62.5 V. As a result, the switching voltage of the transistor
T3_1 (i.e., VGS3 = VG3 - VS3) is equal to 37.5 V. The
voltage VS4 at the second terminal of the transistor T4_1
is equal to 50 V. As a result, the switching voltage of the
transistor T4_1 (i.e., VGS4 = VG4 - VS4) is equal to 50 V.
[0027] The voltages VG5 to VG8 at the control termi-
nals of the transistors T1_2 to T4_2 are equal to 50 V. A
voltage VS5 at the second terminal of the transistor T1_2
is equal to 37.5 V. As a result, the switching voltage of
the transistor T1_2 (i.e., VGS5 = VG5 - VS5) is equal to
12.5 V. A voltage VS6 at the second terminal of the tran-
sistor T2_2 is equal to 25 V. As a result, the switching
voltage (i.e., VGS6 = VG6 - VS6) of the transistor T2_2
is equal to 25 V. A voltage VS7 at the second terminal
of the transistor T3_2 is equal to 12.5 V. As a result, the
switching voltage (i.e., VGS7 = VG7 - VS7) of the tran-
sistor T3_2 is equal to 37.5 V. A voltage VS8 at the sec-
ond terminal of the transistor T4_2 is equal to 0 V. As a
result, the switching voltage (i.e., VGS8 = VG8 - VS8) of
the transistor T4_2 is equal to 50 V.
[0028] It should be noted that when an ESD event oc-
curs, the switching voltages of the transistors T1_1 to
T4_1 and T1_2 to T4_2 range from 12.5 V to 50 V. Com-
pared with the series circuit 10 as in FIG. 1, the switching
voltages of the transistors T1_1 to T4_1 and T1_2 to
T4_2 in this embodiment are relatively uniform. The tran-
sistors T1_1 to T4_1 and T1_2 to T4_2 can perform the
same switching operation in response to ESD. As a re-
sult, the series circuit 210 can improve the capability of
dissipating ESD.
[0029] In this embodiment, the number of transistors
T1_1 to T4_1 of the series connection group 211 is equal
to the number of transistors T1_2 to T4_2 of the series
connection group 212. In this embodiment, the number

of transistors T1_1 to T4_1 of the series connection group
211 and the number of transistors T1_2 to T4_2 of the
series connection group 212 are each 4 as an example.
Nonetheless, the disclosure is not limited thereto. In
some embodiments, the number of transistors in the se-
ries connection group 211 may be close to or equal to
the number of transistors in the series connection group
212. A number difference between the number of tran-
sistors in the series connection group 211 and the
number of transistors in the series connection group 212
is less than 20% of the number of transistors in the series
connection group 211. For example, if the number of tran-
sistors in the series connection group 211 is equal to "5",
the number of transistors in the series connection group
212 is equal to "4", "5", or "6".
[0030] To ensure a relatively concentrated range of the
switching voltage ranges of the transistors in the series
connection group 211 and the transistors in the series
connection group 212 when an ESD event occurs, the
number of transistors in the series connection group 211
and the number of transistors in the series connection
group 212 are both less than "8".
[0031] In this embodiment, the series circuit 210 further
includes choke impedance elements RG1_1 to RG4_1
and RG1_2 to RG4_2. The choke impedance elements
RG1_1 to RG4_1 are each coupled between the control
terminal of a corresponding one of the transistors T1_1
to T4_1 and the control node NDC1. For example, the
choke impedance element RG1_1 is coupled between
the transistor T1_1 and the control node NDC1, the choke
impedance element RG2_1 is coupled between the tran-
sistor T2_1 and the control node NDC1, and so on. The
choke impedance elements RG1_2 to RG4_2 are each
coupled between the control terminal of a corresponding
one of the transistors T1_2 to T4_2 and the control node
NDC2. For example, the choke impedance element
RG1_2 is coupled between the transistor T1_2 and the
control node NDC2, the choke impedance element
RG2_2 is coupled between the transistor T2_2 and the
control node NDC2, and so on.
[0032] In this embodiment, the choke impedance ele-
ments RG1_1 to RG4_1 and RG1_2 to RG4_2 may each
be a resistor. In some embodiments, the choke imped-
ance elements RG1_1 to RG4_1 and RG1_2 to RG4_2
may each be an inductor or a capacitor.
[0033] For ease of description, two series connection
groups 211 and 212 are taken as an example for the
series circuit 210. Nonetheless, the disclosure is not lim-
ited to the number of series connection groups of this
embodiment. The number of series connection groups
of the series circuit 210 of the disclosure may be a plural
number.
[0034] With reference to FIG. 4, FIG. 4 is a schematic
diagram of a series circuit according to an embodiment
of the disclosure. In this embodiment, a series circuit 310
is taken to implement one of the series circuits 110_1 to
110_4 as shown in FIG. 2, for example. Taking this em-
bodiment as an example, the first terminal of the series
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circuit 310 is coupled to a common node PC2. The sec-
ond terminal of the series circuit 310 is coupled to a ref-
erence voltage end.
[0035] In this embodiment, the series circuit 310 in-
cludes series connection groups 311 to 314. The series
connection groups 311 to 314 are coupled in series to
each other. The series connection group 311 includes
transistors T1_1 and T2_1. The transistors T1_1 and
T2_1 are coupled in series to each other. Control termi-
nals of the transistors T1_1 and T2_1 are both coupled
to a control node NDC1. The series connection group
312 includes transistors T1_2 and T2_2. The transistors
T1_2 and T2_2 are coupled in series to each other. Con-
trol terminals of the transistors T1_2 and T2_2 are both
coupled to a control node NDC2. The series connection
group 313 includes transistors T1_3 and T2_3. The tran-
sistors T1_3 and T2_3 are coupled in series to each oth-
er. Control terminals of the transistors T1_3 and T2_3
are both coupled to a control node NDC3. The series
connection group 314 includes transistors T1_4 and
T2_4. The transistors T1_4 and T2_4 are coupled in se-
ries to each other. Control terminals of the transistors
T1_4 and T2_4 are both coupled to a control node NDC4.
[0036] In this embodiment, the transistors T1_1, T2_1,
T1_2, T2_2, T1_3, T2_3, T1_4, and T2_4 are implement-
ed by N-type transistors. The transistors T1_1, T2_1,
T1_2, T2_2, T1_3, T2_3, T1_4, and T2_4 are N-type
MOSFETs, for example. The transistors T1_1, T2_1,
T1_2, T2_2, T1_3,T2_3, T1_4, and T2_4 have the same
design size (for example, the same channel width to
length ratio). As a result, the series connection groups
311 to 314 have the same design size.
[0037] In a normal operation state, switch states of the
series connection groups 311 to 314 are same as each
other. In this embodiment, when the series circuit 310 is
in a turned-on state, the series connection groups 311
to 314 are all turned on. When the series circuit 310 is in
a turned-off state, all the series connection groups 311
to 314 are turned off.
[0038] In this embodiment, when an ESD event occurs,
the voltages at the control nodes NDC1 to NDC4 are
different from each other. For example, when an ESD
event occurs, an ESD voltage VESD is transmitted to the
control terminal of the transistor T1_1 through capacitive
coupling. In addition, the ESD voltage VESD is also trans-
mitted to the control terminal of the transistor T2_1
through the control node NDC1. As a result, the voltage
at the control node NDC1 and voltages VG1 and VG2 at
the control terminals of the transistors T1_1 and T2_1
are substantially equal to the ESD voltage VESD. Based
on the voltage division operation of the transistors T1_1
to T4_1 and T1_2 to T4_2 on the ESD voltage VESD,
the voltage at the control node NDC2 and voltages VG3
and VG4 at the control terminals of the transistors T1_2
and T2_2 are substantially equal to 75% of the ESD volt-
age VESD. The voltage at the control node NDC3 and
voltages VG5 and VG6 at the control terminals of the
transistors T1_3 and T2_3 are substantially equal to 50%

of the ESD voltage VESD. In addition, the voltage at the
control node NDC4 and voltages VG7 and VG8 at the
control terminals of the transistors T1_4 and T2_4 are
substantially equal to 25% of the ESD voltage VESD.
[0039] For example, the ESD voltage VESD is equal
to 100 V. The voltages VG1 and VG2 at the control ter-
minals of the transistors T1_1 and T2_1 are equal to 100
V. A voltage VS1 at the second terminal of the transistor
T1_1 is equal to 87.5 V. As a result, the switching voltage
of the transistor T1_1 (i.e., VGS1 = VG1 - VS1) is equal
to 12.5 V. A voltage VS2 at the second terminal of the
transistor T2_1 is equal to 75 V. As a result, the switching
voltage of the transistor T2_1 (i.e., VGS2 = VG2 - VS2)
is equal to 25 V.
[0040] The voltages VG3 and VG4 at the control ter-
minals of the transistors T1_2 and T2_2 are equal to 75
V. A voltage VS3 at the second terminal of the transistor
T1_2 is equal to 62.5 V. As a result, the switching voltage
of the transistor T1_2 (i.e., VGS3 = VG3 - VS3) is equal
to 12.5 V. A voltage VS4 at the second terminal of the
transistor T2_2 is equal to 50 V. As a result, the switching
voltage (i.e., VGS4 = VG4 - VS4) of the transistor T2_2
is equal to 25 V.
[0041] The voltages VG5 and VG6 at the control ter-
minals of the transistors T1_3 and T2_3 are equal to 50
V. A voltage VS5 at the second terminal of the transistor
T1_3 is equal to 37.5 V. As a result, the switching voltage
of the transistor T1_3 (i.e., VGS5 = VG5 - VS5) is equal
to 12.5 V. A voltage VS6 at the second terminal of the
transistor T2_3 is equal to 25 V. As a result, the switching
voltage (i.e., VGS6 = VG6 - VS6) of the transistor T2_3
is equal to 25 V.
[0042] The voltages VG7 and VG8 at the control ter-
minals of the transistors T1_4 and T2_4 are equal to 25
V. A voltage VS7 at the second terminal of the transistor
T1_4 is equal to 12.5 V. As a result, the switching voltage
(i.e., VGS7 = VG7 - VS7) of the transistor T1_4 is equal
to 12.5 V. A voltage VS8 at the second terminal of the
transistor T2_4 is equal to 0 V. As a result, the switching
voltage (i.e., VGS8 = VG8 - VS8) of the transistor T2_4
is equal to 25 V.
[0043] It should be noted that when an ESD event oc-
curs, the switching voltages of the transistors T1_1,
T2_1, T1_2, T2_2, T1_3,T2_3, T1_4, and T2_4 range
from 12.5 V to 25 V. Compared with the series circuit 10
as in FIG. 1, the plurality of switching voltages in this
embodiment are relatively uniform. The transistors T1_1,
T2_1, T1_2, T2_2, T1_3,T2_3, T1_4, and T2_4 can per-
form the same switching operation in response to the
voltage transient changes of ESD. As a result, the series
circuit 310 can improve the capability of dissipating ESD.
[0044] With reference to FIG. 5, FIG. 5 is a schematic
diagram of a series circuit according to an embodiment
of the disclosure. In this embodiment, a series circuit 410
is taken to implement one of the series circuits 110_1 to
110_4 as shown in FIG. 2, for example. In this embodi-
ment, the series circuit 410 includes series connection
groups 411 and 412, choke impedance elements RG1_1
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to RG4_1 and RG1_2 to RG4_2, and matching resistors
RM1 to RM8. The series connection groups 411 and 412
are coupled in series to each other. The series connection
group 411 includes transistors T1_1 to T4_1. The tran-
sistors T1_1 to T4_1 are coupled in series to each other.
The series connection group 412 includes transistors
T1_2 to T4_2. The transistors T1_2 to T4_2 are coupled
in series to each other. Control terminals of the transistors
T1_1 to T4_1 are all coupled to a control node NDC1.
Control terminals of the transistors T1_2 to T4_2 are all
coupled to a control node NDC2.
[0045] In this embodiment, the matching resistors RM1
to RM4 are each coupled between the first terminal and
the second terminal of a corresponding one of the tran-
sistors T1_1 to T4_1. For example, the matching resistor
RM1 is coupled between the first terminal and the second
terminal of the transistor T1_1, the matching resistor RM2
is coupled between the first terminal and the second ter-
minal of the transistor T2_1, and so on. The matching
resistors RM5 to RM8 are each coupled between the first
terminal and the second terminal of a corresponding one
of the transistors T1_2 to T4_2. For example, the match-
ing resistor RM5 is coupled between the first terminal
and the second terminal of the transistor T1_2, the match-
ing resistor RM6 is coupled between the first terminal
and the second terminal of the transistor T2_2, and so
on. In other words, the matching resistors RM1 to RM8
are coupled in parallel to the corresponding ones of the
transistors T1_1 to T4_1 and T1_2 to T4_2 in a one-to-
one correspondence.
[0046] In this embodiment, when an ESD event occurs,
teachings on the operation mode of the series circuit 410
may be sufficiently obtained from the embodiment of FIG.
3, and is thus not repeatedly described here. The tran-
sistors T1_1 to T4_1 and T1_2 to T4_2 can perform the
same switching operation in response to the voltage tran-
sient changes of ESD.
[0047] In this embodiment, the series resistance of the
matching resistors RM1 to RM4 is substantially the same
as the series resistance of the matching resistors RM1
to RM8. For example, the respective resistances of the
matching resistors RM1 to RM8 may be designed to be
substantially the same. The resistances of the matching
resistors RM1 to RM8 are each 50 kiloohms (kS2), for
example. In some embodiments, the error of the respec-
tive resistances of the matching resistors RM1 to RM8
may be regulated. For example, the error of the respec-
tive resistances of the matching resistors RM1 to RM8
is regulated to be less than 20% (e.g., 50 kS2 6 10%).
[0048] When an ESD event occurs, an ESD voltage
VESD may be insufficient to turn on the transistors T1_1
to T4_1 and T1_2 to T4_2. As a result, in the case where
the transistors T1_1 to T4_1 and T1_2 to T4_2 are not
turned on, the matching resistors RM1 to RM8 may per-
form a voltage division operation on the ESD voltage
VESD. In addition, in the case where the ESD voltage
VESD is insufficient, the matching resistors RM1 to RM8
can consume the electric power of ESD.

[0049] In a normal operation state, the transistors T1_1
to T4_1 and T1_2 to T4_2 are all turned off. As a result,
the series circuit 410 utilizes the resistances of the match-
ing resistors RM1 to RM8 to provide a matching imped-
ance. Comparatively, when the series connection groups
411 and 412 are turned on, the transistors T1_1 to T4_1
and T1_2 to T4_2 are all turned on. The matching resis-
tors RM1 to RM8 are bypassed. As a result, the series
circuit 410 has a low impedance.
[0050] In summary of the foregoing, the series circuit
includes the first series connection group and the second
series connection group. The control terminals of the plu-
rality of first transistors of the first series connection group
are all coupled to the first control node. The control ter-
minals of the plurality of second transistors of the second
series connection group are all coupled to the second
control node. When an ESD event occurs, the voltage at
the first control node is different from the voltage at the
second control node. When an ESD event occurs, the
first series connection group and the second series con-
nection group commonly form a dissipating path for dis-
charge, and the switching voltages of the plurality of first
transistors and the plurality of second transistors are rel-
atively close. The plurality of first transistors and the plu-
rality of second transistors can perform the same switch-
ing operation in response to ESD. In this way, the radio
frequency switch circuit can improve the capability of dis-
sipating ESD.
[0051] 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
variations provided that they fall within the scope of the
following claims and their equivalents.

Claims

1. A radio frequency switch circuit (100) comprising:

a series circuit (110_1 to 110_4, 210, 310, 410)
comprising:

a first series connection group (211, 311,
411) comprising a plurality of first transistors
(T1_1 to T4_1); and
a second series connection group (212,
312, 412) comprising a plurality of second
transistors (T1_2 to T4_2),

wherein control terminals of the first transistors
(T1_1 to T4_1) are all coupled to a first control
node (NDC1),
wherein control terminals of the second transis-
tors (T1_2 to T4_2) are all coupled to a second
control node (NDC2),
wherein when an electrostatic discharge event
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occurs, a voltage at the first control node (NDC1)
is different from a voltage at the second control
node (NDC2), and
wherein in a normal operation state, a switch
state of the first series connection group (211,
311, 411) and a switch state of the second series
connection group (212, 312, 412) are the same
as each other.

2. The radio frequency switch circuit (100) according
to claim 1, further comprising:

a first transmitting terminal (TP1) coupled to a
first common node (PC1); and
a second transmitting terminal (TP2) coupled to
a second common node (PC2), wherein the sec-
ond transmitting terminal (TP2) forms a first
transmission path (P1) with the first transmitting
terminal (TP1) through the second common
node (PC2) and the first common node (PC1),
wherein a first terminal of the series circuit
(110_1, 110_2) is coupled to the second com-
mon node (PC2).

3. The radio frequency switch circuit (100) according
to claim 2, wherein a second terminal of the series
circuit (110_2) is coupled to the first common node
(PC1) or a reference voltage end.

4. The radio frequency switch circuit (100) according
to claim 1, wherein a number difference between the
number of the first transistors (T1_1 to T4_1) and
the number of the second transistors (T1_2 to T4_2)
is less than 20% of the number of the first transistors
(T1_1 to T4_1).

5. The radio frequency switch circuit (100) according
to claim 1, wherein the number of the first transistors
(T1_1 to T4_1) is equal to the number of the second
transistors (T1_2 to T4_2).

6. The radio frequency switch circuit (100) according
to claim 1, wherein the number of the first transistors
(T1_1 to T4_1) and the number of the second tran-
sistors (T1_2 to T4_2) are both less than 8.

7. The radio frequency switch circuit (100) according
to claim 1, wherein the series circuit further compris-
es:

a plurality of first matching resistors (RM1_1 to
RM4_1) each coupled between a first terminal
and a second terminal of a corresponding one
of the first transistors (T1_1 to T4_1); and
a plurality of second matching resistors (RM1_2
to RM4_2) each coupled between a first terminal
and a second terminal of a corresponding one
of the second transistors (T1_2 to T4_2).

8. The radio frequency switch circuit (100) according
to claim 7, wherein a series resistance of the first
matching resistors (RM1_1 to RM4_1) is the same
as a series resistance of the second matching resis-
tors (RM1_2 to RM4_2).

9. The radio frequency switch circuit (100) according
to claim 7, wherein an error of resistances of the first
matching resistors (RM1_1 to RM4_1) and an error
of resistances of the second matching resistors
(RM1_2 to RM4_2) are less than 20%.

10. The radio frequency switch circuit (100) according
to claim 1, wherein the series circuit (210, 310, 410)
further comprises:

a plurality of first choke impedance elements
(RG1_1 to RG4_1) each coupled between the
control terminal of a corresponding one of the
first transistors (T1_1 to T4_1) and the first con-
trol node (NDC1); and
a plurality of second choke impedance elements
(RG1_2 to RG4_2) each coupled between the
control terminal of a corresponding one of the
second transistors (T1_2 to T4_2) and the sec-
ond control node (NDC2).

11. The radio frequency switch circuit (100) according
to claim 1, wherein:

when the first series connection group (211, 311,
411) is in a turned-off state, the first transistors
(T1_1 to T4_1) are turned off, and
when the second series connection group (212,
312, 412) is in a turned-off state, the second
transistors (T1_2 to T4_2) are turned off.

12. The radio frequency switch circuit (100) according
to claim 1, wherein when the series circuit (110_1 to
110_4, 210, 310, 410) is turned on, the series circuit
(110_1 to 110_4, 210, 310, 410) has a low imped-
ance.

13. The radio frequency switch circuit (100) according
to claim 1, wherein the first series connection group
(211, 311, 411) and the second series connection
group (211, 311, 411) have the same design size.

14. The radio frequency switch circuit (100) according
to claim 1, further comprising a control circuit (220),
wherein the control circuit (220) comprises:

a first control signal generator (221) coupled to
the first control node (NDC1); and
a second control signal generator (222) coupled
to the second control node (NDC2).

15. The radio frequency switch circuit (100) according
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to claim 14, wherein:

in the normal operation state, the switch state
of the first series connection group (211, 311,
411) and the switch state of the second series
connection group (212, 312, 412) are controlled
by the control circuit (220), wherein the first con-
trol signal generator (221) provides a first control
signal (SC1) to the first control node (NDC1),
and the second control signal generator (222)
provides a second control signal (SC2) to the
second control node (NDC2); and
when the electrostatic discharge event occurs,
the control circuit (220) is in a floating state.
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