‘Low Triggering N MOS Transistor For ESD Protection

Working Under Fully Silicided Process Wthout
Silicide Bl ocks Background of Invention 1) Field of
the Invention This invention relates generally to
fabrication and structures of sem conductor devices
af 8""r?g’ a8 % ¥ iMUP drnpistes HonESP dyeteasioniVborkinfy lanleER @bt Silicided
Static Discharge (ESD) device and nore particularly
an Electro Static DFEs#rYekqueSibyiddBlocke using a
silicide process. The invention related to a device
for on-chip ESD protection. 2) Description of the
Prior Art The n-type MOS transi stor has been w dely
enpl oyed as the primary conponent for an ESD _
protection circuit in _semconductor 1C devices. It is
wel | known t hat siIi@?ﬁﬁ?@ﬁﬁ‘@ﬁ“?ﬁﬁmQraln and LDD

] qtiQ s .reduce ESD perfornmance significantly. Mst
ggﬁ?éfﬁ IBYe#28%s have a rempval option which allows

licided.areas (e.q., resistors) to be forned and
ﬂgzaEISD i rrpng‘ﬁf“" %&’Hﬁﬁ%’éeﬁ TR fabideapert angd uatuses of semiconductor

i d d.regiop of the LDD for _
a5 Bl oA LYo AR TRl Satn o s
' ' ' opust ESD . protectiaon
o P e Pt S e RE M B ORRME wia g o Tre
er, this kind o

ifVehiic @Rreb kLR EREARMYL 28D \ev _
1ggv?%g ﬁ?s higﬁggﬁggbgckﬁgoﬁ%%agp&ilso, t he high

2 Maplipéin yoink 2E6r Q¢ {he stacked

The n-type MOS transistor has been widely employed as the primary

component for an ESD protection circuit in semiconductor IC devices. Tt is well known that

-~ silicidation of the drain and LDD junctions reduce ESD performance signiﬂcantly_ Most

salicided process have a removal option which allows unsalicided areas (e.g., resistors) to be

formed and use ESD implant to make Junction deeper and to overdose the lightly doped region of

‘the LDD for better ESD peiformance.

NMOS transistors stacked in a cascade configuration provide robust ESD
protection for mixed voltage I/0 in both silicided and silic-ide-blocked technologies. Howevef,
t.his kind of devibe has high snapbabk .voltage. Also, the high snapback voltage of the stacked
NMOS degrades its IT2 (IT2 is the second breakdown trigger current)) since the power

dissipation is great. The IT2 is the current at or before the MOS gets into secondary breakdown
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NMOS degrades its 1 T2 (1T2 is the sgpond ggsgﬁdsgn
trigger current)) since the power Lsf'p the MX
great. The IT2 is the current at oL e Fr? Riped
gets |nto E;c;gdary brear?omn 1e(hnsgn?obugt t he NMOS
SRARI BRI B 4 "THedfoher the 117 1 he higher th
R S el ffh,ﬁe%%gflreg@;iﬁ:#z% e o e ighr e
Eﬁﬁtlﬂit%g{oﬁﬁ éﬁo\é\‘glg Eﬁ)\lcvées? geclgllroleolgg %ﬂ&ggﬁisﬁiggp Elockaargiag@pﬂgnction steps
junctio _ _ : ) ) of
20U IRSGESHRELLR IR LOL D LIGELLG o,
a in : ; .

: h
e T e G
asingle poly devi The structure and snap back
art as an ESD device. _ v N MOS
mechani sm are described bel ow. The ZIP9|9'F0i¥ Fi g
device is SHGWA dhbwEL Q feh20s 808 AY QUL - ' s an
S FI'G 55 shows 2 op b1 &% U1 EIESE Shgee
ESDrdeeic@mtle &Rafird2Ag knab ‘Bﬁé&%é‘cﬂnis%?%&ggibeﬁ?él Cw.iiﬁg sﬁgle—poly N-
t he snapback hol ding” voltage. | oS A en a
MO R ddvide CashosEer®t besidf ank hlgoﬂ WEESA ?1('5 %Ig-:‘shoﬁs élX(\fhp pEeH]I vigw. FIG
short-duration (100 to 110 ns) constant cu Ste Lie
SCshapthé Bcun@ ahd enafl badkc Ry t%%ﬁ%ﬁ%? Q/s? [}qh ne/p%g%c ho?ding
to the substrate (substrate grounded), e devi

veltrgel HIGdshothere kbleMricd aohagitR IoF 8 ldcvi&OME s Find, %g:(gi‘t-duration
At normal operation, the device is off because the

(Yate 1 10nsyroosterd eatrentihasa ig dpplicdri@ing dRfLRkOaNE V! Jn@%ﬁ[le ttied to the

BVdss is reached, current starts to flowas a re

S@pirytefsulstrate grounded], g doficedheuld RMETBEEV RhARRESE Bbfh in Fig. 5C.
junction. At current Itl, and voltage Vtl, the device

At porgglearsration, theslmapiactk beckive thetghicGORbundst. 'R thd drai@ B akdown
voltage is related to the channel |ength and BVdss.
vilisen BVidag is teaehed.roigepe starts to flow as a result of impact ionization of die reverse-
biased drain junction. At current It1, and voltage Vt1, the device triggers into sna'pbac-k.' The
-trigger current It} and voltage is related to thé channel length and BVdss. Note that the trigger
voltage point (Vt1, It1,) is riot the same as BVdss, BVdss, usually is defined as the drain
junction avalanche breakdown voltage at a specified drain current density. The trigger point is
‘the point that has the highest voltage just before snapback. The snapback region of the I- V
curve is roughlf linear and, therefore, may be represented by a snapback voltage Vsb and a
differential resisfance Rsb. The snapback voltage Vsb is defined as the linear éxtrapolation of

the snapback region back to zero current. Care must be taken to avoid defining Vb and Rb by

extrapolating from low current values near the point where the I-V curve changes slope from
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vol tage point (Vtl, Itl,) is riot the sane as BVdss.

- BVdss, usually is defined as the drain junction

~aval anche breakdown voltage at a specified drain

current density. The trigger point is the point that
r@ﬁ%vtpe thh t %gltage j ust before snapback. The ‘
SHapback™ 't Bgi dfreire thdalpes off Vs andyResb msrerabtailell rohint@akements
= Lol er%ﬂgre1 nag be represented by a snapback

vol tage VEBanE Ge Hrrmissigprinepulsesehaiemn Becisbthe TiB-current
\éﬁéﬂm?%ﬁv¥9k1 Vsb is defined as the linear

ext rapol at on ot *ihevediierhis aeatheia Fithsnthamthk ldvocurenovalues when

JediL.F e nust taken to avoid defining Vb and
Rﬁélﬁ@r}gl&%{gﬁg PTISHG - B B e ey heshteusrert g Somésayin tte@napback
N the.l-V curve changes slope from2
r%gdél é{hie ‘v‘*%’?{eﬁnﬁsw 6%‘9“%%#‘6%% g’}’e tefiac g sdcomktrigger Vet (W 112)
Ksh i ned from measurements made at high
‘eur ?eé\ﬁtr“g t(% % ﬁigﬁ?{‘élgtﬁf’g‘r?ggﬂgé i 'R Spopebrpakidewn. t Saobml byeakdown is the
PR CESE: lgh-current . values are relevant to ESD
events, I%/\O/e%%%)eogﬂtdgwﬁ% © PHgHT tha rasme efibgrmelmenaway and current-
ids@wiigUr rent val ues when designing for protection
agai nst ESD. Wth sufficiently high current 1t2,

flow ng in the snapback region, the device triggers
into second breakdown. We define a second trigger

poi nt (Vt2, : ndi,n the triggering from

snapback i ﬁhg?og%gg%gﬁ%rﬁgg@ oW tgd %g%gﬁ"dceﬁr(é'g%%%’gﬂée), Us
5508242t e i polay; vice i ndi cate

The gy e BN (R BBl Bt e U8 5/ Py ane
UsnsgisabiddtyaryThe foll ow ng patents show rel ated ESD

devi ces: US 5, 898, 205(Lee), US 5,519, 242(Avery), US

5,969, 923( Avery), US 5,559, 352(Hsue et al.), US

5,043, 782( Avery) and

There is a challenge to device a new ESD device for silicide process that

- improve the ESD performance by lowering the Vt1 and lower leakage.




89, 113(Li et al.). inprove There is a challenge
Pg géSice a gew ESD de%ice for silicide process that
the ESD performance by |owering the Vti and | ower
| eakage. 3 Summary of the Invention It is an object of
the present invention to provide a method for
fabricating an ESD dEvice r@th a Logﬁfegzlg?e:he
: and | ower | eakage. is an_
E?nggfinvention to%bW%VﬁHQWHCEF?M@Wure of an Electro

Static Disgpharge.(ESD) device that provides better
protection%§f€%§ﬂ%xB&%ﬁ@?%m@ﬁﬁﬁﬁ@gnﬁﬁHMea@@ﬂbd6m&wncmugan

1 .0bj th t invention to
Eg??%‘ﬁc e‘lﬂglnd lﬁﬁgﬂgo%ﬁﬁhﬁgﬁf"ﬂ&‘gﬂ E)f‘ré’?‘%ggt ure of an Electro

tatic Di's rge.(E device to be used in ICchip
\r?aﬁulf act ur 2393\[?%&53%? PPEPIREpRde @myide p ptnjctireef an Electro

' i I - id met hod
SR Pt (00 BT ey e et riscicRaron erpompnphand

associated with silicided drains. It is an

a%%?@%sg%% the present invention to provide a method
and a structure of - an ESD device for a silicided

process that does not add any extra process steps or

cost. It is an object of the present invention to provide an IC design having a

structure of an Electro Static Discharge (ESD) device to be used in IC chip manufactured with a
silicided process.
It is an object of the present invention to provide 2 method and a structure of

an ESD device that overcomes the problems associated with silicided drains.
Tt is an object of the present invention to provide a method and a structure of
an ESD device for a silicided process that does not add any exira process steps or cost.

It is an object of the present invention to provide a method for fabricating a

ESD device with silicide contacts with a lower trigger voltage and lower leakage using pseudo -

parasitic bipolar transistors.

To accomplish the above objectives, the present invention provides an ESD

device and method of fabricating such device using parasitic NPN transistors. The invention has

four preferred embodiments.



It is an object of the present invention to provide a
nmet hod for fabricating a ESD device with silicide
contacts with a lower trigger voltage and | ower

| eakage usi ng pseudo para5|t|c bi pol ar transistors.

conpl i )j ectii.v e pr esent
TgVZﬁtlgE Eggjﬁgggg§ﬁ¥ Iﬁ@ﬁlﬁgmgﬁﬂ UEHR ddansistor comprised of

nﬁ-&bpr/ﬁﬂM RfosY Cﬂe@:ﬁ’x‘ﬂe? & f&%neﬁ gf £ Oa%‘g‘iobl?gyéﬁler s§6ond N-well. The

transi stors. The i nventi on

pEENOHRER S medb RE pf di b8k STRM 1B collgtétmbLF fcg c? oL the ﬁrst well and

Bi pol ar Junctlon Transi stor conp
ﬂkﬁgﬁm+kﬁmxieglons . The en1tter i's forned_of the N+
regi on and the second N- well. The para5|t|c base is

formed by the bpreissiigd ﬁrﬁteﬁlb%:m@ﬁe tpe e ?ercx%ltlfléeég %ﬁ/er begause the

forned of the first well and

junetieftictwen the Bewdl] Esltie8HROH! IBRLe é?asé h gnc{th ej%ﬂ {qﬂé?t:u}egn §

is | ower because the “junction

unct i
e s S A S AL B e

COTTBSLOV 6 |O0MERMdeal Johhs: (VIIh ﬁl ?Mﬁﬁve‘hh sccrfgsg ?Yﬁr COnrcentrations
concentration, the lower the trigger vo

aretlavyer thkh ecrivant@ndl INDR dvieksQRf uQMBI NE Qﬂ&&%{saaﬁla AN 3ot h re&n
Igalr t han conventi onal NPN devi ces 't hat use ?ﬁ P

t and
invemion's ding amheicahd nnwetiishave t he |nyent|on S flrs
FLecond n- wells. The second enbodinent is simlar to

the first dibedomiemtboditrieh it HRiIIAAMIHE ERPeRodiment with the addition of

the first gate. The first gate is preferably connectea to the first nt region and the Vpad |
" (connected to Vdd).

The third embodiment contains the same elements as the second embodiment.
‘with the addition of a third n+ region. The third n+ region is preferably shorted (or connected)
to the first p+ region and the second n+ region. The third embodiment forms a second NPN
parasitic bipolar using the third N+ region as an emitter.

The forth embodiment contains the same eléments as the third embodiment
with the addition of a second gate over the first isolation region. The second gate 1s preferably
éonnected to the third n+ region to the first p* region and the second n+ region, The gate

changes the electrical characteristics of the first parasitic bipolar transistor.



the first gate. The first gate is preferably connected
to the first n+ region and the Vpad (connected to
Vdd). The third enbodi mnent contains the sanme el enents
as the second enbodinent .with the addition of a
third n+ regjon. The third n+ region is preferably ,
shorted (or*idBiRpw ebiedly andiagvantagesfal thetinyortianexil b8 sa AgthtiNge
dsecq}r&d n+ [[evgi on.. The third enbodi nent forns a second
RIBRPHOB AL 0TS, a1t ip Brrhwilk siohousteont the desoption.sginan bakamsd by
Pl '[Ctetog{hé iohne. fo%thbenbodi ment contains the sane
ol erent & "FE P Re TRINPIGS afftrseitniaest of th inventibremadeti teiliaed o

: > ogver the first isolation region. The
o e O By e ks iy B owtch he append
chggion to the first p+ region and the second n+
region. The gate changes the el ectrical
characteristics of the first parasitic bipolar
transistor. 5 Additional objects and advantages of the
invention will be set forth in the description that
follows, and in part will be obvious fromthe
description, or nay be |l earned by practice of the
i nvention. The objects and advant ages-of the invention
may be realized and obtained by neans of ‘
instrunentalities and conbi-nations particularly
poi nted out in the append clains. 6 Brief Description
of the Draw ngs



The features and advantages of a sem conductor device
according to the present invention and further
detail s of a process of fabricating such a

sem conductor device in accordance with the present
invention will be nore clearly understood fromthe
following description taken in conjunction with the

accompanyi ng dr awi which |ike reference
nuneral s desi gnat & ﬁ]'gérlﬁefcéfp“(?i‘ of e DsayigaYi ng el enent s,

oot ional o Per IR t?gﬁ? %egwpv@%”ﬁ Grisoaine tae

r%&lf%m sent invention. Figure
PR ge?‘é%‘ﬁﬁ‘éi‘%‘?‘?éﬁé*i” ‘gsf S B R et g saiptovce in

a@ﬂﬂa@r@b %mheg%sg@;ﬂv Y W?bean%gr%rc%?rl)glﬂugfzrst\%)gfxg ! gyséef&}owmg

i nvention. Figure 3 15 crosa S&t T
ddsbripis faféd ip i nent. an ESD . device

ac cﬂgr din gt go hriéh%{‘g%h:t% QQBHEJ.‘? "8 ﬁmwl'i‘}gé (i hic like refergace
mi@edld @RRhar {8 P Eorl‘éélgoll’iﬁtng E]telnn a_fourth embodi ment. an

ESD device accord B 8BS PIRASHIGY A IR cE A

shows a single poly N-MOS deV| ce that is used in the
prior art as an ESD device. FIG 5B shows a top plan

vi ew of t hejegieNg in EIG 5A
accor di ng ttagﬁteheggﬁ) %gl?éﬁgﬁl@%eégqr%h%%ﬁ@bf’@mﬁﬂra{}gm
et acdAheRA G pfdY Bivi@bnt he ESD devi ce

Figure 2 is cross sectional view for illustrating a second embodiment an ESD

device according to the present invention.

Figure 3 is cross sectional view for illustrating a third embodiment an ESD

device according to the present invention.

- Figure 4 is cross sectional view for illustrating a fourth embodiment an ESD

device according to the present invention.

FIG 5A shows a single pbiy N-MOS device that is used in the prior art as an
ESD device.

FIG 5B shows a top plan view of the single poly N-MOS device shown in FIG

SA according to the pnor art.

FIG 5C shows the IV curve and snap back curve for the ESD device

according to the prior art.



according to the prior art. 7 FIG 5D shows the

el ectrical schematic of the device in FIG 5A according
to the prior art. Detail ed Description of the
PreTerred Enbodinents A. 95 enbodinment FIG 1 shows

the first qug&i of the invention that uses a
N-MOS stru > PWS %‘i‘eﬂﬁ?’fﬂgﬁl gihpmeticpd ehedevdess §1G Theccording to
ﬂ£?5§1 a€Mbodi ment is a parasitic Bipolar Junction
ansi stor conprised of n+/n- /p-/n-/n+
(40/ 20/ 10/ 36/32) . The emtter is forned of the hH
region 36 and the second N wel I 16. The parasitic
base is forned by the p- substrate or well 10. The
collector is formed of the first well 20 and the first
"n+ region 40. Also, it is inmportant to note that al
n+ and p+ regions have silicide (or salicide)
overlying. The benefit of the first enbodinent is the
trigger voltage (Vtl, Itl on FIG5A) is |ower because
(1) the junction between the n- well 16 (emtter) and
P- substrate 10 (base) and (2) the juncti'on between
P- substrate 10 (base) and the n-well 20 have | ower
cross over concentrations. The | ower the cross over
concentration the |lower the trigger voltage (Vtl, It
1). The invention's cross .over concentrations are
| ower than- conventional ESD devices that use the N+,
P- junctions and do not have the invention's (N— P-
junction) first and second n- wells 16



and 20. Detailed description of the first enbodi nent 9
The first enbodi ment is described in nore detai

bel ow. As shown in FIGIA, the electro-static

di scharge (ESD) protection device conprises the
followi ng el ements. The nethod of form ng the

i nvention involves formng these elenents. A first n+
region 40 and a second n+ region 36 are separated by a
first isolation region 24 in a substrate 10. The
substrate 10 is p- doped. A first n- well 20 overl aps
only a portiBﬁawﬂ]%ﬁ@ﬂﬁWPQfﬂkébﬂhﬁkﬁﬁnﬁ@@h&ﬂm24 and
overl apping a portion of the first n+ region 40. A
first p+ region 32 is adjacent to, but does not
contact the second n+ region 36. A second n- well 16

overAd.aps 18 ook f the first p+ region 32 and al
of a secdﬁd ﬁ+”?§g?on 36. The second n+ region 36

abutting agflrst isolation region 24. The second n-
wel | 16 ovgﬁ ;E’?Wéﬁﬁﬁitieah%mrﬁﬁ%thﬁ invention gel @k ON-MOS

' . ]h econd_n-_well is between the first p+
S“‘F“S%fegﬂa %‘3’ asl‘nT1 ‘%‘f“ﬁ%"%"é*c Sﬂf‘dﬁfﬁhﬁ“rbe@rn@w igepardFhie Hipalstiution

L %2 n th? econd N+ regi on 36 qre.connected
?ISS%O??O Eﬁse@ ?ﬂ“*ﬁg#&?fl-@ﬁ (4452041 086328 e Themitter is formed of the N+
region 36 and the second N- well 16. The parasitic base is formed by the p- substrate or well 10.

- The collector is formed of the first wel{ 20 and the first n+ region 40. Also, it is important to

note that all n+ and p+ regions have silicide {or salicide) overlying.

The benefit of the first embodiment is the trigger voltage {Vt1, It1 on FIG 5A)
is lower because (1) the junction between the n- well 16 (emitter) and P- substrate 10 (base) and
- (f_l) the junctioh between P- substrate 10 (base) and the n-well 20 -have lower cross over
concentrations. The lower the cross over concentratipn the lower the trigger voltage (Vi1 Itl).
The invention's cross over concentrations are lower than conventional ESD devices t'hat use the

N+, P- junctions and do not have the invention's (N- P- junction) first and second n- wells 16

and 20.

Detailed deseription of the first embodiment
9



ilici regi ons 32A 36A 40A are over the first and
?ngﬁhdﬁH rggions 36 40 and the first p+ region 32
Met hod for first enbodiment W forma first n+ region
40 and a second n+ region 36 are separated by a first
isolation region 24 in a substrate 10. The substrate

10 is p- daperst spbofiigrentss Bdseisted i myve ibtai2Ek1 GV €A L ﬁg@n S i FIG 14,
ortion of the first isolation region

th(e) e¥ r%btg %ﬂgscgar%edﬁﬁpbpm@ﬁnqnhi@wte CoBtprifes tHe&@lﬂdD\ﬂnAQeméh% Y&

L + region 32 is adjacent to, but does not
m%@%?%c?“? %gﬁﬁHﬂ’W¥ﬂW§§N@w%36%eM@n&mfn1a second n-

rl aps a.portion of the first p+ region 32
\Qﬁjl‘ ;|6| OV?‘ Hgs':geéfiﬁ?ﬁg‘ -804 bigien BEESITNY Sewpnthc by a first

f t isolation region 24. The
lscgag%gg%w%%%?ﬁ”%it@g i :h%%@st@%mw Potvpef. the first
i sol ation Legion 24 Th second n- well is between
the first p+ %eg?%ﬁﬂﬁﬁe aoﬂﬁéPg@e%ﬁﬂhhﬁmhegummraﬁm24mm
bk b 3baib of 89 0N 32 .and the second N+ region 36 are
m%onﬁ%% gdiﬁu)t ff“ngﬁ%rallel to a source 54. W

onnectlon usin conducti ve |i nes. _V@ .
? gpmf g m f:gé“?“ geugis)ﬂst;’& S“?ﬂJag?S‘A%4bAda?Sélomrracmhﬁae¢qnnm~ region

36and second N+ regions 36 40 and the first p+ region
32 :

A second n- well 16 overlaps a portion of the first p+ region 32 and all of a
second n+ region 36. The second n+ region 36 abutting a first isolation region 24. The second
n- well 16 overlaps a portion of the first isolation region 24. The second n- well is between the

first p+ region 32 and the second nt region 36.

The first P+ region 32, and the second N+ region 36 are connected (e.g., 34)

in parallel to a source 54.

Silicide regions 32A 36A 40A are over the first and second N+ regions 36 40

and the first p+ region 32 ‘
Method for first embodiment

We-form.a first n+ region 40 and a second n+ region 36 are separated by a
first isolatio_n region 24 in a substrate 10. The substrate 10 is p- doped.

We form afirst n- weli 20 overlaps only a portion of the first isolation region

24 and overlapping a portion of the first n+ region 40.

10



| met hod steps can be perfornmed in any order used
rgezzniconductorpnanufacturing. B. Second enbodi nment
The second enbodinment is simlar to the first
enbodi rent with the addition of the first gate 50
over the isolation region 24. The first gate 50 is
pr ef er abl y Weorrea fie ot eeaton 82 fis adfatennto, 52 9be@MoBn@AthelsB&nd n+
Vpad 58. The nethod of the second embodinent is
€ fﬁ??ar to the first enbodinment with the additiona
step of forn1ng the first gate 50 over the isolation
r eg| on 24. YR a\?@émﬁﬁr%fvmﬂdéloyerlagmmm of e fitst pStea@ABE and
Pk, LO Q flrsg n+ region 40 and the Vpad 58. It is
AR ESFsonL s tREP t-héh *‘g‘"’S‘Ecé‘dS‘(b regiie abiamapeltstisol@ioVpadn 24. The
w&ﬁh%ﬁ&%11 JehaGlcat e an ?|ECHYIC fle|§ %pder the "
first Isolati on APeYIPBR" ¥4 sshyolairagren24c g tesomim- well is

unul ation layer. This |ayer
béé‘géfﬁg&lf@ﬂ &?%ﬁoél B%trapg'(hff‘?"a&‘g?*' $8PE 3ye) of the parasitic

I LS hird enbodi nent As shown
PR o o e R CRuiarE S B e rien phere sonretiod (o 2. 340

e cond .enbodi nent . with the addition
in g%ﬁg@ﬁﬁssrogl%n 5_5‘ r \ge %gn 8% thlwngqqgws*ng cmd@:tge ligessecond
We form silicide regions 32A 36A 40A are over the first and second N+
regions 36 40 and the first p+ region 32

These method steps can be performed in any order used in semiconductor

manufacturing.

B. Second embodiment

The second embodiment is similar to the first embodiment with the addition of
the ﬁrst gate 50 over the isolation reglon 24, The first gate 50 is preferably connected to the
ﬁrst nt region 40 and the Vpad 58.

The method of the second embodiment is similar to the first embodiment with
the additional step of forming the first gate 50 over the isolation region 24. ‘Also, we preferably

connect the first gate 50 to the first n-+ region 40 and the Vpad 58.

1t is theorized that the gate 50, when charged by a Vpad voltage, will create an

electric field under the first isolation region 24 and possibly create an inversion layer or a

i1



NPN bi polar (T2) is fornmed : collector (e.g., N+ 36,
N well 16), base (p+ 32 and P- substrate 10) and
emtter (N+28). The nethod of the third enbodi nent is
simlar to the second enbodiment wth the additiona
of forning the a third n+ region 28. The third
a%ﬁ‘%@éfé‘?“&??ei isgg‘Yﬁ‘?‘é’FE‘rl%ffyh%‘ﬁfd (tigger (otage o the phresitiG@polar ESD
d&%m;he first p+ region 32 and the second n+ region
36. Also, all the n+ and P+ regions have silicide
regions overlying (e.g., 28A silicide). Grcuit
anal ysis for the Yd enbodi ment The device can go into
snap back node because of the third n+ region 28 The
3d enbodi nent's ESD device forns two parasitic bipolar
transistors. The f . irst Tx (Tl) is the same as in
the first and second enbodi nent. The second parasitic
bi polar Tx (T2) is nmade up of the: emtter third n+
region (28), Parasitic base = the p- substrate 10 and
the p+ region 32 Collector ~ the n- well 16 and the
second n+ region 36 13 D. Fourth enbodi nent As shown
in FIG 4A, the forth enbodi nent contains the sane
el ements as the '

1z



third enmbodiment with the addition of a second gate
46. The nethod of the fourth enbodinent is simlar to
the third enbodiment with the additional step(s) of
formng the a second gate 46. The second gate 46 is
preferably connected to the third n+ region 28 to the
first p+ region 32 and the second n+ region 36 (by a
connection nmeans 47). Circuit analysis for the 4th

enbodi memuirihenfsddith,gnbodi ment of the invention in
theory operates simlar to the third enbodinent wth

the addition @ econd. gate 46. The second gate,
when charged,’ %:‘g%ﬁ?g%é’ttge gg&e@ WP onfaing| the SRine Rlemants as the

debifden¥aden : con arasitic bipolar (T2)
"t a IO\C/iver6 %?Eml}ihg{wdé{rtwt% 1Fiic'tg'g PV e AP Ve BEEF & speond

NPEWRTolak (T9886:Q - LaRE8, B.ehgr y the second gate is
connect ed:g47 to t he ngs(gﬁzﬁe*ﬁ%g&-t\ml%), iser(%?%ﬁ“d P> gubstrate
1hhed Ehiitst (p3)r egi on 32 and the second n+ region 36.

The second gate can create a e-field that can change

the oper at itQR n@fod B8 neBird a{ﬂ%%gn%lnf iﬁbslﬁsigak ?(gﬁhlgectﬁl;)deeé@)@dimem

i ncrease the FSD performance.

wﬂﬁi&eﬁmﬁﬁorﬂﬁg%é{g@i)gf#ogﬂpééﬁggﬁﬁ i‘i‘*ﬁf[egif’g tails of the 4 h

enbodi ment The fourt escribed is nore

detai | bel gye phafidt region 40 and a second n+

region 36 are separ%toé‘gﬁﬁsfr%lerfaﬂ?'§IE°”6T1g]é!c%f’(nle‘ﬁ?p e 1 thpfirst p+
regin BP arit (BHASEKI altk%gq&l'%-rﬂﬁo,sm %tntf%tng P-Y1 Qegio%s l?a-ve ga(l)iggg fegions

overlying (e.g., 28A silicide).

Circuit analysis for the 3™ embodiment

The device can go into snap back mode because of the third n+ region 28.

rd . . ' -
The 3™ embodiment's ESD device forms two parasitic bipolar transistors. The
ﬁrst Tx (T1} is the same as ip the first and second embodiment. The second parasitic bipolar Tx

(T2) is made up of the:
emitter = third n+ region (28),
Parasitic base = the p- substrate 10 and the p+ region 32

Collector =the n- well 16 and the second n+ region 36

13



[ [ f the
14 Afirst n- well 20 overlaps only a portion o _
first isolation region 24 and overlaps only a portion
of the first n+ region 40. A first p+ region 32 is
adj acent to, but does not contacting the second n+

. . ¢
egign 3 S .n-_well 16 overlaps a portion o
{hg ?Trs?bgéhrééﬁggmgﬁnand all of a second n+ region

nd n+ reqgion 36 abuts a first isolation
?Sgi dezfc‘gﬁ%‘o‘é’%%ﬂ 4\, theedprth ep@odivent apsinatheGsmd n@fs as the

: i r.st isolation region 24. The second n- well
“heueulniif e bronsgssanathe second
irst et af Btaote Lodhameiment agir 2ot undenbidecnt wit

: ' substrate 10. A first gate 50 on the
thfg igécgttm%igl)ssctﬁp g% %%ﬁ"?m t?‘%ﬁ S"Zﬁf‘dlgaﬁ? %econd gate 46 over the

[ is i | at ed
channel region 29. The second gate 46 is insu
fromthe substrate by a gate dielectric layer. The

L T R L ot B 10 T9ATS o
secon
¢ ol J G i 32A 36A.40A 28A are over
MO €800 aneld Ml FUANE (i bolatidcadei o, 55 and

' + ion 32 Preferably, the second gate is
ngﬁ%%%?ggﬁ&¥h%§%fﬁbo ENE4  the third n+ region

The fourth embodiment of the invention in theory operates similar to the third
Vembodiment with the addition of the second gate 46. The second gate, when charged, can create
an electric field with can turn on or turn off the second parasitic bipolar (T2) at a lower or higher
trigger voltage and preferably lowér trigger voltage, _

Preferably the second gate is connected 47 to the Vss 54, the third n+ region
28, the first p+ region 32 and the secona nt+ regioh 36. The second gate can create a e-field that

can change the operation of the T2 parasitic bipolar Tx to increase the ESD performance. Q.-

Inventor - please add more description if necessary.

Details of the 4™ embodiment
The fourth embodiment is described is more detail below.

A first n+ region 40 and a second n+ region 36 are separated ‘by a first

isolation region 24 in a.substrate 10. The substrate 10 is p- doped.

14



28, the first p+ region 32 and the second n+ region
36. Vss neans .negative supply. VDD neans positive
supply. 15 The nethod steps for all enbodi ments can be
performed in any order used in sem conductor

manuf act ur g /A Lor advantage of all four
enbodi ment ' sSttrﬁg{éR %@0 egllafi’sc?%a peroerkofithe firgedddonregion 24 and

owéf b LS. invention has been descri bed
A o b RMQQ{&IQFESE“JT ¥89P&Y%ing materials, conductive

relative to speci

mat erial s ang.apparatuses. for depositing and etching
t hese materi af@ , QIE‘%IOHI% 1S HbteentionPhiglgey ot edneacknpat feband n+

“regiad ® 1 al s or apparatuses but only to their specific
characteristics, such as conformal and non-conformal,

and capabi KistdoBS n- wUCHY 0Si.t | and etching, and
other materials and apoggr#aggg O'E%%&glée @Eft?éLt‘"F&“H‘t dodall of 2

seopd we kdgioundeTHR QA8 Y reh AR jlled in the.
m croel ectronics art sregf t Zgab}ggpgr%giwé)ﬁ“ﬂ@regﬁé 2fhr Bgesigond n-

ingenl i LGERL] QD; et
weillrG @ngrlapia Mld@f&ﬁé@irét%ﬁaﬂ& I%gmp 3y %tesgcogﬁé‘ \%q%[gqeg;qer}é@]e first

shown and descri bed wth refg8rence-

precdodiZnmaths séddgd #0fpioh kW | | be understood by those
skilled in the art ?hat vari ous changes in form and

details maythe PBdgoNbd rt| fromthe spirit
and scope of the ?%ven??%fﬁgﬁ%%fnsa @%tpéLﬁEﬁé‘?P ¥Pyashenmel
regiar 2o qusienme b did £8%] QO jmid ar arrangenents and
pr ocedur es, : anﬁ@t he glé’gtgage gdf K{fjﬁsé go?bep{é)r?& fiest dgotption region 24,
A tdvendedanid® OS'EIQFH _&aml 1%&89 Q@. q(ﬂe Ee%gndbgrai%%%?ssigsulated from the substrate

by a gate dielectric layer.

The third n+ region 28, the first P+ region 32, and the second N+ region 36

are connected in parallel to a source 54.

Silicide regions 32A 36A 40A 28A are over the first, second and third N+

regtons 36 40 28 and the first pt region 32,

Preferably, the second gate is connected 47 to the Vss 54; the third n+ region

28, the first p+ region 32 and the second n+ region 36.

Ves means negative supply. Vpp means positive supply.
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. . h
interpretation so as to enconpass all suc
nodichations and simlar arrangenments and
procedures. 16 CLAIM5 1. A nethod for forning an
el ectro-static discharge (ESD) protection device ;
conprising.. a ormng a first n+ region and”a secon
N+ region s g‘“p%iat tetiensyorall pmbediménsndanbé paforegi i0 By dkd@ used in
LHRSE AL €5 §aid.substrate is p- doped; b) formng a
TSt e e f"E\U&r | appi ng a portion of ?ald f}r:;id
' ' I and over|apping a portion of _
;??L?thgnréglB%gdngﬁﬁPﬁﬁﬁ@“§g$? gent prthat eg adinida tljosice Rteded
orlyg DUt not contacting said second n+ region; d)

' [ ortion of said
a second n- well overlapping a p i on :
fCrat o second n+ region; said

L T B S 21
TS, SPERRS: Rl R ot 'ea&”ingf’rh?mg@ms, s
oo o S P MReP R ol géeggalqgha’q?cﬁﬁ% such
O O R Rk Y P 5 Srrranannd i ot
madiRlslaRPapphibdt et be sTREHURY s is well understood by those skiled in the

microelectronics arts after appreciating the present invention

While ihe invention has been part-icularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the
invention. It is intended to cover various modifications and similar arrangements and
procedures, and the scope of the appended claims therefore should be accorded the broadest

interpretation so as to encompass all such modifications and similar arrangements and

.procedures.
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r forming an electro-static discharge
1ESEI Argﬁgggﬁogodevice cgnprising: a) formng a
oo b ion and a second n+ region separated by a
fivee I {egzgn region in a substrate; said substrate
é!@agg azgeg' b) formng a first n- well overlapping a
HtT 0 5 id first isolation region and
Love 4 I%thlnc{nfor §F%18$ £ Jeriigrstatia tigchpize éﬁsm-lprtrte:g'bmmévitﬁ)comprising:

or i ng. ?Lr t p+ region adjacent to, but not
ngg}ag ? forging 81?183t E"é@sﬁa apha yeeqyidon regiat) sehamtil bga ArssiReRnH

[ [ of said first p+ region
o melFggg%%ngg%g%HgﬁgggééﬁghﬁMSGEd second n+ region
i g first isoglation region; said second n- well
332?‘? IaB%f‘ﬁ‘Sg Igﬁ 6?‘t‘7ﬁ‘3r?"ﬁffapaia$ a Perfipsof spid diraisbltion regb@ﬂléi

[ [ irst p+ region an
o Sg&gﬁ%ﬁﬁéF%%%%89g3@¥§$gﬁ%$%g ;Igirs? gatg on said
Frrer Teolr] ion: f) formng said first P+
oo, B éﬁgtd£+e%%i8'ﬁ%djﬁé”tf%ﬁptd}?%]%mﬁ@l&Se@ seqend n+ region:
varal | e o o Sr . and 3 formng silicide regions
ver) ¢ e el 68 o AR Airie st e thdpd ofa
o h fermng an el ectro-static

i Schar e CEB P E8ho bR PR ReReh it ien emion: s scond

‘- well overlapping a portion of said first isolation region; said second n- well

between said first p+ region and said second n+ region;

e}  forming said first P-+ region, and said second N+ region connected in parallel to a

Vss; and

f)  forming silicide regions over the first and second N+ regions and the first pt

region.
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a) formng a first n+ region and a second n+ region
separated by a first isolation region in a substrate;
said substrate is p- doped; b) formng a first n- well
over| apping a portion of said first isolation region
and overlapping a portion of said first n+ region; c)
formng a first p+ region adjacent to, but not

contagh I.d_second n+ . region, d) formng a second
n- meqﬁt %3%‘??%“%“ %“g“’?%cgﬁé?a{'? %%haﬁge gEaﬁlfg Pfatqcgen gpvice eqipmining:
andgal 1¢,0f: cond n+ region; said second n+ region
abuit i nﬁ’%g“ a f3FH @%‘P‘é?’fd&f%?"élé PG REsISaTcEr e nfirsiisolation

wel | oyxghl aRRAl _portjon of said first isolation
regi'on;gsa?lg&gﬂe]sg%ﬁedgﬁj-wm%ﬁaﬁels BPBen said first p+

regipn dndnsakd. secand n+ region; e) farmng a third
n+ r)ggi on ‘é%%g‘?%’fg‘%ﬂf ik %mggf’?f‘orbq- spid Grsbisolpyongegion and

por ti aRe@f,5al . tr . f).formng a first gate on
said first’i g%%ﬁ?lﬁggfssra‘edgir%ﬁ?r °% orming a connection

to gai b Artaregion,. said first P+ region, and
said s ggﬁ%é egif\lr+gt e g@%‘ﬂﬁp‘*ﬂfﬁ“z 8 HtrFé’EfOi“fi‘ﬁ“ri%%Fl RECRE 2t tegipn;

to S GEdnGEs ) ' .silicide_.regjions over the
fi r?t, seclggnadégﬂlgblt ‘ﬁrlfﬂ?é‘%‘%ﬁneggﬁ ROROD Qb #fét%fﬁ%?“%'ﬁa“ ofa

r egi Onecohd nfrd¥Rh N ormn clectro-static .
di schar ge ?ETS ) Pr ot%%trnf{gng%"eo\l/l?%%ﬁ%ar%ﬁ‘gi?‘ﬁ'ﬁ? region; said second

- n- well overlapping a portion of said first isolation region; said second n- well
between said first p+ region and said second n+ region; |
e}  forming a first gate on said first isolaﬁon region;
)  forming said first P+ .r'egion, and said second N+ region connected in parailel to a

source; and

g) forming silicide regionrs over the first and sccond N+ regions and the first p+

region.
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. formng a first n+ region and a second n+ region
z)epar at edgby a first isolation region in a substrate, I
said substrate is p- doped, b) fornmng a first n- wel
overlapping a portion of said first isolation region
and overlapping a portion of said fi rstJ tn+ r;agl on, O
' i£st. p+ region adjacent to, but not N
' I:g:}{m arg%?‘%igf{“ls%ﬁran aenc%??g'oﬁ@“? gigiteie 55 oratiction devise conglising:
n- 1 eon¥6L | ARP ng . a po tion of said first p+ region.
an'd&gl | "ot % Secont Oﬁgm{aesﬁixlﬁ‘ﬁ,n*"éﬁ% ‘Sié@'éiﬁ@b)na(;ﬁﬂsegolamn
[ - £ j.sol atjon region, said second n-
32” t Iol\ggp ?g]palpsi[lﬁ%mééa’ Sﬁ%‘rsflbsgﬁted? ~dopdi first isolation

hon; | i |l between said first p+
rearon SRR s BEFEIRY e epenpaten o brsniigion o atd
' rated froma first p+.region by a
gga;ﬁg?@??gﬁg%plgﬁm(s)aal(ﬁir%ﬁ&tr?gé‘f“e-, formng a first

odhd fils St lsolation region, g) formng a
S ZE@nSngT?h ao{‘/‘lé{p%rs’%é‘an st bRt esttactile spid serongnismizidn;

' F=To]] aid. first P+ region, and said second
m ‘?)gg ,r*gf;{{ 1’%3%%%3‘8?’@39? RV P aFPLTE 2oTog of saifeicRe, regiyn and all of a

T T e i first, second and
for m ngeohll hi foflf; LROLQNT nPYEL tgen' ‘jsplation qogion; said second
‘third N+ regions and %hgngirrg_éot“a g ‘ngr"g thi?e%‘i.ofs”f%é’“' said secon
met hodk- okl 6l irfk'\/m%o%ld% szﬁﬁhgt %ﬁg_t%?} reggon; said second n- well
connected to the Vss, the'third ,

between said first p+ region and said second n+ region;

€)  forming a third n+ region separated from a first p+ region by a portion of said
- substrate;
f)  forming a first gate on said first 1solation region;

g} forming a connection to said third n+ region, said first P+ region, and said second
N+ region; the connection is in parallel to a source; and
h)  forming silicide regions over the first, second and third N+ regidns and the first p+

region.
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5.

-region, the first p+ region and the second ni- region.
'ZOgiJ An el ectro-static discharge (ESD) protection
device conprising: @) a first n+ region and a second
n+ region "separated by a first isolation region in a

' 4subs%g§£§3faq£p~subs rate i.s p- doped; b) a first n-

wel | “over T appl nY e PortPoitiofiscdbamel (BN stotdcs e device Bomprising:
regign angd. v%rlagpiqgka portiqp of said flrst.nf -
regi@n; .c&m TP RO g P svrontt icaine SGF@,TaEddLHg arfott 1soialnon
tacting .sai d_secon + region; d) a second n- we
gsgrlag%$%§§gsgg?§?8ﬂgﬂgm§%ﬁﬁPfﬂ%@@ p+ region and al

f se + regipon;, said second n+ region_abu?ting
g f iaol‘)st ?‘(?El 0 gatf}rsot N ?“818?"8 H?Ppglgiad)og@@ ehshidfirstigldtion region and

rl appl . ortion of said first isolation region;
g;?d sgg%ﬁgnﬁigﬂﬂv?l S&'hEehosseian first p+ region and

ai ¢yse region, e) saird first P+ region, and )
cai f}) seg"gﬂg’g%ﬁ“ﬁ 88 iregf?“@g%ﬁ’éb‘f’éﬂﬁ ne¥ cprircing eshd secordl NVSgion:

LGl L ans_over the first and second N+
?28 id())];)s fo?ﬁié’ht% Iﬁ%%?ﬁf ‘?‘g‘feﬂﬁ’iferf%a‘fl%ﬁ portigm of spid &irse ot ragiontand altofa

Ny . ' device conprising: a) a
o schengend ESGhopegh sl e se.comIs I S0

first h-S‘Oéll&iyExQJﬂ)pfnggip%()lix 8¢ &id first isolation region; said second n-

between said first p+ region and said second n region:

well

e)  forming a third n+ region separated from a first p+region by a channel region in
said substraté; |

f) . forming a first gate on said first isolation region;

g)  forming a second gate over said channel region;

h).  forming said third n+ region, said first P+ region, and said second N+ region

connected in parallel to a source; -

i)  forming silicide regions over the first, second and third N+ regions and the first p-.F'

region

The method of claim 4 wherein said second gate is connected to the Vss, the third n+ |

region, the first p+ region and the second n+ region.
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Mt

substrate; said substrate is p- doped; b) a first n-
wel | overl apping a portion of said first isolation
region and overlapping a -portion of said first n+
region; c) a first p+ region adjacent to, but not
contacting said second-n+ region; d) a second n- well
overl apping a portion of said first p+ region and al

6.0f asecapd. pt.. regign. said second n+ region abutting
L al.r:]c dlsclhargeé g%aq

a first isolation Profegtion desiceprinpmisinge| |
ovenr) apprRY ion of said first isolation region;
saiSBsecéndnﬁﬁgﬁé%Tﬁﬁﬁ?ﬁﬂéﬁr%%Wd%P¥?¢%by@ﬁmwmgﬁmnr@mﬁina

said sggg&@xgﬁjgﬁgkﬁggpg&Pg¥first gate on said first

i sol ation region; st P+ region, and said

second Nt e9l nnected.in parallel to a source;
and 2) si?ic?ﬁgBF%gP%ﬁ%aBVE?‘@ﬁ@dﬁﬁF§wmamdq5@cmndthmpmga

r egi onsor@diihethesfd rSt_p+ region. 22 An electro-static
dischaéae (ESD ﬁ%#%?@ @Fon device conprising: a) a

first nikegl econd n+ region separated by a
first i sé|t§?ir%°fdea F%‘rﬁ?‘i’ ﬁ“’fé“’t QOBLIE St secendl i seibst r at e

IS Pr dopesl j n- well .overl apping a portion
of s);:li d first b?’%%‘f‘%ﬁ@%“graenﬁf%ﬂo \ites %ﬁfé’r*lf%a@pi and alhof a second n+

egion; said second n+ region abutting a first isolation region; said second n- well

overlapping a portion of said first isolation region; said second n- well between said

first p+ region and said second n+ region;
e) .
f)

said first P+ region, and said second N+ region connected in parallel to a Vss; and

.szhcxde regions over the first and second N+ regions and the first p;lr region
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portion of said first n+ region; c) a first p+ region
adj acent to, but not contacting said second n+ region;
d) a second n- well overlapping a portion of said

first p+ region and all of a second n+ region; said
second n+ region abutting a first isolation region;

said second n- well overlapping a portion of said

first e'#sol ation region; said second n- well between

‘sai @ T SasAischypoliSBn drosaiich deicoamhpiting€gi On; €) a

~third n+_region separated froma first p+ region by a
por # on? Gt '%d%l%%@mmé nt replonasepdrkted bydkaf6: i%ti%megio ina

first iﬁol ation region; g) said third n+ region, s id

first PYHelyfaghsubyme ispi dpecond N+ region connect ed

in b)F)ara lel to a source; and h) silicide regions over

t heF i ristrst i el Apriapring partbnE said BisORS aRRdedidhEintl JyShano;

. . > pping a

p+ region. §3_An el ectro-static discharge (ESD)

pr ot ect 6 o4eAd Gst orpieiisi ng: a) a first n+ region and

a sgcond. n+ region separated by a first isolation
regl’on 4 1'&" "Eifstirame o, buindt ®ulbsingaiie sicsndar daped; b)

a f')rstasg- iE” over| apping a portion of said first ‘
i sol’at i’0n Pedi SH! ArdeBERIPaion ntsal firpart tréghon 08 215 3f Lecond v

first pn+ region; c) a first p+ region adjacent to, but
not c Or E%l%r{‘} ?E?(Iﬁﬁaec%rgl I{T TR tting-a fiesgiselation region; said second n- weli

overlapping a portion of said first isolation region; said second n- well between said

first p+ region and said second n+ region;
e)  afirst gate on said first isolation region;

f)  said first P+ reglorn, and said second N+ region connected in parallel to a source;

and

g)  silicide regions over the first and second N+ regions and the first p+ region
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d) a second n- well overlapping a portion of said -
first p+ region and all of a second n+ region-, sg
second n+ region abutting a first isolation region;
said second n- well overlapping a portion of said
first isolation region; said second n- well between

i Lrst p+.region.and said second n+ region; e) a
'fﬁig ekfn?ggféwmggﬁﬂgépéH“FPBWﬁ%WF@%@Wﬂp%;reg|on by a

' [ ' [ te; f) a first gate on

cor 1 R GBS A Sl aesovesionns
idc | kegion: .h) said third n+ region, said

??rst:ﬁggggbﬁﬁﬁ%hgﬁg”§éﬁﬁp§%cond N+ regi on connect ed

in. a_source;, and i) silicide regions, - .
IC)\r: elr))D?rhaZér%tlenlr_ é\{elﬁ) O‘éeé%%nﬁ% gt pad Nest Fagfionmezicarrad tdverlapping a

ir + ) Q. Ihe electro static discharge
EIErS%; %rr%({ng%tsﬁlgﬁmlékvrf%‘%”;of Claim9 wherein said second

[ : - 1 he vss, the third n+ region,
Pheti Fareih Pl Rkl B Sontiiienat regtn o

I rst
d)  asecond n- well overlapping a pottion of said first p+ regic;n and all of a second n+
region; said second n+ region abutting a first isolation region; said second n- well
- overlapping a portion of said first isolation region; said second n- well between said
first p+- region and said seconﬁ nt+ regi-on;
e}  athird n+ region separated from a first pt region b)} a portion of said substrate;

f)  afirst gate on said first isolation region;

g)  said third n+ region, said first P+ region, and said second N+ region connected in

parallel to a source; and

~h}  silicide regions over the first, second and third N+ regions and the first p+ region.
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b)

d)

g)
h)

D

An electro-static discharge (ESD) protection device comprising:

a)-

a first nt+ region and a second n+ region separated by.a first isolation region ina

substréte; said substrate is p- doped;

a first n- well overlapping a portion.of said first isolation region and overlapping a
portion of said first n+ region;

a first p+ region adjacent to, but not contacting said second n-+ region;

a second n- well overlapping a portion of said first pt region and all of a second n+ -

region; said second n+ region abutting a first isolation region; said second n- well

~ overlapping a portion of said first isolation region; said second n- well between said

first p+ region and said second n-+ region;

athird nt region separated from a first p region by a channel region in said

substrate;
afirst gate on said first isolation region;
a second gate over said channel region;

said third n+ region, said first P+ region, and said second N+ region connected in

parallel to a source; and

silicide regions over the first, second and third N+ regions and the first p+ region.

10.  The electro static discharge (ESD) protection device of claim 9 wherein said second gate

is connected t6 the Vss, the third n+ region, the first p+ region and the second o+ region.
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