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CIRCUIT PROTECTION SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to integrated circuits,
and more particularly to a system and method for protecting
a circuit from electrostatic discharge.

BACKGROUND OF THE INVENTION

[0002] Electrostatic discharge (ESD) is a well-known
problem. The problem of ESD continues to grow as inte-
grated circuit dimensions continue to decrease. This ESD
trend continues, especially with circuits having ultra-thin
gate oxides. A conventional solution is to use direct ESD
current shunting between VDD and VSS. FIG. 1 is a
schematic diagram of a conventional ESD protection circuit
50. The ESD protection circuit 50 includes an input/output
(I/O) protection circuit 60, which includes two diodes 62 and
64 coupled to an 1/O pad 66, and a core power clamp 70,
which includes a field effect transistor (FET) 72. In opera-
tion, generally, the ESD protection circuit 50 protects a
circuit core 80 by shunting ESD current 82 caused by an
ESD event 90 such as a voltage spike. The specific operation
of the ESD protection circuit 50 is well known. The circuit
core 80 is clocked with a system clock 92. The core power
clamp 70 is referred as a “direct shunt,” because the FET 72
of the core power clamp 70 shunts the ESD current 82
directly from VDD to VSS. The shunting occurs when the
FET 72 turns on, and the FET 72 turns on when the voltage
at VDD exceeds a trigger voltage, or “snap-back voltage.”
Such a voltage is caused by an ESD event. When the FET
72 turns on, it provides a low-resistance path for the ESD
current 82 to be discharged from VDD to VSS.

[0003] FIG. 2 is a schematic diagram illustrating a voltage
spike 92, which attenuates due to an inductance (L) imped-
ing current 94 in the ESD protection circuit 50 of FIG. 1. A
problem with the ESD protection circuit 50 is that localized
voltage spikes can still damage some gate oxides. Voltage
spikes 92 typically attenuate due an inductance (1) blocking
current 94 at high frequency, which can occur during a
charge device model (CDM) event. CDM is a form of ESD,
and is well known. Because the inductance blocking current
94 occurs at a high frequency, the FET 72 cannot sense the
attenuated voltage spike 92' fast enough, if at all. As a result,
some gate oxides in the circuit core 80 can still get damaged.
The ESD protection circuit 50 is unable to prevent such
failures.

[0004] Another problem with the ESD protection circuit
50 is that the ESD protection circuit 50 requires the FET 72
to be large enough to shunt sufficient current 82 away from
the circuit core 80. Large FETs are undesirable, because
large FETs take up a large amount of valuable space on a
chip.

[0005] Another problem with the ESD protection circuit
50 is that if the operating voltage is lowered for low-power
applications, the current sinking and voltage handling capa-
bilities of the ESD protection circuit 50 are lowered. This is
because the FET 72 switches more slowly when its operating
voltage is lowered.

[0006] Accordingly, what is needed is an improved system
and method for protecting a circuit from ESD. The system
and method should be simple, cost effective and capable of
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being easily adapted to existing technology. The present
invention addresses such a need.

SUMMARY OF THE INVENTION

[0007] A system and method for protecting a circuit is
disclosed. The system includes a protection circuit that
includes an inverter and a capacitor coupled to the inverter.
The inverter and the capacitor are implemented using logic
circuits of a circuit core, and the inverter shunts electrostatic
discharge ESD current through the capacitor.

[0008] According to the system and method disclosed
herein, because the protection circuit shunt circuit shunts
ESD current using logic circuits of the circuit core, ESD
protection is achieved while not requiring large FETs. Also,
the protection circuit protects circuits against ESD events
that conventional FET cannot protect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic diagram of a conventional
ESD protection circuit.

[0010] FIG. 2 is a schematic diagram illustrating a voltage
spike caused by an inductance (L) impeding current in the
ESD protection circuit of FIG. 1.

[0011] FIG. 3 is a schematic diagram of a protection
circuit, in accordance with the preferred embodiment.

[0012] FIG. 4 is a schematic diagram of a circuit core in
which the protection circuit of FIG. 3 can be implemented,
in accordance with the preferred embodiment.

[0013] FIG. 5 is a flow chart showing a method for
protecting a circuit, in accordance with the preferred
embodiment.

[0014] FIG. 6 is a schematic diagram of a clocking circuit
used to clock the protection circuit of FIG. 3, in accordance
with the preferred embodiment.

[0015] FIG. 7 is a schematic diagram of a trigger circuit
used to trigger the protection circuit of FIG. 3, in accordance
with one embodiment.

[0016] FIG. 8 is schematic diagram of an I/O circuit with
which the protection circuit of FIG. 3 can be implemented,
in accordance with one embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0017] The present invention relates to integrated circuits,
and more particularly to a system and method for protecting
a circuit from electrostatic discharge. The following descrip-
tion is presented to enable one of ordinary skill in the art to
make and use the invention, and is provided in the context
of a patent application and its requirements. Various modi-
fications to the preferred embodiment and the generic prin-
ciples and features described herein will be readily apparent
to those skilled in the art. Thus, the present invention is not
intended to be limited to the embodiments shown, but is to
be accorded the widest scope consistent with the principles
and features described herein.

[0018] A system and method in accordance with the
present invention for protecting a circuit from ESD are
disclosed. The system includes a protection circuit that
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shunts ESD current using exiting circuitry in the circuit core.
As a result, ESD protection is achieved while not requiring
large FETs. Also, the protection circuit protects circuits
against ESD events that conventional FET cannot protect.

[0019] Although the present invention disclosed herein is
described in the context of ESD, the present invention may
also apply to the protection of electrical overstress (EOS),
and still remain within the spirit and scope of the present
invention.

[0020] FIG. 3 is a schematic diagram of a protection
circuit 300, in accordance with the preferred embodiment.
The protection circuit 300, also referred to as a switching
core 300, includes an inverter 302, which includes a PMOS
transistor 304 and an NMOS transistor 306, and a capacitor
308. The protection circuit 300 is implemented using exist-
ing logic circuits (e.g. logic gates) in the circuit core. In this
specific example, the protection circuit 300 is implemented
using the circuitry of a NAND device 310. In operation
generally, as the inverter 302 switches, the inverter 302
switches shunts ESD current 312 through the capacitor 308.

[0021] FIG. 4 is a schematic diagram of a circuit core 400
in which the protection circuit 300 of FIG. 3 can be
implemented, in accordance with the preferred embodiment.
The circuit core 400 includes multiple protection circuits
300 and multiple protection clock systems 402 used to clock
the protection circuits 300. Each protection clock system
402 clocks one or more protection circuits 300. The specific
number of protection circuits 300 that are clocked by one
protection clock system 402 will depend on the specific
implementation. Each of the protection circuits 300 is imple-
mented using existing logic circuits of the circuit core 400.
The cumulative effect of all of the protection circuits 300
sufficiently shunts any ESD current that may occur in the
circuit core 400. As a result, ESD protection is achieved
while not requiring additional ESD protection elements such
as large FETs.

[0022] FIG. 5 is a flow chart showing a method for
protecting a circuit, in accordance with the preferred
embodiment. Referring to FIGS. 3, 4, and 5, the process
begins in step 502 where multiple protection circuits 300 are
provided using existing logic circuits in the circuit core 400.
The protection circuits 300 are distributed at multiple loca-
tions throughout the circuit core 400. Next, in a step 504, the
protection circuits 300 switch to provide logic functions
during normal operation and to shunt ESD current during an
ESD event. Accordingly, the protection circuits 300 that are
implemented using existing logic circuits of the circuit core
400 (e.g. core transistors and capacitors) have multiple
functions.

[0023] Each protection circuit 300 functions as a shunting
resistor, where the resistance is the inverse of the product of
the capacitance and the switching frequency associated with
each gate. The shunting resistance of each gate is high, in the
order of kilo- to mega-ohms. Since the total number of
protection circuits 300 includes tens or hundreds of millions
of these gates, the protection circuits 300 as a group deliver
tens of milli-ohms of shunting resistance in parallel.
Because the core gates of the protection circuits 300 are well
distributed throughout the circuit core 400, the protection
circuits 300 provide localized shunting coverage that con-
ventional direct shunting FETs cannot provide. The protec-
tion circuits 300 also provide local low-impedance shunting
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during the switching of core gates of the circuit core 400. For
example, a Pentium 4 sinks 50 amps at 1V at 15% gate
switching activity, i.e. a 20 milli-ohm shunt resistor.

[0024] The triggering of the protection circuits 300 can
occur in a number of ways, depending on the specific
embodiment. In accordance with the preferred embodiment,
the protection circuits 300 are preferably always on, unless
the protection circuits 300 are locked out. The protection
circuit 300 does not operate during the normal operation of
circuit core 400, and vice versa, because the two operations
are mutually exclusive. The protection circuit 300 relies on
a boot-strapping type of self-powering and takes advantage
of the ESD charging that results in a voltage difference
between power and ground. Accordingly, the protection
circuit 300 is always on but the protection circuit 300 will
not have any action until the protection circuit 300 senses an
ESD event by detecting the voltage difference between
power and ground. This provides the fastest possible trigger.
The protection circuits can be locked out simply by using a
separate lockout pin for power sequencing and other non-
ESD events.

[0025] FIG. 6 is a schematic diagram of a clocking circuit
600 used to clock the protection circuit 300 of FIG. 3, in
accordance with one embodiment. The clocking circuit 600
includes an ESD protection clock system 602, which
includes an ESD protection clock 604 and a multiplexer 606.
The multiplexer 606 receives a clock signal from the ESD
protection clock 604, a clock signal from a system clock
608, and an emergency ESD clock lockout signal from a
trigger circuit 610. In accordance with this specific embodi-
ment of the present invention, the trigger circuit 610 func-
tions as an always-on trigger circuit and includes an inverter
612, a pull-down resistor 614, and a lockout pin 616. The
multiplexer 606 outputs a selected clock signal to the circuit
core 400 (FIG. 4).

[0026] Because of the random logic nature of circuits of
the circuit core 400 in which the protection circuit 300 can
be implemented, any switching will most likely result in
sinking current. The logic circuits of the circuit core 400 can
switch as fast as possible without regard to signal integrity
constraints in order to sink as much current as possible.

[0027] The clock signal from the ESD protection clock
604 can be locally generated by any astable circuit such as
a ring oscillator or phase locked loop (PLL). Alternatively,
the ESD protection clock 604 can also be digital. In opera-
tion, the ESD protection clock 604 produces an “emer-
gency” ESD protection clock signal that is multiplexed with
a signal from the system clock 608. The multiplexing is
controlled by the lockout pin 616 through the inverter 612.

[0028] The term emergency denotes the state during which
the system is being attacked by an ESD pulse, which has
been sensed and is being dealt with by the switching on of
the protecting circuit 300. The function of the lockout pin
616 is to prevent the clock signal from the ESD protection
clock 604 from being selected during normal operation. If
the lockout pin 616 is not driven high (e.g. when the chip is
not powered), the clock signal from the ESD protection
clock 604 is selected. In other words, if the lockout pin 616
is low, the MUX selector signal is high (i.e. “1”) and the
Emergency ESD clock is thus selected. Conversely, if the
lockout pin 616 is high, the MUX selector signal is low (i.e.
“0”) and the system clock 704 is thus selected.
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[0029] The maximum frequency at which the protection
circuits 300 switch is much higher than normal operation
frequency, and switching at maximum frequency ensures
that that voltage buildup between VDD & VSS does not
exceed a particular threshold (e.g. 1.5%VDD). In accordance
with one embodiment, all core gates of the circuit core 400
(FIG. 4) are driven by the ESD protection clock 604 during
an ESD event.

[0030] The ESD protection clock 604 is independent from
the system clock 608. This independent clocking renders
delays and other timing issues associated with the system
clock irrelevant. Accordingly, using the signal from the ESD
protection clock 604 provides low latency. While using the
trigger circuit 610 is fast, it may be more optimal in some
applications (e.g. application-specific integrated circuits) to
not use an always-on trigger. If the protection circuits 300
are not always on, the protection circuits 300 are triggered
(i.e. turned on) in order to sink current. The voltage at which
the protection circuits 300 turn on can be predetermined
(e.g. 2V). In accordance with alternative embodiments,
various trigger circuits can also be used to trigger the
protection circuit 300.

[0031] FIG. 7 is a schematic diagram of a trigger circuit
700 used to trigger the protection circuit 300 of FIG. 3, in
accordance with one embodiment. Referring both FIGS. 6
and 7 together, the trigger circuit 700 may be used in lieu of
the trigger circuit 610 when an always-on trigger scheme not
desired. The trigger circuit 700 includes a resistor 702, one
or more diodes 704 and 706, and at least two inverters 708
and 710. The trigger circuit 700 circuit is a resistor-diode
trigger circuit. The number of diodes determines the turn-on
voltage (e.g. 2V) on the VDD_core to produce a high output
signal (i.e. emergency_ESD_clock_lockout). If VDD_core
is below this turn-on voltage, the output signal will be low
and the switching core will not turn on. When VDD_core is
raised by the ESD pulse above the turn-on voltage, the
output will be high, the Emergency ESD clock 604 will be
selected, and the circuit core 400 will switch to shunt current
from VDD_core to VSS_core. This alternate triggering
scheme of FIG. 7 has the advantage in that the trigger circuit
700 does not require power sequencing, which may be
required in always-on (lockout-pin) implementations.

[0032] While an always-on approach is preferably used to
trigger the protection circuit 300, and while the trigger
circuit 700 may also provide triggering, one of ordinary skill
in the art will readily realize that other circuits and methods
can also be used to provide triggering and still remain within
the spirit and scope of the present invention. For example, in
accordance another embodiment of the present invention, a
scan test mode can be used to trigger the protection circuits
300 to achieve continuous toggling in order to draw maxi-
mum current. During the scan test, the gates of the core
circuit 400 are toggled, which sinks potential ESD current.

[0033] The logic circuits in the circuit core 400 are typi-
cally clocked using a system clock. In accordance with the
preferred embodiment, the logic circuits that are used to
implement the protection circuits 300 are clocked by a
separate and independent clock, or “ESD protection clock,”
as described above.

[0034] FIG. 8 is schematic diagram of an I/O circuit 800
with which the protection circuit 300 of FIG. 3 can be
implemented, in accordance with one embodiment. The /O

Jan. 25, 2007

circuit 800 couples between an input/output (1/0) pad 802
and the circuit core 400, which includes the protection
circuits 300 (FIGS. 3 and 4). The I/O circuit 800 includes an
inverter 804, which includes a PMOS transistor 806 and an
NMOS transistor 808, and diodes 810, 812, 814, 816, and
818. 1/O circuits are well known. FIG. 8 is provided to show
how the circuit core 400 couples to the /O pad 802.

[0035] According to the system and method disclosed
herein, the present invention provides numerous benefits.
For example, the protection circuits 300 provide very low
shunting resistance as hundreds of millions of transistors of
the circuit core 400 may be switching to shunt ESD current.
Furthermore, localized ESD current is shunted to prevent
localized voltage spikes. Furthermore, ESD shunting
increases as the number of protection circuits 300 increase.
And furthermore, because the protection circuits 300 are
implemented using existing circuits of the circuit core 400,
there are minimal disruptions in the design infrastructure.

[0036] A system and method for protecting a circuit from
electrostatic discharge has been disclosed. The present
invention has been described in accordance with the
embodiments shown. One of ordinary skill in the art will
readily recognize that there could be variations to the
embodiments, and that any variations would be within the
spirit and scope of the present invention. Accordingly, many
modifications may be made by one of ordinary skill in the art
without departing from the spirit and scope of the appended
claims.

We claim:
1. A protection circuit comprising:

an inverter; and

a capacitor coupled to the inverter, wherein the inverter
and the capacitor are implemented using logic circuits
of a circuit core, and wherein the inverter shunts
electrostatic discharge current through the capacitor.

2. The circuit of claim 1 wherein the inverter shunts
electrostatic discharge current through the capacitor while
switching.

3. The circuit of claim 1 wherein the protection circuit is
always on, unless the protection circuit is locked out, or
unless the circuit core is not operating.

4. The circuit of claim 1 further comprising a trigger
circuit for triggering the protection circuit.

5. The circuit of claim 4 wherein the trigger circuit
comprises:

a resistor-diode circuit; and

at least two inverters coupled to the resistor-diode circuit.

6. The circuit of claim 1 wherein the protection circuit is
triggered during a scan test mode.

7. The circuit of claim 1 further comprising a protection
clock for clocking the protection circuit, wherein the pro-
tection clock is independent from a system clock.

8. The circuit of claim 7 wherein the protection clock
comprises a phase locked loop.

9. The circuit of claim 7 further comprising a trigger
circuit for triggering the protection clock.

Aptiv
Page 9

Exhibit 1009



US 2007/0019345 Al

10. A system comprising:
a circuit core; and

a plurality of protection circuits coupled to the circuit
core, wherein the protection circuits are implemented
using logic circuits of the logic core.

11. The system of claim 10 wherein the plurality of
protection circuits functions to shunt electrostatic discharge
current and functions to perform logic functions.

12. The system of claim 10 wherein each protection
circuit comprises:

an inverter; and

a capacitor coupled to the inverter, wherein the inverter
shunts electrostatic discharge current through the
capacitor.

13. The system of claim 10 wherein the plurality of

protection circuits are distributed throughout the logic core.

14. The system of claim 10 wherein the plurality of

protection circuits are always on, unless the protection
circuits are locked out, or unless the circuit core is not
operating.

15. The system of claim 10 further comprising a trigger

circuit for triggering the plurality of protection circuits.

16. The system of claim 15 wherein the trigger circuit

comprises:

a resistor-diode circuit; and

at least two inverters coupled to the resistor-diode circuit.
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17. The system of claim 10 wherein the plurality of
protection circuits are triggered during a scan test mode.

18. The system of claim 10 further comprising a protec-
tion clock for clocking the plurality of protection circuits,
wherein the protection clock is independent from a system
clock.

19. The system of claim 18 wherein the protection clock
comprises a phase locked loop.

20. The system of claim 18 further comprising a trigger
circuit for triggering the protection clock.

21. A method for protecting a circuit, the method com-
prising:

providing a plurality of protection circuits using logic
circuits in a circuit core; and

switching the plurality of protection circuits to provide
logic functions and to shunt electrostatic discharge
current.

22. The method of claim 21 wherein the plurality of
protection circuits are always on unless the protection cir-
cuits are locked out, or unless the circuit core is not
operating.

23. The method of claim 21 further comprising triggering
the plurality of protection circuits using a trigger circuit.

24. The method of claim 21 further comprising clocking
the plurality of protection circuits using a protection clock
that is independent from a system clock.

#* #* #* #* #*
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