ELECTROSTATI C DI SCHARGE PROTECTION CIRCU T  FIELD OF THE | NVENTI ON

The present invention relates to the field of electrostatic discharge
protection circuits. Mire particularly, the present invention relfat&s“«fp
el ectrostatic di scharge devices for protecting input and output dewi€@s in
an integrated chrcuit. BACKGROUND OF THE | NVENTI ON It has been
known for many D\aa.rs that extrenely high Voltages (e.g. 10,000 volts or
greater) can develop in an integrated circuit (1C due to the build-up of
static charge. EIELEQOERAGISTATICGcHISGHABEE PHE@TECQIHON h€l1RENdENa
whereby a high energy electrical discharge of current is produced at the
| nput and/ or output nodes of an integrated circuit as a consequence of

static charge build-up._Electrostatic discharge is a serious problemfor
seni conduct or EM&EM% VENTI potential to disable or destroy the
entire integrated circuit. Because ESD events .qgcur st.often across the
Funct  on' of Jan | npUteGhraSERb AT AR P BIER (o e ft O elRiRstRIS Aghe/do
concentrat ed tpbgt'efztigﬂ fc?rrcﬁi?s.oR/lodrgvp%lrﬁc?dlgﬁy,qggapurgge%t invention relates to

electrostatic discharge devices for protecting input and output devices in

an integrated circuit.

BACKGROUND OF THE INVENTION

It has been known for many years that extremely high voltages
(e.g. 10,000 volts or greater) can develop in an integrated circuit (IC) due
to the build-up of static charge. Electrostatic discharge (ESD) refers to
the phenomena whereby a high energy electrical discharge of current is
produced at the input and/or output nodes of an integrated circuit as a
consequence of static charge build-up. Electrostatic discharge is a
serious problem for semiconductor devices since it has the potential to
disable or destroy the entire integrated circuit. Because ESD events
occur most often across the junction of an input or output transistor,
circuit designers have concentrated their efforts on developing adequate
protection mechanisms for these sensitive circuit elements. Ideally, an
ESD protection device should be able to discharge an extremely large
potential across any two pins of an IC in a nondestructive manner.

Previous technologies relied extensively upon a phenomena
commonly known as “snap-back” for providing ESD protection. The
difficulty with this approach is that the junction breakdown and bipolar

snap-back phenomena are highly nonuniform, and also have a positive
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improve the ESD performance.

Actually, the snap-back phenomena is a potentially valuable tool
tor ESD protection if the device experiencing snap-back can withstand
the high energy levels without irreversible démage. The snap-back
phenomena refers to the use of a junction breakdown to control current
and voltage behavior in the manner of a voltage clamp. A snap-back
device is designed to keep the voltage low enough to protect sensitive
gate dielectrics. By way of example, n-channel devices were protected
from irreversible damage in earlier technologies by distributing
resistance within a diffusion layer. In other words, by spacing the metal-
to-drain diffusion contact several microns away from the gate edge the
drain diffusion introduced a significant resistance into the snap-back
circuit. This distributed diffusion resistance provided a negative
teedback to current crowding, thus increasing current conduction
uniformity and raising ESD performance to more acceptable levels.

The problem with this approach is that many advanced
semiconductor processes now utilize diffusions clad with titanium or a
titanium alloy (e.g., titanium salicide). Alloying a metal such as titanium
onto the diffusion regions has the effect of reducing the distributed
resistance by at least an order of magnitude. The end resuit is that the
snap-back behavior is no longer effective for ESD protection.

Another difficulty in designing ESD circuits is the demanding
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circuits is the d%%%@r%, what is needed is a robust electrostatic protection -3
circuit which is capable of meeting the increased demands on product
design performance. As will be seen, the present invention provides a
ESD protection circuit which exceeds industry performance goals while
maintaining noise immunity margins. In addition, the present invention
provides for an inherently uniform current conduction process which may
be utilized in a great variety of semiconductor processes -- including

those which utilize diffusions clad with titanium or a titanium alloy.



" performance requirements which nust be net. For exanple, one of the
primary industry standards for neasuring ESD robustness -- ML-STD- 883C
met hod 3015.7 Notice 8 -- requires ESD "zapping" for all possible pin and
power supply conbinations. In the past, -BSD protection circuits have had
difficulty in neeting these stringent mlitary standard perfornmance

requi rements while maintaining adequate noi se imunity. Ther ef or e,
what is needegMMARYOE THECUNOHRT{GNProtection circuit which is
capabl e of neeting the I ncreased demands on product design performance. As
will be seen, the present invention provides a ESD protection circuit
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-4- SUMVARY OF THE | NVENTI ON The present

i nvention rel ¥88etytof diffefent secyibpralpeiiiigawyeripnts. For instance, in one

embodiment the invention can be used for protecting an input buffer only
against an ESD event. In another embodiment, an output buffer of an
integrated circuit can be protected and still in yet another embodiment,
the ESD protection circuit of the present invention can be utilized to
protect a terminal of an integrated circuit which is capable of both
receiving inputs and providing outpﬁts as an external signal.

In each instance, the present invention includes as a xey feature, a
self-triggered silicon controlled rectifier which is preferably coupled
across the internal supply potentials of the integrated circuit. For
example, the invented SCR has its anode coupled to a first supply
potential and its cathode coupled 10 a second internal supply potential.
The SCR exhibits a snap-back in its current versus voltage characteristic
which is triggered at a2 predetermined voltage during an ESD event. As
large voltages build up across the chip capacitance, the predetermined
voltage of the SCR is triggered at a potential which is sufficiently low to
protect the internal junctions of the IC from destructive reverse
breakdown. At the point it triggers, the SCR provides a low resistance
path between the first and second supply potentials. i}

In one embodiment, the SCR comprises a pnpn semiconductor
structure which includes a n-well disposed in a p-substrate. A first n+

region and a p-type region are both disposed in the n-well. The n+ and



integrated circuit (1C) against electrostatic discharge (ESD). The basic
design of the present invention is capable of being inplenented for a
variety of different circuit protection requirenents. For instance, in one
enbodi nent the invention can be used for-5protecting an input buffer only
agai nst an ESD event. In another enbodi nent, an output buffer of an
integrated circuit can be protected and still in yet another enbodi nent,

the ESD prot emywre@%.@ﬁyb?e @baéértﬁaeéﬂ%eueet\f@an*]eanﬁ@étea%%#nh'tﬁ@d to
protect a termnal of an integrated circuit is capabl e of both

recei vi ng i npatedeaotittiy 8CRII AGodutided 8% sdtoewt €reglonsi gnal .

In each instance, the present invention includes as a key feature, a
self-triggered silicon controlled rectifier which is preferably coupl ed
across the internal supply potentials of the integrated circuit. For
exampl g the invented SCR has its anode coupled to a first supply
potential and its cathode coupled to a second internal supply potential.
The SCR exhibits a snap-back in its current versus voltage characteristic
which is triggered at a predeterm ned voltage during an ESD event. As

| arge voltages build up across the chip capacitance, the predeterm ned
voltage of the SCRis triggered at a potential which is sufficiently lowto
protect the internal junctions of the IC fromdestructive reverse
breakdown. At the point it triggers, the SCR provides a | ow resi stance
path between the first and second supply potentials.



I n one enbodi nent, the SCR conprises a pnpn sem conduct or

structure which includes a n-well disposed in a p-substrate. A first n+
region and a p-type region are both disposed in the n-well. The n+ and

- 5- p-type regions are spaced apart ang-electrically connected to form
the anode of the SCR Also included is a second n+region.

- 6- BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention wll
be under st ood gRyes f gERCRIPINGNCoFdatat | 8 ARPgEigpt i on that fol l ows and
fromthe acconmpanying draw ngs. The draw ngs, however, should not be taken
tolimt the invention to the specific enbodinments shown, but are for

expl anation and Unﬁ?féér%@@hﬂﬁm_veﬁ%ﬂwif@é JRKRAIbEd ridre fDﬁ& #lohny thd ayer ,
t hi cknesses shown in the drawi ngs should not be construed as representing

actual thicknesgRd description that follows and from the accompanying drawings.

The drawings, however, should not be taken to limit the invention to the
specific embodiments shown, but are for explanation and understanding
only. For example, the relative layer thicknesses shown in the drawings

should not be construed as representing actual thicknesses.

Figure 1 illustrates a MIL-STD 883C, Method 3015.7, Notice 8

electrostatic discharge testing circuit.

Figure 2 is a circuit schematic diagram of the electrostatic

discharge protection circuit of the present invention.

Figure 3 is a circuit schemaztic diagram of another embodiment of

the invention which provides ESD protection for a typical input-only pin.

Figure 4 illustrates the current path through the circuit of the
present invention during a positive electrostatic discharge event with

respect to Vgs.

Figure 5 iliustrates the current path through the circuit of the
present invention during a negative electrostatic discharge event with

respect to peripheral Vgs.

Figure 6 illustrates a specia! ESD protection circuit for separated
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di scharge testing circuit. Figure 2 is a circuit schematic diagram
of the electrostatic discharge protection circuit of the present

i nvention. Figure 3 is a circui-F-schematic di agram of anot her
enbodi nent of the invention which provides ESD protection for a typical

i nput-only pin. Figure 4 illustrates the current path through the
circuit of thaterpafpBieristppnéd.on during a positive electrostatic discharge
event with respect to V[err]. Figure 5 illustrates the current

path through the circuit of the present invention during a negative
el ectrostatic discharge event wwth respect to peripheral V[err]
Figure 6 illustrat EgguweshecaaroESbegiata cvidvwon! the duwell fresiskspbataised

incorporated in one embodiment of the present invention.

Figure 8 is a cross-sectional view of the self-triggered silicon-

controlled rectifier utilized in the invented ESD protection circuit.

Figure 9 is a circuit schematic diagram of the self-triggered

silicon-controlled rectifier shown in Figure 8.

Figure 10 is a conceptual illustration showing a cross-sectional
view of the diode power supply clamp utilized in one embodiment of the

present invention.



-7- i nternal power supplies. Figure 7 is a cross-sectional view
of the Nwell resistor that is incorporated in one enbodi nent of the

present invention. Figure 8 is a cross-sectional view of the
self-triggered silicon- <controlled rectgfier utilized in the invented ESD
protection circuit. Figure 9 is a circuit schematic diagram of the

self-triggered silicon-controlled rectifier shown in Figure 8.
Figure 10 is pET@ICEHD UPESEIRYPIM BN on showi ng a cross-sectional view of
t he di ode power supply clanp utiTized in one enbodi ment of the present
i nventi on. A robust electrostatic discharge (ESD) protection &ircuit 9 [AELED
DESCRI PTI ON A robust electrostatic discharge (ESD) protection
circuit for W4©3,ICMIEXE,biENBEaN0IBICNDS amtebgBitENMAT cuins égdatetbed.roui ts is
described. In

the following description, numerous specific details are set forth such as

circuit configurations, conductivity types, currents, voltages, etc., in order
to provide a thorough understanding of the present invention. It will be
obvious, however, to one skilled in the art that these specific details may
not be needed to practice the present invention. In other instances, well-
known circuit elements and structures have not been described in
particular detail in order to avoid unnecessarily obscuring the present
invention.

Figure 1 illustrates the Human Body Model (HBiV) pulse test used
to satisfy MIL-STD-883C Method 3015.7, Notice 8. According to this test,
a device 12 is coupled to a regulated high voltage power supply 11
through a network comprising resistors R1, R2, switch S1, and capacitor
C1. The discharge pulse or “zap" is generated by capacitor C1, which
has a capacitance of 100 picofarads; charged to several thousand volts
through resistor R{. Resistor R1 has a value of between 1 and 10
Mohms.

in performing the test, capacitor C1 is first adequately charged
through Ry; then relay S1 is switched so that capacitor C1 is coupled to
device 12 through resistor R2. The potential on capacitor C1 is then
discharged through resistor R2 (1.5 Kohm) to the pin being tested. The
MIL-STD requires that the zap be delivered three times positively and
three times negatively for all possible discharge combinations. These

combinations are as follows:
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the present invention. ure 1 1l lustrat Model
(HBM pul se tastindegd to satisfy ML-STD 883C Method 3015.7, Notice 8.
According to this test, a device 12 is coupled to a regul ated high voltage
power supply 11 throughli supplyvging witbnespecing ¢xasi sther seddhrewith, R err],
switch Serr], and capacitor (err]. The discharge pulse or "zap" is
gener at ed by sepasstet powef supply whi ch desirgledapaci t ance of 100 pi cof ar ads;
charged to several thousand volts through resistor R err]. Resistor R err]
has a val ue of betdween All gighal pinswliRgespect to all athepsighal pineg t he test,
capacitor Cferr] is first adequately charged through R err]; then relay
S[err] is swid@HBdedo that capacitor Clerr] is coupled to device 12

t hrough resistor R2. The potential on capacitor (Jferr] is then discharged
through resistor R2 (1.5 Kohn) to the pin being tested. The M L-STD
requires that the zap be delivered three tinmes positively and

With reference now to Figure 2, there is shown a circuit schematic
diagram of the ESD protection circuit of the present invention. In the
most general case, the circuit of Figure 2 is utilized to provide ESD
protection at an input/output (I/O) bufter, and utilizes separated Vcc and
Vgs power supplies. The separated power supplies are represented as
Veep and Vgsp -- denoting power supplies for the periphery, as opposed
1o the internal circuitry. [t should be understood that the circuit of Figure 2
is advantageously formed in the same silicon substrate which forms the
integrated circuit to be protected. Thus, the invented ESD protection
circuit is easily fabricated as part of a normal integrated circuit
manufacturing process.

The key circuit elements used in protecting a typical /O pin will
now be described in further detail. These circuit elements comprise a
combination of discrete devices and parasitic structures.

One of the first things to note about the ESD protection circuit of
Figure 2 is that it employs separated power supplies. For examplg, the
peripheral power supplies Vcep and Vssp are coupled to nodes 44 and
45, respectively, whereas the internal power supplié_s Vec and Vgg are

coupled to respective nodes 33 and 34. Each of the peripheral power



three times negatively for all possible discharge conbinations. These
conbi nations are as foll ows:

-9- 1. Al'l signal pins with respect to each separate power
supply grounded. 2. Al'l supply pins with respect to each ot her,
each with separate power supply rounded. 3. Al'l signal
pins with respect to all other signal pi'A§ - grounded. Wth

reference now to Figure 2, there is shown a circuit schematic diagram of
the ESD prot ecuippliesiis caupledftotitsecqrespamding ndatniad powen supply thoeuglyener al
case, the circuit of Figure 2 is utilized to provide ESD protectjon at an
i nput / out put (diedy clamp. elBY WAY ofj expMpE; %@@%?Et@cﬂmﬁF@rWd%ﬁﬂ toyosier | powver

denot i ng’ poverS aRiATEES e 2hEoRBR S 5L BRsca NoE ek Herbufens T
circuitry. | t_ cﬁnl?:%MwRﬁ:hu&%ﬁ\raﬁ)P%thsr}%n Bpf?we%utfﬁﬂ{ Exr&fltr og‘(He l(,zus
shown in Figure 2 by the combination of PMOS transistor 42 and NMOS
transistor 41. Transistors 41 and 42 are coupled in series between
nodes 45 and 44.

Practitioners in the art will appreciate that a central feature of the
present invention is the fact that the input/output buffer circuitry is
coupled to the peripheral power supplies. This means that any noise
generated by the I/O devices is effectively isolated from the internal
supply lines of the IC. Diode clamps 26 and 27 maintain a separation
between the noisy peripheral supply lines and the internal power
supplies. The diode clamping mechanism also provides the lowest
possible impedance path between the chip's peripheral and core power
supplies. Diodes 26 and 27 may comprise one or more diodes in series,
depending upon the level of noise isolation which is desired between the
two supplies. As an example, if it is desired to provide at least 2.0 volts of
noise isolation between Vecp and Ve, then diode 26 should comprise at
least four diodes coupied in series.

Figure 10 is a cross-sectional view of an exemplary diode clamp
structure, which is made up of four diodes coupled in series. The diode
is shown consisting of a set of separate structures disposed in substrate
50. Each structure includes both p+ and n+ diffusions (93 and 94,
respectively) disposed in a floating n-well 89. Each of the four separate
n-well regions B9a-89d are formed in p-type substrate 50. By way of

example, the first diode in the series comprises diffusion regions 93a and
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manuf act uri ng process. The key ciygeuit elenents used in protecting a
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ordinarily fornms part of the output circuitry of the ICis '
diode stage to the p+ region of the next stage; that is, n+ region 94A is
coupled to p+ region 93B, n+ region 94B is coupled to p+ region 93C,
and so on. At the cathode terminal of the diode clamp, n+ region 894D is
coupled to the internal power supply Vee. Note that the power supply
diode clamp 27 can be implemented using the same floating n-well
concept shown in Figure 10. For diode 27, however, the p+ side is
connected to the peripheral Vssp supply and the n+ side of the diode is
connected to internal Vss. Note that diodes 26 and 27 are designed to
provide a current path during an electrostatic discharge event.

One of the key elements in the ESD protection circuit of Figure 2 is
the self-triggered silicon controlled rectifier (STSCR) 30. A silicon-
controlled rectifier (SCR) is a pnpn semiconductor device which exhibits
a snap-back in its current versus voltage characteristic. STSCR 30 is
designed to trigger at approximately 12-13 volts under an ESD zap
condition. For purposes of analysis, STSCR 30 can be treated as an
open circuit during an ESD event, until approximately 12 to 13 voits. At
that point, STSCR 30 acts as a low resistance short between Ve and
Vgs. It is important to recognize that the 12-13 volt level is low enough to
adequately protect internal junctions from destructive reverse
breakdown.

It is also worth ncﬁ__lng that STSCR 30 is coupled across nodes 33

and 34; that is, STSCR 30 is connected across the internal ch'o



" shown in Figure 2 by the conbination of PMOS transistor 42 and NMOS
transistor 41. Transistors 41 and 42 are coupled in series between nodes
45 and 44. Practitioners in the art will appreciate that a central
feature of the present invention is theyjact that the input/output buffer
circuitry is coupled to the peripheral power supplies. This neans that any
noi se generated by the I/O devices is effectively isolated fromthe
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of noise 1solation between V[err] and V[err] then diode 26 should conprise

at | east foubedn tesischapiedainn Biienate STSCR trigheguhewkder, st a
cross-sectional view of an exenplary diode clanp structure, which is nade
up of four dihdetioosdpisbdnt anyesgctivEheurtirddavay somHbeannieomsliciip ng of a
set of separate structures disposed in substrate 50. Each structure
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during normal circuit operations. This means that STSCR 30 must only
be activated during a true ESD event. Proper spacing and control of
certain critical device dimensions ensures that STSCR 30 is not triggered
during normal circuit operations.
Diode 28 associated with STSCR 30 and is shown being coupled
between node 33 and 34. In implementing the protection circuit of Figure
2, diode 28 is formed by the pn junction between the p-substrate and the
n-well tap associated with the STSCR structure. Hence, diode 28 is
connected between internal V¢ and Vss. This aspect of the present
invention will become more apparent when the cross-sectional structure
of STSCR 30 is discussed in more detail below.
With continuing reference to Figure 2, the connection between the
pad and the input gate is made via the local input gate clamp network
comprising resistors Rg (labeled as resistor 37) and diodes 23 and 24. A
typical value for resistor 37 is on the order of 100 ohms. in most cases.
diodes D3 and D4 are optimally located adjacent to the input gate”
circuitry to maintain a low voltage near the gate. The local input gate
clamp acts as a voltage dropping network, clamping the gate voltage-.of

the input side of the I/O buffer to an acceptable level. By way of example,



exanple, the first diode in the series conprises diffusion regions 93a and
94a, wth p+ diffusion region 93a being coupled to the peripheral power
supply V[err] The series connection of separate di odes which
conprise the diode clanp may be coupl ed3t oget her using any avail abl e netal
| ayer. The netal connections are always fromthe n+ region of the previous
di ode stage to the p+ region of the next stage; that is, n+t region 94A is

coupled to p*rhirsag'v@xrma?Bep@tehﬁm@gar%@enieétr%@b@@om vBhahediem #3%  and
so on. At the cathode term nal of The diode clanp, n+ region 94D Is

coupl ed to thrfient éf dak draBeHinsaMPIAtisYEC37 boi@risbaantdreimoyweohsielny di ode
clanp 27 can be inplenented using the sane floating n-well concept shown

i n Fi gure 10.refistordifadthe2 Aot thvatwitoded PR gpd X de usuallgamaitinesizéo t he

peri pheral Vssp supply and the n+ side of the diode is connected to

i nt er ngl,L\V er(e]g., Bdmictanstwidie)des 226 candtradtedraamiarsiogtiedes @6 rdevde a
current path during an el ectrostatic discharge event. One of the key
el ements in the EID giseussrd garlier.rens of tfe woglares withgprior art designs

which include salicided diffusions is the problem of damage to the
transistor devices associated with the 1/O buffer. Because salicidation
essentially removes the normal resistance associated with the drain
diffusion, current spreading is no longer present in these technologies
and damage can occur at both the source and drain regions. For this
reason, the present invention includes a specialized n-well resistor 38
(labeled Rw in Figure 2). Resistor Rw provides current spreading into the
drain of the n-channel output transistor 41 and comprises a distributed n-
well resistor structure. This makes device 41 much stronger and
therefore able to handle higher current densities.

Figure 7 is a cross-sectional view of n-well resistor 38 as
implemented in the currently preferred embodiment. Note that the n-well
resistor is fully integrated into the drain of device 41. In Figure 7, device
41 is shown split into separate MOS structures 41a and 41b. MOS
transistor 41A comprises n+ regions 55a and 56a. The gate of transistor
41a is electrically coupled to the gate of transistor 41b, which also
includes n+ regions 56b and 55b. The pad connection for this structure
IS comprises n+ region 60 disposed within n-well 53. Note that n+ region
60 is separated from MOS transistors 41a and 41b by tield oxide regions
58a and 58b, respectively.

in the structure of Figure 7, the n+ drain diffusions 56a and 56b

exiend across the boundary of n-well 53, creating a low-resistance



the self-triggered silicon controlled rectifier (STSCR) 30. A silicon-
controlled rectifier (SCR) is a pnpn sem conductor device which exhibits a
shap-back in its current versus voltage characteristic. STSCR 30 is
designed to trigger at approximtely 12-13 volts under an ESD zap
condition. For purposes of analysis, ST 30 can be treated as an open
circuit during an ESD event, until approximately 12 to 13 volts. At that

poi nt, STSCR 30 acts as a_ |l ow resistance short between Vcc and V[err]. It
i s inportant £@liGidesgRNSGiambem the well tostheotinain. eV N+sdiffggioaeginn e8

PO R ke e LR L Bl R B S
is, STS IS i | hi

o D L e

o0 N g o O HRAGRRAE | S35 ALY RKES sShR SRR ki o on

B SEsenoa OISR U, seRuAA. (ORTInS IRtk oorpey | om
STSCR trigger pveh8hRMESI 58 determines the value of resistor Rw, which in a current
embodiment is approximately 100 ohms.

There are several dimensions which are critical to the proper
performance of n-well resistor 38. The first critical dimension, CDj,
represents the spacing in the floating n-well 53 between the well edge of
n+ drain diffusion 56 and the edge of n+well tab 60. Dimension CD
determines the effective resistance of the n-well resistor and ultimately
the overall ESD performance of n-channel device 41.

The second critical dimension, CD2, represents the spacing from
the gate edge to the n-well boundary. Adequate spacing of dimension
CDz is important to keep the n-well from reaching the gate edge during
processing.

The third critical dimension, CDg, represents the extent of the n+
drain diffusion overlap beyond the n-well boundary. This dimension is
important to maintain continuity between the n-well and drain regions of
the transistor.

The final critical dimension, CDg4, defines the width of the resistive
segment (i.e., Ry) of output transistor 41. Obviously, as the width of the
resistor structure increases, the effective resistance Ry, decreases -- even

if CD4 remains constant.



functions to shunt any destructive current away fromthe internal chip
capaci tance, thereby protecting the core of the IC. It should also be
understood that order to function properly STSCR 30 nust not |atch-up
during normal circuit operations. This means that STSCR 30 nust only

be activated during a true ESD event. Prggg[ spaci ng and control of
certain critical device dinensions ensures"that STSCR 30 is not triggered

during normal circui,t operations. , D ode 28 associated with
STSCRQBO and i s sholfC'EEFNG WS measion of CD4 hayoResh CABAL BANKIRAUTSS | n

formed by the Bol paEfhRRe Sty o %ﬂr‘a’ét%wsgéhawgq:@% e widinohwe |
i 1 e i S .
bomnoctad bet i el FesRiBCRoMH: kst nefelielt pELRRSH Ehtrdpt sarsading.

: . il -secti | t ure
of STSCR 30 i 5 o og CorRcRoARAERY larde hrichfs (O i lidttceddiffig

continui ng ref ancbSP dventt), wniferm, hddtifig M REIdtaRcd BMBENbS Reaintained for Pad
and the input gate is made via the |ocCal input gate clanp network

conpri si ng reswveholasgdsegmient M&ﬂxebedmisrﬁéﬂti&b@rﬂ%:ﬁde aofinglia -Bgcignd 24.

A typical value for resistor 37 is on the order of 100 ohms. In
nost cases. event, whiire aesstDf thadubénnaed dpat iwminithallydoaissd adh apgydé to the
i nput gate circuitry to maintain a | ow voltage near the gate. The

| ocal input gaPeintalong the gatengdgest s as a vol tage dropping network,
clanping the gate V%_t age of ) the input side of the I/0O buffer to
an accept abl e | evel Wity Tefgiense againie Eigure 2, the remaining circuit elements

not yet discussed include diodes 21, 22 and 25. Diode 22 is coupled
between the pad and node 44 and operates to shunt current to power
supply Veep When the pad or pin is zapped positively. Diode 22 is
preferably located adjacent to transistor 42 in order to minimize the
resistance between the anode of diode 22 and the drain of transistor 42.
Simularly, diode 21 is shown coupled between the drain of transistor 41
and node 34. Diode 21 is inherent in the layout of the output buffer and
guards against an ESD event whenever the pad is zapped negatively
with respect to Vss. Diode 25 is also inherent in the layout of the output
buffer and is connected between V¢ and Vssp. Both of diodes 21 and 25
comprise large, vertical diodes formed between the n-channel
drain/source transistor regions and the p-substrate.

Figure 3 illustrates an alternative embodiment of the ESD



S -13- this level may represent the gate dielectric breakdown

vol tage of an input buffer. In one enbodi nent, resistor 37
conprises an ordinary polysilicon resistor. Further note that

di odes 23 and 24 are usually small in sigzge (e.g., 30 mcrons wide) and are
constructed simlar to diodes 26 and 27. As di scussed
earlier, one of the problens with prior art designs whi ch i ncl ude

licided dif | LS~ t:he: ; t : ) i i st
dovi ces assocPSredh FReding HeteSFhah SRt PybERL inpytionly pif AnSt St O!
essential |y royges 1 Brdl¥niBlof BBl R tARCRBRSPFhAt g, id BirditottglR:

di ffusion, current spreading is nﬁd\ﬁonger present in these techngl ogi es

and damage cag i9&fHpliftid BSddraBlyS austeananthedéahg pagl SRsotufeost tiflLfe
reason, the present invention includes a specialized n-well resistor 38

(I abel ed Rw i o ispgeserved in fResembodinkimt i Rigues3, axcepnthas presdiorg 41Nt o t he
drain of the n-channel out put transistor 41 and conprises a distributed n-
wel | resi st or 48tangcassosiatFhirgsink &8 ary tuaiedds mre mad incnded. AdsD,
therefore able to handl e higher current densities. Figure 7
i s a cross-se8incernbe diceil B igirael is desigredito Bgndle input-only sigigds.enent ed i n
the currently preferred enbodi nent. Note that the n-well

there is no need for separate power supplies and clamping diodes 26

and 27. (Input pins are usually tied to the internal power supplies making

the special ESD power supply diode clamps unnecessary.) In all other

respects, the circuit of Figure 3 is the same as that described above for

Figure 2. Practitioners in the art will appreciate that removal of the MOS

output drivers eliminates the fragile thin gates and thus decreases the

cell capacitance.

Figures 4 and 5 are presented as examples to further explain how

the present invention functions during an ESD event. Ficure 4 illustrates

the current path through the circuit cf Figure 2 during a poesitive ESD zap

with respect to Vgs. Figure 5, on the other hand, illustrates the current

path during a negative ESD zap with respect to peripheral Vgsp. Before

considering each cf these examples, it.is helpful {0 one’s understanding

to analogize an ESD event to a water dam. In this simple analogy, the

water in a reservoir represents the static charge accumulated on the IC;

the reservoir capacity represents the structure capacitance, and the

stream side of the dam represents grounc. The dam, itseli, represents

the protection structure integrated in:c the /0O buffer.

Obviously, water will force its way across the dam in one way or

another when the reservoir becomes full. When the reservoir reaches its

capacity, either water will flow cver t-2 tcp of the dam, or the dam will



resistor is fully integrated into the drain of device 41. In Figure 7,

devi ce 41 is shown split into separate MOS structures 4la and 41
b. MOS transi stor 41 A conprises n+ regions 55a and 56a. The gate
of transistor 41la is electrically coupled to the gate of

transi stor 41b, which al so incl¥9es n+ regi ons 56b and 55b. The
pad connection for this structure i's conprises n+ region 60

di sposed within n-well 53. Note that n+ region 60 i s separated
from MOS tranbuat@iststShwdna@m)yr meekestospale Rreyicgaapproaches tos8a and
58b, respectivel In the structure of Figure 7, the n+
drain diffusi &%gps%eahgné@wsed on the p@m%ﬁﬁwaék@%%stHae%fumamynafi n-vel |
53, creati ng a | ow r esi st.anc

14- salicide “@dﬁﬁ@(ﬁre@ﬂm‘?'b%qsﬁé’%ﬁ The 'teﬁé't%i?”é‘lsr? sehef YRIYdi £ f usi on

i 60 | d f h d
9 AL LR SRR
laterally froggﬂkf atlH3. %Pne EBEQH%%ﬁé@aEg%?ﬁéf\éfe&% VerltR¥. ABwaverand then

to the drain usi on regions inthis
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charge to ground. This approach keeps design variations to a minimum
and produces a consistent production circuit that provides a predictable
discharge path for the current. |

Applying this theory to the I/O ESD protection circuit of Figure 2,
one can easily identify where the current flows during an ESD event. For
example, in Figure 4, arrow 47 highlights the current path taken during
an ESD event when the pin is zapped positively with respect to Vgs. In
this case diodes 22 and 26 are turned on shunting the current to the core
and charging the chip capacitor to Vgs. This large capacitor (around
10,000 picotarads for a microprocessor) dissipates most of the ESD
energy when charging. As the ESD zap voltage increases the resulting
potential across the chip capacitance eventually reaches 12-13 volts. At
this point, STSCR 30 is triggered to provide a low impedance path to Vgs.

Figure 5 highlights the opposite case where the /O pin is zapped
negatively with respect to the peripheral supply voitage Vssp. Here,
current flows from peripheral Vggp, through the diode clamp 27 to Vss.
Then, the discharge current path continues through the n-channel drain
diode 21, and finally out to the pin through diode 21 and resistor 38.

When implementing ESD protection, it should be understood that

connectivity plays an important role in the success of the circuit. In the



" enbodi ment is approxi mately 100 ohns. There are several dinensions
which are critical to the proper performance of n-well resistor 38. The
first critical dinension, CDlerr], represents the spacing in the floating
n-well 53 between the well edge of n+.ggain diffusion 56 and the edge of
n+wel |l tab 60. Dinmension CD{err] determnes the effective resistance of
the n-well resistor and ultimately the overall ESD performance of

n-channel dewagg dtlne ESD grotezhsn %ﬁ&@nsf Frgufré @a{h@baﬁ@ssgamy% fgpr esent s
the spacing from the gate edge to the n-well boundary. Adequate spaci ng of

di mensi on Clfodies zmatwtartcpsks@mmmapﬁmbbaﬁemm freaciiagettApi/Qat e edge
during processing. The third critical dinmension, CD3, represents

the extent ofpbuffeetingy ady desigded tapraactoved anpcmegmttgmmmmmhhnmmndary.
This dinmension is inportant to maintain continuity between the n-well and
drai n rgegi ondasfeverhshauldmsi lsgpdto a minimum Jhighdtiothér paiasiticgattls wensi on,
CD4, defines the wdth of the resistive segnent (i.e., Rerr]) of output
transi stor 4motdeeprawsihg pretererdischiaigeopassheOnitas iosher hand. shedese23

i ncreases, the effective resistance Rerr] decreases -- even if CDerr]
remai ns constailst 24 are preferably located as close to the input device node 35 as

possible in order to minimize voitage drops.

Furthermore, because instantaneous ESD zap currents can easily
exceed several amperes and last for several nanoseconds, metal width
becomes an important concern. For example, metal extending from the
bond pad to the /O cell at node 35 (called the "leadway metal") can fuse
during an ESD event if the metal width is not wide enough.

For this reason, the leadway metal should have a width which is sufficient
to adequately handle a large discharge event.

Practitioners in the art also recognize that special ESD protection
requirements are often necessary for internal power supplies that support
a small”amount of internal logic, yet do not support any /O or output
buffers. This kind of configuration is commonly used for analog or
internal clock supplies. In these situations, each separate internal power
supply must be protected as if it were an input. A circuit which provides
protection in these special situations in illustrated in Figure 6.

Figure 6 shows an internal power supply Veet coupled to Ve
through diode 52 and to Vgs through diode 51. Diodes 51 and 52 are
made up of 1, 2, 3, or 4 diodes coupled in series. Parasitic diode 49 is
coupled between Vge1 and Vgs. This diode highlights one of the primary
reasons for this special protection scheme. Diode 49 is preferably

formed from the n-well tap for the internal logic to the substrate. When



- 15 - I ncreasing the di nension of CD4 beyond a certain point
reduces ESD performance significantly. It is believed that increasing the
width of - the n-well resistor conpronm ses the benefit of uniformcurrent
spreading. During conduction of very largge currents (as those experienced
during an ESD event), uniform heating and resi stance cannot be nai ntai ned
for very large segnent widths. This is particularly true during a

snap- back ev@RtpowbeESIPDin & zagpeLHEGANEIRRAAN Redbed: So VUL bRldey4§acused
at a single point along the gate edge. Wth reference again to

Figure 2, thefohQaRl BiaRthCWiiCehidiRk an®itise EST cMebndi $e6818d pogdrude di odes
21, 22 and 25. Diode 22 1s coupled between the pad and node 44 and

operates to ssupply bussiegtintthisponeof cecgipbicklietlodie sinearyt dectipad odr pin is
zapped positively. Diode 22 is preferably |ocated adjacent to transistor
42 in order trelativelyrmasowhaonresicsmamicith edtakinest that aande edsilgifaded22 and
the drain of transistor 42. Sinmularly, diode 21 is shown coupled between
the drain of epemdusngrrMESDaevemriodwrinis Besde. dedeH3 pioetdasia paralled | ayout
of the output buffer and guards against an ESD event whenever the pad is
zapped negat i TSNt RAth Hyithed Y& raysymatal desigo de withsiasidAr 3B GuirRitent in the
| ayout of the_output buffer and. i ? connect ed between V‘[:err and V[err].
Bot h of di odekhys, thaprotection circuit of Figure 6 effectively shur:s current away
from the sensitive metal bussing of the internal logic.
With reference now to Figure 8, there is shown 2 cross-sectional
view of the basic self-triggered SCR structure employ=d in the protection
circuit of Figure 2. This structure provides an extreme v robust protection
mechanism and allows for straightforward integration sto any CMOS,
bipolar or BiCMOS process. Additionally, the fact tha: :he triggering of
the STSCR is controlled by the junction breakdown vcizage makes it
easy to implement and effective in scaled integrated c-cuit technologies.
The structure of STSCR 30 includes an n+ reg'zn 62 and p+
region 64 disposed in an n-well 60. Both regions 62 =1d 64 are coupled
together to node 33, which forms the anode of the devze. As shown in
Figure 2, the anode of STSCR 30 is coupled to Vcc. Fegions 62 and 64
are separated by a thick field oxide region 63. It shou:¢ also be noted
that diode 28 (again referring to Figure 2) is formed by :he junction
between n-well 60 and p-substrate 50. Thus, diode 2¢ is inherent in the
design of the STSCR shown in Figure 8.
Continuing with the description of the basic struzure, p+ region 64
is separated by n+ region 66 by field oxide 65. The n- diffusion 66

overlaps the edge of n-well 60 to control the triggerinc voltage.

Additionally, n+ region 66 is separated from n+ regior 29 by field oxide



.conprise large, vertical diodes fornmed between the n-channel drain/source
transi stor regions and the p-substrate. Figure 3 illustrates an
alternative enbodi nent of the ESD

- 6- protection circuit of the present invention for a typica

I nput -only pin. Wt hout the prez&nce of output transistors 41 and
42, the circuit of Figure 31is hplified considerably. Note that
the same basic structure of Fi gure. 2 is preserved in the enbodi nent of

Fi gure 3, excéﬁg‘oﬂrﬁ frr bR _t @Ff@sﬂ‘ region 69 is cauplgAdostEc B4t WhiChesi st or
38 and di ode nce th CIrCUIt of

Figure 3 is digméﬁl tthﬁlgfgccﬂf(%d'eéiﬁ)’atwonrf'?tesﬁh@ﬁm%e are several cfifigdls j s no

(i mput “pi ﬁipisﬁ%égﬁﬁﬁﬁﬁgﬁ%‘tﬁ%ﬁw? BB p8 BBl gReions Sk7ng
the special ESIRJ@WeiHii %#JB%WS%OO% m% ﬁ“gga"qg{éqcessary ) In all other

respects, the circurt sane as that described above for

Figure 2. Practiti W%mﬁnﬁeﬁ?ﬁfﬁe t?%éu‘: m@%&@&&rghﬁﬂuﬁégﬁvﬂckoﬁelahe MOS

output drivers elimnates the tragile thin gates an us decreases the
cel | capacit argfie dewce adjacent to thd tAHBES of 1R SCR aMRiPIHRGENSIBbdge €xanpl es

to further explain
device compnses n+ region 69, n+ region 73 and field oxide region 72.
Note that n+ region 73 is coupled via line 80 to a resistor 76. Resistor 76
is coupled between node 33 and diffusion region 73. This Resistor 76
preferably comprises an ordinary polysilicon resistor and functions to
protect the thick-field oxide device from high currents or voltages. The
thick-tield oxide device aids in the triggering ot the SCR device by
providing additional electrons in the form of a leakage current. This
leakage current is shown in Figure 8 by dashed line 70.

The thick field oxide device in the STSCR structure serves two
primary purposes. The breakdown of the internal n+p junction lets
carriers leak to the substrate in a way that encourages forward biasing of
the pn+ cathode junction, thus enabling the self-triggering feature.
Additionally, the thick-field oxide device acts as a voltage divider (poly
resistor 76 to n+p junction) to clamp the voltage of the transistor gates
tied to it should there by a short or voltage spike at the SCR. When the
invented SCR is subjected to reversed polarity pulsing, it provides a well-
strapped, large-area diode that is extremely robust under forward bias.

The operation of the STSCR shown in Figure 8 is based on the
formation of a pnpn structure, with the central n+ diffusion 66 overlapping

n-well 60 to control the triggering voltage. The SCR robustness under an

ESD event arise from the inherent uniformity in current conduction.



" the present invention functions during an ESD event. Figure 4 illustrates
the current path through the circuit of Figure 2 during a positive ESD zap

with respect to V[err]. Figure 5, on the other hand, illustrates the

current path during a negati veo{ESD zap with respect to peripheral
V[err]. Before consi dering each of these exanples, it is helpful
to one' s under st andi ng to anal ogi ze an ESD event to a water dam

In this sinpyRicanal I ] ents the
Slati ¢ char 0o SeCal O g 2rge endutds BuBEe e et R Ty

represents tQacslfig§érece s SOR ERATR thansbifabe between its ehnARNS $6 de of the

dam represents ground. The dam itself, represents the protection
structure i napgroxiredtdinBeeh Vbks, Ithé}elmyf;frer/enting damage to the in@wmabusl y, water
will force its way across the damin one way or anot her when the
reser voi r beciocmgy ohtte infgratecdeircieser voir reaches its capacity,

either water will flow over the top of the dam or the damw ||
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to ESD protection focused on the points of weakness -- identifying nyriad

ways 10 Str ciORHIRIE Bas BraigPifs SohdEe dedere ey wlagesgan deyelop is

complicated. 80608 by tverappilig the' me it 2lor fegidh B8 Wil Thd Bbntin of F e em
the n-well region 60. Recognize that in normal CMOS and BiCMOS
processes, n-well breakdown voltages are approximately 40 volts. In
contrast, the n+ diffusion breakdown voltage in the invented structure is
on the order of 12 to 13 volts. ltis this latter breakdown voltage which
triggers the bipolar action of the PNP and NPN transistor to provide a
controlled latch-up event as part of the overall protection scheme. The
critical dimensions CD1-CD4 are adjusted in order to set the beta of the
PNP and NPN transistors to provide latch-up during an ESD event.

During the initial phases of an ESD event the potential in p+

region 64 first increases until the breakdown of the n+ region 66-t0-
substrate 50 junction initiates the triggering of the SCR. At the same
time, the rising potential at node 33 also generates leakage current 70
across the thick-field oxide device; this current aids in activating the SCR
to achieve effective clamping. Since ESD events are normally very short
(>100 nanoseconds), the heating of the current conduction region occurs
adiabatically and cooling by conduction to adjacent regions is negligible
The uniformity and the spread of the current conduction provided by the
STSCR reduces the heating for a given STSCR discharge and allows
the ESD performance to be scaled by size.

For the STSCR to trigger, two conditions must be met: First, the



" applications. The contrary approach of the present invention, however, is
to deliberately construct a robust "floodgate" to predictable shunt charge
to ground. This approach keeps design variations to a mninmum and produces
a consistent production circuit that proyides a predictable discharge path
for the current. Applying this theory to the I/O ESD protection
circuit of Figure 2, one can easily identify where the current flows

during an ESBr&yiedtof th®harEAAEPING ah8 NP QWi So14r trahdi O drwtirgllirght s the
current path taken during an ESD event when the pin is zapped positively

with respect gathspetad) must bé hirgecase i odesndy, drduabtici thdtug ned on
shunting the current to the core and charging the chip capacitor to

V[err]. This breakjeg daopacnteds (@teaknehoudh 8®¢halitbefvattads deeeloping in

m cr oprocessor) dissipates nost of the ESD energy when charging. As the
ESD zap vol t ke niwell oasulsirate neguistis iggeatgotian approzenaisly @ Fevaltsi p

capaci tance eventual ly reaches 12-13 volts. At this point, STSCR 30 is
triggered to Ipiv{arward bjaswepipeardndle patitietieasq wnejion potential ofpgacd 5

hi ghlights the opposite case where_the 1/Q pin is zapped negatively with
respect to t kee HepsistRisandingiatss 3&&%@5\@% FRrasigs BSPO'%&Q@' Bttt I ows from

e o Bprbay Toand Tk Bl TP NER HBE konr b mblie 21, anc
finally out %@ggﬂ&e"ﬁs‘dﬁg}é%rﬁ’\'a%% 21 and resistor 38. When

I mpl enenti ng protection, It should be understood that
As explained above, the SCR action triggers after the n-well-to-

substrate junction breaks down. In conventional semiconductor
processes this breakdown voltage is normally approximately 40 volts. In
order to lower the trigger voltage to safe values, the self-triggering feature
includes n+ region 66 in a position such that it overiaps the edge of n-
well region 60, which is coupled to the n+ cathode diffusion. This overlap
serves several purposes. First, it reduces the junction breakdown from
40 volts to approximately 12 volits. Second, it localizes the breakdown at
an optimal place to initiate SCR action. Thirdly, it is not connected
externally and therefore it acts as the self-triggering mechanism.

it should be understood that the n+p junction breakdown between
region 66 and substrate 50 is normally a highly localized, non-uniform
phenomena having positive temperature feedback. Therefore, the
design should be such that the SCR triggers at currents low enough to
avoid inflicting permanent damage to this junction. On the other hand,
the triggering current should he high encugh to avoid accidentally -
triggering the SCR which could result in iatch-up and destruction of the
integrated circuit. Balancing these two concerns requires careful

selection of the critical dimensions CD+-CD4. Note that in a current



connectivity plays an inportant role in the success of the circuit. In the
case of the ESD protection circuit of Figure 2, the power supply clanping
di odes 26 and 27, and STSCR30 may be located far fromthe actual /0O

buffer they are designed to protect. The circuit current path inpedances,
however, should be kept to a mninumso that other parasitic paths do not
becone the preferred di scharge pass. On 14" ot her hand, diodes 23 and 24
are preferably |ocated as close to the input device node 35 as possible in
order to mi ni ninementatiog, dre bégger current piithen8F S6iR of Figinadkisi brtweenaneous
ESD zap currents can easily exceed several anperes and |last for several
nanoseconds, nt? #NAFYH. beconmes an | nportant concern. For exanple, netal

extend ng 11 om £ e TReN BRSAS 4\Be der e P B S A,
v e enouah  Eff, SR TETI THERHEOPUPILIER Bl hove @ et vhren
e e DDA D PSRAIA B8 Ll o b BRI O e0Ll0n

semiconductor volume involved in the conduction allows sufficient

energy to be dissipated for the high-energy ESD performance. On the

other hand, these dimensions should be small enough so that low levels

of leakage current can properly turn on one of the parasitic bipolar

transistors, thereby triggering the SCR. Moreover, self-triggering by

means of low levels of leakage current ensures that the n+p junction is

not damaged. Critical dimension values of 1.1, 1.4, 1.2 and 1.2 microns

tor CD1-CDy, respectively, provide adequate results -- even when

considering relative variations due to processing.

Figure 9 illustrates a circuit schematic diagram of the STSCR

shown in Figure 8. Note that the PNP and NPN bipolar devices are

shown as transistors B7 and 88, respectively. The n-well resistance Ry is

depicted as resistor 85 coupied between the base of transistor 87 and

node 33. Similarly, the substrate resistance Rp, is shown as resistor 84

coupled between the base of transistor 88 and node 34. The thick field

oxide device 79 is shown coupled between node 80 and node 34.

It should be understood that the STSCR device illustrated in

Figures B and 9 is also capable of providing ESD protection by itself.

That is, node 33 can be connected directly to the bonding pad of the

integrated circuit, with node 80 being connected to the input buffer. By

way of example, Figure 9 shows this configuration with node 80 being

coupled to input buffer 82. Thus, the STSCR described has two potential



~a small amobunt of internal logic, yet do not support any I/O or out put
buffers. This kind of configuration is commonly used for anal og or
internal clock supplies. In these situations, each separate internal power
supply nmust be protected as if it were-ap input. A circuit which provides
protection in these special situations in illustrated in Figure 6.

Figure 6 shows an internal power supply V[err] coupled to V[err] through

di ode 52 andyts VFasf hs bhsewehs sipdeiaddp BF@ME?ié%b@s@dpéao%ﬁnc@ade up of

1, 2, 3, or 4 diodes coupled in series. Parasific diode 49 is coupled

bet ween V[ er ahaiatleMcabEiatic Ohasgsh 608! BoriitieghtvBhonesed it ieisRhaAREY
reasons for this special protection schene. Diode 49 is preferably forned

from t he n-wtd l/QOagrtiverarichparasttiertnalsidtog and diddes rsutsieaE 8D Wheent

the power supply pin is zapped negatively with respect to V[err], diode
49's . pulsertodhe core¥cot ssi¢apaciadul thiglgapatitame EIargaienengh, it
Typically, power ) ~supply bussing in this kind of circuit block

i ncl udes man§ar HECBYRY Snpravel %gpmrimﬁmc@v@y adincuas fotuympitat henet al i nes
that can be easily fus an ESD event. For this

d open durijn .
reason, di Odgh%rgepflrwitggscugeﬁépgﬁee\ﬁnhout raisirg HF YRROSHW BVRISt h a very
robust netal dgr?gseizr%ﬂsttg tWétg%?é %xi%eEwh%HrtFxgrgcsR clamp is placed in parallel
with the capacitor as shown in Figure 2, it provides an added safety
feature 1o prevent the V¢ core voitage from exceeding 12 volts.
Alternatively, the invented STSCR can be employed as an input-only
protection device; for example, in a circuit such as that shown in Figure 3
1o provide protection for input-only pins.

Whereas many alternations and modifications of the present
invention will no doubt become apparent to a person of ordinary skill in
the art after having read the foregoing description, it is to be understood
that the particular embodiments shown and described by way of
illustration are in no way intended to be considered fimiting. Therefore,
reference to the detzils of the preferred embodiment are not intended to
limit the scope of the claims which themselves recite only those features

regarded as esseniial to the invention.



- Thus, the protection circuit of Figure 6 effectively shuns current away
fromthe sensitive netal bussing of the internal | ogic. Wth
reference now to Figure 8, there is shown a cross-sectional Vi ew
of the basic self-triggered SCR structupg. enployed in the protection
circuit of Figure 2. This structure provides an extrenely robust

protection mechani sm and al lows for straightforward integration
into any CMBLAIMS bi pol ar or Bi CMOS process. Additionally, the fact
that the triggering of the STSCR is controlled by the junction

br eakdown vol t age nakes it easy to inplenent and effective in

scal ed i nt egr at edygh4iGYidiaitehgol ogi es. The structure of
STSCR 30 includes an n+ region 62 and p+ regi on 64 disposed in an
n-well 60. Both regions 62 and 64 are coupl ed t oget her to node 33,
whi ch forns the anode of the device. As shown in Figure 2, the
anode of STSCR 30A devoelfdreprotactivigcan Reegratsd 62candChagainst are

separated by a thick field oxide region 63. It should also be noted

t hat di ode 28lechgstatiordiseraigeg(EIDFeogmpes®y:is formed by the junction

bet ween n-well 60 and p-substrate 50. Thus, diode 26 is inherent in the
desi gn of the STSerirshdigdeiavingiis angde coupled to a pad of ggist {Ghanddtswi t h t he

description of the basic, structure, p+ region 64 i s separated by
n+ regi on 66CBYIOACARYRISS %agg_st W‘Ylpoﬁﬁrg‘laﬁsi on 66 overl aps the

e Togion 66 i SBPREAB BYBHATIG Lo RBRUBG NPl B sagpa supeh 1O 1Y

potential and its cathode coupled to said pad;

a resistance connected between said pad and an input node of
said IC;

a third diode having its anode coupled to said input node and its
cathode coupled to said first supply potential,

a forth diode having its anode coupled to said second supply
potential and its cathode coupled to said input node;

a silicon controlied rectifier (SCR) having an anode coupled to
said first supply potential and a cathode coupled to said second supply
potential, said SCR exhibiting a snap-back in its current versus voltage
characteristic which is triggered at a predetermined voltage during an
ESD event, when said predetermined voltage is exceeded said SCR
providing a low resistance path between said first and said second
supply potentials, thereby protecting the internal junctions of said {C from

destructive reverse breakdown.

2. The device of claim 1 wherein said SCR comprises a pnpn

semiconductor device structure comprising:

A



-20 - region 67. In turn, n+ diffusion region 69 is coupled to node 34,
which forms the cathode of STSCR 30. Note that there are several critical
di mensi ons associated with the widths of the various regions 65-67. These
wi Il be discussed in nore detail |ater. The remai nder of the basic
STSCR structure includes a thick-field ﬁéi de device adjacent to the

cat hode of the SCR This thick-field oxi®ie™ device conprises n+ region 69,
n+ region 73 and field oxide region 72. Note that n+ region 73 is coupl ed
via line 80 to a radi-¥eddismseddsiapaiubebata;s coupl ed bet ween node 33 and
di ffusion region 73., This Resistor 76 preferably conprises an ordinary

pol ysi i con resi st 8ATE+ Fegieniasksa pdyperegivptdisprsathincsaidinewellosdide devi ce

f hi gh t | t ~.The thick-field oxid ' ids inth
triggering of "t RECSOWRRIFIENEper SRFEH PR SRS CalLEPPBAEISh the form

of a | eakage fb‘érefr%}gtotcﬁ?ﬁériﬁél gﬁg’aaq.ﬁ) grrent is showmn in Figure 8 by dashed

l'ine 70. - oxi'de device in the STSCR structure serves
Carri ors Teak 1ot he guRary A g b ORRoR d h Spl e AR T kBB i ng o
said n-well;
a third n+ region disposed in said substrate space a first distance
away from said edge of said n-well and a second distance away from an
edge of second n+ region, said first distance being larger than said

second distance and wherein said third region comprises said cathode.

3. The device of Claim 2 wherein said predetermined voltags is

defined by the breakdown voltage of said second n+ region.

4. The device of Claim 3 further comprising a fourth n+ region
separated from said third n+ region by a first field oxide region, said
tourth n+ region being coupled to said anode through a resistor, said
fourth n+ region providing a leakage current to said third n+ region to

trigger said SCR.

5. The device of Claim 4 wherein said second and third n+ regions

are separated by a second field oxide region.

6. A silicon controlled rectifier (SCR) for protecting an input buffer of
an integrated circuit (IC) against electrostatic discharge (ESD)
comprising:

a n-well disposed in a p-substrate;

* [ L M S *



t he pn‘+ cat hode junction, thus enabling the self-triggering feature.
Addi tional ly, tﬂesShhettﬂlqueeR@l%Edl de device acts as a voltage divider (poly
o]

resistor 76 to n clanp the voltage of the transistor gates
tied to it shoul
ubj ect

rt or voltage spi vhen the
invented SCRis s \-ﬁ% SHEET SHAS B

eétoreversed pol r|ty pulis f’d vides|a well -
strapped, |l arge-area diode that is extrée Iy r obusjt und@ k id-bi as.
The operation of the STSCR shown in Figure 8 is based on the fornmation of
a pnpn structure, V@ {ifstieragion fad ap-tvre reEiPd ig®seddn saishnrwell.rsai@l | 60
to control the triggering volta The SCR robustness under an ESD event
ari se fromthd ﬁﬂargné rrﬁgﬂQf}ﬁTg?‘lesrPa@GF’r%?ﬁ” aoA @Rratrigmly connected to

-21- whi ch a*l | ows_ di s fotl ng%éafge energy pul ses w thout

sel f - dest ruct i'AY" a"@f&% % P 9 "the SCR cl anps the voltage between its

ot ornal E."rcﬁ."ﬂﬁé‘éwg@éﬁ%“rr\&e@& bRosrd L Ftt PSEESRAG I EE AR A 0T

the rel ativel y mhtwggerl ng voltage required to activate the protection
schene before vol t ages can develop is achieved by overlapping the

n+ di ffusion reg| ory firdvhihegion NopeskRT i $id p-substrate spaced a first

distance from said edge of said n-well, and a second distance away from

an edge of said second n+ region, said first distance being larger than
said second distance, said third n+ region cémprising a cathode of said
SCR, said second and third n+ regions being separated by a second
field oxide region;

a fourth n+ region coupled to said anode through a resistor and
separated from said third n+ region by a first field oxide region, said
fourth n+ region providing a leakage current to said third n+ region to aid
in triggering said SCR;

said SCR exhibiting a snap-back in its current versus voltage
characteristic which is triggered at a predetermined voltage during an
ESD event, when said predetermined voltage is exceeded said SCR
providing a low resistance path across first and second supply lines of
said IC, wherein said predetermined voltage is defined by the

breakdown voltage between said second n+region and said p-substrate.

9. The SCR of Claim 6 wherein said second and third n+ regions are

separated by a second tield oxide region.

AR A



.the n-well region 60. Recognize that in normal CMOS and Bi CMOS processes,
n-wel | breakdown ViiistSh Has&l’c&f&@}afeQXI mately 40 volts. In contrast, the n+
di ffusi on breakdown e i nvented structure_is _on the order of
12 to 13 volts. It F breakdown vol t ag¢ TWIS GHEET HAGOREEN [ he

bi pol ar acti on of t an transi stor to pr<)V| de mﬂggmrol | eld

| at ch-up event as part of the overaII pr(?tsectlon S Ghere—tie eal
di mrensions CD{err] -CD[err] are adjusted in order to set the beta of t he
PNP and NPN t ridhsi sA desicedopputeding an éhtegatdd cirngit 4IC)ERRiRstent .

During the initial phases of an ESD event the potential in p+ region 64
first increasd®egimstatic gischaeak foBR) 6PMPSING+ regi on 66-to- substrate 50
junction initiates t etrl%gerln At the the rising

potential at node 38Ut &iPdrRbhayin @%%sfé@%uwaw%ﬁtpﬁorg%@d&a%

2chi eve. of | oot PIiRYA SEFRG 08 1k SLERYAFREAIN, & nor mal |y very short (5100
d h

nanoseconce) {1 A aL AL AUSTEN SO LAPF M ARTIARR ovr «

The uni for i | oo Wbl B3R A o6 EEALa ORI OBSBIA by, (he

STSCR r educes I ven charge an t he ESD

performance t (bd?@eéﬁ%la‘iﬁigbm a‘hleﬂE\e dram of a nEsHarine dSJ@@Rtﬁ@séuﬂc@gﬁrsan@m
condi ti ons nust be net: irst,

n-channel device bemg coupled to a second supply potential;

a second diode having an anode coupled to said second supply
potential and a cathode coupled to said pad through said n-well resistor,
said first and second diodes providing a conductive path between said
first and second supply potentials , respectively, and said pad during an
ESD event;

a silicon controlled rectifier (SCR) having an anode coupled to a
third supply potential and a cathode coupled to a fourth supply potential,
said SCR exhibiting a snap-back in its current versus voltage
characteristic which is triggered at a predetermined voltage during an
ESD event, when said predetermined voltage is exceeded, said SCR
providing a low resistance path between said third and fourth supply
potentials to protect internal junctions of said IC from destructive reverse
breakdown; and

a pair of diode clamps, one of said clamps coupling said first
supply potential to said third supply potential, and the other of said
clamps coupling said second supply potential to said fourth supply

potential.

A R



~22- product of the parasitic PNP and NPN bipolar transistor forward
urrent gains (betas) rrust be Iarger than 1. Secondly, the Junctlon t hat

C .

is breaking dovvn ned GHh so that th,TM%l ?@RI ng in
the n-well or substra greater than a3promﬁ,g ol ts.
This forward bias rep itter- ase junttion one of

the transistors and initiates STSCR acti” Parasitic bi pol ar gal ns of
approximately 7 and_10 (for PNP and NPN devi ces, respectively) provide
adequat e STSCﬁ%erfB‘P?rQﬁ&@e of Claim 1RswhsisimsasdSekoeemprises 8qRRt i on
triggers after the n-.we - substrate junction breaks down. In
convent i onal PBHQHEtPBrS“UBMéé?%'SﬂW ‘s breakdown voltage is normally

approximately 40 vo r.to | the trigger voltage to safe
val ues, the self- tr% ?lill ﬁbspgaggﬁupgpnge WEs n+ region 66 in a position

suchthat it overl %g@n [ oupl.ed to
t he n+ cat hode di fﬁﬁ{%n@* S gbgr tyﬁés!'aer 8'9 s%\ygggl M%&?%gf\égg Ffﬂo It It
reduces the jufchh8p-HRAEHME béiRR A M%{Eia? LR %Peﬁftﬁéél g0 1o’ LS.
Second, it localizes tvhe br eakdom‘na]atpﬁ 3 pttl rra? pl ace [V(;él nfh%@e SCR

action. Thirdlfgrmidaid anbgé; connected externally and therefore it acts as

the self-triggering nechani sm
a second n+ region disposed in said substrate across an edge of

said n-well;

a third n+ region disposed in said substrate spaced a first distance
away from said edge of said n-well and a second distance away from an
edge of said second n+ region, said first distance being larger than said
second distance, said third n+ region comprising said cathode of said
SCR; and

a fourth n+ region separated from said third n+ region by a first
field oxide region, said fourth n+ region being coupled to said anode
through a resistor, said fourth n+ region providing a leakage current to

said third n+ region to aid in triggering said SCR.
13.  The device of Claim 12 wherein said predetermined voltage is
defined by the breakdown voltage between said second n+region and

said p-substrate.

15.  The device of Claim 14 wherein said second and third n+ regions

are separated by a second field oxide region.

16.  The device of Claim 13 further comprising:

a resistance coupling said pad to an input node of said IC;

L) O A



It should be understood that the n+p junction breakdown between region 66
and substrate 50 is normally a highly | ocalized, non-uniform phenonena
havi ng positive tenperature feedback. Therefore, the design should be such
that the SCR triggers at currents | ow enough to avoid inflicting permanent
damage to this junction. On the other hand, the triggering current should
he hi gh enough to avoid accidentally- tr3@gering the SCR which could
result in latch-up and destruction of the integrated circuit. Bal ancing
these two concerns rdhudrdicde aoepling saidlieptt modefo thid tirdtdupply di mensi ons
CD -CD4. Note that in a current

- 23 - inpl enBpteRiRERANG he trigger current of the STSCR of Figure 8 is
between 10 and 30 mﬁt, ) The significance of the critical dinensions
CDerr], CDlerr], CPiferrh diggricoupiing said fayrth supplspotentiakionsaid imput of t he
di nensi ons (C}é)éﬁrr] +CDO{err]+CD[err]+CD{err]) should be | arge enough so
that the sem Buct or vol ume involved in the conduction allows sufficient
energy to be dissipated for the high-energy ESD perfornmance. On the

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Re
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ot her hand, these di nensions should be small enough so that |ow |l evels of
| eakage current can properly turn on one of the parasitic bipolar

transi stors, thereby triggering the SCR Mreover, self-triggering by
means of |ow | evels of |eakage current-3@asures that the n+p junction is
not damaged. Critical dinension values of 1.1, 1.4, 1.2 and 1.2 mcrons
for COjerr]-CDerr], respectively, provide adequate results -- even when
consi deri ng ABStRAE TVaOFatiHmSDISIE L DS PRECESSI Ng. Figure 9
illustrates a circuit schematic diagramof the STSCR shown in Figure 8.
Not e that the PNP an8LBFRROBTAICPISCHARGE: BRAFEETIAHEWRCHT t r ansi stors 87 and
88, respectivel y. ATwide ilproteeshg barnaeghitedrdrcui (IGlepjaihed as resistor 85
coupl ed between the base of transistor 87 and node 33. Simlarly, the
substrat e r eslestrastatic Rischdrge SESE)Wnclades essadt-wigg8ded soiuph exbnbretlegen t he
base of transistor 88 and node 34. The thick field oxide device 79 is
shown coupl egchteneerSGtdeogpledrrrrassthainternal supply jpotemals @f B under st ood
that the STSCR device illustrated in Figures 8 and 9 is al so capabl e of
provi di ng ESD‘%Q‘@?%’CW%‘- bjhe £I8IGR exibi 5 sNambaek BRitg SHITBR! ¥IsHECt ed

directly to the bondi ng pad of .the integrated circuit i th node 80 being
Connect od ¢ oalage SHARCISTR e it s yiggest B amsructornyind alidtons i o

Con 0 211 8, B85 bRt SURLE TBULIRL oy . e

capacitance, the predetermined voltage of the SCR is triggered at a

potential which is sufficiently low to protect the internal junctions of the IC
from destructive reverse breakdown. The STSCR comprises a pnpn
semiconductor structure which includes a n-well disposed in a p-
substrate. A first n+ region and a p-type region are both disposed in the
n-well. The n+ and p-type regions are spaced apart and electrically
connected to form the anode of the SCR. The ESD protection device
also includes diode clamps between the periphery and internal power
supply lines, and a nove! well resisior which provides a distributed

resistance further protecting sensitive output buffer circuitry.

Figure 2



-24- uses.

agai nst electrostatic charges of all polarities.

First as a power supply clanp providing a robust perfornmance '
When used in this manner,

the 1/0O active and parasitic transistors and di odes route the ESD current

pul se to the core Vcc-Vss capacitor.
it caﬁ“égﬁggﬂ!?!giainprov
charge fr t ent—pu

wi t hout

If this capacitance is |arge enough,
EEESD per f of/Rence by acting as a dunmp for the
raising the voltage to |l evels

dangerous to the gate owjde. Wen Qne SCR clamg is placed in paralllel wth
the capggitor_as shown A I , 1§ _provi dgsaan addedpﬁgkﬁéyh fgature to
prevent the VYlerr] core voltage fr exceeding 1 2 volt$gesfl ternatji vely,
the i nvente can be enpl oyed \as an input-only pré¢tection deygice; for
exanplgEGVFFEfqﬁ"PE it such as that ghown in Figure 3 t¢ prowvag protection
for i ﬁGPJQﬁEJ> : Wier eas| mapy al ternations apd nodeficatfi ons of
t he priesent [ hVventlion will no doubT—betone apparent to|a person of

or di nar | in the art after haying read the foregoing descriptlion, it
is to be understood Tthat the particular enbodl ments Shi “8esqri bed by
way of illustration are in no way intended to be considered |lintijng.
Therefore, reference to the details of the preferred enbodi ment are not

intended to
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limt the scope of the clains which thenselves recite only those features
regarded as essential to the invention.

- 25- CLAI M5 What is claimed is: 1. A device for protecting an
integrated circuit (I1C) against electrostatic discharge (ESD) conpri sing:
a firsL_dzjﬁi{ﬂigiﬁg Its ano couplea/§o a pad of said IC and its cathode
coupl ed t I al; a second di ode having its anode
coupled to a secopd supply poterttgl—and its cat hode coupled to said pad;
a resistance conn-' %d bet weenl sai d ant~ad_i nput node of said IC
a third diode having anode couplied to said i nput—Qde and its cathode
coupled to sd d fi 1ppky potentigal ; a forth diode having its
anode coupl/ed gHi d secofd supply gﬁ@ntial anfl itg cithofe coupled to
sai d i nput, nod 26 ?P
Ky T nea B
\42 :
37
/
R INPUT
_L_ CHIP
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41
21 el as &
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a silicon controlled rectifier (SCR) having an anode coupled to said first
supply potential and a cathode coupled to said second supply potential,
said SCR exhibiting a snap-back in its current versus voltage

char ac(—ex—m is tri ﬁed at gfg)r edeterm ned voltage during an ESD
event, wh i voltag s exceeded said SCR providing a

| ow resi stance path bet ween said first and said second supply potentials,

t hereby protecting the iMggrnal junctions of said IC from destructive

reverse breakdown. 2. he device of claim 1l wherein said SCR conprises
a pnpn sem conductor devijce structure conprising:
- 26- a n-well digposed in a p-substrate; a first n+ region

and a p-type region di spo 52n said n-well, said n+ and P-type regions

bei ng spaced apart and el dctrically connected together to conprise said
anode; a_second n+ |region disposed in said substrate across an edge
of said n-wall., — » TO CIRCUIT
ICC
Vss Vss
TO PAD
4ia 41b
A A
- ! r \
CDg
58a 58b
( GATE FOX FOX S6b[GATE (
/ nt L+ N n+ /L n+ n+ J J
I‘J’* *d-CD.'—D‘
o |1
CD5
N-WELL 53 )
\_ J/

P-SUBSTRATE 50



“athird n+t region disposed in said substrate space a first distance away
fromsaid edge of said n-well and a second di stance away froman edge of
second n+ region, said first distance being |larger than said second

di stance and wherein said third regiqgsconprises sai d cat hode. 3. The
device of Caim2 wherein said predetermned voltage is defined by the

br eakdown vol tage of said second n+ region. 4, The device of Caim3
further conprising a fourth n+ region separated fromsaid third n+ region
by a first field oxide region, said fourth n+ region being coupled to said
anode throughea resist g, ' n+ regi on providing a | eakage
current to saiﬂlthird n+rieghon to tpgigger said SCR 5. The devi ce of

Claim4 mheleln said secmndfand third/ n+ regions are separated by a second

field oxidejregion. 6. silicon controlled rectifier (SCR) for
protecting an inputgbu of an integrated circuit (1C) against
el ectrostatijc di sgharge (gtag conpribing: a n-well disposed in a
-substrat e; Q o .
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- 27 - a first n+t region and a p-type region

di sposed in said n-well, said n+ and p-type regions being
spaced-apart and electrically connected to form an anode of
sai d SCR; a sgggnd n+ regi on disposed in said

p- substrate across an edge of 5 said n-well;

a third n+ region disposed in said p-substrate spaced a first distance
fromsaid edge of said n-well, and a second distance away from an edge of
said second n+ region, said flrst t han said second
di stance, said thlrd n+ regi on co at hode of} said SCR, said 10

argted b

second and third n+zrq9|ons being s field oxide
regi on; zth"’n+ gtglon coupj ed to said anode
t hrough a resistor ana Féepa@ ed fromaid third n+ region

by a first field oxpde region, saidtourth < n+ region

provi ding a | eakagetcurrent to said thiwd qg region tojaid in 15
triggering said SCR; o .sai d SCR eixhi biting a snap-back
inits current versus voltage z L/ characteyistic which is
triggered at a predeterm ned vol{tage during ap ESD event,

when said predeterm ned voltagelis jexceeded said SCR pyoviding a
| ow resistance path across first] and second supply lings of said IC,
wherein 20 sai d predetier m ned vb*tage is fdefined by the
br eakdown vol t age bet ween + b4
<
> o
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A e CUrn
said second n+region and said p-substrate. 7 REP.MC[IMQO}E %i m
6 wherein said second and third n+ regions are pepar at ed
second field oxide region. 8. A fleyi d& @ﬂét ectii ng
an integrated circuit (I1C) against el ectrostat|{c di schar ge (|[ESD)
conpri si ng: a figst diode havingg an anode coupled to
a pad of said IC and a cat hode coupledtta a first suppl W
potential ; 5 an out put buffer including a p-channel
devi ce coupl ed bet weefirssa¥ degion and a p-type regidn tispose il yaidot-eellj sdidard sai d
pad, and a n-well resistor coupled between said pad and the
drai n of a n-cludnetypdeegions tidieg spacerkapért sadelectdtallynednnected to form
devi ce being coupled to a second supply potential; a
second di ode hawi arpdenofasaid SGRiupl ed to said second supply 10
potential and a cathode coupled to said pad through said n-well resistor,
said first and secomdsationdest myian dispgsed tosald prsubstnaie Botossvereedgaotl fir st
and second supply potentials, respectively, and said pad during an ESD
evers ; said n-well;

a third n+ region disposed in said p-substrate spaced a first distance
from said edge of said n-well, and a second distance away from an edge of
said second n+ region, said first distance being larger than said second
distance, said third n+ region comprising a cathode of said SCR, said

10 second and third n+ regions being separated by a second field oxide
region;

a fourth n+ region coupled to said anode through a resistor and
separated from said third n+ region by a first field oxide region, said fourth
n+ region providing a leakage current to said third n+ region to aid in

15 triggering said SCR;

said SCR exhibiting a snap-back in its current versus voltage
characteristic which is triggered at a predetermined voltage during an ESD
event, when said predetermined voltage is exceeded said SCR providing a
low resistance path across first and second supply lines of said IC, wherein

20 said predetermined voltage is defined by the breakdown volitage between

said second n+region and said p-substrate.

7. The SCR of Claim 6 wherein said second and third n+ regions are

separated by a second field oxide region.

| AMENDED SEE g g



a silicon controlled rectifier (SCR) having an anode coupled to a 15
third supply potential and a cathode coupled to a fourth supply potenti al,
said SCR exhibiting a snap-back in its current versus vol trage '
characteristic which is triggered at a pr BERAREMENT SHEET
vol tage during an ESD event, when .28 - sai d pregddterm ned

vol tage i s exceeded, said SCR providing a | ow nESN@VéWNb
path between said third and fourth supply potentials to priotiect 20

I nternal Bunct podevied forgretecting aarmidgrated circyie (109 \egaisst br epkdewr—amd

a pair of diode clanps, one of said clanps coupling said f§rst supply

pot enti al efe@trdsidictdisdrthrga PREPD) popnisingl:, and the ot her of "Sard cl anps
coupling said second supply potential to said fourth supply potential.

- 29 - 9. afirsthgiodeWwavimgain ghederc@uplee tebrpasibofdsaBCIC @od@ | ses a
pnpn sem conductor structure conpri Ssing: a
n-wel | di sposedaihoda qoupldrstorafisst supply potential; a first n+ region
and a p-type region disposed in said n-well, said n+ 5 and
p-tgpe regions bei ngnspdpwiduiieainclutiog e rchannaldeyicectoupied Hetwedrosaid

sai d anode; a second n+ region disposed in said

substrat e acr ofisst supplygmteritial and said pad, and a n-well resistor coupled between
said pad and the drain of a n-channel device, the source of said n-channel
device being coupled to a second supply potential;
a second diode having an anode coupled to said second supply
10 potential and a cathode coupled to said pad through said n-well resistor,
said first and second diodes providing a conductive path between said first
and second supply potentials , respectively, and said pad during an ESD
event;
a silicon controlled rectifier (SCR) having an anode coupled to a
15 third supply potential and a cathode coupled to a fourth supply potential,
said SCR exhibiting a snap-back in its current versus voltage characteristic
which is triggered at a predetermined voltage during an ESD event, when
said predetermined voltage is exceeded, said SCR providing a low
resistance path between said third and fourth supply potentials to protect
20 internal junctions of said IC from destructive reverse breakdown; and
a pair of diode clamps, one of said clamps coupling said first supply
potential to said third supply potential, and the other of said clamps

coupling said second supply potential to said fourth supply potential.
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said n-well;

a third n+ region disposed in said.

substrate spaced a first distance 10 away from sai d edge of

said n-well and a
second n+ region,

second di stance away from an edge of said

said first distance being |arger than sdi

second di stance, said third n+ region _%Tp!‘i sing said cat FO&PMC%NJ %;T

and
region by a first
bei ng coupl ed tRg

| i ifsai ; istlor, said fourth
S@éﬁcf‘@@%%%@ﬂ%@@sald SCR compnsgsnaerPrﬁh

n+ regi on providing a

a fourth n+ Tegion separated friohsaid third n;
field 15 oxi de region, said flout BINOW 208%i ¢n

age current to said thir

regi on tosghflcdiducidrddRIcig comhshshtdR 10. Theldevice of Caim9
wherein said predeterm ned voltage 1s 20 defined by the breakdown
vol tage between sai ¢ s@efitfispbseadh @p-80Bstrate: said p-substrate.

11. The device of Caim9 wherein said second and third n+ regions

are separated by a seafenght réqbd aByig-tyRotedion didPosed in said n-wéll, saldh@+devi ce
of Claim10 further conprising: a resistance .

coupl i ng said pad g-8panteqiopetberafiepdedsapatt bR electrically connected to form

said anode;

a second n+ region disposed in said substrate across an edge of

said n-well;

a third n+ region disposed in said substrate spaced a first distance

10 away from said edge of said n-well and a second distance away from an

edge of said second n+ region, said first distance being larger than said

second distance, said third n+ region comprising said cathode of said SCR;

and

a fourth n+ region separated from said third n+ region by a first field

15 oxide region, said fourth n+ region being coupled to said anode through a

resistor, said fourth n+ region providing a leakage current to said third n+

region to aid in triggering said SCR.

10.  The device of Claim 8 wherein said predetermined voltage is

20 defined by the breakdown voltage between said second n+region and

said p-substrate.

11.  The device of Claim 9 wherein said second and third n+ regions

are separated by a second field oxide region.

25

12.  The device of Claim 10 further comprising:
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a resistance coupling said pad to an input node of said IC:
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- 30 - a third diode coupling said input node to said third supply
potential; and a fourth diode coupling said fourth supply
potential to said input node.

-30 -

a third diode coupling said input node to said third supply potential;

and

a fourth diode coupling said fourth supply potential to said input

node.
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