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(57) Abstract: Mutual triggering of electrostatic discharge (ESD) fingers is improved by creating a base contact in each individual
finger and connecting all of these base contacts in parallel. The local base contact in each ESD finger is located at a position where
the base voltage significantly increases when the ESD current increases. Thus when an ESD finger is triggered its local base voltage
will tend to significantly increase. Since all of the ESD finger bases are connected in parallel this local voltage increase will forward
bias die base-emitter junctions of the other ESD fingers, thus triggering them all. By sharing the triggering current from the fastest
ESD finger with the slower ones ensures that all ESD fingers are triggered during an ESD event.



10

15

20

25

30

WO 2013/013035 PCT/US2012/047391

MULTI-CHANNEL HOMOGENOUS PATH FOR ENHANCED MUTUAL
TRIGGERING OF ELECTROSTATIC DISCHARGE FINGERS

RELATED PATENT APPLICATION

This application claims priority to commonly owned United States Provisional Patent
Application Serial Number 61/510,357; filed July 21, 2011; entitled "Multi-Channel
Homogenous Path for Enhanced Mutual Triggering of Electrostatic Discharge Fingers," by
Philippe Deval, Fernandez Marija and Besseux Patrick; which is hereby incorporated by

reference herein for all purposes.

TECHNICAL FIELD

The present disclosure relates to high voltage (HV) metal oxide semiconductor
(MOS) devices, and more particularly, to providing enhanced electrostatic discharge (ESD)

protection for the HV MOS devices.
BACKGROUND

CAN Controller-area network (CAN or CAN-bus) is a vehicle bus standard designed
to allow microcontrollers and devices to communicate with each other within a vehicle
without a host computer. CAN is a message-based protocol designed specifically for
automotive applications but is now also used in other areas such as industrial automation and
medical equipment. The LIN-Bus (Local Interconnect Network) is a vehicle bus standard or
computer networking bus-system used within current automotive network architectures. The
LIN specification is enforced by the LIN-consortium. The LIN bus is a small and slow
network system that is used as a cheap sub-network of a CAN bus to integrate intelligent
sensor devices or actuators in today’s vehicles. The automotive industry is beginning to
require higher than the standard 4 kV HBM ESD target. Current information indicates that
greater than 6 kV is required (targeting 8 kV on the bus pins and SPLIT pin). Also, the
industry may subject the device to system level tests as defined by IEC 801 and IEC 61000-4-
2. Therefore it is necessary to meet IEC 1000-4-2:1995 specifications, as well as the
following reliability specifications on all pins of an integrated circuit device used in a CAN

and/or LIN system: ESD: EIA/JESD22 A114/A113; ESD: IEC 1000-4-2:1995.

High energy ESD discharge (8KV HBM / 6KV IEC 61000.4) induces high current
peak flowing in the ESD protection (up to 20A @ 6KV IEC 61000.4). Adding a 220 pF load
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capacitor in parallel with the integrated circuit device signal pad for protection (Automotive
requirement) significantly amplifies this current peak (discharge current of this capacitor adds
to the ESD current and there is substantially no series resistance with this load capacitor to

limit its discharge current when the ESD circuit snaps back).
SUMMARY

Therefore what is needed is a more robust ESD protection circuit capable of handling
enhanced high energy ESD discharge without damage to the protected integrated circuit

device.

According to an embodiment, an apparatus for electrostatic discharge (ESD)
protection of an integrated circuit pad may comprise: a plurality of ESD fingers (300),
wherein each of the plurality of ESD fingers may be coupled to a signal pad connection
(323), a distributed base connection (316), a polysilicon layer (322) coupled to a gate

connection, and a ground connection (318).

According to a further embodiment, each of the plurality of ESD fingers (300) may
comprise: an NMOS device (312) comprising a high voltage (HV) drain formed by an N-well
(330) formed in a P-substrate (308) and coupled to the signal pad (323) through an
N-+diffusion contact (332) in the N-well (330), a gate formed by the polysilicon layer (322)
over the P-substrate (308) and insulated therefrom by a thin oxide layer therebetween, and a
source formed by a first N+diffusion contact (302) in the P-substrate (308) and coupled to the
distributed base connection (316); a first NPN bipolar device (306) comprising a collector
formed by the N-well (330), a base formed by the P-substrate (308), and an emitter formed by
a second N+diffusion contact (310) in the P-substrate (308) and coupled to the ground
connection (318); a second NPN bipolar device (324) comprising a collector formed by the
N-well (330), a base formed by the P-substrate (308), and an emitter formed by the first
N+diffusion contact (302) in the P-substrate (308) and coupled to the distributed base
connection (316); a first P+diffusion contact (314) in the P-substrate (308) and coupled to the
distributed base connection (316), wherein the first P+diffusion contact (314) may be butted
proximate to the first N+diffusion contact (302); and a second P+diffusion contact (320) in

the P-substrate (308) and coupled to the ground connection (318).

According to a further embodiment, the second NPN bipolar device (324) may be a
secondary contribution NPN bipolar device to the first NPN bipolar device (306). According
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to a further embodiment, a first resistor (328) may be formed in the P-substrate (308) that
couples the bases of the first NPN bipolar device (306) and the second NPN bipolar device
(324) to the first P+diffusion contact (314); and a second resistor (326) may be formed in the
P-substrate (308) that couples the base of the first NPN bipolar device (306) and the second
NPN bipolar device (324) to the second P+diffusion contact (320).

According to a further embodiment, the first base resistor (328) may be an unwanted
parasitic resistor while second base-emitter resistor (326) may be desired. According to a
further embodiment, the first base resistor (328) connects the bases of the first NPN bipolar
device (306) and the second NPN bipolar device (324) to the distributed base connection
(316). According to a further embodiment, the second resistor (326) may be higher in
resistance than the first resistor (328) for maximizing mutual triggering of the plurality of
ESD fingers (300). According to a further embodiment, the gate formed by the polysilicon
layer (322) may be coupled to the distributed base connection (316). According to a further
embodiment, the gate formed by the polysilicon layer (322) may be coupled to the distributed
base connection (316) ) through a resistor. According to a further embodiment, the gate
formed by the polysilicon layer (322) may be coupled to the ground connection (318) through
a resistor. According to a further embodiment, the gate formed by the polysilicon layer (322)
may be coupled to the ground connection (318). According to a further embodiment, the gate
formed by the polysilicon layer (322) may be coupled to an ESD clamp triggering circuit
(110).

According to a further embodiment, each of the plurality of ESD fingers (400a) may
comprise: an NMOS device (312) comprising a high voltage (HV) drain formed by an N-well
(330a) butted to a P-well body (308a) and coupled to the signal pad (323) through an
N+diffusion contact (332) in the N-well (330a), a gate formed by the polysilicon layer (322)
over the P-well body (308a) and insulated therefrom by a thin oxide layer therebetween, and
a source formed by a first N+diffusion contact (302) in the P-well body (308a) and coupled to
the distributed base connection (316); a first NPN bipolar device (306) comprising a collector
formed by the N-well (330a), a base formed by the P-well body (308a), and an emitter
formed by a second N+diffusion contact (310) in the P-well body (308a) and coupled to the
ground connection (318); a second NPN bipolar device (324) may comprise a collector
formed by the N-well (330a), a base formed by the P-well body (308a), and an emitter
formed by the first N+diffusion contact (302) in the P-well body (308b) and coupled to the
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distributed base connection (316); a first P+diffusion contact (314) in the P-well body (308a)
and coupled to the distributed base connection (316), wherein the first P+diffusion contact
(314) may be butted proximate to the first N-+diffusion contact (302); a second P+diffusion
contact (320) in the P-well body (308a) and coupled to the ground connection (318); and an
isolation substrate (334) having the P-well body (308a) and the N-well (330a) deposed

thereon.

According to a further embodiment, the second NPN bipolar device (324) may be a
secondary contribution NPN bipolar device to the first NPN bipolar device (306). According
to a further embodiment, the signal pad connection (323) may be connected to a positive
supply while the ground connection (318) may be connected to a signal pad to be protected.
According to a further embodiment, a first resistor (328) may be formed in the P-well body
(308a) that couples the bases of the first NPN bipolar device (306) and the second NPN
bipolar device (324) to the first P+diffusion contact (314); and a second resistor (326) may be
formed in the P-well body (308a) that couple the bases of the first NPN bipolar device (306)
and the second NPN bipolar device (324) to the second P+diffusion contact (320).

According to a further embodiment, the first base resistor (328) may be an unwanted
parasitic resistor while the second base-emitter resistor (326) may be a desired parasitic
resistor.  According to a further embodiment, the second resistor (326) may be higher in
resistance than the first resistor (328) for maximizing mutual triggering of the plurality of
ESD fingers (400a). According to a further embodiment, the gate formed by the polysilicon
layer (322) may be coupled to the distributed base connection (316). According to a further
embodiment, the gate formed by the polysilicon layer (322) may be coupled to the ground
connection (318) through a resistor. According to a further embodiment, the gate formed by

the polysilicon layer (322) may be coupled to an ESD clamp triggering circuit (110).

According to a further embodiment, each of the plurality of ESD fingers (400b) may
comprise: an NMOS device (312) comprising a high voltage (HV) drain formed by a deep
N-well (330b) surrounding a P-well body (308b) and coupled to the signal pad connection
(323) through an N+diffusion contact (332) in the deep N-well (330b), a gate formed by the
polysilicon layer (322) over the P-well body (308b) and insulated therefrom by a thin oxide
layer therebetween, and a source formed by a first N+diffusion contact (302) in the P-well

body (308b) and coupled to the distributed base connection (316); a first NPN bipolar device
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(306) comprising a collector formed by the deep N-well (330b), a base formed by the P-well
body (308b), and an emitter formed by a second N-+diffusion contact (310) in the P-well
body (308b) and coupled to the ground connection (318); a second NPN bipolar device (324)
comprising a collector formed by the deep N-well (330b), a base formed by the P-well
body (308b), and an emitter formed by the first N+diffusion contact (302) in the P-well
body (308b) and coupled to the distributed base connection (316); a first P+diffusion
contact (314) in the P-well body (308b) and coupled to the distributed base connection (316),
wherein the first P+diffusion contact (314) may be butted proximate to the first N+diffusion
contact (302); a second P+diffusion contact (320) in the P-well body (308b) and coupled to
the ground connection (318); and a P-substrate (308) having the deep N-well (330b) formed

therein.

According to a further embodiment, the second NPN bipolar device (324) may be a
secondary contribution NPN bipolar device to the first NPN bipolar device (306). According
to a further embodiment, the first base resistor (328) may be an unwanted parasitic resistor
while second base-emitter resistor (326) may be a desired parasitic resistor. According to a
further embodiment, the second resistor (326) may be higher in resistance than the first
resistor (328) for maximizing mutual triggering of the plurality of ESD fingers (400b).
According to a further embodiment, the gate formed by the polysilicon layer (322) may be
coupled to the distributed base connection (316). According to a further embodiment, the
gate formed by the polysilicon layer (322) may be coupled to the distributed base connection
(316) through a resistor. According to a further embodiment, the gate formed by the
polysilicon layer (322) may be coupled to the ground connection (318) through a resistor.
According to a further embodiment, the gate formed by the polysilicon layer (322) may be
coupled to the ground connection (318). According to a further embodiment, the gate formed
by the polysilicon layer (322) may be coupled to an ESD clamp triggering circuit (110).
According to a further embodiment, the signal pad connection (323) may be connected to a
positive supply while the ground connection (318) may be connected to a signal pad to be

protected.

According to another embodiment, an apparatus for electrostatic discharge (ESD)
protection of an integrated circuit pad may comprise: a plurality of ESD fingers (400c),
wherein each of the plurality of ESD fingers (400c) may be coupled to a signal pad

connection (423), a distributed base connection (416), a polysilicon layer (422) coupled to a
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gate connection, and a ground connection (418); wherein each of the plurality of (400c) may
comprise: an PMOS device (412) comprising a drain formed by a P-well (430¢) formed in a
deep N-well (408¢) and coupled to a ground pad (418) through an P+diffusion contact (432)
in the P-well (430c), a gate formed by the polysilicon layer (422) over the deep N-well (408¢)
and insulated therefrom by a thin oxide layer therebetween, and a source formed by a first
P+diffusion contact (402) in the deep N-well (408c) and coupled to the distributed base
connection (416); a first PNP bipolar device (406) comprising a collector formed by the
P-well (430c), a base formed by the deep N-well (408c), and an emitter formed by a second
P+diffusion contact (410) in the deep N-well (408c) and coupled to the signal pad connection
(423); a second PNP bipolar device (424) comprising a collector formed by the P-well
(430c), a base formed by the deep N-well (408c), and an emitter formed by the first
P+diffusion contact (402) in the deep N-well (408c) and coupled to the distributed base
connection (416); a first N+diffusion contact (414) in the deep N-well (408c) and coupled to
the distributed base connection (416), wherein the first N+diffusion contact (414) may be
butted proximate to the first P+diffusion contact (402); and a second N+diffusion contact

(420) in the deep N-well (408¢) and coupled to the signal pad connection (423).

According to a further embodiment, the second PNP bipolar device (424) may be a
secondary contribution PNP bipolar device to the first PNP bipolar device (406). According
to a further embodiment, a first resistor (428) may couple the bases of the first PNP bipolar
device (406) and the second PNP bipolar device (424) to the first N+diffusion contact (414).
According to a further embodiment, a second resistor (426) may couple the bases of the first
PNP bipolar device (406) and the second PNP bipolar device (424) to a second N+diffusion
contact (420), wherein the second resistor (426) may be higher in resistance than the first
resistor (428) for maximizing mutual triggering of the plurality of ESD fingers (400c).
According to a further embodiment, the first base resistor (428) may be an unwanted parasitic
resistor while second base-emitter resistor (426) may be a desired parasitic resistor.
According to a further embodiment, the gate formed by the polysilicon layer (422) may be
coupled to the distributed base connection (416). According to a further embodiment, the
gate formed by the polysilicon layer (422) may be coupled to the distributed base connection
(416) through a resistor. According to a further embodiment, the gate formed by the
polysilicon layer (422) may be coupled to the ground connection (418) through a resistor.
According to a further embodiment, the gate formed by the polysilicon layer (422) may be
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coupled to the ground connection (418). According to a further embodiment, the gate formed
by the polysilicon layer (422) may be coupled to an ESD clamp triggering circuit (110).
According to a further embodiment, the signal pad connection (423) may be connected to a
positive supply while the ground connection (418) may be connected to a signal pad to be

protected.

According to yet another embodiment, an apparatus for electrostatic discharge (ESD)
protection of an integrated circuit pad may comprise: a plurality of ESD fingers (400d),
wherein each of the plurality of ESD fingers (400d) may be coupled to a signal pad
connection (423), a distributed base connection (416), a polysilicon layer (422) coupled to a
gate connection, and a ground connection (418); wherein each of the plurality of ESD fingers
(400d) may comprise: a PMOS device (412) comprising a drain formed by first P+diffusion
contact (432) formed in a P-well (430d) formed in a deep N-well (408d) and coupled to a
ground pad (418), a gate formed by the polysilicon layer (422) over the deep N-well (408d)
and insulated therefrom by a thin oxide layer therebetween, and a source formed by a second
P+diffusion contact (442) in the deep N-well (408c) and coupled to the signal pad
connection (423); an NPN bipolar device (406) comprising a collector formed by the deep
N-well (408d) and coupled to the signal pad connection (423) through the second
N-+diffusion contact (444), a base formed by the P-well (430d) that may be formed in the
deep N-well (408d), and an emitter formed by a first N+diffusion (410) built inside the P-well
(430d), and coupled to the ground connection (418; a third P+diffusion contact (414) in the
P-well (430d) and coupled to the distributed base connection (416); a first P+diffusion
contact (432) formed in the P-well (430d) and acting as the base contact (426) to the ground
connection (418); and a P-substrate having the deep N-well (408d) formed therein.

According to a further embodiment, a first resistor (428) may be formed between the
base of the NPN bipolar device (406) and the first P+diffusion contact (414). According to a
further embodiment, a second resistor (426) may be formed between the base of the NPN
bipolar device (406) and the first P+diffusion contact (432) formed in the P-well (430d) and
coupled to the ground pad connection (18), wherein the second resistor (426) may be higher
in resistance than the first resistor (428) for maximizing mutual triggering of the plurality of
ESD fingers (400d). According to a further embodiment, the first base resistor (428) may be
an unwanted parasitic resistor while second base-emitter resistor (426) may be a desired

parasitic resistor. According to a further embodiment, the gate formed by the polysilicon
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layer (422) may be coupled to the pad connection (423). According to a further embodiment,
the gate formed by the polysilicon layer (422) may be coupled to the pad connection (423)
through a resistor. According to a further embodiment, the gate formed by the polysilicon
layer (422) may be coupled to the pad connection (423). According to a further embodiment,
the gate formed by the polysilicon layer (422) may be coupled to an ESD clamp triggering
circuit (110). According to a further embodiment, the signal pad connection (423) may be
connected to a positive supply while the ground connection (418) may be connected to a

signal pad to be protected.

According to still another embodiment, an apparatus for electrostatic discharge (ESD)
protection of an integrated circuit pad may comprise: a plurality of ESD fingers (900),
wherein each of the plurality of ESD fingers (900) may be coupled to a signal pad
connection (923), a distributed base connection (916), and a ground connection (918);
wherein each of the plurality of ESD fingers (900) may comprise: an NPN bipolar device
(906) comprising a collector formed by a first N+diffusion contact (932) formed in an N-well
(930) formed in a P-substrate (908) and coupled to the signal pad connection (923), a base
formed in the P-substrate (908), and an emitter formed by a second N+diffusion contact (910)
formed in the P-substrate (908) and coupled to the ground connection (918).

According to a further embodiment, a first resistor (928) may be formed between the
base of the NPN bipolar device (906) and a first P+diffusion contact (914). According to a
further embodiment, a second resistor (926) may be formed between the base of the NPN
bipolar device (906) and a second P+diffusion contact (920) coupled to the ground
connection (918), wherein the second resistor (926) may be higher in resistance than the first
resistor (928) for maximizing mutual triggering of the plurality of ESD fingers (900).
According to a further embodiment, the first base resistor (928) may be an unwanted parasitic

resistor while second base-emitter resistor (926) may be a desired parasitic resistor.

According to another embodiment, an apparatus for electrostatic discharge (ESD)
protection of an integrated circuit pad may comprise: a plurality of ESD fingers (1000),
wherein each of the plurality of ESD fingers (1000) may be coupled to a signal pad
connection (1023), a distributed base connection (1016), and a ground connection (1018);
wherein each of the plurality of ESD fingers (1000) may comprise: a PNP bipolar device
(1006) comprising a collector formed by the P-substrate (1008) and coupled to the ground
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connection (1018) through a first P+diffusion contact (1032) formed in the P-substrate
(1008), a base formed by an N-well (1030) and coupled to the distributed base connection
(1016) through a first N+diffusion contact (1014) formed in the N-well (1030) and coupled to
the pad connection (1023) through a second N-+diffusion contact (1020) formed in the N-well
(1030), and an emitter formed by a second P+diffusion contact (1010) formed in the N-well

base (1030) and coupled to the signal pad connection (1023).

According to a further embodiment, a first resistor (1028) may be formed between the
base of the PNP bipolar device (1006) and the first N+diffusion contact (1014). According to
a further embodiment, a second resistor (1026) may be formed between the base of the PNP
bipolar device (1006) and a second N+diffusion contact (1020) formed in the N-well (1030)
and coupled to the signal pad connection (1023), wherein the second resistor (1026) may be
higher in resistance than the first resistor (1028) for maximizing mutual triggering of the
plurality of ESD fingers (1000). According to a further embodiment, the first base resistor
(1028) may be an unwanted parasitic resistor while second base-emitter resistor (1026) may

be a desired a parasitic resistor.

According to another embodiment, an apparatus for electrostatic discharge (ESD)
protection of an integrated circuit pad may comprise: a plurality of ESD fingers (1100),
wherein each of the plurality of ESD fingers (1100) may be coupled to a signal pad
connection (1123), a distributed base connection (1116), and a ground connection (1118);
wherein each of the plurality of ESD fingers (1100) may comprise: an NPN bipolar device
(1106) comprising a collector formed by a deep N-well (1108) and coupled to the signal pad
connection (1123) through a second N+diffusion contact (1144), a base formed by a P-well
(1130) formed in the deep N-well (1108) and coupled to the distributed base connection
(1116) through a first P+diffusion contact (1114) formed in the P-well (1130) and coupled to
the ground connection (1118) through a second P+diffusion contact (1132) formed in the
P-well (1130), and an emitter formed by a first N+diffusion (1110) formed inside the P-well
(1130), and coupled to the ground connection (1118); and a P-substrate having the deep
N-well (1108) formed therein.

According to a further embodiment, a first resistor (1128) may be formed between the
base of the NPN bipolar device (1106) and the first P+diffusion contact (1114). According to

a further embodiment, a second resistor (1126) may be formed between the base of the NPN
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bipolar device (1106) and the second P+diffusion contact (1132) formed in the P-well (1130),
wherein the second resistor (1126) may be higher in resistance than the first resistor (1128)
for maximizing mutual triggering of the plurality of ESD fingers (1100). According to a
further embodiment, the first base resistor (1028) may be an unwanted parasitic resistor while
second base-emitter resistor (1026) may be a desired parasitic resistor. According to a further
embodiment, the signal pad connection (1123) may be connected to a positive supply while

the ground connection (1118) may be connected to a signal pad to be protected.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present disclosure may be acquired by
referring to the following description taken in conjunction with the accompanying drawings

wherein:

Figure | illustrates a schematic block diagram of an electrostatic discharge (ESD)
protection circuit having a plurality of ESD protection fingers fabricated in an integrated

circuit die, according to the teachings of this disclosure;

Figure 2 illustrates a schematic cross-section elevational diagram of a prior art
grounded gate N-type metal-oxide-semiconductor (NMOS) ESD protection circuit fabricated

in an integrated circuit die;

Figure 3 illustrates a schematic cross-section elevational diagram of a grounded gate
NMOS ESD protection circuit fabricated in an integrated circuit die, according to a specific

example embodiment of this disclosure;

Figure 4A illustrates a schematic cross-section elevational diagram of a grounded gate
NMOS ESD protection circuit on an isolated substrate and fabricated in an integrated circuit

die, according to another specific example embodiment of this disclosure;

Figure 4B illustrates a schematic cross-section elevational diagram of a grounded gate
lateral N-type diffusion metal oxide semiconductor (NDMOS) ESD protection circuit in an

integrated circuit die, according to another specific example embodiment of this disclosure;

Figure 4C illustrates a schematic cross-section elevational diagram of a “grounded
gate” PDMOS ESD protection circuit in an integrated circuit die, according to another

specific example embodiment of this disclosure;
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Figure 4D illustrates a schematic cross-section elevational diagram of a “grounded
gate” PDMOS ESD protection circuit where the distributed base connection is moved to the
drain side in an integrated circuit die, according to another specific example embodiment of
this disclosure;

5 Figure 5 illustrates a schematic circuit diagram of the prior art grounded gate NMOS

ESD protection circuit shown in Figure 2;

Figure 6 illustrates a schematic circuit diagram of the grounded gate NMOS ESD

protection circuits shown in Figures 3 and 4;

Figure 7 illustrates a schematic isometric diagram of the grounded gate NMOS ESD

10 protection circuit shown in Figure 3;

Figure 8 illustrates a schematic cross-section elevational diagram of a grounded gate
NMOS ESD protection circuit showing a plurality of ESD fingers fabricated in an integrated

circuit die, according to specific example embodiments of this disclosure;

Figure 9 illustrates a schematic cross-section elevational diagram of a NPN only ESD
15  protection circuit showing a plurality of ESD fingers fabricated in an integrated circuit die,

according to specific example embodiments of this disclosure;

Figure 10 illustrates a schematic cross-section elevational diagram of a PNP ESD
protection circuit showing a plurality of ESD fingers on an isolated substrate and fabricated
in an integrated circuit die, according to specific example embodiments of this disclosure;

20 and

Figure 11 illustrates a schematic cross-section elevational diagram of an isolated NPN
ESD protection circuit fabricated in an integrated circuit die, according to another specific

example embodiment of this disclosure.

While the present disclosure is susceptible to various modifications and alternative

25  forms, specific example embodiments thereof have been shown in the drawings and are
herein described in detail. It should be understood, however, that the description herein of
specific example embodiments is not intended to limit the disclosure to the particular forms
disclosed herein, but on the contrary, this disclosure is to cover all modifications and

equivalents as defined by the appended claims.
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DETAILED DESCRIPTION

High ESD energy bypassing in ESD protection devices requires wide devices that can
only be achieved through multiple elementary devices connected in parallel. Such elementary
devices will hereinafter be referred to as "fingers." Maximum efficiency is achieved when all
of these fingers in parallel are triggering together. Under certain discharge conditions only a
few, even a single finger(s), is (are) triggered. Thus ESD protection efficiency is

dramatically reduced.

ESD protection mainly relies on the inherent companion bipolar device to the MOS
device. Usually grounded gate N-type metal-oxide-semiconductor (NMOS) are used as ESD
devices. Inherent bipolar companion device to the grounded gate NMOS device is an NPN
device. A grounded gate (GG) NMOS device is an NMOS device having its gate connected
to its source terminal directly or through a grounding gate resistance, the source node being
connected to the ground. The drain and source nodes of the NMOS transistor, that are N-type
doped islands diffused into a P-substrate (or Pbody), constitute the collector and emitter
terminal of the NPN bipolar companion device while the P-substrate (or Pbody) constitutes
the base of this NPN bipolar companion device. The greater the base voltage, the greater the

collector current.

The GGNMOS device operates as follows when a positive ESD event occurs:
Applying the positive discharge to the drain of the GGNMOS device induces a fast increase
of the drain voltage of this device. Very quickly the drain voltage reaches the break-down
voltage of the drain-to-Pbody junction. This induces a break-down current into the Pbody
that flows to the ground through the Pbody contact (P+ diff tie). The current flow induces a
voltage drop into the Pbody due to inherent resistance of the Pbody. This voltage drop
induces a base-emitter current as soon as it reaches a junction voltage (~ 0.7V) in the source
area that is as well the companion NPN emitter region. This base-emitter current is amplified
by the beta factor of the companion NPN device thereby inducing an increase of the current
flowing into the Pbody as well as the voltage drop. As a matter of fact the base current
increases thereby inducing a positive feedback effect commonly known as an "avalanche
effect.” From this point the current increases very quickly and the drain voltage collapses

down to a voltage hereinafter referred to as a "holding voltage." The drain voltage from
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which the avalanche effect starts is hereinafter referred to as a "snapback voltage" or

“triggering voltage."

All fingers must trigger simultaneously for maximizing the ESD robustness.
However the ESD current concentrates into the fastest fingers since the base voltage of the
fastest fingers increases faster than the base voltage of the slowest ones due to larger current
in the fastest fingers. Non-uniform finger triggering results in degraded HV ESD protection:
High voltage ESD protection circuits usually have a hold voltage dramatically lower than the
snapback voltage. Thus once one finger triggers, it tends to sink the entire current since the
voltage on the pin drops at a level from which the other fingers cannot snapback.
Techniques, like drain-to-gate capacitive coupling, exist for improving simultaneous
triggering of the fingers. Increasing the ballast resistors also helps. However, under certain
discharge conditions, e.g., IEC61000-4-2 with 220 pF load capacitor on the signal pad, these
techniques are no longer sufficient. The main reason for which some fingers are not
triggering is that the minimum energy (base current) required to trigger these fingers wasn’t
injected/accumulated in their bases when the faster finger starts snapping back and dropping
out the integrated circuit signal pad (pin) voltage. This base current is injected through the
leakage current of the drain junction when its voltage is close to its break-down. Thus

dropping the signal pad (pin) voltage stops the leakage and base current injection.

According to the teachings of this disclosure, mutual triggering of the fingers is
improved by homogenizing the base voltage of each finger. This implies that all of the bases
are to be connected together which is not the case with the prior art. This is achieved by
modifying the ground connection as shown in Figure 3. The N+ source 302 and local P+
body connection 314 are no longer connected to the ground line as done in the prior art
through N+ source/emitter 202 and local P+ body/base connection 214 (Figure 2). The N+
source 302 and local P+ body connection 314 become the local base contact. It is connected
to a "distributed base" 316. Ideally all of the local bases should be connected together with
"strong metal" (low resistance) connections. However there is inherent resistance in the
distributed base connection 316 that is represented by a series resistance 328 (also, e.g., the
ground return resistance 228 shown in Figure 2). Care must be taken to minimize the series
resistance 328. This is why the N+ source 302 and local P+ body/base diffusion are
preferably butted together (placed next to each other). An N+ diffusion 310 is added in order

to create the emitter of the main ESD NPN bipolar device 306. The emitter contact is created
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by adding the N+ diffusion 310. The inherent companion NPN device 324 thereby becomes
mainly parasitic. A weak ground return path needs to be created in order to prevent small
leakage current in the P-substrate/Pbody from triggering the ESD protection. This weak
ground return path is achieved through the P+ substrate contact 320 and inherent base
grounding resistance. In order to maximize mutual finger triggering through the base current
this base grounding resistance needs to be large compared to the series resistance 328. This
will minimize the resistive divider effect between series resistance 328 of the fastest finger
and the parallel association of the grounding resistance 316 of all other fingers. This weak
ground-return path / large grounding resistance 326 is achieved by placing only a few
minimally sized grounding P+ substrate contact islands 320 (Figure 7). By contrast the N+
emitter diffusion 310 shall be wide (Figure 7). One way to create the weak ground return
path and wide emitter diffusion in a minimal area is by creating a few minimally sized P+
diffusion islands inside the wide N+ emitter diffusion as shown in Figure 7. The local base
contact in each finger is located at a position where the base voltage significantly increases
when the ESD current increases. Thus when a finger is triggered its local base voltage will
tend to significantly increase. Since all of the finger bases are connected in parallel this local
voltage increase will forward bias the base-emitter junctions of the other fingers, thus
triggering them all. By sharing the triggering current from the fastest ESD finger with the

slower ones ensures that all fingers are triggered during an ESD event.

In some processes, like SOI process, the N-Well HV drain is no longer built inside the
P-substrate, but is butted to the P-Well/Pbody 308 of GGNMOS (that is as well 306 NPN
base as explained hereinabove) as shown in Figure 4A. This has no significant impact of the

overall behavior of the invention, according to the teachings of this disclosure.

GGNMOS ESD protection is based on an NMOS device (LV/HV) having its gate
grounded (tied to its source/body potential). The NMOS device has an intrinsic NPN
companion device. The NMOS body is the base of the NPN companion device while the
drain and source constitute the collector and emitter terminals, respectively. This NMOS
device is normally off, but when its drain voltage increases and reaches the drain-to-body
breakdown, carriers are injected into the base of the companion NPN device and thus forward
biases the base-emitter junction thereof. This creates a collector current that injects more
current in the base that is equal to or greater than a voltage that enables an avalanche effect

and the device snaps back. From this moment the current increases very quickly.
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Referring now to the drawing, the details of a specific example embodiment is
schematically illustrated. Like elements in the drawings will be represented by like numbers,
and similar elements will be represented by like numbers with a different lower case letter

suffix.

Referring to Figure 1, depicted is a schematic block diagram of electrostatic discharge
(ESD) protection having a plurality of ESD protection fingers fabricated in an integrated
circuit die, according to the teachings of this disclosure. The base current of each finger 300
is shared between all the fingers 300a to 300n, thereby improving mutual triggering thereof.
When one finger 300 is triggered its base current starts increasing dramatically due to the
avalanche effect in this finger. The excess of current is distributed to the other fingers 300
helping them to reach their snapback point. This can be easily implemented with standard
HV NMOS devices. The source/base nodes (sb) of the fast and slow fingers 300 are
preferably connected together through a strong metal (i.e., very low resistance) distributed
base connection 316. Without the strong metal distributed base connection 316, the fast and

slow fingers 300 may become decoupled upon an ESD event.

Simulated voltage-time graphs of current sharing were run. In prior art ESD fingers
(Figure 2), the fast finger was 1st/2nd Ipk 3.1/2.9A, Ppk 125/75W, for total energy of 760
nano-joules; and for the slow finger(s) 1st/2nd Ipk 2/0.6A, Ppk 70/10W, for total energy of
380 nano-joules. In the ESD fingers 300 (Figure 3), according to the teachings of this
disclosure, current sharing in the enhanced mutual triggering of the ESD fingers 300
indicated for the fast finger 1st/2nd Ipk 2.1/1.1A, Ppk 90/20W, for total energy of 510 nano-
joules; and for the slow finger(s) Ist/2nd Ipk 2/1A, Ppk 70/15W, for total energy of 420
nano-joules. A significant difference from the prior art current sharing fingers 200 (Figure

2).

These simulations showed very significant improvement in the homogeneity of finger
currents. However, simulations do not take into account self heating that increases finger
current mismatch. Current mismatch depends mainly on the transit time of the bipolar
devices (e.g., 0.35 ns fast fingers, 0.5 ns slow fingers). The 220 picoFarad load capacitance
102 required by the automotive industry combined with the package plus printed circuit
board (PCB) line inductance 104 creates local energy storage plus ringing that further

increases the stress on the ESD protection devices (as connected to integrated circuit signal
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pads 106). Thus the best possible homogeneity of ESD finger currents is desired. The
aforementioned ESD circuit improvements, which were motivated for automotive
applications, also apply to finger currents homogeneity improvement for any other type of
systems as well. According to the current simulations the ESD capability may be increased

by about 50 percent.

Referring to Figures 2 and 3, depicted are schematic cross-section elevational
diagrams for comparison purposes of a prior art grounded gate (GG) NMOS ESD protection
circuit (Figure 2), and, according to the teachings of this disclosure, a new, novel and non-

obvious grounded gate (GG) NMOS ESD protection circuit (Figure 3).

As shown in Figure 2, a high voltage (HV) NMOS device 212 has its source formed
from an N+diffusion area local butted source/emitter contact 202. This butted source/emitter
contact 202 is connected to a ground connection 218. The drain of the NMOS device 212 is
formed by the N-well 230 and is connected to a signal pad 223. A polysilicon layer 222 over
a thin oxide forms the gate of the HV MOS device 212. The gate of the HV NMOS device
212 may be connected to the ground connection 218 through a resistor (not shown) or to a
triggering circuit 110, e.g., see Figure 1. A P-body diode 204 is formed between the N-well
230 and the P-substrate 208 which also forms the base of the bipolar transistor 224.
Breakdown current will flow through the P-body diode 204.

As shown in Figure 3, a high voltage (HV) NMOS device 312 drain is connected to a
signal pad 323 through an N-+diffusion contact 332. A source thereof is formed from an
N-+diffusion area local butted source/emitter contact 302. This butted source/ emitter contact
302 is not connected to the ground connection 318 as shown in Figure 2 (prior art). Instead
the butted source/ emitter contact 302 and a local P+diffusion butting contact 314 are
connected to a distributed base connection 316. An N+diffusion contact 310 is placed next to
the local P+diffusion butting contact 314 and becomes the emitter of the NPN bipolar device
306. The collector of the NPN bipolar device 306 is formed with the N-well 330 which also
forms the drain of the HV MOS device 312. This HV-drain/collector is connected to the
signal pad 323 through the N+diffusion contact 332. A polysilicon layer 322 over a thin
oxide forms the gate of the HV MOS device 312. A second substrate P+diffusion contact
320 is connected to the ground connection 318 and is added next to the N+diffusion contact

310. The N-+diffusion contact 310 forms the emitter of the NPN bipolar device 306. The
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substrate resistance between the second substrate P+diffusion contact 320 and N+diffusion
contact (emitter) 310 implements a base-to-emitter resistor 326. The base-to-emitter resistor
326 is needed to prevent early/unwanted triggering on pad glitches. As mentioned
hereinabove the base-to-emitter resistor 326 resistor shall be weak (higher resistance) to
maximize mutual triggering of the fingers. The gate of the HV NMOS device 312 may be
connected to the distributed base connection 316 through a resistor or to an ESD clamp
triggering circuit 110, e.g., see Figure 1. HV-NMOS current induced through appropriate
gate coupling significantly helps in delivering a base current into each finger 300, according

to the teachings of this disclosure.

A secondary contribution NPN bipolar device 324 is shown in Figure 3 with dashed
lines. The N+diffusion area local butted source/base contact 302 is the emitter of the
secondary contribution NPN device 324. When an ESD event occurs, it first triggers the HV
NMOS device 312 which pulls up the local bases and thereby turns on the NPN bipolar
devices 306 and 324 that will handle most of the ESD event current. Since all the local bases
are connected in parallel through the distributed strong base connection 316, the first HV
NMOS device 312 that triggers will generate the base current for all of the NPN bipolar
devices 306 and 324. Therefore, the respective NPN bipolar devices 306 and 324 of the other
ESD fingers will be turned on as well within a small time delay. This may not be as efficient
as all ESD fingers simultaneously and naturally triggering, but is much better then only
triggering a single one or just a few ESD fingers. All the gates of the HV NMOS devices 312
may be connected together and grounded through a resistor ensuring a time constant
(Rground * Cgate) of preferably about 30 microseconds. Additionally, drain-to-gate
coupling may be required. Adaptive gate coupling may be used as well. Adding an
N-+diffusion contact 310 for creating the emitter of the main ESD NPN device 306 and
ground return contacts 320 increases the area of the unit ESD cell. Increasing the area
required for the unit ESD cell is counter intuitive to an integrated circuit designer who will
avoid increased ESD cell area since area is critical in integrated circuit designs. However,
the benefit of homogeneous finger triggering at substantially the same time is significantly

higher than being able to place more fingers 300 in a given integrated circuit die area.

Practically, the semiconductor device structure shown in Figure 3 may be very
sensitive. Thus a base-to-emitter resistor 326 is preferred in order to prevent the ESD

device(s) from triggering on a glitch. Since all of the base-to-emitter resistors 326 and 328
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are connected in parallel through the distributed base connection 316, the effective base-
emitter resistance, Rbe, is low thereby requiring significant current flowing in the faster
finger 300 for triggering the whole ESD structure. Ballasting may be used in both
collector/drain and emitter sides for minimizing effects of local heating and/or local thermal

run away.

Referring to Figure 4A, depicted is a schematic cross-section elevational diagram of a
grounded gate NMOS ESD protection circuit on an isolated substrate and fabricated in an
integrated circuit die, according to another specific example embodiment of this disclosure.
The circuit shown in Figure 4A functions in substantially the same way as the grounded gate
NMOS ESD protection circuit shown in Figure 3 with the addition of an isolation substrate
334, e.g., like triple well or SOI processes where the N-well HV drain is no longer built
inside the P-substrate but is butted to the P-Well/Pbody 308 of the GGNMOS. Figure 4B
shows a cross-section elevational diagram of a grounded gate lateral N-type diffusion metal
oxide semiconductor (NDMOS) ESD protection circuit. These various implementations have
no significant impact on the overall behavior of the invention, according to the teachings of

this disclosure.

According to the teachings of this disclosure, all embodiments described and claimed
herein may be applied to HV PMOS or HV PDMOS technologies as well as the embodiment
shown in Figure 4C. All devices previously described herein become complementary: The
high voltage (HV) DMOS device 430 drain is connected to the ground pad 418 through an
P+diffusion contact 432. A source thereof is formed from a P+diffusion area local source
contact 402 butted with the local N+diffusion base contact 414 and is connected to the
distributed base connection 416. A P+diffusion contact 410 is placed next to the local
N-+diffusion butting contact 414 and becomes the emitter of the PNP bipolar device 406. The
collector of the PNP bipolar device 406 is formed with the P-Well 430 which also forms the
drain of the HV MOS device 412. This HV-drain/collector is connected to the ground pad
418 through the P+diffusion contact 432. A polysilicon layer 422 over a thin oxide forms the
gate of the HV MOS device 412. A second substrate N+diffusion contact 420 is connected to
the pad connection 423 and is added next to the P+diffusion contact 410. The P+diffusion
contact 410 forms the emitter of the PNP bipolar device 406. The substrate resistance
between the second substrate P+diffusion contact 420 and P+diffusion contact (emitter) 410

implements a base-to-emitter resistor 426. The base-to-emitter resistor 426 is needed to
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prevent early/unwanted triggering on pad glitches. As mentioned hereinabove for the
HVNMOS implementation, the base-to-emitter resistor 426 shall be weak (higher resistance)
to maximize mutual triggering of the fingers. The gate of the HV PMOS device 412 may be
connected to the distributed base connection 416 through a resistor (not shown) or to an ESD
clamp triggering circuit 110, e.g., see Figure 1. HV-PMOS current induced through
appropriate gate coupling significantly helps in delivering a base current into each finger

400c, according to the teachings of this disclosure.

Usually the PNP companion device associated with PMOS transistors is less efficient
during an ESD event than the NPN companion device of a NMOS transistor. Moving the
ESD protection, according to the teachings of this disclosure, to the drain side of the
HV-PMOS transistor is shown in Figure 4D. Figure 4D depicts a schematic cross-section
elevational diagram of a central drain “grounded gate” dual HV-PMOS ESD protection
circuit fabricated in an integrated circuit die, according to another specific example
embodiment of this disclosure. The HV drain P-Well 430 of the dual HV-PMOS transistors
412a and 412b is extended out of the central drain contact 432 in order to be able to add new
diffusions therein. Two P+diffusions 414a and 414b are added sufficiently far from the
P+diffusion central drain contact 432 in order to be able to implement N+diffusion 410a
between P+diffusion 414a and the central drain contact 432, and the N-+diffusion 410b
between P+diffusion 414b and central drain contact 432. N-+diffusions 410a and 410b
implement the emitters of created NPN transistors 406a and 406b while the central drain
contact 432 of the dual HV-PMOS transistors 412a and 412b also becomes a return contact
for the base-to-emitter resistors 426a and 426b of these added NPN transistors 406a and
406b. The N+diffusion body contacts 444a and 444b for the HV-PMOS transistors 412a and
412b act as well as collector contacts for the NPN transistors 406a and 406b while added
P+diffusions 414a and 414b are used as contacts for the distributed base 416. The triggering
current for the ESD protection is created either through leakage current of drain-to-body
diodes 404a and 404b and/or MOS current via appropriate gate coupling for HV-PMOS

transistors 412a and 412b.

Referring to Figures 5 and 6, depicted are schematic circuit diagrams of the intrinsic
NPN devices in a prior art ESD protection shown in Figure 2, and the intrinsic NPN devices
in the new GGNMOS ESD protection shown in Figure 3, respectively. The secondary

contribution NPN devices 324 are depicted as dashed lines in Figure 6. The main reason why
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some fingers are not triggering is that the minimum energy (base current) required to trigger
these fingers wasn't injected/accumulated in their bases when the faster finger starts snapping
back and dropping out the pad/pin voltage. This base current is injected through the leakage
current of the drain junction of the GGNMOS device 312 when the voltage is close to its
break-down voltage. Thus dropping the pad/pin voltage stops the leakage and base current
injection. The circuit implementations showed in Figures 3 and 6 share the base currents of
each finger between all the fingers, thereby improving mutual triggering of the ESD fingers
300. When one finger is triggering its base current starts increasing dramatically due to the
avalanche effect in this finger. The excess of current is distributed to the other fingers

thereby helping them to reach their snapback point.

Referring to Figure 7, depicted is a schematic isometric diagram of the grounded gate
NMOS ESD protection circuit shown in Figure 3. As described hereinabove, the weak
ground-return path / large grounding resistance 326 may be achieved by placing only a few
minimally sized grounding P+ substrate contact islands 320 into the wide N+ emitter
diffusion 310. This facilitates creation of a weak ground return path and a wide emitter

diffusion using a minimal area of the integrated circuit die.

Referring to Figure 8, depicted is a schematic cross-section elevational diagram of a
grounded gate NMOS ESD protection circuit showing a plurality of ESD fingers fabricated in
an integrated circuit die, according to specific example embodiments of this disclosure. A
common N-well 330 may be part of at least two finger structures as shown for fingers 300a

and 300b. This combination may be repeated over an area of the integrated circuit die.

An advantage of the present invention is that it maximizes ESD robustness of HV
ESD protection through homogeneous current sharing between ESD fingers. Further features
and advantages of the present invention include but are not limited to: 1) dramatic
improvement of current matching between ESD fingers, 2) maximizes efficiency of HV ESD
protection, 3) compliant with bulk and trench isolated (SOI) technologies, 4) applicable to
CAN, LIN and many other HV products, and 5) meets very stringent requirements, e.g.,

automotive application.

According to the teachings of this disclosure, all embodiments described and claimed
herein apply as well to bipolar only protection (Figure 9). A bipolar only implementation is

achieved when the polysilicon gates 322 and source contacts 302 are removed. Only the
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distributed base contacts 316 are maintained. The secondary bipolar transistor 324

disappears, but triggering through the gate is no longer possible.

Referring to Figure 9, depicted is a schematic cross-section elevational diagram of a
NPN only ESD protection circuit showing a plurality of ESD fingers fabricated in an
integrated circuit die, according to specific example embodiments of this disclosure. The
collectors of the NPN bipolar devices 906a and 906b are formed with the N-well 930 which
is coupled to the signal pad 923 through the N+diffusion 932. The contacts formed by the
N-+diffusions 910a and 910b are built in the P-substrate 908 and form the emitters of the NPN
bipolar devices 906a and 906b. First P+diffusion substrate contacts 914a and 914b are placed
between the N-well 930 (collectors) and the emitters formed by the N-+diffusions 910a and
910b. The P+diffusions 914a and 914b are coupled to the distributed base 916 through
parasitic resistances 928a and 928b. Second P+diffusion substrate contacts 920a are 920b are
added external to the N+diffusions 910a and 910b (emitters) and connect the base-emitter
resistances 926a and 926b to the ground connection 918. As mentioned hereinabove the
base-to-emitter resistor 926 resistor shall be weak (higher resistance) to maximize mutual

triggering of the fingers 900.

Referring to Figure 10, depicted is a schematic cross-section elevational diagram of a
PNP ESD protection circuit showing a plurality of ESD fingers on an isolated substrate and
fabricated in an integrated circuit die, according to another specific example embodiment of
this disclosure. Dual high voltage (HV) PNP devices 1006a and 1006b have their emitters
formed from P+diffusions 1010a and 1010b, respectively, built in the N-Well base 1030. The
dual emitter P+diffusions 1010a and 1010b are tied to pad connection 1023. Dual
N-+diffusions 1014a and 1014b tie the parasitic dual resistors 1028a and 1028b to the
distributed base 1016, and N+diffusion 1020 ties the emitter-base resistances 1026a and
1026b to the pad connection 1023. The P-substrate 1008 constitutes the collectors of the dual
HV PNP devices 1006a and 1006b, and is tied to the ground connection 1018 through dual
P+diffusion contacts 1032a and 1032b

Referring to Figure 11, depicted is a schematic cross-section elevational diagram of
an isolated NPN ESD protection circuit fabricated in an integrated circuit die, according to
another specific example embodiment of this disclosure. This structure is based on figure 4D

where the HV-PMOS 412a/b have been removed. The collectors of the NPN bipolar
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devices 1106a and1106b are formed with the Deep-N-well 1108 which is coupled to the
signal pad 1123 through the N+diffusion 1144a and 1144b. The HV P-Well 1130 (that was
the drain of HV-PMOS in figure 4D) is the base of dual isolated NPN 1106a and 1106b. The
central P+diffusion contact 1132 is the ground return base contact. Two P+diffusions 1114a
and 1114b are added sufficiently far from the central P+diffusion ground return base contact
1132 in order to be able to implement N+diffusion 1110a between P+diffusion 1114a and the
ground return base contact 1132, and the N+diffusion 1110b between P+diffusion 1114b and
central P+diffusion ground return base contact 1132. N+diffusions 1110a and 1110b
implement the emitters of created isolated NPN transistors 1106a and 1106b. The central
P+diffusion 1132 implements the return contact for the base-to-emitter resistors 1126a and
426b of the isolated NPN transistors 1106a and 1106b while the added P+diffusions 1114a
and 1114b are used as contacts for the distributed base 1116 through the local resistors 1128a
and 1128b. As mentioned hereinabove the base-to-emitter resistors 1126a and 1126b shall be
weak (higher resistance) while local resistors 1128a and 1128b shall be as low as possible in
order to maximize mutual triggering of the bipolar 1106a and 1106b. The triggering current
for the ESD protection is created through leakage current of collector-to-base diodes 1104a

and 1104b.

For all of the embodiments described hereinabove, the pad to protect is assumed to be
positive versus ground. Elsewhere process intrinsic diodes are forward biased clamping the
pad voltage a junction voltage (~0.7V) below the ground voltage. Protecting a pad versus
ground is the most common situation. However some application may require protecting the
pad versus a positive supply like the battery voltage (Vbat). According to the teachings of
this disclosure, the techniques described herein apply as well to such a situation when the
isolated protection presented in figures 4A, 4B, 4C, 4D or 11 are used. In order to explain
how it works the pad termination 323, 423 or 1123 is renamed the positive termination while
the ground termination 318, 418 or 1118 is renamed negative termination. Protecting the pad
versus the positive voltage is achieved by connecting the positive terminations 323, 423 or
1123 to the positive voltage while negative terminations 318, 418 or 1118 is connected to the

pad to be protected.

It is contemplated and within the scope of this disclosure that one having ordinary
skill in integrated circuit design and the benefit of this disclosure could effectively apply the

new ESD circuits disclosed herein to any basic bulk process (e.g. for LIN application) or
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BCD, BiCMOS, triple well, SOI, etc. The main difference is that such processes may have
more layers that are not shown in the basic descriptions of the embodiments presented

hereinabove.

While embodiments of this disclosure have been depicted, described, and are defined
by reference to example embodiments of the disclosure, such references do not imply a
limitation on the disclosure, and no such limitation is to be inferred. The subject matter
disclosed is capable of considerable modification, alteration, and equivalents in form and
function, as will occur to those ordinarily skilled in the pertinent art and having the benefit of
this disclosure. The depicted and described embodiments of this disclosure are examples

only, and are not exhaustive of the scope of the disclosure.
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CLAIMS

What is claimed is:

1.

An apparatus for electrostatic discharge (ESD) protection of an integrated

circuit pad, comprising:

2.

a plurality of ESD fingers (300),
wherein each of the plurality of ESD fingers is coupled to
a signal pad connection (323),
a distributed base connection (316),
a polysilicon layer (322) coupled to a gate connection, and

a ground connection (318).

The apparatus according to claim 1, wherein each of the plurality of ESD

fingers (300) comprises:

an NMOS device (312) comprising

a high voltage (HV) drain formed by an N-well (330) formed in a
P-substrate (308) and coupled to the signal pad (323) through an N+diffusion
contact (332) in the N-well (330),

a gate formed by the polysilicon layer (322) over the P-substrate (308)
and insulated therefrom by a thin oxide layer therebetween, and

a source formed by a first N+diffusion contact (302) in the
P-substrate (308) and coupled to the distributed base connection (316);
a first NPN bipolar device (306) comprising

a collector formed by the N-well (330),

a base formed by the P-substrate (308), and

an emitter formed by a second N+diffusion contact (310) in the
P-substrate (308) and coupled to the ground connection (318);
a second NPN bipolar device (324) comprising

a collector formed by the N-well (330),

a base formed by the P-substrate (308), and

an emitter formed by the first N+diffusion contact (302) in the
P-substrate (308) and coupled to the distributed base connection (316);
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a first P+diffusion contact (314) in the P-substrate (308) and coupled to the
distributed base connection (316), wherein the first P+diffusion contact (314) is butted
proximate to the first N+diffusion contact (302); and

a second P+diffusion contact (320) in the P-substrate (308) and coupled to the

ground connection (318).

3. The apparatus according to claim 2, wherein the second NPN bipolar
device (324) is a secondary contribution NPN bipolar device to the first NPN bipolar
device (306).

4. The apparatus according to claim 2, further comprising:

a first resistor (328) formed in the P-substrate (308) that couples

the bases of the first NPN bipolar device (306) and the second NPN bipolar
device (324) to the first P+diffusion contact (314); and

a second resistor (326) formed in the P-substrate (308) that couples the base of
the first NPN bipolar device (306) and the second NPN bipolar device (324) to the

second P-+diffusion contact (320).

5. The apparatus according to claim 4, wherein the first base resistor (328) is an

unwanted parasitic resistor while second base-emitter resistor (326) is desired.

6. The apparatus according to claim 4, wherein the first base resistor (328)
connects the bases of the first NPN bipolar device (306) and the second NPN bipolar
device (324) to the distributed base connection (316).

7. The apparatus according to claim 4, wherein the second resistor (326) is
higher in resistance than the first resistor (328) for maximizing mutual triggering of the

plurality of ESD fingers (300).

8. The apparatus according to claim 2, wherein the gate formed by the

polysilicon layer (322) is coupled to the distributed base connection (316).

9. The apparatus according to claim 2, wherein the gate formed by the
polysilicon layer (322) is coupled to the distributed base connection (316) ) through a

resistor.
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10.  The apparatus according to claim 2, wherein the gate formed by the

polysilicon layer (322) is coupled to the ground connection (318) through a resistor.

11.  The apparatus according to claim 2, wherein the gate formed by the

polysilicon layer (322) is coupled to the ground connection (318).

12. The apparatus according to claim 2, wherein the gate formed by the

polysilicon layer (322) is coupled to an ESD clamp triggering circuit (110).

13. The apparatus according to claim 1, wherein each of the plurality of ESD
fingers (400a) comprises:

an NMOS device (312) comprising

a high voltage (HV) drain formed by an N-well (330a) butted to a P-
well body (308a) and coupled to the signal pad (323) through an N+diffusion
contact (332) in the N-well (330a),

a gate formed by the polysilicon layer (322) over the P-well body
(308a) and insulated therefrom by a thin oxide layer therebetween, and

a source formed by a first N+diffusion contact (302) in the P-well
body (308a) and coupled to the distributed base connection (316);
a first NPN bipolar device (306) comprising

a collector formed by the N-well (330a),

a base formed by the P-well body (308a), and

an emitter formed by a second N+diffusion contact (310) in the P-well
body (308a) and coupled to the ground connection (318);
a second NPN bipolar device (324) comprising

a collector formed by the N-well (330a),

a base formed by the P-well body (308a), and

an emitter formed by the first N+diffusion contact (302) in the P-well
body (308b) and coupled to the distributed base connection (316);
a first P+diffusion contact (314) in the P-well body (308a) and coupled to the

distributed base connection (316), wherein the first P+diffusion contact (314) is butted

proximate to the first N+diffusion contact (302);
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a second P+diffusion contact (320) in the P-well body (308a) and coupled to
the ground connection (318); and

an isolation substrate (334) having the P-well body (308a) and the N-well
(330a) deposed thereon.

14.  The apparatus according to claim 13, wherein the second NPN bipolar
device (324) is a secondary contribution NPN bipolar device to the first NPN bipolar
device (306).

15.  The apparatus according to claim 13, wherein the signal pad connection (323)
is connected to a positive supply while the ground connection (318) is connected to a signal

pad to be protected.

16.  The apparatus according to claim 13, further comprising:

a first resistor (328) formed in the P-well body (308a) that couples the bases of
the first NPN bipolar device (306) and the second NPN bipolar device (324) to the
first P+diffusion contact (314); and

a second resistor (326) formed in the P-well body (308a) that couple the bases
of the first NPN bipolar device (306) and the second NPN bipolar device (324) to the

second P+diffusion contact (320).

17.  The apparatus according to claim 16, wherein the first base resistor (328) is an
unwanted parasitic resistor while the second base-emitter resistor (326) is a desired parasitic

resistor.

18.  The apparatus according to claim 16, wherein the second resistor (326) is
higher in resistance than the first resistor (328) for maximizing mutual triggering of the

plurality of ESD fingers (400a).

19.  The apparatus according to claim 13, wherein the gate formed by the

polysilicon layer (322) is coupled to the distributed base connection (316).

20.  The apparatus according to claim 13, wherein the gate formed by the

polysilicon layer (322) is coupled to the ground connection (318) through a resistor.
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The apparatus according to claim 13, wherein the gate formed by the

polysilicon layer (322) is coupled to an ESD clamp triggering circuit (110).

22.

The apparatus according to claim 1, wherein each of the plurality of ESD

fingers (400b) comprises:

an NMOS device (312) comprising

a high voltage (HV) drain formed by a deep N-well (330b) surrounding
a P-well body (308b) and coupled to the signal pad connection (323) through
an N+diffusion contact (332) in the deep N-well (330b),

a gate formed by the polysilicon layer (322) over the P-well body
(308b) and insulated therefrom by a thin oxide layer therebetween, and

a source formed by a first N+diffusion contact (302) in the P-well
body (308b) and coupled to the distributed base connection (316);
a first NPN bipolar device (306) comprising

a collector formed by the deep N-well (330b),

a base formed by the P-well body (308b), and

an emitter formed by a second N-+diffusion contact (310) in the P-well
body (308b) and coupled to the ground connection (318);
a second NPN bipolar device (324) comprising

a collector formed by the deep N-well (330b),

a base formed by the P-well body (308b), and

an emitter formed by the first N+diffusion contact (302) in the P-well
body (308b) and coupled to the distributed base connection (316);
a first P+diffusion contact (314) in the P-well body (308b) and coupled to the

distributed base connection (316), wherein the first P+diffusion contact (314) is butted

proximate to the first N+diffusion contact (302);

a second P+diffusion contact (320) in the P-well body (308b) and coupled to

the ground connection (318); and

23.

a P-substrate (308) having the deep N-well (330b) formed therein.

The apparatus according to claim 22, wherein the second NPN bipolar

device (324) is a secondary contribution NPN bipolar device to the first NPN bipolar

device (306).
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24.  The apparatus according to claim 5, wherein the first base resistor (328) is an
unwanted parasitic resistor while second base-emitter resistor (326) is a desired parasitic

resistor.

25.  The apparatus according to claim 5, wherein the second resistor (326) is
5  higher in resistance than the first resistor (328) for maximizing mutual triggering of the

plurality of ESD fingers (400b).

26.  The apparatus according to claim 22, wherein the gate formed by the

polysilicon layer (322) is coupled to the distributed base connection (316).

27.  The apparatus according to claim 22, wherein the gate formed by the

10 polysilicon layer (322) is coupled to the distributed base connection (316) through a resistor.

28.  The apparatus according to claim 22, wherein the gate formed by the

polysilicon layer (322) is coupled to the ground connection (318) through a resistor.

29.  The apparatus according to claim 22, wherein the gate formed by the

polysilicon layer (322) is coupled to the ground connection (318).

15 30.  The apparatus according to claim 22, wherein the gate formed by the

polysilicon layer (322) is coupled to an ESD clamp triggering circuit (110).

31.  The apparatus according to claim 22, wherein the signal pad connection (323)
is connected to a positive supply while the ground connection (318) is connected to a signal

pad to be protected.

20 32.  An apparatus for electrostatic discharge (ESD) protection of an integrated
circuit pad, comprising:
a plurality of ESD fingers (400c¢),
wherein each of the plurality of ESD fingers (400c) is coupled to
a signal pad connection (423),
25 a distributed base connection (416),
a polysilicon layer (422) coupled to a gate connection, and
a ground connection (418);

wherein each of the plurality of ESD fingers (400c) comprises:
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a PMOS device (412) comprising

a drain formed by a P-well (430c) formed in a deep N-well
(408c) and coupled to a ground pad (418) through an P-+diffusion
contact (432) in the P-well (430c¢),

a gate formed by the polysilicon layer (422) over the deep
N-well (408c) and insulated therefrom by a thin oxide layer
therebetween, and

a source formed by a first P+diffusion contact (402) in the deep
N-well (408c) and coupled to the distributed base connection (416);

a first PNP bipolar device (406) comprising

a collector formed by the P-well (430c),

a base formed by the deep N-well (408c), and

an emitter formed by a second P+diffusion contact (410) in the
deep N-well (408c) and coupled to the signal pad connection (423);

a second PNP bipolar device (424) comprising

a collector formed by the P-well (430c),

a base formed by the deep N-well (408¢), and

an emitter formed by the first P+diffusion contact (402) in the
deep N-well (408c) and coupled to the distributed base connection
(416);

a first N+diffusion contact (414) in the deep N-well (408c) and
coupled to the distributed base connection (416), wherein the first
N-+diffusion contact (414) is butted proximate to the first P+diffusion
contact (402); and

a second N-+diffusion contact (420) in the deep N-well (408c)

and coupled to the signal pad connection (423).

The apparatus according to claim 32, wherein the second PNP bipolar

device (424) is a secondary contribution PNP bipolar device to the first PNP bipolar

device (400).
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34.  The apparatus according to claim 32, further comprising a first resistor (428)
that couple the bases of the first PNP bipolar device (406) and the second PNP bipolar device
(424) to the first N-+diffusion contact (414).

35.  The apparatus according to claim 33, further comprising a second resistor

5 (426) that couple the bases of the first PNP bipolar device (406) and the second PNP bipolar
device (424) to a second N+diffusion contact (420), wherein the second resistor (426) is
higher in resistance than the first resistor (428) for maximizing mutual triggering of the

plurality of ESD fingers (400c).

36.  The apparatus according to claim 35, wherein the first base resistor (428) is an
10 unwanted parasitic resistor while second base-emitter resistor (426) is a desired parasitic

resistor.

37.  The apparatus according to claim 32, wherein the gate formed by the

polysilicon layer (422) is coupled to the distributed base connection (416).

38.  The apparatus according to claim 32, wherein the gate formed by the

15 polysilicon layer (422) is coupled to the distributed base connection (416) through a resistor.

39.  The apparatus according to claim 32, wherein the gate formed by the

polysilicon layer (422) is coupled to the ground connection (418) through a resistor.

40.  The apparatus according to claim 32, wherein the gate formed by the

polysilicon layer (422) is coupled to the ground connection (418).

20 41.  The apparatus according to claim 32 wherein the gate formed by the

polysilicon layer (422) is coupled to an ESD clamp triggering circuit (110).

42.  The apparatus according to claim 32, wherein the signal pad connection (423)
is connected to a positive supply while the ground connection (418) is connected to a signal

pad to be protected.

25 43.  An apparatus for electrostatic discharge (ESD) protection of an integrated
circuit pad, comprising:
a plurality of ESD fingers (400d),
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wherein each of the plurality of ESD fingers (400d) is coupled to
a signal pad connection (423),
a distributed base connection (416),
a polysilicon layer (422) coupled to a gate connection, and
a ground connection (418);
wherein each of the plurality of ESD fingers (400d) comprises:
a PMOS device (412) comprising
a drain formed by first P+diffusion contact (432) formed in a
P-well (430d) formed in a deep N-well (408d) and coupled to a ground
pad (418),
a gate formed by the polysilicon layer (422) over the deep
N-well (408d) and insulated therefrom by a thin oxide layer
therebetween, and
a source formed by a second P+diffusion contact (442) in the
deep N-well (408c) and coupled to the signal pad connection (423);
an NPN bipolar device (406) comprising
a collector formed by the deep N-well (408d) and
coupled to the signal pad connection (423) through the second
N-+diffusion contact (444),
a base formed by the P-well (430d) that is formed in the
deep N-well (408d), and
an emitter formed by a first N+diffusion (410) built inside the P-well (430d), and

coupled to the ground connection (418);

a third P+diffusion contact (414) in the P-well (430d) and
coupled to the distributed base connection (416);

a first P+diffusion contact (432) formed in the P-well (430d)
and acting as the base contact (426) to the ground connection (418);
and

a P-substrate having the deep N-well (408d) formed therein.
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44.  The apparatus according to claim 43, further comprising a first resistor (428)
formed between the base of the NPN bipolar device (406) and the first P+diffusion
contact (414).

45.  The apparatus according to claim 43, further comprising a second

5  resistor (426) formed between the base of the NPN bipolar device (406) and the first
P+diffusion contact (432) formed in the P-well (430d) and coupled to the ground pad
connection (418), wherein the second resistor (426) is higher in resistance than the first

resistor (428) for maximizing mutual triggering of the plurality of ESD fingers (400d).

46.  The apparatus according to claim 44, wherein the first base resistor (428) is an
10 unwanted parasitic resistor while second base-emitter resistor (426) is a desired parasitic

resistor.

47.  The apparatus according to claim 43, wherein the gate formed by the

polysilicon layer (422) is coupled to the pad connection (423).

48.  The apparatus according to claim 43, wherein the gate formed by the

15  polysilicon layer (422) is coupled to the pad connection (423) through a resistor.

49.  The apparatus according to claim 43, wherein the gate formed by the

polysilicon layer (422) is coupled to the pad connection (423).

50.  The apparatus according to claim 43, wherein the gate formed by the

polysilicon layer (422) is coupled to an ESD clamp triggering circuit (110).

20 51.  The apparatus according to claim 43, wherein the signal pad connection (423)
is connected to a positive supply while the ground connection (418) is connected to a signal

pad to be protected.
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52.  An apparatus for electrostatic discharge (ESD) protection of an integrated
circuit pad, comprising:
a plurality of ESD fingers (900),
wherein each of the plurality of ESD fingers (900) is coupled to
a signal pad connection (923),
a distributed base connection (916), and
a ground connection (918);
wherein each of the plurality of ESD fingers (900) comprises:
an NPN bipolar device (906) comprising
a collector formed by a first N+diffusion contact (932) formed in an
N-well (930) formed in a P-substrate (908) and coupled to the signal pad
connection (923),
a base formed in the P-substrate (908), and
an emitter formed by a second N+diffusion contact (910) formed in the

P-substrate (908) and coupled to the ground connection (918).

53.  The apparatus according to claim 52, further comprising a first resistor (928)
formed between the base of the NPN bipolar device (906) and a first P+diffusion contact
(914).

54.  The apparatus according to claim 53, further comprising a second resistor
(926) formed between the base of the NPN bipolar device (906) and a second P+diffusion
contact (920) coupled to the ground connection (918), wherein the second resistor (926) is
higher in resistance than the first resistor (928) for maximizing mutual triggering of the

plurality of ESD fingers (900).

55.  The apparatus according to claim 53, wherein the first base resistor (928) is an
unwanted parasitic resistor while second base-emitter resistor (926) is a desired parasitic

resistor.
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56.  An apparatus for electrostatic discharge (ESD) protection of an integrated
circuit pad, comprising:
a plurality of ESD fingers (1000),
wherein each of the plurality of ESD fingers (1000) is coupled to

a signal pad connection (1023),

a distributed base connection (1016), and

a ground connection (1018);
wherein each of the plurality of ESD fingers (1000) comprises:

a PNP bipolar device (1006) comprising

a collector formed by the P-substrate (1008) and coupled to the ground
connection (1018) through a first P+diffusion contact (1032) formed in the
P-substrate (1008),

a base formed by an N-well (1030) and coupled to the distributed base
connection (1016) through a first N+diffusion contact (1014) formed in the
N-well (1030) and coupled to the pad connection (1023) through a second
N-+diffusion contact (1020) formed in the N-well (1030), and

an emitter formed by a second P+diffusion contact (1010) formed in

the N-well base (1030) and coupled to the signal pad connection (1023).

57.  The apparatus according to claim 56, further comprising a first resistor (1028)
formed between the base of the PNP bipolar device (1006) and the first N+diffusion
contact (1014).

58.  The apparatus according to claim 57, further comprising a second
resistor (1026) formed between the base of the PNP bipolar device (1006) and a second
N-+diffusion contact (1020) formed in the N-well (1030) and coupled to the signal pad
connection (1023), wherein the second resistor (1026) is higher in resistance than the first

resistor (1028) for maximizing mutual triggering of the plurality of ESD fingers (1000).

59.  The apparatus according to claim 57, wherein the first base resistor (1028) is
an unwanted parasitic resistor while second base-emitter resistor (1026) is a desired a

parasitic resistor.
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60.  An apparatus for electrostatic discharge (ESD) protection of an integrated
circuit pad, comprising:
a plurality of ESD fingers (1100),
wherein each of the plurality of ESD fingers (1100) is coupled to
a signal pad connection (1123),
a distributed base connection (1116), and
a ground connection (1118);
wherein each of the plurality of ESD fingers (1100) comprises:
an NPN bipolar device (1106) comprising
a collector formed by a deep N-well (1108) and coupled to the
signal pad connection (1123) through a second N-+diffusion
contact (1144),
a base formed by a P-well (1130) formed in the deep
N-well (1108) and coupled to the distributed base connection (1116)
through a first P+diffusion contact (1114) formed in the P-well (1130)
and coupled to the ground connection (1118) through a second
P+diffusion contact (1132) formed in the P-well (1130), and
an emitter formed by a first N+diffusion (1110) formed inside
the P-well (1130), and coupled to the ground connection (1118); and
a P-substrate having the deep N-well (1108) formed therein.

61.  The apparatus according to claim 60, further comprising a first resistor (1128)
formed between the base of the NPN bipolar device (1106) and the first P+diffusion
contact (1114).

62.  The apparatus according to claim 61, further comprising a second
resistor (1126) formed between the base of the NPN bipolar device (1106) and the second
P+diffusion contact (1132) formed in the P-well (1130), wherein the second resistor (1126) is
higher in resistance than the first resistor (1128) for maximizing mutual triggering of the

plurality of ESD fingers (1100).
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63.  The apparatus according to claim 61, wherein the first base resistor (1028) is
an unwanted parasitic resistor while second base-emitter resistor (1026) is a desired parasitic

resistor.

64.  The apparatus according to claim 60, wherein the signal pad connection
(1123) is connected to a positive supply while the ground connection (1118) is connected to a

signal pad to be protected.
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/047391

A. CLASSIFICATION OF SUBJECT MATTER

INV. HOI1L27/02 HO1L29/10
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HOLL

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2008/151446 Al (KER MING-DOU [TW] ET 1

AL) 26 June 2008 (2008-06-26)
A abstract 2-42

paragraphs [0007], [0008], [0010],
[0016], [0017], [0048] - [0050]

figure 7

X US 5 811 856 A (LEE JIAN-HSING [TW]) 1
22 September 1998 (1998-09-22)

A abstract 2-42
figure 2B
column 3, Tine 65 - column 4, line 47

A US 6 444 510 B1 (HU DAVID [SG] ET AL) 1-42
3 September 2002 (2002-09-03)
abstract

figures 3,4
column 3, 1line 55 - column 5, Tine 25

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : i . . . .
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) orwhich is step when the document is taken alone
°'te°|.t°| establish the pug_llc;tlon date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"Q" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
8 October 2012 04/01/2013
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Morena, Enrico
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AL) 18 March 2004 (2004-03-18)
abstract
figures 8A, 8B, 10A,10B,13A, 13B

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 20087144244 Al (VAN CAMP BENJAMIN [BE]) 1-42

19 June 2008 (2008-06-19)

abstract

figures 1A,1B,2B

paragraphs [0022] - [0028]
A US 20047052020 Al (KER MING-DOU [TW] ET 1-42
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International application No.
INTERNATIONAL SEARCH REPORT PLT/052012/047391
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-42

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-42

ESD protection with multifinger structure, a distributed
base connection, a field effect transistor and two parasitic
bipolar transistors having their bases coupled to the common

base connection

2. claims: 43-51

ESD protection with multifinger structure and a distributed
base connection, each finger comprising a PMOS device and a
parasitic NPN device, wherein the base of the parasitic
bipolar device is formed in the Pwell in which the drain of
the PMOS is implemented, said base being coupled to a
distributed base connection.

3. claims: 52-64

ESD protection with multifinger structure, a distributed
base connection and a single bipolar device (without field

effect transistors).




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/047391
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2008151446 Al 26-06-2008  NONE
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US 2003102487 Al 05-06-2003
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US 2008144244 Al 19-06-2008  NONE
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