I% MOSFET W TH ELECTROSTATI C DI SCHARGE PROTECTI ON STRUCTURE AND METHOD OF
FABRI CATI ON BACKGROUND A semiconductor integrated circuit (1C) connected
to external ports is susceptible to electrostatic discharge danage from
the operating environnment. Electrostatic discharge occurs when electrical
‘charge is rapidly transferred between one or nore pins of the integrated
circuit and an -external object. The dcaling-down of integrated circuits L
further increases the possibility of circuit danmage from el ectrostatic

di scharges. Electrostatic discharge protection circuits may be used to
shunt the electrostatic energy to protect sensitive core integrated
circuits. However, currently available electrostatic discharge protection
circuits are eithlglro'sri;?‘IT 1 ough t%egrotect sensitive core circuits
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accordi ng 0 aspects of ¥he present =t
s ugn to protect sensilive core circuits with smaller pattern feature size, raquire extra

processing, or are not cost-effective.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is best understood from the foliowing detailed description

when read with the accompanying figures. It is emphasized that, in accordance with the standard

practice in the industry, various features are not drawn to the scale. In fact, the dimensions of the

various features may be arbitrarily increased or reduced for clarity of discussion.

Fig. la is a schematic diagram of one exemplary embodiment of én elecfrostatic

£ ) discharge protection structure constructed according to aspects of the present disclosure.

Fig. 1b is a plan view of the exemplary embodiment of the electrostatic discharge
protection structure of Fig. 1a. |




disclosure. Fig. 4 is a schematic diagramof yet another exenplary

enbodi nent of an electrostatic discharge protection structure constructed
according to aspects of the present disclosure. Fig. 5is a flow chart of
one exenplary nmethod for fabricating an electrostatic discharge protection
structure constricted according to aspects of the present disclosure. Figs.
6- 10 are cross-sectional views of oneZexenplary enbodi nent of an

el ectrostatic discharge protection structure during fabrication using the
method of Fig. 5. Fig. 11 is a cross-sectional view of one enbodi nent of an
integrated circuit in sem conductor substrate constructed according to
aspects of the pﬁgszH1£LSC|OS re. QFTAILED DESCRI PTI ON The present
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eléctrostatic di scharge protection structure 100. The structure 100

i ncludes a sem gpndugt PFowS t I one n-t t al oxide
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Figs. 6-10 are cross-sectional views of one exemplary embodiment of an electrostatic

discharge protection structure during fabrication using the method of Fig. 5.

Fig. 11 is a cross-sectional view of one embodiment of an integrated circuit in

semiconductor substrate constructed according to aspects of the present disclosure.

- DETAILED DESCRIPTION

The present disclosure relates generally to the field of semiconductar integrated

circuits, more particularty, to electrostatic discharge (ESD) protection circuits,

1t is understood that the followiﬁg disclosure provides many different embodiments or
examples for implementing different features of the invention. Specific examples of components
and arrangements are described below to simplify the present disclosure. These are, of course,
merely examples and are not intended to be limiting. In addition, the present disclosure may
tepeat reference numerals and/or letters in the various examples. This repetiltioﬁ is for the

purpose of simplicity and clarity and does uot in itseff dictate a relationship between the various

embodiments and/or configurations discussed.

Fig. la is a schematic diagram of one exemplary embodiment of an electrostatic

discharge protection structure 100. Fig. 1b is a plan view of the exemplﬁry embodiment of the




di sposed in the substrate 110 to separate the NMOS 115 from-oneanot her =
The isolation regions 120 may be fornmed using | ocal oxidation of silicon
(LOCCS), shallow trench isolation (STI), or other suitable nmethods. The
structure 100 may further include p-type doped regions 130 that may
function as a pickup for substrate bias. The NMOS transistors 115 may each
include a source region ("source") 130, a drain region ("drain") 150, and
a gate stack ("gate") 160 interposed between the source 140 and the drain
150. The gate stack 160 further includes a gate dielectric and gate

el ectrode. Furthernore, the NMOS transistor 115 includes a reverse type
doped region 170 |laterally disposed in the drain region 150 and drain
contacts 180. The drain 150 may be coupled to an input/output, pad through
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For enhanged electrostatic discharge protection, NMOS 113 includes the p-type

doped regions (“reverse doped™) 170 formed laterally adjacent to the drain region 150.

Therefore, 2 p-n junction is formed wherein the reverse doped region 170 may have a higher

dopant concentration than that of the substrate 110. For example, the dopant concentration per

B unit area of the reverse doped region may be on the order of about 10" cm™ co?ﬁpared with the
{w dopant concentration per unit area of the drain region 150 on the order of about 10% 5m*2. The
upper surface of the reverse doped region 170 may be substantially coplanar with that of the

drain region 150. The p-n junction formed by the reverse doped region 170 and the dram 150

provides a lower reverse breakdown voltage of the p-n junction than that of a p-n junction

between the drain 150 and the substrate 110. In this manner, electrostatic discharge protection is

enhanced.

The reverse doped region 170 may be formed by a doping process inciuding
conventional implantation methods known in the art. The reverse doped region 170 may be
formed simultaneously with other p-type doped regions. For example, the reverse doped region

170 in the NMOS transistor 115 may be formed simultaneously with the source/drain or lightly-




addi tional photomask and inplantation steps are required to formthe
reverse doped region 170. The NMOS transistors 115 incl udes source regions
140 and drain regions 150 formed w thin or over the sem conduct or
substrate, in which the source and drain may be forned directly in a
‘p-type substrate, in a p-well structure, over a silicon germanium | ayer, or
a silicon carbide layer, or in a raiged stricture. The source and drain
may have a conplicated doping profile for enhanced performance inpl enented
by a nultiple inplantation processing. For exanple, the source and drain
may include Iight doped drain (LLD) region forned by Iight dose
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an n-wel | hawmefinBE Pstugpe, s ddbter mteastrudture tone multt-ggeRMOSu215 may be fabri cated
using a P-well, or a dual-well structure, and may be fabricated directly
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subst r at e disteesi Bofeatoroprce A0y mpwmwmeﬁnsmhaﬂMbnwteahmokmgwmu@mch as

| ocal oxi Q@Js!rﬁélzﬂf pos‘f&de'nﬁé‘?ﬂ" ofu'd%éonﬁl gnrsf'lg W tttaﬁs%%gggw?@%@él‘fs anp[\{qééro) The

substrate may further include type ope regi ons unc
i ncl udi ng2&% foameq @ktbﬂf)sqb@trat&s@@s@zpcb}[s@atmnaguctures 220. The protection structure 200 may

further inciude n-typed doped regions 230. The PMOS transistors 215 each includes a source
region (“source”) 240, & drain region (“drain”) 250, and a gate stack (“gate™) 260 interposed
between the source 240 and the drain 250. Furthermore, the PMOS transistor 215 includes a
reverse type doped region 270. The PMOS 215 may 'also include drains contacts 28C. i is
understood that other components and/or layers may be present, but are not shown for purposes
”“} of clarity. | “

The substrate 210 of Fig. 2 may be a portion of an n-type doped substrate or an n-well
over a p«tyﬁe substrate. Further, the PMOS 215 may be fabricated using a P-well, or a dual-well
structure, and may be fabricated directly onto or within the semiconductor substrate. In the
present example; there is an isolation region 220 to isolate the PMOS 215 from device in the
substrate. The isolation region may utilize isolation technology, such as local oxidation of
silicon (LOCOS) and shatlow trench isolation (STI). The substrate may further include n-type

doped regions 230-with functions including as a pickup for substrate bias.




f '~ 5 The PMOS transistors 215 may be used in an input/output interface
circuit for enhanced electrostatic discharge protection. The PMOS
transi stor- 215 may have a FinFET structure, and may have a strained
channel having enhanced carrier mobility. In PMOS transistors 215, the
‘'source 240, the drain 250, and the gate stack 260 interposed between the
source and the drain may conprise substantially simlar materials and
structures used in the NMOS transistors 115 except the doping type is
opposite. In one exanple, different netal silicide fromthose used in NMOS
transistors, for contact areas, may be used for optimzed work function
and device performance. In one exanple, the silicide |layer may be
elimnated in thergr i r i I
i nput / out put |nte?$%§g6sggﬁgggg 1$h QFPEN%§2§OQ£§$E%§&%5%%%f#gq%SWﬁg%ied to
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215 to forma p-# éf‘éfﬁ%tfia@?‘mﬁhél‘fhlthe sthiecer ) ertbe duop? ity 27 Giengeje anke26d)
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drain regi BRsturey keed up fhe NMQIT frargistoof | 16 he%pletvwwgdmedompegmhw mmyexiyeple.ur t her
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formed by the reverse ope reglion an raln prOV|des a 10wer reverse
brgakdown gintizegevask firlgeorpand c}euncmamnntammn ¢rivadxample athp-silicjdarieger omeyldet ween
the drain t el ectrostatic.di.sc tection
is enhance%ﬁgT e Pe@gﬂgépg&g%} Fi%?gﬁﬁg7bmmmmm %eL%wn%alﬂnlgggm &5 50
dopi ng pr@Ué@%TﬁndmudﬁﬁgmudmwmmuhonmmmﬁﬂpéamhanMﬂmmknﬂmmnmght&eaﬁglm)The
reverse do neous ot her n-type
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transi stor 215 can be forned si mul t aneously with source/drain doping or
LLD dopi ng of NVOSrigrans seorizbip ﬁhewgansh%hphanm&mﬁchpwiceems(rN@we
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reverse dop d fegio

orm a p-n junctlon wherein the reverse doping 270 may have a higher doping concentration than

that of the substrate 210. In another embodiment, the reverse doped region laterally inierposes
between two drain regions. The upper surface of the reverse doped region may be furiher
substantially coplanar with that of the drain region. The p-n junction formed by the reverse
doped region and the drain provides a lower reverse breakdown voltage of the p-n junction than
!,\‘i that of 2 p-n junction between the drain 250 and the substrate 210 and eiectrc;staiic“discharge
protection is enhanced. The reverse doped region 270 may be formed by a suitable doping
process including conventional implantation known in the art. The reverse doped region 270
may be formed simultaneously with other n-type doped region. For example, the reverse doped
region 270 in the PMOS transistor 215 can be formed simultaneously with source/drain doping
or LLD doping of NMOS transistors by the same implantation process. No additional

photomask or implantation process is required to form the reverse doped regicn,

Fig. 3 is a schematic diagram of another exemplary electrostatic discharge protection
structure 300. The structure 300 includes a semiconductor substrate 310, NMOS 315 formed in
the substrate 310, and isolation structure 320. The structure 300 may further include p doped

regions 330. The NMOS transistors 315 may include source regions {"source™ 340, drain




13

Fi g. 3 is a schematic diagram of another exenplary electrostatic dischar ge
protection structure 300. The structure 300 includes a sem conduct or
substrate 310, NMOS 315 forned in the substrate 310, and isolation
structure 320. The structure 300 may further include p doped regions 330.

The NMOS transistors 315 may include source regions ("source") 340, drain 6

regions ("drain") 350, and gate stack®$ ("gate") 360 interposing between the
source 340 and the drain 350. Furthernore, the NMOS transistor 315

i ncludes a reverse type doped region 370. The NMOS 315 may al so incl ude
drains contacts 380. It is understood that other conponents and/or |ayers
may be presehs (‘duin”ab®, mat gahawts {('QhteDUEP QB Boshl belwaEd thY souFRS 48 LidiGL Ur e

300 is sub sane t struc e 100 in Fig. | but the_reverse
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wher ei n thﬁ Jeverse E tytg% nge i ons a hi gher dopi ng

concent ratidn Uhan” FRSE: of 2 [§f3 ?Qt‘@osefﬁ%ﬁ%"‘%verse p-type doped el ement
is laterally contacting and interposed between two n-type doped drain
regions. In one Brboditwmedt) istnabsbzexﬁailytsamwrmxismu& atie Fat a@ktSthBG@/ersé Wo

reverse do 0, alternati are |l ocat ed anon ree n-type
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an input/ he t| a m of anot her exenpl ary
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di §char ge iprletcedy | @atactigeast iuaposee HOReh n@;b USleSe dop&E M0 REHIGE Ol SHbstrate
41 PMOSEE sd1415 Il%\Qt ed i n/over the substrate 410, and isqlatjon

struct ure A20° " he SHTGEt WP PRI HayRuittde r38ndrade s Jped dogas Py ons
430. The Matnﬂeb&’ﬂ&lositﬁl’e&ncﬂrmgShrﬁaMtypaedeéd@ra&Dﬂéé@@s 45 @BsQNSd in SO Yr Gehdr, 440,
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415 i ncl udesit/autpe\pat.se type doped regi on 470. The PMOS 415 may al so incl ude
drains contacts 480. I t i's understood that other corrponent s and/or |ayers
may be present, t%ug £€a s %%1:1 1C %Yggra];nogfq tt%(r)scfcsmp ary sltructur%y400 iHustrating a
particular implementation of electrostatic discharge protection. The structure 400 includes a
senliconductor substrate 410, PMOSFETs 415 located in/over the substrate 410, aud isolation

structure 420. The structure 400 may further include n-type doped regions 430. The PMOS
transistors 415 may include source regions (“source™) 440, drain regions (“drain’) 450; and gate

stacks (“gate™) 460 interposing between the source 440 and the drain 450. Furthermore, the

:) PMOS transistor 415 includes a reverse type doped region 470. The PMOS 415 xrlay aléb inq!ude

drains contacts 480. It is understood that other components and/or layers may be present, but are

not shown for purposes of clarity.

The structure 400 has a multi-element structure and is substantially the same as the
structure 300 in Fig. 3 but all doping types are opposiiie. A plurality of reverse n-type doped
elements are disposed in the p-type doped drain 450 to form p-n junctions wherein the reverse n-
type doped regions have a higher doping concentration than that of the substrate. A reverse n-
type doped feature is laterally contacting and interposing two p-type doped features. In one
embodiment, between twa proximate' gate stacks 460, two reverse doped regions 470

alternatively are located among three p doped drain features as illustrated in Fig. 4. Further,




The structure 400 has a multi-element structure and is substantially the

same as the structure 300 in Fig. 3 but all doping types are opposite. A

plurality of reverse n-type doped elenents are disposed in the p-type

doped drain 450 to formp-n junctions wherein the reverse n- type doped
regi ons have a higher doping concentration than that of the substrate. A

reverse n- type doped feature is latérally contacting and interposing two
p-type doped features. In one enbodinment, between two proxi nate gate
stacks 460,. two reverse doped regions 470 r: alternatively are |ocated
anong three p doped drain features as illustrated in Fig. 4. Further, 4 7
contact features are positioned over each p doped drain features and are

connect ed tantaan fealuPRUiré Quiifiabd RRE- edbh pi Sopd GRS S rQAM:st DAt sk h@nPcRIOAtan
dlsclosure.ger|des a new integrated circuit structure wherein each drain

feature haSPH{PUPBRRSE- one reverse doped region lateral ly adjacent and
| aterally contacting the drain to forma p-n junction for enhanced

el ectrostatic di schamgesiperfhanmnaen dBRsurd¥iiaes: Mankphiclicitdiednb@rt he
above-illus%rated MOS .transistors as in Fig. |, PMOS transistors as in

Fig. 2, mulPrRrEheit felEres 2ulpta0s syrsmormossior Sstlyradiasent sniagraly  and
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may be oth r.deV|ce§.su§h @S hi gh voltﬁge MOSFETs, Fi nFET devi ces, and
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wi th ot her dopihg processes, the fabrication cost may be reduced. Fig. 5 1is
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present disclosure. The nethod 500 begins at step 510 by providing a
sem conduct®BRCEH b F MPEVHIR ReP- FeRFE cesTSE Topedndzion 20y &¢ fpinedstimualtaeously Fi g.

6. The deviigeotfel QopiByprbR6l-UdR s l-YRe HoRed el QX @ p-type substrate and
a gate stack 630 including a gate dielectric and a gate el ectrode. The gate

di el ectric may iqplgde suitable dielectric material or may have a
mul ti | ayer 1g. 2 1s a flowchart of one embodiment of a method 500 to fabricate an electrostatic

discharge protection devices constructed according to aspects of the present disclosure. The
method 500 begins at step 510 by providing a semiconductor substrate havirg devices 610 and
620 as illustrated in Fig. 6. The device 610 may include p-type doped well or a p-type substrate

and & gate stack 630 including a gate dielectric and a gate electrode.

The gate dielectric may include a suitable dielectric material or may have a multilayer

structure comprising a plurality of dielectric materials. Preferably, the dielecthic material may

\/ 13 have relatively high integrity and low current leakage. Examples of the dielectric .maten'al
wclude silicon oxide, siticon nitride, silicon oxynitride, and a high dielectric constant, k. The

high k dielectric may include hafhium oxide, zirconium oxide, aluminum oxide, a hafﬁium
dioxide-alumina {HfO2-A1203) alloy, or combinations thereof. Gate dielectric may be formed

by thermal oxide, atomic layer deposition (ALD), chemical vapor depesition (CVD), or physical

vapor deposition (PVD). The gate dielectric may include additional processes during formation

such as nitrogen treatment of thermal oxide layer, and/or annealing of the gate dielectric stack

including both silicon oxide and high dielectric constant layer. The gate electrode may include

conductive materials and may have multilayer structure.

The gate clectrode may be silicon-containing, germanium-containing, other

conductive material, and combinations thereof For example, the conductive material may




structure conprising a plurality of dielectric materials. Preferably, the
dielectric material may have relatively high integrity and | ow current

| eakage. Exanples of the dielectric material include silicon oxide,
silicon nitride, silicon oxynitride, and a high dielectric constant, k. The
‘high k dielectric may include hafnium oxi de, zirconium oxide, alum num

oxi de, a hafnium dioxide-alumna (H02-A1203) alloy, or conbinations
thereof. Gate dielectric may be formed by thermal oxide, atom c |ayer
deposition (ALD), chem cal vapor deposition (CVD), or physical vapor
deposition (PVD). The gate dielectric may include additional processes
during-for I eaf ment and/ or
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phosphorous for example. Pardmeters for ion implantation including dose and implanting energy

depend on fabrication technology and integrated circuit technology node. For exami}le, the
2

implant dose may range from about 1x10' to about 8x10"* cm

In step 530, with additional ceference to Fig. 8 as a cross-sectional view of the device

N structure during fabrication at step 530, P-type LDD doped regions 650 are implemoﬁtcd by a
) conventional doping process including ion implantation and diffusion to from a source and a
drain in the device 620. During the same process, a reverse doped feature 660 is simultaneousty

- formed in the device 610 along with the LDD doping region 650. The LDD doping regions 650

and the reverse doped region 660 may be formed by ion implantation. The dopant may be Boron,

for example. The parameters for ion implantation, including dose and implanting energy, may

depend on fabrication technology and integrated circuit technology node. For example, the

implant dose may range from about 1x10" to about 8x10'% cm™,

In step 540, with additional reference to Fig. 9 as a cross-sectional view of the device

structure during fabrication at step 540, 2 spacer feature 680 is formed for both the devices 610 _




and the reverse doped region 670 may be fornmed by ion inplantation. The
dopant may he phosphorous, for exanple. Paraneters for ion inplantation

‘i ncl udi ng dose and inplanting energy depend on fabrication technol ogy and
integrated.circuit technol ogy node. For exanple, the inplant dose may
range from about |1x1013 to about 8x1014 cm 2. In step 530, with additional
reference to Fig. 8 as a cross-sectiohal view of the device structure
during fabrication at step 530, P-type LDD doped regions 650 are

i npl enented by a conventional doping process including ion inplantation
and diffusion to froma source and a drain in the device 620. During the
sane process, a reverse doped feature 660 is sinultaneously forned in the
device 610 along with the LDD dopi ng regi on 650. The LDD dopi ng regions 650
and the reverse doped regi on 660 may be forned by ion inplantation. The
dopant may 2p&%BoFtsrepacefsdil ex appicncd Theotpsideambine gete fiork §3Gnaridnpdyeasmatison,
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The method 500 may include further processes to form contact to connect the gate,
source, and the drain. The contact to the drain may be wired to 1O pad through metal
interconnection structure. The method 500 may further include to form a stress film overlying
and conforming the underiying devices 610 and 620. The method 500 may further include other

processes to form multilevel inferconnection structure.

ST
N

The disclosed method described and iliustrated through Fig. 5 to Fig. 10 is only an
exemplary embodiment. The similar method could be used to from multi-element reverse doped
features as illustrated in Fig. 3 and Fig. 4. In another embodiment, the reverse doped regions

may be formed along with heavy doped regions by heavy implantation.

Fig. 11 is a cross-sectional view of one embodiment of an integrated. circuit 900 in
semiconductor substrate constructed according to -aspects of the present disclosure. The
integrated circuit 900 is one environment in which the NMOS transistor 115 of Fig. 1 and/or the
PMOS transistor 215 of Fig. 2 may be implemented. For example, the integrated circuit 900
Ancludes a plurality of NMOS and PMOS (ransistors 910 and 520, wherein the plurality of
devices 920 may be substantially similar to the NMOS transistor 115 of Fig. 1 and/or the PMOS
transistor 215 of Fig. 2. The plurality of devices 910 may be used for IC core devices.




formed by boron ion inplantation. Both inplant doses are rangi ng from about
1015 to about 1016 cm The nethod 500 may i nclude further processes to form
contact to connect the gate, source, and the drain. The contact to the .
drain may. be wired to I/0O pad through netal interconnection structure. The
net hod 500 may further include to forma stress filmoverlying and B
conform ng the underlying devices 610 18nd 620. The nethod 500 nmay further

i ncl ude other processes to formmultilevel interconnection structure. The
di scl osed nethod described and illustrated through Fig. 5 to Fig. 10 is
only an exenplary enbodi nent. The sim/lar nethod could be used to from

mul ti-elenent reverse doped features as illustrated in Fig. 3 and Fig. 4.

I n anot her enbodi nent, the reverse doped regions nmay be forned along with
heavy doped regi ob¥ w%gﬁéﬁvvﬂwﬁpl%ﬁtﬁﬁxGwhﬂﬁigﬂﬂﬁmmW§ & cygsling elbrongna
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substrate construcCted according to aspects of the present sclosure. The
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transi stor . The plurality of devitces e used
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transi stors erm)re ransi stors 920
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contacts/vja. 932 . ScoRdgctive line 934 enpl oyed to interconnect ones of
t he pl ura\ﬁ:ty tQ%fuzi‘llf'\f)&&gtran'si stors 910 and 920, and/or to connect ones of

the plurality of MOS transistors 910 and 920 to other devices integral to
or discrete fromlhsdidesiriedtvaiseteay comprisggoiconvetids illadrinaigd sdice gass {F¥m -
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nanot ube (CNT), doped polysilicon ani um SI icid tantal um'si|icide,
ot her condié? @Vgorn@f @rqr%qesseg)mcludmg chemical mechznical pohshmg (CMP). The dielectric

layers 940 may each have a thickness ranging between about 500 nm and about 2000 nm,
although the dielectric layers 940 are not limited by the scope of the present disclosure to

particular thicknesses,

. ~ According to the aspects of the present disclosure, each of the transistors 920 may
further comprise a reverse doped region 922 which is laterally contacting a draip 924 to form a
Y i “p-n horizontal junction and the dopant concentration of the reverse doped region 922 is higher
than that of the substrate or the well around. The transistor 920 may be an NMOS transiétor, ora
PMOS transistor. The transistor 520 may be used as a part of VO circuit for an enhanced

electrostatic discharge performance.

The NMOS transistor described herein may have a FinFET structure, and may have a

strained channel having enhanced carrier mobility. The NMOS may be fabricated using a
P-well, or a dual-well structure, and may be fabricated directly onto or within the semiconductor

~ substrate. The semiconductor substrate described herein may be an elementary semiconductor
including silicon or germanium in crystal, polycrystalline, or amorphous structure, ‘or dizmond; a
compound semiconductor including silicon c:irbide, galtium arsenic, gallium phosphide, indium

phosphide, indium arsenide, and indium antimonide; or an alloy semiconductor including SiGe,




conbi nations thereof, The interconnects may be fornmed by PVD, CVD, plating,
‘ALD, and other processing including CMP. The dielectric |ayers 940 may
conpri-se silicon oxide, fluorinated silica glass (FSG, Ilowk materials
and/or other materials, and may be formed by CVD, spin-on glass (SOG, PVD,
‘ALD and/ or ot her processes including chem cal nechanical polishing (CWP).
The dielectric |layers 940 may each Mave a thickness rangi ng between about
500 nm and about 2000 rim although the dielectric |layers 940 are not
limted by the scope of the present disclosure to particular thicknesses,
According to the aspects of the present disclosure, each of the transistors
920 may further conprise a reverse doped region 922 which is laterally

contactin form a ori.zont a ction and_the dopant
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ar?)enl c, galliump hosghl de i ndium phos , I ndium arseni de, i ndi um

ant'i moni de®" FFUBIRT afuclhyas s%fﬁ“&o%u}ft”éﬁﬂf |(ﬁ81)udi gt Gdm @wAser (AFThAsThe
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seni conduct or substrate may contain silicon, gernanium carb
conbi nat i oF&IPRGIEEEFUbSFE mHEClithbepre e layes aeﬂurlgiilia$®mht@ih@nmaromle$ tisst r at e

may have gfeﬁﬁiioﬁdl&:toash@@raft@rﬁiﬂ{aeeé&u%ymtrhggre Si and Ge conposition change
fromone ratio at one location to andother ratio at another |ocation of the

gradient SiGe feature. |In another enbodinent, a crystal silicon |ayer may
formed - overlyi ng}hf" HEC glrhY! G cendiiys desableed appveamat Welude rsedidestic and

stressed | gyediectisdcdaposit BidleQMEMmal BEa suitable dielectric material or may have a multilayer

structure comprising a plurality of dielectric materials. Preferably, the dielectric material may
have relatively high integrity and low current leakage. Examples of the dielectric material
include silicon oxide, silicon nitride, silicon oxynitride, and a high k dielectric. The high k
dielectric may include hafnium oxide, zirconium oxide, aluminum oxide, a hafnium dioxide-
alumma (HfO2-AlI203) alley, or combinations thereaf. The gate electrode may include
L/, conductive materials and may have multilayer structure. The gate electrode may b; silicon-
containing, germanium-containing, métal—containing, or combinations thereof. The conductive
material may comprise doped polycrystalline silicon (poly-Si), poly-SiGe, metal, metal silicide,
metal nitride, metal oxide, carbon nanotube, or 2 combination thereof. The metal may include
copper, tengsten, aluminum, aluminum alloy, paltadium, titanium, tantélum, nickel, cobalt, and
molybdenum. The metal silicide may include copper silicide; tungsten silicide, aluminum
silicide, palladium silicide, titanium silicide, tantalum silicide, nicke!l silicide, cobalt silicide,
erbivm silicide, and molybdenum silicide. The gate stack may further include spacers, which are
positioned on both sides of the gate dieleciric and the gate electrode. The Spacers may comprise
a dielectric material such as silicon nitride, silicon oxide, silicon carbide, lsilicon oxynitride, or

combinations thereof. It should be noled that the above lists possible materials that may be




transi stors wherein the stressed |ayer may include nitrogen-containing
material such as silicon nitride and silicon oxynitride. Furthernore, the
sem conductor substrate may be a sem conductor } on insulator, such as
silicon on insulator (SAO), or a thin filmtransistor (TFT). The

sem conductor substrate may include a buried oxide |ayer (BOX). In sone
exanpl es, the sem conductor substratéZ2my include a doped epi |layer or a
buried layer. In other exanples, the semnm conductor substrate nay have a
mul tilayer structure. The gate stack of the transistors described above may
include a gate dielectric and gate electrode. The gate dielectric may be a
suitable dielectric material or may have a multilayer structure conprising
a plurality of dielectric materials. Preferably, the dielectric materi al
may have rel tlvely g integrity and | ow current | eakage. Exanpl es of
the diel ect FTE° %f?%ﬁl“mﬁ@ng@h§E¢P@bﬂﬂﬂuﬁmeumﬁmtmeamxﬂy@nhﬂ&;mambkgon
oxynltrlde,maﬁdia high k dielectric. The high k dielectric may include

haf ni um oxi de, zirconi um oxi de, alum num oxi de, a hafni um di oxi de- al um na
(Hf 02- A1203) aIIoW i<Qf cgﬁﬁbgatlon t hereof . The gate el ectrode may incl ude
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titani um tantal u and nol ybdenum The netal silicide may
F tc)l ude copper si Imllm dg% l%g{bbdlme t%ﬁ Gp Pfe&qnﬂ@s‘:l%ﬂirﬁaﬁdﬂﬁﬁ o g¢spiikeid dredetqplatibsdi um
silicide, skillgghinugie srtIShmlkﬂer;detsamﬂ #atmriit bithga, SL{BEtﬁll_ftﬁJlns sld Alfébﬂgs nfEa%boa' t

silicide, i ybdenum silicid he gate

further i n(r:rf?j Egg&%%@?@ d%%tlr@hntgoé‘?ng‘e SHEindiserrs @t 81 be@%ﬂﬁ disfloraee. ofa‘hetm.esegat e
di el ectri cdaresuheigaicen edesaibeddelativeNe SPRELERd TBYLGRIRL | S undh gl €Ctri ¢
mat eri al SHB@fgﬁmﬁnL £on nitride, silicon oxide, silicon carbi ﬁe $i i con
oxyni tride P AT BRePPRIGRY R 8frsons o etatycrkbln tstascbntvheter tebrbn@thmve
lists possilistlesuratredicales wihiatihdBiit BRI sdpe o@%'aﬁéﬁ%@!ﬂdn 40 Enlf ol%E sLaLlC

i
di scharge protection structure but are nerely given as exa Stﬁeé?
lons, changes and substitutions are intended 1n the foregoing dlsclosure and in some

Instances some features of the invention will be employed without a corresponding use of other

features. Accordingly, it is appropriate that the appended clzims be construed broadly and in a

manner consistent with the scope of the invention,




It is understood that other device conponents and/or |ayers may be present
in Figs. I through 4 but are not shown for the purpose of clarity.

Further, it is understood that the reverse doped regionis not limted to
NMOS structures, but may be used to foninother field effect transistors

i ncludi ng high vol tage devices. Al though enbodi ments of the present

di scl osure have been described in detail, those skilled in the art should
understand that various changes, substitutions and alterations may be nade
herein wi thout departing fromthe spirit and scope of the present

di scl osure. The present disclosure has been described relative to a
preferred enbodi nent. I nprovenents or nodifications that becone apparent

to persons of ordinary skill in the art only after reading this disclosure.

are deenmed within the spirit and scope of the application. .It is understood
that several nodifications, changes and substitutions are intended in the
foregoi ng disclosure and in sone instances sone features of the invention
will be enployed without a correspondi ng use of other features.
Accordingly, it is appropriate that the appended clains be construed
broadly and in a manner consistent wth the scope of the invention. 13
VHAT |S CLAIMED I'S: A sem conductor circutt, conprising:

asenti conduct orgubsttais 2 sem conductor device having a first drain
region and a source region disposed in the semiconductor substrate and
havi ng a channg| region bet we BentibiadEd tieRit, ataprhingst drain  regions,
wherein the first drainr ion is coupled to a drain contact; a. further
devi ce havi ng & sdeoy HW@ reglon di epoced In the senlconductor

substrate; andg m&@u@t&aedmmagﬁmmwoawa astjrazcregion dirgsadde 8eal |y

contactlngtheflrst drain i.on side of the That..drai it @gihon
opposi te f PeOHRORpElOL S‘?ﬁ?\g ’dm}ﬂ§ gel{f“’é?&“i% he second drain

regi on, mhﬁﬁQMDwﬁﬁﬁh&@ﬂﬁﬂﬁﬁnﬂ@mﬂﬁH$Q@MQMahﬂﬁaﬂnm.OppOSIte dopi ng type from
higher ¢ han t hafw@F dETe ReBmt R OHIArB S S apPA bgRe S B BRIERG R | °F
floating. the ReMehs@®perRgicth BREMNGAdjRRE chilftefally ntactingithes ﬁdmm ona

side of the firet drain region opposite from the chianncl region, and disposed adjecent the pond

drnin region, wherein the reversc doped region hes an opposite doping type from that of the firet

and second drain rcgwng, has & dopent concentration higher thun that of the ‘semicanduotor

substrate, and is clectricatly floating, tho reverse doped rogion and the first drein region

forming a p-n junction.

2. The semiconductar cireuit of claim 1 further compriting e
conductive contect coupled biatwoon the fitet drain region and an input/output pad.

3 " The cemicondustor clteult of claim 1 wherein the semiconductor gubsimate
comprises materiels selected fiom the group consisting of gilicon, gotmanium, diamond, silicon
carbide, gallinm arseitic, galliam phowphide, indium phosphide, indium arsenido, and indium
entimonide, 8iGe, GrAsP, AllnAs, AlGeAs, GaluAs, GalnP, and GalnAsF.

¥




fanning a p-n junction. 2. The sem conductor circuit of claim1 further
conprising a conductive contact coupled between the first drain region and
an input/output pad.. 3. The sem conductor circuit of claiml wherein the
sem conductor substrate conprises matiérials selected fromthe group

consi sting of silicon, gcrutanium dianond, silicon carbide,

gal I i um aneui ¢, gallium phosphi de, indi um phosphi de, indium arseni de, and

i ndium antinoui de, 3iCe, GaAaP, AITAE, Al GaAs. GatnM Cel nP, and Gal nvP.

Et 14 4. The sem conductor circuit of claiml wherein the sem conductor
substrate conprises a buried layer. 5. The sem conductor circuit of claim
| . wherein the seniconductor substrate conprises an epitaxy silicon |ayer
over silicon germaniumlayer. 6. The sem conductor circuit of claim’l
wherein the semonduct [ j an, N: MOS .t r i - he

sem conduct or c.i4'r cuit o?hcl:aldng%ﬁrﬁ%ﬁdu\?\%gr ﬁﬁgf%mégmﬁ&f%lﬁégéti%%mgncl udes
an P- MOS t r &enngs putiedlayetho. aenj | conductor circuit of claim| wherein the
sem conductor device is part of a oincult for an input/output circuit. 9.
The sem conductor circuit of claiml| wherein the pem conductor device
further conprisés a gat éThdissgisouiictorvitiitofakin t ehelviatior semishsindien abslrgt ween
the source gggi: of; | in region. 10. The gcm wi ductor
circuit of clarm “é“’a}]ﬂg %‘F‘ﬁ’“ﬁ%@s‘;&gﬁﬂﬁﬁ%ﬁﬁg@}%

el ectrode. it. The sem conductor circuit of claim10 wherein the gate

Si i con ol dor &1 | oon iyt chRoRloP i of ol { Mgy oAb BARL

in¢ludes an N-MOS trengistor.

tXD
®)

7. The gemiconductor chrcuit of cleim 1 wherein the semiconductor device
Includes an P-MOS translstar,

8. The.semlcanductor citeult of claim 1 wherein the semiconductor devics is
-part of & cirouit for an input/output circuit,

9. . 'The semiconductor oirouif of claim 1 wherein the gemiconductor-

device further comprises 2 gate disposed on the semiconductor sﬁbstmtc between the source region
and the first drain region.

10, - The gemicondustor clreuit of clrim 9 whereln the gate compriaes e gate
diclectric and a gate electrade,

1. - The semivonductor cireuit of clalm 10 wherein the gate dielectric comprises
a material selected from the group consisting of elllcon oxIds, silicon nitride, silicon oxynitride, a
high k dielectric, end a combination thuredf.

gate dielectric and a gate :




high k dielectric, and a conbi nation thereof. 15 12. The sem conduct or
circuit of claim1ll wherein the high k material conprises hafni um oxi de,

zi rconi um oxi de, al um num oxi de, a hafni um di wddeal um na alloy, or a

conbi nation thereof. 13. The sem conduGtor circuit of claimto wherein the
gate el ectrode includes at |east one conductive material. 14. The

sem conductor circuit of claim 10 wherein the gate el ectrode contains at

| east one ofailicon, germanium and netal. 15. 'The aom oonductor circuit
of claim 10 wherein the gate el ectrode conprises a material solected from

the group conai ating of pof -SiGe, netal, netal ailicidp, netal y~Si, posy -

nitride, nmetal oxide, and a conbination thereof 16. The seni conductor

circuit of claim9 wherein the source and the first drain regions conprise

lightly doped driin (LDD) The gienftsndactot bigaw of dpped1 rigtetm tio higl‘n.k“ﬂmial
eeat i conduet LILC ot cl.aim9 f.urther co -1 t.

addi ti onal rcgl\’} ‘r%s opecfmlpta@ﬁo%r%mﬁf”g o ‘él“?‘?}é}‘gﬁ?dé"é%ﬁiaaﬁfn £ ‘g Fecond
drai n regi orcanbiraiosthaenfof t he second drain region onnoatte fromthe first
drain region. 18. The sem conductor cinvit of claim18 tent the first drain
region is 11-type and the reverse doped region is p.type. 19. 'The

sem conduct or cil8cuit of THeatmicdifumbrelriitbrclagn 10 aicrclithd fute degoderindudesp- t ype

and the rev s n-type. 16 2Q The sem conductor circuit :
of claim]l \%lg’?{e %‘%&‘é"g’@gﬁ"’%r ain region is coupled to an input/output pad

and laterally contsats the reverse doped region. 21. A nethod to forma
sem conductor cigcuit, c E<:e':n%'c:oncnlucmrr:m:-.ntot'c:,lamn 10 wherein the gate °1°°t“°d“°°“mm

&t lsast one of silicon, germanium, and metal,

15, _ "The semiconductor circuit of claim 10 whereln the gate electrode comprises
2 mateyial ualocted from the proup consisting of poly-Si, poly-SiGe, metal, metal silicide, metal
nitride, metal oxide, and a comblination thercof, '

16. The semivonductor circuit of clalm 9 wherein the soures und the
firat dredn rogions comprise lightly doped drain (LDD) reglons and hesvy doped regions,

17. - Thy semiconductor circuit of claim 9 further comprising et least.
one additiensl reverse doped region disposed laterally adjacent to the second
drain region on a sido of the gecond drain region oonosite from the first drain region,

18. The semiconductor circuit of claim 18 whc-rmn the firet drain
rugitm is n—type mzd the reverao doped reglon fe p-type,

19, ' "The semiconductor circuit of claim 18 whereln the first drain
region is p-type mnd the reverse doped region is n-type.

i




provi di ng a sem conduct or wafer having an n-doped substrate and a p-doped
substrate. wherein each substrate has a plurality of gates; formng in the
p- doped substrate an N-channel netal -oxi de-sem conductor (NMOS) transistor
having a first source region, a first ¢fain region, and an N-channel region
i nterposed between the first source region and the first drain region;
formng a p-type reverse doped region laterally adjacent and laterally
contacting the that drain region on a side of the fret drain region
opposite fromthe N-channel region, wherein the p type reverse doped

region has an opposite doping typo fromthat of the first drain region, has .

a p- typo dopant concentration higher than that of the p-type substrate,
and is electrically floating, the p-typo reverse doped region and the fast
drain region being operable to forma thhat p-n junction; formng in the
n-doped substrate a P-channel nptaiwxi dc-sen conductor (PMOS) trans[sfnr
havi ng a second s¥arce region, atesewpendetacicuiteli on, ghkir b annb¥

region int er pR&ANEPRLE B eolllf t%%qm:/ﬁlg@gﬁﬁd &ﬁ%&ﬁbﬁ@ﬂ P heSBRRRUog A1 N

region; and formng as n-typo reverse d region erally 4acent’ and
lateral |y cofff8®ting the second drain region on a side of the second drain
regi on opposite fromthe P-channel region, wherein the n-typo reverse
doped -regi on has an opposite doping W fumthat of the second drain .

regi on, has an r-4ype dopaat conédbthodte fomm hicofrerductprairetity gampsBinghe n-t ype

aubutvate, and | frovidihg émibhltdolor RS bk orf Aiflopld bibRAee’ FUY pRoRARGAIELO' ON

and the second drain regi on bei ng operable to” f.orma seco pn junction. { :
17 22. A meYf cpd o hpo g gl yefiBR®br circuit, conprising: providing a

semi conduct or WafoRkind & itROp-adhed -sHRRRE a%“?—saﬁe[nﬁél eméz?ﬂxiﬁc-%ﬂ&ﬁﬂ&to? U@Mdo te,

wherein each substrata has a plurality of gates; formng at |eas n
p-type rever@EAERS Davg & Brshepurcs fegion) 1 firsh distscresion, awidenl Nechmasl repieroittemeteing  a

drain regi omm&mﬂm&m@m&ﬂaﬁ&%&ﬁﬁ%ﬂi conductor (NMOS) transistor in
the | oped substyate, wherein thea{)-typ(l)mrev'erse doped regi on has an
K&lon

opposi te dopi ng LI § PERE foeree dp exally adjacent and laterally contacting the firut
drain rogion on 2 &lde of the first drain xegion opposits from the N-chantiel region, wherein the p-
type reverse doped region hag un opposite doping typs from that of the first drain region, has a p-
type dopant concentration higher than that of the p-fype subéuxtu, and ia cleotricelly floating, the
pB-typo reverse doped region end the firat drain region belng operable to form a firet p-n junction;
forming in the n-doped substrate @ Pochannel mptal-oxide-semiconductor (PMOS)
trenclgtor having & second souros rogion, a second drain region, and a P-channe] region interposed
between the vecond souree rogion and the second draln reglon; eud
forming an n-typo revarse doped region laterally adjecent and laterally contacting the
xecond drain region on o side of the socond druin region apposite from the P-channel region,
wherein the n-typo reverse doped rogion has an opposite doping typc from that of the second drain
region, has en u-type dopant concentration higher than that of the n-type substrato, end is
clectrically floating, the n-i}'pc reverse doped region and the sevond drain region being operabla to-
form a eecond p-n junctlon. '




drain region of the NMOS transistor, has a p-type depart concentration

hi gher than that of the p-type substrata, and is electrically floating,
the p-type reverse doped region and the drain region of the NMOS

transi stor being operable to forma fifst p-n junction; and forming at

| east one n-typo reverie doped region laterally adjacent and laterally
contacting a drain region of a P-channel netal-oxide sem conductor (PMXS)
transistor in the n-doped substrate, wherein the n-type reverse doped
regi on has an apposite doping type fromthat of the drain region of the
PMOS transi stor, has an n-type dopant concentration higher than that of the
n-t}po substrate, and is elocniically floating, the n-type reverse daped
region and the drninbegion of the PMOS being operablo”"to forma second p n

junction; wherein4-ormhtg at | eaammmmoﬁ,y%{c%aéﬁcg&g%qm,% on conpri ses
srrrultaneously ng edo |nthentyesubstraetoformrho
drain of the pl\/[E%f‘@% %F%%/‘E gﬁ %ﬂ%@éﬁﬂié@rﬁé‘aﬁtﬁ?ﬁh@@r cuit,
conpri si ng: Wlmmmwaulgmm%mﬁnqwc%w vvafer havi ng an n-doped substrata
substrate his a plurality of gates; i.

and a pdoped eub erejn eac
fanni ng at Ieast%@&% R h’%’i’%‘é“d’&fgd“ﬁwéwlﬂﬂm@ﬁaﬂm {ptegrdly senéastingand
lateral |y cdndeinrigiog oﬁanirl\bchnMcthl@l%xﬂfe sBlch GHA TRIA {fﬁ-ﬁzﬁisfopﬂ 6 p-dop
sesuoonduct g, B&W | st or | QWB doped ‘substrat vvherel nt
p-type reverse dpe regr b 6?32‘? he gperc doning tmediant kot g the
drain regio remeommosazmmrpﬁas I 1RGpeioPnt ¥RLenHRRA High&ARGERA @ 0N
hi gher than 1‘35@ er i{@ﬁﬂ;ﬁbst rate, and-i1s electrically floating,
the p-typo reverse bpeéii e 5&%%‘?6@%&@1&“ ,t}w@l:monnf
Itrantsr st or t Sipemmnbﬂng@cfgmbmoﬁﬁﬁ t ” h@n anfl 18d TO['[I nlgI at
east one n-typ r era adjacent and laterally
contacting a drglr%ﬁ%gg!?%%&g?&& IS'”%ﬁ YeEgR wﬁﬂxm sy, eanigeting PVOS)
transistor # Mmmdﬁpeﬂichmubmabﬂdu Wi dosidubto Hmes)t%ﬂﬁu&eme:ﬁa% dgﬂope ,
regi on has @argmqﬂ,, o n e%g romthat of 'the’ drain region t he K
PMOS transi stor, as an H@’S@’ @M%ﬁ@mﬂrﬂammmdqwgm &Oﬁaﬁﬂtﬁﬁlﬁ of the"
n-typo s ubstrpia regionauf the iFMQS mhinmahglmﬁ B @%Wﬁhsoqtﬂoped
regi on and | e ern erab eto nase
c 8 nd p- ﬂ@ﬁﬂ%@ﬁt’a@aﬂfﬁ fg&n“-’h ﬂoaﬂn&lhcn-tw'emmc opofmgxonandlhcdzmnmmonof

tho PMOS being operdble'to form a second p-n junction; :

wherein forming at loast one p-ype revers doped region comprises simultancoaly
forming p-type doping in the n-type substrate to form the dmm of the PMOS treasistor.

23, A method to form u semiconductor cirenit, comprising: o ..

providing 2 scmiconductor wafer having an n-doped substrate ond & p-doped substrats,
wherein each substrate has a plulity of gates;

forming at least one p-type reverse doped region laterally adjacent and laterally contacting
2 drain region of an N-channel metal-oxide semiconductor (NMOS) transistor In the p-doped
Gubstrate, wherein the p-type revorse doped region has an opposite doping type from that of the
drain xcgion of the NMOS trunsistor, has a p-type dopent concentration highier then that of tho :

p-typo substate, and is eleotrically flonting, the p-type reveme doped region and the drain region of
the NMOS transistor being oparable to form a firat p-n junction; and




whow n formng at | east one n-type reverse doped region conprises

simul taneously formng n-typo doping in tht p-type substrate to fort the
drain of the NMOS transistor. 24. A nethod to forma sem conductor circuit,
conprising: Providing a sem conductori8vafer having an n-doped substrate
and a p-doped substrate, wherein each substrate has a plurality of gates;
formng at | east one p-typcrovarae doped region |laterally adjacent and

| aterally contacting a drain region of an N-channel notal -oxide

sem conductor (NMOS) transistor in the p-doped substrate, wherein the
p-type reverse doped regi on has an opposite doping type fromthat of the
drain region of the NM3S transistor, has a p-typo dopant concentration

hi gher than that of the Ptype substrate. and is electrically floatlng, the .

pdypc reverse dopgfingadieRho q‘q“;;el}g, f .th ISt

bei ng operable to forma fi rxgt una |on%g5%3"?l Fﬂ?‘ﬁ‘ﬁ%&‘y@ n type -
reverse dope8 9faliyrogian (of m-ghanse m!f}ah@@dlxsmmdndmﬂue(mm& !ﬁﬁsﬂlﬁdhlﬂngn-ﬂoﬁﬂal n -
regi on of it gBugiainghn uctor (P nthe
n-doped. 1. subg'trate mﬁ%?ﬁﬁ@%&%ﬁ'?’e@eﬁp 't%@a ?&‘“ﬁg‘é

pposi te dopi $E £Sgisa of %M%Wfomh@andﬁmhduopambmmﬁhmhﬁhé?hmthmaﬂ&bstor :
has an u-typetysimeah er than that, of, th -
substrat e, d'%ms o|‘%§{?‘?§§%‘f“’aﬂ?’*§§tﬂu n‘f‘Wé"f’(‘“ﬁ/ °dr‘é&7‘§'r”§§m88‘ﬁ‘éa°3|‘°é‘é’fon end
the drain rgtg'i Wéf@m?madmgﬁmpmuable to forma second p-n B
junction; V\hEI‘EIﬁhquﬂlpfdm At t p roverae d

conpri ses sigmltaneously orn%cdrﬁgeﬁ u%? &38% ‘ﬁb"dl W‘?%Wﬁ%p@mgﬁg@%te to
font a |ight (aping ip tpbytyieauisoie offortithe dhiinbfthaiMOB eaMGE t r ansi st or,
end I iC19 formng at Ieast one n-type reverse doped region conprises

si mul t aneously fogming n-typo doping in the p-type substrate to forma LDD
region of the drain of the NMOS & s:tfamasﬂnkommhaﬁmﬂxfcoﬁipﬂmm 25 wherein

foam ng n-type deg@idig 2Rchidod@idlol Wakle fﬁ‘rﬂ% an n-dopod substrate and a p-doped subatmte
wherein each substrate has a plurality of gutcs;
forming at lcast one p-type roverso doped region [aterally adjacent and laterally contecting
a drain region of an N-channel metel-oxide semicondustor (NMOS) transistor in the p-doped
substrate, whercin the p-type reverse doped region has an opposite doping type from that of the
drein region of the NMOS transistor, hag-a p-typo dopant concentration hlgher than that of the
Piypo substrate, and is electrically foating, tho p-type reverse dopcd Tegion and the drain region of
the NMOS transistor being opmble to form & firet p-n junction; end
forming ot least one n-type reverss doped region laterally adjacent and laterally coniactms
2 drain region of @ P-channcl motal-oxide semiconductor (PMOS) trensistor in the n-doped
subatrate, wherein the n-type reverse doped reglon has en apposite doping type from thet of the .
draiu region of the PMOS transistor, hag an u-type dopant concentration higher than thet of the
n-type substrate, and is elcotrically floating, the n-type roverse doped region and the drain region of .
the PMOS being opecable to fonm & second p-n Junetion; whercin:
forming e least one p-type rovarse doped region compriees simul{aneously forming p-type

doping in the n-type eubstrate to form & light doped drain (LDD) rogion of the drain of the PMOS’
trensistor; eand




dopi ng have a dopant dose rangi ng between about |x 1011 cn2 and about

8xl O 4 om2. 26. The nmethod ofotaim 25 further conprising: formng
spacers | ocated on both sides of the gate; and providi ng heavy source and
drai n dopi ng regions having a dopant cgncentration higher than that of the
LDD regions. 27. The method of claim 27 wherein providing heavy source and
drai n dopi ng regions conprises providing a dopant dose rangi ng between
about 10ts onR and about 1016 cmis. 28. The nmethod of claim 22 wherein
providing n-type doping is by. ion inplantation processing and phosphorous .
dopant. . , 29. The nethod of claim 22 wherein providing p-type doping is
by ion inplantation processing nmad boron dopanL 30. The nethod of slain 22
wherein the n-type substrate is a n-well structure farned on the.

semi conduct or waff@pingsylesstrons srigneTegTedoped region canpribrs siswlineqydy frming g-type
substrate i5dﬁpﬁ%ﬁ‘ﬁl’ﬂ:-tﬁéﬁ!bﬁﬁwt@ﬁonﬁ?mﬁ%gﬂﬂo}éﬂ@aﬁﬁ%}%?ﬂﬁ‘éﬁh%ﬁdﬁﬁf er. ti 20

32. A sem conductor circuit, conprising: a sem conductor substrate having
i solation features; first and second netal -o xi do-sem conductor (MOXS)

transistors fbnnag on them§ﬂ%m?aﬂﬁﬁrwﬁﬁﬂsé%@@w?_ k Hk‘d?ﬂh@#%”ce

region, a drgin région and a channel region & S§ m conduct or
substrat e, EE1pE ¢ dopapidlose rmnginebpvem st b 0¥ emifendeboun 8x180@RCe  regi on and
the drain region, and a gate di sposed over the channel region between the

26. ' .The method of claim 25 further comprising:
forming spacers located on both sides of the gate; and
providing heavy source and drain doping regions having a dopant concentretion higher than
thet of the LDD regions.

27. . "'The method of claim 27 whercin providing heavy source and.
drain doping regioiis comprises providing a dopant dose ranging between about 10 om® end.
shont 10% em’®, ‘

28. The method of claim 22 whercin providing n-type doping is by ion
implantation processing and phospharous dopent,

. 29. * The metbod of claim 22 wherein providing p-type doping is by ion
implantetion processing and boron dopant,

3c. The method of claim 22 wherein the n-type substrats is a n-well gtructure
formed on the semiconductor wafer. '
31.

The method of cleim 22 wherein the p-typs substrate 6 a p-well structure:
formed on the semiconductor wafer.




source region and the drain region; and a reverse doped regi on di sposed
between the drain region of the first MOS translator and the drainxgfon of
the second MOS tranaisior, laterally atjjaoent and laterally contacting
each drain region, the reverse doped.,regi on having an opposite doping
type fromthat of the drain regiong, ﬁgving a dopant concentration higher
than that of the sem conductor substrate, and being electrically floating,
and the reverse doped region formng a respective p-n junction with each
of the drain regions. 33. The sem conductor circuit of claim 33 wherein the
MOS transistors jn9ludc an N-chemmtl MOS transsetrn. 34. The sem conduct or
circuit of claim33 -wherein the MOS transistors include a P-channel MOS
translator. 35. A sem conductor circuit, conprisung: a sem conductor
substrate having_isolation features; and a plurality of
met al - oxi deseni | afduct or (MOs) 4 Feeanducty eircpi commisiogs t he seni conduct or
substrat e, eachdymmﬁmm@mgah@mghﬁmg&a@ﬂyﬁﬁﬁﬁn a source region and a drain
a

regi on. wherein the drgjn}ril region 1s later Y adjacent and laterally
1

contacts a reverse doped" & Beontaekiyidencrepypdestor ¢MOSMSpRrgors fnedommiet hat  of
the drain r eghitvaduclapitibitiededp pant ﬁﬁﬂ%gm J a@r&bﬁ?i;ﬁpﬁm&mhr@mt he f

1 4 21 aemcondyuotor substrate, and belng elfectrica oati1 ng, and the

reverse dopéﬂ“ﬂeﬁ‘i 1% samepadysior gibstrate, vitighe phaest megion lapedoll detigsrf b Aeeeep- n
junction; WhgloRiaf GEAREh ¢ NN € GegislDRELa GirRialpd, GO Bio fin@! rbBor Bhhodf? tr

| ocated two reverse %gu?d' regl ons between two proxinate gates. 36. The
sem conduct P& FEIRY, drein oopigtiand wherein the second MOS transi stor

Lg;teger conpri s@gevixgo Gped fﬁkiaﬂ( BMpoed HhweBlle dlafhGhdte dhheHidt MOS GlnsfeV &S ©
tho drein region of the scoond MOS uangistor, laterally adjavent and [aterally contacting each
drain rogion, | ' | the reverse doped
tegion baving au opposite doping type from thut of the drein reglong, having 2 dopant
concentration higher than that of the somiconductor substrate, and boing electrically foating, and
tho reverse doped region forming a regpective p-n junction with each of the drain regiops,

33. The semiconductor ciroult of claim 33 wherein tho MOS
trangistors inglude en N-chanus] MOS trangistor,

34. The semiconductor cirouit of claim 33 -wherein the MOS
transistory include a P-channe] MOS trnsistor,

35. A semiconductor clrcuit, comprising:

a gemiconductor substrate having jsolation featuros; and
a plurality of metal-oxide-semloondustor (MOS) transistars formed on the semiconductor
aubstrato, oach having a gate disposed between 8 source rogion end a drain region, wherein the
drein region is Interally adjacent and Interally contects a reveine doped rogion having an opposita
 daping type from that of tho drain region, having a dopant concentration higher than that of the




roidon that is interposed beiweat and | aterallycnlltaets each of the drain
regions of the second MOS transistor. 37 The som oonductar oinuit of claim
33 further conprising conductive featurca coupled between each of the
drain regions and a respeotive input/output. pad 38. The sem conduct or
circtdt of claim33 wherein the isolation featurs conprise shallow trench
isolation (STI) straoturc. ~! E 39. The sem conductor circuit of claim 33
wherein the sem conductor substrate conprises silicon. 40. The

sem conductor citeuit ofolalm 33.wherein eah of the gates conprises a gate
dielectric and a gate el ectrode. 41. 'The fdm conductor circuit of claim 33
wherein the sowed and drain regions of each of the transistors conprise
lightly doped drain (LDD) regions and heavy doped regions, 22 42. The

sem conduct OgemfehidGdidr bubPfarC b u&ﬂ&% . | ai aGL. havi ng
sane type of dopant as thé%ﬁggi g% suI%?%%@%“@Hﬁ%ﬁ?%%§?2§%§9ﬁgﬁmgahu
concent r at i oREtheEEoReRble toofpra epn Btionr at . 43. The seni conductor circuit of

cl ai m 33 furt her wieaiPihdmt il i far rality
of conductive,maferial a%gﬁggggﬁfglﬁﬁ%%h%% %%?%ﬁé“ﬁ@?@?’g’; Rgcrﬁ% 4 erein
the p-n j unctdRHEenisemaxfate g#r8r a0 doped region and the drain region in
each of the transistors has a | ower reverse breakdown voltage than that of
a p-n junction between the drain region and the senm conductor substrata to
enhance el ectros¥atic di schar gehysESRadickreduitoficlaitd) wieingbrrceohNOSt or

~circuit of clai m Jmngtdve GRinee éoﬁﬁrizi?:ﬁﬂn Mﬂﬂﬁﬁﬂgﬁm and including & further reverse doped
regien that is jutorpgsed between and Iaterally coptacts each of the draln regions of the second
"MOS toaneigtor, . ’ :

37. . - . .
The somiconductor circuit of claim 33 further COMmpLEng

conductive festures coupled between each of the drein regions and a xespestive input/output
ped. " |

38. The semiconductor eireuit of clalm 33 wherein the isolation
features oomprise ehallow trench isofation (STI) structure.

!

39. “The semiconductor cireuit of clalm 33 whercin the semiconductor substrate
_ campriges silicon,
40. The semiconductor circuit of clalm 33.whereln sach of tho gates

comprises a gato dislectric and a gato olectrode,

41.  "The gemiconductor cireuit of claim 33 wheein the source and
drain rogions «f cach of the transistors compriso lightly doped drain (LDD) fegions and heavy -
doped regions,




has a | ower reverse breakdown voltage than that of a p-n junction between
the first drain region and the sem conductor substrate to enhance
el ectrostatic discharge protection. f f 4 J [ f lu

22
42, "‘The semicondustor circuit of cluim 33 firther conprising a
body contact having same type of dopant as that of the substrate and higher doping concentration
than thet of the substrate,
43, : ' The semiconductor circuit of claim 33_

further comprising multileve] intercormects formed by a phurality of conductive materinls
end coupled to the MOS trunsistors; and

whorein the pon junction between the revetee doped region and the
drain rogion in each of the tranxistors has & Jower rovarso breskdown voltuge then that of 2 pn
junction between the drein region end the wemiconductor substrate to cphance electrostatio
discharge (BSD) mrotection. ' -

44. ' _ " The semiconductor vircuit of elaim 1, wherein the p-n junction
has a lower reverse breakdown voltage thun that of & p-n junction botween the first draix region
and the semiconductor substrate to enbimos clectrostatic discharge protection.




