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1
ESD PROTECTION CIRCUIT

FIELD OF DISCLOSURE

The disclosed systems and methods relate to integrated
circuits. More specifically, the disclosed systems and meth-
ods relate to integrated circuits with improved electrostatic
discharge (ESD) protection circuits.

BACKGROUND

With the continued miniaturization of integrated circuit
(IC) devices, the current trend is to produce integrated circuits
having shallower junction depths, thinner gate oxides,
lightly-doped drain (LDD) structures, shallow trench isola-
tion (STI) structures, and self-aligned silicide (salicide) pro-
cesses, all of which are used in advanced sub-quarter-micron
complementary metal oxide semiconductor (CMOS) tech-
nologies. All of these processes cause the related CMOS IC
products to become more susceptible to damage due to ESD
events. Therefore, ESD protection circuits are built onto the
chip to protect the devices and circuits on the IC from ESD
damage. ESD protection circuits are typically provided for
input/output (“I/O”) pads. However, conventional ESD pro-
tection circuits cause undesirable signal losses.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a block diagram of an integrated circuit
including internal circuitry and ESD protection circuitry.

FIG. 2 illustrates one example of an improved ESD pro-
tection circuit.

FIG. 3A-3C illustrate embodiments of protection devices
in accordance with the ESD protection circuit illustrated in
FIG. 2.

FIG. 4A-4C illustrate embodiments of ESD protection cir-
cuits in accordance with the ESD protection circuit illustrated
in FIG. 2 and the protection devices illustrated in FIGS.
3A-3C.

FIG. 5 is a flow diagram of one example of a method of
providing ESD protection.

FIGS. 6 A-6D are eye diagrams generated in response to a
signal received at a first data rate when ESD protection
devices have various capacitances.

FIGS. 7A-7D are eye diagrams generated in response to a
signal received at a second data rate when ESD protection
devices have various capacitances.

DETAILED DESCRIPTION

This description of the exemplary embodiments is
intended to be read in connection with the accompanying
drawings, which are to be considered part of the entire written
description.

The improved electrostatic discharge (“ESD”) circuits dis-
closed herein advantageously protect high-speed circuits
(e.g., circuits having data rates of 10 Gb/s and beyond and
operating frequencies of greater than one gigahertz) with
reduced signal loss.

FIG. 1 illustrates an integrated circuit 100 including an
internal circuitry 102 disposed between an input pad 104, and
an output pad 106. ESD protection circuitry 108 is disposed
between the internal circuit(s) 102 and the input pad 104 as
well as between the internal circuit(s) 102 and the output pad
106.

FIG. 2 illustrates one example of the equivalent circuit of
an improved ESD protection circuit 108. As shown in FIG. 2,
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ESD protection circuit 108 includes a pair of inductors 110,
112 and a plurality of distributed protection devices 114-1,
114-2, and 114-3 (“protection devices 114”) coupled to
inductors 110, 112 and disposed in parallel with one another
and with a resistance 122. In particular, inductor 110 is
coupled to inductor 112 at node 116, which is also coupled to
protective device 114-2 and serves as the output node of
protection circuit 108. Inductor 110 is also coupled to receive
input voltage, VIN, from voltage source node 104 through a
resistance, Rs, which may be the poly or substrate resistance
as described in more detail below. Protection device 114-1 is
coupled to node 118, which is also coupled to inductor 110.
Inductor 112 is coupled to node 120, which is coupled to
protection device 114-3 and to a resistor 122. A parasitic
capacitance Cp is coupled to nodes 118 and 120 in parallel
with inductors 110 and 112. Although three distributed pro-
tection devices 114 are shown in FIG. 2, one skilled in the art
will understand that fewer or more protection devices 114
may be implemented.

Protection devices 114 may be implemented as a variety of
devices having different capacitances. For example, protec-
tion devices 114 may be implemented as a diode, a n-type
metal oxide semiconductor NMOS) transistor having its gate
grounded (GGNMOS), or as a silicon-controlled rectifier
(SCR), to name a few examples. In some embodiments, pro-
tection devices 114 are implemented such that the protection
device directly coupled to output node 116, e.g., protection
device 114, has a greater capacitance than the other protection
devices, e.g., protection devices 114-1 and 114-3. One skilled
in the art will understand that other designs may be imple-
mented such that each of the protection devices 114 are of
equal capacitance or other protection devices 114 have
greater capacitances than the protection device directly
coupled to output node 116.

FIG.3A is a cross-sectional view of one example of'a diode
200 that may be implemented as a protection device 114. As
shown in FIG. 3A, diode 200 may include a p-type substrate
202 in which p-well 204 is formed. Although diode 200 is
described as being formed in a p-type substrate 202 and a
p-well 204, one skilled in the art will understand that diode
200 may be formed in n-type substrates and n-wells.

A doped N+ area 206 and a doped P+ area 208 are formed
in an upper surface of p-well 204 and are separated by shal-
low-trench isolation regions 210 that are formed in the upper
area of p-well 204 and p-type substrate 202. N+ area 206 is
configured to operate as the cathode of diode 200, and P+ area
208 is configured to operate as the anode of diode 200 such
that current flows from P+ area 208 to N+ area 206.

FIG. 3B is a cross-sectional view of an example of a GGN-
MOS 220 that may be implemented as a protection device
114. As shown in FIG. 3B, GGNMOS 220 includes a p-type
substrate 222 in which p-well 224 is formed. Although GGN-
MOS 220 is described as being formed in a p-type substrate
222 and a p-well 224, one skilled in the art will understand
that GGNMOS 220 may be formed in n-type substrates and
n-wells.

A pair of N+ regions 226 and a P+ region 228 are formed in
an upper surface of p-well 224. The N+ regions 226 are
separated from P+ region 228 by STI regions 230. A gate 232
is formed over p-well 224 between N+ region 226. Gate 232
is coupled to one of the N+ areas 226 and to P+ region at node
234, which is coupled to ground, GND. Within well 224, the
structure of GGNMOS 220 forms a bipolar junction transistor
(“BJT”) 236 having its collector and emitter coupled to N+
areas 226 and its base coupled to P+ region 228 through
p-well 226 having a resistance represented by resistor 238.
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FIG. 3C is a cross-sectional view of an SCR 250 that may
be used as a protection device 114. As shown in FIG.3C, SCR
250 includes a p-type substrate 252 in which a p-well 254 and
an n-well 256 are formed. Although SCR 250 is described as
being formed in a p-type substrate 252 and a p-well 254, one
skilled in the art will understand that SCR 250 may be formed
in n-type substrates and n-wells.

N+ area 258-1 and P+ area 260-1 are formed in the upper
surface of n-well 256, and N+ area 258-2 and P+ area 260-2
are formed in the upper surface of p-well 254. ST regions 262
are formed in the upper areas of p-well 254 and n-well 256
and are disposed between adjacent N+ regions 258 and P+
regions 260. N+ region 258-1 and P+ region 260-1 are
coupled together at node 264, and N+ region 256-2 and P+
region 258-2 are coupled together at node 266.

ABIT 270 is effectively formed within p-well 254 with N+
areas 258 serving as the collector and emitter contacts of BJT
270 and P+ area 260-2 serving as the base contact of BIT 270.
BJT 272 is effectively formed within n-well 256 with P+ areas
260 serving as the collector and emitter contacts and N+ area
258-1 serving as the base contact. The poly or substrate resis-
tances are shown as resistors 272 and 274.

FIG. 4A illustrates one example of an integrated circuit
100A that includes ESD protection circuitry 108 in which
protection devices 114 include diodes 200 as shown in accor-
dance with FIG. 3A. Integrated circuit 100 A includes internal
circuit(s) 102 coupled between high and low power supply
rails or nodes, which may be respectively set at VDD and
VSS. Internal circuit(s) 102 receives an input signal from
input terminal 104, which is coupled to internal circuit(s)
through ESD protection circuit 108A. An ESD power clamp
124 may be coupled in parallel with internal circuit(s) 102
between the high and low power supply nodes.

ESD protection circuit includes inductors 110 and 112 that
are coupled together in series. Inductor 110 is coupled to node
118, which is coupled to input terminal 104 and to diodes
200-1 and 201-1 of protection device 114-1. In particular, the
anode of diode 200-1, e.g., P+ region 208, is coupled to VSS,
and the cathode of diode 200-1, e.g., N+ region 206, is
coupled to node 118. Node 118 is also coupled to the anode of
diode 201-1, which has its cathode coupled to VDD. Diode
201-1 may have a cross-sectional area that is similar to the
cross-sectional area of diode 200 shown in FIG. 3A except
that diode 201 is configured as a p-type diode whereas diode
200 is configured as an n-type diode as will be understood by
one skilled in the art.

Inductor 110 is coupled to inductor 112 at node 116, which
is also coupled to diodes 200-2, 201-2 of protection device
114-2 and to internal circuit(s) 102. Diode 200-2 has its anode
coupled to VSS and its cathode coupled to node 116, and
diode 201-2 has its anode coupled to node 116 and its cathode
coupled to VDD.

Inductor 112 is also coupled to node 120 to which diodes
200-3 and 201-3 of protection device 114-3 and resistor 122
are coupled. The anode of diode 200-3 is coupled to the low
voltage supply set at VSS, and the cathode of diode 200-3 is
coupled to node 120. The anode of diode 201-3 is coupled to
node 120, and the cathode of diode 201-3 is coupled to the
high voltage power supply set at VDD. Resistor 122 is
coupled to node 120 and to VSS in parallel with diode 200-3.

FIG. 4B illustrates one example of an integrated circuit
100B that includes ESD protection circuitry 108 in which
protection devices 114 include transistors 220, 221. Inte-
grated circuit 100B includes internal circuit(s) 102 coupled
between high and low power supply rails, which may be
respectively set at VDD and VSS. Internal circuit(s) 102
receives an input signal from input terminal 104, which is

5

10

15

20

25

30

35

40

45

50

55

60

65

4

coupled to internal circuit(s) through ESD protection circuit
108B. An ESD power clamp 124 may be coupled in parallel
with internal circuit(s) 102 between the high and low power
supply nodes.

Transistor 220-1 of protection device 114-1 is an NMOS
transistor in accordance with FIG. 3B having its source and
gate, e.g., node 234 in FIG. 3B, both coupled to VSS. The
drain of transistor 220-1, e.g., N+ region 226, is coupled to
node 118, which is coupled to input node 104, transistor
221-1, and node 116. Transistor 221-1 of transistor 114-1 is a
PMOS transistor having a similar cross-sectional configura-
tion as transistor 220-1 shown in FIG. 3B except that transis-
tor 221-1 is configured as a PMOS instead of as an NMOS
transistor. The drain of transistor 221-1 is coupled to node
118, and the source and gate of transistor 221-1 are coupled to
VDD.

Inductors 110 and 112 are coupled together at node 116,
whichis also coupled to transistors 220-2, 221-2 of protection
device 114-2 and to internal circuit(s) 102. Transistor 220-2
has its source and gate coupled to ground or VSS and its drain
coupled node 116. The gate and source of transistor 221-2 are
both coupled to VDD, and the drain of transistor 221-2 is
coupled to node 116. Node 120 is coupled to resistor 122, to
the drains of transistors 220-3 and 221-3 of protection device
114-3. The source and gate of transistor 220-3 are coupled to
a low voltage supply, such as VSS or ground, and the source
and gate of transistor 221-3 are coupled to a high voltage
supply, such as to VDD.

FIG. 4C illustrates one example of an integrated circuit
100C that includes ESD protection circuitry 108 in which
protection devices 114 include SCRs 250 in accordance with
FIG. 4C. As shown in FIG. 4C, SCRs 250-1 and 250-2 of
protection device 114-1 are coupled to node 118 to which
input terminal 104 and inductor 110 are coupled. An ESD
power clamp 124 may be coupled in parallel with internal
circuit(s) 102 between the high and low power supply nodes.

N+ region 258-1 of SCR 250-1 is coupled to VSS and to
p-well 254-1, which is also coupled to n-well 256-1. P+
region 260-1 of SCR 250-1 is coupled to n-well 256-1 and to
node 118. SCR 250-2 has an N+ region 258-2 coupled to node
118 and to p-well 254-2. P-well 254-2 is coupled to P+ region
260-2 through n-well 256-2. P+ region is coupled between
n-well 256-2 and VDD.

Inductor 110 is coupled to inductor 112 at node 116 to
which SCR 250-3, SCR 250-4 of protection device 114-2, and
internal circuit(s) 102 are coupled. SCR 250-3 is disposed
between VSS and node 116 such that N+ region 258-3 is
coupled to VSS and to p-well 254-3. N-well 256-3 is coupled
such that it is disposed between p-well 254-3 and P+ region
260-3, which is coupled to node 116. SCR 250-4 is configured
such that N+ region 116 is directly coupled to node 116 and to
p-well 254-4 and P+ region 260-4 is directly coupled to VDD
and to n-well 256-4.

Inductor 112, SCRs 250-5 and 250-6 of protection device
114-3, and resistor 122 are coupled together at node 120.
Node 120 is coupled to ground through P+ region 260-5,
n-well 256-5, p-well 254-5, and N+ region 258-5 of SCR
250-5. N+ region 258-6 of SCR 250-6 is coupled between
node 120 and p-well 254-6 of SCR 250-6. N-well 256-6 is
disposed between p-well 254-6 and P+ region 260-6, which is
coupled to VDD.

Although FIGS. 4A-4C illustrate embodiments in which
each ESD protection device 114 is implemented as a same
type of protection device, e.g., as diodes 200, transistors 220,
or as SCRs 250, one skilled in the art will understand that ESD
protection circuit 108 may include different types of protec-
tion devices 114, e.g., as diodes 200, transistors 220, and/or
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5
SCRs 250. The operation of the integrated circuit 100 includ-
ing improved ESD protection circuit 108 is described with
reference to FIG. 5, which is a flow diagram of one example
of'a method 500 of providing ESD protection.

Atblock 502, an oscillating or periodic input signal (e.g., a
radio frequency “RF” signal) is received at input node 104.
During normal high-frequency operation (e.g., frequencies at
or above 1 GHz) at block 504, the oscillating input signal is
passed to internal circuit(s) 102 with reduced signal loss
attributable to ESD protection circuitry.

Atblock 506, ESD protection circuitry provides a pathway
for ESD current to flow to ground away from internal circuit
(s) 102. As will be understood by one skilled in the art, the
high current generated in response to an ESD event between
power rails VDD and VSS is channeled away from internal
circuit(s) by ESD protection devices 114.

The improved signal loss characteristics provided by ESD
protection circuit 108 is apparent in the various eye diagrams
shown in FIGS. 6 A-6D and 7A-7D. The eye diagram shown
in FIG. 6A was obtained in response to a data rate of 40 Gb/s
second being received at node 116 with the capacitance
across ESD protection device 114-1, C,,, ,, being 50 {F, the
capacitance across ESD protection device or internal circuit
114-2, C,, 4 ,, being 300 fF, and the capacitance across ESD
protection device 114-3, C, |, 5, being 50 {F such that the total
capacitance, C,_,,;, is 400 fF. Accordingly, the capacitance of
protection device 114-2 directly coupled to output node 116 is
greater than a capacitance of protection device 114-1 and
protection device 114-3, which are respectively coupled to
output node 116 through inductors 110 and 112. The eye of
FIG. 6 A has a width of 24 ps and a height of 0.35 V.

The eye diagram shown in FIG. 6B was obtained using the
same data rate as the data rate used to generate the eye dia-
gram in FIG. 6A (i.e., 40 Gb/s) and doubling the capacitance
values of protection devices 114. The width of the eye in FI1G.
6B is approximately 20.8 ps with a height of approximately
0.21 V with, C,,, =100 fF, C,,, ,=600 {F, C,,, ;=100 {F,
and C,,,,~800 {F.

FIGS. 6C and 6D are eye diagrams obtained with the same
total capacitances as the capacitances in FIGS. 6A and 6B,
respectively, i.e., C,,,;/=400 fF and C,,, =800 fF, but with
different distributions of the capacitances, in response to a
signal received with the same data rate (i.e., 40 Gb/s). For
example, the eye diagram in FIG. 6C was generated with
C,./~400 fF with C, , =0 fF, C, ,,=300 {F, and C,
3=100 {F, and the eye diagram in FIG. 6D was generated with
C,./ =800 fF with C, , =0 {F, C, ,,=600 {F, and C, .,
3=200 fF. The width of the eye in FIG. 6C is approximately 24
ps with a height of approximately 0.35 V, and the width of the
eye in the eye diagram shown in FIG. 6D is approximately
21.3 ps with a height 0£ 0.24 V.

The eye diagrams in FIGS. 7A-7D have the same respec-
tive capacitance and capacitance distributions as their coun-
terparts in FIGS. 6A-6D, but are generated at node 116 in
response to a data rate of 60 Gb/s. Referring first to FIG. 7A,
the eye of the eye diagram has a width of 15.5 ps and a height
0f 033V with C,,,,~400 fF when C, , ;=50 {F, C, , ,=300
fF, and C,,, ;=50 fF. When the capacitances of the ESD
protection devices 114 are doubled, i.e.,C,,, ,=100 {F, C,,,_
2=600 {F, and C,,, ;=100 fF, the width of the eye of the eye
diagram in FI1G. 7B is approximately 12.3 ps and the height of
the eye is approximately 0.14 V.

The eye diagram in FIG. 7C, which is generated with
C,14.,=01fF,C,,, ,=3001F, and C,,, ;=100 {F, has a width of
15.7 ps and a height of =0.3 V. When the capacitances of ESD
protection devices 114 are doubled, i.e., C,,,,=0 fF, C,,,
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2=600 {F, and C, |, ;=200 {F, the width of the eye is approxi-
mately 13.2 ps and the height of the eye is approximately 0.2
V.

As described above, the improved ESD circuits advanta-
geously protect high-speed circuits (e.g., circuits having data
rates of 10 Gb/s and beyond and operating frequencies of
greater than one gigahertz) with reduced signal loss.

In some embodiments, an electrostatic discharge protec-
tion circuit includes an input node coupled to receive an input
signal and an output node coupled to output the input signal to
aninternal circuit. A first inductor is coupled to the input node
and to the output node, and a second inductor is coupled to the
output node and to a first power supply node through a resis-
tance. A plurality of protection devices are coupled to the first
and second inductors and are disposed in parallel with each
other.

In some embodiments, a method includes receiving an
oscillating signal at an input node coupled to an electrostatic
discharge protection. The electrostatic discharge protection
circuit includes a first inductor coupled to the input node and
to an output node, a second inductor coupled to the output
node and to a first power supply node through a resistance,
and a plurality of protection devices coupled to the first and
second inductors and disposed in parallel with each other. The
input signal is output to a circuit coupled to the output node.
A channel is provided to channel for current away from the
circuit during an electrostatic discharge event.

In some embodiments, an integrated circuit includes inter-
nal circuitry, an input node for receiving an input signal, and
an electrostatic discharge circuit coupled between the internal
circuitry and the input node. The electrostatic discharge cir-
cuit is configured to channel for current away from the inter-
nal circuitry during an electrostatic discharge event and
includes a first inductor coupled to the input node and to an
output node that is coupled to the internal circuitry, a second
inductor coupled to the output node and to a first power
supply node through a resistance, and a plurality of protection
devices coupled to the first and second inductors and disposed
in parallel with each other.

Although the invention has been described in terms of
exemplary embodiments, it is not limited thereto. Rather, the
appended claims should be construed broadly, to include
other variants and embodiments of the invention, which may
be made by those skilled in the art without departing from the
scope and range of equivalents of the invention.

What is claimed is:

1. An electrostatic discharge protection circuit comprising:

an input node of an integrated circuit configured to electri-
cally receive an electrostatic discharge event and to
receive an input signal;

an output node coupled to output the input signal to an
internal circuit of the integrated circuit;

a first inductor coupled to the input node and to the output
node;

a second inductor disposed in series with the first inductor
and coupled to the output node and to a first power
supply node through a resistance; and

a plurality of protection devices coupled to the first and
second inductors and disposed in parallel with each
other,

wherein the electrostatic discharge protection circuit is
configured to protect the internal circuit from the elec-
trostatic discharge event.

2. The electrostatic discharge circuit of claim 1, wherein

the plurality of protection devices includes at least one of a
diode, a transistor, and a silicon-controlled rectifier.



US 8,854,778 B2

7

3. The electrostatic discharge circuit of claim 2, wherein

the transistor includes a gate-grounded NMOS transistor.

4. The electrostatic discharge circuit of claim 1, wherein

the plurality of protection devices include:

afirst protection device coupled to the input node and to the
first power supply node;

a second protection device coupled to the output node and
to the first power supply node; and

a third protection device coupled to the first power supply
node and to a first node to which the second inductor and
the resistance are coupled.

5. The electrostatic discharge circuit of claim 4, wherein

the first protection device includes:

a first diode having an anode coupled to the first power
supply node and a cathode coupled to the input node,
and

a second diode having an anode coupled to the input
node and a cathode coupled to a second power supply
line;

the second protection device includes:

a third diode having an anode coupled to the first power
supply node and a cathode coupled to the output node,
and

a fourth diode having an anode coupled to the output
node and a cathode coupled to the second power sup-
ply node; and

the third protection device includes:

a fifth diode having an anode coupled to the first power
supply node and a cathode coupled to the first node,
and

a sixth diode having an anode coupled to the first node
and a cathode coupled to the second power supply
node.

6. The electrostatic discharge circuit of claim 4, wherein
the first protection device includes:

a first transistor of a first type having a drain coupled to
the input node and a source and a gate coupled to the
first power supply node, and

a first transistor of a second type having a drain coupled
to the input node and a source and a gate coupled to a
second power supply node;

the second protection device includes:

a second transistor of the first type having a drain
coupled to the output node and a source and a gate
coupled to the first power supply node, and

a second transistor of the second type having a drain
coupled to the output node and a source and a gate
coupled to the second power supply node; and

the third protection device includes:

a third transistor of the first type having a drain coupled
to the first node and a source and a gate coupled to the
first power supply node, and

a third transistor of the second type having a drain
coupled to the first node and a source and a gate
coupled to the second power supply node.

7. The electrostatic discharge circuit of claim 4, wherein
the first protection device includes:

a first silicon-controlled rectifier coupled between the
input node and the first power supply node, and

asecond silicon-controlled rectifier coupled between the
input node and a second power supply node;

the second protection device includes:

a third silicon-controlled rectifier coupled between the
output node and the first power supply node, and

a fourth silicon-controlled rectifier coupled between the
output node and the second power supply node; and

the third protection device includes:
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a fifth silicon-controlled rectifier coupled between the
first node and the first power supply node, and

a sixth silicon-controlled rectifier coupled between the
first node and the second power supply node.

8. The electrostatic discharge circuit of claim 4, wherein a
capacitance of the second protection device is greater than a
capacitance of the first protection device and a capacitance of
the third protection device.

9. A method, comprising:

receiving an oscillating signal at an input node of an inte-

grated circuit configured to electrically receive an elec-

trostatic coupled to an electrostatic discharge protection
circuit comprising

afirst inductor coupled to the input node and to an output
node,

a second inductor disposed in series with the first induc-
tor and coupled to the output node and to a first power
supply node through a resistance, and

a plurality of protection devices coupled to the first and
second inductors and disposed in parallel with each
other;

outputting the input signal to a circuit coupled to the output

node; and

providing a channel for current away from the circuit dur-

ing the electrostatic discharge event.

10. The method of claim 9, wherein the plurality of pro-
tection devices include:

afirst protection device coupled to the input node and to the

first power supply node;

a second protection device coupled to the output node and

to the first power supply node; and

a third protection device coupled to the first power supply

node and to a first node to which the second inductor and

the resistance are coupled.

11. The method of claim 10, wherein a capacitance of the
second protection device is greater than a capacitance of the
first protection device and a capacitance of the third protec-
tion device.

12. The method of claim 9 wherein the plurality of protec-
tion devices includes at least one of a diode, a transistor, and
a silicon-controlled rectifier.

13. An integrated circuit, comprising:

internal circuitry;

an input node for receiving an input signal and electrically

receiving an electrostatic discharge event; and

an electrostatic discharge circuit coupled between the

internal circuitry and the input node, the electrostatic
discharge circuit configured to channel for current away
from the internal circuitry during an electrostatic dis-
charge event, the electrostatic discharge circuit compris-
ing:

afirst inductor coupled to the input node and to an output
node that is coupled to the internal circuitry,

a second inductor disposed in series with the first induc-
tor and coupled to the output node and to a first power
supply node through a resistance; and

a plurality of protection devices coupled to the first and
second inductors and disposed in parallel with each
other.

14. The integrated circuit of claim 13, wherein the plurality
of protection devices include:

afirst protection device coupled to the input node and to the

first power supply node;

a second protection device coupled to the output node and

to the first power supply node; and
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a third protection device coupled to the first power supply
node and to a first node to which the second inductor and
the resistance are coupled.

15. The integrated circuit of claim 14, wherein

the first protection device includes:

a first diode having an anode coupled to the first power
supply node and a cathode coupled to the input node,
and

a second diode having an anode coupled to the input
node and a cathode coupled to a second power supply
line;

the second protection device includes:

a third diode having an anode coupled to the first power
supply node and a cathode coupled to the output node,
and

a fourth diode having an anode coupled to the output
node and a cathode coupled to the second power sup-
ply node; and

the third protection device includes:

a fifth diode having an anode coupled to the first power
supply node and a cathode coupled to the first node,
and

a sixth diode having an anode coupled to the first node
and a cathode coupled to the second power supply
node.

16. The integrated circuit of claim 14, wherein

the first protection device includes:

a first transistor of a first type having a drain coupled to
the input node and a source and a gate coupled to the
first power supply node, and

a first transistor of a second type having a drain coupled
to the input node and a source and a gate coupled to a
second power supply node;

the second protection device includes:

a second transistor of the first type having a drain
coupled to the output node and a source and a gate
coupled to the first power supply node, and
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a second transistor of the second type having a drain
coupled to the output node and a source and a gate
coupled to the second power supply node; and

the third protection device includes:

a third transistor of the first type having a drain coupled
to the first node and a source and a gate coupled to the
first power supply node, and

a third transistor of the second type having a drain
coupled to the first node and a source and a gate
coupled to the second power supply node.

17. The integrated circuit of claim 14, wherein

the first protection device includes:

a first silicon-controlled rectifier coupled between the
input node and the first power supply node, and

asecond silicon-controlled rectifier coupled between the
input node and a second power supply node;

the second protection device includes:

a third silicon-controlled rectifier coupled between the
output node and the first power supply node, and

a fourth silicon-controlled rectifier coupled between the
output node and the second power supply node; and

the third protection device includes:

a fifth silicon-controlled rectifier coupled between the
first node and the first power supply node, and

a sixth silicon-controlled rectifier coupled between the
first node and the second power supply node.

18. The integrated circuit of claim 14, wherein a capaci-
tance of the second protection device is greater than a capaci-
tance of the first protection device and a capacitance of the
third protection device.

19. The integrated circuit of claim 13, wherein the plurality
of protection devices includes at least one of a diode, a tran-
sistor, and a silicon-controlled rectifier.

20. The integrated circuit of claim 19, wherein the transis-
tor includes a gate-grounded NMOS transistor.
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