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ELECTROSTATIC DISCHARGE
PROTECTION STRUCTURES FOR HIGH
SPEED TECHNOLOGIES WITH MIXED AND
ULTRA-LOW VOLTAGE SUPPLIES

CROSS REFERENCES

This patent application claims the benefit of U.S. Provi-
sional Applications, serial No. 60/276,415, filed Mar. 16,
2001; 60/276,416, filed Mar. 16, 2001; serial No. 60/276,
424, filed Mar. 16, 2001; and serial No. 60/318,548, filed
Sep. 11, 2001, the contents of which are incorporated by
reference herein.

FIELD OF THE INVENTION

This invention generally relates to the field of electrostatic
discharge (ESD) protection circuitry and, more specifically,
improvements for silicon controlled rectifier (SCR) and
NMOS circuits in the protection circuitry of an integrated
circuit (IC).

BACKGROUND OF THE INVENTION

The ongoing advancements in integrated circuit (IC)
technologies have led to the use of lower supply voltages to
operate the IC’s. Lower supply voltages help cope with a
problem of hot carrier induced, limited lifetime for the IC’s.
Designing IC’s with lower supply voltages requires the use
of very thin gate oxides. The thickness of the gate oxides
influences the amount of drive current that is generated. The
thinner the gate oxide layer, the more drive current is
generated, which thereby increases the speed of the circuit.
The gate oxides (e.g., silicon dioxide) may have a thickness
of less than 3 nanometers, and further advancements will
allow the gate oxide thickness to scale down even further.
The lower supply voltages also allow the use of silicon
controlled rectifiers (SCRs) with very low holding voltages
(e.g., 1.5-2.0V) without introducing a risk of latch-up. The
thin gate oxides, which are used in conjunction with low
supply voltages, require extreme limitation of transient
voltages during an ESD event.

A problem arises using the very thin gate oxides because
the oxide breakdown voltage is less than the junction
breakdown voltage (e.g., 6—9 volts) that triggers an ESD
protection circuit, such as an SCR or NMOS device. For
example, a grounded-gate SCR (GGSCR) may be used to
provide ESD protection for an (I/O) pad. The GGSCR has a
junction breakdown voltage between 6—9 volts, which pro-
vides the trigger current for the SCR. As advances in
technology allow reduction of the thickness of the oxide
thickness below 3 nanometers, the gate oxide is subject to
damage at turn-on and high current clamping voltages
greater than approximately 4—6 volts.

Therefore, there is a need in the art for an ESD protection
device having a lower trigger voltage, as well as a lower
holding and clamping voltage that can protect the gate oxide
from damage during turn-on and operation.

SUMMARY OF INVENTION

The disadvantages heretofore associated with the prior art
are overcome by various embodiments of an electrostatic
discharge (ESD) protection circuit in a semiconductor inte-
grated circuit (IC) having protected circuitry. In one
embodiment, the ESD protection circuit comprises a pad,
adapted for connection to a protected circuit node of the IC
and an ESD protection device, coupled between the pad and
ground. A diode turn-on device is coupled in a forward
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2

conduction direction from the pad to a first gate of the ESD
protection device.

In a second embodiment, an ESD protection circuit in a
semiconductor IC having protected circuitry and a plurality
of mixed supply voltage lines, comprises an SCR having an
anode coupled to a first voltage supply line and a cathode
coupled to ground. Parasitic capacitance couples each volt-
age supply line to the grounded cathode. Optionally, at least
one holding diode is coupled in a forward conductive
direction from the first voltage supply line to the anode of
the SCR. Optionally, at least one trigger diode is coupled in
a forward conductive direction from the second trigger gate
to a second voltage supply line.

As is discussed below, these two embodiments, as well as
other various embodiments, provide ESD protection for the
protected circuitry of an IC, such that the diode turn-on
device provides a lower trigger voltage, as well as a lower
holding and clamping voltage, which can protect the gate
oxide from damage during turn-on and operation in the ESD
event.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a schematic block diagram representing an
ESD protection circuit of an integrated circuit (IC) having an
ultra low turn-on voltage device;

FIG. 2 depicts a graph of current and voltage character-
istics for an ESD protection device;

FIGS. 3 through 19 depict schematic diagrams of various
embodiments of an ESD protection circuit incorporating the
teachings of the generic ESD protection circuit of FIG. 1;

FIG. 20 depicts a schematic diagram of an ESD protection
circuit for an integrated circuit (IC) having mixed supply
voltages;

FIG. 21 depicts a schematic block diagram representing
an ESD protection circuit of the present invention having
reduced parasitic capacitance;

FIGS. 22 through 24 depict schematic diagrams of vari-
ous embodiments incorporating the teachings of the generic
embodiment of FIG. 21;

FIG. 25 depicts a schematic diagram of the ESD protec-
tion circuit having SCR turn-on diodes act as a Darlington
transistor pump;

FIG. 26 depicts a schematic diagram of a temperature
compensated trigger device of the ESD protection circuit
302;

FIG. 27 depicts a schematic diagram of a multi-fingered
DTSCR ESD protection device having current mirrored
triggers for each DTSCR finger;

FIGS. 28 to 30 depicts schematic diagrams of various
embodiments of a SCR complementary input protection
circuit;

FIG. 31 depicts a cross-sectional view of an SCR having
a Zener diode triggering device of the present invention; and

FIG. 32 depicts a schematic diagram of the ESD protec-
tion circuit having a complementary SCR turn-on Darling-
ton transistor pump.

To facilitate understanding, identical reference numerals
have been used where possible, to designate identical ele-
ments that are common to the figures.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is described with reference to
CMOS devices. However, those of ordinary skill in the art
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will appreciate that selecting different dopant types and
adjusting concentrations allows the invention to be applied
to Bipolar, BICMOS, SiGe/BiCMOS, and other processes
that are susceptible to damage caused by ESD. The present
invention includes various embodiments of an ESD protec-
tion device having a turn-on voltage, a holding voltage, and
high current clamping characteristics such that ESD tran-
sient voltages will be properly limited to not damage a gate
oxide or other vulnerable semiconductor device.

FIG. 1 depicts a schematic block diagram representing an
ESD protection circuit 102 of an integrated circuit (IC) 100.
The representation illustratively depicts the ESD protection
circuit 102 coupled to a protected node of the IC 100 and an
IC pad 104. The pad 104 may be an input pad, and output
pad, or a supply pad, and is coupled to a low voltage turn-on
(ie., “triggering”) device 108 and an ESD protection device
106, such as a SCR or NMOS device. The ESD protection
device 106 is coupled to ground 112. The ESD protection
device 106 has a turn-on terminal (e.g., gate (not shown))
that is coupled to the triggering device 108. A shunt path 110
may optionally be coupled between the triggering device
108 and ground 112. The triggering device 108 and ESD
protection device 106 (e.g., SCR) together serve as a pro-
tection device 102 for circuitry (not shown) on IC 100 also
coupled to the pad 104.

In particular, the triggering device 108 and ESD protec-
tion device 106 protect the IC circuitry from electrostatic
discharges (ESD) that may occur at the pad 104. When
turned on, the ESD protection device 106 functions as a
shunt to redirect any ESD currents from the pad 104 to
ground 112. The trigger device 108 turns on (i.e., “triggers™)
the ESD protection device 106 to quickly dissipate the
current, and as such avoid an over-voltage ESD condition, as
is discussed in further detail below regarding each embodi-
ment.

FIG. 2 depicts a graph of current and voltage character-
istics 200 for the ESD protection device 102 of the present
invention. The graph comprises an ordinate 202 representing
current characteristics of the ESD protection device 102, and
an abscissa 204 representing voltage characteristics of the
ESD protection device 102. The voltage characteristic is
divided into three regions defined by particular voltages. In
particular, a first region 206 for a low supply voltage has a
voltage range of 0-1.5 volts. A second region 208 for the
ESD protection device 102 holding voltage range is between
1.5 and 6 volts. A third region 210 for an over-voltage
condition has a range of voltages transients capable of
damaging the gate oxide of the ESD protection device 102,
such as between 6-9 volts.

The current and voltage (IV) characteristics for both prior
art NMOS and SCR protection devices are respectively
represented by curves 212 and 214. Both prior art ESD
protection devices have triggering voltages occurring in the
over voltage range 210 (e.g., curve portions 220 on prior art
curves 212 and 214), which may damage the gate oxide
layer of the ESD protection device 102. The triggering
voltage for both the SCR and NMOS protection devices is
approximately the same in value (e.g., 7-9 volts). However,
the holding voltage for the SCR device (1.5 to less than 5
volts) is less than the holding voltage of the NMOS protec-
tion device (approximately 5 volts).

As will be discussed regarding the embodiments depicted
in FIGS. 3-19, the inventive ESD protection devices 102
have low triggering and holding voltages that are below the
gate breakdown voltage (i.e., 6-9 volts) that damages the
gate oxides of the ESD protection device 102. In particular,
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the triggering voltages of both the inventive ESD protection
devices 102 fall within a tolerable voltage range of 1.5-6
volts. Moreover, the holding voltage, which provides the
minimum voltage required to maintain the ESD protection
device in a conductive “on” state, is within a tolerable
voltage range, such that damage to the gate oxide is also
minimized. For example, the SCR protection device repre-
sented by curve 218 has both a triggering and holding
voltage range below 6 volts. Similarly, the NMOS protection
device represented by curve 216 has a triggering voltage
below 6 volts within a tolerable range, while its high holding
voltage is slightly above 6 volts.

FIGS. 3-19 depict schematic diagrams of ESD protection
devices 106 coupled to diode turn-on triggering devices 108
of the present invention. The ESD protection devices 106 in
the embodiments of FIGS. 3-19, are capable of triggering
and protecting the IC circuitry at low voltages of approxi-
mately 1.5 to 6 volts, as shown by the current/voltage (I/V)
characteristics graph of FIG. 2.

FIG. 3 depicts a schematic diagram of a first embodiment
of an ESD protection device 302. In particular, FIG. 3
depicts a schematic diagram of a diode turn-on SCR
(DTSCR) protection device 302 of the present invention.
The DTSCR 302 comprises a diode turn-on (“triggering”)
device 308 and a SCR 306, which together serve as a
protection device 302 for the circuitry on an integrated
circuit (IC) 100. The DTSCR protection device 302 protects
the IC circuitry from electrostatic discharges (ESD) that may
occur at the pad 104, which is coupled to the IC circuitry.
When turned on, the SCR 306 functions as a shunt to redirect
any ESD currents from the pad 104 to ground. The diode
turn-on trigger device 308 turns on, that is “triggers”, the
SCR 306 to avoid an over-voltage ESD condition.

Referring to the schematic diagram of FIG. 3, the SCR
protection device 306 is illustratively represented as an NPN
transistor T1 310 and a PNP transistor T2 312, as is well
known in the art. The emitter of the PNP transistor T2 312
forms an anode 322 of the SCR 306, which is connected to
the pad 104. The collector of the PNP transistor T2 312 is
connected to a first node 336, which is also connected to the
base of the NPN transistor T1 310, as well as to one side of
aresistor R, 341. The first node 336 includes a first trigger
gate G1 of the NPN transistor T1 310. The other side of
resistor R, 341 is connected to ground 112, which serves
as the cathode of the SCR 306. The resistor R, , 341
represents an intrinsic substrate resistance in the base of the
NPN transistor T1 310 of the SCR 306, which is formed by
local substrate ties coupled to ground 112. Furthermore, the
emitter of the NPN transistor T1 310 is also connected to the
grounded cathode 112. A second node 334 includes the base
of the PNP transistor T2 312 and the collector of a NPN
transistor T1 310. The second node 334 also may include
coupling of an optional second trigger gate G2 for the PNP
transistor T2 312. For a detailed understanding of a layout
and cross-sectional implementation of an illustrative SCR
and respective trigger gates, the reader is directed to U.S.
patent application Ser. No. 10/007,833, filed Nov. 5, 2001,
which is incorporated by reference herein, in its entirety.

A shunt resistor 110 is also coupled from the first node
336 to ground 112. The shunt resistor 110 is external to the
SCR transistors T1 310 and T2 312, and is provided in
parallel to the intrinsic resistance R, 341 of the P-substrate
of the SCR 306. In one embodiment, the resistor 110 is
fabricated from a silicide-blocked poly-silicon, and is
selected with a resistance value (e.g., 1-10 kilo-ohms),
which is lower than the inherent substrate resistance R,
341. The resistor 110 serves as a shunt for directing small
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amounts of current to ground 112. Therefore, resistor 110
provides a path for undesirable leakage currents between the
trigger device 308 and ground 112, which otherwise might
unintentionally trigger the SCR 302. Furthermore, the resis-
tor 110 will control the so-called trigger and holding currents
of the SCR 306.

The triggering device 308 includes a number of serially
connected diodes D_ (where s is an integer greater than zero)
coupled between the anode 322 and the first node 336, which
includes the collector of the PNP transistor T2 312 and the
base of the NPN transistor T1 310. The diodes D, are, for
example, three forward biased n-well diodes forming the
diode chain 320. An anode of the first diode D, in the diode
chain 320 is coupled to the pad 104, while the cathode of the
last diode (e.g., D5) in the chain 320 is coupled to the first
node 336 (i.e., trigger gate G1). Each diode D; in the diode
chain 320 typically has a forward biasing voltage of approxi-
mately 0.7 volts.

In operation, the protective SCR circuit 306, which com-
prises the NPN and PNP transistors T1 310 and T2 312, will
not conduct current between the anode 322 and the grounded
cathode 112. That is, the SCR 306 is turned off, since there
is no high voltage (e.g., ESD voltage) applied to the pad 104.
Rather, only the regular signal or operating voltage of the IC
appears on the pad 104. In an instance where an ESD event
causes an over voltage at the pad 104, the diodes D, in the
diode chain 320 start to conduct considerable current.

In particular, once a voltage drop of approximately 0.7
volts across each diode in the diode chain 320 occurs, the
diodes D, are forward biased. Since three diodes are illus-
tratively shown in the diode chain 320, a voltage of 2.1 volts
must appear across the diode chain 320 to forward bias all
three diodes D, in the chain 320.

Initially, a majority of the current flows through the shunt
resistor 110, since the shunt resistor 110 is in parallel with
the substrate resistance R, 341, which typically has a much
greater resistance. However, a portion of the current through
the diode chain 320 is fed into the trigger gate G1 336 of the
SCR 306. Once a voltage drop across the shunt resistor 110
(and the parallel intrinsic resistance of the substrate R_,)
reaches approximately 0.7 volts, the NPN transistor T1 310
is turned on (i.e., triggered). Specifically, the base-emitter
diode of the NPN transistor T1 310 is forward biased. As
such, the NPN transistor T1 310 begins to conduct. The
collector of the NPN transistor T1 310 provides carriers to
the base of the PNP transistor T2 312, which turns on the
PNP transistor T2 312. Thus, the DTSCR 302 of FIG. 3 has
a turn-on voltage as between the anode 322 and ground 112
of approximately 2.8 volts (2.1V for the diode chain 320+
0.7V for the base-emitter diode). Once both transistors T1
310 and T2 312 of the SCR 306 are turned on, the regen-
erative conduction process of the SCR 306 enables the ESD
current to be quickly shunted to ground 112.

Referring to FIG. 2, curve 218 shows that a voltage of
approximately 2.8 volts turns on (i.e., triggers) the SCR 306
into a conductive state. The SCR 306 continues to conduct
current at a holding voltage of approximately 1.5V and at a
clamping voltage in the range of 1.5 to 6 volts for higher
currents. Thus, the triggering and holding/clamping voltages
for the SCR 306 is less than the 69 volt range of the prior art,
which may be harmful to the gate oxides of the IC 100.

FIG. 4 depicts a schematic diagram of a second embodi-
ment of the ESD protection device 402 of the present
invention. In particular, FIG. 4 depicts a schematic diagram
of the DTSCR protection device 402. The configuration of
the diode turn-on SCR protection device 402 is configured
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the same as the DTSCR protection device 302 of FIG. 3,
except that the SCR is fabricated in a process with an
isolated P-well, and the substrate resistor 341 is not coupled
between the first node 336 and ground 112. Furthermore, the
poly shunt resistor 110 is not coupled between the first node
336 and ground 112. Moreover, one less diode is required in
the diode chain 320, than used in the diode chain 320 of FIG.
3. In FIG. 4, the diode chain 320 of the diode turn-on device
408 comprises two diodes D.,.

The SCR 306 of the DTSCR protection device 402
triggers at a lower diode turn-on voltage than the first
embodiment 302 of FIG. 3. Specifically, an ESD event
occurring at the pad 104, which is positive with respect to
ground 112, will forward bias the two diodes D, in the diode
chain 320 at approximately 1.4 volts. Moreover, once the
base to emitter junction of the NPN transistor T1 310 that
forms a base-emitter diode D,, rises to approximately 0.7
volts, the base to emitter diode D,, is forward biased and
conducts current, thereby triggering the SCR 306. Thus, the
SCR 306 of the DTSCR protective device 402 is triggered
at approximately 2.1 volts between the anode 322 and
ground 112, as compared to the 2.8 volts required to trigger
the DTSCR protective device 302 of FIG. 3, which has the
extra diode in the diode chain 320, and the shunt resistor
110.

FIG. § depicts a schematic diagram of a third embodiment
of an ESD protection device 502 of the present invention. In
particular, FIG. 5 depicts a schematic diagram of the
DTSCR protection device 502, such that the second node
334 has one or more N+ trigger taps in the N-well, which
form trigger gate G2. In this third embodiment, the trigger
gate G2 is coupled to the highest available voltage, i.c., the
pad 104, via a resistor 504. The pad 104 and resistor 504
ensure a reduction in leakage current by providing a high
potential to the N-well of the SCR 306, which turns the PNP
transistor T2 312 completely off. Moreover, coupling the
trigger gate G2 to the pad 104 also increases the SCR 306
trigger and holding currents to avoid a latch-up condition.
The resistor 504 may be the intrinsic resistance of the N-well
between one or more N+ trigger taps and the base of the PNP
transistor 312 of the SCR 306. The resistor 504 may
alternatively be the resistance of the N-well and/or an
external resistor provided between the terminal of the first
node 334 (i.e., trigger gate G2) and the pad 104. The
triggering of this third embodiment is similar as described
above regarding the DTSCR of FIG. 3.

FIG. 6 depicts a schematic diagram of a fourth embodi-
ment of the ESD protection device 602 of the present
invention. In particular, FIG. 6 depicts a schematic diagram
of the DTSCR protection device 602, where the DTSCR 602
is the same as the DTSCR protection device 302 of FIG. 3,
except that the trigger gate G2 at the second node 334 is
coupled to a positive supply voltage VDD 604. A large N+
doped region is provided in the N-well of the SCR 306,
adjacent to the P+ doped region formed in the N-well, which
serves as the anode 322 of the SCR 306.

The P+ region in the N-well serves dual purposes. First,
the P+ to N-well junction forms the emitter-base diode D,, of
the PNP transistor T2 312. Second, the P+ region and
adjacent high doped N+ region also form the large emitter-
base diode D, in the PNP transistor T2 312, which is
connected to the positive supply voltage VDD 604. The
coupling of the diode D, to VDD 604 is often needed to
cover other ESD stress types and polarities. Incorporating
the diode D,, in the SCR 306 avoids the implementation of
amore area-consuming separate diode. The triggering of this
third embodiment is similar as described above regarding
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the DTSCR 302 of FIG. 3. Moreover, similar to the third
embodiment of FIG. 5, the supply voltage VDD 604 ensures
a reduction in leakage current by providing a high potential
to the N-well of the SCR 306, which turns the PNP transistor
T2 312 completely off. Additionally, coupling the trigger
gate G2 to the supply voltage VDD 604 also increases the
SCR 306 trigger and holding currents to avoid a latch-up
condition.

FIG. 7 depicts a schematic diagram of a fifth embodiment
of the ESD protection device 702 of the present invention.
Specifically, FIG. 7 depicts a schematic diagram of the
DTSCR protection device 702, where the DTSCR protection
device 702 is the same as the DTSCR protection device 302
of FIG. 3, except that one or more trigger diodes D, are
coupled between the trigger gate G2 of the PNP transistor T2
312 and the trigger gate G1 of the NPN transistor T1 310.

In particular, two diodes 704 and 706 (i.c., D,) are utilized
in the diode chain 320. The diodes 704 and 706 are serially
coupled in a forward conductive direction, such that an
anode of the first diode 704 is coupled to the trigger gate G2
at the second node 334, while the cathode of the second
diode 706 is coupled to the trigger gate G1 at the first node
336. The placement of the two diodes 704 and 706 of the
diode chain 320 allows for a more compact implementation
and slightly reduces the capacitive loading of the pad 104 by
a reduced junction capacitance.

During an ESD event at the pad 104, four diodes must be
forward biased to enable the SCR 306 to conduct and serve
as a shunt to ground 112. Specifically, the emitter-base
junction of the PNP transistor T2 312 forms a third diode D,
in the diode chain 320, while the base-emitter junction of the
NPN transistor T1 310 forms a fourth diode D,, in the diode
chain 320. It is noted that the third diode D,,, formed by the
emitter-base junction of the PNP transistor T2 312, is
actually the first diode in the diode chain 320 from the
perspective of the pad 104. Once these four diodes in the
diode chain 320 are all forward biased, the SCR 306 triggers
and then shunts the ESD current to ground 112. It is noted
that in this fifth embodiment, the SCR turn-on voltage is
approximately 2.8 volts as between the anode 322 and
ground 112. Moreover, the holding voltage of the SCR 306
is approximately 1.5 volts, as shown in FIG. 2. As such, the
triggering and holding voltages will properly protect a gate
oxide, as well as other vulnerable semiconductor devices
during ESD stress.

FIG. 8 depicts a schematic diagram of a sixth embodiment
of the ESD protection device 802 of the present invention.
In particular, FIG. 8 depicts a schematic diagram of a diode
turn-on NMOS (DTNMOS) protection device 802 of the
present invention. The configuration of the diode turn-on
DTNMOS protection device 802 in this sixth embodiment is
the similar as the DTSCR protection device 302 of FIG. 3,
except that an NMOS device 804 is used instead of the SCR
306.

In particular, the serially connected turn-on diodes 320 are
coupled between the pad 104 and a gate of the NMOS device
804 in the forward bias direction. More specifically, the
anode of a first diode 812 in the diode chain 320 is coupled
to the pad 104, while the cathode of the last diode 814 in the
diode chain 320 is coupled to the gate of the NMOS device
804. Each diode is formed in a separate N-well, thereby
allowing potential isolation from the common P-substrate.
The diodes D, in the diode chain 320 may be sized to
accommodate low current flow, which has a maximum
current of approximately 10 nanoamps at the nominal volt-
age at the pad 104, as well as over the entire operating
temperature range of the IC 100.
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One end of a shunt resistor 110 is also coupled to the gate
of the NMOS device 804. As such, the gate of the NMOS
device, the last diode 814 in the diode chain 320, and the
shunt resistor 110 define first node 810. The other end of the
shunt resistor 110 is coupled to ground 112. The shunt
resistor 110 has a resistance in the range of 1-10 Kohms. In
the exemplary embodiment, three diodes D, are depicted in
the diode chain 320. However, the number of diodes D may
be varied, as long as under normal circuit conditions, the
maximum voltage at the pad 104 does not cause any
considerable current leakage (e.g., above 100 nanoamps) to
ground 112 via the diode chain 320 and the shunt resistor
110. Typically, the overall number of diodes D, in the diode
chain 320 should not exceed 4 or 5 diodes. The typical
voltage drop during normal operating conditions across each
diode in the diode chain 320 is between 0.3 to 0.4 volts in
order to keep the leakage current sufficiently low. During an
ESD event, the voltage drop across each diode in the diode
chain 320 is typically 0.7 volt.

The drain of the NMOS device 804 is coupled to the pad
104, while the source of the NMOS device 804 is coupled
to ground 112. A parasitic NPN transistor 806, which is
inherent to the NMOS device 804, is also shown in FIG. 8.
In particular, the N+ doped regions forming the drain and
source of the NMOS device 804 also respectively form the
collector and emitter of the parasitic NPN transistor 806,
while the P-substrate forms the base of the parasitic NPN
transistor 806.

The NMOS device 804 is turned on by an ESD event
occurring at the pad 104, such that a voltage drop of
approximately 0.7 volts forms across each diode in the diode
chain 320. Once the diodes D, in the diode chain 320 are
forward biased, the diodes D, conduct and the current flows
through the shunt resistor 110. When the voltage across the
shunt resistor 110 rises above the gate threshold voltage
(e.g., 0.5 volts) of the NMOS device 804, the NMOS device
804 turns on, thereby allowing the current to shunt to ground
112. Specifically, the current flows from the drain, and
through the source of the NMOS device 804 to ground 112.
Moreover, the parasitic NPN transistor 806 will conduct
current through its collector and emitter to ground 112. As
such, the NMOS device 804 (along with the parasitic NPN
transistor 806) shunts the current from the pad 104 to ground
112. It is noted that the gate biasing of the NMOS device 804
by the diode chain 320 helps reduce the trigger voltage of the
parasitic NPN transistor 806, as well as providing uniform
triggering where multiple NMOS fingers are present.

An optional limiter diode 808 may also be coupled to the
first node 810 and ground 112. In particular, the limiter diode
808 is coupled in a forward conducting direction from the
gate of the NMOS device 804 to ground 112. The limiter
diode 808 ensures that the voltage at the gate does not
exceed a potential that may cause hot carrier damage to the
gate oxide, in conjunction with the high currents flowing in
the MOS devices under ESD operation. In particular, the
limiter diode may have a forward biasing voltage of approxi-
mately 0.7 volts, which is above the gate threshold voltage
of 0.5 volts.

FIG. 9 depicts a schematic diagram of a seventh embodi-
ment of the ESD protection device 902 of the present
invention. In particular, FIG. 9 depicts a schematic diagram
of the diode turn-on NMOS (DTNMOS) protection device
902, where the diode turn-on DTNMOS protection device
902 is similar as the DTNMOS protection device 802 of
FIG. 8. However, the parasitic NPN transistor 806 is used as
the triggering point to turn-on the NMOS device 804, rather
than the gate of the NMOS device 804.
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In particular, the gate of the NMOS device 804 is coupled
to ground 112 to turn off any MOS current. Further, the
diode chain 320 is coupled to the base of the parasitic NPN
transistor 806, which is also coupled to ground 112 via the
shunt resistor 110. The intrinsic resistance R, 341 of the
substrate is also shown as coupled to ground 112 in parallel
with the shunt resistor 110.

During an ESD event at the pad 104, the diodes D, in the
diode chain 320 conduct, and the current flows through the
shunt resistor 110. The diodes D, in the diode chain 320 are
forward biased at approximately 0.7 volts each. When the
voltage across the shunt resistor 110 rises above the base-
emitter forward biasing voltage (e.g., 0.7 volts) of the
parasitic NPN transistor 806, the parasitic NPN transistor
806 turns on (i.e., conducts), thereby allowing the current to
flow from the collector, through the emitter, to ground 112.
As such, the NMOS device 804 (along with the parasitic
NPN transistor 806) is utilized to shunt the current from the
pad 104 to ground 112 at a triggering voltage of approxi-
mately 2.8 volts and at a holding voltage of approximately
5 volts.

FIGS. 10-12 depict various complementary ESD protec-
tion device embodiments of the present invention. For each
of these embodiments, the trigger device 308 is coupled
between a trigger gate G2 334 of the PNP transistor T2 312
of the SCR 306 and ground 112, instead of between the pad
104 and the trigger gate G1 336 of the NPN transistor T2 310
of the SCR 306.

In particular, FIG. 10 depicts a schematic diagram of a
DTSCR protection device 1002, which comprises the SCR
306 and the triggering device 308. The SCR 306 is the same
as described in the other embodiments above, having first
and second trigger gates G1 and G2. It is noted that the
n-well is floating, such that there is no intrinsic n-well
resistance R, ;. It is also noted that a shunt resistor 110 is
not utilized, as discussed with regard to the embodiment 402
of FIG. 4.

The triggering device 308 comprises the diode chain 320
formed by the serially connected diodes D,, which are
coupled between the trigger gate G2 at the second node 334
and ground 112. As such, this eighth embodiment 1002 may
be considered as complementary to the second embodiment
402 of FIG. 4, which has the trigger device 308 coupled
between the pad 104 and the trigger gate G1 of the NPN
transistor T1 310 at the first node 336.

The diode chain 320 illustratively comprises two diodes
D,, which are in the forward bias direction from the trigger
gate G2 334 to ground 112. When an ESD event occurs at
the pad 104, the emitter-base junction of the PNP transistor
T2 312 acts as a diode D, and begins to conduct. The diodes
D, in the diode chain 320 also begin to conduct and the
current flows to ground 112. Once the voltage potential
across the emitter-base diode D,, of the PNP transistor T2
312 and each diode D, in the diode chain 320 rises to
approximately 0.7 volts, the emitter-base diode D, of the
PNP transistor T2 312 and diodes D, in the diode chain 320
are all forward biased. The current flows from the emitter to
the collector (which also forms the base of the NPN tran-
sistor T1 310) of the PNP transistor T2 312, to initiate the
regenerative conduction process of the SCR 306.

The voltage potential occurring across the diode chain
320 (e.g., having two diodes D, between the trigger gate G2
and ground) is approximately 1.4 volts, while the voltage
drop across the emitter-base of the PNP transistor T2 312 is
approximately 0.7 volts. Thus, the PNP transistor T2 312 of
the SCR 306 will trigger when the emitter-base diode D, of
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the PNP transistor T2 312 and diode chain 320 reaches
approximately 2.1 volts. Referring to FIG. 2, both the
triggering voltage and the holding voltage are below the
voltage region 210 (i.e., less than 6 volts), which may be
considered harmful (e.g., destructive) to the gate oxides.

FIG. 11 depicts a schematic diagram of a ninth embodi-
ment of the ESD protection device 1102 of the present
invention. In particular, FIG. 11 depicts a schematic diagram
of the DTSCR protection device 1102, where the DTSCR
protection device 1102 is the same as the DTSCR protection
device 1002 of FIG. 10, except that a resistor 504 is coupled
between the pad 104 and the trigger gate G2 of the PNP
transistor T2 312, at the second node 334. The resistor 504
is, illustratively, the intrinsic resistance of the n-well, as
discussed with regard to FIG. 5. Specifically, the trigger gate
G2 is coupled to the highest available voltage, i.e., the pad
104, via a resistor 504. The pad 104 and resistor 504 ensure
a reduction in leakage current by providing a high potential
to the N-well of the SCR 306, which turns the PNP transistor
T2 312 completely off.

The trigger device 308 illustratively comprises three
diodes D, in the diode chain 320. When an ESD event occurs
at the pad 104, the emitter-base junction of the PNP tran-
sistor T2 312 acts as a diode D,, and is forward biased at
approximately 0.7 volts. The diodes D, in the diode chain
320 also begin to conduct. Once the voltage potential across
each diode D, in the diode chain 320 rises to approximately
0.7 volts, the diodes D, in the diode chain 320 are also
forward biased. As such, the voltage drop occurring across
the diode chain 320 is approximately 2.1 volts. Thus, the
PNP transistor T2 312 of the SCR 306 will trigger once the
voltage between the anode 322 and ground 112 reaches
approximately 2.8 volts. Referring to FIG. 2, both the
triggering voltage and the holding voltage are below (i.e.,
less than 6 volts) the voltage region 210, which is considered
harmful to the gate oxides.

FIG. 12 depicts a schematic diagram of a tenth embodi-
ment of the ESD protection device 1202 of the present
invention. In particular, FIG. 12 depicts a schematic diagram
of the DTSCR protection device 1202, where the DTSCR
protection device 1202 is the same as the DTSCR protection
device 1102 of FIG. 11, except that the shunt resistor 110 is
coupled between the pad 104 and the trigger gate G2 of the
PNP transistor T2 312, at the second node 334. Similar to
the embodiment of FIG. 3, the shunt resistor 110 is parallel
with the resistor 504 and has a resistance value much lower
than the intrinsic resistance 504. As such, the current pro-
duced by an ESD event at the pad 104 flows initially through
the shunt resistor 110, rather than the resistor 504, illustra-
tively the intrinsic resistance 504 of the n-well. The shunt
resistor 110 provides a path for undesirable leakage currents
between the trigger device 308 and ground 112, which
otherwise might unintentionally trigger the SCR 306.
Furthermore, the shunt resistor 110 will control the so-called
trigger and holding currents of the SCR 306.

FIGS. 13-16 depict schematic diagrams of various SCR
protection devices utilizing one or more coupling capacitors
in the ESD protective circuitry. FIG. 13 depicts a schematic
diagram of the DTSCR protection device 1302, where the
DTSCR protection device 1302 is the same as the DTSCR
protection device 1002 of FIG. 10, but includes capacitive
grounding via a coupling capacitor 1304. In particular, the
coupling capacitor 1304 is coupled in series between the
diode chain 320 and ground 112. During a transient ESD
event, the transient current will flow through the coupling
capacitor 1304, while any non-transient (DC) current will be
blocked by the coupling capacitor 1304. The coupling
























