METHOD OF FORM NG HI GH VOLTAGE DEVI CES W TH RETROGRADE WELL BACKGROUND

[ 0001] The present disclosure relates generally to sem conductor devices,
and nore particularly to a nmethod for using retrograde well for formng
Met al - Oxi de- Sem conductor (MOS) transistors. [0002] Typically, integrated
circuits (ICs) operate at various operating voltages. Therefore,
transistors in these ICs nust withstand certain voltage thresholds. For
exanple, transistors with gate I engths of |ess than 0.25umtypically nust
operate at less than 2.5 volts, while transistors with a | onger gate
length (>0.3um) mayMEJEIQPOFFORMINGGIHEH VRLTAGE PEMIGES WITEh vol t age
applications such as power supplies and hard-disk controllers, even higher
operating vol tages may be requi r BETRQGBHDEMEELhdesi rabl e ef fect when
applying a high operating voltage to a MOS transistor not designed for
such a hi gBAEktaasung t he accunul ation of hot electrons at and around the
junction of the channel and drain of the transistor. In turn, ionized

el ectrons resulting fromthe hot electrons nove to the drain, thereby

causi ng t H90HF ailhe pueseahdistiosirecekbasagendbdly thoenttaelu@msdeviEéLase ded

poi nt where_the ource/drajn junction voltage exceeds a certain level, the
source/ dr BPFSHAT F%H@&OC{ J{‘:’é usingisiregmdesyelhfar favming MesrleByideausi ng

damage to Bﬁﬂ&ﬁaﬂgéﬁt(ﬁosl)%ﬁgis?&y ain level of source/ drain junction

voltage is al so known as reakdown voltage, and nust be increased in
hi gh voltage environnents wherein a high operating voltage is applied to
the transi¥082s. Typically, integrated circuits (ICs) operate at various operating voltages.

Therefore, transistors in these ICs must withstand certain voltage thresholds. For
example, transistors with gate lengths of less than 0.25um 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 applications 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 designed 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,
ionized electrons resulting from the hot electrons move 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
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 voltage environments wherein a high operating voltage is

applied 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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[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 -1 high voltage environnent. DDDs help to suppress the hot

el ectron effect, thereby reducing electrical breakdown of the source/drain
under high operating voltage. [0005] However, high voltage MOS transistors
with DDD are typically formed on a sem conductor wafer that al so includes
| ow voltage MOS transistors without DDD. Because the thermal budgets of

t he proces?E needed for the formation of high voltage MOS transistors are

di fferent ?ltage s inopgens| PRS habste sapriest theshotiefecton effeict, ithetebyt 0

i ntegrate ] | rocesses of high voltage MOS transistors to
t hose of |3€v®/o|g§f§§&%‘?%‘ﬁ%ﬂ?§ T ﬁ&mﬁa‘f gFggoE%{i’éﬁnﬁg"%@&%nent
change to the physical characteristics of these transistors. As an

exanpl e, s[0008 t bRvisl/high volagd DIOYLhHASSMMRH | i
wi t hst and hi gh breakdown \%glvfaéée%, DDD is f (gr med %Bﬁ&%%g%@ggg&\%? %y

hi gh t enpep&tuHeendugtor ovafepihatalss intduddsteway dtagedd (S teshsidtowenethout DB gh
tenmperaturg _and l.on rocessin Lme may drive ions_ in the doped regions
of The | ow SBleRYE MEBRA Bl o bE PhRSrcresties! 6ok theasmrtivR of bighond. o
predet er m ggla G | | har i sti.cs of the

| ow vol t age t rantsriéﬁg%§%yatrga egg%eﬁgﬁctg%{‘?gﬁ%%@ggez@%%ﬁ{mftﬁ% %% onal
pr ocessi ngdifficiibtsindegratenthe piagifictating PredeasisGifggRGYRACCHIOS HaG o6 (o

t echnol ogi es th?f have both high voltage and | ow voltage MOS transistors
because ofISREL lave vekrgafQmiearmistors witheut paterplige pusing pomanieohchageo use

a drain exteRded LaNHa3Qlrist 8F Blole AatSidors.| A0 talnyexample, since the drain of
a high voltage MOS transistor needs to withstand high breakdown voltages, DDD is
formed with a process whereby high tempetature and long processing time are
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, whetein 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 the electric field
across any part of the gate oxide, thereby preventing breakdown. However, such
extensions consume much wafer space, aild are known to be very expensive in
advanced technologies where transistor densities are high and wafer real estate

commands a significant premium.



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 the electric field across any part of the gate oxide, thereby
preventi ng breakdown. However, such extensions consune nuch wafer space,
and are known to be very expensive in advanced technol ogi es where

transi stor densities are high and wafer real estate comands a significant
premum 2 [0007] Desirable in the art of are additional designs that -
provi de i nproved high voltage designs for advanced sem conduct or

t echnol ogi E¥0thatDasugbladmitmart of weghlditiored kideigns Hottrageideninprevedhlidtest
possi bl e surface.area.. SUVMARY [0008] .In view of the foregoing, the

fol I owing p P&%%g%ﬂ@snﬁﬁﬂ mcﬁﬁ%e‘ﬁ?“(?x‘?fjﬂé@réﬂ: lﬁﬂ"%'i/@ét Fayhrchiveagighesi gn

for advanc%g%§ggggpﬁg%§%%%gFﬁﬁgﬁg%ggéggﬁégah?%%%gfachieve a hi gh breakdown

voltage in a relative “In one enbodi nrent, a
hi gh voltage device with retrograde well is disclosed. The device
conprises graulsArgte, a gate region fornmed 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
subst r at e, V0P8l &nyieny of the ioregoingnthedellowingiprayades a wyithed thayprofidsseh a

hi gh | t i:Ge_€enioys various advantages ingl udi ng, space avi ng and
The'i mor eabBphfveifigh DhE: dAIPRT AR SRRce ity BEnoN0aRs Gl of
operation @éhitWiea hiptasehbwh QWRYES in a relatively small surface area.

[0009] In one 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 subsﬁate,

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

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

one embodiment of the present disclosure.



together with additional objects and advantages thereof will be best
understood fromthe follow ng description of specific enbodi nents when
read in connection wth the acconpanying draw ngs. 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 wth one

enbodi ment of the present disclosure. [0014] FIG 3 illustrates .
concentration profiles in accordance with one enbodinment of the present

di scl osur 8018b0 HG. Fillustratgs|a IMOSHES svish aarapgradgyedbin asicerdancs wigh a04OSFET
I n accordance wth a&g{e enbogd{r%ﬁnt of the present invention. DESCRI PTI ON

[0016] ThETHOSUTSPE O 18 PESGR PPt ovi de a detail ed description of a high
voltage MOS Field-Effect-Transistor (MOSFET) structure that saves space

and al | owgpoirp m‘;a@lﬂms&a@és coRVIRRRA $HoAidl inBsksrdbsROwialorRiibddtinteyipe and
P-type to be omtted. [0017] FIG 1 illustrates an N-channel MOSFET

( NMOSFET) of fite presattrdisdestred t h  structures that achi eve high voltage
performance in a high voltage range such as from6 to 35 volts. A P-type

ol at i vel Sk HAGE Ay aBeleEia bt G B Fags Mot ELLT MDA ¢ hi n

the bulk SomiGARMHGEAL oSHPPhéRhPinvedligsent N-type vells

DESCRIPTION

[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
substrate, from other devices, by isolation structures such as a shallow-trench-
isolation (STI) 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 layer 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
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104 are also fornmed. The NMOSFET is electrically isolated at the surface of
the substrate, from other devices, by isolation structures such as a

shal l ow-trench- isolation (STlI) or |ocal-oxidation-of-silicon (LOCOS) 106.
A thin gate oxide 108 is forned on the surface of the sem conductor
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 |ayer 114,
which may al so be STI or LOCOS, or may be thinner, is formed between and

separ at edsﬁg%mctdjs 108t Bhis bdRIball sEPAGRS HINUEbUF@ rediba TBfid eforsetat i ng - 4
STI/LOCOS 106. This oxide 114 separates an N+ source region 116, to be

formed neeott i 6he sidewhi epadet offrgate eleciride, drrs adl-eeavtactd 181tp she B-wrall
contact 118 to, the P-well xt the STI/L 106. The
P-vel | 1032031’&/5%@1@6\@%5 f‘hé\e EJ’Iﬂfg} L@Eﬁéaﬁ]%%r}? e@fﬁ\? 5% aéﬁé %and may
be referredt 0, O f the gate
oxi de striiet a&?%ﬁ)%éﬁgljﬂb AR’?{%‘age %\E"?%%v%t“% sha éjm‘gsﬂt han t he

P-type well 102, is fornmed within the P-well 102. Th| s LVNW 120 fills the
space bet[gees] t@eltgame&isdmlﬁlthe gpeeaidssiradties B8] a2owndltagh&-$EL  LOCOS

106. The LVNW 120 is forned by the inplantation of an Nt d t deeply
bel ow t he(ls(NPades, wwnéharwet%sé?s@@ewelm% l%fg’ﬁ"ﬁ’@fi t¥'Fﬁje Nﬁqﬁg

dopant di her down face.
Because, %F%Wﬁ%w% ﬁlspﬁ‘f% eﬁ"s\rgﬁg&?&b%t f&%@@ concen ratlon of the
dopant i SiheSAA LRI 04. e AN BFisdRhed B dhe SnpRetuaesh dnaNdybhe

surface, this arrangenent 1is called a retrograde well. The dopant
concent r atibpantpteeplyl below theverfaed Nownwhimexpesed to high temperature, the N-

type dopant diffuses both further downward and also upward toward the surface.
Because, unlike traditional diffused substrate, 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 adjacent to the surface and diffused downward. The traditional arrangement
produces a highest dopant concentration 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 STT/LOCOS 106. Itis understood that the
entire LVNW 120 along with the doped region 122 may be referred to as the drain

region.

[0019] In the traditional arrangement, an N+ doped region is placed immediately
adjacently to the sidewall spacer 112 of the gate poly 110. In addition, 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. This is called a low-doped drain (LDD). 7
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the traditional arrangenment in which the dopant is inplanted at a very
shal l ow depth adjacent to the surface and di ffused downward. The
traditional arrangenent produces a hi ghest dopant concentration at the
surface and the concentration dimnishes downward into the substrate.
Here, an N+ doped region 122 is inplanted into the mddle region of the
LVNW.120 and it is separated fromthe gate sidewall spacer structure 112

e T R sarounds trieles B BPPediiori et ek Tkt Y 120 2 009 )
vi th A" ““Fegion. [ 00,
L anent 155enbof AEtnetphBR A o2, Wy sfRfHd IS Malpelefisl | TTEC S Y
N 101 Oherelifib BE). TheIVAWRBSIRRLERS LOD dHtltPRiifGRH] Afankdmétitangd 10 the

substr at egli on Jacent to the N+ doped region, and extends

to the sppesmeyEedtethfiveiof BRaThe el spaddifehe DE 120 haedsbecupietdity gat e
poly. This is called a | owdoped drain FLDD). -5 The LDD here surrounds and

i sol at es thiseedtogbN-type dopard thht hiver diffaseel upvkarddrom hetimplanded depthiie doped
region 122. It is thus referred to as a drain extension (hereinafter DE).
The LVNwthepVhBAd20.Ha opertien, the pingtienibetiveermtbed¥-tpegkatnioWnd becones an

he r oaucsoRndsiDey Bl Flkanddber irve wel Q% s aarerst B ne i mpl an ed”
depth in the LVNW120. In operation, the junction between the N-type
oi ason. " [gRb) ¥ BT kool AL AR RLIARR LYY D KRR oy 1573
cont i nUoUg sRhH$n FIG.1, it does not have to be so. The LVNW 120 can be two or more

discrete or unconnected retrograde wells formed, usually in an aligned manrer, to

be placed in the area between the STI/LOCOS 106 and the gate. As such, 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. Ina high
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.



as shown in FIG 1, it does not have to be so. The LVNW 120 can be two or
nore discrete or unconnected retrograde wells fornmed, usually in an

al i gned manner, to be placed in the area between the STI/LOCOS 106 and the
gate. As such, in some enbodinents, the doped region 122 nmay not be
entirely within a retrograde well. That is, at |east a portion of the dope
region 122 may be overlapping or forned wthin the retrograde well, while
sonme ot her portions of the doped region nmay be forned directly within the
deep well 102 without the retrograde well 120 situated therebetween.

[0021] | n[a0R2] t TaddditonabnlyDR: petregrgdanred], 120he ateighatidep nhe edgosf bk phhe
reverse biased junction extends both into the LDD and under the gate poly.
In a hi ghoxigsii08qdhs peiregrade wiell 12fihgs pilawes dapantrsingentagtion neaytandplhdi ent

f th = Di i i d d f | i h
ot o ol GRS e e iR Bl A The NICASRIE o 15 85 B POeclihlel "o o
oxi de di r ggd bate pARAIT0] qﬁ@'ré&uceﬁ%oga?ﬁ%ﬁﬁ&?l ﬁ%%aagég%@%f&cgifﬁaaﬁe of them

may be injected ' into the thin gate oxide, thereby potenti y causing
danmage t ogtdienbofdbe bcton td besmlead ovena ghatgesistanap ped thémfdrheo bxi de act

as charges in a capacitor causing | eakage in the adjacent junction. -6
[0022] | n?%%ﬁ- th fﬂweroffﬂtlﬂg gf%#é@lﬁeﬁ%ﬂﬁ%g\mn gale OésdeeW&s frrdess likely kdge of
the gate | 'Qﬁu%gé. o l. ] . g%%h dopant
concentraf%%% nea éﬁ %&#8%§§g6§§%¥ﬁ§I@S%é??a?%bgﬂ% acétbetmeen the N+
doped region 122 and the surface under the gate poly 110. The reduced
dopant cofif23it r Eurthermates dterd hayella@chd ag isbiatloth args adieetet] (abt sHevijurction to
be spread over a greater distance and therefore to be )

the retrograde well area 120, between gate region 108 and doped region 122. This

isolation area may further increase the breakdown voltage threshold between the

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] In short, 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) circuitry produced on the same substrate, thereby
eliminating the need to use extra masks in the manufacturing processes. In the low
voltage circuitry, the traditional LDD structure can be replaced by this same
retrograde LVNW 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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lower. A lower field gradient adjacent to the thin gate oxide 108 is far
less likely to cause danage to the gate oxide 108.or to inject hot

el ectrons into it. [0023] Furthernore, there nay al so be an isol ation area
inserted (not shown), in the retrograde well area 120, between gate region
108 and doped region 122. This isolation area may further increase the

br eakdown voltage threshold between the gate region 108 and doped region
122. The increased breakdown voltage threshold would further |ower the
possibility of causing undesired damage to the gate region 108 or to

i nj ect hoP-typectalle @94 aret als¢ formfed0 A4ie HMOSHBI tis elettwicalipdicldtedalt the DD

structure has b repl aced by the retrograd LV 120 structure. is, in
Combi nat | GBS the SRS Set CURE clevices by s SHONY dreticpr He BHoR (ST

DDD). Thi ' I 120
(o he snonifiel BURaBaEPRLLE0 MOCOB)She VR AAER: oL adkSE A e M 27

( PMOSFET) seifaeiftthy sfihivdtdecopsulishetsantitssibsidrad &y dabeslebyod@hiatérmdl i ng

the need to use extra masks in the manufacturing processes. In the |ow
vol tage chypically polytavgstalingisilicondpolyDBl& t Fhusughencsznnl BEOP paperseiagby t hi s

same retrograde LV 0 structure, saf.el 0025 G I Ll ust es a

5 Channel “REREPEEAEETF 196554 hebs SR oot er b peles A AS e ve

hi gh vol t age Rarhey ARHEE STHRALWCESS, V9 nt ARS8, RYeANES betb@M S0 35
volts. An N-type 'l 202, of appropriat'e dopi ng and deeper depth for high
vol t age despareled fran iy gatd sidewralinsplaber ditldiuseetiP coildike iaiatinghSTHA@COS

Adj acent - e wells 204 are also forned. _The P FET. is electricall
J Qgtt%go Ig]tobgz/?os y

i sol at ed xide 214 separates a P+ source region 2 rmed next to the

sidewall spacer of the gate electrode, from an N+ contact 218.

[0026] On the other side of the gate oxide 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 surface. Now, when exposed to high temperature, the P-type
dopant diffuses both further downward and also upward toward the surface.
Because the concentration 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
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 concentration diminishes downward into the subsirate. 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 arrangernent, a P+ doped region is placed adjacently to the sidewall
spacer 112 of the gate poly 210. Also, in the traditional arrangement, a P- region,
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surface of the substrate, from other devices, by either

shal l ow-trench-isolation (STI) - or |ocal-oxidation-of-silicon (LOCOS) 206.
A thin gate oxide 208 is forned on the surface of the sem conduct or
substrate and it is covered by gate electrode material, typically, poly
crystalline silicon (poly) 27.0. Through normal MOS processing, sidewa\all
spacers 212 are fornmed on the sidewall surfaces of the poly. An oxide |ayer
214, that may al so be STI or LOCOS, or may be thinner, is formed between
and separated fromthe gate sidewall spacer structure 212 and the

i sol ati ng tBat $L@%€om&ﬁaﬁm§~WEd@ﬁmAsmdmé®e sulRtratguram thefiron 216,

to be forned next to si dewa er,_of the gate electrode, froman N+
contact 218NtacHERG1 tﬂI‘l%SH?Fﬁé? L% f‘ﬁ%gﬁi’ the gidgyiad StPi‘F‘t‘feaglF‘F%ttBrﬂée g8, a

I I - f d
w thi n e e et R o Bk PR, PR e e
si dewal | sppedevisds, ded LVEW2IR) xamétehléa to 2d h/dr&i(&t&@%on ZIT:bIE bNE\W20ed the

formed by the inplantation of a P—type dopant deeply below the surface.
Now, when fergémeef the IR therpediionalarrargen®ertype dopant di ffuses both
further downward and al so upwar d tovvard the surface. Because the

Ceducod « SU7H CREVEEHHA B i € 6o ERen e Paph BPafich G PSR B ant

concent fatLWZQOOafﬂd e 19-t) Weﬁ@@zfﬁsar@otr@aérs@batsaé Lﬂ@m&-m@%e arrangenent
I n which the dopant is inplanted at a very shal | ow depth adjacent to the

surface amstrudhire desuiledvabnaeconly Tierabrcetade WHHI.?Z@. ex’a’.mge mewder hreoetlgeas a

h ghest dupent, concenly Fon.aLne SULifce At e concentiaiony

i mpl ant ed JpteQ G TR &irfR0H8RvE thi %«-%/5%@%%%&@2 dnd fheSERALALEer
the gate poly 210. The 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 traversinig the steeper gradient will be accelerated to
higher energies which may cause direct 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
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fromthe gate sidewal|l spacer structure 212 and the STI/LOCOS 206. In the
traditional arrangenent, a P+ doped region is placed adjacently to the
sidewal | spacer 112 of the gate poly 210. Also, in the traditional
arrangement, a P- region, 8 that is, a |owconcentration P-type region, is
pl aced in the substrate, fromthe P+ contact, and under the space to be
filled by the sidewall spacer, adjacent to the gate poly, which is
referred to as a | owdoped drain (LDD). Like the LVNW of the N type
devices, the LVPW?220 is referred to as a drain extension and

repl aces tHEusadibrthidavvanrdynd gpvard tqvéandrtbausmf@ﬂ@l"b@paﬂgéh@ﬂﬂ\e [0027] In
operation unct | or} het en the.P-type drain for LVPW
250, “and RPRId BRI 2 565N i the Lo e He St Rt lition RIRE st e
structure (deses ivber 2 2RV o:OID‘I/P‘W Qﬁll%%tﬁrgﬂﬂédq}éé?éfbr@@e SPéEt%i%qffeI&”der the
edge of the gate oxide 208. The retrograde well 220 has a | ower dopant
concent r atgradieat will be gosidert iardaisdtavarsng tind gereldrefradient Wik nBtbeoped regi on
222 and the surface under, the gate _poly 210. The reduced dopant

concent r atieHeigfs Edamesing eReLEY ge‘fﬁél d gradient of the junction to be
spread over a greater distance and therefore to be |lower. Such a | ower

field b }
dammge t o HED) oG24 Ssrlseq BE16ABn 4L YOEET 400 thache URCeBAble Sipntle®
i || ustr at ascidientdapadt aconeektatad kooxqistelyddgRefent)y lehels bgtanogeare field/NW

or LVPWand the traditional diffused N-well or P-well as |ow doped drain

ext ensi on.gratient thadis toasteprd (Theglrstriptieldi qférogﬁﬂsmsmmeﬁgméhﬁ substesp 4R

CONONt T Aty Dl i DS B AU AR BECAYRS PR IRANN it dofl ant od &t
extension end 408, under the edge of the gate poly 410 with the thin gate oxide 412

in between. The gate oxide end 414 is most susceptible to damage. With the
presently 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. In addition, 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
miost 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.

-10 -



adj acent 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
direct damage to the gate oxide or may cause carriers to be injected into
or renoved fromthe thin gate oxide, which degrades MOS performance. In
contrast, the retrograde dopant concentration profile shows the greatest
dopant coneEsy r athedbot didtosubPpantids ey Hiftdreptembbdindrite of epanpldss - 9

di ffused both downward and upward toward the surface. The portion of the
depl et i on fpeghplementiagjdiferenbfeatures pithesliedodspatrectisrroemplat Pbn at t he
substrate surface, wth a LVNWor LVPW w.ll.Db ogder. Therefore, the
ol ect r . (OB E AR M eeguoel MR Fiarly 2h Filemung Perrergent | o
gradi ent w t @é{@% : : ] FIG 4
illustrat \gg bhegﬁfeécgter%%%?éﬁ%gﬂwﬁégégm4oo t %’%h ﬁ%ﬂgggﬁéiﬁﬁfem%gﬁﬁgmge if

current catastebal ardeakdmker ated to excessively high energy | evels by an
electric field gradient that is too steep. The electric field of concern

appears in_the substrate 402 between the_ hi dopant, concentration.in the
doped regi Wﬁoe“&h‘b‘l&%h&ed%‘&?‘}?‘?’“éﬁ aggfl %‘ggﬁﬁﬁ’%ﬁlféﬁm’taﬁeﬂ% g he
gate poly '&afﬁ il I cle; &Eb@@ﬁﬂﬁfea-t Hhe qgalie spxigle end
414 is nos %%Jésﬁcep |Fgﬁség{}%ﬂgg&n§geé%\#?h[ﬁ%ﬁ%e presently 8i scl ogd%% Srn::t od for
using the sitdervagioad endV BN H®RE akRWucHiral thargxt ensi IenmAads thérein Wiibuener gy
stress is nmuch less likely to be forned. o

departing from the spirit of the invention and within the scope and range of

equivalents of the claims. Accordingly, it is appropriate that the appended claims be

construed broadly and in a manner consistent with the scope of the disclosure, as set

forth in the following claims.
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[ 0030] The high voltage device illustrated above enjoys various advant ages
i ncl udi ng space saving and i ncrease of voltage tolerance. In addition, the
retrograde well increases surface breakdown threshold voltage, which is
inportant for the operation of any high voltage devices. Since high and

| ow voltage transistors are nost likely in co-existence on a chip, having
the high voltage devices nmade by using retrograde wells, at |east two nask
| ayers can be saved fromthe manufacturing process since the high and | ow
vol tage devices can be fornmed without requiring additional masks for high
vol t age dexiregsis Eurdiharp id.he drain to gate distance is also reduced
because of the drain extension. In sone situations, when the high voltage
wel | doping profile can be coordinated with the formation of the retrograde
wel |, surface A&hightvoltae tHaneistty deafreiomprdtiogid. - 10 [0031] The above

di scl osure provides nany di fferent enbodi nents or exanples for

inplenentin |fferen ures of the disclosure. Specific exanples of
conponent s ﬁf%%@gi éi%ﬂﬂé%%??%%dﬂg% help clarify the disclosure.
These are, course, nerely exanples and are not intended to limt the
di scl osure fd’ @ik haion HRfed WK at RabihClciofbadd WOB plachltii SHE Bubdi@ite
invention is illustrated and described herein as enbodied in detailed

exanpl es, nextistheeyade tdgidress not intended to be linited to the details
shown, since various nndifications and structural changes may be made
and within the

t her ei i th d t of th t
Scope and ARl CEaREPRAENAL HCERLA HPE e AEET A R, (o pepieee
appropri atygekheddthe appended cl ai ns be

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

O 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.

-12-



construed broadly and in a manner consistent with the scope of the

di scl osure, as set forth in the following clains. WHAT IS CLAIMED IS: 1. A
hi gh vol tage transi stor device conprising: a gate region forned on a
substrate; and a drain region fornmed with at | east one retrograde well

pl aced in the substrate next to the gate region, wherein the retrograde
wel | reduces a dopant concentration near the surface of the substrate. 2.
The transistor device of claim1 wherein the gate region further conprises
one or nore spacers. 3. The transistor device of claiml| further conprising

a doped regign Amglﬁ%l'tdgetidiﬁls%ﬁ:ie%de%n%ssﬂ The transi stor device of
claim3 wherein at” | east” a portion of the doped region is formed within

the retrograde well. 5. The transistor device of claim4 further conprising
an isol ati orﬂ@thStr@taare pl aced between the doped region and the gate
region. 6. The transistor device of claim1 further conprising a deep well,
in which the ralnr ion, is.for d 7. The transistor device of claim®6
wher ei n t he Y¥&EF ﬁeglgﬁf‘g??‘quméﬂ'\‘ﬁeﬁul SEH& | ower than the deep wel . -12

a deep well formed in the substrate;
a source region formed directly in the deep well on a first side of the gate region;

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 weils,

wherein the retrograde wells form a drain extension surrounding the doped

region to have a lower dopant concentration toward the surface of the substrate.

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

Or 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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8. A high voltage transistor device conprising: a substrate; a gate region
formed on the substrate. a deep well forned in the substrate; a source
region formed directly in the deep well on a first side of the gate region;
one or nore retrograde wells placed in the substrate next to the gate
region and on a second side thereof; and a doped region fornmed in the
retrograde wells with one or nore portions thereof formed wthin the
retrograde wells, wherein the retrograde wells forma drain extension
surroundi ng the doped region to have a | ower dopant concentration toward
the surface 10f A hethobfirfathingS hifheroltage siasbiefordeximesing: cl ai m 8 wherein
the gate region further conprises one or nore spacers. 10. The transistor
device of claim8 further conprising at |east one isolation structure

bet ween t he faopig ¢ sghstateaef it e region. 11. The transistor device of
claim8 wherein the deep well and the retrograde wells have different

types of do%mn%%gae{ggggiéﬁ%ﬁ%gE%Sgpdqe\_(_i ce of claim8 wherein the

retrograde we I'ower dopi'ng profile than the deep well. -13
13. A method for form ng a high voltage transistor conprising: formng a
substrate offoming $tiedp/well of a first type;

forming a source region directly in the deep well;

forming at least one retrograde well of a second type in the substrate opposite to

the source region with regard to the gate region and; 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.

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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formng a gate region on the substrate; formng a deep well of a first
type; formng a source region directly in the deep well; formng at | east
one retrograde well of a second type in the substrate opposite to the
source region with regard to the gate region and; and form ng a doped
region in the retrograde well, wherein the retrograde well forns a drain
extensi on having a | ower dopant concentration toward the surface of the
substrate. 14. The nethod of claim 13 wherein the gate region further
conprises one or nore spacers. 15. The nethod of claim 13 wherein at | east
a portion ofigt lrhe GaRREH bEARRN 13 Svhekdih MR ravrddiate Widl H-eta HgllaterWelping 16.
The nmethod of claim 13 further conprising formng at | east one isolation
st r uct ur e prefilzéban theeladppeel!.r egi on and the gate region. 17, The net 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 N
type well and the retrograde well is a P type well. -14 19. The net hod of

claim 13 wherein the retrograde well has a shall ower doping profile than
the deep well.
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