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DI SCHARGE™ PROTECTI ON  Background of Invention 1) Yiel d{d pEBe?gUpventi on.
This invention relates generally to fabrication of sem conductor devices
and nore particularly to the fabrication of an El ectro Static D scharge
(ESD) device and nore particularly an Electro Static Di scharge (ESD)
devi ce using a SiFUILYSHACINE CASCADED IINKED PIECTROSTATIC DISCHERGE e f Or

on-chip ESD protection. 2) Description of the Prior Art The n-type MOS
transi stor has been wi dely enpl oyed #ROTBCHTONTM™ry conponent for an ESD
protection' circuit in sem conductor IC devices. It is well known that
silicidation of the drain and LDD junctions reduce ESA perfornance
significantly. Mst salicided process have a renoval option which allows
unsalicided areas (e.g., resistors) to be fornmed and use ESD i nplant to
make junction deeper and to overdose the lightly doped region of the LDD
for better ESD perfornmance. NMOS tHaskerpundufdoventiwked i n a cascade .
configuration provide robust ESD protection for mxed voltage 1/Oin both
silicided and)dHi¢d of e Iyentideed t echnol ogi es. However, this kind of device
has hi gh snapback voltage. Also, the high snapback voltage of the stacked
. This invention relates generally to fabrication of semiconductor devicesand -

more particularly to the fabrication of an Electro Static Discharge (ESD) device and more

particularly an Electro Static Discharge (ESD) device 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 transistor has been widely employed as the primary

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

silicidation of the drain and LDD junctions reduce ESD performance significantly. 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 performance.

NMOS transistors stacked in a cascade configuration provide robust ESD
protection for mixed voltage IO in both silicided and silicide-blocked technologies. However, |
this kind of device has high snapback 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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NIMOS degrades its 1 T2 (1T2 is the second breakdown trigger current)) since
t he power * dissipation is great. The IT2 is the current at or before the
MOS gets into secondary breakdown e i (thermal /pernmanent danmages) The
hi gher the It2, the nore robust the NMOS and the higher the ESD threshold.
For the process technol ogy where the silicide block and abrupt junction
steps were afttermedipeemanent divhages) dlteihigberile It thamoke rolaust theliMOS and/the bighen sher e
uniformtriggering of all fingers. So, the need for high voltage tol erant
|/ O s sever eI?SQémgllqléaﬁoeﬁwE@DBsamrebgywmre i clicide Woniswed abrgpt jugdtion prepsy  N- MOS
device that is used in the prior art as an ESD device. The structure and
snap back nectenesmptavailatiesahiishngdetvotkovas nflessary itmepisere pofoym Niggeingofildli ce i s
shown in cross section and layout in Fig. 5A. FI G 5B shows a top plan view
FI G 5C showsfingss. S teqnegdionhigh waltags thlarant KQly speergippomphieat s ESP pieetioe. Vsp i s
t he snapback hol ding voltage. FIG 5D shows the electrical schematic of the
device in FIG 5A. Wien a short-duration (100 to 110 ns) constant current
pulse is applied to the drain with the source and e tied to the
substrate (substrate gr oﬁ%%}h‘wﬁ paingle poly M- Mﬂ%é?"éi’e%%‘é ugean the grior art as an
characteristic_shown in Fi At normal operation, the device is off
because t he g§§ ﬁ\gceg?@lfﬁa%‘aemméwtxaﬁ@neﬁhmwwéﬁ WF*"W/&W&@%@“!’MSS i's
reached, curre tarfs to flow as, a result of impact ionization of die

reverse- bias Kio1s SRATLR eRss spetion gpdrlayopt in Fie. 5‘%1%6 1 Fltoa@émvtﬁan Vter*(eﬂ&‘fev. ce
triggers into anapback The trigger current_|ti and voltage is related to

t he channel s At VESwirs a0d spgpt GI‘E waYe ferthe ESTY dryice- Vsﬁbﬁt?ﬁsnﬁl\‘?@‘fk holding ) j 5

o he Lo s L RS SR R

trigger point (10% to Pl% ng) constant current pulse is applied to the drain w:th the source and gate tied to the
substrate (substrate grounded), the device should have the I-V characteristic shown in Fig. 5C.
At normal operation, the device is off because ﬁe gate is grounded. Whe;n the drain breakdown
voltage, BVdss is reached, current starts to flow as a result of impact ionization of die revemé—
biased drain junction. At current It1, and voltage Vi1, the device triggers into snapback. The
trigger current It1 and voltage is related to the channel length and BVdss. Note that the trigger
point (Vt1, It1,) is not 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
roughly linear and, therefore, may be represented by a snapback voltage Vsb and a differential
resistance Rsb. The snapback voltage Vsb is defined as the linear extrapolation of the snapback
region back to zero current. Care must be taken to avoid defining Vb and Rb by exfrapolating

from low current values near the point where the I-V curve changes slope from negative to
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that has the highest voltage just before snapback. The snapback regi on of
the |- V curve is roughly linear and, therefore, may be represented by a
snapback voltage Vsb and a differential resistance Rsb. The snapback
voltage Vsb is defined as the linear extrapolation of the snapback region
back to zero current. Care nust be taken to avoid defining Vb and Ro by

extrapol at i NOposftie MTHeRMbrE Wid valbbs HFMsH BRI FAE HerelBRinBOiGh m‘éﬁﬁfeﬁxeﬁt?ﬁade aVhigh!r ve
changes sl ope fromnegative to 2 positive. Therefore, the values of Vsb and

Rsb were obt akjpReghs iitd e BANKNRABAL Sul¥Rnigle. Bedhse RHiFERAkEnt Whlhd abedBlevant
transm ssion-1line pul se techni que.” Because the high-current values are

rel evant to BIIrEHEHRE Sve nd&d 15 8RAOraihERhdn IR oW LMEE vahRSRhdnlRsid: P forIr I ent
val ues when desi gni ng for protection against ESD. Wth sufficiently high
current 1t 2, plotéfiouGghinst EFD. Wikl BlrHckntsy &gih@krent NE flodRY irCBe inbpt@Eeriegion, icO
second breakdown. W define .a second tri gger point (Vt2, 1t2)

cor r espondi ngdévicettdigzets iitgspesridrbgeakdoomn Wealetsecdsedond oigge poind Vo, #@kdown. Second
breakdown is the termused for power bipolar devices to indicate the
regi me of t heroredsponding wetkre teiggbriogifrom siapback sitcedecdnil breakddive  $eobiddrdakdpwpas thait s
show rel ated ESD devi ces: US 5, 898, 205(Lee), US 5,519, 242( Avery), US

5, 969, 923( Av e teyin usedForporBDIRER (¢dssetoatdiate. the regiBe 6f DA Balt@R Ay ardychrramd  US
5,689, 113(Li et al.). 3 Sutmmary of the Invention It is an object of the
present i nventiswbilityo provi de a structure of an Electro

The following patents show related ESD devices: 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

US 5,689,113(Li et al.).



Staatic. D scharge (ESD) device that provides better protection w thout
process chanyges and additional costs. It is an object of the present
invention to provide an I C design having a structure of an Electro Static
D scharge (ESD) device to be used in IC chip manufactured with a silicided
process. It is an object of the present invention to provide a nethod and a
structure of an ESD device that overcones the problens associated with
silicided drains. It is an object of the present invention to provide a

met hod and a structure of an ESD Ssewiare of the Inverstiolni ci ded process that does
not add any extra processes steps or cost. To acconplish the above

obj ectives, the present itnscaarwbietrof the prescibipventietolpedide astehctursefamElectre of for
an Electro Static Di scharge (ESD% device. that is silicided. There are
three pref er Plar Rigtharge slevige tha providesdisttsrapptectimavithiontrocesriskpaierepd has a
butted NIP/N structure. The emitter, the collector and the substrate form
a parasitic t pdditiopadcetts- and t he substrate is connected to the p+ diffusion
region. The emitter and the substrate act as a first diode D1. The
collector and the substrate act as a second diode D2. The butted NPN
structure is inportant because it ensures that the fjrst_ .triggering

vol tage sufficiently | owds fbipctofghepasent pypuyien iypedyidsaMf: desisThdinggcond <
enbodi ment has a first N+ well hetween a second N+ (coll ector region and

a P+ base regBifturegfan Gieptrg Sancdschps EFD) gevicR & keowedrin Kofhar mv®§acwfwwﬂ% ap4

base and the .
silicided process.

Tt is an object of the present invention to provide a method and a structure of
an ESD device that overcomes the problems associated with silicided drains.
It 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 extra processes steps or cost.

To accomplish the above objectives, the present invention provides a method
and a structure of for an Electro Static Discharge (ESD) device that is silicided. There are three
preferred embodiments of the invention.

The first embodiment has a butted N/P/N structure. The emitter, the collector -
and the substrate form a parasitic transistor and the substrate is connected to the p+ diffusion
region. The emitter and the substrate act as a first diode D1. The collector and the substrate act as
a second diode D2. The butted NPN structure is important because it ensures that the first

triggering voltage sufficiently lower than the gate oxide breakdown.



n-- first well where they intersect. The third enbodinment is simlar to the
second entodi nent, but the n-well <covers all of drain. A parasitic NPN

bi pol ar transi stor conprises an enmtter, a parasitic base and a drain. The
emtter formed by the first n+ region. The parasitic base fornmed by the
p-substrate. The collector forned by the second n+ region and the first n-
well. The Vtl is control irBeksebind eBodilapBdta figdt Sf-ivled Set@bentalecobid Nib asBectityl t he
n- first well where they intersect. The present invention achieves these
benefits in tRgiot amt£P4 bagd refit0 Whe P{1QS QB Eollel 6¢ 18 @bragiprofii@WEILe P+ bse bt thérer
under standi ng of the nature and advantages of the present invention may be
realized by refenergehnke dhandratd er portions of the specification and
attached drawi ngs. 5 Brief Description of the Drawi ngs The features and
advant ages of a sem condqié fird ekabddiutentis Similal t0 thels@ofide@nbofiitr@ St the MWLt | oNn
and further details of a process of fabricating such a sem conductor device
i n accor danceovaistahi of drein p Agaasitic NPIV 8ipblanimnyistbl colgrisedansenitked ardagssititiehes skiood
fromthe following description taken in conjunction with the acconpanyi ng
drawi ngs i n whidein. [Thk emittef formed bp the fitsret sgon. dBl®i pgrsitiebasé forrhegdiby dre p-substrate.
correspondi ng el enents, regions and portions and in which: Figure IAis a
cross sect i ondhe willeworddrogd by the secprdafrargienhnd thedidit newdll. Blie Ythe colfolied yyohsSt at i ¢
Di scharge (ESD) device of the present invention. Figure 2A is an electrical
schemati c of tdbpantpreffes of thefPebasedndilrb odirsterell whitre e intersect.

The present invention achieves these benefits in the context of known process
technology. However, a further understanding of the nature and advantages of the present
invention may be realized by reference to the latter portions of the specification and attached

drawings.



NPN Tx that.is part of Electro Static Di scharge (ESD) device of the present
invention. Figure 3Ais an electrical schematic of the first preferred
enbodi ment of the Electro Static Discharge (ESD) device of the present
invention. Figure 4Ais an electrical schematic of the first preferred
enbodi mrent of the Electro Static D scharge (ESD) device of the present
invention. ‘Figure 2Ais a cross sectional view of a second preferred
enbodi ment of the Electro Static Discharge (ESD) device of the present

invention. FIG2B is a top plan m{&m@hptmﬁommsnﬁmcgspr eferred enbodi ment
of the Electro Static Discharge (ESD) device of the present invention. FIG

3A is a cross sectional viheWatitesand ddhvirthghy b ednfiieshdeoidy @eiic¥RBIordig th R
Electro Static D scharge (ESD) device of the present invention. 6 FIG3B is

a top plan vi ewsat inv&ion Midridnier éitAls bEOprecebd fabEeHin®duck Hsnidoddiciod deviskal | C
D scharge (ESD) device of the present invention. FIG4 is a n-well

concentr at i on aproedahdeavithagrebem Gnvetioh Ml Sexa@n deatydinddnitood froathofdiiovang s of t he
i nvention. FIG 5A shows a single poly NNMOS device that is used in the
prior art as descrifi$h tekew incenjuletiG vith thir asesmpanyiog dpvaigs mivdwh dike refeened ngl e
pol y N—NDS device shown in FIG 5A according to the prior art.
numerals designate similar or corresponding elements, regions and portions and in which:
Figure 1A is a cross sectional view of a first preferred embodiment of the
Electro Static Discharge (ESD) device of the present invention.
Figure 2A is an electrical schematic of the first preferred embodiment of the
NPN Tx that is part of Electro Static Discharge (ESD) device of the present invention.
Figure 3A is an electrical schematic of the first preferred embodiment of the
Electro Static Discharge (ESD) device of the present invention.
Figure 4A is an electrical schematic of the first preferred embodiment of the

Electro Static Discharge (ESD) device of the present invention.

Figure 2A is a cross sectional view of a second preferred embodiment of the
Electro Static Discharge (ESD} device of the present invention.

FIG 2B is a top plan view of the a second preferred embodiment of the Electro
Static Discharge (ESD) device of the present invention.

FIG 3A is a cross sectiomal view of a third preferred embodiment of the

Electro Static Discharge (ESD) device of the present invention.



FI G 5C shows'the IV curve and snap back curve for the ESD device according
to the prior art. FIG 5D shows the electrical schematic of the device in
FI G 5A according to the prior art. 7 Detailed Description of the Preferred
Enbodi ments The present invention provides a nmethod and a structure for an
Electro Static Discharge &ESDﬁ_devi ce that is silicided. There are three
preferred embodi ments of t k&GP %E@ﬁt)ﬁnimvxe\@ﬁhwﬂmiad/\preferrédm]b&ﬂh@ﬁonh@E%tF@d
Enbodi nent s As%%og{%jln FIGI A the first enbodinent has a butted N PIN
structure 28 © Sischarge (B8R devise of2: presam imedtiorct or 32 and the substrate 10
forma parasitic transistor _and the substrate 10 is connected to the p+

di ffusi on region 20. The difttisro-pel eoncentriton profift ac @k dingt6 ti% seondand tlifySt

di ode D1 and the.cpllector 32 and the substrate act as a second ioé‘e D2.
The butted NPNenfg?cﬁIB?:‘F%‘?féhe’ll%VePfFPﬁortant because it ensures that the first
triggering voltage suffici g‘gtly | ower than the gate oxide breakdown. As
shown in FI G 2A, the secordd’ fttiriissingleinaly NaMOSdeticeiat waiséd ift he BRSMRGD an 2
second N+ (col ﬁtd%i%e region 32 and a P+ base region 38B. As shown in FIG
2A, the t 1 is “conttfolled by the dopant profiles of the P+ base 38B and
the n- first well 40 \/\A1er%ﬁ¢‘|?§¥hintersect~ at point 41. As shown in FIG 3A,
the third enbodinment is sihi OGS 2 f4peplagievienind the single poly N-MOS device shown in FIG

5A according to the prior art,

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

according to the prior art,

FIG 5D shows the electrical schematic of the device in FIG 5A according to
the prior art. |



enbodi nent,. but the n-well 42 covers all of 32 drain. A parasitic NPN

bi pol ar transistor conprises: an emtter 28 a parasitic base 10 and a
drain-32 42. The emtter 28 formed by the first n+ region 28. The
parasitic base 10 fornmed by the p-substrate 10. The collector formed by

t he second n+ region 32 and the first n- well 42. The Vtl is controlled by
the dopant profiles of the P+ base 38B and the n- first well 42 where they
intersect (at point 43). 8 L First enbodiment - FIGS 1A to 1D The first

enbodi ment is shown in-Fl @achés i)&ch@on_ﬂ??h JBrifRlre S FROBOLARME 1 S

el ectro=static discharge (ESD) protection device conprising the follomnng
The ESD device of the first enbodi nent operates using the snap back
mechani sm of the parasitic Tx . FIG 1A shows a cross sectional view of the

first embodi ment. An inpegd Ent xrfv@tﬁfoﬂf)ﬁvﬁéstanﬁetﬁddraﬁaaﬁﬁ@@x@'fﬁ%ﬂ@le&éc s@at the
butted NIPIN structure 28 38A . Al'so, al P+ di ffusions have

silicide contpgimrge fED)ABYi 1B 1s?s§1cxdEJ‘ G hér® larle %&e%’refgr?ed %ﬂgotﬁlﬂ&tssdf l@rﬁtxﬂv@ﬁtﬁm 10

forma parasitic transi'stor and the substrate 10 is connected to the p+

di ffusi on r ego@dvieR of e T hectitrbfefred BuBbilmbi¥e Substrate acts as a first
diode DI. The collector 32 and the substrate act as a second diode D2. FIG

| A shows a |ateral NPN tAgRWaEOFIGHIQL (R drdt BmBodRntasHas abted TrEN b@icfiredts NPN
transi stor has an enmtter 28, a base 38A and a collector 32. The emtter 28

i s preferabl y33An2 ethe eitar 285 the tdiectberand hisutstiiee hofoem 3 Jarpuitkltanaddbriandtht t ed
agai nst the collector 32. The emtter, base and collects can be spaced
slightly fronsubjteare Wtihenhnated tonhé p-adiffuddn rygidn a0 Tk emitter 28 and the substrate acts as a
first diode D1 and the collector 32 and the substrate act as a second diode D2. The butted NPN
structure is important because it ensures that the first triggering voltage sufficiently lower than
the gate oxide breakdown. .

As shown in FIG 2A, the second embodiment has a first N+ well 40 between
a second N+ (collector) region 32 and a P+ base region 38B. As shown in FIG 24, the Vtl is
controlled by the dopant profiles of the P+ base 38B and the n- first well 40 where they intersect
at point 41.

As shown in FIG 3A, the third embodiment is similar to the second
embodiment, but the n-well 42 covers all of 32 drain, A parasitic NPN bipolar transistor
comprises: an emitter 28 a parasitic base 10 and a drain 32 42. The emitter 28 formed by the
first o+ region 28. The paraéitic base 10 formed by the p-substrate 10. The coliector formed by

the second nt+ region 32 and the first n- well 42. The Vi1 is controlled by the dopant profiles of

the P+ base 38B and the n- first well 42 where they intersect (at point 43).



A.p+ diffusion region 20 separated fromthe emtter 28 by an isolation
region 14B. The p+ diffusion region 20 is also commonly called a
"substrate pickup". Silicide regions 39 are on the p+ diffusion region 20,
the emtter 28, the base 38A and the collector. The silicide regions are
preferably not .connected together. The silicide regions are preferably
separated by isolation regions (e.g., FOX or STlI).-9 The substrate 10 is
preferably p-doped and is preferably a Si wafer. Al so, the substrate can
be a wafer with a p-doped well or contain other well configuration as is
known to thdse sIFFl‘SﬁeadmﬂimenheFm. 14 tellbase 38A is preferably floating.
The substrate 10 acts as a parasitic base. A V-pad 34 is connected the

collector 32. A Vss 36 i Thedlr@eibodi@ént i sBowith BIGS 0A tdED. PFhedirst Enitidinent i€Qi on
20 and the emtter 28. FIGIDis a sinplified electrical schematic of the

first enbodi navdiatrdsiticldischargd (BSIY protectidn dévidelchipristhgehediiowingal The BSR d8ideC  Of
the first enbodinent' s ESD device. FIG 1D is a sinplified electrical
schenmati ¢ of ¢fhke firstresbodimixo diperetes tsing tieSbap tdelvinechanishhef thepassitic Tn! s ESD
devi ce uses the snap back nmechani smas shown in FIG 5C. The first
enbodi nent has the uni quBIGt sintvagerosfsedtianal migw lobthe first enibgdierenty Ah tnapgearnd
hi gher current "

feature of the first embodiment is that the butted N/P/N structure 28 38A.32.  Also, all the N+

and P+ diffusions have silicide contacts.

The emitter 28, the collector 32 and the substrate 10 form a parasitic transistor
and the substrate 10 is connected to the p+ diffusion region 20. The emitter 28 and the substrate

acts as a first diode D1. The collector 32 and the substrate act as a second diode D2,

FIG 1A shows a lateral NPN transistor formed in a substrate. The lateral NPN
fransistor has an emittef 28, a base 38A and a collector 32. The emitter 28 is preferably butted
against the base 38A; the base 38 preferably butted against the collector 32. The emitter, base
and collects can be spaced "slighﬂy from etcix other and not actﬁally butted.

A pt diffusion region 20 separated from the emitter 28 by an isolation region
14B. The p+ diffusion region 20 is also commonly called a "substrate pickup”.

Silicide regions 39 are on the pt diffusion region 20, the emitter 28, the base
38A and the collector. The silicide regions are preferably not connected together. The silicide

regions are preferably separated by isolation regions (e.g., FOX or STI).



capacity.. However, a disadvantage is high | eakage and uncontrol | abl e
snapback voltage. This is a simlar problemto the zenor diode. A Mthod
for first enbodi ment The nmethod of making the first enbodi nent 's

el ectro-static discharge (ESD) protection device is described bel ow and
show in FIGIA 10 First, we formisolation regions 14A 14B 14Cin a
substrate. The subst rat e Tha gibpteateniOdtpseferably redoperh gadrigpreferahly ach wpfei. s¥sca waf er
with a p-doped well or conbination of Nand P wells. A shallow trench

i sol ation ( STHe sphsiete san bpeaater with y p-topedavell peconginlother well oaligumtion asNekowndoped
areas are forned. The N and P doped regions can be forned in any order.
The N and P dépbebeskledontheesn be formed by diffusion and nost preferably by
an ion inplant (I/1) process. W forma p+ diffusion region 20 and a base
38A in a substrate 10. THéebisasdA ispreferghly fimpegd region. W forman enitter
28 and a collector 32 in the substrate 10. The emtter and the collectors
are n+ doped regi ons. Thelhpsubdiratd 1PsActsas ¢ pagdsbin b@®O. i s separated fromthe
emtter 28 by the isolation region 14B. The emitter 28 is butted agai nst
the base 38A. The base 38aVipad 8ol cempentesidhe qollestorcBl | ect or 32. forning

silicide regions 39 on the_p+ diffusion region 20, the enmitter 28, the base
38A and the coll ector. WA ¥snitatslecticgllyroupladiohs prdifusion regiop 49 angghe emitter .
28.
FIG 1B is a simplified electrical schematic of the first embodiments NPN Tx.
FIG 1C is a simplified electrical schematic of the first embodiment’ s ESD
device. -

FIG 1D is a simplified electrical schematic of the first embodiment’ s ESD
device. The invention's ESD device uses the sn.ap back mechanism as shown in FIG 5C. The
first embodiment has the unique advantage of having lower trigger voltage and higher current
capacity. However, ﬁ disadvantage is high leakage and uncontroflable snapback voltage. This is

a similar problem to the zenor diode.

A. Method for first embodiment

The method of making the first embodiment 's electro-static discharge (ESD)

protection device is described below and show in FIG 1A.
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A Vss 36 s electrically coupled (connected) to the p+ diffusion region 20
and the emtter 28. A lateral NPN transistor is conprised of the emtter
28, the base 38A and the collector 32. The base 38A is floating. The
emtter 28, ‘the collector 32 and the substrate 10 forma parasitic
transi stor and-the substrate 10 is connected to the p+ diffusion region 20.
11 I'l. Second enbodi ment First,medo@nisphadonsegionsd 44 irdid thGrera substratshhwiutisiiate ] G 2A.
The second enbodinment is an electro-static di scharge (ESD) protection
devi ce as par 10ipp-dppedcHgsvhsiratpB8 compriss e by withnprdeped priborrembin@niof Mrad st or s
that are forned on the same substrate. The second enbodi nent has a first
N+ wel | 40 beR welsn 4 shddlowritendtisolasion (SFEX psvcessmeafiirably fommsgheisclation ragiwas r egi on
38B. As showmn in FIG 2A, the Vtl is controlled by the dopant profiles of
the P+ base 38B and the n- first well 40 where they intersect at point 41.
The ESD device of the second enbodi nent operates using the snap back
mechani sm of the parasi t NextTdopedidress argiformed. TR N and & dopsdiregiang pand2 farmeld inhe
substrate 10 forma parasitic transistor and the substrate 10 is connect
to the p+ di ffayrésn The 8 a6 P daped Tegiona eantbe &rmedtlyl diffiision andumpet pristispbly by grionhe
sane concentrations and depths as the first enbodi nent. FI G 2 shows
substrate 10 kot (1) moceéfog’@éorma H=diffusion reping @l andeghasmiBien p substrée 105 TB8t rat e
can have a p-well|l and ot her wells.

base is a p+ doped region.

We form an emitter 28 and a collector 32 in the substrate 10. The emitter and
the collectors are n+ doped regions.

The p+ diffusion region 20 is separated from the emitter 28 by the isolation
region 14B. The emitter 28 is butted against the base 38A. The base 38A. butted against the
collector 32. forming silicide regions 39 on the £)+ diffusion region 20, the emitter 28, the base
338A and the collector.

We connect a V-pad 34 to the collector 32.

A Vss 36 is electrically coupled (connected) to the p+ diffusion region 20 and
the emitter 28. _

A lateral NPN transistor is compriSed of the emitter 28, the base 38A and the
collector 32, The base 38A is floating.

The emitter 28, the collector 32 and the substrate 10 form a parasitic

transistor and the substrate 10 is connected to the p+ diffusion region 20.
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A first n+ region 38A and a second n +region 32 are in the substrate. A
first p +'region 20 and a second p+ region 38b are in the substrate 10. A
first :n-well 40 is formed in the substrate .10. A portion of the second p+
region 38B and the second n+ region 32 abut the first n-well 40. A first
gate 64 is between the second n+ region 32 and the second p4 region 38B. A
second gate 6@Li s Seeendembotimentc®IGRA p+ regi on 38B and the first n+ region
28. A parasitic NPN bipolar transistor conprises: an emtter 28, a
parasitic base 10, and &hescatmd edBodichte ieshoivh RIFIGRAL Shef secom emlaydinienets fd r St
n+ region 28. The parasitic base 10 is 12 fornmed by the p-substrate 10.

and the col | eekaro-ftaik dichalyy (ESI) psratinddavice ta@itofin-Sinmeh MUSteanfisters ind - wel |
40. The first p+ diffusion region 20 separated fromthe emtter 28 by an

i sol ation reghsc] MBS trabsigtofsitiab dre Potmet drf thedame subSgit® ITh Secoiienbdifedasal | ed
a substrate pickup. Silicide regions 39 are on the first p+ diffusion

regi on 20, thérgditveino bétheenhasnd@Nd (dohectdiPlebioe3Dind 2 PFBsse begion 388 B\ shiown
preferably floating. A V-pad 34 is connected the collector 32. A Vss 36 is

electrically GoENd 2] theO/it Beofrbliel Byfthisdopant PfdfiRe of thd e+ eise I13Beind Ak n- fitsowall f i r St
option to the second enbodi nent, the first and second gates 60 64

40 where they intersect at point 41. The ESD device of the second embodiment operates using

the snap back mechanism of the parasitic TX.

The emitter 28, the collector 32 and the substrate 10 form a parasitic
transistor and the substrate 10 is connect to the p+ diffusion region 24, The emitter, collector and
base have the same concentrations and depths as the first embodiment.

FIG 2 shows substrate 10 tha? is p- doped or has a p-doped region/well. The
substrate can have a p-well and other wells.

A first ot region 38A and a second n +region 32 are in the substrate.

A first p + region 20 and a second p+ region 38b are in the substrate 10.

A first n-well 40 is formed in the substrate 10. A portion of the second p+

region 38B and the second n+ region 32 abut the first n-well 40.

A first gate 64 is between the second nt region 32 and the second p+ region

38B.

A second gate 60 is between the second p+ region 38B and the first ot region

28. -

A parasitic NPN bipolar transistor comprises: an emitter 28, a parasitic base

10, and a drain 32. The emitter 28 is formed by the first n+ region 28. The parasitic base 10 is

12



are connected-to aground by through first RL and second resistors (R2).
This has the advantage of a soft tie which is a function of reducing the
triggering voltage (M1). The resistors (Rl and R2) shown is for sone

parasitic effects contributed by the netal Iines, etc. However, this R can
be variable to make trigger voltgdgelower shown in FIG 2A, the Vtl is
control | ed byformed Rydprineubgrass 10 ead the collpgorarmet b e SEdardegitns2and the fisst el |

40 where they |ntersect at point 41. Preferably the N- wells are a
retrograde wePWell#0r et rograde well has a low sheet resistance. FI G 4 shows
an exanple of a retrograde n-wel | profile. For exanple, near 0.6

posi tion bel ow t he subst A Estiirdiffusion reginn 28 S?@Ya&drﬁfﬁmrfhﬁmlfm&; h)gaﬂpé%ﬂkloﬂ or
n-well (and also for p-well). That means, there is a | ow resistance path
at 0.6 urn poSﬁgtqndﬂBaXi?&rﬁtStPrélfﬁlilmegmi%@@alsowoaléqdatsﬁﬁtr@ewb@ snapback,

nost di scharge current will trend to flow along this path. In the other

wor ds, di schalgieidpzagions i araomthe firstim diffissiosirigiandfl, herniitierethe hreeand thetvaliectone
peak densrty heating . occurri also far away fromthe silicon surface.
The device is with a goo&"hﬁh@f*ﬁﬁgls@mﬂw%y for discharge current,

therefore, with a high ESD performance. The srlrcr dation of the drain is 13
not sensitivity for, the PHXVPF‘@:@‘ES@“E&%W%’%?F&% therefore, this kind of

o et o S S B ST 2 o R R o
Nethod for the second emod 0t T e b el e 1S QL SR OTLITE Y, O
are connected to a ground by through first R1 and second resistors (R2). This has the advantage
of a soft-tie which is a function of reducing the triggering voltage (Vt1). The resistors (R1 and
R2) shown is for some parasitic eﬁects contributed by the metal lines, etc. However, this R can
be variable to make trigger voltage lower. |
- As shown in FIG 24, the Vt1 is controlled by the dopant profiles of the P+
base 38B and the n- first well 40 where they intersect at point 41.
Preferably the N- wells are a retrograde well. A retrograde well has a low
sheet resistance. FIG 4 shows an example of a retrograde n-well profile. For example, near 0.6
um position below the substrate surface, there is a maximum doping peak for n-well (and also for
p-well). That means, there is a low resistance path at 0.6 um position apart from the surface.
After the device snapback, most discharge current will trend to flow along this path. In the other
* words, discharge path far away from the silicon surface, means that the peak density heating

occurring also far away from the silicon surface. The device is with a good thermal conductivity

for discharge current, therefore, with a high ESD performance. The silicidation of the drain is

13



protection device is describe bel ow and shown on FIG 2A. W provide a wafer
wth a p-substrate 10. W forma first n-well 40 fornmed in the substrate
10. We then forman isolation region 14B in the substrate 10. The isolation
regions of preferably shallow trench isolation (STI) regions. Next, doped
regions are formed in the substrate. The doped regions can be formed in
any order. W nbioemitaitf for,gbe device BD parfoRBanae) dheeef e clbyidndof thiealgiicacad Be isad nhe
substrate. W also forma first p + region 20 and a second p+ region 38b
in the subst r &iks silidde piieess fosanadeal ESIhproteation.ons are preferably fornmed by an

i npl ant process. A portion of the second p+ region 38B and the second n+
region 32 abutting the first n-well 40. The first p+ diffusion region 20

separated fromthe first egion .28 . by the.. solatign.region 14B.
Subsequently, we form a fl‘fi?ts?%' Sgoéf‘fsét@ﬁdoé%dwg05&5’8?1‘:811&9%’?008(1%%' The first gate

64 is between the second n+ region 32 and the second p+ region 38B. The

second gate 60 is ﬁbet W&HO‘E'E@fﬁ?gmf%'ﬁf’fﬁmﬂf 38B and the first n+ region

28. Spacers (not shown) can or me e gates. Next, silicide regions

39 are forned on the firsf p+.diffysion regiqn 20 h emtter, the bhase
and the collector. 14 The'sgetodfs e§°°ﬁ?‘£‘?‘%?°§’81°9‘ Ff”itg%\‘g?cﬂﬁ‘.sm% ‘g%ﬂ‘%{g‘? (tEﬁg) NPN

bi pol ar transistor. i 0 i f em [ 28, a parasitic
P protection ev?ce[lgp esc%gedbe?ow and%)?own ontFES 2A P

We provide a wafer with a p-substrate 10. We form a first n-well 40 formed in
the substrate 10. We then form an isolation regioﬁ 14B in the substrate 10. The isolation regions
of preferably shallow trench isolation (STI) regions.

Next, doped regions are formed in the substrate. The doped regions can be
formed in any order. We form a first n+ region 28 and a second n +region 32 in the substrate.
We also form a first p + region 26 and a second p+ region 38b in the substrate 10. The n+ and
pt regions are preferably formed by an implant process.

A portion of the second p+ region 38B and the second n+ region 32 abutting
the first n-well 40. The first p+ diffusion regjon 20 separated from the first n+ region 28 by the
isolation region 14B. "

Subsequently, we form a first gate 64 and a second gate 60. The first gate 64
is between the second ot region 32 and the second p+ region 38B. The second gate 60 is
between the second pt region 38B and the first n+ region 28. Spacers (not shown) can be
formed on the gates. )

Next, silicide regions 39 are formed on the first p+ diffusion region 20, the

- emitter, the base and the collector.
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base 10, and a drain 32. The emtter 28 fornmed by the first n+ regi on 28.
The parasitic base 10 forned by the p-substrate 10 and the collector
formed by the second n+ region 32 and the first n- well 40. The emtter,
col l ector and base have the sane concentrations and depths as the first
enbodi nent. We .connect a V-pad 34 to the collector 32 and electrically
couple a Vss 36 to. theThethass I8BUSprefarally flaatthgt he em tter 28. In an option,
we connect the first and second gates 60 64 to a ground 54 by conductive
| i nes that are represent Agaasidc BEN bipslaf transistor(iRlcdm@isel] ofe ememitteres) spacusisic ( R2) .
1L 3rd enbodi nent -FIG 3A The 3rd enbodiment is shown in FIG 3A. The third
enbodi nent i sbas¢ if, kada dran 32.hEhesaitten2B o dy therfirst nbegion B Thewetabitidiase v er s
all of 32 drain. A parasitic NPN bipolar transistor conprises: an emtter
28 a parasit i foribeicey thp-substthteal Odandithe cailecdp forfidicbyahs se¢ond nPBgibodhed thpfirtthe
first n+ region 28. The parasitic base 10 formed by the p-substrate 10.
The col | ect or nd wellf40r Thedndityer, tchecwe amrvdserinve thggama c@Rermmationt el depthsds the-firsve| |
42. As shown in FIG 3A, the Vtl is controlled by the dopant profiles of the
P+ base 38B amghdineit.n- first well 42 where they intersect at point 43. The
ESD device of the third enbodi ment operates using the snap back nechani sm
of the parasitic TX 15 MdgoBukcsdidipad Bitbgiercaltestod TR addatecttisally-couptyre'dss 36 thas a
p-doped region/well. The

the p+ diffusion 20 and the emitter 28.

In an option, we connect the first and second gates 60 64 to a ground 54 by

conductive lines that are represented and act as first (R1) and second resistors (R2).

I 3rd embodiment - FIG 3A

The 3rd embodiment is shown in FIG 3A. The third embodiment is similar to
the second embodiment, but the n-well 42 covers all of 32 drain.

A parasi.tic NPN bipolar transistor compriseS: an emitter 28 a parasitic base 10
and a drain 32 42. The emitter 28 formed by the first n+ region 28. The parasitic base 10
formed by the p-substrate 10. The collector is formed by the second n+ region 32 and the first n-
well 42. As shown in FIG 34, the Vtl is controlled by the dopant profiles of the P+ base 38B
and the n- first well 42 where they intersect at point 43.

The ESD device of the th;rd embodiment operates using the snap back

mechanism of the parasitic TX .
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substrate can have a p-well and other wells. Afirst n+ region 28 and a
second n +region 32 are in the substrate. Afirst p + region 20 and a
second p+ region 38b are in the substrate 10. Afirst n -well 42 fornmed in
the substrate 10. A portion of the second p+ region 38B abutting the first
n-well 40. The.second n+ region 32 conpletely abutted by the first n-well
42. A first gate 64 is between the second n+ region 32 and the second p+
region 38B. A second gate 60 is between the second p+ region 38B and the
first n+ region 24. A pBiCekt shows sbsralsi 19chabis pt depad ioshas p pelopgdiresiaadveligfhe
emtter 28 a parasitic base 10 and a drain 32 42. The emtter 28 forned by
the first n+ fubgranraphave Tpavehapdahe wellbase 10 formed by the p-substrate
10. The collector fornmed by the second n+ region 32 and the first n- well
42. A p+ diffusion regi oA 9 of &gios 3B and wreeond pAragion 3% ae iy the vlistiico i firpid +
emtter 28 by an _isolation region 14B. 8ilicide regions 39 are on the
enitter, the 58982844 aspwnépt regien 31 are ke ybsyrate 388 |'s preferably floating.
A V-pad 34 is connected the collector 32. A Vss 36 is electrically coupl ed
to the p+ diffusion 20 aAdissHewelhi fomped ppthe substrate 10. Aporttonofthesecondp+

region 38B abutting the first n-well 40. The second n+ region 32 completely abutted by the first -

n-well 42 .

A first gate 64 is between the second n+ region 32 and the second p+ region
38B.

A second gate 60 is between the second p+ region 38B and the first n+ region
24,

A parasitic NPN bipolar transistor comprises: an emitter 28 a parasitic base 10
and a drain 32 42. The emitter 28 formed by the first n+ region 28. The parasitic base 10

formed by the p-substrate 10. The collector formed by the second n+ region 32 and the first n-
well 42.

A pt diffusion region 20 (or substrate pickup) separated from the emitter 28
by an isolation region 14B.

Silicide regions 39 are on the emitter, the base and the collector.

The base 38B is preferably floating,

A V-pad 34 is connected the collector 32.

A Vss 36 is electrically coupled to the pt diffusion 20 and the emitter 28.
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16 whereby the emtter 28, the collector 32 42 and the substrate 10 form a
parasitic transistor. The substrate 10 is connect to the p+ diffusion
region 24. In a first option to the 3'd enbodi nent, the first and second
gates are connected to a ground by through conductive lines that are
represented and- act as first (RI) and second resistors (R2). As shown in
FI G 3A, the Vivherely thosmiinelzB bk djletdro2 dbadntie spissorhte | 10Forafa falusitiPtransisase 38B
and the n- first well 42 where they intersect at point 43. FIG 3B shows a
top down view of the thi fTde etbiceh 98sdonnedl te the pa diffusieh tegiva®4.be used on
variable (e.g., having N to cover all the N+ or part of N+ region to vary
the vtl). A Method for the third enbodi nent The nethod of naking the third
enbodi ment's el ectro-static_discharge (ESI)) protection device is
described bel ow and showd # firsFaptiomia theydn| cabadipeihefirgiand sgond getewrre t he
processes are the sane as for the first and, second enbodi nents. A first

n-wel | 42 is remaged P a stoned Bthoughpoadugiye lippehas gissepresenied;agd ¢ apfpe AR wad f or m

isolation regions in the substrate. The isolation region 14B is spaced
fromthe n- wefcpnd iggisterefBR)a first n+ region 28 and a second n +region 32 in
a substrate. W forma first p + region 20, a second p+ region 38b and a
P+ diffusion :
As shown in FIG 34, the Vt1 is controlled by the dopant profiles of the P+
base 38B and the n- first well 42 where they intersect at point 43.
FIG 3B shows a top down view of the third embodiment.

Also, a N-well can be used on variable (e.g., having N- to cover all the N+ or

part of N+ region to vary the Vtl).

A; Method for the fhird embodiment

The method of making the third embodiment 's electro-static discharge (ESD)
protection device is described below and shown in FIG 3A. Unless otherwise indicated, the
processes are the same as t:or the first and. sécond embodimenté.

A first n-well 42 is formed in the substrate 10. The substrate is p-doped.

We form isolation regions in the substrate. The isolation region 14B is spaced
from the n- well.

We form a first n+ region 28 and a second n +region 32 in a substrate.

We form a first p + region 20, a second p+ region 38b and a P+ diffusion

region 20 in the substrate 10. A portion of the second p+ region 38B preferably abuts (or is
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region-20 in the substrate 10. A portion of the second p+ region 38B
preferably abuts (or is 17 adjacent to) the first n -well 40. The second n+
region 32 is surrounded by the first n-well 42. The p+ diffusion region 20
is separated fromthe emtter 28 by an isolation region 14B. Subsequently,
we forma first gate 64 and a second gate 60. The first gate 64 is between
the second n+adjegghton) tBeficatrewelhdd). s besedondptregiingd iG8Bounderebydhecforia-wdlt48 . 60 i s
between the second p+ region 38B and the first n+ region 24. Next, we form
silicide regi GhepBdifasionmgion?A is sepprated frem thesamitieneP e ioblipniggion 14B. The
parasitic NPN bipolar transistor (ESD device) is conprised of an emtter

28 a parasitic base 10 ariubsgqepntly, wesamadirstBpte 66 and 2 sspong gate §0.f The et 843464 he
first n+t regigon 28. The parasitic base 10 is forned by the p-substrate 10.
The col | ect or 1§ betwesn the gecpyd hisgignlond the-secordponsiop3 8 e preoqdigpeOis.  wel |
42. W connect a V-pad 34 to the collector 32. W electrically couple a Vss
36 to the p+ @PW%&%WMP&HWQWBéW@FEWW@%- base 38B is floating. In
optional steps, the first _and second gates are connected to a ground by
conductive |ines representi@d vgdor siligide rqgions 3¢en themyel, thbaseand the collestor. The
invention is a novel structure and nmethod for a ESD device with | ower —and
control | abl e triggering vBieragstiaNEN hipglacirangstes (BB devirs) & comprsed af g1 engijterhout
any additional process steps (e.g., silicide block) or masking |ayers. The
ESD device is %&w@abq’s@)io 306 @ drai s 42. The emitter 28 is formed by the first n+ region 28. The

parasitic base 10 is formed by the p-substrate 10. The collector is formed by the second n+
region 32 and the first n- well 42.

We connect a V-pad 34 to the collector 32.

We electrically couple a Vss 36 to the p+ diffusion 20 and the emitter 28. The
base 38B is floating.

In optional steps, the first and second gates are connected to a ground by

conductive lines represented as first (R1) and second resistors (R2).

The invention is a nov;al structure and method for a ESD device with lower
and controllable triggering voltage and higher ESD threshold (Vt2, 1t2) without any additional
process steps (e. g., silicide block) or masking layers. The ESD device is targeted for the CMOS
VLSI circuit through other process can also be applicable to the fabrigation. The process for
fabrication necessary to this ESD device comprised of at least a N+ source & drain on a p-well or

p-substrate, lower dopant of N- gate poly and metal.
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VLSI circuit through other process can also be applicable to the
fabrication. The process for fabrication necessary to this ESD device
conprised of at least a N+ source & drain on a p-well or p-substrate,

| oner dopant of N- gate poly and netal. 18 The substrate 10 can be p-doped
or be any other-different polarity wafer. Al so, the conductivities of the
N and P regions in the ESD device can be reversed. Wile the invention has
been particularly shown and described with reference to the preferred
embodi ments thereof, it Wheubtiwatellfigenbetpedogedsy be prysthesdifferew golpnity tafer.ar t  t hat
various changes in formand details may be nmade w thout departing fromthe
spirit and scHpe th§ confustivitieses fe Nord Pregiqng in the BHderice eandeweyversefar i ous

nodi fications and sim |l ar arrangenents and procedures, and the scope of

t he appended clains therefore should be accorded the broadest

interpretation so as to encorrpass all such ITDdIfI cations and siml ar
arrangenents and proceddY#§! ei@""“@“é&%ﬁeﬂ@mi"“%s@Wéé‘Edr‘B‘s“é@%‘V’g“a’Te’?B‘f’?arge

CUbstrat or sajeior wEGE cioRtiers oot il Bmiard 1 et il tﬁeaag@ha'a%%as

collector said eritber Slatent, 24 0a88) 5kdly PR AR ope S
invention. Itis intended to cover various modifications and similar arrangements and
procedures, and the} scope of the appended cl_aims therefore should be accorded the broadest

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

procedures.
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b) a substrate pi ckup region separated fromsaid emtter by an isolation
region; c) silicide regions on said substrate pickup region, said emtter,
said base and said coll ector; d) said substrate is a parasiti c base; e) a
V-pad is connected said collector ; f) a Vss electrically coupled to said
substrate pi cﬁ'cﬁ}"?egi on and said emtter; whereby said emtter, said

col | ector and; sai %@M&ﬁk@lsg&;gpp%t%@&wugmﬁpq.,ggél stor and the substrate
is connected to the substrate pickup region. 2. The electro-static

di scharge protectypn LexiCRrQtratlsl Broed/th 8 kthsitatS @A«dxa{wﬁpmﬁshs&m\n%a
The el ectro-static discharge protection device of claim1 wherein said

substrate conprises emit¥R4 Rise MdtalolfecRr; AP BbitveldacenfsaidVasee bR takdrdfbait | C
di scharge protection devi ce, conprising: a) wafer with a p-substrate; b) a

first n+ region and aidetand, Aidsivdgion pidpsaal d substrate; c¢) a first p +
region and a second p+ region in said substrate; d) a first n-well forned
in said substratepb)a pabittacpickip Sgiotlsepaaad fop said agittarbyan olswindegi@econd n+
region abutting said first n-well; e) a first gate between said second n+
regi on and sai d segonslligide regigison said 2Osttatel pidkiy kepion) shidlemitier,tsaid bdsk add sdid 1111
collector;
d) said substrate is a parasitic base;
€) a'V-pad is connected said collector ;
f)  a'Vss electrically coupled to said substrate pickup region and said emitter;
whereby said emitter, said collector and said substrate form a parasitic transistor and
the substrate is connected to the substrate pickup region.
2. The electro-static discharge protection device of claim 1 wherein said base is floating.

3. The electro-static discharge protection device of claim 1 wherein said substrate comprises

a wafer with a p-doped well.

4. Anelectro-static discharge protecfi'on device, comprising;
a)  wafer with a p-substrate;
b)  afirst nt region and a second n -+region in said substrate;
¢)  afirstp+ region and a second p+ region in said substrate;
d} a first n-well formed in said substrate; a portion of said second p+ region and said
second n+ region abutting said first n-well;
e)  afirst gate between said second n+ region and said second pt region;

20
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CL S a second gate between said second p+ region and said first n+ region;
g) a parasitic NPN bi polar transistor conprising: an emtter, a parasitic
base, and a drain; said emtter forned by said first n+ region; said
parasitic base forned by said p-substrate; and said collector formed by
said second n+.region and said first n- well; h) said first p+ diffusion
regi on separated ffy om ssabmd geRibbtnedn sa sédnd Siodegibd DA sdi@ QisOR regiby, Sil i cide
regions on said first p+ diffusion region, said emtter, said base and said
collector; j) a VgpadapgashiNrriigar sdhsthtos 0bhRicih@ran eltjite a Yaasite! vagd fndeal | y
coupled to said p+ diffusion and said emtter; whereby said emtter, said
coll ector and sai d st st enifie formad Pesaridirdt n€ réglonysaidphasitichack bheddybad r at e
is connect to the p+ diffusion region. 5. The electro-static discharge
protection devi ce of pelisirae;4ndiat @ilects &roepbyssaldstooat @ degiomand-saidaitst n- v&ll; The
el ectro-static discharge protection device of claim4 wherein said base is
floating. 21 ~~ *h), 1ddd firkstlghldiffitkibh tpioh beparatefiirom said ematestyadniiolativsean,ge
protection device, conprising: a) a first n+ region and a.second n +region
in a substrate; sd}d silitid¢ regivms dnsaip fiopediffusidp)region saidsdmitper;isaiddeieand sidd a
second p+ region in said substrate;

T ' collector;

) a V—pa& is connected said collector;
k)  aVss electrically coupled to said p+ diffusion and said emitter; whereby said
emitter, said collector and said substrate form a parasitic transistor and the substrate

is connect to the p+ diffusion region.

5. The electro-static discharge protection device of claim 4 wherein said p-substrate is a p~
well,
6. The electro-static discharge protection device of claim 4 wherein said base is floating.
21
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region abutting said first n-well; said second n+ region conpletely
abutted by said first n-well ; d) a first gate between said second n+
region and sa d second p+ region; e) a second gate between said second p+

region and saj d figSliechd-stafidifared ProfetRAudiel domphERE: bi pol ar transi stor
conprising: an emtter a parasitic base and a drain; said emtter forned

by said first n+ Geoi Oftst Sabdod andh 88bid £+08SEinh QEyERHe; PUidSRsHare BpSihad, r at e;
and said collector” formed by said second n+ region and said first n- well;

g) a p+ diffusiongy eQiﬁHs‘tﬂ-ﬁre'gf%{?%{c?ats@&na?@{:@g%ﬂiiﬁaﬁ%ﬁsﬁﬁ& by an isolation
region; h) silicide regions on said emiter, said base and said collector;

i) a V-pad is conrgct ggrssaivell £8hddas Sfd subdtdateda PErSon Sid sebma bt YegRURli@g t O
said p+ diffusion and said emtter; whereby said emtter, said collector

and sai d substrate f gfidfirst feReRsdid seConkdmaRGhidhtcoiplally ablird Syfakl fir&inewelli; S
connect to the p+ diffusion region. 8. The electro-static discharge
protection device df echaigebenteer @idsesad d+ bame andsafdlseabd pigregio22 111111 | |
[ 1 1 11~1212121 Il 1t12 CL 9. Anmethod for an electro-static discharge
prot ection devi ce eonpsdcsidipgte betmeerf sardveaogd pinregionhrdtshid first @igieginn,i N a
substrate; b) formng a p+ diffusion-region and a base in a substrate; said
base is a p dopedf) aparasitic NPN bipolar transistor comprising: an emitter a parasitic base and a
drain; said emitter formed by said first n+ region; said j arasitic base formed by said
p-substrate; and said collector formed by said second n+ region and said first n- well;
g) apt diffusion region is separated from said emitter by an isolation region;
h)  silicide regions on said emitter, said base and said collector;
1)  aV-padis connected said collector;
j)  a'Vsselectrically coupled to said p+ diffuston and said emitter; whereby said
emitter, said collector and said substrate form a parasitic transistor and the substrate

is connect to the p+ diffusion region.

8. The electro~static discharge protection device of claim 7 wherein said base is floating.
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region; c) formng an emtter and a collector in said substrate; said
emtter and said collectors are n+ doped regions; said p+ diffusion region
separated fromsaid emtter by said isolation region; said emtter

adj acent said base; said base adjacent said collector, said substrate is p-
doped; d) form ng silicide regions on said p+ diffusion region, said

em tter, 53l % Dasq Anbeall toCAlBE UL hrRRRRSRYEGnRrhpad Lo sai d

collector; f) electric coupling It to sai I ffusion region and

said emtter; whepebyrgai dn R5hddnegiondRh Shvshd €ctor and said substrate form
a parasitic transistor and the substrate is connected to the p+ diffusion

region. 10. The nB? h%rﬁﬁgérﬁimus@on $Pnd 2 D&k th SHbhle2hR RRTP pS®ped Vaf er
with a p-doped well. 11. e nmethod of claim9 wherein said base is
floating. 23 1~* G ~regiog 12. A nethod for an electro-static discharge
protection device, conprising: a) providing a wafer with a p-substrate; b)

formng a first ng¢ywefolmib@fid@ditdrAndaddlledotsaldimirate Ghid ittt i sald cdisa@b@t i on
region in said substrate;
are o+ doped regions;
said pt diffusion region separated'from said emitter by said isolation region; said
emitter adjacent said base; said base adjacent said collector; said substrate is p-
doped,
d) forming silicide regions on said p+ diffusion region, said emitter, said base and said
collector;
e) connecting a V-pad to said collectqr;
f)  electrically coupling a Vss to said pt diffusion region and said emitter; whereby

said emitter, said collector and said substrate form a parasitic transistor and the

substrate is connected to the p+ diffusion region.

10.  The method of claim 9 wherein said substrate comprises a wafer with a p-doped well.

11.  The method of claim 9 wherein said base is floating.
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d) formng a first n+ region and a second n +region in said substrate; e)
formng a first p + region and a second p+ region in said substrate; a
portion of said second p+ region and said second n+ region abutting said
first n-well; said first p+ diffusion region separated fromsaid first n+
region by said.isolation region; f) formng a first gate and a second gate
, said first pate ARUHRED: SMdirSaaRMhcRige preehifidee cs@pribingecond p+ regi on;
sai d second gate between said second p+ region and said first n+ region;
g) formng silicidp rggiiensa Vareswitrh -subsitagd+ di ffusion region, said
emtter, said base and said collector; wherein a parasitic NPN bipol ar

transistor is conpyi sgﬂmﬁga:ﬁrga_we@%%@msaiasm{r@@ tic base, and a drain;
said emtter forned by sald first n+ region; said parasitic base forned by

sai d p-substrate; candfesming asBbhentrionliRsdEabiesai d second n+ regi on and
said first n- well; whereby said emtter, said collector and said
substrate farm a pRAr agiring afifshsiegion bndabdednd) & +gios i aldeubsgatgonnect to the
p+ diffusion region. 13. The method of claim 12 which further includes
connecting a V-pad)t ofsaing adicdt b ectgim;andimskcordl pagégiandmbaid/subauafe] 4 prgticn offsaéd t o
said p+ diffusion and said emtter. 14. The nethod of claim 12 which
further i'ncludes conseotd pigregion ahdfsiid sacomimd repaobuttigpasidirt o-well, gridusigtby
t hrough a conductive path. 24 111111121 (11111 21212 1LEEL 11 p

diffusion region separated from said first n+ region by said isolation region;

f)  forminga first gate and 2 second gate ; said first gate between said second n+
region and said second pt region; said second gate between said second p+ region
and said first nt+ region;

g) forming silicide regions on said first p+ diffusion region, said emitter, said base and
said collector;  whierein a parasitic NPN bipolar transistor is comprised of : an
emitter, a parasitic base, and a drain; said emitter formed by said first n+ region; said
parasitic base formed by said p-substrate; and said collector formed by said second
ot region and said first n- well;” whereby said emitter, said collector and said

substrate form a parasitic transistor and the substrate is connect to the p+ diffusion

region.

13. The method of claim 12 which further includes connecting a V-pad to said collector; and
electrically coupling a Vss to said p+ diffusion and said emitter.
14.  The method of claim 12 which further includes connecting said first and second gates to

a ground by through a conductive path.

O O A



C1i Ns.r-15. - The nethod of claim 12 wherein said isolation regions are
shall ow trench isolation regions. 16. The nethod of claim 12 wherein said
base is floating. Il iiiii H Il 11111111111 25 17. A nmethod for an

el ectro-static discharge protection device, conprising: a) formng a first
n-well formed i.n said substrate; said substrate is p-doped; b) formng an
i sol ation regison iMe mathed sehish riatwhereid)sail otichOeglods iafeShallow tiefdiiutiand a
second n +region in a substrate; d) formng a first p + region, a second p+
region and a P+reglodsf usion region in said substrate; a portion of said
second p+ region abutting said first n-well; said second n+ region
surrounded byigai dh imetbd 6fclirh | 12;wharefrsaid ibde isloatingl egi on separated from sai d
emtter by an isolation region; e) formng a first gate and a second gate;
said first gate is between said second n+ region and said second p+
region; a second gate between said second p+ region and said first n+
region; f) formng silicide regions on said emtter, said base and said
coll ector; wherein a parasitic NPN bipolar transistor conprises: an
emtter a parasitic base and a drain; said emtter fornmed by said first n+
region; said parasitic base forned by said p-
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substrate; and said collector fornmed by said second -n+ region and said
first n-"well; whereby said emtter, said collector and said substrate
forma parasitic transistor -.and the substrate is connect to the p+

di ffusion region. 18. The nethod of claim 17 which further includes
connecting a V-pad to said collector; electrically coupling a Vse to said
p+ diffusion and said emtter; and said base is floating. 26 Hi |l
111111111121 S

17. A method for an electro-static discharge protection device, comprising:

a) forming a first n-well formed in said substrate; said substrate is p-doped;

by  forming an isolation region in said substrate;

¢) forming a first nt region and a second n +region in a substrate;

d) forming a first p + region, a second p+ region and a P+ diffusion region in said
substrate; a portion of said second p+ region abutting said first n-well; said second
1+ region surrounded by said first n-well ; a pt+ diffusion region separated from said
emitter by an isolation region;

¢} forming a first gate and # second gate; said first gate is between said second n+

region and said second p+ region; a second gate between said second p+ region and

said first n+ region;

f)  forming silicide regions on said emitter, said base and said collector; wherein a
parasitic NPN bipolar transistor comprises; an emitter a parasitic base and a drain;
said emitter formed by said first ot region; said parasitic base formed by said p-
substrate; and said collector formed by said second n+ region and said first n- well;
whereby said &mitter, said collector and said substrate form a parasitic transistor

and the substrate is connect to the p+ diffusion region.

18.  The method of claim 17 which further includes connecting a V-pad to said collector;

electrically coupling a Vss to said p+ diffusion and said emitter; and said base

is floating,
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