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SYSTEM-LEVEL ESD DETECTION CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is related to an electrostatic dis-
charge (ESD) detection circuit. In particular, the present
invention relates to a system-level ESD detection circuit.

2. Description of the Prior Art

As the scale of devices in ICs has become smaller, the
devices have become more vulnerable to Electrostatic dis-
charge (ESD). Hence, ESD has been one of the most impor-
tant reliability issues for IC products and must be taken into
consideration in the design phase of all ICs.

To meet the component-level ESD reliability, many on-
chip ESD protection circuits have been proposed and added to
the I/O cells and power cells of CMOS ICs. However, besides
the component-level ESD stress, system-level ESD issue is
also an increasingly significant reliability issue in CMOS IC
products. It has known that some CMOS ICs are very suscep-
tible to system-level ESD stress, even though they have
passed the component-level ESD specifications such as
human-body-model (HBM) of +2 kV, machine-model (MM)
of £200V, and charged-device-model (CDM) of +1 kV.

The tendency of guarding against system-level ESD results
from the strict requirements of certain reliability test stan-
dards, such as system-level ESD tests for electromagnetic
compatibility (EMC) regulation. In system-level ESD tests,
normal power is provided to the internal circuits of'an IC and
the internal circuits are operated to perform their default
functions. The purpose of system-level ESD tests is to deter-
mine whether the internal circuits can keep normal operations
even being interfered by ESD noises or whether the circuits
can be automatically reset to recover themselves. In the sys-
tem-level ESD test standard, IEC 61000-4-2, electronic prod-
ucts must sustain the ESD level of +8 kV under contact-
discharge test and +15 kV under air-discharge test to meet the
immunity requirement of “level 4.” High-energy ESD-in-
duced noises often cause damage or malfunction of CMOS
ICs inside the equipment under test (EUT).

FIG. 1 illustrates the connecting relationship of a system-
level ESD detection circuit 16 and an internal circuit 14 in an
IC chip. Under the normal power-on condition, a power-on/
reset circuit 12 starts up the internal circuit 14 and resets the
ESD detection circuit 16. Thereafter, the internal circuit 14
starts its default operations and the ESD detection circuit 16
starts to detect ESD events. Once a sudden voltage overshoot
or undershoot happens on the power rail (V,, or V), the
ESD detection circuit 16 will inform the power-on/reset cir-
cuit 12 to perform a protection procedure for the internal
circuit 14. This protection procedure may be different in
different ICs with various firmware or circuit designs. For
instance, the power-on/reset circuit 12 might reset the whole
or only one part of the internal circuit 14. By resetting certain
circuits, more serious malfunction of the whole chip may be
accordingly prevented.

“On-chip transient detection circuit for system-level ESD
protection in CMOS integrated circuits to meet electromag-
netic compatibility regulation” reported by M.-D. Ker, C.-C.
Yen, and P.-C. Shih on IEEE Trans. Electromagnetic Com-
patibility, vol. 50, no. 1, pp. 1-9, February, 2008 has proposed
a system-level ESD detection circuit. Please refer to FIG. 2,
which illustrates the ESD detection circuit in the above paper.
The capacitors Cp, and C,, in FIG. 2 are respectively used for
detecting fast transients happened on V,, and V ;¢ when the
system is subjected to ESD events.
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Initially, the node A is reset to ground by providing a
high-level pulse to the gate of the transistor M4 (i.e. the node
labeled as Reset). Under the condition without ESD events,
the output of the inverter INV3 has a low-level voltage. Once
a positive ESD zapping is applied to the V,,, power rail in
FIG. 2 while the V ¢ power rail is grounded, the positive ESD
voltage will be coupled through the capacitor C,, and raise
the voltage at the input of the inverter INV1 (consisting of
M, and M,,)). Accordingly, the output of the inverter INV3
will then have a high-level voltage. Thereby, a subsequent
circuit (e.g. the power-on/reset circuit 12 in FIG. 1) can be
aware of the ESD event.

Further, the inverters INV1 and INV2 form a latch to pro-
long the detected status so that the subsequent circuit can have
enough time to respond to this condition. After the subsequent
circuit has dealt with the ESD transient noise, the detection
circuit in FIG. 2 can be reset again.

It can be seen that the detection circuit in prior arts can only
detect ESD events but not the level of ESD voltages. The
subsequent circuit in prior arts accordingly can only deal with
all ESD events in the same manner instead of performing
different measures in response to difterent ESD levels.

SUMMARY OF THE INVENTION

To solve the aforementioned problem, a scope of the inven-
tion is to provide ESD detection circuits capable of judging
the level of ESD voltages.

One embodiment according to the invention is an ESD
detection circuit including a resistive component, a diode
unit, and a controller. The resistive component is coupled
between a detection node and a ground node. The diode unit
is coupled between a power rail and the detection node in a
forward direction toward the power rail. The controller,
coupled to the detection node, is used for determining the
level of an ESD voltage on the power rail based on the voltage
of'the detection node and the breakdown voltage of the diode
unit.

In other embodiments, the ESD detection circuit according
to the invention can include two or more sets of diode and
resistor. By properly designing the breakdown voltages of the
diodes, the controller can judge the level of an ESD voltage
easily. The advantage and spirit of the invention may be
understood by the following recitations together with the
appended drawings.

BRIEF DESCRIPTION OF THE APPENDED
DRAWINGS

FIG. 1 illustrates the connecting relationship of a system
level ESD detection circuit and an internal circuit in an IC
chip.

FIG. 2 illustrates an ESD detection circuit in the prior art.

FIG. 3(A) and FIG. 3(B) illustrate the ESD detection cir-
cuit in the first embodiment according to the invention.

FIG. 4(A) and FIG. 4(B) illustrate the ESD detection cir-
cuit in the second embodiment according to the invention.

FIG. 5 illustrates an ESD detection circuit including plural
sets of diodes and resistors according to the invention.

FIG. 6(A) and FIG. 6(B) illustrate exemplary embodi-
ments of ESD detection circuit including latches.

DETAILED DESCRIPTION OF THE INVENTION

Please refer to FIG. 3(A), which illustrates the ESD detec-
tion circuit in the first embodiment according to the invention.
This detection circuit includes a resistive component R, a



US 8,067,952 B2

3

diode unit D, and a controller 30. As shown in FIG. 3(A), the
resistive component R is coupled between a detection node
A, and a ground node. The diode unit D, is coupled between
a power rail (V) and the detection node A, in a forward
direction toward the power rail. The controller 30 is coupled
to the detection node A ;.

Under normal circuit operations, the diode unit D, is
reversely biased and the node A, is grounded through the
resistive component R,. When an overshoot voltage happens
onV,p, if the diode unit D, has a breakdown voltage smaller
than the overshoot voltage, the diode unit D, will conduct a
current to flow through the resistive component R . The volt-
age at node A is therefore raised up and equals the product of
the conduction current and the resistor value.

On the contrary, if the diode unit D, has a breakdown
voltage larger than the overshoot voltage, the diode unit D,
will not conduct and the voltage at node A, is therefore kept
low (i.e. same as the ground node). Since the breakdown
voltage of the diode unit D, can be predetermined, the con-
troller 30 can be aware of whether an ESD event having an
overshoot voltage larger than the breakdown voltage occurs.
More specifically, if the controller 30 detects thatnode A | has
a high-level voltage, it can determine that an ESD overshoot
larger than the breakdown voltage of the diode unit D,
occurred on the power rail. Thereby, the level of an ESD
voltage is evaluated.

Please refer to FIG. 3(B), which illustrates an exemplary
embodiment of the diode unit D;. In this example, the diode
unit D, includes a plurality of diodes (D,,~D, »,) coupled in
series. In actual applications, these diodes in the diode unit D,
can all have the same breakdown voltage. In other words, the
breakdown voltage of the diode unit D, is the summation of
the breakdown voltages of the plural diodes.

FIG. 4(A) shows the ESD detection circuit in the second
embodiment according to the invention. In this embodiment,
the detection circuit further includes aresistive component R,
and a diode unit D,. The diode unit D, has a first breakdown
voltage and the diode unit D, has a second breakdown voltage
different from the first breakdown voltage.

For instance, assume the first breakdown voltage is 10V
and the second breakdown voltage is 20V. If an overshoot
voltage happens on 'V ,, is larger than 20V, both of the diode
units will conduct and the voltages atnodes A, and A, are both
raised up. On the other hand, if an overshoot voltage ranges
between 10V and 20V, only the diode unit D, will conduct
and only the voltage at node A is raised up. Different voltage
combinations of the detection nodes (A;, A,, . . . A) can
indicate different ESD levels. By detecting the voltages at
nodes A, and A,, the controller 30 can easily judge the level
of ESD voltages.

As illustrated in FIG. 4(B), the diode unit D, can also
include a plurality of diodes coupled in series (D5, ~D,,,). The
more diodes stacked therein, the higher breakdown voltage
the diode unit has. In this configuration, the diodes in the
diode units D, and D, can respectively have the same break-
down voltage. In other words, the difference between the two
diode units is the number of diodes. For example, the diode
units D, may include two diodes and the diode units D, may
include four diodes. The advantage of this configuration is
that the designer does not have to use diodes with various
breakdown voltages.

As shown in FIG. 5, the ESD detection circuit according to
the invention can further include more diode units and resis-
tive components (e.g. N sets of diode unit and resistors in this
figure) in other embodiments. By adopting more diode units
respectively having different breakdown voltages, the con-
troller 30 can detect the level of ESD voltages more accu-
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rately. Based on the level of an ESD voltage, the subsequent
circuit can perform a corresponding measure.

For example, when a minor ESD event is detected, a sub-
sequent reset circuit can reset none or only one part of internal
circuits. On the contrary, when a higher ESD voltage is
detected, the reset circuit can reset more or even the whole of
the internal circuits. Thereby, the internal circuits do not have
to be completely reset whenever an ESD event occurs. A more
flexible ESD protection policy is accordingly provided.

Further, when the system is subjected to a negative system
level ESD stress, the transient voltage on V,, power bus
usually first undershoots to a certain level and then overshoots
to be higher than V. Therefore, the detection circuits in
FIG. 3(A) through FIG. 5 can still detect this ESD event.

In general, an ESD stress has time duration of several
hundreds of nanoseconds. After the ESD stress has vanished,
the voltage on V ,, bus recovers to normal state. The voltages
on the detection nodes (A;~A,) are then pulled down to
ground through the resistors. To store the detected signal and
provide more response time for subsequent circuits, latches
can be added in the controller 30.

Please refer to FIG. 6(A), which illustrates an exemplary
embodiment of an ESD detection circuit including latches. In
this example, the latches are set/reset latches composed of
NOR gates. Taking the detection node A, as an example, a
high-level pulse at node A, is equivalent to a “set” signal for
the latch connected to node A; (Latch 1). In other words,
when the voltage at node A is raised by an ESD stress, Latch
1 is then set. Hence, the output node Z, is also raised up.

Normally, a low-level voltage (i.e. ground level) is pro-
vided to the reset terminal of the latches. Even if the voltage
at node A, recovers to ground after the ESD event vanished,
the voltage at the output node Z, iskepthigh by Latch 1. In the
same manner, the detected result of node A, can be main-
tained by the latch connected to node A, (Latch 2). With the
latches, the subsequent circuit or firmware can have enough
time to control the system to respond to this ESD transition.

After the level of the ESD voltage has been determined, a
high-level pulse can be provided to the reset pins of the
latches. After the latches are reset, the voltages of the detec-
tion nodes Z, and Z, are both pulled low again. Thereby, the
detection circuit is recovered to the status capable of detecting
another ESD event. In actual applications, latches of other
formats can also be utilized in the detection circuit according
to the invention.

FIG. 6(B) shows another exemplary embodiment of an
ESD detection circuit including latches. In this example, the
latches are composed of inverters connected to each other.
Initially, a low-level pulse is provided to the gates of the two
PMOSs (Mpg, and M pz,) through the reset pin. Thereby, the
voltages atnodes Y, andY, are pulled high and the voltages at
nodes 7, and Z, are then latched at low-level.

Taking the detection node A as an example, once an ESD
voltage larger than the breakdown voltage of the diode unit D,
occurs on V., the voltage on node A, will be pulled high.
Subsequently, the NMOS M, 5, is turned on and pulls down
the voltage of node Y. The output of Latch 1 is accordingly
pulled high and indicates the occurrence of an ESD event.
After the ESD ftransition has vanished, A, is pulled low
through the resistive component R, but Y, will still be kept
low. The ESD transient event can therefore be stored by the
Latch 1. The voltage on node A, can be latched by Latch 2 in
the same manner. As a result, different digital codes at the
outputs of the latches can represent different levels of the ESD
stress.

To reset the ESD detection circuit, a low-level pulse is
provided to the gates of the two PMOSs through the reset pin
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again. ThenodesY, andY, are pulled high through the PMOS
and the voltage levels of nodes Z, and Z, are reset to 0. The
ESD detection circuit can therefore detect another ESD
stress. Moreover, the idea of utilizing multiple diodes coupled
in series can be applied in the circuits in FIG. 6(A) and FIG.
6(B), too.

Compared with the prior arts, the ESD detection circuits
according to the invention can detect not only the occurrence
of ESD events but also the level of an ESD voltage. Based on
the level of an ESD voltage, the subsequent circuit can per-
form a corresponding measure. Therefore, a flexible ESD
protection policy can be provided. Further, because the struc-
ture and components therein are quite simple, the ESD detec-
tion circuits according to the invention can be implemented
easily.

With the example and explanations above, the features and
spirits of the invention will be hopefully well described.
Those skilled in the art will readily observe that numerous
modifications and alterations of the device may be made
while retaining the teaching of the invention. Accordingly, the
above disclosure should be construed as limited only by the
metes and bounds of the appended claims.

What is claimed is:

1. An ESD detection circuit for detecting a level of an ESD
voltage on a power rail, comprising:

a first resistive component coupled between a first detec-
tion node and a ground node corresponding to the power
rail;

a first diode unit coupled between the power rail and the
first detection node in a forward direction toward the
power rail, the first diode unit having a first breakdown
voltage;

a second resistive component coupled between a second
detection node and the ground node;

a second diode unit coupled between the power rail and the
second detection node in a forward direction toward the
power rail, the second diode unit having a second break-
down voltage different from the first breakdown voltage;
and

a controller, coupled to the first detection node, for deter-
mining the level of the ESD voltage based on the voltage
of the first detection node and the first breakdown volt-
age, wherein the controller is also coupled to the second
detection node, and the controller determines the level of
the ESD voltage further based on the voltage of the
second detection node and the second breakdown volt-
age.
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2. The ESD detection circuit of claim 1, wherein the first
diode unit comprises a plurality of diodes coupled in series.

3. The ESD detection circuit of claim 2, wherein the plural
diodes in the first diode unit all have the same breakdown
voltage, and the first breakdown voltage is the summation of
the breakdown voltages of the plural diodes.

4. The ESD detection circuit of 1, wherein the second diode
unit comprises a plurality of diodes coupled in series.

5. The ESD detection circuit of claim 4, wherein the plural
diodes in the second diode unit all have the same breakdown
voltage, and the second breakdown voltage is the summation
of the breakdown voltages of the plural diodes.

6. The ESD detection circuit of claim 1, wherein the con-
troller comprises:

a latch, coupled to the first detection node, for latching the

voltage of the first detection node.

7. The ESD detection circuit of claim 6, wherein the latch
is a set/reset latch;

and the latch is reset after the level of the ESD voltage has
been determined.

8. The ESD detection circuit of claim 1, wherein the con-

troller comprises:

a latch, coupled to the first detection node, for latching a
relative voltage that changes according to the voltage of
the first detection node.

9. The ESD detection circuit of claim 8, wherein the con-

troller further comprises:

an NMOS, a gate terminal of the NMOS being coupled to
the first detection node, a source terminal of the NMOS
being coupled to the ground node, a drain terminal of the
NMOS being coupled to the latch, and the relative volt-
age being the voltage ofthe drain terminal of the NMOS.

10. The ESD detection circuit of claim 9, wherein the
controller further comprises:

a PMOS, a gate terminal of the PMOS being coupled to a
reset pin, a source terminal of the PMOS being coupled
to the power rail, a drain terminal of the PMOS being
coupled to the drain terminal of the NMOS;

wherein a high-level voltage is provided to the reset pin
when the ESD detection circuit is waiting for the ESD
voltage, and a low-level voltage is provided to the reset
pin after the level of the ESD voltage has been deter-
mined.



