ﬁ MOSFET W TH ELECTROSTATI C DI SCHARGE PROTECTI ON  STRUCTURE AND METHOD OF
FABRI CATI ON BACKGROUND A sem conductor integrated circuit (1 C connected to
external ports is susceptible to electrostatic discharge damage fromthe
operating environment. Electrostatic discharge occurs when electrical charge
is rapidly transferred between one or nore pins of the integrated circuit

and an external object. The scali ng-down of integrated circuits further

i ncreases the possibility of circuit danage from el ectrostatic di scharges.

El ectrostatic discharge protection circuits nmay be used to shunt the

el ectrostatic energy to protect sensitive core integrated circuits. However,
currently available electrostatic discharge protection circuits are either
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However, currently available electrostatlc discharge protection circuits are either not

robust enough to protect sensitive core circuits with smaller pattern feature size, require extra

processing, or are not cost-effective.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is best understood from the following 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. 1a is a schematic diagram of one exemplary embodiment of an electrostatlc

dlscharge 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. la.



el ectrostatic discharge protection structure constructed according to aspects
of the present disclosure. Fig. 4 is a schematic diagram of yet another
exéenpl aty enbodi nrent of an electrostatic discharge protection structure
constructed according to aspects of the present disclosure. Fig. 5is a flow
chart of one exenplary nethod for fagricating an electrostatic discharge
protection structure constructed accdrding to aspects of the present

di scl osure. Figs. 6-10 are cross-sectional views of one exenplary enbodi nent
of an electrostatic discharge protection structure during fabrication using
the nethod of Fig. 5. Fig. Il is a cross-sectional view of one enbodi nent of
an i ntegrated cgipcujst, subst ate constructed according to
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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 semxconductor integrated

cxrcults more particularly, to electrostatic discharge (ESD) protection mrcuxts

It is understood that the following disclosure provides many different embodiments or
examples for implementing different fe'atures 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
repeat reference numerals and/or letters in the various examples. This repeti‘tion is for the
purpose of simplicity and clarity and does not in itself 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 exempléry embodiment of the



(NMOSFETs or NMOS) 115 formed in the substrate 110. The substrate 110 may be
a portion of a p-type doped substrate or a p-well over a n-type substrate.

| sol atign structures 120 are disposed in the substrate 110 to separate the
NMOS 115 from one another. The isolation regions 120 may be formed using

| ocal oxidation of silicon (LOCOS), shallow trench isolation (STlI), or other
sui tabl e nmet hods. The structure 100 ﬁay 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") 140, 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. Furthe

rnpore, the NMOS tr istor 115 ipcludes a reverse type doped
egton . S0l teoR BT T SpOSBATTHE Hatar s HoPBgr ofF 1E6%End GPEPhIE A Bor o
180. Thesgtatan 116Gniay hBet @euphed haaaoxiiapehicontupot fpad dffectoughsiscont act s
180 when t istor 115 is used rt of ~an input/output
i nterf ac@“@@%%fﬁ-‘@?@nlﬁ%ﬁ% &l @Ef#’étéatteaﬂ%c%&ﬁ g‘%ﬁ%il}egléod?%%b&aﬁo&?“ CRil\/[)s 115
i gcl udesatph@peﬁdapxdé@&ub@l@qaeﬁ 4 gQielingvef ‘areps SebsdapedisylatorOsthatmedi dcater al |y
adj acent to the drain region 150. Th fore, a p-n_jungtion is formed
wher ei n 9%%“?%98P§émﬂaﬁég)F@ﬁ?ﬁﬁeﬁﬁéwﬁé§lHH%E“&“%?@%%?nﬁﬁﬁﬁﬁﬁ?“éﬁﬂ%@ntration
t han t hat)fhaythaositastingiotal biatidradr sEX&ROEOD henalopasichdenapatsanien per
unit area of the reverse doped region nmay be on the order, of 3bout 1013 cm
conpar ed Rk iadkanetirsisalie sEwiee A0 Bty YR aruda PRGBS eNE! Wrad P& egi on 150

on the ongElonak ahaup :0L5aIDsiasT Mee NVRBCKarSHitACE @By R ifQMRIS&udeped
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doped r egzl.rp& an input/output interface device.

For enhanced electrostatic discharge protection, NMOS 115 includes the p-type
doped regions (“reverse doped”) 170 formed laterally adjacent to the drain region 150.
Therefore, a 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
unit area of the reverse doped region may be on the order of about 10" cm™ co;ﬁpared with the
dopant concentration per unit area of the drain region 150 on the order of about 10" ém'z. 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 drain 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 including
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-



170 in the NMOS transistor 115 may be formed sinultaneously with the
source/drain or lightly 4 doped drain (LLD) of PMOS transistors by a sane

i npl antati on process. Therefore, no additional photomask and inplantation ..
steps are required to formthe reverse doped region 170. The NMOS transistors
115 includes source regions 140 and drain regions 150 formed wthin or over
t he seni conductor 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.raised structure. The
source and drain may have a conplicated doping profile for enhanced
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my be pP@@éﬁﬁm“5%¥“§W§’ﬁ6@“%%%Mhmﬁﬁwfpw@@§§é§ﬂgmﬂﬂ@ﬂ@9|ty The. substrate 210
of Fig. 2 may be a portion of an n=type doped substrate or an n-well over a

p-type substrat ig. Eus b Reematid @i VS f24ShdFe¥ cRBlafyaRibb Gite 8o (USI dMtcGidRe Wel |, or
a dual structure, and naé be fabricated directly onto or within the
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215 formed in the substrate 210, and isolation structures 220. The protection structure 200 may
further include n-typed doped regions 230. The PMOS transistors 215 each includes a source
region (“source”) 240, a 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 280. It 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 shallow trench isolation (STI). The substrate may further include n-type

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



substrate. The isolation region may utilize isolation technology, such as

| ocal oxidation of silicon (LOCOS) and shallow trench isolation (STlI). The
substrate may further include n-type doped regions 230 with functions
including as a pickup for substrate bias. 5 The PMOS transistors 215 may be
used in an input/output interface circuit for enhanced electrostatic

di scharge protection. The PMOS transistor 215 may have a FinFET  structure,
and may have a strai ned channel having enhanced carrier nobility. In PMOS
transi stors 215, the source 240, the drain 250, and the gate stack 260

i nt erposed between the source and the drain may conprise substantially
simlar materials and structures used in the NMOS transistors 115 except the

dopi ng type is OpROBMOS. irdnkisne2 BxXanplue, usedinf herignt/omplialnesiatd ¢irgle: forom t hose
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the reverse doped region laterally interposes between two drain regions. The
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The reverse doped region 270 may be forned by a suitable doping process

i ncl udi ng conveq%ignal inplantation known in the art. The reverse doped
region 270 may BEFEPHed SIHA {aHERTEEY WitHUst ReyPendenfpaceiopel 19 66Eon. For
exanpl e, ddped”y ewes:s Q)rﬁlx@rﬂ)ﬁﬁ!:rally adjacent to the drain region 250 of the PMOS transistor 215 to

form a p-n junction 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 interposes
between two drain regions. The upper surface of the reverse doped region may be further
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
that of a p-n junction between the drain 250 and the substrate 210 and electrc;static‘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 region.

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



region 270 in the PMOS transistor 215 can be fornmed sinultaneously with
source/drain doping or LLD doping of NMOS transistors by the sanme

i npl antation process. No additional photonask or inplantation process is
required to formthe reverse doped region. Fig. 3 is a schematic di agram of
anot her exenplary electrostatic discharge protection structure 300. The
structure 300 includes a seniconduct& 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 6 regions ("drain") 350, and gate stacks
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Fig. 4 is a schematic diagram of another exemplary structure 400 illustrating a
particular implementation of electrostatic discharge protection. The structure 400 includes a
semiconductor substrate 410, PMOSFETs 415 located in/over the substrate 410, and 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 rr;ay aléb include
drains contacts 480. It is understood that other components and/or layers may be present, buf 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 opposit'e‘ 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 two proximate gate stacks 460,. two reverse doped regions 470

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



stacks ("gate") 460 interposing between the source 440 and the drain 450.
Furthernore, the PMOS transistor 415 includes a reverse type doped region
470. The PMOS 415 may al so include drains contacts 480. It is understood
that other conponents and/or |ayers 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 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 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 dopetctf @atumsese pbatiamné ovenbodiprested dah wesmes wod prooxdrmatied gatae st acks
460, tmmhxﬁ)’ﬁtrﬁt HJoped regions 470 alternatively are |ocated anmong three p
doped draih features as illustrated in Fig. 4. Further, 7 contact features
are positioned over each p doped drain features and are connect ed to an
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according to aspects of the present disclosure. The nmethod 500 begins at

step 510 by pr O\f:iiéj.l N9a %owc%art o?gxgeué:rrtlb%ldlmen o arn%tﬁodhao\()l gabglga\\/tle gr?gle?t%oosta?{gd
discharge protection devices constructed according to aspects of the present disclosure. The
method 500 begins at step 510 by pro;/iding a semiconductor substrate having devices 610 and
620 as illustrated in Fig. 6. The device 610 may include p-type doped well or a p-type substrate

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

The gate diclectric may include a suitable dielectric material or may have a multilayer
structure comprising a plurality of dielectric materials. Preferably, the dielectfic matgrial may
have relatively high integrity and low current leakage. Examples of the dielectric material
include silicon oxide, silicon nitridq, silicon oxynitride, and a high dielectric constant, k. The
high k dielectric may include hafnium oxide, zirconium oxide, aluminum oxide, a hafium
dioxide-alumina (HfO2-A1203) alloy, or combinations thereof. Gate dielectric may be formed
by thermal oxide, atomic layer deposition (ALD), chemical vapor deposition (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 electrode may be silicon-containing, germanium-containing, other

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



620 as illustrated in Fig. 6. The device 610 may include p-type doped well or
a p-type substrate and a gate stack 630 including a gate dielectric and a-
gate el ectrode. The gate dielectric may include a suitable dielectric
material or may have a nultilayer structure conprising a plurality of
dielectric materials. Preferably, the dielectric material may have
relatively high integrity and | ow ctrrent | 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 oxi de, alum num oxide, a hafnium dioxide-alum na
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silicide may include copper silicide, tungsten si alumnum si'licide,
pal I adi um S|I|C|de titaniumsilicide, tantalun1S|I|C|de ni ckel silicide,
cobalt silicide, UbHE 1f ¥ith pdditipeal rfsepncete [Fygn d @ asiost Septidneleyieviaf e éftveect rode
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different naterials for NMOS and In ste w th a ef erence
to Fig. 7ioggedindhedevicedepalpnamithiten P dppies taipin¢0. The LDD doping regions 640

and the reverse doped region 670 may be formed by ion implantation. The dopant may be
phosphorous, for example. Parameters for ion implantation including dose and implanting energy
depend on fabrication technology and integrated circuit technology node. For examble, the

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

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

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

- 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 impblantation. 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, a spacer feature 680 is formed for both the devices 610



structure during fabrication at step 520. N-type LDD doped regions 640 are

i npl emented by a conventional doping process including ion inplantation and
diffusion to froma source and a drain in the device 610. During the sane
process, a reverse doped feature 670 is sinultaneously formed in the device
620 along with the LDD doping region 640. The LDD dopi ng regions 640 and the
reverse doped region 670 may be forned by ion inplantation. The dopant may he
phosphorous, for exanple. Paranmeters for ion inplantation including dose and
i npl anting energy depend on fabrication technology and integrated circuit

t echnol ogy node. For exanple, the inplant dose may range from about |x1011 to
about 8x1014 cm 2. In step 53.0, with additional reference to Fig. 8 as a
cross-sectional view of the device structure during fabrication at step 530,
P-type LDD doped regions 650 are inplenented a conventional doping
process i Atd @i Ty sPEETSiOfPRaRPHEI6H oah@hévriw%l?eoaﬁltetswé%ﬁa BUFRBPEAE a

drain in ghecdew€eiabaln [Dufiibanthe, S8R JARCEHSon @Arm@evgnﬁsn %Dﬁmdé eature 660
is simultaneously formed in the device 610 along with the L dopi ng region

650. The EDI#GpInGercelyilsheaeB0menhave hauliglpeerseetsisedhs yrean 88 mardy be

formed by Qs E}J’ﬂ%&)@snﬁr%ta' B0ality BEnHPRG i dFRY PR 2 B @R oxidl, thcgff ARAL or/aHae
paraneters for ‘ion inplantation, including dose and iInplanting energy, may

depend on sigbroxatridering denmitosgyicallydtahiiedgskat ed circuit technol ogy node. For
exanpl e, the inplant dose may range from about 1x1013 to about 8x1014 cm 2.

In step 540, wi ti agdiid analadnebes efeRnde0o Atig- 1(9a5a§ ca)sgzgaaﬁ@naww gnale vi ew of
the device  structure during fabrication at ste 0, a spacer feature 680 is
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such as silicon nitride, Silicon oxide, silicon carbide i conh oxynitride,
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such as silicon oxide, i con nltrlg or/and silicon oxy |tr|g and t hen
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10 as a CrkRssrsastdong mman@a\fvgmsomn 18N sear nU&gqro% a%ge s f,aRkl @t on at

step 550, a ,heavy doped and deeper part o rce an

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 /O pad through metal
mterconnection structure. The method 500 may further include to form a stress film overlying
and conforming the underlying devices 610 and 620. The method 500 may further include other

processes to form multilevel interconnection structure.

The disclosed method described and illustrated 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
Jincludes a plurality of NMOS and PMOS transistors 910 and 920, 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.



drain regions are formed by ion inplantation using heavy dose and high :
i npl ant energy. N-type heavy doped regions 690 for the device 610 and P-type .
heavy doped regions 695 for the device 620 nmay be fabricated in separate
processing respectively. For exanple, the n-type heavy doped regions are
formed by phosphorous ion |nplantat|on Then, the p-type heavy doped regions
are formed by boron ion inplantation? Both |nplant doses are ranging from
about 1015 to about 1016 cm The method 500 may include further processes to
formcontact to connect the gate, source, and the drain. The contact to the

drain may be wired to 1/0O pad through netal interconnection structure. The
met hod 500 may further include to forma stress filn1overlying and
conform ng the erI devi ces 610 and 62Q. The nethod 50 y further
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circuit 900 i;s one environment in which the NMOS transistor 115 of Fig.

and/ or t Heom BRECORNeEh SRSy coppey. G, BuRgymbaloy BInaTieht @EPON FeRotERanl e,

the i nt eqeRTedidpld g)bll 5111%0 titani A€ sikeias tﬁntﬁlhhlr ﬁ‘ildl&i’%/ oftfer MEERc @R EMB or
transi stors 910 an wherein the pluralit devices 920 may

subst ant icampipatigngithegof. tﬁb@ﬂ%cwm mwrfsfpwsirbyﬁ@ SV IFipdpting, A et otbehe PMOS
transi st Qfoc@kmgQhclidigk cMp. The plurality of devices 910 may be used for IC
core devi ces. fo The 1 ntegrated circuit 900 al so includes interconnects 930

extending throu el e | ayers 940 to ones of the plurality of the
transistors 910q§ﬁ&f%§6mﬁﬁﬁﬁﬁ%8r remPEfresilicgR QKide ”T%%P‘W§ﬁ¥?%éﬁpé 920 may

be di r ectidw k\Wat@distaad/bl EhPachterbbCaddth SR IoRRa LS (931 sFBYn glass (SOG), PVD,
ALD and/or other processes including chemical mechanical polishing (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 drain 924 to form a
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 92'0 may be used as a part of I/O 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 diamond; a
compound semiconductor including silicon carbide, gallium arsenic, gallium phosphide, indium

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



i ncl ude contacts/via 932 and conductive |ine 934 enpl oyed to interconnect
ones of the plurality of MOS transistors 910 and 920, and/or to connect ones
of the plurality of MOS transistors 910 and 920 to other devices integral to
or discrete fromthe integrated circuit 900. Materials used to from

i nterconnects include copper, alumpum alum numalloy, tungsten,. carbon
nanot ube (CNT), doped polysiliconi*titaniumsilicide, tantalumsilicide,

ot her conductive material, or conbinations thereof. The interconnects nay be
formed by PVD, CVD, plating, ALD, and other processing including CMP. The
dielectric layers 940 may conprise silicon oxide, fluorinated silica glass
(FSG, lowk materials and/or other materials, and may be fprnedhby.CVP,
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gate electrode. The gate dielectric may be a 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-

alumina (HfO2-AI203) alloy, or combinations thereof The gate electrode may include

cbnductive 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 a combination thereof. The metal may include

copper, tungsten, aluminum, aluminum alloy, palladium, titanium, tantﬁlum, nickel, cobalt, and

molybdenum. The metal silicide may include copper silicide, tungsten silicide, aluminum

silicide, palladium silicide, titanium silicide, tantalum silicide, nickel silicide, cobalt silicide,

erbium silicide, and molybdenum silicide. The gate stack may further include spacers, which are

positioned on both sides of the gate dielectric and the gate electrode. The spacers may comprise

a dielectric material such as silicon nitride, silicon oxide, silicon carbide, silicon oxyuitride, or

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



GaAsP, AllnAs, Al GAs, GalnAs, GlnP, and Gal nAsP; or a conbination thereof.
The alloy sem conductor substrate nmay contain silicon, germanium carbon, or
conbi nati ons thereof. In one enbodi nent, the alloy sem conductor substrate
may have gradient SiGe feature in which the Si and Ge conposition change
fromone ratio at one location to another ratio at another |ocation of the
gradient SiGe feature. In another enmd8di ment, a crystal silicon |ayer may
formed overlying the alloy SiGe substrate. |In another enbodi nent, a stressed
| ayer is deposited over the transistors wherein the stressed |ayer may

i nclude nitrogen-containing material such as silicon nitride and silicon
oxynitride. Furthernore, the sem conductor substrate nay be a sem conductor
on insulator, such as silicon on insulator (SQ), or a thin filmtransistor
(TFT). The, dugt or substrate may include a buried oxide |ayer (BOX).

In some exar%@ggqg Y aecgrg?ﬁatéco Hlees Pratgiet HECRTRY Tnerelesisendopedudpi | ayer
or a buri gbetkedyer. In other exanples, the semiconductor substrate may have a
mul tilayer structure. The gate stack of the transistors described above may
include a gate di ectrode. Th ate dielectric may be a
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instances some features of the invention will be employed without a corresponding use of other

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

manner consistent with the scope of the invention.



erbiumsilicide, and nol ybdenum silicide. The gate stack may further include
spacers, which are positioned on both sides of the gate dielectric and the
gate el ectrode. The spacers may conprise a dielectric material such as
silicon ni'tride, silicon oxide, silicon carbide, silicon oxynitride, or
conbi nations thereof. It should be noted that the above |ists possible
materials that nay be 19. enployed ifPthe electrostatic discharge protection
structure but are merely given as exanples thereof. It is understood that
ot her devi ce conponents and/or |ayers nmay be present in Figs. I through 4
but are not shown for the purpose of clarity. Further, it is understood that
the reverse doped region is not limted to NMOS structures, but nmay be used
to formother field effect transistors including high voltage devices.
Al t hough ewhadi mant sinNgfpiiie present di scl osure have been described in detail,
those skilled in the art should understand that various changes,
substitutions and af @RISR citayt, bemprivede herein without departing fromthe
spirit and scopenfoiheoRiggent disclosure. The present disclosure has been
described relative to a preferred enbodi ment. Inprovements or nodifications
t hat become apb#fusrndecorgerieonsingf donidieian yissdekd In thesubfigeeandd only after
reading this gi - .Wthin the spirit and scope of the
appl i cati on. It&?ggﬁn %f? gg&g%ﬁgﬁggﬁﬁéﬁgﬂMEW@&F&F%ﬂf%@ﬁ AR A0 S€eEHY
subst;tutﬂ%ﬂ?méﬁéﬂpﬁk@ﬁd@mmﬁnODMEFT¢§QQOMM?&dh§QIa&g&&aanégbﬂaﬁpﬂﬁngﬁStances
sone feat i w.ll.be e e t hout correspondi ng use
of ot her %?gggﬁpgihgﬁ%2%§3?%§F§?SFT“P%“%B ?%%$¥%f TH%F”?W@jgﬁﬁéﬁﬁédh%lains
be const r G&& BgiomeRayabiaid firm agp-n jmetver consi stent with the scope of the
invention. 13 WHAT IS CLAIMED I'S: 1. A sem conductor circuit, conprising: a
sem conduct or substrate;

2. The semiconductor circuit of claim ! further comprising a conductive contact

coupled between the drain region and an input/output pad.

-

3. The semiconductor circuit of claim | wherein the semiconductor substrate
comprses matenals selected from the group consisting of silicon, germanium, diamond, silicon
carbide, gallium arsenic, gallium phosphide, indium phosphide, indium arsenide, and indium

antimonide, SiGe, GaAsP, AllnAs, AlGaAs, GalnAs, GalnP, and GalnAsP.

4, The semiconductor circuit of claim 1 wherein the semiconductor substrate

e
5

comprises a buried layer.

S. The semiconductor circuit of claim 1 wherein the semiconductor substrate

comprses an epitaxy silicon layer over silicon germanium layer.

6. The semiconductor circuit of claim 1 wherein the semiconductor device includes
an N-MOS transistor.

7. The semiconductor circuit of claim 1 ‘Whercin the semiconductor device includes

an P-MOS transistor.

8. The semiconductor circuit of claim | wherein the semiconductor dcvice‘is part of

a circuit for an input/output circuit.



a sem conductor device having a drain region disposed in the substrate; and a
reverse doped region laterally adjacent and laterally contacting the drain
regi on wherein the reverse doped regi on has an opposite doping type from
that of the drain region and a dopant concentration higher than that of the
sem conductor substrate, the reverse doped region and the drain region
operable to forma p-n junction. 2. “¥he seniconductor circuit of claiml
further conprising a conductive contact coupled between the drain region and
an input/output pad. 3. The sem conductor circuit of claim1 wherein the

sem conductor substrate conprises materials selected fromthe group
consisting of silicon, germanium dianond, silicon carbide, gallium arsenic,
gal | i um phosphi de, indi um phosphi de, indium arsenide, and indium antinonide,
Si Ge, GaAsP, Al | nAdhe smGeaductaGalrenisf cl@al hRheraindheGalied&Rher4omffres:seni conduct or
circuit of clqgg%ke%%gggh@ the sem conductor substrate conprises a buried

| ayer. 5. The sem conductor circuit of claim1 wherein the sem conductor
substrate cogpricsdispaed epiht axyicgidiitoronbdtatgdrtvaethe soUréccepiogaidmatiinm | ayer .

6. The segpjgpnductor circuit of claim1 wherein the sem conductor device
includes an N-MOS transistor. 7. The sem conductor circuit of claim!l
wherein the sem conductor device includes an P-MOS transistor. 8. The

sem conduct or ygi r cy im.: rejin e _sem conduct.or device |s part of
acircuit for lgn |gllf)efjste?\ E)CS{;%%%O%%?U\({:%&C E""b? %ﬁrgmstggn%ageocr?ﬁlﬁ’gf%ra %‘ferdé%cfmof claim
1 wher ei rnd peatelelppteasief urt her conprises: a source region; and a gate di sposed
on the sem conductor substrate between the source region and the drain
region. 10. The sem conductor circuit of claim9 wherein the gate conprises a
gate dielectr it The semiconductor circuit of claim 10 wherein the gate dielectric comprises a

material selected from the group consisting of silicon oxide, silicon nitride, silicon oxynitride, a

high k dislectric, and a combination thereof.

12 The semiconductor circuit of claim || wherein the high k material comprises

hafnium oxide, zirconium oxide, aluminum oxide, a hafium dioxide-alumina alloy, or a

combination thereof,

13. The semiconductor circuit of claim 10 wherein the gate electrode includes at least

one conductive material.

14. The semiconductor circuit of claim 10 wherein the gate electrode contains at least
one of silicon, germanium, and metal. |
1
LS. The semiconductor circuit of claim 10 wherein the gate electrode comprises a
material selected from the group consisting of poly-Si, poly-SiGe, metal, metal silicide, metal

nitride, metal oxide, and a combination thereof,

16.  The semiconductor circuit of claim 9 wherein the source and drain regions

comprise lightly doped drain (LDD) regions and heavy doped regions.



and a gate electrode. 11. The sem conductor circuit of claim10 wherein the
gate dielectric conprises a material selected fromthe group consisting of
silicon.oxide, silicon nitride, silicon oxynitride, a high k dielectric, and
a conbi nation thereof. 12. The semi conductor circuit of claim1l wherein the
high k material conprises hafnium oxide, zirconium oxide, alum numoxide, a
haf ni um di oxi de-al um na al |l oy, or a 15conbi nation thereof. 13. The

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

| east one conductive nmaterial. 14. The sem conductor circuit of claim10
wherein the gate el ectrode contains at |east one of silicon, germanium and
nmetal . 15. The sem conductor circuit of claim 10 wherein tpe g?te el ectrode
conprises a terial selected fromthe group consistjing of poly-Si,

pol y- Si Go, mbta ,elr‘%"ré?la‘lw@i”‘ftPrc‘?lﬁé‘f°Frﬂf‘5’l9W’Pﬁ”c’lPi“&fef_,eveﬁsétdaPedof_)‘?g‘&é,‘S A%

conbi nataidg witheea®D rehon oThansapcopductor circuit of claim9 wherein the
source and drain regions conprise lightly doped drain (LDD) regions and
heavy doped regions. 15 17. The sem conductor circuit of claim9 wherein the

reverse dopegk r eatr@RehRold@EBEE rcud RRAWot Dt @olRifLH 101 Bfic R B@HE tYPe
dopant. 18. The sem conductor circuit of claim9 further conprising at |east
one addi'BeBRdpred Fagiasrdiwonge fedalbeadicemt i sk [ses eac 1ddttiopalidrain gdjoacent to at | east
one additional drain region. 19. The sem conductor circuit of claim18
wherein the drain is n-type and the reverse doped region is p-type. 20. The
sem conduct ol ci ridgisemigtidesien grcaigoihemdiBrivherren We disn is 9-typetapgehcansdersche r ever se
doped re@plRedish ifpliyRe. 21. The sem conductor circuit of claim18 wherein
each drain region is coupled to an

20. The semiconductor circuit of claim 18 wherein the drain is p-type and the reverse

doped region is n-type.

21. The semiconductor circuit of claim 18 wherein each drain region is coupled to an

input/output pad.

22. A method to form a semiconductor circuit, comprising:

providing a semiconductor wafer having a n-doped substrate and a p-doped substrate
wherein each substrate has a plurality of gates;

forming at least one p-type reverse doped region laterally adjacent. and laterally
contacting a drain region of an N-channel metal-oxide semiconductor {(NMOS)- transistor
wherein the p-type reverse doped region has an opposite doping type from that of the drain
region of the NMOS transistor and a f)-type dopant concentration higher than that of the p-type
substrate, the p-type reverse doped region and the drain region of the NMOS transistor operable
to form a p-n junction; and

forming at least one n-type reverse doped region laterally adjacent and laterally
contacting a drain region of a P-channel metal-oxide semiconductor (PMOS) transistor wherein
the n-type reverse doped region has an opposite doping type from that of the drain region of the
PMOS transistor and an n-type dopant concentration higher than that of the n—.type substrate, the

reverse doped region and the drain operable to form a p-n junction.



i nput/output pad. 22. A nmethod to forma sem conductor circuit, conprising:
provi ding a sem conductor wafer having a n-doped substrate and a p-doped
substrate wherein each substrate has a plurality of gates; form ng at | east
one p-type reverse doped region |laterally adjacent., and laterally _
contacting a drain region of an N-channel netal-oxide sem conductor (NMOS)
,transistor wherein the p-type revetSe doped regi on has an opposite doping
type fromthat of the drain region of the NMOS transistor and a p-type
dopant concentration higher than that of the p-type substrate, the p-type
reverse doped region and the drain region of the NMOS transistor operable to
forma p-n junction; and formng at |east one n-type reverse doped region

| aterally adjacent and | aterall contactinq a drain region of a P-channel

met al - oxi de s€éni cdRuBERdT Of WhessHPeRipg SRS W8F A-DYRHEY SRS 198 Fer se doped
regi on hasm@fesQRRAGHERSIGGRNG §-Wpe ddguh tihal 1ypé sbhetdiodbin hegharorede t he PMOS
transi stor and an n-type dopant concentration higher than that of the n-type
subst r at BYIOP@nsifiglyer se doped regi on and the drain operable to forma p-n
junction. 16 23. The nethod of claim 22 wherein form ng at | east one p-type
reverse doped region conprises sinmultaneously formng p-type doping in the
n-type subst P4t e tbe Peihed eidaig23ivvhetsin fomung Bikas Qo BRBICIEGFSe donpd 18I et hod  of

cl ai m 22, )Whek&isindIQRBuNg féHnidEA8he Q6Hengtn tERLLHENBEEE: [FARRMHE @GINIT theCONPr i Ses
sinmul taneously formng n-type doping in the p-type substrate to formthe

drai n of NMKQS traRfed t ransi stor. 25. The nethod of claim 22 wherein: formng at
| east one p-type reverse doped region conprises simnmultaneously formng
p-type doping in the n-type substrate to forma |ight doped drain (LDD)
regi on of th@5drallhe oethedel clapn@Bwhergisi st or; and

forming at least one p-type reverse doped region comprises simultaneously forming
p-type doping in the n-type substrate to form a light doped drain (LDD) region of the drain of the
PMOS transistor; and

forming at least one n-type reverse doped region comprises simultaneously forming

n-type doping in the p-type substrate to form a LDD region of the drain of the NMOS transistor.

26. The method of claim 25 wherein forming n-type doping and forming p-type

doping have a dopant dose ranging between about 1x10" cm™ and about 8x 10" ¢,

27. The method of claim 25 further comprising:

forming spacers located on both sides of the gate ; and

providing heavy source and drain doping.

28. The method of claim 27 wherein providing heavy source and drain doping has a

dopant dose ranging between about 10" cm* and about 10'® cmfz.

29. The method of claim 22 wherein providing n-type doping is by ion implantation

processing and phosphorous dopant.

30.  The method of claim 22 wherein providing p-type doping is by ion implantation

processing and boron dopant.



formng at | east one n-type reverse doped region conprises sinultaneously
formng n-type doping in the p-type substrate to forma LDD region of the
drain of the NMOS transistor. 26. The nethod of claim25 wherein formng
n-type doping and form ng p-type doping have a dopant dose rangi ng between
about 1x 10'3 cm2 and about 8x 10'"1 cm2, 27. The nethod of claim25
further conprising: formng spacer§7located on both sides of the gate ; and
provi di ng heavy source and drain doping. 28. The nethod of claim 27 wherein
provi di ng heavy source and drain doping has a dopant dose rangi ng between
about 1015 cm 2 and about 1011 cm 2. 29. The nethod of claim 22 wherein
providing n-type doping is by ion inplantation processing and phosphorous

dopant. 30. T hod_of. ¢l ai m 22 wherei i ding p- ing s by i
mprant ati on *pr ocBEaT G na BoroR aepdn ohy i TR YRS AER Rk, 2) O

wher ei n thehdsetnypedswhstfeate is a n-well structure forned on the

sem conduct or wafer. 32. The nethod of claim22 wherein the p-type substrate
is a p-well structure forned on the sem conductor wafer. 33. A sem conductor
circuit, conpp.siNQe MettRIGIcRMEDT tvbkreis ulrst-ryaE eubbiaae g d-well ahicone feeatdir es; and
a plurality of netal-oxide-sem conductor (MOS) transistors forned on the
seniconddﬁ?%ﬁ“”%ﬁﬁ@?Fﬁ?@F“each havi ng a gate di sposed between a source region
and a drain region wherein the drain region is laterally adjacent and

| aterally contact a reverse doped region having an opposite doping type from
that of the df&in EgMEMNI4HE HCYbAARRSE8ncent rati on hi gher than that of the

sem conduct or ; §4HI84ddaties subiicthi@ng BYIBichEeMapedinaegi on and the drain operable
to forma p-n {umxlon. , , . _
a plurality of metal-oxide-semiconductor (MOS) transistors formed on the semiconductor

substrate, each having a gate disposed between a source region and a drain region wherein the
drain region is laterally adjacent and laterally contact a reverse doped region having an opposite
doping type from that of the drain region and a dopant concentration higher than that of the
semiconductor substrate, and the reverse doped region and the drain operable to form a p-n

junction.

34.  The semiconductor circuit of claim 33 wherein the MOS transistors comprise

N-channel MOS transistors.

35, The semiconductor circuit of claim 33 wherein the MOS transistors comprise

P-channel MOS transistors.

36. The semiconductor circuit of claim 33 wherein among three doped drain regions

are alternatively located the two reverse doped regions between two proximate gate.

37. The semiconductor circuit of claim 33 wherein the MOS transistors comprise a
multi-element structure having a plurality of reverse doped region elements disposed in the drain

to form p-n junctions.

38, The semiconductor circuit of claim 33 further comprising conductive features

coupled between the drain region and an input/output pad.



34. The sem conductor circuit of claim33 wherein the MOS transistors
conprise N-channel MOS transistors. 35. The sem conductor circuit of claim
33 wherein the MOS transi stors conprise P-channel MOS transistors. 36. The
sem conductor circuit of claim 33 wherein anong three doped drain regions .
are alternatively located the two reverse doped regi ons between two proxi mate
gate. 37. The sem conductor circuit ®f claim 33 wherein the MOS transistors
conprise a nulti-elenent structure having a plurality of reverse doped
region elements disposed in the drain to formp-n junctions. 38. The

sem conductor circuit of claim33 further conprising conductive features
coupl ed between the drain region and an input/output pad. 18 39. The

sem conduct or3oci r ¢Hé terfor@lidb iR WhaLE! &/H&eﬂn f?ﬁe“m?x}tétf%ﬂ ARG gompr i se
shal l ow trench isolation (ST[) structure. " “The sem conductor &ifcuit of

cl ai m 3Fhalay BFh initieem doiatiteor substrate conprlses silicon. 41. The

sem conductor circuit of claim33 wherein the gate conprises a gate
dielectric and a ate el ectrode. 42. The sem conductor circuit of claim 33
wher ei n the §Bur cEhasdnigrpeor eigiugnel cleiongs i wherdii dgiiet banichmgextbrnibstrate( LDD)
reglons(gagnnganmmdoped regions. 43. The sem conductor circuit of claim 33
further conprising heavy doped regi ons having sane type of dopant as that of
the substrate and hi gher doping concentration wherein the heavy doped
regions funckion ag BOHYoROALAEEfO 4 bﬁm?%@sfvﬁé%l theA'AgateTpo% &M gonduct or
circuit of claim33 further conprising nulti eve I hter connect's” F6r med by a
pl ur al i theisticgAdeeteclrelrafst eri al s and coupl ed to the MOS tranS|stors

42.  The semiconductor circuit of claim 33 wherein the source and drain regions

comprise lightly doped drain (LDD) regions and heavy doped regions.

43. The semiconductor circuit of claim 33 further comprising heavy doped regions
having same type of dopant as that of the substrate and higher doping concentration wherein the

heavy doped regions function as body contact to the substrate.

44, The semiconductor circuit of claim 33 further comprising multitevel interconnects

formed by a plurality of conductive materials and coupled to the MQS transistors.



