2 JUN 2006 FULLY SI LI Cl DE CASCADED LI NKED ELECTROSTATI C DI SCHARGE
PROTECT ON Background of Invention 1) Field of the Invention This invention
rel ates generally to fabrication of sem conductor devices and nore '
particularly to the fabrication of an Electro Static D scharge (ESD)jsexpee
and nore- particularly an Electro Static Di scharge (ESD) device using a

silicide proce invention related to a device for on-chip ESD
protection. 2)%E%§§?§bk' oSt AREPLINKIA ELEGERASTHFEC MOSCHARGS St or  has
been wi dely enpl oyed as the primar conponent for an ESD protection
'‘circuit in semiconductor |C devi cEROTECHIQNwe| | known that silicidation
of the drain and LDD junctions reduce ESD performance significantly. Most
sal i ci ded process have a renoval option which allows unsalicided areas
(e.g., resistors) to be formed and use ESD inplant to nmake junction deeper
and to overdose the lightly doped region of the LDD for better ESD

per formance. NMOS transistors s ked i.n cascade configuration provide
robust ESD protection for nixe§%§§FP£aéfﬁWEFPH both silicided and

siIicideJQQQQQQQfﬁ@qQRQHQﬂieS. However, this kind of device has high
snapback voltage. Al so, the high snapback voltage of the stacked NMOS

degrades its | T2 (I T274;s; reakdown trigger current)) since the
power dissipation is éfg%$ﬁoﬁﬁﬁﬁﬁgggﬁﬁyFﬁ%wgﬁ??ﬁggmﬁﬁxﬁF“%ékbﬁéamhe”NCS

get s i nt 0 nxRepREAlYy R BaKIMRon of an Eleciro 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 hgs been widely employed as the primar‘y

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 remoxfal option which allows. unsalicided areas (e.g., resistors) to be

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

the LDD for better ESD performance.

| | ‘NMOS transistors sgacked in a cascade configuration providé robust ESD
protection for mixed voltage /O in both silicidéd and silicide-blocked techholqgies. Héwéver, |
_thisrkind of device has high snapback voltage: Also, the high snapback voltage of the stacked
NMOS degrades its IT2 (IT2 is the second breakdown tn'gger current)) since the pm.ver

dissipation is great. The IT2 is the current at or before the MOS gets into secondary breakdown
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| igher the 1t2, the nore
UN 2006 (thernal /permanent damages) The hig
"Loﬁhsg'the‘NNCg and the higher the ESD threshold. For the process

ilici j i teps were are not
where the silicide block and abrupt junction s W
gsgrrgLﬁgY a bi asing network was necessary to ensure uniformtri@gaithgipf

[ [ tol erant 110's severely
all  fingers. So, the need for high voltage t verely b ie
conpl i cat esShl RALSEh ol 3 Sh0uR, 3, s nal e poly M NOS devi ce t
used in the prior art as arr eSS eV Ra 2 hemee 9]

. i i - MOS device is shown in
hani sm arsp Bessdid DRM Gl oINS 3L MGLE ROl Y. N, MXS devi ce i
(r:nrsgss section and | a?%u% ?no glgée I0EY Eeﬁ% 55%6\%’ o8k st pPRMnaipRHepsFl G 5C

' ESD device. Vsp is the
shows the I'Werg e V6 08618 NARRAG Vs nfeors Eyhe TITLtn 1 h
snapback hol ding voltage. FI% éﬁﬁ% OWs T hE PSRBT wHPrsERgsiag piallof t he

i current
devi ce | n RliGaSAso, B SR o1l Bllalyof 199.40,130 ns)_constant cu
i lied to the drafn wth the source and gare Eridaciesiane

P batrate Foube Y d t he device should have the |-V
Shar et or (substLate grog?ge %b it normal operation, the device is off
characteristic shown in ) ' _ , "
feached, current starte Lo T on aris Ry H0S g R R e R b o i o
reached, current starts to f _ _
reverse-. bﬂﬁﬁbﬁwmﬂamaﬂhmﬂffaﬁﬁmw@%dﬁﬁ&ﬁ§?%%%£Pﬁﬁﬁgﬁg&g%} aSQM%%bWEPStSSV;ge
triggers into snapback. The trigger cu _ _ _
t hegg hanne M08 deide isasdeBiédwscss selb@&rﬁalnlﬁg@ﬁiétthggiﬁ :the %ﬂg §B 5 03\583&%3(1%(%{ ‘/tifﬂ"lé H%)n I's
not the sanme as BVdss. BVdss, usua R _ _
P aer poine 1 s tne. oo e R R e SRR il o
trigger point is the point a ‘ . Lin e
snapback. ThkgsnBishazkowediceRcitital bdie@mhtic Of tEWEYiE th F1c 9N NI o
thePefore, may be represented by a anpback vgltgge Vsb and a 5?%?@?%ntlal

(100'to 110 ns) constant current pulse is applied to the drain with the source and gate tied to the

substrate (substrate grounded), the device should have the I-V characteristic shown in Fi g. 5C.
At normal operation, the device is off because ‘the gate ts grounded. Whén the drain breakdown
vpltage, BVdss is reached, current starts to flow as a result of impact ionization of die reverse-
biased drain junction. At current It1, and voltage Vi1, the device triggers into snapback. The
trigger current It] and voltagé is refated to the channel length and BVdss. Note that the trigger
point (Vtl1, It1,) is not the same as BVdss. BVdss, usually is defined as the drain Jjunction
avalanche bfeakdown 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 sqapback voltage Vsb and a differential
resistance Rsb The snapback voltage Vsb is déﬁned 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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resi stance Rsb. The snapback voltage Vsb is defined as the |inear

-extrapol ation of the snapback region back to zero current. Care nust be
taken to avoid defining Vb and Rb by extrapolating fromlow current val ues
near the point where the |-V curve changes slope fromnegative to®»2 Zyy3hie
Zoos positive. Therefore, the values of Vsb and Rsb were obtained from
nmeasurenments made at high currents with the transm ssion-1line pul se

‘techni que. PBECwuIEcEhe. Hicghluainf Vengndiab nes: diatel Eb@VidBurenlcRs IR SYERLS, we
need to use themrather than the | ow current val ues when designing Tor

pr ot ect i on CAFEITIID RgDnsMissibn-Bud fulse it@htigue. Meghiscati KigdturtehiZalubd HWMAY, 0 t he

. snapback region, the device triggers into second breakdown. W define a
second tri §OBTD Bt W e o Use them rgberrties pieridi-ngrrdnovdlde whid GgeRihnG, f rom
snapback into second breakdown. Second breakdown is the termused for
pover bi poPHF HeRA%REE 53D i Wil wiffcdenth bish egrareitd flotving imtd sriapthamayioANEk
current- instapility. The éol | ow ng_patents show rel ated ESD devices: US

5, 898, 205( Lee)”, M5 8o s5gnbhrsalagun.y Ve defises semod ot Avier ()2, 1S

5, 559, 352( - al . US 5,043, 782(Avery) and US 5,689, 113(Li et al.). 3
1 JUN 2006%‘%%1‘%‘?&?@6‘% &% Hlég?wg??ﬂ Bipopek ing sgeng beddewif Second bprakdautis the

i nvent.i on tté?m%é?ivi%ngp%w%r sltorl-u%t ure of an Electro Static Discharge (ESD)
device that Provi dex et Pas dPeE e tisae der et ofphoad senphamgesreand

instability.

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).



additional costs. It is an object of the present invention to provide an IC
- design 'having a structure of an Electro Static Di 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 ®f JWQ@D
device that overcones the problens associated with silicided drains. Tt is
an object of the present invention to provide a nethod and a structure of
an ESD device for a silicided process that does not add any extra processes
steps or cost. To acconplish the above objectives, the present invention
provides a method and a struct g?'@“’@fy?fdl‘ch'r‘{elrﬂﬁéctro Static Discharge (ESD)
device. that is silicigded. Therfe are three_ preferred enbodi nents of the
invention. The first enbauPHEheT RaRessprPlen PPy e & sirustrestan Efbeo eni t t er

t he col | ectQr. t ubstrate fo a parasitic transistor and the
substrate ?g{i%%§%§e£8?)0£F ]ﬁeé%ﬁtf r%l\f“i%?f% RrOteFiegivethout-prrsess siangesrandnd t he
substrate ag#iAs aqfirst diode D 1. The collector and the substrate act as
a second diode D2. The butted NPN structure is inportant because it ensures
that the first triggering voltage sufficiently |ower than the gate oxide
breakdown. 4 2 JUN 2006 The second enbodi nent has a first N+ well between a

second N+ (collector) gt edipn + - > reqgion. The Vtl is controlled
by the dopant profiles of tlﬁet%Eg%lgrg%méﬁ‘%ﬁﬁ%emgﬁyﬂ? i} ISpdeier Pavifer e t hey

i ntersect . 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 a method and a structure of
an ESD device that overcomes the problems associated with silicided drains,

1t 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 ex{ra 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 coiléctor '
and the substrate form a parasitic transistor and the substrate is connected to the pt 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 bufted NPN structure is important because it ensures that the first

triggering voltage sufficiently lower than the gate oxide breakdown.



The third enbodinment is simlar to the second enbodi ment, but the n-well
covers. all of drain. A parasitic NPN bipolar transistor conprises an
emtter, a parasitic base and a drain. The emtter formed by the first n+
region. The parasitic base formed by the p-substrate. The coll c}‘@ qué)ﬁr med
by the second n+ region and the first n- well. The Vtl is control t he
dopant profiles of the P+ base and the n- first well where they intersect.

The fourth enbodi ment thag.ag eﬁJb@(ﬁFnEth%?{?ristcNggér%ﬂg&ﬁ’a L QL EGE (30 devi ce

GO
conprising: a) a lateral. NPN transistor forne subStrat e, 5% | ateral

N t r ansirsgion andei 1ags BgiBMTIhE €T is BorlPRBE AN ApfPblARL OF e PREY. ST LT ET
ggj af:traﬁ'? Isa%ld EE)nase; sgei dgiggnse ald‘jsacrgﬁt sbgid cgﬁ?égt o%;gtts]%ld 7 'gttf’eate i's

- doped; mwaiidwoms@er Shedidoped region in said substrate; said base has a
giffefent concentrati ongt han said substrate; b) a substrate pickup region

separated from said emhd hed edipdaient 5QnAlkl QMhd £Gn@Binblmdh b GhAS e €9i Ons on
said substrate pickup region, said enmitter, said base and said collector;

d) said sustrs dt ef dign.aA pansisd WPC bpaseyantihtoBeolpRRE ah SmiGONRBSISE L3 Ay
collector; f) a Vss electrically coupled to said substrate pickup region
and said erfirtipefhe emitvefehyd baihd fiewrit tegion. SR ErGiak bae fdme AR SALhsSHDSt T at e
forma parasitic transistor and the substrate is connected to the .
subst T at e JiceRligstor Egnohby tihecpdesention auertliron- aahireyves i§ kassidepali ts in
t he context of known process technol ogy. However, a further understanding
of the natdgpat givélcaehiant hbpss awfthe mefirpvet eritre they intersect,

The fourth embodiment has an électro—static discharge protection device
comprising:
| a) a lateral NPN transistor formed in a substrate; said lateral NPN transistor
having a emitter, a base and a collector; said emitter adjacent said base; said base
adjacent said collector; said substrate is p- doped; said base is a doped region in said
- substrate; said base has a different concentration than said substrate; '
| b) a substrate pickup region separated from said emiiter by an isolation region;
¢) silicide regions on said substrate pickup region, said emitter, said base and said
collector;
‘ d) said substrate is a parasitic base;
e) a V-pad is connected said collector;
{) a Vss electrically coupled to said subsirate 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.

_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.
S



invention may be realized by reference to the latter portions of the
specification and attached drawi ngs. 2 JUN 2006 Brief Description of the
Drawi ngs The features and advant ages of a seni conductor device according to
the present invention and further details of a process of fabricating such
a sem -conductor device in accordance with the present invention will be
nmore clearly understood fromthe follow ng description taken $n yuy o5
conjunction with the acconpanying drawi ngs in which |like reference

nuneral s designate simlar or_corresponding el enments, regions and portions
and in which: Figure | A is 2Brasf&sscriptionpbthalDrwvieys of a first preferred
enbodi nent of the E e[%tro Statjc Discharge (ESD) device of the present

i nvention. Figure | B '8 aWesprtadvinages efctremapidoctof dveadomit tpmef er r ed
enbodi nent he NPN,Tx that is part of Electro Static D scharge (ESD)
devi ce of F‘%géen{ﬂ“éesng?ﬂa & Wﬁfﬁ?%ﬁl? of4 gasees of fdricaing puchlaeoticodadiosiehienmt i ¢ of
the first nbodi nent of the Electro Static D scharge (ESD)

devi ce of ?Cﬁgrfd%g‘%g’gfﬁ PRV entivaion MG R BT Bery wiferapaliran dakolswhemat i ¢ of

the first gsefebsed ient aof the Electro Static D scharge (ESD)
devi ce of the pgr ese??tel HP%\%’%&OW& B} gGrmpaRng drayings weichdike remetce vi ew of a

second pr efikdR0dSEREAINBM, O . Electro Static Discharge (ESD) device
of the present invlgﬁa?i on. Fl GJr eghﬁgmzad BP prEIViMwenent 19d swliend pref err ed

enbodi ent of - the El el 154 Abioks BRGNS Pl S8 12 o esent

Electre Static Disgharge (ESD) device of the present invention,

Figure 1B 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 1C1is an electrical schematic of the first preferred embodiment of the

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

Figure 1D s 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 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.



FIG3A is a cross sectional view of a third preferred enbodi nent of the
Electro Static Discharge (ESD) device -of the present invention. 6 2 JUN
2006 FIG 3B is a top plan view of the third preferred enbodi nent of the

El ectro Static Discharge (ESD) device of the present inventi®n.Jifl &g is
a n-well concentration profile according to the second and third

enbodi nents of the inv ign.  Fl G, 5A.shg ingle poly N-MOXS device that

is used in the prior a?lfkba@%ﬁtc@éﬁ“d’ém é.“&‘lr%’rﬁ%‘"%dﬁﬁ% 1gestop the lEimtryi ew of

the single Q&icbié\éhﬁ@(uﬂ% idg\g%?sot}%vm in FIG_ 5A according to the prior art.
a

FI G 5C shows the |V curveé and snap BEERVEUiPde for the ESD device according

to the prior art. FIG @Qg\{@wél C%nel ecit ri %g schematic of the device in
FI G 5A according to the prior art o FraaipiRf copkpeyioteemad endithitd on of t he

Preferred EbogdhrROLSmI R pLESENt invention provides a method and a
structure for an Electro Static Discharge (ESD) device that is silicided.

There are three prefer F@S@%%E%Q‘é %0[9&-&46% dieﬂgeetﬂe}t iisours]éd in the prior art as an
ESD device.

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

5A according to the prior art.

FIG 5C shows the 1V 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.



rview of the Three Preferred Enmbodi ments As shown in FIGIA, the first
gzgodiﬁeht'has a butted NP/ N structure 28 38A 32. The emitter 28, the
collector 32 and the substrate 10 forma parasitic transistor and the
substrate 10 is connected to the p+ diffusion region 20. The Qﬂ]éﬁﬁﬁgﬁg and
the substrate acts as a first diode D1 and the collector 32 andt
substrate act as a second di ode D2. The butted NPN structure is inportant
because it ensures that the first triggering voltage sufficiently |ower
than the gate oxide breakdown. As shown in FIG 2A, the second enbodi nent
has a first N+ well 40 B& escipion gl thy Reeferred Pmdetinreptsr egi on 32 and a P+
base region 38B. As shown in FIG 2A, the Vt | 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 FI G 3A the third enbodinent is simlar to the
second enbodi ment, but™PIFEThINNEINP? B9 videadnghod|and pitrgprafordnElechopariasi t i ¢

i po ' [ , ' iticb 10 and a
arain 5 4 REER Nl 9aPh oPies bt e el spegpens dute metn.

- - ' b
parasitic @Q*&Qielvoqfftﬁéléﬁg‘geag%fe%rﬁ& ﬁ‘}‘ﬁogf‘[t')ﬁslt rate 10. The collector fornmed by

\s i trolled by
the second n+ region e W% wel | 42. The WtI is con

i - |1 42 where they
the dopant profiles ofasthe, Pk R3S B.and the n- firs e
intersgct (at point 43ff g7 f%ﬁ §d§§ ?'H%Pr%emEﬁE%%fﬁéﬁg/N;Etg????;t?slD
The first sswerli TRRites 28 MMt B R dAubQralPio FRE, pallrgs%lc {EANSIGor an

the

- substrate 10 is connected to the p+ diffusion region 20. The emitter 28 and the substrate acts as a
ﬂ_rst 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 ZA, 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 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.

As shown in FIG 3 A, the third embodiment is similar to the second
embodiment, but the n-well 42 covers all of 32 drain. A parasitic NPN bipelar transistor
comprises: an emitter 28 a parasitic base 10 and a drain 32 42. The emitter 28 formed by the
first nt+ region 28. The paraéitic base 10 formed by the p-substrate 10. The collector formed by
the second nt region 32 and the first n- well 42 The Vt1 is controlled by the dopant profiles of

the P+ base 388 and the n- first well 42 where they intersect (at point 43).



an electro-static discharge (ESD) protection device conprising the
follow ng. The ESD device of the first enbodi nent operates using the snap
back nechani smof the parasitic Tx. FIGIA shows a cross sectional view of
the first enbodinment. An inportant feature of the first enbodi nent is that
the buttéd NVP/N structure 28 38A 32. Also, all the N and P+ diffusions
have silicide contacts. The emtter 28, the collector 32 and the substrate
10 forma parasitic transistor and the substrate 10 is connected jj;® %ﬂ&e p+
di ffusion region 20. The emtter 28 and the substrate acts as a firs

di ode D 1q The_col l ector 32 and the substrate act as a second diode D2 FIG
1 A shows a | af &g Pt 25880 {Brned in a substrate. The lateral NPN
transi stor has an enmtter 28, a base 38A and a collector 32. The emtter 28
is preferably butted Thedustssbodinent rsbewBB/EIGE s thabe TRSfRr @ftediabhys but t ed
against the collector 32. The emtter, base and collects can be spaced
slight Iy fRpSiFEsEHEtdHearz{BSRbprogetionakyise douptignh théopdwidi f Trusisondeiiegi on 20
separated fromthe emtter 28 by an isolation region 14B. The p+ diffusion
regi on 20 ﬁfg‘egl]rséamé‘ﬁ%lmoyefétmw the snap ppsk matheniph okiipparasBicltikci de r egi ons 39
are on the p+ diffusgﬁgrre ion 20, the emtter 28, the base 38A and the
collector. The silici 1@6%PB%§“8$@“$@@#éF&HFVmﬁO¥emhmhemtedimggahher. The

silicide i re preferabl eparated by isolation regions (e.g., FOX
or STI). 5&%5 %&ﬁez%é‘ae#ﬂ 1“?%%?’%‘5{?% ufigd N/ stacreds 3pAF2d o ed alhihe Nits

pr ef er abl Si.wafer. Also, the substrate can be a wafer with.a p-doped
wel | or c%ﬁ?gi%ﬁﬁgﬁg;mﬁbﬂF“%SWﬁﬁﬁhration as is known

The emitter 28, the collector 32 and the substrate 10 form a parasitic transistor
and the sqbstrate 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 D72

FIG 1A shows a lateral NPN transistor formed in a substrate. The {ateral NPN
transistor has an emitter 28, a base 38A and a collector 32. The emitter 28 15 preferably butted
against the base 38A; the base 38 preferably butted against the collector 32. The emitter, base
and collects can be spaced .glightly from.eachother and not actx-Jall_y butted.

A p+ diffusion region 20 separated from the emitter 28 by an isolation region
14B. The pt 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., F OX or STI).




to those skilled in the art. The base 38A is preferably floating. The
'substratée 10 acts as a parasitic base. A V-pad 34 is connected the
collector 32. A Vss 36 is electrically coupled to the p+ diffusion region
20 and the enitter 28. FIG1Bis a sinplified electrical scherft iJ8No00] he
first enmbodinents NPN Tx. FIGICis a si rrplifled eI ectrical schematic of

|
the first enmbodi ment’ sTfSh,der 166 |ff|<? | e trlca .
schematic of the first enbodi nent” psr&EgB} %pe re HPeht VG sABSD devi ce

fi.rst . enmbodi nent has
h ]
Lhe Unt que TUBAG (RS R TLELE, RIGM o “ﬁ “f‘“’f 081 sorl R iar S Lapont

capacit vantage is hlgh | eakage and uncontrol |l abl e
sngpbaci vg??ggegékm%%lughfgg a simlar problemto the zenor diode. A Mthod

| ectro-
for first enmbodi ment Thg yretRad of.r the first enbodinent's e
static discharge (ESD) protect fgeeg‘l% fg%“lgs descri bed bel ow and show in

Cin a
FIGIA 10 2 JUN 2009 fidssbsrai8oh 0t 0] solation regions 14A 14B 14
substrate. The substrate 1%ra| s p-d opep(si] ; %e‘%substrate can conprise a wafer

with a p-doped well oracopdiiznaddcaRecb ol Bdior 32
A Vss 36 is electrically coupled to the p+ diffusion region 20 and the emitter .
28.

FIG 1B is a simplified electrical schematic of the first embodiments NPN Tx.

¥1G 1C is a simplified electrical schematic of the first embodiment' s ESD

device. -

FIG 1D is a simplified electrical schematic of the first embodunent' s ESD
device. The invention's ESD device uses the snap back mechanism as shown in FIG 5C. The
first embodiment has the unique advantage of having lower trigger voltage and higher current

capacity. However, a disadvantage is high leakage and uncontroliable 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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P wells. A shallowtrench isolation (STlI) process preferably forns the
‘isolation regions. Next, doped areas are forned. The N and P doped regions
can be fornmed in any order. The N and P doped regions can be-{orr@d qu

di ffusion and nost preferably by an ion inplant (VI) process. V‘é’ of’ a p+
di ffusion region 20 and a base 38A in a substrate 10. The base is a p+
doped region. We forman em tter 28 and a collector 32 in the substrate 10.
The emitter and the dOFh SEEBRSSPPONTeBRNSIEY IR rsa sulitiatepFhedibfasi on

regi on 20 ilg. se arcgﬁgd gromthe emtter 28 by the isolation region 14B.
The emitter 98 1°8%hutt BRIt mR e HaBewnlsap-daiyé weh secoBBimatputdf icindgai nst
the .colle tog 3%‘.8hf1§>rn‘i%g Si { i.cide regions 39 on the p+ diffusion region
20, the enft{et Z8SMGelrgih soladan(SiReraces Pedirabbcions thaigolgonnests.a V- pad 34
to the collector 32. A Vss 36 is electrically coupled (connected) to the p+
di ffusion region 20 and the emtter 28. A lateral NPN transistor is
conprised of the emtter %8, t he base 38A and the collector 32. The base
38A is floating. The éf?f‘% @ied 3pas 4 forpest | The Nownd Bslopsd desichecanbo Srmed 10

forma paragjtisg %%psi tépr?jﬁnd t he supstrate 10 is connected to the p+
) ! rder. iffusi i
di ffusi on région 20. P ope S etent b g%@&’ﬁ&'f@ﬁ‘%mdmt prefefblgbp An ion
' implant (IT) process. We form a p+ diffusion region 20 and a base 38A in a substrate 10. The
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 o+ 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 pt ditfusion region 20, the emitter 28, the base
38A 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

th_e 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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The second enbodi nent is shown in FIG 2A. The second enbodi ment is an

‘el ectro-stdtic discharge (ESD) protection device as part of n-channel MOS
transi stors and P- channel MOS transistors that are forned on the sane
substrate. The second enbodi nent has a first N+ well 40 bet weern ﬁcg%@cond
N+ (collector) region 32 and a P+ base region 38B. As shown 'in E A, the
Vil is cont[EOI Ig% b% t he dopant profiles of the P+ base 38B and the n-
first well “-40 Wif8FEerbimenir &lGedt at point 41. The ESD device of the
second enbodi nent operates using the snap back nmechani smof the parasitic
TX. The emitter 28, thEecplopéenmdimRt oving RHGBAt Tlatsecohd chioydimenpRRASI ti C
t ransi st or find the substrate 10 is connect to the p+ diffusion region 24.
The emi t t e eclEypipisdissharge{§SDhpretectipavieviedns peamn-domeeMOSatanonss anp-dept hs as
the first enbodinent. FIG 2 shows substrate 10 that is p- doped or has a

p- doped r e GHEAFMEYS ranpisorssing sterfamed oathelsaesubstiptendht seand catbh@imendhd . A
first n+ region 38A and a second n +region 32 are in the substrate. A first
p + regi on B NAEILO SewerrR ss90nd i (0elle88Y repia H2rud 2+ BasbsdzioaBBR 1. shovin f i I St
n-well 40 iis_formed in the substrate 10. A portion of the second p+ region
38B and t hé" Bthdie i isrcepradiad Botha Benant irefils of dte Pri-bael 8B40 (A f firssivelgat € 64
is bet weené%h second n+ region 32 and the second p+ region 38B. A second
gate 60 is é‘ﬁ'ﬁ%é‘?fyfrﬁ%”s%%aﬂ‘at P+ Thegt e vag B tipeEceifechbadgrenn eparegiwmg 28, A

parast i o NN, bl 0ol ALl NSl R Ol SRR se>- an emtter 28, a parasitic base,

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 conceatrations and depths as the first embodiment.

FIG 2 shows substrate [0 thqt is p- doped or has a p-doped region/well. The
substrate can have a p-well and other well‘s.

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

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

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

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

A first gate 64 is between the second n+ region 32 and the second pt region

38E.

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

28.

& 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



- 10, and a drain 32. The emtter 28 is forned by the first n+ region 28. The
‘parasitic base 10 is 12 2 JUN 2000 fornmed by the p-substrate 10. and the
coll ector formed by the second n+ region 32 and the first n- well 40. The.
first p+ diffusion region 20 separated fromthe emtter 28 by a® i JoNapigon
region 14B. The first p+ diffusion region 20 can also be called a substrate

pi ckup. Siltbeied By i glsgﬁ‘ﬁrat@qo akfa t%oﬁiglﬁorffe & bypt-l:rggegor;cy ns+| On I’ a&ﬁi}re%’o% ating.

emtter, the base and the coll ector. ase i's pr flera
A V-pad 34 seconnected the collector 32. A Vss 36 is electrically coupled
to the p+ diffusion 20 and the emtter 28. In a first option to the second

embodi ment, the first %dirﬁ%Qgﬂf&srgﬁFe%%n@Qs&%raﬁﬂrfr%nqgené?tﬁgér%g bl 9 & rOU”d by

t hr ough first R and second resistors a véﬁt%ﬁ "of a

ft-tie Wagdh 148 Bhd AHIGH JaM:sRE [ | tage (Vtl). The
?gsrstors (é%hénd R2)ﬂ§hoggmrsréorqggﬁgd%gggg%??gaéta B?E Pcont ri but ed by

the netal ISiRER reddds 30 HRWB YR first LRI 10n§@ G Le] tﬁee %S%%Kﬁe codecgcg

voltage lower. As shown in FIG 2A, the 1 is control

profiles of the P+ ba&@b@gaggmgmt@@b@1k$ﬁgst wel | 40 mhere t hey intersect
at point 41. Preferably the N- wells are a retrograde well. A retrograde
wel | has a | ow sheet A@spasBancennddebiid csitamssan exanple of a retrograde
n-well profile. For exanple, near 0.6 um position below the substrate

surface, there is a nmeXiVisadn idelpitrigllp ealpleli of tha peitisi¢ithnd i QnfQF 28,
| In a first option to the second embodiment, the first and second gates 60 64
are connected to a ground by through first R1 and second resistors (R2). This has the advantage
of a sofi-tie which is a function of reducing the triggering voltage (Vtl}. The resistors (R1 and
R2) shown is for some parasitic effects contributed by the metal lines, etc. However, this R can
be variable to make trigger voltage lower.
- As shown in FIG 2A, the Vt] 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 2 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 ts with a good thermal conductivity

for discharge current, therefore, with a high ESD performance. The silicidation of the drain is
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p-well). That neans, there is a |low resistance path at 0.6 um position
apart fromthe surface. After the device snapback, nost discharge current
will trend to flow along this path. In the other words, discharge path far
away fromthe silicon surface, neans that the peak denS|ty hea@lnguwzms
occurring also far away fromthe silicon surface. The device is with a good
thermal conducti.vi.ty for discharge current, therefore, with a high ESD

per f or mancd™®! FAETEN e g deyicsrE B Perenaaea iherdiage, 18s Pnd oNhOBOBe motbe sedsi t i Vi ty
for, the d I}Sqwg erfornaég& therefore, this kind of the device can be
used in g &R 3P 5¥LEY #YFUn | dea ESD protection. FIG 2B shows a
top down VIeM/Of the second enbodi nent. A Method for the second enbodi nent
The nmethod for the second enbodi ment for the el ectro-static di scharge (ESD)

protection device is degcad ﬁewb@lc?woaﬂdlem@%s&BncFén%o%emV‘é provi de a wafer
wWith a p-substrate 10. W forma first n-wel forme the substrate

10. W& then forman isolation region 14B in the substrate 10. The isol ation
regi ons. of " prefler abWythebidbl thy decenalenitrlimbhon (STI) regions. Next, doped
regions are formed in the substrate. The doped regi ons can be forned in

any order. W forma fTFIe'iﬁet!Eb’B 588 &%r%%nﬁ&ﬂm%%&qgfneqec[}o &9 1%: arge @S@ﬁt he

substrate. W also forma first p + region a secon 38b

in the subgiétadiien d&ice TR sddibe 806 aRttsHbEFLPPR; AL e preferably formed by an
i npl ant process. A.portion of the second p+ region 38B and the second n+

region 32 abutting 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 region' 148 in the substrate 10. The isolation regions
of preferably shallow trench isolation (STT) regions.

Next, doped regions are formed in the substrate. The doped regions can be
formed in any order. We form a first nt region 28 and a second n +region 32 in the substrate.
We also form a first p +region 20. 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 region 20 separated from the first ot 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 n+ region 32 and the second pt region 38B. The secbnd gate 60 is
between the second p+ region 388 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

--  emuitter, the base and the collector.
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the first n-well 40. The first p+ diffusion region 20 separated fromthe
first n+t-region 28 by the isolation region 14B. Subsequently, we forma
first gate 64 and a second gate 60. The first gate 64 is between the
second n+ region 32 and the second p+ region 38B. The second gate 60_is

bet ween the second p+ region 38B and the first n+ region 28. 'ac%%%ﬂm%ot
shown) can be fornmed on the gates. Next, silicide regions 39 are fornmed on
the first p+ diffusi orfhe&giedhB 2refelady fleatingst er, the base and the col | ector.
14 2 JUN 2006 The base 38B is preferably floating. A parasitic NPN bipol ar
transi stor is conpri sédPamsiticd epipelardranst8or ia cpaprasd dfi: en ebasezsPparand a
drain 32. The emtter 28 fornmed by the first n+ region 28. The parasitic
base 10 f@?ﬁé@aﬁiagﬁ@3ﬁ=ghﬁ§ﬁﬁ§t fomped b the fiest cblebmo 28 THequuamdc: bage tde
second n+ fqguﬁg_ 2 qﬁg the first n- well 40. The emtter, collector and
base have tHhE® © ROPEEHE A rnbiis caikeofema Sy g sedoad ff region 32akianki firent . Ve
connect a V-pad 34 to . the collector 32 and electrically couple a Vss 36 to
the p+ diffu 9" S piiers spbecatriond Bie baye thersarppccopinirativns avel dethnaake ke fir st
and second gates 60 64 to a ground 54 by conductive lines that are
represente 4dtt as first (RI') and second resistors (R2). M 3rd

enbodi_nent - FIG 3A
) We connect a V-pad 34 to the collector 32 and electrically couple a Vss 36 to-

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).

II.  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 nt+ 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 3A, 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 third embodiment operates using the snap back -

mechanism of the parasitic TX .
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The 3rd enbodiment is shown in FIG 3A. The third enbodinent is simlar to

t he second enbodi nent, but the n-well 42 covers all of 32 drain. A
parasitic NPN bi polar transistor conprises: an emtter 28 a parasitic base
10 and a drain 32 42. The emtter 28 fornmed by the first n+ region 28. The
parasitic base 10 fornmed by the p-substrate 10. The col | ect o? i$HN oggged by
the second n+ region 32 and the first n- well 42. As shown in FIG 3A the
Vtl is controlled by the dopant profiles of the P+ base 38B and the n-
first well 42 where t LNt ersect at point 43. The ESD device of the third
embodi nent oper at es ursl}%a}l‘tsﬁoé”sssﬁlg%mﬁég%m‘ﬁﬁb‘i‘f’:RFﬁ §hhasf Prdveeddegiondvell dherX . 15

2 JUN 20064 FLG3A,§ : strate that is p- doped or has a p-doped
regi on/ wel ?u. t%e ns%\g?pr‘g Iganggﬁlewé%lg' a p-well and other wells. Afirst n+

region 28 and a secon + I: 2.are i he substrate. Afirst p +
region 20 and a secon%‘flgit [{Jrgg‘%l%{r?gs Bag m?#rteﬁg“ !ﬁﬁ%t"r‘é‘f wbygte. A ety

n-wel | 42 feinedidn Lhgqasy 0. A porti of the second p+ region
38B abutti rfgiot heafi rst n}Q}V\g‘%Fornﬁgsa[%ﬁnethgé@gﬁ%eﬁﬂ region 32 conpletely

abutted by the first anguel i st te . 64,is between the second n+
region 32 and the second p+kvf1g§% %ﬁ'ﬁ\eélglg?e Sﬂxgsg%%dgd‘q@&?@"Bgﬁ?gec%’éﬂmeen t he

second p+ fe@ﬁh 98 g’tﬁlﬁlﬂ%@l@: f{rg%—vfléﬂr@t THe sercgrgii nq-r}egion 32 completely abutted by the first -

n-well 42 .

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

A second gate 60 is between the second p+ region 388 and the first nt 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 1s electrically coupled to the p+ diffusion 20 and the emitter 28.
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24. A parasitic NPN bipolar transistor conprises: an emtter 28 a parasitic
base 10 and a drain 32 42. The enitter 28 forned by the first n+ region
28. The parasitic base 10 formed by the p-substrate 10. The coll ector
formed by the second n+ region 32 and the first n- well 42. ?p;{}ma%éjsi on
region 20 (or substrate pickup) separated fromthe emtter 28

i sol ation rv%gire%n 14B,t Sgg{i Ci d? regi ons 39 are on the emtter, the base and
the col | ect'OF o &ML &5 dapollectas Saf e padihysubsicist 1 higrm ApaasitadraBdlstars
connected the coll ect oL, 32, A ggs 36 is electrically coupled to the p+

di ffusion 20 and the emttaFesdl signscyioieajolifitoarein 2he emitter 28, the
collector 32 42 and the substrate 10 forma parasitic transistor. The
substrate 10 is connect to the p+ diffusion region 24. In a first option to

the 3rd enbodi ment, thg fd.LStaand (s.6& ates are connected to a ground
by through conductive lines Eﬁﬁat grie %%g?cg?ght%%lﬁﬁ%ﬁﬁé??@da@@f“lﬁst (RI) and

second r esicsh@ksd | our@®y SRR b ELS e Vtl i ontroll ed by the
dopant profiles of t e P+ base 388 tavnd‘ﬁ%gk?gat%{&r?ﬁmrsate v@é'glac’t&?ﬁ) Ehey

i nt ersect @Ecda@}éggwg?{mfl G 3B shows a top down view of the third
enbodi nment .

As shown in FIG 3A, the Vil is controlled by the dopant profiles of the P+
base 38B and the ﬁ~ 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 (¢.g., having N- to cover all the N+ or

part of N+ region to vary the Vti).

A; Method for the third 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 tior the first and. se.:cond embodiment&‘;. |

A firstn-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 i+ region 28 and a second n +region 32 in a substrate.

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

region 20 in the substrate 10. A portion of the second p+ region 38B preferably abuts (oris
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Al'so, 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 Vt 1). A Method for the third embodi ment
The nethod of making the third enbodinent's electro-static discharge (ESD)

protection device is described bel ow and shown in FIG 3A Unles Og&ﬁ%\ﬂﬁse

i ndicated, the processes are the sane as for the first and, se€on

' - ' 2 i I, t.he substrate 10. The substrate
o b doped et ol roorart o Sy bAaU T e LR PR S eoral Ton

regi on 14BThs pspaeseh fbRAnb heeh; dm 16 fRr 4R _fi.r . n+ .re_'on 28 and a
segond n +r egipoﬁ 32 ir?%a subsf&g%& e form a Ls'laPéstO?a%OTe%I%? 20, a

second p+ region 38b an@suilitydhd foHah @Ry ERIEL L0 LA LA s URSErate 10. A
porti onpof tﬁe second p+s'eralggni on 388 preftérab ydébsﬁ%s %orﬁ i's Ef'f‘rsébi‘lt&&lgzoos

adj acent t @ybetwien telsedondin Welglon40 andiMi€sce 8N dedidh T389HADsIdnd Rie3HL S ounded by
thje first (ri?-wel I n42 S. ‘rll'hrek pfogi ffmtljsi oSn re;b?o%épozno 'S se%ear At prlsom t he

em tter 28 bbyveantht swb@t j:aBsibe8BdMhd I st nBWRgAMent [y, we forma first gate
64 and a second gate 60. The first gate 64 is between the second n+ region

32 and the second p+ rie@kon 3MBsilidieeS6H00G: daledih) tﬂéoas@ﬁpﬂﬁﬁglietc%?_ second
p+ region 38B and the first n+ region 24. Next, we formsilicide regions 39

on the emitter, the base paneit NENGYolLahRlsor (Eﬁtﬁfdgrpﬁé)%icédﬁisbf 0 DI pglar

transi stor (ESD devi ce) is conprised of an em
28 a parasitic base 10 and a drain 32 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 invéntion is a nov;:l structure and method for a ESD device with lower
and controllable triggering voltage and higher ESD threshold {Vt2, ItZ) without any additional
process steps (e.g., silicide‘ block) or masking layers. The ESD device is targeted for the CMOS
VL3I circuit through other process can also be applicable to the fabrication. 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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28 a parasitic base 10 and a drain 32 42. The emtter 28 is forned 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+t region 32 and the first n- well
42. W connect a V-pad 34 to the collector 32. W electrically ?pugbﬁ UV'ss
36 to the p+ diffusion 20 and the emtter 28. The base 38Bis o] ﬁ@s In
optional steps, the first and second gates are connected to a ground by
conductive |ines represented as first (RI) and second resistors (R2). The
invention is a novel ture and nethod for a ESD device with | ower and
controll abl e triggerlﬁb ey S be Prgrd P eeomy etipeliiksry pelvite wafet. 2) wi t hout

any addi ti I .,. Si.lici |.ock) or masking |ayers. The
- ESD deV|ce2¥§t€”%n8°98§$ ﬁfﬁe&%ﬁgﬁgQT@Tﬂf@%ﬁd@?“?ﬁ?éﬁﬁﬁ“ﬁﬁher process can
al so be appllcable to the fabrication. The process for fabrication
necessary to this ESD device conprised of at |least a N+ source & drain on a

p-wel | or p-substrat gy ve < 9818 A tal. 18 2 JUN
2006 The substrate 10©?gh9ﬁ§£pg§9%§%b%E [elgn h&% ng *F@%éﬂ@ "HHEEi ty
wafer. Al §Qhe frifer&onibGhkMt eRSr Afwifi B@udﬁe%gd E) sﬁ)1 & il l|ﬂ the aﬁgl ESD devi ce

can be reversed. Wiile the invenfion has been |cu \oh VIR Y

descri-bed Wahdts iEHEK BRGRIE Aayt e RHeSHBb: %Qpa?tmr@%&n%&@ﬁntan s!cg}?efdf et Wil be

understood by those skilled i'n the an t at” vari ous es in 16rm and

details mapvdifion B iMbddBOMlcote RAdL RBERThE 118 sSiRfl Ar};an&men 2P of the

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.

19



invention. It is intended to cover various nodifications and simlar
arrangenments and procedures, and the scope of the appended cl ai ns

t herefore should be accorded the broadest interpretation so as to
enconpass g lsuch nodifications and sinmlar arrangenents and procedures.
19 CLAIM5 1. An electro-static discharge protection device conpri singgd UN

2006 a) a lateralclddstatamsdhs L0 bfQfidBl, .0 & substrate; said |ateral N
transi stor having a em'tter,‘Igahi())aese1 aér%(\i]c?acoé%’lnfié%tor; said emtter adjacent

sai d base; sai d)basetedj\PeRRhsisS A Bk e o84 sybstrate is p-doped;
b) a substrate pickup region slcsaparoat ed %‘gjgb%ﬁ?ast%ig%gléﬁ‘faﬁwgw ‘BYysiAT g @t | on
region; c) silicideitregbonsandicdiiadsh; shbshiiat.g.pl,ckun region, said emtter,
said base and said collector; d) said sultgstar%t élpél%lsdpogsep%‘(g%”is‘ﬁd@cb‘ése; e) a
V-pad is connect estidaildtaotdieabaiate id)-dgpcMSs el ectrically coupled to said
substrate pi ckgg_ region and said emtter; whereby said emtter, said

[

col l ector and d@ 3dBstT atlep Feiomsepapaddaiint jatt fidd | 31 Q6@ d.;§ he substrate
is connected to the substrate pickup region. The el ectro-st ati ¢ di schar ge
protection devite %lﬁc%elf%l@nsIonmﬁésmsmtsﬁbld:phagen}is§¢ EhRRE 0062580 said

g:

el ectro-static discharge protection device, conprising:
. . collector;

d)  said substrate is a parasitic base;
€)  a V-pad is connected said collector ;

D aVsselectrically coupled to said substrate pickup region and said emitter

whereby said emitier, said collector and said substrate form a parasitic transistor and

the substrate is connected to the substrate pickup region.

The electro-static discharge protection device of claim 1 wherein said base is floating

An electro-static discharge protection device, comprising:

a}  wafer witha p-substrate;
b)  afirst nt+ region and a second n +region in said substrate;
¢)  afirst p + region and a second p+ region in said substrate:

d)  a first n-well formed in said substrate; a portion of said second pt region and said

second nt region abutting said first n-well;
€)  afirst gate between said second n+ region and said second p+ region;
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a) wafer- wwth a p-substrate; b) a first n+ region and a second n +region in
said substrate; <c¢) a first p + region and a second p+ region in said
substrate; d) a first n-well forned in said substrate; a portion of said
second p+ region and said second n+ region abutting said flrst n-

a first gate between said second n+ region and said second p+ regrd ﬂ@%

JUN 2006 f) a secondcgabgebaleenisalddse + L8gion and said first n+
region; g) a parasitic NPN bi pol ar troang gMan Saldefg“ ”nd%“%i‘n emtter, a

parasitic baseg) antbausitie NeNbipotRit@n M tchahidf.Qr rst n+ region;
sai d parasitic base formed byp said  p-sub tE t%eeqnaggy as‘girad't’ﬁhTSFé‘E‘t‘ Br formed

by said second n+drzieghiarmand tsabdbyf dafdsia i.r st p+ di ffusion
region separated fromsaid enitter by an i sry%%é]f fa(l)ﬂgarmgﬁﬁcgase form)c{“é))i 3%i de

regions on said fi-réstraptadi hidusilen: Tegkoby saﬁjasleéj)n@mt ﬁ) ,anmxaquase ind said

11
collector; j) a V-pad is connected said collector; Vss el'ect e ally

coupl ed to sai p-lsaldlﬁi‘ﬁftlgﬁIdlfﬁlsxamEbgfi)ﬁlsdaaﬁlf@dtﬂtoﬁ{smd%ﬁ[eganlﬁ%lglgn? tter, sal d

col l ector and said substrate forma parasitic transistor an & subst r at e

i s connect to ®he spisiddirdefons bosmid gi Prdifflsichhesid), 86 &fnst ald bcclsedinﬁgzp(?r ge
protection device 1cl)f claim3 wherein said p-substrate is a p- well.
. coliector;

D a V~pad ts connected said collector;
k}  aVss electrically coupled to said p+ diffusion and said emitter; whereby said

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

is connect to the p+ diffusion region.

4. The electro-static discharge protection device of claim 3 wherein said p-substrate is a p-

T well.

5 The electro-static discharge protection device of claim 3 wherein said base is floating.
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5 The el ectro-static discharge protection device of claim3 wherein said
base is floating. 21 An electro-static discharge protection device,
conprising: 2 JUN 2006 a) a first n+ region and a second n +region in a
substrate; said substrate is p-doped; b) a first p + region and a second
p+ region in said substrate; c) a first n-well formed in said substnat gyg a
portion of sai duskcondapdichgioforbishiibng, ccﬁ@irigin%;i rst n-well; said second
n+ regi on conpletely abutted by said first n-well d) a first gate between
sai d second n+r egdifion namticeand a seoantpgios BGI sORtrate €)aiPs 5 ECANG *ngj%g' bet ween
said second p+ region and said first n+ region; a parasitic NP I 'pol ar
transi stor conpri SifiRyp *arciemindiescoad paramnid Giddas@.and a drain; said
emtter formed by said first n+ region; said parasitic base forned by said
p-substrate; &dd S&FHnvGiifeatdn fagrsnitiatoys Saicl of 6DORELH B+ G0N ARG sai d
first n- well, g% ? E+ di ffusion region is separated fromsaid enitter by
an isol ation regP8fhIrshy-v&lly eidiserend etyiesivs conplesaly dhewi b eid firs@i-detbase and
said coll ector ig a V- Ead i s connected said collector; j) a Vss

el ectrical Iy ¢Oupfélt g8e istiveensaid greprd st saiommd ssdisetordiit tegiby: wher eby sai d
emtter, said e(}ol L,egtor a{?q{j said substrate forma parasitic transistor and
the substrate is connects oA bEcHdFuerammnd eud brt Fhesiehect ro-stati c

di schar ge protﬂect id%}asgt?cv[iﬂgi\?b'()f claim 6 wherein said base is floating.

1polar transistor comprising: an emitter a parasitic base and a

drain; said emitter formed by said first n+ region; said jarasitic base formed by said

p-substrate; and said collector formed by said second n+ region and said first n- well;

8)  aptdiffusion region is separated from satd emitter by an isclation region;
h)  silicide regions on said emitter, said base and said collector;

1) aV-pad is connected said collector;
1) a Vss electrically coupled to said pt+ diffusion and said emitter; whereby said
emutter, said collector and said substrate form a parasitic transistor and the substrafe

is connect to the p+ diffusion region.

7 The electro-static di’scharge protection device of claim g wherein said base is floating,
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22 2 JUN 2006 A nethod for an electro-static discharge protection device
conprising: a) formng an isolation region in a substrate; b) formng a p+
di ffusion region and a base in a substrate; said base is a p+ doped

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 enttggy o

adj acent s&i d basehosdt £ HASE. said.co] |l ector; said substrate |s p-
doped; d) forming silicide reé@%%%gﬁﬁ%ggngmmm AY'FF GEPEH# egi on, said

emtter, said bﬁsefoanda%ahs@laugpéeg%mrpi bﬁ)atconnect' ng a V-pad to said
coIIector f) electrically coupling a VSS to said p+ di ffusion region and

sai d emtter ‘hherﬁbyﬁnasgq_glﬂgm)lg;Cf Sal g Q sai d substrate form
a parasitic transistor and the sgggfrate&?saé%ﬁﬁggﬁgg%?%‘ﬁqﬁi 498edi  f usi on

regi on. The net hodgiof, cl aim 8 wherein said base is floating. 23 2 ,JUN 2006
10 .

.c) forming an emitter and a collector in said substrate; said emitter and said collectors
are nt+ doped regions;
said p+ 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 pt diffusion region, said emitter, said base and said
collector;

€)  connecting a V-pad to said collector;

D electrically coupling a Vss to said p+ diffusion region and said emitter; whereby
said emitter, said collector and said substrate form a parasitic transistor and the

substrate is connected to the pt diffusion region.

9 The method of claim 8 wherein said base is floating,
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A nmethod for an electro-static discharge protection device, conprising: a)
providing a wafer with a p-substrate; b) formng a first n-well forned in
said substrate; <c¢) formng an isolation region in said substrate; 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 substpgieja
portion of said second p+ region and said second n+ region abutting said
first n-well; <abehdd fosin qeetrodiafif disihame hRERRA @gggg(gmgmgrom said first n+
region by said isolation region; forming a first gate and a second gate ;
said first gate berwedngsaiatir sétapdultraier €gi on and sai d second p+ region;
sai d second gate between said second p+ region and said first n+ region;
form ng silici#k reghions fon asedidofmadst sqptsudithf.usi on region, said enitter,
sai d base and said collector; wherein a parasitic NPN bipolar transistor
is conprised of) : RAMinge iseletion regipainasil hibsiddase, and a drain; said emitter
formed by said first n+ region; said parasitic base forned by said

p- substr at e; af slarng s firseet seioh ardvedcdy nSadgibnSeeaibsiate:  egi on and said
first n- well, whereby said emtter, said collector and said substrate
form a par asi t P tiPUMEE & fitst b Anepiqnred 8 eAssnd it regivisin oM ndEtkatd, @ pbdiGn Hraid
diffusion region,_ 11 The nethod of claim 10 which further includes
connecting a V-pad 10 PSATRP st pattssend mresionsdbuiting japhlibtyn-eoy plid figt @ Vss to
said p+ diffusion.and said emtter. 12 The method of claim10 which further
i ncl udes connect i g 3Yi "G61P7 °BYralgh How sHd At yatesion tp said isolation region;

f). forming a first gate and a second gate ; said first gate between said second n+
region and said second p+ region; said second gate between said second p+ region

and said first n+ region;

g)  forming stlicide regions on said first pt 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

o+ region and said first n- well; whereby said emitter, said collector and said

substrate form a parasitic transistor and the substrate is conneci to the p+ diffuston

region. -

i1 The method of claim 10 which further includes connecting a V-pad to said collector: and

electrically coupling a Vss to said pt diffusion and said emitter.
12 The method of claimi}1Q which further includes connecting said first and second gates to

-a ground by through a conductive path.
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a ground by through a conductive path. 24 13 2 "UN 2006 The nethod of
cl.aim10 wherein said isolation regions are shallow trench isolation
regions. 14 The nethod of claim 10 wherein said base is floating. 25 2 JUN
2006 15 A nethod for an electro-static discharge protection device,
conprising a) formng a first n-well fornmed in said substrate,; éaiq q
substrateI%s p-doped; b) formng an isolation region in said s bsY?%@@, c)
form ng a'firsifhnmcthedpiohinit vdestcendsomtibh Rgiodark hafow HASH (BLEs, d) form ng
afirst p + region, a second p+ region and a P+ diffusion region in said
substrate; a3@¥tion of said second p+ region abutting said first n-well;
said second n+ region surrounded by said first n-well ; a p+ diffusion
regi on sepér at &b metbed efalagn 10nvitetearsaliybaseris fleohat i on region; e) forming 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 collector; wherein a
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parasitic NPN bi polar transistor conprises: an emtter a parasitic base and
a drain; said emtter fornmed by said first n+ 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 emtter, said collector and
said substrate forma parasitic transistor and the substrate (s connect to
the p+ diffusion region. 16 The nethod of claim 15 which further Ve 2B es
connecting a V-pad to said collector; electrically coupling a Vse to said
p+ diffusion and said emtter; and said base is floating. 26 2 JUN 2006 17.
An el ect r 0° st ati"E WISERA FGE pREcsbrhas revitoe dosrpoigiing: a) a | ateral NPN
~transistor forned in . a substrate; said |lateral NPN transistor having a
emitter, a bas¥ add %ol ERMGH orasd o saidistiseric.adj ademite saidphiase; sai d base
adj acent said l%ol l.ector; .said substrate is p- doped; said base is a doped
region in said’ sUBZELATSOlIGR poloadmsaaberaigi f f er ent concentration than
said substrate; b)for%iEUbettr at e (grl ckup regji on separated fromsaid emtter by
an isol ation rggi on: G Y TErYY 8 §istRad piATesiaR th asubswieat e pi ckup regi on,
said emtter, gai %&%@eaf?}sd said collector: d) said substrate is a
parasitic base; e) a V-pad s Eomiect8YPEH atd 1 eedlpsionrypsion iysaid
el ectr !‘Cal l'_y COUQL%?S@&CE;OPL ﬁ)@t&oq o%lsja?é Eelé;c?'&de;)+etlag(l:ol<r1ua utI;irengg éa%nﬁrgiqlqwsi?lsa?d seeg(::;[dt e_r ’

ot region surrounded by said first n-well ; a p+ diffusion region separated from said

emitter by an isolation region;

e)  forming 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;

) forming silicide regions on said emitter, said base and said collector; wherein a
parasitic NPN bipolar transistor comprises: an emitier 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 n+ 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.

‘16 The method of claim 15 which further includes conneéting a V-pad to said collector;

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

is floating.

26



whereby said emtter, said collector and said substrate forma parasitic
transistor and the substrate is connected to the substrate pickup region.

18. The el ectro-static .discharge protection device of claim17 wherein said
base is floating. 27

2 JUN 2006

17.  An electro-static discharge protection device comprising:

a) a lateral NPN transistor formed in a substrate; said lateral NPN transistor
having a emitter, a base and a collector; said emitter adjacent said base; said base
adjacent said collector; said substrate is p- doped; said base is a doped region in said
substrate; said base has a different concentration than said substrate;

b) a substrate pickup region separated from said emitter by an i1solation region;

¢) silicide regions on said substrate pickup region, said emitter, said base and said
collector;

d) said substrate 1s a parasitic base;

-~ e) :;1 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.

18.  The electro-static discharge protection device of claim 17 wherein said

base is floating.
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