2007/0406712 A2 I} 10AT 0 000 D01 O O A

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
12 April 2007 (12.04.2007)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

fﬂb A0 000 A

(10) International Publication Number

WO 2007/040612 A2

(51) International Patent Classification: B-9000 Gent (BE). THIJS, Steven [BE/BE]; SPAARZA-
HO2H 9/00 (2006.01) AMHEIDSSTRAAT 26, B-2830 Willebroek (BE).
(21) International Application Number: \éEgsg',\g%NléSderdéEE/BE]; KRUISWEGESTRAAT 28,
PCT/US2006/0 12094 ; uiselede (BE).
. . ) (74) Agents: GARG, Rohini, K. eta; LOWENSTEIN SAN-
(22) International Filing Date: 30 March 2006 (30.03.2006) DLER PC, 65 Livingston Avenue, Rosdland, NI 07068
(25) Filing Language: English (Us).

(26) Publication Language: English  (81) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind d national protection available): AE, AG, AL, AM,
) AT,AU, AZ, BA, BB, BG, BR, BW, BY,BZ, CA, CH, CN,
60/666,445 30 March 2005 (30.03.2005) US CO. CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI.
(71) Applicants (for all designated Sates except US): GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, IP, KE,
SARNOFF EUROPE BVBA [BE/BE]; BRUGSEB AAN KG, KM, KN, KPR, KR, KZ, LC, LK, LR, LS, LT,LU, LV,
188A, B-8470 Gistel (BE). SARNOFF CORPORATION LY,MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
[US/US]; 201 Washington Road, Princeton, NI 08540 NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
(USs). SK, SL, SM, SY, Tl, TM, TN, TR, TT, TZ, UA, UG, US,

(72) Inventors; and Uz, VC, VN, YU, ZA, ZM, ZW
(75) Inventorg/Applicants (for US only): VANYSACKER, (84) Designated States (unless otherwise indicated, for every

Pieter [BE/BE]; BRUIDSTRAAT 13, B-8470 Gistel (BE).
VAN CAMP, Benjamin [BE/BE]; GOUDEN-BOOM-
STRAAAT 9/2, B-8000 Brugge (BE). MARICHAL,
Olivier [BE/BE]; DRIES 9/3, B-9320 Nieuwerkerken
(BE). WYBO, Geert [BE/BE]; PATIINTIESTRAAT 242,

kind d regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI, TM),
European (AT,BE, BG, CH, CY,CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT,LT,LU, LV,MC, NL, PL, PT,

[ Continued on next page]

(54) Titlee ELECTROSTATIC DISCHARGE PROTECTION CIRCUIT

s [es e

N oM T2eyd 2y
DNM‘I Node? NodeZ NodeZ
- N, :' ~N =¢
i 1=
} ; |
o T‘m——' Ohitee Thater Thileee

Defisrent possible schematic for interconnecting £50 clemps 1o Frovide simultaneoue rigpenng.

/Y 200

(57) Abstract: The present invention provides an electrostatic discharge (ESD) protection circuit with asilicon controlled rectifier
(SCR) having a plurality of SCR fingers (SCRs) with the advantages to couple the different fingers or SCRs to decrease the multi-
triggering problem and to increase the ESD-performance of the circuit. Additionally, aboost circuit can be introduced or additionally
multiple SCRs can be coupled inherent through a common base.



WO 2007/040612 A2 | NI/ 0A 000 0T 0000 0 0 O 0 O

RO, SE, S, SK, TR), OAPI (BF,BJ, CF, CG, Cl, CM, GA, For two-letter codes and other abbreviations, refer to the "Guid-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ance Notes on Codes and Abbreviations" appearing at the begin-
Published, ning d each regular issue d the PCT Gazette.
— without international search report and to be republished
upon receipt d that report



ABSTRACT

The present invention provides an electrostatic discharge (ESD) protection circuit with a
silicon controlled rectifier (SCR) having a plurality of SCR fingers (SCRs) with the advantages
to couple the different fingers or SCRs to decrease the multi-triggering problem and to increase
the ESD-performance of the circuit. Additionally, a boost circuit can be introduced or

additionally multiple SCRs can be coupled inherent through a common base.
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ELECTROSTATIC DISCHARGE PROTECTION CIRCUIT

CROSS REFERENCES

[0001] This patent application claims the benefit of U.S. Provisional Application Seria No.
60/666,445 filed March 30, 2005, the contents of which are incorporated by reference herein.

FIELD OF THE INVENTION

[0002] This invention generally relates to the field of electrostatic discharge (ESD) protection
circuitry, and more specificaly, improvements for silicon controlled rectifier (SCR) structuresin
the protection circuitry of an integrated circuit (1C).

BACKGROUND OF THE INVENTION

[0003] Integrated circuits (ICs) and other semiconductor devices are extremely sensitive to the
high voltages that may be generated by contact with an ESD event. As such, electrostatic
discharge (ESD) protection circuitry is essential for integrated circuits. An ESD event
commonly results from the discharge of a high voltage potential (typically, severa kilovolts) and
leads to pulses of high current (several amperes) of a short duration (typically, 100 nanoseconds).
An ESD event is generated within an IC, illustratively, by human contact with the leads of the IC
or by electrically charged machinery being discharged in other leads of an IC. During
installation of integrated circuits into products, these electrostatic discharges may destroy the
ICs and thus require expensive repairs on the products, which could have been avoided by
providing a mechanism for dissipation of the electrostatic discharge to which the IC may have
been subjected.

[0004] In order to protect against these over-voltage conditions, protection devices such as
silicon controlled rectifiers(SCR) or MOS devices have been incorporated within the circuitry to

provide a discharge path for the high current produced by the discharge of the high electrostatic
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potential. Prior to an ESD event, the protection device is in a non-conductive state. Once the
ESD event is detected, the protection device then changes to a conductive state to shunt the
current to ground. The protection device maintains this conductive state until the voltage is
discharged to a safe level.

[0005] When protecting an I1C (Integrated Circuit) against ESD (Electro Static Discharge) stress,
the classic approach isto use anumber of independently triggered placed power clamps (PCl to
PCn). Figure 1A shows an illustration of the classica approach in which four independently
triggered power clamps PCl 120, PC2 122, PC3 124, and PC4 126 are used. PCl 120 and PC3
124 are placed in aVdd 128 power pad cell, and PC2 122 and PC4 126 are placed in aVss 130
ground pad cell. In between the power and ground pad cells the power and ground busses have a
certain amount of bus resistance RVdd 132 and RVss 134. When using this approach, the
voltage over an /O or core element is not only dependent on the characteristics of the clamps
itself but aso on the bus resistance between this element and the clamp. Usualy the ESD
designer assumes a worst case scenario in which only one clamp triggers, and in which this
clamps will take al the current. Because one cannot be sure which and how many clamps will
trigger, this is a necessary approach. However, this approach leads to less area efficient, and
sometimes over dimensioned or unrealistically big ESD protection device sizes. Especiadly in
technologies which have a decreased ESD design windows, increased dynamic on resistance of
protection devices and decreased heat dissipation characteristics of the active silicon film, the
need to ensure more clamps to trigger is high.

[0006] When using the classical approach of uncoupled clamps, triggering of multiple clamps
highly depends on the Vt2/Vtl relationship, with Vt2 the failure voltage and Vil the trigger

voltage of the clamp, and the resistance of the busses in between the individual clamps. Imagine
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e.g. in Figure |A that we stress the Vddl 128 pin positively to Vss2 130. In such a case al four
clamps have theoretically the same chance of triggering.
[0007] Let's assume that PCl 120 triggers first. Then the voltages over the other clamps are

given by:

*

\Y \Y R
PC2= PCl + Vss

Y Y 2*R, . *
PC3= PCl + 'Vss

*R *1

\Y \Y 3
PC4= PCl + Vss
[0008] Note that | isthe current and V isthe voltage with * being multiplication sign. Also,

VPCI, VPC2, VPCS AND VPC4 are voltages at clamps 1, 2, 3 and 4 respectively. Clamps PC2 122

PC3 124 and PC4 126 will aso trigger when the following voltage relationship becomes true:

\%
PC4> tl
[0009] The clamp, PC4 126 which is closest to the ground pad has the biggest chance to trigger
next. However, whether PC4 126 and other clamps will trigger depends greatly on two factors.

First, Vt2 being greater than Vtl or not, and the second on the amount of bus resistance between

the different clamps.
[0010] Now let's assume another case (again positive stress from Vddl to VssZ) in which power

clamp PC2 122 first triggers. Then the voltages over the other claims are given by:

*

\Y \Y R I
PCl = PC2+ Vdd
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*

\Y \Y R
PC3= PC2+ Vss

* *l

Y Y 2
PCA= PC2+  Vss
[0011] Clamps PCI 120, PC3 124 and PC4 126 will aso trigger when the following voltage

relationship becomes true:

Vear s Vi

VPC3 > th

VPC4‘> VtI
[0012] The clamp PC4 128, which is closest to the ground pad has the biggest chance to trigger
next. However, whether PC4 126 and other clamps will trigger depends greatly on two factors.
First, Vt2 being great than Vtl or not, and second on the size of the bus resistance between the
different clamps.
[0013] Especially when Vt2 > Vtl, we can more safely assume that more than one clamp will
take the current and in such a case the individual clamps can be downsized. However, many
technologies produce ESD protection devices which have a deep snapback, and which have
Vt2 < Vtl. h such cases, we cannot assume that multiple clamps will take the ESD discharge
current. Moreover, in technologies which are characterized by alow heat dissipating efficiency
(low 1t2), high Ron, and decreased ESD design windows (decreased GOX breakdown voltages),
the demand to couple the ESD is high, hi such a case one needs to ensure or initiate the
simultaneous triggering of multiple clamps to ensure multi-clamp triggering..
[0014] This problem isn't limited to different clamps but it's also possible in one clamp that

consists of many separate fingers. Figure IB depicts a schematic diagram of a prior art multi-

fingered SCR ESD protection circuit 100, which serves as protection circuitry for an integrated
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circuit (not shown). The circuit 100 having multiple SCR lingers, and isillustratively depicted in
Fig. 1B having three SCR "fingers' 102, 104 and 106. Each finger works as a separate clamp,
but is layouted as one whole clamp. The SCR protection circuit 100 comprises a first trigger
device 108, afirst SCR 102 (i.e. "first finger"), a second SCR 104 (i,e, "second finger") and a
third SCR 106 (i.e. "third finger"). The first SCR 102 further comprises PNP transistor and an
NPN transistor. In particular, the first SCR 102 includes an anode 108 , which is connected to a
pad (not shown) and to one side of aresistor 114. The resistor 114 represents the resistance of
the N-well (or an externa resistor), which is seen a the base of the PNP transistor of the SCR
102. Also, included is a cathode 112 which is connected to a ground (not shown) and to one side
of aresistor 110. The resistor 110 represents the resistance of the P-well (or an external resistor)
which is seen a the base of NPN transistor. The second and third SCRs 104 and 106 are formed
exactly in the same manner as described with regard to the first SCR 102. When SCRs 102, 104,
106 are placed in paralel as shown in Figure |B multifinger triggering is apotential issue. The
typical solution isto connect a first triggering device Gl 116 and/or a second triggering device
G2 118, as shown in Figure 1B such that the voltage drop seen by all anode/G2 respectively
Gl/Cathode diodes is the same. However, when the SCR goes into high injection mode, the
structure acts like a PIN diode, such that the Gl and G2 taps do not control the voltage at the
Nwell/Pwell junction anymore. This renders the multifinger triggering solution of connection
the gates of the different SCRs ineffective. Therefore, there is a need in the art for a multi-
fingered SCR protection device having an enhanced and reliable triggering mechanism.

[0015] A SCR in its basic form is depicted as aprior art in Figure 1C with an anode 136 and
cathode 138. It isregarded as a PNPN structure, formed by P+, N- well, P-substrate and N+.

When using SCR's to protect a chip against ESD, one SCR is needed for each possible current
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path.. As seen in Figure 1C, each SCR takes some area to implement . The large number of
clamps (each current path needs its own clamp) increases the needed area for the ESD protection.
So, there is aneed in the art to incorporate different clamps into one clamp and also to couple

these clamps to overcome the disadvantages of the prior art.

SUMMARY OF THE INVENTION

[0016] The disadvantages heretofore associated with the prior art are overcome by one
embodiment of the present invention of an electrostatic discharge (ESD) protection circuit
comprising & least a clamp having at least one first anode coupled to a first voltage potential
and at least one first cathode coupled to a second voltage potential. Also included is & least a
second clamp having at least one second anode coupled to athird voltage potential and a least
one second cathode coupled to the fourth voltage potential. In the preferred embodiment the
clamps are scr's. In this case the first and second cathodes have at least one first high-doped
region and the first and second anodes have at least one second high-doped region. The circuit
further includes at least one first trigger tap disposed proximate to the first high-doped region of
the first cathode and at least one second trigger-tap disposed proximate to the first high-doped
region of he second cathode. Additionally, at least one first low ohmic connection is coupled
between the first and second trigger-tap to connect the first and second silicon controlled
rectifiers.

[0017] In another embodiment of the present invention, an electrostatic discharge (ESD)
protection circuit isprovided comprising a silicon controlled rectifier (SCR) having aplurality of
SCR fingers. Each SCR finger includes an anode and cathode. A boost circuit is connected to the

anode or cathode. The scr comprises a least one first trigger-tap. Additionally, at least one first
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low-ohmic connection is respectively coupled between the a least one trigger tap of each SCR
finger.

[0018] In even further embodiment of the present invention, an electrostatic discharge (ESD)
protection circuit is provided in a semiconductor integrated circuit comprising at least a first
silicon controlled rectifier including at least one first region having a first conductive type
formed in a second region having a second conductive type opposite to the first conductive type
and a least one third region having a second conductive type formed in a fourth region having a
first conductive type , said first region type coupledto a first voltage potential and said third
conductive element coupled to a second voltage potential The circuit further comprises at least a
second silicon controlled rectifier including at least one fifth region having afirst conductive
element formed in a sixth region having a second conductivetype and &t |least one seventh region
having a second conductive element formed in a eighth region having a first conductive type ,
said fifth conductive element coupled to athird voltage potential and said seventh conductive

element coupled to afourth voltage potential;

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Figure IA depicts an illustration of a prior art classica approach of uncoupled ESD
protection clamps.

[0020] Figure IB depicts a schematic diagram of aprior art multi-fingered SCR ESD protection
circuit.

[0021] Figure 1C depicts alayout of a cross-section diagram of aprior art SCR

[0022] Figure 2 depicts an illustrative schematic diagram of different possible schematics for

interconnecting ESD clamps in another embodiment of the present invention.
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[0023] Figure 3 depicts an illustrative schematic diagram of different possible schematics for
connecting SCR clamps with enhanced coupling technique in another embodiment of the present
invention.

[0024] Figure 4 depicts an illustrative schematic diagram of different possible schematics for
connecting SCR clamps with an enhanced coupling technique with reference to Figure 3 in an
aternate embodiment of the present invention.

[0025] Figure 5 depicts an illustrative schematic diagram of an alternate embodiment with
reference to Figure 4 of the present invention.

[0026] Figure 6 depicts an illustrative schematic diagram of one embodiment of a multi-fingered
SCR ESD protection circuit of the present invention.

[0027] Figure 7 depicts an illustrative schematic diagram of an aternate embodiment with
reference to Figure -6 of the present invention.

[0028] Figure 8A depicts an illustrative cross-section diagram of a structure for ESD protection
according to one embodiment of the present invention.

[0029] Figure 8B depicts an illustrative cross-section diagram of a structure for ESD protection
according to an aternate embodiment of the present invention.

[0030] Figure 9A and Figure 9B depicts an illustrative schematic diagram of an alternate
embodiment with reference to Figure 8A of the present invention.

[0031] Figure 10 depicts an illustrative cross-section diagram of an SCR for ESD protection
according to another embodiment of the present invention.

[0032] Figure HA and Figure H B depict an illustrative circuit diagram of the SCR for ESD

protection according to an aternate embodiment of the present invention.
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[0033] Figure 12A and Figure 12B depict an illustrative circuit diagram of an alternate
embodiment with reference to Figure 11 A and Figure 11B respectively.

[0034] Figure 13 depicts an illustrative cross-section diagram of an SCR for ESD protection
according to an another embodiment of the present invention.

[0035] Figure 14 depicts an illustrative cross-section diagram of an SCR for ESD protection
according to an another embodiment of the present invention.

[0036] Figure 15A and Figure 15B depicts an illustrative circuit diagram of an alternate

embodiment with reference to Figure 14 of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0037] In one embodiment of the present invention, a novel coupled clamping technique is
shown which ensures multi-clamp triggering. The novelty of this embodiment is the coupling of
the trigger gates of the separate clamps through low-ohmic connections, such as metal lines, or
preferably feeding the triggering signal simultaneously to the trigger gates of the different
clamps, or preferably making the anode and/or cathode of the clamps in the same active well, so
asto ease the triggering of anetwork of clamps. The invention relates to the principle in which,
when one certain ESD clamp triggers, it enables or triggers another ESD clamp or a group of
other ESD clamps. When applying this technique to a number of ESD clamps in a certain IC
protection scheme, al those clamps will trigger nearly simultaneoudly, therefore limiting the
potential differences on the whole IC. Thisisvery advantageous for an ESD protection strategy,
especially against CDM stress, where it is critical to limit voltage drops anywhere on the IC as
fast and efficient as possible. This is critical because for instance the capacitance related to two

different power domains can be quite different so that large voltage differences can be built up
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during the discharge of a CDM event. If the power clamps related to these different power
domains trigger together, this problem isless severe.

[0038] Referring to Figure 2 a generic representation of the invention is shown illustrating
different possible schematics 200 for interconnecting ESD clamps to provide simultaneous
triggering.. There are anumber of clamps (n) 202 which are interconnected in order to trigger
each other. The anodes and cathodes (not shown) are connected to nodes(n) 204 such as nodel,

node2, node3 and noded4. They are connected preferably to different protected nodes (n) 204, as
well asthe same nodes (n) 204 asillustrated in Fig. 4A and Fig 4B respectively. So, the clamps
202 can be preferably be connected between any possible nodes 204 . They can have separate
nodes 204 or common nodes 204, or a combination of both. Whenever one clamp 202 triggers,
it provides avoltage or current to the other clamps 202 it is connected with to trigger those other
clamps 202. Principally when afirst clamp triggers, apart of the current will be tapped and used
as a (current) signal or converted to a (voltage) signal which enables a second clamp to trigger,
as well as any number of other clamps. In one example, the clamps are the power clamps of
different power domains. There are several implementations possible. In the case of GGNMOS
based clamps, they can be connected in a fashion as used with enhanced multi-finger triggering
techniques as like domino-triggering. In the case of SCR clamps, their triggering gates Gl or G2
can be connected together. This can by done by hard wiring them with metal liners, or by
placing the anodes of the SCR clamps in the same well, or by placing the cathodes of the SCR
clamps in the same well. This is shown in Figure 3 as described in detail below. This invention
isnot limited to these two cases, which are only meant to illustrate the concept.

[0039] Figure 3 depicts an illustrative schematic diagram of different possible schematics for

connecting SCR clamps with enhanced coupling technique in another embodiment of the present

-10-
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invention. Referring to Figure 3 an ESD protection circuit 300 is shown, having a first SCR
clamp 302 and a second SCR clamp 304. SCR clamp 302 includes a first anode 306 coupled to
a first voltage potential Vdd 308 connected to a pad of the circuitry (not shown) and a first
cathode 310 coupled to a second voltage potential Vss 312 preferably connected to ground (not
shown). Also, afirst trigger tap Gla 314 connected to atriggering device/element (not shown) is
disposed proximate to the first cathode 310 and athird trigger tap G2a 316 is disposed proximate
to the first anode 306 as shown in Fig. 3. Additionally, a first resistor Rgla 318 is connected
parallel to the first cathode 310 and a second resistor Rg2a 320 is connected parallel to the first
anode 306. Similarly, SCR clamp 304 includes a second anode 322 coupled to the Vdd 308 and a
second cathode 324 coupled to the Vss 312. Also, a second trigger tap Glb 326 connected to a
triggering device/element (not shown) is disposed proximate to the second cathode 324 and a
fourth trigger tap G2b 328 is disposed proximate to the second anode 322 as shown in Fig. 5B.
Figure 5C illustrates connecting the first trigger tap Gla 314 to third trigger tap G2a 316 and
connecting second trigger tap Glb 326 to fourth trigger tap G2b 328.

[0040] Note that this circuit shown in Figure 3 isnot limited to two clamps, but can be applied
to any number of clamps. Although, the first trigger tap Gla 314 and second trigger tap Glb 326
are shown as two separate trigger taps, however, they are essentially one trigger tap Gl.

Similarly, the third trigger tap G2a 316 and fourth trigger tap G2b 328 are shown astwo separate
trigger taps, but the are considered essentially one trigger tap G2. Moreover, no trigger elements
or devices are drawn in Figure 3, however any of the SCR's can have atrigger element apart
from the shared trigger line, i.e. an externa on-chip triggering devices coupled to the trigger
taps. An example of this could be a number of GGNMOS triggered SCR clamps (GGSCR's)

where the GGNMOS is connected between G2 tap and ground of any or some SCR's and where

-11-
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the Gl tap of any SCR is connected to Gl of any other SCR. Or, anumber of GGSCR clamps
where the GGNMOS is connected between G2 and ground of any or some SCR' s, and where the
G2 tap of any SCR is connected to G2 of any other SCR.

[0041] Referring to Fig. 3 (a), for example, let's consider the two SCR devices 302 and 304..
The trigger taps/gates Gla 314 and Glb 326 of both SCR's 302 and 304 respectively, are
connected together. When the first SCR 302 now triggers due to an ESD event, acertain voltage
will occur a the Gla 314 node. Due to this voltage drop, some current will be able to flow to
the Glb 326 node of the second SCR 304. This current will forward bias the Glb 326-cathode
324 diode of this SCR 304, thus triggering it. If the Gla 314-Glb 326 connection 330 is
fabricated from low ohmic connection, preferably metal lines, the current will flow through the
metal lines. If the SCR's have a shared Pwell, carriers generated from the first SCR 302 in the
Pwell will also trigger the other SCR 304. Note that al of this can aso be done by alternatively
by connecting the G2 gates of SCR's together with a low ohmic connection 330 in the same
fashion as shown in Fig.3b. Furthermore, in another aternative embodiment, both GI nodes of
SCR 302 and G2 nodes of SCR 304 can be connected with low ohmic connection 330 as shown
in Fig. 3c in order to stimulate triggering of the clamps. This technique can be applied to any
number of SCR's.

[0042] A possible problem that could occur with this technique isthat the voltage which isbuilt
up by the triggered element is not high enough to trigger a neighboring device. In this case,
some boost circuitry can be inserted into the schematic. This boost circuit causes the trigger
voltage to increase, thus triggering other SCR's more easily. The boost circuit provides an

additional voltage drop at the trigger tap as the trigger current runs through the boost

-12-
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circuit. Depicted in Figure 4 are some possible implementations of this boost circuit as described
in detail below.

[0043] Referring to Figure 4, there is illustrated a schematic diagram of different possible
schematics for connecting SCR clamps of Fig. 3 with an enhanced multi-fingering technique in
an dternate embodiment of the present invention. In Figure 4(a), a first boost circuit 402a
connected in series with the first cathode 310 of the first SCR 302 and a second boost circuit
402b connected in series to the second cathode 324 of the second SCR 304 . When the first
SCR 302 triggers, the boost circuit 402a will have a certain voltage drop over it, thus effectively
increasing the voltage on node Gla 314. This increased voltage will ease triggering of the other
SCR 304. Alternatively, as shown in Figure 6(b), only one boost circuit 402 is connected in
series with the Gla 314 - Glb 326. This circuit amplifies the signa coming from one SCR 302
or 304, boosting the other SCR 304 or 302 respectively. The amplifier can be constructed to
operate in a single direction as well as to operate in both directions. Note that although, not
shown more implementations are possible, for example where a boost circuit 402 would be
connected in serieswith the Vdd line and the anode of each SCR 302 and 304.

[0044] A possible practical implementation of Figure 4(a) can be found as an alternative
embodiment in Figure 5 of the present invention. The boost circuit 402 is here a diode 404 as
shown in Figure 6A or a string of diodes 404 as shown in Figure 6B. When an SCR 302 or 304
is inactive (high resistive state), no current will flow through its series diode(s) 404, thus no
voltage drop will exist over the diode(s) 404. When an SCR 302 or 304 is active (low resistive
state), high ESD current will flow through the SCR and it's series diodes 404. In this case, every
diode 404 will build up by approximately V. The voltage on the GI connection line will be

boosted by 1V*number of series diodes. (i.e. 1V multiplied by number of series diodes). This

-13-
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condition will facilitate the triggering of other SCR's. In order to tune the performance of the
whole circuit, the number of diodes can be altered.

[0045] One skilled in the art will also understand that this boost circuit 402 could also comprise
one of the devices such as a MOS, resistor, capacitor, inductor or any other device that has a
resistance Also, each of the boost circuit 402 may preferably beincluded in only one of the SCR
fingers or in any possible combination of two or more SCR fingers.

[0046] It isto be noted that coupling multiple clamps (as described above) can preferably be
used, for example, in multiple SCR fingers to simulate synchronous triggering of the clamps. In
another embodiment of the present invention, there is shown that the problem of triggering isnot
only with different clamps but aso in one clamp, provided by a multi-fingered SCR ESD
protection circuit as described herein below.

[0047] Figure 6 depicts an illustrative schematic diagram embodiment of a multi-fingered SCR
ESD protection circuit 600 of the present invention which serves as protection circuitry for an
integrated circuit (not shown). . Similar to Fig. IB, the SCR circuit 600 comprises multiple SCR
fingers, and isillustratively depicted in Fig. 6 having three SCR "fingers' 102, 104 and 106. The
SCR protection circuit 600 comprises first SCR 102 (i.e. "first finger"), a second SCR 104 (i,e,
"second finger") and athird SCR 106 (i.e. "third finger"). The first SCR 102 further comprises
PNP transistor and an NPN transistor. In particular, the first SCR 102 includes at least one
anode 108, as known in the art, is one interspersed high-doped first region formed within afirst
lightly doped region. The anode 108 is connected to a first voltage potential, preferably a pad
(not shown) and to one side of aresistor Rl 114. Theresistor Rl 114 represents the resistance
of the N-well (or an external resistor), which is seen at the base of the PNP transistor of the SCR

102. Also, included is a at least one cathode 112, as known in the art, is a interspersed high-
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doped second region formed within a second lightly doped region. The cathode 112 is connected
to a second voltage potential, preferably ground (not shown) and to one side of aresistor R2 110.
Theresistor R2 110 represents the resistance of the P-well (or an external resistor) which is seen
a the base of NPN transistor 106. Furthermore, the circuit 600 comprises a boost circuit 602
connected to the cathode 112 or aternatively to the anode 108 as shown in Figure 6. The boost
circuit provides an additional voltage drop at atrigger tap (116 or 118 in Figure 6) as the
trigger current runs through the boost circuit, thereby increasing the voltage at all the SCR
fingers 102, as will be described in detail below. The boost circuit 602 of Figure 6 may
preferably be one or more diodes 702 as shown in an alternate embodiment of a multi-fingered
SCR ESD protection circuit 700 in Figure 7. One skilled in the art will also understand that this
boost circuit 602 could also comprise one of the devices such as a MOS, resistor, capacitor,
inductor or any other device that has aresistance The second and third SCRs 104 and 106 are
formed exactly in the same manner as described with regard to the first SCR 102.

[0048] Asshown in Figure 6, afirst triggering device (not shown in the figure) represented by a
node G| 116 is connected to the cathode 112 for supplying current to each of the SCR fingers
102, 104, 106. Alternatively, there may beincluded a second triggering device represented by a
node G2 118 connected to the anode 108. such that the voltage drop seen by all anode/G2
respectively Gl/Cathode diodes isthe same. Referring to Figure 6 where the boost circuit 602 is
connected to the cathode 112, hi this case scenario, the Gl node 116 will be pushed higher with
respect to ground. Therefore, fluctuations in Gl -Cathode voltage will be relatively smaller.
Since the Gl node 116 will be pushed higher, the current will be uniformly distributed over all
the cathodes. In other words, the current flowing through the boost circuit 602 at the cathode

112 of the SCR finger 102 will build up enough voltage to be more uniformly distributed over all

-15-



WO 2007/040612 PCT/US2006/012094

the other SCR fingers 104 and 106 to trigger. Also, as Gl node 116 has a higher potential, more
current will flow through the Rl 110 resistor. Since more current will flow through the Rl 110
resistor, less current will initially flow through the cathode of the SCR. This gives the other
fingers more time to trigger, relaxing the multifinger triggering issue. Note that although not
shown here, G2 connections 118 can be also made. Anyone skilled in the art will understand
that pushing G2 118 lower by adding a boost-like circuit 602 between the first voltage potential
(not shown) and anode 108 will create a similar effect.

[0049] It isimportant to note that each boost circuit 602 may preferably be included in only one
of the SCR fingers or in any possible combination of two or more SCR finger. \
[0050] In a further embodiment of the present invention, there is proposed a structure 800
illustrated as a cross-section diagram in Figure 8A for ESD protection, based on SCR operation.
It can be placed at any pin of a chip (not shown). The structure 800 is basically an SCR with
preferably at least two anodes 802 and 804 or at least two cathodes 806 and 808. The purpose is
if one of the inherent SCR's get triggered, the other SCR's in the structures will tend to trigger as
well because al SCR parasitics share the same well (the base of al parasitic bipolars are
connected by the well resistance). This behavior is especially wanted for CDM stress. Beside
this advantage, the protection structure is also an element that can protect the chip against ESD
stress along several current paths a the same time. For example, to protect an input pin (not
shown), placing such a structure could not only protect the chip for stress from input to the first
voltage potential Vdd 508, but also for stress from input to the second voltage potential Vss 512.
With conventional solutions, two elements were needed to achieve this protection, one element

for each current path.
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[0051] Alternatively, a generic cross section of the SCR structure 800 is shown in Figure 8B
with three anodes 802, 804 and 810 and three cathodes 806, 808 and 812. An inherent or
parasitic SCR is shown in dashed line as will be described in greater detail below with reference
to Fig.8A . Note that the number of anodes and cathodes doesn't need to be three. Neither does
the number of anodes and cathodes need to be equal. There can for example be two anodes and
one cathode, or one anode and four cathodes or any number of combinations can be possible.
[0052] In order to ensure the desired operation of the invention, additional elements may be
added as well. This includes, but is not limited to trigger elements or structures that alter the
holding voltage such as diodes in series with the invention.

[0053] Referring back to Figure 8A , there is shown another embodiment of the present
invention. The structure 800 consists of two pH- regions 801 in the same N- well 803, located
next to two N+ regions 805 in the P- substrate 807. This structure comprises 4 parasitic bipolars,
bipoloarl 814, bipolar2 816, bipolar3 818 and bipolar4 820, creating 3 inherent SCR's. The first
SCR is created by parasitic bipolar2 816 & parasitic bipolar4 820 and exists between Vdd 508
and Vss 512. The second oneis an SCR created by parasitic bipolar2 816 and parasitic bipolarl
814 between Vdd 508 and a PAD 840. PAD 840 represents the bonding pad of an 10 pin (not
shown). The third one is an SCR created by parasitic bipolar3 818 & parasitic bipolard 820
between the PAD 840 and Vss 512. Both the second SCR and the third SCR act as alocal clamp
here.

[0054] The advantage of this structure is that when one of the three SCRs gets triggered, the
other ones can trigger as well, if current is supplied to the anodes. For the trigger speed of the
different SCR's, the placement of the N+ 805 and P+ 801 regions is of big importance. One can

place both N+ 805 regions on one side of the N- well 803, or one N+ region 805 on each side of
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the well asis shown in Figure 8A. Both solutions will differ on trigger speed, resistance during
conducting state and other factors such as trigger voltage. Those who are skilled in the art will
know how to design the structure in such away to get optimal ESD performance from it.

[0055] When one wants to add holding diodes to the structure in order to make the holding
voltage higher, this is possible in many different ways. Figure 9 illustrates a schematic
representation 900 of the structure from figure 8A with addition of holding diodes 902. Depicted
in Figure 9A are the addition of holding diodes 902. Depicted in Figure 9B is a possible
example where each of the three possible ESD paths 904 has two holding diodes 902 in series.
The three paths 904 are shown in dashed lines in Figure 9B. . The protection structure of Figure
9 represents the one from Figure 8A and consists of an SCR with 2 anodes 802 and 804, and two
cathodes 806 and 808. Figure 9 shows one configuration, but many different configurations are
possible. For example the path from Vdd 508 to Vss 512 can have 2 holding diodes 902, while
the paths from Vdd 508 to 10 906 and from 1O 906 to Vss 512 may preferably have no diodes.
Inthis case, the anti-parallel diodes at the 10 906 line can be left out.

[0056] In an even further embodiment of the invention, there is shown a cross-section diagram
of the SCR structure 1000 in Figure 10. It ismade by having the invention inherent in an output
driver due to parasitic elements. The SCR structure 1000 with two anodes and two cathodes is
created in an output driver. The structure 1000 is totaly inherent to the driver. The layout of
this driver can be altered for an optimal working of the structure. Both the NMOS 1002 and
PMOS 1004 from the driver stage create the SCR's. By removing the sides of each of P+
guardband 1003 and N+ guardband 1005 band in between the two MOS transistors 1002 and
1004, a structure that can easily latch is created. The structure has two anodes, formed by the

drain and source of the PMOS 1004, aswell astwo cathodes formed by the drain and source of
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the NMOS 1002. An SCR between Out PAD 1008 and Vss 512 is created and uses the Drain of
the PMOS as anode. Another SCR between Vdd 508 and Out PAD 1008 uses the drain of the
NMOS cathode. This embodiment thus shows the intended creation of an SCR with multiple
anodes and cathodes in an output buffer to create an ESD protection structure, which
simultaneously works as a power clamp between Vdd 508 and Vss 512 and as a loca ESD
protection for the output pad.

[0057] In prior arts, all these parasitic SCR's were seen as aproblem for LU (latchup) issues. In
the present invention, it is a way to create ESD protection. To avoid any LU issues using this
SCR during normal operation of the chip, two approaches can be used. Firgt, the holding voltage
of the parasitic SCR between Vdd and Vss can be above the norma Vdd voltage. For LV
technologies, such as IV 65nm CMOS, this is easily achieved since second, the trigger current
can beincreased above the latch up current (liatch)- This can be done by making the G2 (N+ in N-
well) to Vdd connection and the GI (P+ in P- well) to VSS connection low ohmic. In other
words, the bulk ties in N- well and/or P- well need to be well placed in order to lower the well
resistances.

[0058] In order to improve the ESD capabilities of the inherent SCR from Vdd to Vss, the
drain/source regions can be swapped, both for the NMOS as for the PMOS driver. This would
reduce the length Anode/Cathode (LAC) spacing of the inherent SCR and thus improve its speed
LAC is the distance between the anode and the cathode.. Note that this will also affect the
performance of the SCR's between Vdd and PAD, and PAD and Vss.

[0059] Triggering of the intrinsic SCR can be done by adding a trigger circuit 1102 to the bulk
ties of MOS devices asillustrated in the circuit 1100 of Figure 11. Figure 1IA illustrates adding

atrigger circuit 1102 via gate G2 1104 to the PMOS and Figure H B illustrates adding a trigger
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circuit 1102 via gate Gl 1106 to the NMOS. In Figure 12, the trigger circuit 1102 preferably
consists of four diodes 1202. However, in genera this trigger circuit 1102 can consist of any
elements, both passive (diodes, resistors, inductances, capacitances, etc.) and/or active elements
(MOS devices, SCRS, etc.). Figure 12A shows a possible implementation including the trigger
circuit 1102 of Figure 11A with four diodes 1108. Figure 12B includes the trigger circuit 1102 of
Figure H B with four diodes 1108. The resistance R2 of Figure 12A and the resistance RI of
Figure 12B can preferably be both intrinsic or externally added. The value of these resistances
will determine the trigger current of the SCR. Making these resistances small will increase the
latch up immunity of the clamp.

[0060] An even further embodiment of the present invention can be seen in Figure 13. Figure 13
illustrates a cross-section diagram consisting of an SCR 1300 with two anodes 1302 & 1304 and
two cathodes 1306 &1308. It isused in achip (not shown) with two power domains. The first
domain is connected at nodes of afirst voltage potential Vddl 1310 and second voltage potential
Vss 1312. The second domain is connected to nodes of athird voltage potential Vdd2 1314 and
afourth voltage potential Vss2 1316. The first and third voltage potentials Vddl 1310 and Vdd2
1314 respectively, have equivalent values, preferably connected to a pad of the circuitry (not
shown). The second and the fourth voltage potentials Vs 1312 and Vss2 1316 respectively,
have equivalent values, preferably connected to a ground (not shown). When the power clamp
activates at one domain, the power clamp at the other domain tends to trigger as well when
current isflowing there.

[0061] For example, this is especialy advantageous for a Charge Device Model (CDM) event.
CDM is know in the art asamodel used to simulate akind of ESD-stress. The different power

domains on a chip have mostly a different capacitance. This means that during CDM, one
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domain can discharge faster than another domain. Such situation can possibly cause too much
voltage difference between power domains on a chip. Using the invention, the Vdd and Vss line
of all domains can be clamped tightly together, preventing too much potential difference between
them.

[0062] Holding diodes can be added in series with the Vddl 1310 and/or Vdd2 1314 terminal as
desired to raise the holding voltage of the power clamp for a certain power domain. This can be
done for each power domain independently. Even though, the present invention shows an
embodiment with two power domains as shown in Figure 13, it can also be applied for chips with
more than two power domains.

[0063] An even further embodiment of the present invention includes a triggering scheme for
triggering of the SCR as shown in cross section diagram 1400 of Figure 14. Triggering the
structure can happen by sending current through the N-well. In order to be able to do this, an N+
region is added to the N- well. The triggering scheme includes a string of two diodes 1402 and
1404 connected in series from the newly created N- well connection to Vss 512. This is similar
to the diode triggering scheme of a conventional SCR. When the voltage Vdd 508 - Vss 512
reaches about 3V, the diodes 1402 and 1404 will conduct and current will flow from Vdd 508 to
Vss 512 through the P+/N- diode and the two external diodes. This isindicated by dashed line
"1" in Figure 14. The voltage a which current starts to flow is dependent on the number of
trigger diodes. The trigger current will forward bias the base of the parasitic transistor in the N-
well and thus turn on the SCR between Vdd 508 and Vss 512. Triggering can also happen due to
an excess voltage on the PAD 840 with respect to Vss 512 as shown by dashed line "2" in Figure
14. The same trigger mechanism is applied here, only the other parasitic PNP in the N- well gets

forward biased now. The P- substrate is connected to Vss 512 by a resistor 1406 in order to
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prevent unwanted triggering by substrate noise, etc. Note that this resistor will have influence on
the trigger speed of the circuit. A low ohmicresistor will cause slow triggering.

[0064] A schematic representation of these triggering paths of Figure 14 isillustrated in Figure
15A. The two possible trigger paths marked in dashed line, indicated by "1" and "2". The
numbers refer to the same trigger paths as indicated in Figure 14. Figure 15B avariation of the
trigger scheme as an alternate embodiment of the present invention. Only trigger diode 1502 is
added here between the N- well and the P- well of the invention. There are now three possible
trigger paths. The first one is for excess voltage between Vdd 508 and Vss 512 and is indicated
by "1" similar to Fig. 15A . The second oneisindicated by "2" and current will flow here for an
over voltage between PAD 840 and Vss 512 similar to Fig. 15A. An additional third trigger path
marked with "3" will start to conduct current and trigger the structure for excess voltage between
Vdd 508 and PAD 512.

[0065] Although various embodiments that incorporate the teachings of the present invention
have been shown and described in detail herein, those skilled in the art can readily devise many
other varied embodiments that still incorporate these teachings without departing from the spirit

and the scope of the invention.
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CLAIMS:

1. An electrostatic discharge (ESD) protection circuit, comprising:

a silicon controlled rectifier having a plurality of SCR fingers, where each SCR finger

comprises:

a least one interspersed high-doped first region formed within a first lightly doped
region; a least one interspersed high-doped second region formed within a second lightly doped

region;

a least one boost circuit connected at the high-doped second region, at least one first
trigger-tap coupled to the second lightly doped region for supplying a trigger current to said
SCR finger; and

at least one first low-ohmic connection respectively coupled between the at least one first

trigger tap of each SCR finger.

2. The circuit of claim 1 wherein said boost circuit comprises at least one of diode, MOS,

resistor, capacitor and inductor.

3. The circuit of claim 1 further comprising

a first voltage potential coupled to the at least one high-doped first region of each SCR
finger and to protected circuitry; and a second voltage potential coupled to the at least second

high-doped second region of each SCR finger.

4 The circuit of claim 1 further comprising:

a least one second trigger-tap coupled to the first lightly doped region of each SCR

finger, and
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a least one second low-ohmic connection respectively coupled between the & least one

second trigger tap of each SCR finger.

5. The circuit of claim 1 further comprising a least a second boost circuit connected at the

high-doped second region.
6. An electrostatic discharge (ESD) protection circuit, comprising:

asilicon controlled rectifier having aplurality of SCR fingers, each SCR finger including
at least one trigger tap connected to each SCR finger for supplying trigger current to each SCR

finger and a least one boost circuit connected to each SCR finger; and

at least one low-ohmic connection electrically coupling the & least one trigger tap of each

SCR finger to a common triggering voltage potential .

7. The circuit of claim 6 wherein said boost circuit provides an additional voltage drop at

the trigger tap asthe trigger current runs through the boost circuit.

8 The circuit of claim 6 wherein said boost circuit comprises at least one of diode, MOS,

resistor, capacitor and inductor.

9. An electrostatic discharge (ESD) protection circuit in a semiconductor integrated circuit

(IC), the ESD protection circuit comprising:

at least afirst silicon controlled rectifier having at least one first anode coupled to afirst

voltage potential and at least one first cathode coupledto a second voltage potentia;

a least a second silicon controlled rectifier having at least one second anode coupled to
the a third voltage potential and a least one second cathode coupled to a fourth voltage
potential; said first and second cathodes having at least one first high-doped region and said first

and second anodes having a least one second high-doped region;
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at least one first trigger-tap, disposed proximate to the at least one first high-doped region
of thefirst cathode; at least one second trigger-tap, disposed proximate to the a least one first

high-doped region of the second cathode; and

at least one first low ohmic connection coupled between said first trigger tap and second

trigger-tap.

10.  The circuit of claim 9 wherein said first voltage potential and said third voltage potential

have substantialy equivalent values.

11 The circuit of clam 9 wherein said second voltage potential and said fourth voltage

potential have substantialy equivalent values.

12.  The circuit of claim 9 wherein said first and third voltage potentials have substantialy
equivalent values and said second and fourth voltage potentials have substantialy equivalent

values.

13.  The circuit of claim 9 further comprising:

at least one third trigger-tap, disposed proximate to the at least one second high-doped

region of the first anode;

a least one fourth trigger-tap, disposed proximate to the at least one second high-doped

region of the second anode; and

at least one second low ohmic connection coupled between said third and fourth trigger-

tap.

14. The circuit of clam 9 further comprising a first external on-chip triggering device

coupled to the at least first and second trigger tap.
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15. The circuit of claim 9 further comprising a second external on-chip triggering device

coupled to the a least third and fourth trigger tap.

16.  An €electrostatic discharge (ESD) protection circuit in a semiconductor integrated circuit

(1C), the ESD protection circuit comprising:

a least afirst silicon controlled rectifier having at least one first anode coupled to afirst

voltage potential and a least one first cathode coupled to a second voltage potential;

a least a second silicon controlled rectifier having a least one second anode coupled to
the first voltage potential and a least one second cathode coupled to the second voltage potential
said first and second cathodes having at least one first high-doped region and said first and

second anodes having at least one second high-doped region;

a least one first boost circuit connected at the first high-doped region of the first cathode
and at least one second boost circuit connected a the first high-doped region of the second

cathode,

a least one first trigger-tap, disposed proximate to the at least one first high-doped region

of the first cathode;

a least one second trigger-tap, disposed proximate to the at least one first high-doped

region of the second cathode; and
a least one first low ohmic connection coupled between said first and second trigger tap.

17.  Thecircuit of claim 16 wherein said first and second boost circuits comprises at least one

of diode, MOS, resistor, capacitor and inductor.

18.  An electrostatic discharge (ESD) protection circuit in a semiconductor integrated circuit

(IC), the ESD protection circuit comprising:
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a least afirst silicon controlled rectifier having a least one first anode coupled to a first

voltage potential and at |east one first cathode coupled to a second voltage potential;

a least a second silicon controlled rectifier having at least one second anode coupled to
the first voltage potential and at least one second cathode coupled to the second voltage
potential; said first and second cathodes having at least one first high-doped region and said first

and second anodes having & least one second high-doped region;

a least one first boost circuit connected a the second high-doped region of the first
anode and a least one second boost circuit connected a the second high-doped region of the
second anode, at least one first trigger-tap, disposed proximate to the at least one second high-

doped region of the first anode; and

a least one second trigger-tap, disposed proximate to the at least one second high-doped
region of the second anode; said first and second trigger-tap connected together with low ohmic

connection .

19. The circuit of clam 18 wherein said first and second boost circuits comprises at least one

of diode, MOS, resistor, capacitor and inductor..

20.  An electrostatic discharge (ESD) protection circuit in a semiconductor integrated circuit

(IC), the ESD protection circuit comprising:

at least afirst silicon controlled rectifier having & least one first anode coupled to afirst

voltage potential and at least one first cathode coupledto a second voltage potential;

a least a second silicon controlled rectifier having a least one second anode coupled to
the first voltage potential and at least one second cathode coupled to the second voltage
potential; said first and second cathodes having & least one first high-doped region and said first

and second anodes having at least one second high-doped region;
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a least onefirst trigger-tap, disposed proximate to the at least one first high-doped region
of the first cathode;

a least one second trigger-tap, disposed proximate to the at least one first high-doped

region of the second cathode; and

at least one boost circuit connected between the first and the second trigger tap.

21. The circuit of clam 20 wherein said boost circuit comprises at least one of diode, MOS,

resistor, capacitor and inductor..

22.  An dectrostatic discharge (ESD) protection circuit in a semiconductor integrated circuit

(IC), the ESD protection circuit comprising:

a least afirst silicon controlled rectifier having at least one first anode coupled to afirst

voltage potential and at least one first cathode coupled to a second voltage potential;

a least a second silicon controlled rectifier having at least one second anode coupled to
the first voltage potential and at least one second cathode coupled to the second voltage
potential; said first and second cathodes having at least one first high-doped region and said first

and second anodes having at least one second high-doped region;

a least one first trigger-tap, disposed proximate to the at least one second high-doped

region of the first anode;

at least one second trigger-tap, disposed proximate to the at least one second high-doped

region of the second anode; and

at least oneboost circuit connected between the first and the second trigger tap,

23. The circuit of claim 22 wherein said boost circuit comprises at least one of diode, MOS,

resistor, capacitor and inductor..
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24.  An electrostatic discharge (ESD) protection circuit in a semiconductor integrated circuit

(IC), the ESD protection circuit comprising:

a least afirst silicon controlled rectifier (SCR) including at least one first region having
a first conductive type formed in a second region having a second conductive type opposite to
the first conductive type and a least one third region having a second conductive type formed in
a fourth region having a first conductive type , said first region coupled to a first voltage

potential and said third region coupled to a second voltage potential; and

a least a second silicon controlled rectifier (SCR) including & least one fifth region
having afirst conductive type formed in a sixth region having a second conductive type, and at
least one seventh region having a second conductive type formed in a eighth region having a
first conductive type, said fifth region coupled to a third voltage potential and said seventh

region coupled to afourth voltage potential;

25. The circuit of claim 24 wherein the second region of the first SCR forms oneregion with

the sixth region of the second SCR.

26. The circuit of claim 24 wherein the fourth region of the first SCR forms one region with

the eighth region of the second SCR.

27. The circuit of claim 25 wherein the fourth region of the first SCR forms one region with

the eighth region of the second SCR.

28. The circuit of claim 24 further comprising at least one trigger tap disposed in at least one
of the first region of the first SCR and the fifth region of the second SCR.

29. The circuit of claim 24 wherein at least one first trigger-tap disposed in at least one of the

second region of the first SCR and the sixth region of the second SCR.
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30.  The circuit of claim 24 wherein at least one first trigger tap disposed in & least one of the
fourth region of the first SCR and the eighth region of the second SCR.

31 An electrostatic discharge (ESD) protection circuit, comprising:

asdilicon controlledrectifier having aplurality of SCR fingers, each SCR finger including
at least one trigger tap connected to each of the SCR finger for supplying trigger current to each
of the SCR finger; and

at least one low-ohmic connection electrically coupling the at least onetrigger tap of each
of the SCR finger to a common triggering voltage potential, thereby coupling the plurality of the

SCR fingers.

32.  An electrostatic discharge (ESD) protection circuit, comprising:
afirst clamp coupled between afirst power and aground line;

a second clamp coupled between a second power and the ground line; wherein
said first and second clamps are coupled together to enable one of said first and

second clampsto trigger the other of said first and second clamps
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