ESD PROTECTI ON Cl RCUI T BACKGROUND [ 00011l ntegrated circuitscan be danaged
by el ectrostatic discharge SD). For exanple, ESD can danage a gate oxi de of
a transistor. To protect the transistor from danage, an "D protection
circuit is used to dissipate ESD current through the substrate of the IC
When a static discharge is detected at a pad of an IC, the ESD circuit is
activated to dissipate current through the substrate, protecting the gate
oxi de. 100021Vari ous types BSDHIROMBUEN@IRGUEUIt have been used. One
type of ESD protection circuit is a lateral diffused netal oxide

sem conductor (LDMOS) transi stor gAdeckitaigpl runaway current (e.g., It,)
which relates to the ESD performance of the LDMOS is directly related to

its tot i dt h., For .exanpl t he.larger the taqtal .w.dth of

tr anst J0pt £ Brepdraled AT o' g e BaRhe e bRl ekt ptsdPdios, <

exhi bit non- of the relationship between width and [t2. For

exanpl €Xample ESD G35 damass agate %(ﬁtq# adrangisiopnbe PrGtegt dhest@sists deom damages y| ¢
in the expected increase in It2. In sone instances, increasing the total

wi dt h ofm E312 prapatien cirawis isgtsod ta dissipate ESP currgatthecugh thawsubstzate stithe Ion-

iity negatively inpacts ESD design rules, making it difficult for IC

desi gnéWaei o statiodisdeargds deacedunn paESDhpI@QtReESDrirchid 3idlivited ¢ disdigseire i s
directed to provide inproved uniformty in LDMOS transi stors. SUMVARY

[ 0004] Eubesi thRMoA tRICABERAtE YorbRERIELhE Qa@Kidkonduct or devices. In one
enbodi nent, a

[0002] Various types of ESD protection circuit have been used. One type of ESD

protection circuit is a lateral diffused metal oxide semiconductor (LDMOS) transistor. The
thermal runaway current (e.g., It;) which relates to the ESD performance of the LDMOS is
directly related to its total width. For example, the larger the total width of LDMOS
transistor, the higher the It,. However, conventional LDMOS transistors exhibit non-
uniformity of the relationship between width and It,. For example, increasing the total width
of a LDMOS transistor does not result in the expected increase in It;. In some instances,
increasing the total width of the LDMOS transistor results in a decrease in It;. Such non-
uniformity negatively impacts ESD design rules, making it difficult for IC designers to
provide the necessary ESD protection.
[0003] The disclosure is directed to provide improved uniformity in LDMOS transistors.
SUMMARY
[0004] Embodiments generally relate to semiconductor devices. In one embodiment, a
device is presented. The device includes a substrate defined with a device region having an
ESD protection circuit. The ESD protection circuit includes at least first and second
transistors. Each of the transistors includes a gate having first and second sides, a first
diffusion region in the device region adjacent to the first side of the gate, a second diffusion

region in the device region displaced away from the second side of the gate, wherein the first
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device is presented. The device includes a substrate defined wwth a device
regi on having an ESD protection circuit. The ESD protection circuit
includes at least first and second transistors. Each of the transistors
includes a gate having first and second sides, a first diffusion region in
the device region adjacent to the first side of the gate, a second
diffusion region in the device region displaced away fromthe second side
of the gaitscontEfation tdpforsidofipris@asbantcsmdig ﬂd‘l&iﬂ?f@fpe[ 84 LB eRIEohS €
dopants of a first polarity type, and a drift isolation region disposed

bet weeryehiif A Ldiang 860 Hid U AN 0L Eh ko MhdRYIE iRk R 2

first I ce enconpassSes t evice reglion and a secon evice well
di sposed within the firs vice well .. The deyice al.so. includes ift
et | R e it Deisp obise e dRlisd Bral i 1 SR aT ¥ o Rer sk B4 0 Bty
wel | do not extend below the gate and is away froma channel region. A
drai n visvicerrasH- nhedispisstalsognclpdes a drptt well arhigh enpompassesie speand daﬁ%ﬁm ed
under the second diffusion region and within the first device well.

[ 0005] Imgmnotidges eithodiifreve] deend esliesd belswdhe Eite adéis ayaydkendeshanmslibst r at e
defined with a device region. The device region includes an ESD protection

Ci r cui trepiavi Agdrain wéldBdvifig dsganand thefBngolbfiBNspSivhich is &isgpdsed inddrehe
transi stors includes a gate having first and second sides, a first

di ff usi QRAEAFAGoh FedibiPailEViika the PP @aignt to the first side of the
gate, a second diffusion region in the device region displaced away from

the secqfigsisi 0f, gloddie, dhaeANdudidil blclosol 2100, [ 29 GRs i SROSES, Det ween

i
the ga dt Secon usion region. evice’inc es a first

devi ce | .enconpasses .t he_deyi ce regi ogn and a _second devi ce well disposed
wi t hin e Wil qexife CesifR| Fﬁe %Vécedfégioeén%l}l@% arlriﬁ?%a@éecaoa F}r?‘ll%lig #hi ch

enconpasses the second diffusion region. Edges of the drift well do not

ext end lpest &yt endseganed trandstpss. &aely of the transisthesrinelndescggasmhavingifiest endrel | i s

di sposed under the second diffusion !to-ion and within the drift well.
100061 eewrl sdd, ofitse difidicanegigasn thrdleleatregi@sadjficenh® thefied side of thehpatei n

di scl osed, will becone apparent through reference to thedescription and the

acconpaiechie dravon gﬁgioﬂf thB QEVIBE Rogidnt dibplade@ aRBy YRk thetse@shdisiit Fahe t he
various enbodi ments descri bed herein are not nu?ually excl usive and can
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The device includes a first device well encompasses the device region and a second device
well disposed within the first device well. The device also includes a drift well which
encompasses the second diffusion region. Edges of the drift well do not extend below the
gate and is away from a channel region. A drain well is disposed under the second diffusion
region and within the drift well.
[0006] These and other advantages and features of the embodiments herein disclosed, will
become apparent through reference to the following description and the accompanying
drawings. Furthermore, it is to be understood that the features of the various embodiments

described herein are not mutually exclusive and can exist in various combinations and

permutations.



[0007] In the drawi ngs, like reference characters generally refer to the
sane parts throughout the different views. Al so, the drawi ngs are not
necessarily to scale, enphasis instead generally being placed upon
illustrating the principles of the invention. In the follow ng description
various enbodi ments of the present invention are described with reference
to the followi ng drawi ngs, in which: [0008]Fig. 1 shows cross-sectional

vi ew of an enbodi nent of a device: and [0009]Fig. 2 shows a transni ssion

[ine pulse (TLP neasur m@?‘?ﬁ‘é@;ﬁ@%&%hg%‘gﬁ LLED DESCRI PTI ON

[ 00101Enbodi nent s genera e to semcon evices. ESD circuits

are proyjded for the devices. For exanple, the ESD.cirgcuits may be used in
hi gh vﬁm) e agrbﬂ‘f’ 5?"?’18%%?%F r?)é(??ﬁ%é@% g?t}eéﬂﬁt@,ferf% CEYRPES are
activated during an ESD event to dissipate ESD current. The devices, for
exanpl ehrowghousshediffereppuicys. ddsa, dsrravingp agaipt Beeessasily tp scale; enlypsist ed
circuits (1CSuch devices, for exanple, can be incorporated into standal one
devi cesngiead gesieradly beingpladed mpow iltusthtirgy the prinsipkss efithennedntips. [BhEs) . The
devices or 1Cs can be incorporated into or used with, for exanple,

el ect r aBil6wRigARbEGion SHE{dUS emBPEidteRrsSf t sHn€ frfrent@ dre Abafi®sd wathd per sonal
digital assistants (PDAs). [0011]Fig. | shows a cross-sectional view of an

enbodi r}:gfg,m?g a8y négpawiﬁgs’%@m .a subsirate 105 is provided. The

substrate, for exanple, “is a Sém conductor substrate, such as a silicon

b I di th b -
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doped substrate, O her types of sem conductor substrates, .including doped
with otlM@99l yp&ie. 81sh%f>a¥rta§sr@|sm% BeRtES ?@nﬁl&?summ& Vapays ‘i‘f"é‘&?sbe
useful. For exanple, the substrate nmay be a silicon germani um gernmani um
gal | i um arseni de, or crystal -RECAHSD BESCRIBEIQNsuch as silicon-on-

[0010] Embodiments generally relate to semiconductor devices. ESD circuits are
provided for the devices. For example, the ESD circuits may be used in high voltage
applications or devices. ESD circuits, for example, are activated during an ESD event to
dissipate ESD current. The devices, for example, may be any type of semiconductor devices,
such as integrated circuits (ICs). Such devices, for example, can be incorporated into
standalone devices or ICs, such as microcontrollers or system on chips (SoCs). The devices
or ICs can be incorporated into or used with, for example, electronic products, such as
speakers, computers, cell phones, and personal digital assistants (PDAs).

[0011] Fig. 1 shows a cross-sectional view of an embodiment of a device 100. As
shown, a substrate 105 is provided. The substrate, for example, is a semiconductor substrate,
such as a silicon substrate. In one embodiment, the substrate may be a p-type doped
substrate. For example, the p-type doped substrate is a lightly p-type doped substrate. Other
types of semiconductor substrates, including doped with other types of dopants or
concentration or undoped, may also be useful. For example, the substrate may be a silicon

germanium, germanium, gallium arsenide, or crystal-on-insulator (COI) such as silicon-on-



i nsul ator (S01). The substrate can be a doped substrate 190121The device
may i nclude doped regions or wells having different dopant concentrati ons.
For exanple, the device nmay include heavily doped, internediate doped and
lightly doped regions. The doped regions may be designated by x-, x and x',
where x indicates the polarity of the doping, such s p for p-type or n for
n-type, and: = lightly doped; x = internedi ately doped; and = heavily

doped. insulatorr%S(ﬁgpﬂie §Lﬁﬁir9t@cﬂﬁﬁebab5§e@su@%&t concentration of |ess than
about 5E131cnB. For exanple, a lightly doped region may have a dopant

ray havLOtGo T he BEALE At et Hoped Rl TSyl BITEEH BRRB P, T "
SopeS, g apbl, T SV ORERS SESRE LRI Dl S AR
concentration fromabout SEIScn8 - 9E15/cnB. OQther concentrations of the
di f f er dightlyyeped wiicgspdte deppdgasions By be dasignaied bypx's y ped Yop¥istsX nay i ncl ude
boron (B), alum num (Al'), indium (In) or a conbination thereof, while
n- - t ypendioganthe pobtayity nfthadepiplgpaphas pdor Pyypear ador u-typésind:ant i nony (Si)) or
a conbi nation thereof.
x" = lightly doped,
x = intermediately doped; and
x" = heavily doped.
A lightly doped region may have a dopant concentration of less than about 5E13/cm’. For
example, a lightly doped region may have a dopant concentration of about 1E1 Vem® -
5E13/cm’. An intermediate doped region may have a dopant concentration from about 5E13 -
5E15/cm’. For a heavily doped region, it may have a dopant concentration of more than
about 5E15/cm’. For example, a heavily doped region may have a dopant concentration from
about 5E15cm’ - 9E15/cm’. Other concentrations of the different types of doped regions may
also be useful. P-type dopants may include boron (B), aluminum (Al), indium (In) or a
combination thereof, while n-type dopants may include phosphorus (P), arsenic (As),
antimony (Sb) or a combination thereof.
[0013] As shown, the device includes a device region 110 defined on the substrate. A
device isolation region 190 may be provided for isolating or separating the device region from
other device regions on the substrate. In one embodiment, the device isolation region
surrounds the device region. The isolation region, for example, is a shallow trench isolation
(STI) region. Other types of isolation regions may also be employed. For example, the
isolation region may be a deep trench isolation (DTI) region. The isolation region, for

example, extends to a depth of about 4000 A for a STI region. Providing isolation regions

which extend to other depths, such as 0.5 — 10 pm for DTI regions, may also be useful. In
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100131As shown, the device includes a device region 110 defined on the
substrate. A device isolation region 190 may be provided for isolating or
eparating the device region fromother device regions on the substrate. In
one enbodi ment, the device isolation region surrounds the device region..
The isolation region, for exanple, is a shallow trench isolation (STD
region. QG her types of isolation regions may al so be enpl oyed. For exanpl e,

the i sQimtdnddiRdit AR WBYthRE iRt 9818 feldgNs hiswth 813 |0h. PEMAding 8Q1Hdn The
i sol ation region, for exanple, extends to a depth of about 4000 A for a 311

regi on._.Pravidj. i ] [ I t . h as
03"~ - OBt AP HRRAE ki RELORT B} B BELRRR. e B GRPkE Srariyie”, £2
wi dt h of t&e i solation region is about 0.3 tim Providing isolation regions
havi ng 8 $&°8 Pnﬁﬁ%ﬁﬁ@rﬁ *WGths nay al so be usetbl. The di nensions, for
exanmpl e, may depend on isolation requirenents. [0014] The device region

i ncl udd80H . | The geveeragiasrinelpdessaniBSI protaiignegpripd bl e dhe HSeprotegiion
includes a plurality osistors coupled in parallel. For exanple, the ESD

pr ot ectdienit ghawdes ta pluralitydéS. Dhtraddidtoraceistd irspardiiel.s Rovexaniphe tlbei$2e r egi on
includes first and second (e.g., n = 2) 1,11) transistors 115a-b. Providing
ot her mypRetiorEirdul? ihéladssirSLD t&nsiBsrsd | AsHGn, &eldelice F&dbibSluldes Sist gaped wel |
160 is disposed in the substrate in the device region. The first doped

I, e ) .
:‘Nier st Z%%WIH Bﬁfﬂﬁﬂfmf@&)& f'lejaQtQ nﬁo@%ﬁéﬁrﬁéﬂlﬁg bPI'D isfok

%F e, the
serves as an Isolation Irst we I ncludes first
polarity type pants. In one enbodinent, the first well is lightly doped
W th fi%é%mﬁk*gﬁity type d pants. Providing a first well having other
dopant concentrations may al so he useful. [0016] Each of the transistors

i ncl udd80tdlgat & Hrsbdapsd otell W0dp dispased ioherbstEly Fitbe deice Kgiosy AIE e | n
the device reQon. A gate may be referred to as a finger The gate includes a
gat e eldeped vel, d2bownspusapasseethegogpiate divatarsgionc Fopaxampie,dhefisstridertidnent |
the gate electrode is a polysilieon gate el ectrode. Other suitable types of

gat e elvedll sepets agah édolalon wally EHesirswellirtudes fiAs pblarityl tpe depadtsdilrloaetric, it
includes a silicon oxide. O her suitable types of gate dielectric materials

may al %ﬂ&%‘:ﬁéﬁfﬂibﬁé%@n@rgﬂéw&'& Rith HREpSBLiE thc SdpihtsaiPréAdaghaistused
-for high vblta@e dé\}ices.1 or e%gﬁpfé,lthg thﬁgzﬁzsgggsofrthe gateS

(al (hagﬁ r 8%62% ?%ﬂf} @Ihgrn(goip%tecgotggéngraﬁgxs Iggy gfsgible%efhg that of the highdevices.
[0016] Each of the transistors includes a gate 120 which is disposed on the surface of the
substrate in the device region. A gate may be referred to as a finger. The gate includes a gate
electrode 126 disposed over a gate dielectric 124. In one embodiment, the gate electrode is a
polysilicon gate electrode. Other suitable types of gate electrode materials may also be
useful. As for the gate dielectric, it includes a silicon oxide. Other suitable types of gate
dielectric materials may also be useful. In one embodiment, the gate is similar to gates used
for high voltage devices. For example, the thicknesses of the gate electrode and gate
dielectric may be similar to that of the high voltage devices. Other configurations of gates
may also be useful.

[0017] The gate may be a gate conductor which forms gates of multiple transistors. For

example, the gate conductor may traverse a plurality of device regions separated by isolation



may al so be useful, [0017] The gate may be a gate conductor which forns
gates of nultiple transistors. For exanple. the gate conductor may traverse
a plurality of device regions separated by isolation regions, The
pluralitiesrtors have, X)in d by the gate condue O her configurations of
gate conductors may al so be seful. 100181The gate is di sposed between first
and second source/drain S/1 ) regions 130 and 140. The SID regions are

first pebhi.tyhd YReI#ePECriRAtRNRal SRASAEN ite it¥enclISthE 84t8 coddiRtop! D
regions are, for exanple, heavily doped first polarity type regions. For

exanpl i bout 0.1 -- (,4 gm O her

sui tabF%th gg%@ﬁﬂéﬁggﬁggat@ngggﬁﬁﬁ rﬁaﬂ.ﬁ{%& g??%e@égi ons may be simlar to

t hose o her _transi.stors t he device. |In one enbodj t,.th irst S/ID
oo on DABRIs he SRS RhGedhebitin iR w58 seshic SBeF BRrbl Dhtseind 10
region of the transistor. 100191The. first SID region is di sposed adjacent
to a fiké: TeddDapgippwargdirs polasity hiwe dapesticsions dispaseddnthe sybgratapEha $(P fir st
S/ D region. For exanple, the first side of the gate overlaps the first S/ 13
r egi on.redioas arepfonexafiployvieraldp depeaufirst fdarstyftypeciegionSl Pvrreagmole, the BB i n
communi cation with a channel of the transistor under the gate. The anount
of overdkgidns mal Davex asmh of a© 011 -00.3 ;.00 ep BhitdBUeddpaiRRhAgalsdbe fideridlt Sl D

regi on by other anmounts may al so be useful. hi one enbodinment, the gate

over | apg, ag /i Iggfo*ﬁ/?%gﬁ))g %nglllapé? Bﬁ)gé 8PoBEr t&%ﬁﬁis}drg 8 thts,ldpviff:@.gfno(;he Qt her

configurations-o irst region may al so be useful. As for the

second S/,D reqgi.on ot 1.s displ aced by .a dist.ance aterally.away from
2 secorandiBe Be i subaetitn 57 R Lhfeattefn ShahRNEesd S PSR 14 s

i nst ances, cqrres&%nd to the drift distance. Do, for exanple, may include
any suidraiBiresian of BK¢EEsT-ch depend on general design rul es of respective

foundri es.
[0019] The first S/D region is disposed adjacent to a first side of the gate. In one

embodiment, the gate overlaps the first S/D region. For example, the first side of the gate
overlaps the first S/D region. The amount of overlap should be sufficient for the first S/D
region to be in communication with a channel of the transistor under the gate. The amount of
overlap is, for example, about 0.1 - 0.5 pm. Overlapping the first S/D region by other
amounts may also be useful. In one embodiment, the gate overlaps a lightly doped (LD)
region of the first S/D region. Other configurations of the first S/D region may also be useful.
As for the second S/D region 140, it is displaced by a distance Dg laterally away from a
second side of the gate. The lateral displacement Dg may, in some instances, correspond to
the drift distance. Dg, for example, may include any suitable distances which depend on
general design rules of respective foundries.

[0020] In one embodiment, a drift isolation region 192 is provided between the gate and
the second S/D region. The drift isolation region, for example, is a STI. Other types of drift
isolation region may also be useful. As shown, the gate overlaps the drift isolation. The drift
isolation region can be employed to increase the effective drift distance to be greater than Dg.

For example, the drift distance can be increased to be equal to the profile of the drift isolation

6



[0 020] I n one enbodinent, a drift isolation region 192 is provided between
the gate and the second SID region. The drift isolation region, for
exanple, is a STI. G her types of drift isolation region my al so be
useflul. As shown, the gate overlaps the drift isolation. The drift

i sol ation region can be enployed to increase the effective drift distance
to be greater than Do. For exanple, the drift distance can be increased to

be equ%gi&ﬁ. g dREALL L%eﬂif/ee&lgﬁe Q{d{%& ﬁegg)ﬁlaﬂa 38R iSolatiiOeBion cHRespdhdtance L

bet ween e source region and dri ation region correspond to a

channel _of the.transisto The effective drift distanced,s.fromthe.second
S r e B G ERSRE arhs $AReSE SRR TGt Fouthe bERGE T redidtbietolfider “Fhe
gate. 100211I.n _one enbodi nent, the second side of the gate is provided with
a sui cithedgftdrlationgegion and foide gBanebpndeptisBsift s ot mation of silicide to
reduce risk of shorting of the suicide contact (not shown) on the drain

r egi on [002kh shor onegnbedimenththegatand sideeofdhé¢ pate theprbvidedk with azsilifiidd Weels i ¢
liner. For exanple, the dielectric liner is a silicon oxide liner. In one
enbodi N8t  THeRaictdd Klbdkeprol @tk formatios phskedon febecertkaidhatidg obfhetstiidgat e,
overl apping the gate by a distance D.distance DE, for exanple, is equal to

about  Q:o86cHidt sHvn) LRthEX@IPleBion RN 8hcdting withikle AR Y TR TiGRE Blodk & ANCeES
whi ch depend on genéral design rules of respective foundries. Providing a

portion,.qf t.h il d |oc heh . l.aps::: y ' : is
Bavant AeribO ot oA Rab e MR SR R SLRr BB An 1B i ShABG AT
under | yj ng.regi on_and. ef fectivel even current. to flow 'tjthe.

hor i zorfhs%haxdgé’iqqkdﬁ,&wa ORGHS opi 1id O@egﬁ@r PYRIeRIDE thergate BY, BisHEoB | ock
lines the top of the drift isolation region. As shown, the silicide block
ext endsPpathd dibtagcedie for ¢rampla iihequeliorabou] ©0G pmADs Herrample Nfayalse and
second LD transistors are configured to have a common second S/ D or drain
r egi on.in@uéesnycsuithblgudisidriconshizh depend dd ganared dedign mlesef redpsctivedoursirfes] .
100231A second well 165 is disposed in the substrate. The second wel |l may

he di spesedingh pdiBosl8Vihe QilicREH KIGcKNPhicE %¥8MpS thd fie sgsamhnwu,; i¢ s di sposed
within the first well. The second well serves as a body well for the

transi %xﬁa%e;g)ﬁ? aéﬁ%ggglli‘g@/ﬁrgsea@@w iaﬁg,g Ufﬁﬁciﬁ@ﬁf’tﬂ uggérgﬁﬁ aﬁgﬁ)@%at s for a

first polari ype or exanp e secon evic I ncl udes

p-type nts for an n-ty devi or n- e  dopant.s r =}ype devi ce.
The sec‘%%gg%‘gb? P’éegeﬁ}ﬁélclm?fﬁy}g@(gwl lf’é]%ieli“ﬁ}uf’%a; X%fdpﬁf@g@g@}@g%ﬁ%ﬁ?%’ doped wi th
first polarity type dopants. Ot her &pant concentration for the seilcond

devi ce ReeformaRgg. ﬁg@ﬂ}g@q}g@flﬁpn’es the top of the drift isolation region. As shown, the

silicide block extends partially over the drain region.

[0022] As shown, the first and second LD transistors are configured to have a common
second S/D or drain region. Other configurations of the LD transistors may also be useful.
[0023] A second well 165 is disposed in the substrate. The second well may be disposed
in the device region. For example, the second well is disposed within the first well. The
second well serves as a body well for the transistors. The second device well includes second
polarity dopants for a first polarity type device. For example, the second device well includes
p-type dopants for an n-type device or n-type dopants for a p-type device. The second device
well may be lightly (x) or intermediately (x) doped with first polarity type dopants. Other
dopant concentration for the second device well may also be useful.

[0024] The body well at least encompasses the first S/D regions and a part of the gates.
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[ 00241The body well at |east enconpasses the first S/D regions and a part

of the gates, As shown, the body well enconpasses the first and second SID
regions. Other configurations of the second swell may al so be useful. A
depth of the second well is shallower than the first well. Providing the
second well with other depths may al so be useful. [00251The substrate and
the first and second wells, in one enbodinent, are provided with substrate

cont act &s dddun, tHeboldy Il GREMPEssuEthk QLA Sénd 82D a8Honkd bm&mﬁﬁm&bﬁ@ for

bi asing the substrate and swells, The substrate contacts and well contacts

are heaw j 1ot b ar dept h
of tho LU ORENel AL bAoA el SN A ARh Pl TE shaliGheft ARl 100
device isplation region and. the substrate contacts d well contacts are in
communi Bk B BF erond sprllovith Sher deplhorndy Bha oY, The dopant
concentrati on of the substrate contacts and well contacts nay be about 5E1
5cn8 9H9% ler r dhe spbsirpteqind thpiiest anhceond wellpin prakpakodimgntape proyadegowithy|

The substrate contacts and well contacts have the sane polarity type as the
r espectsubsraebettacs £07 Mistwed secondevelleoatmptsd 62tahé 167 respectively for biafing gret act s
162 are st polarity type doped regions and the second well contacts 167 are

second qaBktadé hod wWYIRE TieRREsttRgtaiscts 4061 EtontaicareMepdiy@iped réggalsat i on
regions 194 may be provided to separate the contact . The isolation

regi onsg; By Bhe/b fe%ﬂjn@.n or gy&fnp‘?éﬁ %_rﬁéhﬁr of{tﬁ'ﬁsdﬁﬁét@tc&)ﬁgctro‘? W PNSnfRYisPe
simlar to the device 1solation'regions. Qher t

ypes or configurations of

i sol ati reqi.ons al.so be. usef ul 00271 Met al, suici d ont.ac (not
shown) RRUCEE Peva dBbt Bt PR Gick Bolation g o Sup Rl BRABI RS Gne. For
exanple, nmetal silicide contacts may be provided over the S/ D regions, well
cont actOnEKH ag%tr)ecomertl%wawﬂh@egﬁpewg subrirateand vl A0BrY, nmay be

ni ckel -based contacts. Qther types of netal suicide contacts, ma al so be
usef ul .coRegntrasiampf e subsiratd ¢angrictieandovrlbesmsacirapapbe aluyd FE1 S| -JEle/Co Si )
contacts. The silicide contacts nay be about 100 - 500 A thick. O her

t hi ckne3theoduitableicohctatranon ampss may alad e ubdulu SHesubstibiecaitidotd ae weht act s may
be enpl oyed to reduce contact resistance and facilitate contact to the

back- engntacts have the same polarity type as the respective substrate and wells. For example, the

first well contacts 162 are first polarity type doped regions and the second well contacts 167
are second polarity type doped regions.

[0026] In one embodiment, isolation regions 194 may be provided to separate the contact
regions. The isolation regions may be STI regions. For example, the isolation regions may
be similar to the device isolation regions. Other types or configurations of isolation regions
may also be useful.

[0027] Metal silicide contacts (not shown) may be formed on the gate electrode and
various contact regions. For example, metal silicide contacts may be provided over the S/D
regions, well contacts and gate electrode. The silicide contacts, for example, may be nickel-
based contacts. Other types of metal silicide contacts may also be useful. For example, the
silicide contacts may be cobalt silicide (CoSi) contacts. The silicide contacts may be about
100 - 500 A thick. Other thickness of silicide contacts may also be useful. The silicide

contacts may be employed to reduce contact resistance and facilitate contact to the back-end-
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e netal interconnects. [0028]1n one enbodinent, a third well 171 is

provided. The third well is disposed in the substrate within the second
wel | . For exanple, a depth of the third well is shallower than a depth of
the second well. The third well serves as a drift well, In one enbodi nent,
the drill well enconpasses the second S/D region and is configured or

narrowed so that the edge of the drift well does not extend bel ow the gate

and is gy fdaMhie nel region. 1:0029]1n one enbodi ment, the depth or
bottom of the tmlrgt% Flfw'is bel ow t he isol ation ions. The depth of the

third be ab t her d I .. The
gept h, %h#slexa%?lée O?f) d‘é’ﬁ%nﬁﬁgﬁ‘?ﬂ%l@e@lp&wgﬁ?@l 9%’6 g (i%c%fg llfllPn

rift well, for exanple, extendsfro a botto t i sol ation

r egi on Stbstraigwithinghe sgeopd yusile Fope £:t30tRPHY 0 %t}H@C‘i"‘églss OéY‘iréli*Pnraegl on
192 under the second gate. The width of the third well, for exanple,

ext endglepthorfithtreechind wielle dipe tHikDwell servérassedrifhdeBd feoneranbasimentetheldiifid wel | |
The width of the third well, for xanple, is about 8 gm The third well may
al so i ngdllglopiphsses Eheis'e&hidES/W 9gibn dhdrininéigsred (00 Q2O Witesodthatf the widd ofithe | udes
first polarity type dopants. In one enbodi nent, the dopant concentration of

t he dr'cfr{ﬂ%ﬁhoéﬁdt%%ﬁd%&%ﬁzth@gat@‘aﬁ@ﬁt v@@rﬁ&ﬁttﬁ@éuaﬁﬁa@é%&me drain. In one

enbodi ment, the drif ex.-) or Internediately {(x) doped with

]:jlr Ir ;‘St t) 't ylri) xﬁ@q@&l&llth?%%ﬁthe@f%gm)ﬁ ot EnAGRAM s BABGARE [BldidR ©f the

regions. The depth of the third well may be about 0.1-5 pm. Other depths may also be
useful. The depth, for example, may depend on the design voltage of the device. The drift
well, for example, extends from a bottom of the device isolation region 192 under a first gate
to a bottom of the device isolation region 192 under the second gate. The width of the third
well, for example, extends from the first edge 170a to the second edge 170b of the third well.
The width of the third well, for example, is about 8 pum. The third well may also include other
suitable width dimensions.

[0030] The drift well includes first polarity type dopants. In one embodiment, the dopant
concentration of the drift well is lower than the dopant concentration of the drain. In one
embodiment, the drift well may be lightly (x) or intermediately (x) doped with first polarity
type dopants. For example, the dopant concentration of the drift well is about 1E12 - 1E14 /
cm’. Other suitable dopant concentrations may also be useful. For example, the dopant
concentration may depend on the maximum or breakdown voltage requirement of the device.
[0031] In one embodiment, the second well, the first S/D region and gate are commonly
coupled to a first terminal 134 of the ESD device. The second S/D region is coupled to a
second terminal 144 of the ESD device. For example, the first terminal is a source terminal
and the second terminal is a drain terminal. In one embodiment, the second well contact 167

is also coupled to the first or source terminal. The source terminal, for example, is coupled to
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enr. Other suitable dopant concentrations may al so be useful. For exanple,

t he dopant concentration may depend on the maxi nrum or breakdown vol t age
requi renent of the device. [0031] 1 n one enbodi nent, the second well, the
first SID region and gate are commonly coupled to a first term nal 134 of
the ESD device. The second SID region is coupled to a second term nal 144
of the ESD device. For exanple, the first termnal is a source term nal and

the secpmchd whitd theldran eirdinhl HBF Slaidle, i4 CouPRR t8RHrMENpad. t@esecond wel |
contact 167 is also coupled to the first or source termnal. The source

termn . . i in termnal, for
ex. plq%gﬁ ou%ﬁgﬂﬁﬁéﬁgﬁﬁﬁgﬁ&%ﬁhﬁpgégaE?Eggng%%?%ggkgﬁggﬁgﬂ%f t enni nat
connect,j to the ES!),.devices . he useful,. 10032 one

crboar MPE & et dmiiheaty S el B0 P e AT RA Yo f Poamalt o,
serves as a second S/D or drain well. The drain well is disposed in the
subst r #ees pha sasend i ar dit well hEheydrain weld s disposed nigbe sgpstiptenilihongie t hird
well and is contiguous with the drain region. For exanple,the drain well
over | apstodinertt/the dragn well égdisposed withivethe tiiotiwelk atd istdeetifious withdhedtaitba i f
the drain well is aligned with or contacts an edge 192al of the drift

i sol at iregiofi.eBbOskafipld, e drhinSiell 6vniapSings thetlirgih régodVimyorierediboditdcht ght e of
the first transistor. Simlarly, the second edge 175b of the drain well is

al i gnechrw'édgc P55 £OMh@ata3n #81 $8EnLd 9ad &fcoﬁtla&sgx;lie{i e 1949| 8t heArikgeiIMbOf t he

h
second transistor which iIs amayﬁ¥%on1the gate e second transistor. A

depth (%t%%i%)rgéﬁ {h?q{rﬁgr%glja{o% ij)’nfxcﬁ{ll%é{zvgﬁ%ron{ ttﬁglréfi% oq?lpe:[ Hrs? {r%r;is?s? i %iirlhﬂarl\iﬁli , ! inn

(8)
one enb cond usi on or arn regio

one enbodi ment, is t sane as.the width of the fourth [1,.175...1 n anot her
embodi eSS GO PRI e R A R aaﬁasw%g PoeHf may be
narrower than the width of the fourth well 175. Providing a second

di f f usiisnaton rdgiah of giemgcaniransiston whichhia ameydiinyth gote afifee sesomd tangstor. 175 or
which is displaced away fromthe drill isolation region 192 is advantageous
as it iAdemhséthetfbarti @sil 3¢ shatiewtothae b deghtof tie thirdwelln Ih bee érabodiowehtathe
direction towards the channel region. This |leads to nore uniformturn on of

the ESRid@Vifage sk HifiGionr Rl 8lei s8] % dRbUEmedt (R @itk #8h¢ i ncl udes
first polarity type dopants. In one enbodi nent, the dopant concentration of

the dr %é'ia'%h\'@![thee fozlrtﬂ%c%ﬁa% tIH %n?tﬁgloé}%tl)oﬁ]@fn;i/t??fe?vlgglgde}gh%%chﬁq mfugi’onio one

enbodi men rainlay be internedrate X)" Irst polarity
o E YO T RN M RN TR
140 an%iflfssion or drain region 140 which is narrower than the width of the fourth well 175 or which

is displaced away from the drift isolation region 192 is advantageous as it increases the

resistance for current to flow in the horizontal direction towards the channel region. This

leads to more uniform turn on of the ESD device, resulting in better ESD performance. The

drain well includes first polarity type dopants. In one embodiment, the dopant concentration

of the drain well is between the second S/D region and drift well. In one embodiment, the

drain well may be intermediately (x) doped with first polarity type dopants. Other suitable

dopant concentrations may also be useful.

[0033] As described, the drift well 170 encompasses the second S/D region 140 and is

configured or narrowed so that the edge 170a or 170b of the drift well does not extend below

the gate and is away from the channel region. In one embodiment, the fourth or drain well
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configured or narrowed so that the edge 170a or |70b of the drift well does
not extend below the gate and is away fromthe channel region. In one
enbodi nent, the fourth or drain well 175 is narrower than the third or
drift well 170. For exanple, the first edge 170a of the drift well is bel ow
and aligned wth about he center of the drift isolation region 192 of the
first transistor and the second edge 170b is bel ow and al i gned wi th about

t he centBrisahrranet then thérthird of &oft lel1QOr €9k ngﬁa thd fitshed eeITORAf tHedmidi St or .
At | east edges of the third and fourth well acent to the gate for

exanpl ewelﬁfseo gﬁ@&l%et?)% ot %@ntelptgf hE ?{3@ on?tl: i gyn 19@ Ifﬁgt edge

170a of t the rst edge ourt are

Ziﬁﬁ;f"é?gﬁs@ogeai'ﬂi%%g&ﬁ% i &%@%%ﬁ%i@f% TR B 1 ne

sanme di stance Do. | n another enbodi ment, the first edge 170a of the drift
wel | i siselpiigmesgion k9 afilee gecprd trengieory 7ddeast ed&?é of thetkird grd fougthiwedl ¢ he

second edge 1705 of the drift well is aligned with the second edge 1755 of
t he f meadjoset to.thepate,dos ¢eagee, Bog soparataitanpdietancd o shby@i iniFng.dr tHedst wi t h
reference to the edge 175a or 175b of the fourth or drain well, The

di st ance&igba ;704 of the xtErpwell andihelfRsttadae d 78y oMb frgthw élhare eéirisd By ho t he edge
175a or 1755 of the fourth well 175. Other suitable distances for Do may

al so begijugidth,. #Re éé&ﬂﬁ’d 88zel 178 %@lﬁﬁ- tRfrd WA, fhieksnPR! & sdpPRe®@frothfl® 15 not

too close to t%e channel region. This redutes or avoids the risk of

curtal Ve'c%f“i 025 Pl ity BF R Pl i eﬁﬁf@"%ﬁ@?ﬁi « EibaSHRIENE 1Y

suitabl® ces usetul he thirdll

[ 0034] vershs 1S bl %Lsaagwim gm%réf"m%efﬁ?m Rt g L

with the
second edge 170D of the drift well is aligned with the second edge 175b of the fourth well.

The distance Do, for example, is about 1.0pm or less with reference to the edge 175a or 175b
of the fourth or drain well. The distance Dg, for example, may be tuned or varied with
reference to the edge 175a or 175b of the fourth well 175. Other suitable distances for Do
may also be useful, as long as the edge of the third well 170a or 170b is not too close to the
channel region. This reduces or avoids the risk of negatively impacting the ESD performance
of the device. For example, any suitable distances for Do may be useful, so long as the edge
of the third well does not extend over the drift isolation region and towards the channel
region.

[0034] We have discovered that providing the drift well and the drain well with the
configuration és described above result in advantages. For example, such configuration
increases the base of the parasitic bipolar transistor of the ESD circuit, which increases the
holding voltage (Vy) of the ESD device. By narrowing the drift well as described above, the
base push-out phenomenon is also depressed, resulting in improved uniform turn on of the
ESD device. Moreover, we have also discovered that such configuration as described

enhances uniform turn-on across the multiple fingers. As such, the ESD performance of such
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configuration as descri bed above result in advantages. For exanple, such
configuration increases the base of the parasitic bipolar transistor of the
ESD circuit, which increases the holding voltage (Vh) of the ES!') device.
By narrowing the drift well as described above, the base push-out phenotn n
is al so depressed, resulting in inproved unifbrtn turn on of the ESD

devi ce. Mreover, we have al so discovered that such configuration as

descri beshiipnhaiaas desttibedWwith wéspeito Fod. A3fs bbéh uhd tdbeditdeng @FsportRshabtech,

t he ESD performance of such | configuration as described with respect to
Fig. 1 to be directly proportional to the nunber of fingers.
100351F€@tu§$%€?@®ﬂ%g%viding a drain well under the drain has been found to

Create wer resistance th in the. vertical,directio such, current
T e oSl o FerBut e e oA dhai ot et B arfinbESheStop g Hee ontal
di rection. Thus, base push-out phenonenon is relaxed. or depressed at an

ear |y sloXgeresistange piaim the vegtiGahgiresiien. Awdushcaraniis airestediorflayminghet he ESD
device. [00361Fig. 2 shows a table and a TEE neasurenent of the enbodi nent
of the &Sbcgdoresin iostead ¢f imihe hqizenfal dgention. Rbhigbasawpsh@uFpigenomenon rsef er s
to the channel length, Do refers to the separation distance between the

edge of reldxed botéprbsse@ht ancoaelytshge eWeR rédults einiprovel Ml thorctudiifdlm wareltol ofef er s
to the total gate width, FWrefers to the finger width, DCGS refers to the
drai n t@.3&ra&eat act spacing, SCGS refers to the source contact to gate

spacing while 1-1NWrefers to the width of the drain well. These paraneters

ror exafey 21ty B SRALSHL I Pl FRHARP b DSnA RSP FURRYRY current

(10 rela ormance o X own rTrnkFg 2 It2

of the 1, DMOS devi.ces, base n the_configuration described, abo i ncreases
Wi th t HEOIRSTSH Siigtit With gl eﬁ?g?rﬁ-zRPE%ﬂarﬁoﬁo&ﬁg-r?aé%@era f%ﬁ*@&bﬂ%ﬁﬁﬁns@, its
total width. This inplies nore uniformturn an of th ES!) device, As such,
t he conPo gfemtte 8¢ separdeetdistaace batwoen the edgd elcthe faurthovélhandeths edgaef thsD 112

capability such that it is proportionate to the nunber of fingers in the
ESD devthord wellhetalncidéexséeds forthé t2alvdatechideg i-Vé lrafeso the findeh evidti D EGSof
fingers neans that the device is capable of shunting 0-eater anpbunt of

cur r entreR$ &Y e UrHih W @ite OGR Ipdtt gy SCARERPPIABY ki cd st @Ngdth Spacing

configuration above exhibits superior ESD perfmi ance.
while D_NW refers to the width of the drain well. These parameters, for example, are

presented in pm. As discussed, the thermal runaway current (It,) relates to the ESD
performance of the LDMOS. As shown in Fig. 2, It; of the LDMOS devices based on the
configuration described above increases with the total width. As such, It; is approximately
proportional to its total width. This implies more uniform turn on of the ESD device. As
such, the configuration as described above is effective to increase the ESD It; capability such
that it is proportionate to the number of fingers in the ESD device. The increased in It; which
correlates with the number of fingers means that the device is capable of shunting greater
amount of current before failure. Accordingly, the ESD device based on the configuration
above exhibits superior ESD performance.

[0037] The disclosure may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be

considered in all respects illustrative rather than limiting the disclosure described herein.
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[ 0037] The di sclosure may be enbodied in other specific forns w thout
departing fromthe spirit or essential characteristics thereof. The
f oregoi ng enbodi nents, therefore, are to be considered in all respects
illustrative rather than limting the disclosure described herein. Scope
of the disclosure is thus indicated by the appended clains, rather than by
the foregoing description, and all changes that cone within the neani ng and
range ofcopd ot Wl dReasurfis ts ifdisdtBEbRiR dppbiRdethihs, R ciilh 8¢ & fohgbRigh.
100381What is clainmed is: CLAIMS |I. A device conprising: a substrate
defi nEdde\FQ]éI{i}nioﬂ, Qﬁi";ilf&ahg fRak co%ewglﬁ}{'tﬁé;m'éﬁgfrlé&i L b i@aﬁkn':z:g‘gf ot ection
avi transi stors, ac

circuit ng at least~first and secon rern of the
transi sta i ncl ude at e havi fin4d and second sides, a first diffusion
regi on ‘itl?}npﬁée’&‘g‘i@@gmrgléeg%wa&%ﬁgﬁ@m' to the first side of the gate,

[0038] What is claimed is:
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a second diffusion region in the device region displaced away fromhe sec n
side of the gate, wherein the first and second diffusion regi ons conprise
dopants of a first polarity type, and a drift isolation region disposed

bet ween the gate and the second diffusion region; a first device well
enconpasses the device region and a second device well disposed within the
first device well; a drift well which enconpasses the second

di ft bsion region, wherein edges of the drift well do not extend bel ow the
gate and is away from a channel regcpamvand a drain well having
dopants of the first polarity type is disposed under the second diffusion

regi on;and w Lhi: rst device well, 2. The device of claiml| wherein
t he fi#ét dgaﬁgga%%#ﬁ”%%#%rises dopants of the first polarity type and the

d devi I [ ts. of d.polarity t Th
Gevi oo of - clraris ARRB T rCte B0l U IRy ot Pttt BPy pe and the

second polarity tyag_co rises p type. diffusion region and a part of the
gat e, protection circuit having at least first and second transistors, wherein each of the transistors

includes
a gate having first and second sides,
a first diffusion region in the device region adjacent to the first side of the gate,
a second diffusion region in the device region displaced away from the second
side of the gate, wherein the first and second diffusion regions comprise dopants of a
first polarity type, and
a drift isolation region disposed between the gate and the second diffusion
region;
a first device well encompasses the device region and a second device well disposed
within the first device well,
a drift well which encompasses the second diffusion region, wherein edges of the drift
well do not extend below the gate and is away from a channel region; and
a drain well having dopants of the first polarity type is disposed under the second

diffusion region and within the first device well.

2. The device of claim 1 wherein the first device well comprises dopants of the first

polarity type and the second device well comprises dopants of a second polarity type.

3. The device of claim 2 wherein the first polarity type comprises n type and the second

polarity type comprises p type.
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5. The devi ce4 wherein the second device well enconpasses the gate, the
drift isolation region and the second diffitsion region. The device of
claimlthe first device well and the drift well conprise dopants of the
first polarity type and the second device well|l conprises dopants of a
second polarity type. The device of claim6 wherein the first polaprises n
type and e second polarity type conprises p type. 8. The deviceemn the

drain well is narrower than the drift well. 9. The device of claim]l

wher ei n a first edge of the drift well is below the center of the drift

i sol ati i on of fir nsi stor .and a econd ed ift
wol | i< el g’&?“t‘ﬁ?@”&é’ﬁif@l‘“df Hgrein 4 yeporl A Fe ré‘é’mc?ﬁsseggtﬂ%l‘e“ g%e%rg%
transistor. 10, The device of claim9 wherein the drain well is disposed

wi t hi n diffesien regfongadia pagipfithe 88t i guous with the second diffusion region.
11, The device of claim 10 wherein a separation distance between a first
edge of the drain

5. The device of claim 4 wherein the second device well encompasses the gate, the drift

isolation region and the second diffusion region.

6. The device of claim 1 wherein the first device well and the drift well comprise dopants

of the first polarity type and the second device well comprises dopants of a second polarity

type.

e The device of claim 6 wherein the first polarity type comprises n type and the second

polarity type comprises p type.

8. The device of claim 1 wherein the drain well is narrower than the drift well.

9. The device of claim 1 wherein a first edge of the drift well is below the center of the
drift isolation region of the first transistor and a second edge of the drift well is below the

center of the drift isolation region of the second transistor.

10.  The device of claim 9 wherein the drain well is disposed within the drift well and is

contiguous with the second diffusion region.
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wel |

drift well.

_ and the first edge of the drift well is the sane as a separation
di stance between a second edge of the drain well and the second edge of the

A devi ce conpri sing: a substrate defined with a device

region the device region conprises an ESD protection circuit having at
least firstand second transistois, wherein each of the transistors includes
a gate having first and second si des, a first diffusion region in the

devi ce egi thegg\\;% Slat e Of\ig{e?éifl %isglgdrﬁ)cfont Jl&aﬂ&t&tw@ensﬁﬁﬁﬂéhg@ioffméﬁrﬁ)iﬁ

region in the

gat e,
secon

whi ch
wel |

o4

ejeprpis

Ice region displaced away fromthe second side of the

e AL 20 SRl IR SRR R bhE FRERRNRATE i o

and a second device well disposed, he first deﬁice wel | ; adrift well
&,

sleain el apd theepcand edesi o the

“wherein edges of he drift

do not extend below the gate and is away froma channel region; and a

drain well
13. The device of claim12 wherein:

wel | .

12.

di sposed under the second diffusion region and within the drift
A device comprising:

a substrate defined with a device region, the device region comprises an ESD

protection circuit having at least first and second transistors, wherein each of the transistors

includes

a gate having first and second sides,

a first diffusion region in the device region adjacent to the first side of the gate,

a second diffusion region in the device region displaced away from the second
side of the gate, and

a drift isolation region disposed between the gate and the second diffusion
region;

a first device well encompasses the device region and a second device well disposed

within the first device well;

a drift well which encompasses the second diffusion region, wherein edges of the drift

well do not extend below the gate and is away from a channel region; and

13.

a drain well disposed under the second diffusion region and within the drift well.

The device of claim 12 wherein:

the first device well comprises dopants of the first polarity type and the second device

well comprises dopants of a second polarity type; and

the first and second diffusion regions comprise dopants of a first polarity type.
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the first device well conprises dopartts of the first polarity type and the
second device well conprises dopants of a second polarity type; and the
first and second diffusion regions conprise dopants of a first polarity
type. 14, The device of claim 13 wherein the first polarity type conprises
n type and the second polarityconprises p type. 15. The device of claim12
wherein a first edge of the drift well is below the center of the drift

i solatijan regjeqiavRE of BRirh 115 WhetdiRBR! BEOFolAN tHreSReatefH §e@hd tHsclbd t

well is below the center of the drift isolafion region of the second
transistor. .16. The dev] of "herein the drain well is disposed within the
drift \Bgfqnt%%eicgmggﬁ?ﬁpgﬁﬁg.s with the second diffusion region. 17. The
device of claim 16 wherein a first edge 175a of the drain well is aligned
with an edge of the drift isolation region of the first transistor which is
away fromthe gate of the first transistor and a second edge 175b of the
drai n W8l | iBhealevigaef claimH2arheedine finst edae ofithiedrify well isthelow t%@gmﬁr ofthe he
second thrnsistor which is away fromthe gate of the second transistor.

18. Thelrideisblagowfegidnad fithd Rrsehrensistor andsegacat ¢dpe ofilst drifteeh &t bwden thehe fir st
edge of drain well and the first edge of the drift well is the sane as a

separ atdefir §F Hb ARKAsABENERBIhIE fekemdl @aBat@ the drain well and the
second edge of the drift well.

16.  The device of claim 15 wherein the drain well is disposed within the drift well and is

contiguous with the second diffusion region.

17.  The device of claim 16 wherein a first edge 175a of the drain well is aligned with an
edge of the drift isolation region of the first transistor which is away from the gate of the first
transistor and a second edge 175b of the drain well is aligned with an edge of the drift

isolation region of the second transistor which is away from the gate of the second transistor.
18.  The device of claim 17 wherein a separation distance between the first edge of the

drain well and the first edge of the drift well is the same as a separation distance between the

second edge of the drain well and the second edge of the drift well.
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