METHOD OF FORM NG HI GH VOLTAGE DEVI CES W TH RETROGRADE WELL
BACKGROUND [00011 The present disclosure relates generally to

sem conduct or devices, and nore particularly to a nmethod for using
retrograde well for form ng Metal - Oxi de- Sem conductor (MOS)

transi stors [00021 Typically, integrated circuits (1Cs) operate at
various operating voltages. Therefore, transistors in these |Cs nust
w thstand certain voltage thresholds. For exanple, transistors with
gate lengths of less than 0.25umtypically nust operate at Iess than

2.5 volts, while traMEEIODSOMFORMINGERGHIROE TIARTE DEVT
operate at well over 3 volts. In certain high voltage app |cat|ons

such as power supplies and hard-RESRODRADE WELS, even hi gher
operating voltages may be required. [09031 One undesirable effect

when appl yi ngag I@; ﬁﬁﬁﬁrati ng voltage to a MOS transistor not
desi gned for suc Igh voltage is the accunmul ati on of hot el ectrons

at and around the junction of the channel and drain of the

transi st or. P01 ur"i‘he preent dedoslirectiatn geh@ally td fanithbdfeddtes, and more
el ectrons m)vei_1 3 dr ai_n x{Oher eby causing the drain current to

i ncrease- WIEH %F}QM hBF@%@I‘?ﬁa‘ée peil her fpwaing Megal-Oxide-

sour ce/ drai rgdngg&{ddgfbr genS¥heeds a certain level, the
source/drain junction \(gf éﬁ?he tragil stor breaks down, thereby causing

damage to the transistor. That certain |evel of source/drain
junction vol 90&813 i Lypigaly, li%WG’VNHésmm‘e (Iﬁséapdxamt vagioha @perating volthisds,

pe i ncreasedpy onrre erein a h h Qperatin
vol tage is H fP%%HF}{é?%th : Iflr anS| vﬁ%&% C?‘ﬁaIBr g? Brpshwlds dios
hi gher br eakadGmIpIe/ alahsigrers mtﬁgﬂﬁélléhﬁhé 6M§§‘5Cthgﬁ 825um typically must operate at
- less than 2.5 volts, while transistors with a longer gate length (>0.3um) may operate
at well over 3 volts. In certain high voltage applicatiens such as power supplies and

hard-disk controllers, even higher operating voltages may be required.

[0003] One undesirable effect when applying a high operating voltage to a MOS
transistor not designied for such a high voltage is the accumulation of hot electrons
at and around the junction of the channel and drain of the transistor. In turn,
tonized elecirons resulting from the hot electrons miove to the drain, thereby causing
the drain current to increase. When hot electrons increase to a point where the

source/drain junction voltage exceeds a certain level, the source/ drain junction of

N

the transistor breaks down, thereby causing damage to the transistor. That certain
level of source/ drain junction voltage is also known as the breakdown voltage, and
must be increased in high voitage environments wherein a high operating voltage is

apphed to the transistors.

[0004] In order to provide a higher breakdown voltage, a double diffused drain
(DDD) is typically provided in many MOS transistors that need to operate in the
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(DDD) is typically provided in many MOS transistors that need to
operate in the 1 high voltage environment. DDDs help to suppress the
hot el ectron effect, thereby reducing electrical breakdown of the
source/ drai n under high operating voltage. [00051 However, high
voltage MOS transistors with DDD are typically forned on a

sem conductor wafer that also includes |ow voltage MOS transistors

w t hout DDD. Because the thernmal budgets of the processes needed for
the formation of high voltage MOS transistors are different from

that of |ow kightvaljegdRitoraitsi.SDDDS heip tol ssippeish HhChdileldcBohMHREE AlEeh
t he manuf acturj ng peEocesses of high voltage MOS transistors to those

of |ow vol t a58URES elckirel breakdown eltbe sowse fbiai tyderdugh npepEngaoiage.
change to the physical characteristics of these transistors. As an
exanpl e, si noeosy hezghaid, Rbh vaity e | stor. needs t

wi t hst and hirIgh 5E)reakdown v%’lht agt&eq&gé%{%gg?? orrrte%lbwi %reiy%xrcglgjég?megon
wher eby hi gha sesmipenditaterevafadibabalgp iprigies kv g ol PEMEBrarseicishAfhout DDD,

Ho , the,high ' t d '

" The dopedFaBiehE MRah ity o ohe B CHEsneledos tdormatian oflagh

Si1con subSidlabe M YaRsls @i dRIATERRH ulR B Ry L ORLEMOEANSIGLLNE s,
age I StOors !

physi cal characteristics of the ow volt tra
becone uncordiffsuitdplintegrate thaomnufachding proatssepofitgh Yohged WIIBE SN 6rs to

not practical in producin vanced semi_conductor_ technol ogi es that
havepbot h hﬁéﬁsevo I ?‘%{d'é’?%ﬁ%mwsf%fﬁ ihest materialiv GHENBFCRTIBechange
iyncreasi ng Qﬁw?ﬁﬁd@%h&yﬁstkggptﬁése%ﬁé%ﬂt iA%rbé\i at g&@gu@egﬂeaa&m of

ext ended transistor, wherein a very lightly dope nsi on region
adj acent t o aNehgphage MOS frandistoFimeedstotveithstand high ordkdeati eulsages, DDD is
. ) I
voLtage 10 BnflPRARS AGLAR Yty R RR S atufdaiT long Processidg s sre
required. However, the high temperature and long processing time may drive ions

in the doped regions of the low voltage MOS transistors into the silicon substrate
beyond a predetermined depth, thereby causing the physical characteristics of the
low voltage MOS transistors to become uncontrollable. As such, traditional
processing methods are not practical in producing advanced semiconductor
technologies that have both high voltage and low voltage MOS transistors because

of the increasing uncontrollability.

[0006] One solution is to use a drain extended transistor, wherein a very lightly
doped extension region adjacent to the drain is used. This extension not only allows
voltage to be dropped across the extension region, but also reduces thé électric field
across any part of the gate oxide, thereby preventing breakdown. However, such
extensions consume miuch wafer space, aﬁd are known to be very expensive in
advanced technologies whete transistor densities are high and wafer real estate

commands a significant premium.



across any part of the gate oxide, thereby preventing breakdown.
However, such extensions consune nuch wafer space, and are known to
be very expensive in advanced technol ogi es where transistor
densities are high and wafer real estate comands a significant
pren-iinin. -2 [00071 Desirable in the art of are additional designs
that provide inproved high voltage designs for advanced

sem conduct or technol ogies that may achi eve a high breakdown voltage
in the small est possible surface area SUMMARY [0008] In view of the
foregoing. t ol ] : i.de V] n_ I aved
i gh vol tagd et g D B e LA P S T R RS
achi eve a hi 'gfbl’tageeiaﬁgwﬁwadmmg@sénﬁ-candredtaxtﬂe&l&{glo@ﬂ@ﬂ{atsruijrf RbRvah Gdsh
[0009] In o odi t, .a _high voltage device wth retrograde wel

i s discl oseg.gre%vﬂg&%g@’%gﬁﬁ??%?‘%’%%&%fﬁ%?% gate region forned
on the substrate, and a retrograde well placed in the substrate next
to the gate ggfistArgyVherein the retrograde well reduces a dopant
concentration on the surface of the substrate, thereby m nim zing
damages to the gate region. [.00101 Such a high voltage device enjoys
vari ous adva[ﬂ@@iesmi"iiﬁw piithadorsgeiog the &allavgingmpdovities i nmthed thabprovides an

vol t age tol eﬂ;ag 00111 The construction and t hod o per ati on of
the invention, ﬁgt\?\%i\;'/l B,VO&?%GQ%S}’%{}%W#W%B@F?%RE UHBF @6%&8&85 at may
advant ages tdibieveh High brebleddies volipdan streadyell saRINSrEO kWi Ng

description of specific enbodi nents when read in connection wth the

gccorrpanyi n%éj{{g?vw

-

Inone embodiment, a high voltage device with retrograde well is disclosed.
The device comprises a substrate, a gate region formed on the substrate, and a
retrograde well placed in the substrate next to the gate region, wherein the
retrograde well reduces a dopant concentration on the surface of the subétrate,

thereby minimizing damages to the gate region.

[0010] Such a high voltage device enjoys various advantages including space

‘saving and the increase of voltage tolerance.

[0011] The construction and method of operation of the invention, however,
together with additional objects and advantages thereof will be best understood

from the following description of specific embodiments when read in connection

f/\

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 illustrates an NMOSFET with a retrograde well in accordance with

one embodiment of the present disclosure.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] FIG 1 illustrates an NMOSFET
with a retrograde well in accordance with one enbodi nent of the
present disclosure. -3 [0013] FIG 2 illustrates a PMOSFET with a
retrograde well in accordance with one enbodi nent of the present

di sclosure. [00141 FIG 3 illustrates concentration profiles in
accordance with one enbodi nent of the present disclosure. [00151
FIG 4 illustrates a damage-susceptible site in a MOSFET in
accordance with one enbodi nent of the present invention. DESCRI PTI ON
[0016] The poesenFiGiRSChdsidse: MDSFET extide rarddeid Welll irdasefd-pick aithodne
a high voltage MOS Field-Effect-Transistor ( FET) structure that
saves spacee@mpadianerspsthetisesent digiloswraal | ow- doped drai n masks used
for both N-type and P-type to be omtted. [00171 FIG 1 illustrates
an N-chann 6‘90@%& 6 a%e@co&%h%%@ﬁkﬁbﬁl@ﬂ\ e biansd WHGIIHE iR hent
achi eve high voltage performance 1n a high voltage range such as
from6 to 3bfielgresenfdibelbspe. deep wel | 102, of appropriate doping and
predeterm ned depth.(usually a relatively deep doping profile) for

hi gh vol tag evi. vl S formed within t bul .k L.conduct or .
Subetrat o RAFEE e RS Ritisdist i drenagprChrirtly 91 VT B L ArGrignet Wit
el ectrical | ynd sabadRtbnebf HBProhf RGBSt he substrate, from ot her
devi ces, by isolation structures such as a shallowtrench- isolation

(STI) or local-oxidation-of-silicon (LOCOS) 196- A thin gate oxide
108 is forned on the surface of the senm conductor substrate and is

govered by GHRRIPTION

[0016] The present disclosure will provide a detailed description of a high voltage
MOS Field-Effect-Transistor (MOSFET) structure that saves space and allows the
traditional low-doped drain masks used for both N-type and P-type to be omitted.

[0017] FIG. 1 illustrates an N-channel MOSFET (NMOSFET) 100 constructed with
structures that achieve high voltage performance in a high voltage range such as
from 6 to 35 volts. A P-type deep well 102, of appropriate doping and
predetermined depth (usually a relatively deep doping profile) for high voltage
devices, is formed within the bulk semiconductor substrate. Adjacent N-type wells
104 are also formed. The NMOSFET is electrically isolated at the surface of the

C substrate, from other devices, by isolation structures such as a shallow-trench-
isolation (STT) or local-oxidation-of-silicon (LOCOS) 106. A thin gate oxide 108 is
formed on the surface of the semiconductor substrate and is covered by gate
electrode material, typically, poly crystalline silicon 110. Through normal MOS
processing, sidewall spacers 112 are formed on the sidewall surfaces of the poly. An
oxide layet 114, which may also be STI or LOCOS, or may be thinner, is formed
between and separated from the gate sidewall spacer structure 112 and the isolating

~4-



el ectrode material, typically, poly crystalline silicon 110.- Through
normal MOS processing, sidewall spacers 112 are formed on the
sidewal | surfaces of the poly. An oxide |layer 114, which nay al so be
STl or LOCOS, or may be thinner, is formed between and separated
fromthe gate sidewal |l spacer structure. 112 and the isolating -4
STI/LOCOS 106. This oxide 114 separates an N+ source region 116, to
be formed next to the sidewall spacer of the gate el ectrode, from-a
P+ contact 118 to the P-well 102, to be formed next to the STI/LOCOS

106. The P- y. utabefor vol t age
devi ces: and ThaPSES IRLTRE M Uik seifitgt S b B BN 1 P ey Ok e
other side @kt ihBe GAbRaD¥paRr 8f thd Ghtt deckd8, frﬁllelva poléaae 118 tcy\@{eﬂ’—well
(LVNW 120, shallower than the P-type well 102, is foi ned within the

P-wel | 102.102Thibe EQMMNIl@@ﬁf melsa‘l/m(éc@isé% Bagt Reveat] 1R anagalpea sqeéléhm&m;
spacer structure 1 STT/ 106 %a 2 s for

by the i pl® Eﬁgé?#%t#“ﬁg g9 53— effﬁzé’s etB N\\B{éh" IE@Ff‘%

Now, when exposed to high tenperature, the N type dopant di f f uses

bot h furt hguoldpwveshd ot sitlessd thipyme dxide watdtur 208 wibaceltagdNcadte,
unlike traditional diffused substrate, the conge tration of _the

dopant i s %VMI& shallower thap the Pagpeiwsil A0%ie 9 etde‘ﬁ‘ﬁ}&‘é‘dh? Bl @he
surface, ?%’Rﬁl} the'spade gw&nathé {e by séﬂ&l Ona??}g}nd

concentratlon profife s revéersed fromt at tra
ar r angemnentihé BTHMICETIOS s, Cﬁt&dﬂtNWleOrmfoamedd:yaﬁeérnpémyat&lnaiflanm tylept h

BT angemen oL ARTEE SO i Btacto DR, YSCEREPH [ E e pmGhr e b
AN e el
LVNW 120 ariecatsej tmlﬂepmdm@dal fi;fﬁmed kebsgpatee the concentration of the dopant is
greatest at the implanted depth and is reduced toward the surface, this arrangement
is called a retrograde well. The dopant concentration profile is reversed from that of
the traditional arrangement in which the dopant is implanted at a very shallow
depth adjacen{ to the surface and diffused downward. The traditional arrangement
produces a highest dopant concenfration at the surface and the concentration
diminishes downward into the substrate. Here, an N+ doped region 122 is
implanted into the middle region of the LVNW 120 and it is separated from the gate
sidewall spacer structure 112 and the STI/LOCOS 106. It is understood that the
entire LVNW 120 along with the doped region 122 may be referred to as the drain

region.

[0019] In the traditional atrangemerit, an N+ doped region is placed immediately
adjacently to the sidewall spacer 112 of the gate poly 110. Inaddition, an N- region,
that is, a low-concentration N-type region, is placed in the substrate. This N- region
is adjacent to the N+ doped region, and extends to the space under the sidewall
spacer, which is adjacent to the gate poly. Thisis called a low-doped drain (LDD). .
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sidewal | spacer structure 112 and the STI/LOCOS 106. It is understood
that the entire LVNW 120 along with the doped region 122 may be
referred to as the drain region. [0019] In the traditional
arrangernerit, an N+ doped region is placed inmediately adjacently
to the sidewall spacer 112 of the gate poly 110. In addition, an N
region, that is, a lowconcentration N-type region, is placed in the
substrate This N- region is adjacent to the N+ doped regi on, and
ext ends t o ThBDBjessumedads anddsalaterthe dbpedspgionand thiereforeilike anj acent to

her o our r e e dyned axson C2u o i Giprt 1 At SRR BHERN | ko o

extension @gf t.h | rain
ext ensi on &(‘ﬁ” ﬁeﬁg)%?dﬁwf%égie@ﬁﬁ%i%?%gg&?%%{}%%&g rﬁ%tgn
tradi ti onake@ied B BRIV DED FROSRGARE sgdcb 8f matumo%e@&ecc{ db¥
ext ended space of the DE 120 here is occupied by the reduced N-type
dopant t hatherasheced iN-typs eldpar it Haverdiffuseti @pivayd facm ek inegiarited depth e
LVNW 120. I n operation, the junction hetween the N-type drain, now
sur r ounded gL 120y opzertion,the junetion hepwren e N-typedraing ne®y er se

bi ased. [00201 S nderst9od th l.t hou Ihe LVNW 120 is
a conti nuoﬁ‘én ‘f’&%glb é%eu@mi%ﬁﬁ“a%‘g%t e@é&@ el%%@ To be so. The
LVNW 120 can be two or nore discrete or unconnected retrograde wells

formed, USpBhOY % B faRtha indBRhoHHMR Blthovigh thd BV NIWER0Es d fortiRBoRRde
bet ween the STI/LOCOS 106 and the gate.” As such, in sone

nbodi ment as shown id &G4, 1té@ﬁsmntﬂa2@tm’mson6hebm120rceh§veﬁwommom
retrograde well That is, at least a poralon of the dope re |on 122

may be ove rdlséiﬁ‘-fﬂ orgmepnneged rirogade yelis fammed.uspally ingn aligned & some
other portigq Elcg& in'tH€ardf B febfil St/ TBEA06 and the gate. Assuch, in some

embodiments, the doped region 122 may not be entirely within a retrograde well.

That is, at least a portion of the dope region 122 may be overlapping or formed
within the retrograde well, while some other portions of the doped region may be
formed directly within the deep well 102 without the retrograde well 120 situated

therebetween.

[0021] In the traditional LDD arrangement, the depletion region of the reverse
biased junction extends both into the LDD and under the gate poly. Inahigh

C voltage application, this places a considerable field gradient of the reverse-biased
junction under the edge of the gate poly with the gate oxide in between. The field
strength may be enough to damage the gate oxide directly. Additionally, hot
electrons are produced and some of them may be injected into the thin gate oxide,
thereby potentially causing damage to the oxide. Also, the electron charges trapped

in the oxide act as charges in a capacitor causing leakage in the adjacent junction.



formed directly within the deep.-well 102 wi thout the retrograde well
120 situated therebetween. [00211 In the traditional LDD
arrangenent, the depletion region of the reverse biased junction
extends both into the LDD and under the gate poly. In a high (

vol tage application, this places a considerable field gradient of the
reverse-biased junction under the edge of the gate poly with the
gate oxide in between. The field strength nay be enough to damage
the gate oxide directly. Additionally, hot electrons are produced

ot ont1 ol |y Lol c) o gt GG R B M BB W o e

trapped i notile10iiThe recbgade 6hRUNQe has A IdvaaRpant @nceRiatidiondLakagh
in the adjacent junction. -6 [0022] In addition, .onl&at he retrograde
vel | 120 exiEpgdhesiisiratepuriagyeetyren the Nardeoped xegien 18Bandrihe surface under

retrograde yel ]]?cﬁ’ | n oncentration a nd.. al, |
-across the ésﬂgﬁjéﬂf rat}érfg%r aecre&%{aefi \%%g)%nt%Oémﬁﬁtr%%opréc?us%sgﬁ?%ﬁ[ef%d%ﬂﬁ t he
surface undgmdienhef fafienckioh yo Bd §preddiovératpestr dapat a6 ME@etdatd B
causes the electric field gradient of the junction to be spread over

a greater dP¥EENCdOWRTIEIHEEHtHadiasendo thethin gaig o085 Erdesglikeiydnt
adj acent ta, i i L | kel.y, t. cause
damage to t alggg%%{(elh xi& e§§%% Oggiesi ggio%lj?%éﬁgcﬁg?tsegféé%:ﬁodntg 1|Qnt oit_

[ 0023] Furthernore, there nmay al so be an isolation area inserted (not
shown), in [0823p rFarthsgrnate theet magaise B2, istietiow erea gadeeteddgoiahohd, iand
loped region 122. This .isolati.on area may fu er,iLncrease t )

gr eakdown V%Ftr%‘ﬁ%gr? 7 wshara @Qﬁﬁé‘gﬁ%&%ﬂ ?%li(ﬁé;ﬂf AOR e&fﬁlﬁgp"é‘as
region 122.jisdikgon ek eR5aRlricLRkaa s PrbAgR v QRIRE e sHOIH H b RET

| ower the possibility of causing undesired danage to the gate region
gate region 108 and doped region 122. The increased breakdown voltage threshold

would further lower the possibility of causing undesired damage to the gate region

108 or to inject hot electrons into it.

[0024] Inshort, the traditional LDD structure has been replaced by the retrograde
LVNW 120 structure. This, in combination with the N+ doped region 122, is a
double diffused drain (DDD). This allows operation at higher voltages. The
retrograde LVNW 120 is the same N-type well used. for all of the low voltage P-
channel MOSFET (PMOSFET) circuiiry produced on the same substrate, thereby
eliminating the need to use extra masks in the manufacturing processes. In the low
'vol_tage circuitry, the traditional LDD structure can be replaced By this same
retrograde LVINW 120 structure safely.

[0025] FIG. 2 illustrates a P-channel MOSFET (PMOSFET) 200 constructed with
structures that achieve high voltage performance in a wide voltage range such as.
from 6 to 35 volts. An N-type well 202, of appropriate doping and deeper depth for
high voltage devices, is formed within the bulk semiconductor substrate. Adjacent
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108 -or to inject hot electrons into it. [0024] In short, the
traditional LDD structure has been replaced by the retrograde LVNW
120 structure. This, in conbination with the N+ doped region 122, is
a double diffused drain (DDD). This allows operation at higher

vol tages. The retrograde LVNW 120 is the same N-type well|l used, for
all of the |ow voltage P- channel MOSFET (PMOSFET) circuitry produced
on the sane substrate, thereby elimnating the need to use extra
masks in the manufacturing processes. In the low voltage circuitry,
the tradit |%V‘¥Q@ BURUELIYS EorGdd. Q%emmls@ecmaﬁ 3l 8ed at the
retrograde L 120 structure safely. [0025] FIG ?,I ustrates a

P- channel MBSFET of threabemte, Zo0n otres devices By withér Shgﬂpwetmmbssmlhmn (STD

from e to o DEnARRPRRIBR IEnt Ot 6 iR spBd S MG bl
deeper deptfufae of e GBm¥dntas®: Q@é&:&%nd i# Isfc%’{'@ﬁ@ B§ﬁ O%Aaé ae&tb@d@&%eml

sem conduct or substrate. Adjacent -7 P-type wells are al so
formed. Thelypialmmply erystadlistersilicon (polvmoat’rédmegh menalwas @c@cesﬁng,h e

bst r at th th | | owetrench-
(sT) Cor 1 RGPS R PR e e of e Ritalysuteet AERR a8 opfhderer
208 is forned, gatihae als‘élHefm%rded?oﬁﬁﬁ?%ﬁ%ﬁ%@ﬁsﬁ#ﬁé&'b@kﬁee%%dt

is covered by gate el ectrode materi al ypi cally, poly crystalline.

silicon (poﬁe??l‘a?%b& omithe gate sidswedl sm%spve@é@glih@d ﬂ@.l@réamg Sﬂdm
212 are for%d ~ hc?e%%%g\’\%ak fSa(')%%CSEI%é'AOBI t%lb\éfo xqg Xgeyer
OI’ nme

14, that may a ’h I nner,
et ween andsidseflbsmikechffthe patkhecgratie, fﬁjnd@ﬂ@#cc&ﬁa&en&structure 212
and the isolating STI/L 206. This oxi de 214 separates a P+

source regi [8&6% 18 tl% obtlg.m]c side fd e %ge otx1de structure 208, a low voltage P-well
(LVPW) 220, shallower than N-type well 202, is formed within the N-well 202. This
LVPW 220 fills the space between the gate sidewall spacer structure 212 and the
STI/LOCOS 206. The LVPW 220 is formed by the implantation of a P-type dopant
deeply below the stirface. Now, when exposed to high temperature, the P-type
dopant diffuses both further downward and also upward toward the surface.
Because the eoncentration of the dopant is greatest at the implanted depth and is
reduced toward the surface, this is also a retrograde well. The dopant concentration
profile is reversed from that of the traditional arrangement in which the dopant is

k , implanted at-a very shallow depth adjacent to the surface and diffused downward.
The traditional arrangement produces a highest dopant concentration at the surface
and the coneentration diminishes downward into the substrate. Here, a P+ doped
region 222 is implanted into the middle region of the LVPW 220 and it is separated
from the gate sidewall spacer structure 212 and the STI/LOCOS 206. In the
traditional atrangernent, a P+ doped region is placed adjacently to the sidewall
spacer 112 of the gate poly 210. Also, in the traditional arrangemerit, a P- region,
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si dewal | spacer of the gate electrode, froman N+ contact 218 [00261
On the other side of the gate oxide structure 208, a | ow voltage
P-wel | (LVPW 220, shallower than N-type well 202, is formed within
the Newell 202. This LVPW220 fills the space bet ween t he gate

si dewal | spacer structure 212 and the STI/LOCOS 206. The LVPW 220 is
formed by the inplantation of a P-type dopant deeply bel ow the
surface. Now, when exposed to high tenperature, the P=type dopant .
di ffuses both further downward and al so upward toward the surface.

Because t heyi@eReeMw-abh@htafiod Pay B, aﬁzgéea%t%ﬁé sihstiabe floR h@r}*ﬁd

depth and is reduced t owar d the sur his'is also a retrograde
wel | . The d@tp‘etmﬁ guherder the spane tqive(ﬁliiddd)y thensilesradlepaterpadibdat tothetdaee

tradit | wh ' |
Shal | ow depPRTAHPARIRFele5ed frscupratercariam LPiDe d RE AL oefe K
tradi tional pelROUESERE LRPAONORS raferbbIRERL, AARARLSINE ﬁﬁ%r?f b Eeg;zécfes the

the surface and the concentration di m ni shes downwar d
substrate. facion gf the [dJPetithertmglittonad 2aangernensl ant-ed i nto the m ddl e
regi on of the LVPW 220 and it is separated fromthe.. gate sidewall

spacer str e T] %%%S, tradition
‘arrangertz ?éﬂ %%c‘fope 1|§(1)r¥{ s %egnef% é"d’ﬁygggﬁ?lpyn?w f? e‘ﬁ’jﬂgﬁal I
spacer 112 bHYPW220, glad&lemltypéweuzm Ss)alsdfbvbﬁ@’did’sédl ek N-type
arrangerneitt, a P- reg is, a lowconcentration Ig

region, is Prutes dreﬁ':rt‘b??éi @GB@W%X @e r??@ﬁﬁafiﬁé"qﬂﬁzo@&ﬁnéét‘lnda“r\'@le@ﬁa%@f

he space t Ll J
oty Pain o S padE YA aE Aol BRGEL Il Rt e At
of the N t gqnessdhe/ kuﬂm—,até dvefakb/BMhRE0 thes P+ dbped afidro22aral ithe siface under
extension ( ) re ﬁ(‘:es the, function of the LDD_of the
traditional [5) e reduced dopant concentration causes the electric field
gradient of the junction to be spread over a greater distance and therefore to be
lower. Such a lower field gradient adjacent to the thin gate oxide 208 is unlikely to

cause damage to the oxide 208 or to inject or remove hot carriers.

{0028] FIG. 3 illustrates the dopant concentration profiles 300 of the retrograde
LVNW or LVPW and the traditional diffused N-well or P-well as low-doped drain
extension. The traditional diffused profile shows the greatest dopant concentration
at the substrate surface because the dopant is implanted at a very shallow depth
adjacent to the surface and is then diffused downward only. The portion of the
depletion region of a junction in the high dopant surface concentration at the
substrate surface will be narrower and therefore, the electric field gradient will be
steeper. Current carriers traversing the steeper gradient will be accelerated to
higher energies which may cause direet damage to the gate oxide or may cause
carriers to be injected into or removed from the thin gate oxide, which degrades
MOS performance. In contrast, the retrograde dopant concentration profile shows

the greatest dopant concentration at the implanted depth, from which the dopant is
-9.



j 00271 In operation, the junction between the P-type drain, now
formed by the LVPW220, and the N-type well 202, is also reverse

bi ased. Like the N-type structure described above, only the
retrograde well 220 extends under the edge of the gate oxi de 208.
The retrograde well 220 has a | ower dopant concentration all across
the substrate surface between the P+ doped region 222 and the surface
under the gate poly 210. The reduced dopant concentrati on causes the
electric field gradient of the junction to be spread over a greater
di stance andifibed B3I wiavde maagawardaywarc@tﬂe@a@facél Bhedpattiadion Ble
adjacent to the thin gate oxide 208 is unlikely to cause danage to

t he oxi de 2@gplefion wegionjaf etjurttiondnihedower depent consentfHERe]t ik mbsgate
illustrates e _dopan ent i.0 rofil.es 300 of the retr de
LN o - LVPP G PRae RN Y P BBl ER el Mo et ek

| ow- doped dgaidient @il Bogé@ler. Tafridis BaVdrbpRahe ghhfarsaddhokill forthows
the greatest dopant concentration at the substrate surface because

t he dopant @aselerpsechiodegnagingenasgylespldl | ow depth adj acent to the
surface and is then diffused downward only. The portion of the

depl etion rggigpn o j i i o . .
concent r at | By 1F, ikl e oo OGFRRIND (B Bieptiple o damage
therefore, ifberrehigatdrsafd ®beegtaidoentesaively high estggpevels Byian eletiric field
carriers traversing the steep radi en i1l be accelerated.to
hi gher ener agé"-“\ilﬁ'laé k¥ tﬂﬁ?@&ﬁyﬁe %?‘Pé‘f: ?‘#ﬂ#ﬁ‘ﬁ’@c‘f@ AApEAFA Zh%%ba_sa@r‘lﬁz

y cause . W E _ Vs &
ot o oxi e trr et AEpb SRR el Bl Ao 0B ah1 &g e
retrograde edeminn aohd8nunddritbeedgesffithegatrpoty 4ttheithribattes gatgopiden 412

i 17 used boWPESHaTt IR E I G PHe R IR I8 TRE PARR#n of

the preseritly disclosed method for using the retrograde LVNW (or LVPW) drain

extension 408, the high energy stress is much less likely to be formed.

[0030] The high voltage device illustrated above enjoys various advantages
including space saving and increase of voltage tolerance. Inaddition, the retrograde
well increases surface breakdown threshold voltage, which is important for the
operation of any high voltage devices. Since high and low voltage transistors are
inost likely in co-existence on a chip, having the high voltage devices made by using
retrograde wells, at least two mask layers can be saved from the manufacturing
process since the high and low voltage devices can be formed without requiring
additional masks for high voltage devices, Further, the drain to gate distance is also
reduced because of the drain extension. In some situations, when the high voltage
well doping profile can be coordinated with the formation of the retrograde well,

surface electrical fields can be reduced.
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depletion region of a junction in the | ower dopant concentration at
the substrate surface, with a LVNWor LVPW w || be broader.
Therefore, the electric field gradient wll be gentler. Carriers
traversing the gentler gradient will not be accelerated to damagi ng
energy levels. [0029] FIG 4 illustrates the location in a MOSFET 400
that is susceptible to damage if current carriers are accelerated to
excessively high energy levels by an electric field gradient that is
too steep. The electric field of concern appears in the substrate 402

bet ween t hehikgh r he
drain ext e[??? n gﬁ%&@?ﬂﬁ‘%@}r‘* I?rhl‘éﬂé%l e ggﬁ{fhe ggr{'e po %ts%oe)&qﬁés
the thin gate® ispidaeerdihg differehbfeniess ofﬁﬂsedgalbammmﬁmaﬁ@esa‘f nmost
susceptible to damage. Wth the resentlg di scl osed net hod for usi ng

the retrogr s%wwwmpxmms e deyrribed te Relpgintdydhe disdosiignThssepgsy o
t
device |11 Uty Sty sKinpidsBnlled i IhEnded i HE Al B0t b Al

savi ng and desribad s bk cladink.age tol erance. In addition, the retrograde
wel | increases surface breakdown threshold voltage, which is

i nportant f he a of, an ol t i,ces.. Sin Ge hig
and. |ow vo i@ H’tgﬁ l'é{[ﬁr”% venfign ’%‘Hé‘f'g’f”iﬁ ?%%ﬁ ﬂ%?déﬁ%‘f‘ Ffleﬁl i
chip, havingefalled Bi w@ lut@a@v&%e@@ﬁotrm%dea &5k RehiteHRb EIQQ&&QQS shown,
wells, at |east two | ayers can be saved from the manufacturing

pr ocess si neipce mldnsgm@ﬁchﬂomwand» stragura ehxm% m%yrlb&)@aﬂc) theaeinw ittt

qui r![ ng gg%ﬁgg%q%ggéggf%gg h voI t evtl(klté%%s(FP Fur heréog he
rain to ga
ext ensi on | BSiQARnS ok Hidtl diansS, A\e@&mﬁ%m Ihisgp pY&Piad8 Ehat VR dp piaaeaglm be

profile can be coordinated with the Tormation of the retro rade wel |,
surface el econsbwat brgasilyiand e thenpeschgoeigtent with the scope of the disclosure, as set

forth in the following claims.
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-10 [0031] The above disclosure provides many different enbodi nents
or exanples for inplenmenting different features of the disclosure.
Speci fic exanples of conponents and processes are described to help
clarify the disclosure. These are, of course, nerely exanples and
are not intended to limt the disclosure fromthat described in the
clainms. [0032] Although the invention is illustrated and descri bed
herein as enbodied in detailed exanples, it is neverthel ess not
intended to be limted to the details shown, since various

nodi fications and structural changes nmay be nade therein w thout
departing fromthe spirit of the invention and wthin the scope and
range of P@@IS/QI(-AH\EEBHSE he claims. Accordingly, it is appropriate

that the appended clains be construed broadly and in a manner
consistent?mggﬂg?H%“@%ﬁ%%n%?u¥ﬁ%vﬁF§8V%§ﬁP§% as set forth in the
foll ow ng glogtdRegionlbri¥dAbnl SsEbakMED 1S: 1. A high vol tage

transi stor device conprising: a gate region fornmed on a substrate; a
sour ce regasnupleaecebn platdrbirsthiestuiatiatanaxtt toadht lkategaig®mn; egi on; a

drain region placed in the substrate and _ opposite to the source
regi on w t f dreiBgieeipn Rlapsbirgtiessyhstiabh andyeapesiie toneedeRrss Tetrowiths

Conposeg'egirdatto t'ldl@ te P%on rﬁé’rgﬂf@;g%rﬁﬁl Je’tg'om%rc%. otsgg ]pf gﬁ {?QQ{ &gee
wel | reducdes a dopant oncentration near e sur ce o e
subst r atretrograde well,

wherein the retrograde well reduces a dopant concentration near the surface of

the substrate.

2. The transistor device of claim 1 wherein the gate region further comprises one

Or more spacers.

3. The transistor device of claim 1 further comprising a doped region formed in

the drain region.

4. The transistor device of claim 3 wherein at least a portion of the doped region

is formed within the retrograde well.

5. The transistor device of claim 4 further comprising an isolation structure

placed between the doped region and the gate region.

6. The transistor device of claim 1 further comprising a deep well, in which the

drain region is formed.

7. The transistor device of claim 6 wherein the drain region is a well shallower

than the deep well.
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2. The transistor device of claim1l wherein the gate region further
conprises one or nore spacers. 3. The transistor device of claim1l
further conprising a doped region formed in the drain region. 4. The
transi stor device of claim3 wherein at |east a portion of the doped
region is fornmed within the retrograde well. 5. The transistor
device of claim4 further conprising an isolation structure placed
bet ween the doped region and the gate region. 6. The transistor

device of claim1l further conprising a deep well, in which the drain
region is formed. 7. The transistor device of claim®6 wherein the
drain region is a well shallower than the deep well. -12 8. A high

vol t age tr8ndihdglyoliess wansistpydegicagompaissifhstrate; a gate region
formed on 5@%b§HQ§$rate; a deep well formed in the substrate; a
source region fornméd directly in the deep well on a first side of the

gat e regi 0f;gatORGidH foFRlcd dreiHeagieatsel |'s placed in the substrate
next to the gate region and on a second side thereof; and a doped

regi on for aeldep wellHermed ingreasiebsiedtes with one or nore portions
nersof T oL WL LueotaLLgotane del\ ooy sher o e L LORTASE,
one or more retrograde wells placed in the substrate next to the gate region and
on a second side thereof; and
a doped region formed in the retrograde wells with one or more portions thereof
formed within the retrograde wells,
wherein the retrograde wells form a drain extension surrounding the doped
region to have a lower dopant concentration toward the surface of the substrate, and

the retrograde wells and the doped region form a drain region.

9. The transistor device of claim 8 wherein the gate region further comprises one

Oor more spacers.

10. The transistor device of claim 8 further comprising at least one isolation

structure between the doped region and the gate region.

11. The transistor device of claim 8 wherein the deep well and the retrograde

wells have different types of dopant.

12. The transistor device of claim 8 wherein the retrograde wells have a

shallower doping profile than the deep well.
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region to have a | ower dopant concentration toward the surface of the
substrate, and the retrograde wells and the doped region forma
drain region. 9. The transistor device of claim8 wherein the gate
region further conprises one or nore spacers. 10. The transistor
device of claim@8 further conprising at |east one isolation

structure between the doped region and the gate region. 11. The
transi stor device of claim8 wherein the deep well and the retrograde
wel | s have different types of dopant. 12. The transi stor device of
claim8 wherein the retrograde wells have a shall ower doping profile
than the deep well. -13 13. A nethod for form ng a high voltage
transi st or L2oAPRFIEPAGOT forging Adigh LRIRgeTERRSIYPT SOTPFEMet ype: formi ng
a gate regi : t : .mng a deep well of a first type
in the subggﬁgﬁ ? 8?%?§%f§h§%6&§% region directly in the deep well;
form ng atfdreasg agaee ralicrogh ale swestratef a second type in the
substrate opposite to the source region with regard to the gate

regi on; anfPriépRgRsigen AR fiesgitare inntherabstretesgr ade wel |, wherein

t he retrograd |l _forns.a drain .extension having a | ower dopant
concentratﬁgr??%éé?ar?%gggﬁ}gﬁ%%y8pﬂ% é%888§ tate, and the retrograde
wel |'s and {dimingapedst 68¢ edtrdRE82 FellloRhblkcb&EH Bfpe ih4he TNBstiBichbRtte to

claim 13 wherein the gate region further conprises one or
the source region with regard to the gate region; and

forming a doped region in the retrograde well,
wherein the retrograde well forms a drain extension having a lower dopant
concentration toward the surface of the substrate, and the retrograde wells and the

doped region form a drain region.

14. The method of claim 13 wherein the gate region further comprises one or

more spacers.

15. The method of claim 13 wherein at least a portion of the doped region is

formed within the retrograde well.

16. The method of claim 13 further comprising forming at least one isolation

structure between the doped region and the gate region.

17. The method of claim 13 wherein the deep well is a P type well and the

retrograde well is an N type well.

18. The method of claim 13 wherein the deep well is an N type well and the

retrograde well is a P type well.
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nore spacers. 15. The nmethod of claim 13 wherein at |east a portion
of the doped regionis forned within the retrograde well. 16. The
nmet hod of claim 13 further conprising formng at |east one isolation
structure between the doped region and the gate region. 17. The

met hod of claim 13 wherein the deep well is a P type well and the
retrograde well is an N type well. 18. The nethod of claim 13 wherein
the deep well is an Ntype well and the retrograde well is a P type
well. -14 19. The nethod of claim 13 wherein the retrograde well has
a shallower doping profile than the deep well. -15

19. The method of claim 13 wherein the retrograde well has a shallower doping

profile than the deep well.
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