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ELECTROSTATC DISCHARGE
PROTECTION NETWORK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention generally relates to a circuit for protecting
an associated integrated circuit (IC). More particularly, the
invention relates to an electrostatic discharge network which
can divert the electrostatic discharge (ESD) stress that arises
between any two IC pads, in order to prevent damage to a
circuit internal to the IC that would be caused by the
electrostatic discharge.

2. Description of the Related Art

Electrostatic discharge is a phenomenon that commonly
occurs during the handling of semiconductor integrated
circuit devices. An electrostatic charge may accumulate for
various reasons and produce potentially destructive effects
on an IC device. Damage typically can occur during a testing
phase of the IC fabrication or during assembly of the IC onto
a circuit board, as well as during use of equipment into
which the IC has been installed. Damage to a single IC due
to poor ESD protection in an electronic device can partially,
or sometimes completely, hamper its functionality. ESD
protection for semiconductor ICs is, therefore, a reliability
issue.

ESD stress models have been developed which are based
on the reproduction of typical discharge pulses to which the
IC may be exposed during manufacture or handling. Three
standard models, known as the Human Body Model (HBM),
Machine Model (MM), and Charged Device Model (CDM)
have been developed. The human-body model is set forth in
U.S. Military Standard MIL-STD-883, Method 3015.6. This
Military Standard models the electrostatic stress produced
on an IC device when a human carrying an electrostatic
charge touches the lead pins of the IC device. The machine
model is set forth in Industry Standard EIAJ-IC-121, which
describes the electrostatic stress produced on an IC device
when a machine carrying an electrostatic charge contacts the
lead pins of the IC device. The charged device model
describes the ESD current pulse generated when an IC
device already carrying an electrostatic charge is grounded
while being handled.

The conventional design for preventing ESD damage is a
prodigious network that, for the most part, involves locating
a protection circuit between the input/output pads and the
VSS terminal, between the input/output pads and the VDD
terminal, and between the VSS and VDD power rails.
Accordingly, such a prodigious network consumes a great
amount of layout area, especially when used in a configu-
ration including multi-power buses. Moreover, no ESD
protection is provided between any two IC pads using the
conventional design. Thus, ESD stress arising between two
IC pads is only indirectly bypassed via the protection circuit
located between the VSS and VDD power rails.

However, the ESD pulse will boost the electric potential
at the power rails, resulting in potential damage to the
internal circuitry. K. Narita et al. have proposed an ESD
protection circuit design in their article entitled “A NOVEL
ON-CHIP ELECTROSTATIC DISCHARGE (ESD) PRO-
TECTION FOR BEYOND 500 MHz DRAM,” IEDM
Proceeding, 1995, pp. 539-542. However, this design fea-
tures a common discharge line {CDL) as a discharge path,
and further, the triggering voltage of their design (about
12V) is too high to protect submicron IC devices.

SUMMARY OF THE INVENTION

Therefore, it is an object of the invention to provide an
ESD protection network having a wriggering voltage lower
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than that of the conventional design, which can effectively
make submicron IC devices immune to ESD damage.

Accordingly, an electrostatic discharge protection net-
work is provided to protect an internal circuit from ESD
damage. The network is connected to the internal circuit at
the IC contact pads which connect the internal circuit to the
IC input and output leads. This network includes a conduct-
ing line and a number of protection circuits electrically
connected between corresponding contact pads and the
conducting line. Each protection circuit includes a thick-
oxide device, a resistor, a capacitor. and a diode. The thick
oxide device includes a drain terminal and a source terminal,
connected to the corresponding pad and the conducting line,
respectively, and a gate terminal tied to the drain terminal.
The resistor is connected between the bulk terminal of the
thick-oxide device and the conducting line. The capacitor is
connected between the comesponding pad and the bulk
terminal of the thick-oxide device. The diode includes an
anode connected to the conducting line and a cathode
connected to the corresponding pad.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features, and advantages of the invention
will become apparent by way of the following detailed
description of the preferred but non-limiting embodiments.
The description is made with reference to the accompanying
drawings, wherein:

FIG. 1 schematically depicts a circuit diagram of an
embodiment in accordance with the invention;

FIG. 2 schematically depicts the protection circuit
between any two IC pads; and

FIG. 3 schematically depicts in a cross-sectional view the
thick-oxide device shown in FIG. 1, fabricated on a semi-
conductor substrate.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, the circuit diagram of an embodiment
in accordance with the invention is schematically depicted.
FIG. 1 shows an internal circuit 1 within an IC chip. The IC
chip also includes input pads 10 and output pads 20. These
pads may also function as input/output pads. depending on
the design of the internal circuit. Furthermore, the IC chip
includes VDD pads 30 to which the IC power source,
normally 5V or 3V, is applied, and VSS pads 40, normally
connected to a circuit ground while the IC chip is powered
on. All of the pads 10, 20, 30, and 40 are electrically
connected to the internal circuit 1 and provide a point of
connection between the IC internal circuit and the IC
package leads.

According to the invention, a bus 50, preferably made of
metal, and disposed around the periphery of the IC chip. is
provided as a discharge path to bypass ESD stress arising
between any two IC pads. Each of pads 10, 20, 30. and 40
is coupled to the bus 50 by an individual ESD protection
circuit, thereby forming an ESD protection network.

The ESD protection circuit arranged between each input
pad 10 and the bus 50 includes a diode D1. a thick-oxide
device M1, a resistor R1, and a capacitor C1. The diode D1
is connected at its anode to the bus 50 and at its cathode to
the input pad 10. The thick-oxide device M1 is configured
with its drain connected to the input pad 10 and with its
source connected to the bus 50. The gate of the thick-oxide
device M1 is also tied to the input pad 10. The bulk of the
thick-oxide device M1 is coupled by the resistor R1 to the
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bus 50. The capacitor C1 is connected between the input pad
10 and the bulk of the device ML1.

The ESD protection circuit arranged between each output
pad 20 and the bus 50 includes a diode D2, a thick-oxide
device M2, a resistor R2, and a capacitor C2. The diode D2
is connected at its anode to the bus 50 and at its cathode to
the output pad 20. The thick-oxide device M2 is configured
with its drain connected to the output pad 20 and with its
source connected to the bus 50. The gate of the thick-oxide
device M2 is also tied to the output pad 20. The bulk of the
thick-oxide device M2 is coupled by the resistor R2 to the
bus 50. The capacitor C2 is connected between the output
pad 20 and the bulk of the device M2.

The ESD protection circuit arranged between each VDD
power pad 30 and the bus 50 includes a diode D3, a
thick-oxide device M3, a resistor R3, and a capacitor C3.
The diode D3 is connected at its anode to the bus 50 and at
its cathode to the VDD power pad 30. The thick-oxide
device M3 is configured with its drain connected to the VDD
power pad 30 and with its source connected to the bus 50.
The gate of the thick-oxide device M3 is also tied to the
VDD power pad 30. The bulk of the thick-oxide device M3
is coupled by the resistor R3 to the bus 50. The capacitor C3
is connected between the VDD power pad 30 and the bulk
of the device M3.

The ESD protection circuit arranged between each VSS
power pad 40 and the bus 50 includes a diode D4, a
thick-oxide device M4, a resistor R4, and a capacitor C4.
The diode D4 is connected at its anode to the bus 50 and at
its cathode to the VSS power pad 40. The thick-oxide device
M4 is configured with its drain connected to the VSS power
pad 40 and with its source connected to the bus 50. The gate
of the thick-oxide device M4 is also tied to the VSS power
pad 40. The bulk of the thick-oxide device M4 is coupled by
the resistor R4 to the bus 50. The capacitor C4 is connected
between the VSS power pad 40 and the bulk of the device
M4,

When an ESD that has a positive polarity with respect to
the bus 50 stresses any pad 10, 20, 30, or 40, the corre-
sponding thick-oxide device M1, M2, M3, or M4 is turned
on to bypass the ESD pulse to the bus 50, and damage to the
protected internal circuit is avoided. Conversely, when an
ESD that has a negative polarity with respect to the bus 50
stresses any pad 10, 20, 30, or 40. the associated diode D1,
D2, D3, or D4 is forward biased to conduct the discharge
current therethrough so as to bypass the ESD stress to the
bus 50. Once again, the network prevents ESD from dam-
aging the internal circuit.

Referring to FIG. 2, the protection circuit between any
two pads is schematically depicted, wherein the circuit
between a VDD power pad 30 and an output pad 20 is shown
by way of example. When an ESD stress having a positive
polarity with respect to the output pad 20 arises at the VDD
power pad 30, the associated ESD voltage is coupled by the
capacitor C3 to the bulk of the thick-oxide device M3, which
forward biases the bulk/source junction of the device M3
and thus triggers the thick-oxide device M3 to be operated
in snapback mode. Consequently, a great amount of ESD
discharge current I1 flows from the VDD power pad 30,
through the bus 50, to the output pad 20, because the diode
D2 is forward biased.

Conversely, when an ESD stress having a negative polar-
ity with respect to the output pad 20 arises at the VDD power
pad 30, the associated ESD voltage is coupled by the
capacitor C2 to the bulk of the thick-oxide device M2. which
forward biases the bulk/source junction of the device M2
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and thus triggers the thick-oxide device M2 to be operated
in snapback mode. Consequently, a great amount of ESD
discharge current 12 flows from the output pad 20. through
the bus 50 and then to the VDD power pad 30, because the
diode D3 is forward biased. Similarly, any two pads are
provided with a direct discharge path during an ESD event,
without boosting the potential at the power rails, which
would damage the internal circuit 1.

Referring to FIG. 3, a thick-oxide device, such as device
M1, M2, M3, or M4 depicted in FIG. 1, as fabricated on a
semiconductor substrate, is illustrated in a cross-sectional
view. As shown in the drawing, a P-well region 61 is formed
in an N-type substrate 60. Field oxide portions 62 and 63 are
thermally grown, preferably by a LOCOS (local oxidation of
silicon) process, overlying a predetermined area of the
substrate, as isolating structures. A first heavily-doped
N-type region 64 is formed in the P-well region 61 to
function as the drain terminal of the thick-oxide device. At
least one second heavily-doped N-type region 65 (two
second heavily-doped regions are shown by way of example
in FIG. 3) is formed in the P-well region 61 as the source
terminal of the thick-oxide device and is spaced apart from
the first heavily-doped region 64 by one of the field oxide
portions 62. At least one contact region 66 (two comtact
regions are shown by way of example in FIG. 3), forming
the bulk terminal of the thick-oxide device, is formed in the
P-well region 61 by implanting P-type impurities therein.
Each contact region 66 is spaced apart from the adjacent
second heavily-doped region 65 by one of the field oxide
portions 62.

A polysilicon layer 67, doped with impurities, is formed
on one of the field oxide portions 63, preferably at one side
of the substrate 60. A dielectric layer 68 is deposited to cover
the overall surface of the substrate and then is etched to
shape several contact windows in order to expose the
polysilicon layer 67, contact regions 66, first N-type heavily-
doped region 64 and second N-type heavily-doped regions
65. A metal pad 69, which can function as the input pad 10,
the output pad 20, or one of the power pads VDD or VSS as
shown in FIG. 1. depending on the configuration in which
the circuit of the invention is used, is formed on the
dielectric layer 68 above the polysilicon layer 67.
Accordingly, the pad 69, the dielectric layer 68, and the
polysilicon layer 67 form a capacitor C. which functions as
the capacitor C1, C2, C3. or C4 in the network shown in
FIG. 1. This capacitor C is formed by the pad 69, the
dielectric layer 68. and the polysilicon layer 67 thercbelow
without consuming extra layout area. A plurality of metal
contacts 79. 71, 72, 73 are formed on the dielectric layer 68
and are connected to the polysilicon layer 67, contact
regions 66, second heavily-doped regions 65, and first
heavily-doped region 64 through the associated contact
windows. respectively. Note that the metal contact 73 pref-
erably covers an area over the field oxide portions 62 on the
opposing sides of the first N-type heavily-doped region 64
and functions as the gate terminal of the thick-oxide device.

According to the ESD protection circuits depicted in FIG.
1. the pad 69 is electrically coupled to the first heavily-doped
N-type region 64 via the metal contact 73. The polysilicon
layer 67 is electrically coupled by the metal contacts 70 and
71 to the contact regions 66, and is also coupled to the bus
50 by the resistor R. Although designated by a component
symbol, the resistor R may be a thin-film resistor. a well
resistor, or any other electrical resistance component, func-
tioning as the resistor R1, R2, R3, or R4. Moreover, the
second heavily-doped N-type regions 65 are electrically
coupled by the metal contacts 72 to the bus 50.
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As shown in FIG. 3, the thick-oxide device is operated in
a bipolar mode, in which the first heavily-doped N-type
region 64, the P-well region 61, and the second heavily-
doped N-type regions 65 constitute the collector, base, and
emitter of an NPN bipolar junction transistor, respectively,
during an ESD event. When an ESD event occurs at the pad
69, an ESD pulse having a positive pulse with respect to the
bus 50 is coupled to the P-well region 61 by the capacitor C
to forward bias the junction between the P-well region 61
and the second heavily-doped N-type region 65.
Consequently, the NPN bipolar transistor is operated in
snapback mode without causing breakdown. Therefore, the
ESD stress occurring at the pad 69 is bypassed because the
ESD current flows from the first heavily-doped N-type
region 64 to the second heavily-doped N-type regions 65
and is then discharged to the bus 50.

The ESD discharge current disperses through two oppo-
site sides of the first N-type heavily-doped region 64 shown
in FIG. 3, in effect minimizing local heating of the ESD
protection circuit. Moreover, the triggering voltage of the
ESD protection circuit is lowered to the level of the snap-
back voltage but not to the level of the breakdown voltage.
This turn-on voltage clamps the pad 69 to a low voltage level
so that the internal circuit 1 is protected from ESD damage.

Because the P-well region 61 is coupled by the resistor R
to the bus 50, the resistor R and the capacitor C provide a
time delay to sustain the forward bias between the P-well
region 61 and the second heavily-doped N-type regions 65
during the ESD event. For example, according to the HBM
model, the rise time of the ESD pulse is about 10 ns.
Therefore, by the proper selection of resistance and capaci-
tance values, the RC time constant can be adjusted to the
range of about 10 ns, to sustain the forward bias during the
ESD event. Accordingly, the capacitance of the capacitor C
may be selected from the range of about 0.5-2 pF, and the
resistance of the resistor R may be set within the range of
about SK Q to about 20K Q, in order to provide the
appropriate time constant.

The diodes D1, D3, and D4 as depicted in FIG. 1. may be
formed by another N-+/P-well junction. The diode D2, dis-
posed at the output pad 20 (or input/output pads) as depicted
in FIG. 1, can be formed by the junction between the drain
and the bulk of the NMOS transistor of an output buffer.
Thus, a diode is provided for the circuit without consuming
additional layout area.

In summary, the invention makes use of an ESD discharge
bus arranged around the periphery of an IC chip. A protec-
tion circuit is provided between each IC pad and the dis-
charge line, to directly bypass an ESD stress arising at any
two IC pads. Each ESD protection circuit comprises a diode,
a thick-oxide device, a resistor, and a capacitor. The protec-
tion circuit is operated in snapback mode without reaching
breakdown. Therefore, the triggering voltage of the ESD
protection circuit is lowered to the level of the snapback
voltage but not to the level of the breakdown voltage.

Alternative embodiments of the invention have now been
described in detail. It is to be noted, however, that this
description is illustrative of the principles underlying the
inventive concept. It is therefore contemplated that various
modifications of the disclosed embodiments will, without
departing from the spirit and scope of the invention, be
apparent to persons of ordinary skill in the art, and the scope
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6
of the invention is intended to be limited only by the
appended claims.

What is claimed is:

1. An electrostatic discharge protection network for pro-
tecting a circuit internal to an IC from ESD damage.
comprising:

a conducting line;

a plurality of IC contact pads for electrical coupling to the

internal circuit;

a plurality of protection circuits, each of the protection
circuits being electrically coupled between a cotre-
sponding one of the contact pads and the conducting
line, each of the protection circuits comprising:

a thick-oxide device having a bulk terminal. a drain
terminal coupled to the comresponding contact pad, a
source terminal coupled to the conducting line, and
a gate terminal coupled to the drain terminal;

a resistor coupled between the bulk terminal and the
conducting line;

a capacitor coupled between the corresponding contact
pad and the bulk terminal; and

a diode having an anode coupled to the conducting line
and a cathode coupled to the corresponding contact
pad.

2. The protection network as claimed in claim 1. wherein
at least one of the contact pads is an input pad.

3. The protection network as claimed in claim 1, wherein
at least one of the contact pads is an output pad.

4. The protection network as claimed in claim 1, wherein
at least one of the contact pads is an input/output pad.

S. The protection network as claimed in claim 1, wherein
at least one of the contact pads is a power pad.

6. The protection network as claimed in claim 1. further
comprising:

an N-type silicon substrate, wherein the thick oxide
device is formed on the substrate;

a P-well formed in the substrate;

at least one contact region formed in the P-well;

an isolating structure formed on the substrate;

a polysilicon layer formed on the isolating structure. the
polysilicon layer being coupled to the contact region
and being coupled by the resistor to the conducting
line;

a dielectric layer overlying the polysilicon layer;

a metal pad formed on the diclectric layer above the
polysilicon layer, wherein the metal pad, the dielectric
layer, and the polysilicon layer form the capacitor. and
wherein the capacitor couples an ESD voltage to the
P-well when an ESD stress arises at the metal pad;

a first heavily-doped N-type region formed in the P-well
and coupled to the metal pad; and

at least one second heavily-doped N-type region spaced
apart from the first heavily-doped N-type region. and
coupled to the conducting line. wherein the first
heavily-doped N-type region, the second heavily-
doped N-type region. and the P-well form a bipolar
junction transistor which bypasses ESD stress when the
ESD voltage is coupled to the P-well through the
capacitor.



