SEMICONDUCTOR STRUCTURE INCLUDING HIGH VOLTAGE DEVICE CROSS-REFERENCE TO
RELATED APPLICATION [0001] This application is a Division of U.S. application entitled Semiconductor
Structure Including High Voltage Device, U.S. Ser. N0.11/855,168, filed Sep.14, 2007, the disclosure of
which is herein incorporated in its entirety by this reference. FIELD OF THE INVENTION [0002] The
present invention relates generally to high voltage semiconductor devices, and more particularly to high
voltage transistorssEMIheXICIOR $TRECBARIBROUDING HIGHE VOYENGIODEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is a Division of U.S. application entitled Semiconductor Structure
Including High Voltage Device, U.S. Ser. No.11/855,168, filed Sep.14, 2007, the disclosure

of which is herein incorporated in its entirety by this reference.

FIELD OF THE INVENTION
[0002] The present invention relates generally to high voltage semiconductor devices, and

more particularly to high voltage transistors and the fabrication thereof.

BACKGROUND OF THE INVENTION
[0003] Integrated circuits (ICs) comprising many tens of thousands of devices including
field effect transistors (FETS) and other devices are a cornerstone of modern microelectronic
systems. With the scaling of semiconductor technology, there is a demand for high voltage
(e.g. 6-40V) range devices such as high voltage transistors with minimum pitch for example
in applications such as Liquid Crystal Display (LCD) driver market.
[0004] Figure 1 is a cross-sectional view of a known high voltage NMOS transistor 100.
The NMOS transistor 100 comprises a substrate 102, such as a P-type body, with shallow
trench isolation (STI) structures 104 formed therein. A gate insulator 106 is provided over
the substrate 102 and a gate 108 formed above a portion of the gate insulator 106.
[0005] Lightly doped N-type drift regions (110a, 110b) are formed in the substrate 102 on
opposing sides of the gate 108 and in partial overlap with the gate 108. A heavily doped N-
type source region 112a is formed within one of the lightly doped drift regions 110a and a

heavily doped N-type drain region 112b is formed within the other lightly doped drift region



[0003] Integrated circuits (ICs) comprising many tens of thousands of devices including field effect
transistors (FETs) and other devices are a cornerstone of modern microelectronic systems. With the
scaling of semiconductor technology, there is a demand for high voltage (e.g. 6-40V) range devices such
as high voltage transistors with minimum pitch for example in applications such as Liquid Crystal Display

(LCD) driver midfket. Thob4) Hydapadisoarepcysl seetioisaionen blaa kiblarhighmesittige IMIOStransistor
100. The NMOS transistor 100 comprises a substrate 102, such as a P-type body, with shallow trench
isolation (STI) 4pitthradhediehdemioncthardiiepiagate 1Rauldfdy 1385 proviciarstauice @tbditite 102 and

a gate 108 formed abave a partion of the gate insulator 106. [0005] Lightly doped N-type drift regions
(1308, 1100) dFERMbLTH BB TED B DBASHY SHEACHEITGB A 1 DA Dverlap with

the gate 108. A heayi -type, source region 112a is formed within one of the lightl ed drift
regions 1108 A1 a Dby 3p K b T S T 08 o ve S R E iy oped
region 110b. Theheayiy ga%gﬁ%ﬂ%eéﬁ)ﬁ%mﬁmﬂ%éag&I%&’Zﬂ)ogg'e formed to a shallower depth

than the lightly doped drift regions he heavily doped source and drain regions (112a,

112b) are seppgated fiomithalowps eaae af the 0318 J08 AN Td stprctie dod IhedMORdransistor
100 channel region 105 is located along the surface of the substrate 102 between lightly doped N-type
drift regions (1sdaceldib)ilGegchOurning thewperatiaamiskigh moliage kansistarsca high wattage is applied
to the source or drain regions (112a, 112b). The transistor's ability to withstand such high voltage
application is lapgidytohepe hdeelycleibelchstante detareerb¢hechie thdlicdohe dgod reenandmdidminegions
(112a, 112b) and the channel region 105, also referred to as the length of the drift region. A longer drift
region translategipitd @ HighbiZbleakdbyabasnelge 2ionftbuntie keferieddifficutheolenatinelinba IHY drift

region and hence high breakdown voltage while reducing;he size of the high voltage transistor.
region. A longer drift region translates into a higher breakdown voltage. Unfortunately, it is

difficult to maintain a long drift region and hence high breakdown voltage while reducing the
size of the high voltage transistor.
[0007] As a result, semiconductor structures that provide high voltage transistors at

decreased transistor pitch and methods for fabrication thereof are desirable.

SUMMARY OF THE INVENTION
[0008] The present invention relates to high voltage semiconductor devices. In one aspect
of the invention, a high voltage device is disclosed. The high voltage device comprises a
substrate with a device region defined thereon, and a gate stack disposed on the substrate in
the device region. A channel region is located in the substrate beneath the gate stack, while a
first diffusion region is located in the substrate on a first side of the gate stack. The high
voltage device further comprises a first isolation structure in the substrate, wherein the first
isolation structure is located on the first side of the gate stack separating the channel and the

first diffusion region. The high voltage device also includes a first drift region in the



[0007] As a result, semiconductor structures that provide high voltage transistors at decreased transistor
pitch and methods for fabrication thereof are desirable. SUMMARY OF THE INVENTION [0008] The
present invention relates to high voltage semiconductor devices. In one aspect of the invention, a high
voltage device is disclosed. The high voltage device comprises a substrate with a device region defined
thereon, and asyteastasirlispdbedomenk tsuthstiaiz hffiveielevietoregibarem charined dsgioikgdiocated in

the substrate beneath the gate stack, while a_ . _ o _
comprises a non-uniform depth profile conforming to a profile of the first isolation structure.

[0009] In another aspect of the invention, a method for fabricating a high voltage device is
disclosed. The method comprises providing a substrate with a device region. A first trench
isolation structure is formed in the substrate in the device region. A gate stack is formed on a
surface of the substrate in the device region with a channel beneath the gate stack. The gate
stack has first and second opposing sides, wherein the first side is adjacent to the first trench
isolation structure. A first diffusion region is formed in the substrate in the device region,
wherein the first diffusion region is separated from the channel by the first trench isolation
structure. A first drift region is also formed in the substrate coupling the first diffusion region
to the channel, wherein the first drift region comprises a non-uniform depth conforming to a
profile of the first trench isolation structure.

[0010] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various

combinations and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] In the drawings, like reference numbers generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention. In the following
description, embodiments of the invention will now be described, by way of example with

reference to the drawings of which



first diffusion region is located in the substrate on a first side of the gate stack. The high voltage device
further comprises a first isolation structure in the substrate, wherein the first isolation structure is located
on the first side of the gate stack separating the channel and the first diffusion region. The high voltage
device also includes a first drift region in the substrate coupling the channel to the first diffusion region,
wherein the firliMatt rEtgiois dompriseBeanpien-wnfoseatipapkhvirofitd cokfommintdd HopeetiSNd e first
isolation structure. [0009] In another aspect of the invention, a method for fabricating a high voltage
device is disclg$BH5*Phe method comprises providing a substrate with a device region. A first trench

isolation structure is foarmed in the substrate in the device region, A gate. tack is formed o urface of
the aunstiato TUO QRS e ot A R o A Al R A o Bra R et and

second opposmlg sgse%éwperemt firs S|de Jvaqg Lt gggsprsttrench SO|atI0nhStl’UCtlfl f\flrst

diffusion regloR i$tormed ift the sub srtlrcé‘t‘té%athe evice eglon wherein th ?l}sff' diffusioR t reglon IS
separated from the shanns! Ky the first tgﬁgch isolation structure. A first drift region is also formed in the
substrate coupling the first diffusion region to the channel, wherein the first drift region comprises a

non-uniform deggy¢orirmingito.apipiileRfdhedfirst fanendsalatignistiuerra 19t Al-hbesaignd other

objects, along with advantages and features of the present invention herein disclosed, will become
apparent throughtagferanogoiaiheciatondngidescepboniana tiehacaampanying drawings. Furthermore, it
is understood that the features of the various embodiments described herein are not mutually exclusive
and can exist in various combinations and permutations.

DESCRIPTION OF THE INVENTION

[0015] Figures 2A to 2I are cross-sectional views illustrating process steps for fabricating a
high voltage transistor according to a preferred embodiment of the present invention.

[0016] As shown in Figure 2I, a high voltage transistor 200 according to a preferred
embodiment of the invention comprises a substrate 202 with trenches 210, such as shallow
trench isolations (STIs), formed therein to provide isolation. A gate dielectric 260 is
provided over the surface of the substrate 202 and a gate 262’ is formed above the gate
dielectric 260. Preferably, the gate dielectric 260 extends beyond the gate sidewalls.
Extending the gate dielectric beyond the gate sidewalls can improve the process margin by,
for example, preventing undercutting of the gate dielectric 260 during subsequent processing.
Providing a gate dielectric having edges in-line with the gate sidewalls is also useful.

[0017] Lightly doped first and second drift regions (240a, 240b) are formed within the
substrate on opposite sides of the gate. Preferably, the first and second drift regions are in
partial overlap with the gate. The channel region 250 of the transistor is between the first and
second drift regions (240a, 240b) along the surface of the substrate 202. Isolating the drift
and source/drain regions from other device regions are trenches. Preferably, the drift regions

partially overlap the bottom of the trenches.



BRIEF DESCRIPTION OF THE DRAWINGS [0011] In the drawings, like reference numbers generally
refer to the same parts throughout the different views. Also, the drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrating the principles of the invention. In the following
description, embodiments of the invention will now be described, by way of example with reference to the
drawings of wihtd8jo0t 2h#iguies oiee seHedvianicegtond 28etidhal vievpunedkwithin iy resisiesge NMOS
transistor; [0013] Figures 2A to 21 are schematic cross-sectional views illustrating the results of

progressive sti§e&A fapmdAiHysingh GoAage PanESersAl SerBFaAMEE difh 5B A etBBdiment of

the invention; andl#0014],Fi ure 3 is a flow chart of ntegrated circuit system, for manufacturing a high
otage transis®h 1t dECS It DS BHBLONR (L TRUaR  Trenenes 310 Tocted on

opposite sides of the gate 262’ separate the source/drain regions (280a, 280b) and the edges
of the first/second drift regions. These trenches 210 increase the length of the drift region i.e.
distance between the source or drain regions (280a, 280b) and the channel region 250 thus
improving the voltage breakdown of the transistor. Preferably, a portion of these trenches
overlap the gate 262’.

[0019] In accordance with one embodiment of the invention, the depth profile of the first
and second drift regions (240a, 240b) comprises a non-uniform or variable depth profile. The
variable depth profile of the drift region somewhat conforms to the profile of the sidewalls of
the trenches. For example, the portion of the drift regions underlying the trenches 210 is
much deeper than the portion of the drift region underlying the source and drain regions
(280a, 280b). In one embodiment, drift regions can be formed at greater depths to
accommodate deep sub-micron technologies without exceeding allocated thermal budget.
[0020] Figure 2A shows a schematic cross-sectional view of the high voltage transistor 200
at an early stage of fabrication thereof in accordance with the preferred embodiment. The
cross-sectional view shows a semiconductor substrate 202. A masking stack comprising of a
first mask layer 204 and a second mask layer 206 is located upon the substrate 202. Other
types of masking stack or masks can also be used. As is illustrated in Figure 2A, the first and
second mask layers (204, 206) are used as an etch mask for etching trenches 210 in the
substrate at the regions not covered by the mask layers. The first and second mask layers
204, 206 prevent the substrate regions underlying it from being etched during the reactive ion

etching (RIE) process used to form the trenches 210. As will be illustrated in the succeeding



DESCRIPTION OF THE INVENTION [0015] Figures 2A to 21 are cross-sectional views illustrating
process steps for fabricating a high voltage transistor according to a preferred embodiment of the present
invention. [0016] As shown in Figure 21, a high voltage transistor 200 according to a preferred
embodiment of the invention comprises a substrate 202 with trenches 210, such as shallow trench
isolations (STISyufesraed Rhegsiphd Provigechss|atidnrersykiraiatbetilied 60 psoyrdvidetlbieiatensurface of
the substrate 202 and a gate 262" is formed above the gate dielectric 260. Preferably, the gate dielectric
260 extends b&{iefthe gate sidewalls. Extending the gate dielectric beyond the gate sidewalls can
improve the pr mar iné) , far example, preventing undercutting of the gate dielectric 260 during
subsequent prVBLL i, ihd AR AETUET A A B HEAE b e RN 15 aleo
useful. [0017] Lightly do first and,second drift regions (240a, 240b) are formed within the substrate on
opposite sides B Sad b, T HPal R a R o e na R G e
gate. The chanpel region 250 of the transistor is between the first and second drift regions (240a, 240b)
along the surface of the substrate 202. Isolating the drift and source/drain regions from other device

regions are trepebep. Fsetarahie, the ddffitedinrioPattalyo verap thsikatiemicd e tenthesa0018] A

shallower source and drain region (280a, 280Db) is formed within the respective first and second drift
regions (240a N2#0lhifolgciaalgantact darisenduftde gionsie24GaclddO b 1can, bei yovigethatithe source
and drain (280a, 280b) regions. Trenches 210 located on opposite sides of the gate 262" separate the
source/drain regionsi(@80a] 480l envthletedges of the first/second drift regions. These trenches 210
increase the length of the drift region i.e. distance between the source or drain regions (280a, 280b) and
the channel re®# 580 dissinapdogirgdrnagh keiges R@bkab D chans aramsistary Mastargbnaterigbrtion of

these trenches overlap the gate 262'. [0019] In accordance with one embodiment of the invention, the

depth profile oMHENilSS4IRP SetbREPHHI g idiroposbraig otfZcamipasts RHoruliBrotasable depth

profile. The variable depth profile of the drift region somewhat conforms to the profile of the sidewalls of
the trenches. FUPSISBIG: t BOFHGTROFE N PAUTORE GROGTDIAG e APACHAS S 1O CH doeper

than the po”'?e%fsé'aea%ﬂfet 5?%1?&”%%%&%?%%“8@%%288 and drain gegions (£802,B00) 1n.one
embodiment, drift regions can be formed at greater depths to accommodate deep sub-niicron

technologies Vﬂ&ﬁ%@é‘fa‘;@ﬁﬁ?ﬁ %PQ@J&QtE%EE‘?JyQiJQS@‘compmes silicon nitride. The thickness of

the silicon nitride layer is preferably between 700 to 1200 A.

[0024] Figure 2B shows the results of forming a third masking layer 220 upon the
semiconductor structure of Figure 2A. In one embodiment, the third masking layer 220
comprises photoresist mask materials. For the purposes of illustration, the succeeding
drawings will describe a process of forming a high voltage N-type transistor in accordance
with a preferred embodiment of the invention. However, it is to be appreciated that the
present invention is equally applicable to the formation of a high voltage P-type transistor.
[0025] In one embodiment, the substrate 202 comprises a P-type body. Other types of
substrates are also useful. The third masking layer 220 is selectively located to expose
regions where N-type drift regions are to be formed. As shown in Figure 2B, certain portions
of the trenches 210 as well as first and second masking layers (204, 206) are not covered by

the third masking layer 220. N-type drift regions are to be formed in the substrate 202



[0020] Figure 2A shows a schematic cross-sectional view of the high voltage transistor 200 at an early
stage of fabrication thereof in accordance with the preferred embodiment. The cross-sectional view shows
a semiconductor substrate 202. A masking stack comprising of a first mask layer 204 and a second mask
layer 206 is located upon the substrate 202. Other types of masking stack or masks can also be used. As
is illustrated inWPigtpenzAhehe firgeeddesesndivagihiaheid 2o 4)-208) teesigsedthe Biremaskask for
etching trenches 210 in the substrate at the regions not covered by the mask layers. The first and second
mask layers 28 eo0B b be ettt destE dgi6rRoNh Ao g - Bem § S BuAlfg thESreactive ion
etching (RIE) process used to form the trenches 210. As will be illustrated in the succeeding figures and
paragraphs, t#é)rﬁné’ thes 210 are subsequently filled to provide trench isolation structures. [0021] Each of
the foregoing lconductor, substrate 202, first. mask layer,204, second mask layer 206 and trench 210
are generally SOl A e e R P e R o

substrate 202 CMRIIFASHAMIFRNFY AR MALeHAL NRRHIIRG SXAMRILS RfSSMICAPURILBRierials

include silicon, silicon-germanium, germanium and silicon on insulator. [0023] The first and second mask

layers 204 angigR6rspaycomprisempy masikingmaterial WhithigRuitabigdeaproect theigilicer.substrate
202 during the RIE to form the trench structures 210. Included are hard mask materials and photoresist
mask materialsntaigiinean dhe Lssandlanilidbin erMbinaitdio haone:ainbedimanciihedrsknrask layer 204
comprises a pad oxide layer and the second mask layer 206 comprises silicon nitride. The thickness of
the silicon nitridieckegheeipgeedferatippbefwiecmeriOn toutR06 A1 (0oRUiHeigkpes2B s tHehesults of
forming a third masking layer 220 upon the semiconductor structure of Figure 2A. In one embodiment, the
third masking Riyeieoon! corrigrigday plididlesiep hiaglk thiateriedat Forflne guayeBdbeatdigisatiohe the
succeeding drawings will describe a process of forming a high voltage N-%%e transistor in accordance

with a preferredr&iBbisrARHEBF IR Afth 24BN Ew FXie st boe dbsprerritsttRat the present invention

is equally applj to the formation of a high voltage P-type transistor.
quatly app tﬁggﬁ: ?t Das been gscovered tgat the s quencg % the present invention advantageously

reduces the implant energy required to form drift regions extending below trench isolation
structures formed in the substrate 202. As is illustrated in Figure 2C, the drift region
implantation is carried out before any material is formed in the trenches 210. This results in a
reduction of drift region implant energy of around 40-50% compared to conventional
processes. However, the invention is not limited as such. Within the present invention, the
drift regions (240a, 240b) are formed by etching trenches 210 in the substrate and performing
the drift region (240a, 240b) implant before substantially filling the trench 210 bulk with
filler material. The drift region implantation can therefore be carried out with the trenches
210 partially filled. For example, in one embodiment, there may be a layer of liner oxide
deposited along the sidewalls of the trenches 210 prior to the drift region implantation.
However, the lower the thickness of the material present in the trench, the lower the implant
energy required to form the drift region. Too high a filler material thickness results in

substantially no improvement in implant energy reduction.



[0025] In one embodiment, the substrate 202 comprises a P-type body. Other types of substrates are also
useful. The third masking layer 220 is selectively located to expose regions where N-type drift regions are
to be formed. As shown in Figure 2B, certain portions of the trenches 210 as well as first and second
masking layers (204, 206) are not covered by the third masking layer 220. N-type drift regions are to be
formed in the $0@tat 202nierdatlyidestheebeainssaantesfitnisy Farcdnighyoltige wltygeNramsistor, the
third masking layer would be selectively located to expose regions where P-type drift reg}_ions are to be
formed. [0026 ] RiiHe" Je Sistvdonia trétiitd sr #h pight o oreds B es iRy s tuRe BB 2B with

first dopant ions 222 using the third masking layer 220 as a mask so that first and second drift regions
(240, 240b) AR 4 TP Se RS LRGSR S0 2 AR thes ARB At Hhe ot

conditions are selected so that the (%rs .dopant ions 222 penetrate through exposed portions of the trench
Cractures 310 T e e B B S PR S RO o

current can floy fyaugh theAHINSAL G IR apd.56eapd @ifh "R ans (749, x49B) inakexipnd below

the trenches 210. [0027] It has been discovered that the sequence of the present invention
advantageously {agucse e imnlsi LnRigxdeavikeshty formpkifliegiopsextendiogdelow trench isolation
structures formed in the substrate 202. As is illustrated in Figure 2C, the drift region implantation is carried
out before any[@029¢ridois £nigedoim pacPtegpehassdic, THaisirasddisun atedoTtion Inftdrfdepgioh-implant
energy of around 40-50% compared to conventional processes. However, the invention is not limited as
such. Within thgpprespwt iyvemtio ahdiohiiin gegrompl(248aP 246 Ylepenforimaddo yBetohintpdiemches 210 in
the substrate and performing the drift region (240a, 240b) implant before substantially filling the trench
210 bulk with fvamerndrisherere dift peglofeireplambaibnesan tee fafbréopantdmie crsuBaiim the frenches
210 partially filled. For example, in one embodiment, there may be a layer of liner oxide deposited along
the sidewalls GPIRR A EIRECD 1 G tBRAETBT L BGIBATRA ARNER SRCELINGE, i 18WRY te thickness of

the material present in the trench, the lower the implant energy required to form the drift region. Too high
o et material TEKRES TSETRC T S BAATEh Y 0 He VSR o BT B Th026]

the presently described embodiment, since we are forming a high voltage N-type transistor the first
dopant ions 222 are lightly doped N-type impurity ions. Non-limiting examples of N-type dopants include

Phosphorus, Aigaic ei&RmppHIRRMGrRofIMR Rt SHSMROdIMENtAhe iRhdoRAntiansRre

Phosphorus or a compound thereof. In one embodiment, the phosphorus implant energy is less than 100

keV for an N-typitisasistershaving 3ifrpakdowniplipaedetprenLais3kabnantPIafaraily hetween
70-80 keV. [0029] For a high voltage P-type transistor, the first dopant ions 222 are lightly doped P-type

impurity ions. Nenehrmingréxanypleisofdriyprldopanisdnctude Baromelntdinth ofreatagoandsatbereof. In a
preferred embodiment, the first dopant ions are Boron or a compound thereof In one embodiment, the
Boron implant emgrigiels lgssithaorrOkev doxaniplyspe transisiorfiatingsalisreakdewh yoltagedsetween 20
to 32 V, and preferably less than 50 keV.

oxides, nitrides, oxynitrides of silicon, as well as laminates and composites thereof.

Alternatively, other isolation filler materials are also suitable. In one embodiment, a liner

oxide layer (not shown) may be formed on the sidewalls of the trench structures 210 prior to

depositing the isolation filler layer 212.

[0031] Figure 2E shows the results of removing the isolation filler layer 212 outside the

trenches and stripping the first and second masking layers (204, 206) from the semiconductor

structure of Figure 2D. The isolation filler layer 212 outside the trenches 210 and the first

and second masking layers (204, 206) may be removed by chemical mechanical polishing.

The resulting trenches filled with isolation filler material 212 serve as trench isolation



[0030] Figure 2D shows the results of stripping the third mask layer 220 from the semiconductor structure
of Figure 2C and in turn depositing an isolation filler layer 212 on the entire surface of the semiconductor
structure so that the trench structures 210 are completely filled. Non-limiting examples of materials for the
isolation filler layer include oxides, nitrides, oxynitrides of silicon, as well as laminates and composites
thereof. Alternsitiveiyenthdrcipleglomaliat madtsishardgdplduiriisiee M tischeghboltgrernaisiner oxide
layer (not shown) may be formed on the sidewalls of the trench structures 210 prior to depositing the

isolation filler 158aok epirsb tiopgythe PR Byt SP1ehRbARR thie fistiatdrssirdsyEr 212

outside the trenches Qﬁ;t ipping the first and second masking layers (204, 206) from the semiconductor
structure of Fié?ﬁ‘é’?[% e%@éf?&% ﬁﬁ@?‘iﬁﬁ/%?'ffge&ﬁ%?&e the trenches 210 and the first and second

masking layers (204, 208) gy B removed by shemicalmectianical pOISHing. oEhe fEsuling tenches

. . . a .
filled with isolation filler materia erve as trench 1so structures. annel implantto adjust the

threshold voltage. of fieBiohvellags i apsizionchanaghioraied Alanadhesyiiase %ﬁ%?%ﬁ%?‘e 202
between the first and second drift regions (240a, 240b) may be carried out thereafter. [0032] Figure 2F

shows the resyli0t depasitingrR gatesdirlaat'ic Ryar2aRfalewpdiy agatis layereRzonirentire

surface of the semiconductor structure of Figure 2E. For a high voltage transistor, the gate dielectric is
formed thickly #® fpeotaat againsbiigh valtkoaapplied teibatghian Aphotomsisitnankanatrialds deposited
on the gate dielectric layer 262 and selectively patterned by lithography processes leaving a fourth mask
layer 264. Thesétestimetngsikidayer R64t® grepblygas @ emaskdornigtchingrthengsktdaweyrel626 2110083 HFigure 2G
shows the semiconductor structure of Figure 2F after the gate layer 262 has been etched to define the
gate 262'. Thengatel#igei@os wedape ershdareshngdmeattibnal Bk chemistries. As is illustrated in

Figure 2G, the gate 262" overlaps the first and second drift regions (240a, 240b). Preferably, the gate 262’

also overlaps (H83bnEfRE2A0 fBAMSINMSHREmMUSHY SEUOHES Qfiffiegiors 1B ?ﬂ%?ﬁ%ra?%e gate

262"
has been etched to define the gate 262°. The gate layer 262 may be etched using

conventional RIE chemistries. As is illustrated in Figure 2G, the gate 262’ overlaps the first
and second drift regions (240a, 240b). Preferably, the gate 262’ also overlaps the trenches
210 formed in the first and second drift regions (240a, 240b) near the gate 262’.

[0034] Figure 2H shows the semiconductor structure of Figure 2G after a photoresist mask
material is deposited on the entire surface of the semiconductor structure and selectively
patterned by lithography processes to form a fifth mask layer 270. As illustrated in Figure
2H, second dopant ions 272 are implanted into the substrate 202 using the fifth mask layer
270 as a mask. Thus a source region 280a is formed between two adjacent trenches 210
within the first drift region 240a and a drain region 280b is formed between two adjacent
trenches 210 within the second drift region 240b. The source and drain regions (280a, 280b)
serve as a contact for the first and second drift regions and they have a shallower depth to the
surface of the substrate 202 compared to the first and second drift regions (240a, 240b). The
second dopant ions 272 are preferably highly doped and the source and drain regions (280a,

280b) preferably have a higher dopant concentration than the drift regions (240a, 240b) to



[0034] Figure 2H shows the semiconductor structure of Figure 2G after a photoresist mask material is
deposited on the entire surface of the semiconductor structure and selectively patterned by lithography
processes to form a fifth mask layer 270. As illustrated in Figure 2H, second dopant ions 272 are
implanted into the substrate 202 using the fifth mask layer 270 as a mask. Thus a source region 280a is
formed betwe@ronits adjeleeinictleronknss 290 WitHin Rfsoitst deirreesiombadaenidize deaimdelgiom280b is
formed between two adjacent trenches 210 within the second drift region 240b. The source and drain
regions (280a,/280b) sErpkHed 30 At o it Areinhy RigBorriasYdyps s theyivaveigBhallower

depth to the surface of the substrate 202 compared to. the ir8t and second drift regions (240a, 240b). The
etond dopant HE S HF BRSO TGHT) Lo A s it el SRS Both S0y

preferably have a higher dopant.concentration than the drift regjo soéz Oa, 24 I%to rovide, an electrical
D et aron (e HE IR ARG EAC I PRON AN e AITAE RS Ao S R e W MR e

thus forming a,Bigh. valiage N:ayRG L Qé&?%oﬁﬁ%fri%ﬂlgﬁn\b‘i’ﬁﬁ&%ﬁ? AR LRBRBIRNAG s 99nd dopant ions

270 are P-type. In one embodiment (not shown), the gate dielectric may be selectively thinned at the

portion overlyingibe infengedsasras-RAAAAN rediRnsKe3ai88bdmEar fosimplantatien atdhe second
dopant ions 272 as a high gate dielectric thickness may hinder the ability to obtain a shallow source/drain

junction. [0035]Lkdguiie 21 shows a high voltage N-type transistor in accordance with a preferred
embodiment of the invention. Figure 21 is formed by stripping the fifth mask layer 270 from the
semiconductof@Addtturerok FifshewHa \Malievie gré$eyity descridet extbotime ntiflustatés e first and
second drift regions (240a, 240b) as following the contour of the trenches 210 along its bottom wall and
sidewall adjacembpslithensafdointraiéte Bigare tHashoeneibbyistrippiih Hedidd susk 1mer 8Xadnpie, the
invention also contemplates drift regions that stop halfway along the bottom wall. [0036] The

semiconductoftréfeiitendreijubEusiure i Gsild a MetloththatesrBliadesrsietc nBtEtes 210 in
the substrate and implanting the drift regions (240a, 2 before substantially filing the bulk region of the
onch 210 wit NG I P ST UL 4T o Ulop S Mlote EHR G FABiER B eroy o bo
reduced. Redycing im t.energy.can be advantageous. For example, lower implant gy, can reduce
ateral sragolc R G e B sk

layer 220 can be amplayed: Henaialy e Rickaessefl et mpskindavel,Iec aARES il decreasing

implant energy. Typically, the third masking layer comprises photoresist mask materials. A'thinner resist

enhances the gxieigoaahieh doadatenaddimensions of the photoresist features may be shrunk.
Correspondingly, by facilitating the reduction in the required photoresist thickness during drift region

implant, the preg®ae] indieniion jieiices srneansfBigahy ikin (pihe d eguiachlaesakidinpensis@f the

photoresist mask and hence fabrication of high voltage transistors with reduced transistor pitch.
etching trenches 210 in the substrate and implanting the drift regions (240a, 240b) before
substantially filing the bulk region of the trench 210 with isolation filler material. This
sequence of steps allows the drift region implant energy to be reduced. Reducing implant
energy can be advantageous. For example, lower implant energy can reduce lateral straggle
in the drift region profile. Additionally, with lower implant energy, a thinner third masking
layer 220 can be employed. Generally, the thickness of the third masking layer decreases
with decreasing implant energy. Typically, the third masking layer comprises photoresist
mask materials. A thinner resist enhances the extent to which the lateral dimensions of the

photoresist features may be shrunk. Correspondingly, by facilitating the reduction in the

required photoresist thickness during drift region implant, the present invention provides a
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[0037] Additionally, to reduce overall cost and space consumption, System on Chip (SOC) designs can be
used. SOC is a concept of integrating on a single chip different functions which used to be distributed
over several smaller chips. One such example is the integration of high voltage devices with high density
low leakage devices on the same chip. Such chips are useful in, for example, Liquid Crystal Display
(LCD) applicatiegiasvinsrehhigiinge Asityeaveier ipterallsdimensORANS ¢bdis)hatridsish wetkageddbaices used to
drive the LCD drivers, power management circuits and relays are integrated on the same chip. [0038] The

conventional eI fbIHER g HiRgr Vorsig ardistors st &arsiton iistrier to the integration of high
voltage device high densjty devices because it requires high energy implants tg form drift regions
ndor 71 strulHHEL, (SRR A AL AR5 S I h ey B HIgH emporatore
anneals are n%eded but tggse %nn§§§ cause 'ungt}) nmqgfygdon ggeg%ply 'cheascmgeyewe Iﬁl%légi e of the high

. . ! . h
density dewces?sé%lllsrecaﬂcmdl?ﬁe dri ré&%r??rﬁﬁpant ener%y, the prese invention reduces the thermal

budget needed, 3 ihg.ANNLa aNH: RADENSRRGESGITIPAIRS BiRNGaAJALBRIANTE PR anneal to

repair implant damage. This accordingly reduces the impact on the high density devices located on the

same chip. In gegfeugd Lrabadingih ofi thadnventinnidhe convantionplHEansR ISRRIGRECHIRS stress

release thermal step universally used in both high and low voltage device fabrication is sufficient to repair
the damage causeskhy the fdrixeqion iplanCipus Sispiaating heapseddonaseparaie highsitgmperature
anneal. [0039] Referring now to Figure 3, therein is shown a flow chart of an integrated circuit system 300
for manufactunmgnthre ireégtatedBirditcsiistemd 200hiry altpgefderact € mbd dimieve ghehke(Iredevirinvention.
The system 300 includes providing a substrate in a block 302; forming a plurality of trenches within the
substrate in a Bk BRnageneihgfitEtsad sdasrdedrteeralgibpsthdtimalsbiBubstrate in a block 306; filling
the trenches with an isolation filler material in a block 308, the trenches with the filler isolation material

forming isolati}P3&u clifeorsmtinngangdtedptoaryagdisRurlipscoirustHers sttt RrEBIdekMS 10, the first

and second drjft regions heing located adjacent first and second opposing sides of the gate respectively;
formineg a sourCL GHIRSH RO TSR RS LBl T 2 STGLk S e foING S BT o region

in the second %ﬁﬁiﬁ%‘%”fé%&ﬁl?@%é%ﬁs L%Qé‘r_oilTlhs‘?rEJ%frgegef’ne?&*@%g‘eﬁ% ?ﬁet'&%rhrévg%gosr‘e&%c}'/'gs”?t've of
the invention rather than limiting of the invention. Itis to be understood that revisions and modifications

may be made me%?§H0%§%%gm,_ SHLCRS AN HIMHRSHONSOh& S NHUIALREHS Egwhile st

providing a semiconductor that fall within the scope of the included claims. All matters hitherto set forth
herein or showpniRitheiaeeaspayingideawingsaradabe istereratad denaimyiliustrativesangddnendimiting

sense.

the drift region implant energy, the present invention reduces the thermal budget needed in
the anneal and in some instances eliminates the need for a high temperature anneal to repair
implant damage. This accordingly reduces the impact on the high density devices located on
the same chip. In a preferred embodiment of the invention, the conventional trench isolation
corner stress release thermal step universally used in both high and low voltage device
fabrication is sufficient to repair the damage caused by the drift region implant, thus
eliminating the need for a separate high temperature anneal.

[0039] Referring now to Figure 3, therein is shown a flow chart of an integrated circuit
system 300 for manufacturing the integrated circuit system 200 in a preferred embodiment of

the present invention. The system 300 includes providing a substrate in a block 302; forming

a plurality of trenches within the substrate in a block 304; forming first and second drift

11



What is claimed is: CLAIMS 1. A high voltage device comprising: a substrate with a device region defined

thereon; a gate stack disposed on the substrate in the device region;
regions within the substrate in a block 306; filling the trenches with an isolation filler
material in a block 308, the trenches with the filler isolation material forming isolation
structures; forming a gate with a gate insulator over the substrate in a block 310, the first and
second drift regions being located adjacent first and second opposing sides of the gate
respectively; forming a source diffusion region in the first drift region in a block 312 and
forming a drain diffusion region in the second drift region in a block 314.
[0040] The preferred embodiment of the invention is illustrative of the invention rather
than limiting of the invention. It is to be understood that revisions and modifications may be
made to methods, materials, structures and dimensions of a semiconductor structure while
still providing a semiconductor that fall within the scope of the included claims. All matters
hitherto set forth herein or shown in the accompanying drawings are to be interpreted in an

illustrative and non-limiting sense.
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a channel region located in the substrate beneath the gate stack; a first diffusion region located in the
substrate on a first side of the gate stack; a first isolation structure in the substrate, the first isolation
structure located on the first side of the gate stack separating the channel and the first diffusion region;
and a first drift region in the substrate coupling the channel to the first diffusion region, the first drift
region comprisiigpandmueditim depth profile conforming to a profile of the first isolation structure. 2. The
high voltage device of claim 1 further comprising a first device region isolation structure located in the
substrate isolating the first diffusion region from otfidr' e regions. 3. The high voltage device of claim
2 wherein the first drift region overlaps a portion of the first device region isolation structure, the
non-uniform depth p%ﬁ@qbf?ﬁégﬁrg?vd?ﬁtc%‘@ﬁlﬁl%nforming to the profile of the first isolation structure and

@ profile of the frst dgyige reaionSOR0RY SHEWSined tereon

a gate stack disposed on the substrate in the device region;

a channel region located in the substrate beneath the gate stack;

a first diffusion region located in the substrate on a first side of the gate stack;

a first isolation structure in the substrate, the first isolation structure located on the
first side of the gate stack separating the channel and the first diffusion region; and

a first drift region in the substrate coupling the channel to the first diffusion region,
the first drift region comprising a non-uniform depth profile conforming to a profile of the

first isolation structure.

2. The high voltage device of claim 1 further comprising a first device region isolation

structure located in the substrate isolating the first diffusion region from other device regions.

3. The high voltage device of claim 2 wherein the first drift region overlaps a portion of
the first device region isolation structure, the non-uniform depth profile of the first drift
region conforming to the profile of the first isolation structure and a profile of the first device

region isolation structure.

4. The high voltage device of claim 1 wherein the first isolation structure overlaps the

first side of the gate stack.
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4. The high voltage device of claim 1 wherein the first isolation structure overlaps the first side of the gate
stack. 5. The high voltage device of claim 4 further comprising a first device region isolation structure
located in the substrate isolating the first diffusion region from other device regions. 6. The high voltage
device of claim 5 wherein the first drift region overlaps a portion of the first device region isolation
structure, the Ron-unferiiglepthiageciiecst eheldimtdiifthagonnsonemiirg dovibrrpgsiléseiptioa first isolation
structure and a profile of the first device region isolation structure. 7. The high voltage device of claim 1
wherein a portiSHGHhesEe irithssyhshamtielingthedirtdititiicreiey ibamotse feytharsiHepth of the

first diffusion r gion.(ﬁt. 'Bh high voltage devjce of claim 7 further comprisin %Iirst device region
isolation structure lo | i iffusi regions,
solat o AR ST A CTNG W eI R SHTTEGRON FHB oI o
wherein the firgt drift region overla ortion of the first device isolation.structure, the nonuniform depth
orofie of the Lt i L oL o e T et (e e S S ot of he fret
device region &%gl@ﬂ‘éﬂn%'i%{ﬁ%% the profile of the first isolation structure and a profile of the first device

region isolation structure.

7. The high voltage device of claim 1 wherein a portion of the first drift region

underlying the first diffusion region is deeper than a depth of the first diffusion region.

8. The high voltage device of claim 7 further comprising a first device region isolation
structure located in the substrate isolating the first diffusion region from other device regions,
wherein the first drift region overlaps a portion of the first device isolation structure, the non-
uniform depth profile of the first drift region conforming to the profile of the first isolation

structure and a profile of the first device region isolation structure.

9. The high voltage device of claim 1 further comprising:

a second diffusion region located in the substrate on a second side of the gate stack;

a second isolation structure in the substrate, the second isolation structure located on
the second side of the gate separating the channel and the second diffusion region; and

a second drift region in the substrate coupling the channel to the second diffusion
region, the second drift region comprising a non-uniform depth profile conforming to a

profile of the second isolation structure.
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9. The high voltage device of claim 1 further comprising: a second diffusion region located in the substrate
on a second side of the gate stack; a second isolation structure in the substrate, the second isolation
structure located on the second side of the gate separating the channel and the second diffusion region;
and a second drift region in the substrate coupling the channel to the second diffusion region, the
second drift retflon cahfdrigihyrtagedayritorhsldepthiprbfife dopromgiageryrdpivfite BRibe second isolation
structure. 10. The high voltage device of claim 9 further comprising a second device region isolation
structure locatSal RS ELIER AeefE0 iRtihg s eedsrietitiSor renfaitfrsiondasitnderehelions, wherein
the second drift region overlaps a portion of the second device regian isqglation structure, the non-uniform
depth profile ofSHESEEN AR /0N BRI EthE GraR P IHE SHcBRARUILHEN SiFSEithe and a
profile of the S&S art]%nds%%(c:ﬁlrree, %%%é%g&%}%pmsge%%ugl%ﬁle of the second drift region conforming to the
profile of the second isolation structure and a profile of the second device region isolation

structure.

11.  The high voltage device of claim 9 wherein the second isolation structure overlaps the

second side of the gate stack.

12. The high voltage device of claim 11 further comprising a second device region
isolation structure located in the substrate isolating the second diffusion region from other
device regions, wherein the second drift region overlaps a portion of the second device region
isolation structure, the non-uniform depth profile of the second drift region conforming to the
profile of the second isolation structure and a profile of the second device region isolation

structure.

13.  The high voltage device of claim 9 wherein a portion of the non-uniform depth profile

of the second drift region is deeper than the second diffusion region.

14.  The high voltage device of claim 13 further comprising a second device region
isolation structure located in the substrate isolating the second diffusion region from other
device regions, wherein the second drift region overlaps a portion of the second device region

isolation structure, the non-uniform depth profile of the second drift region conforming to the
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11. The high voltage device of claim 9 wherein the second isolation structure overlaps the second side of
the gate stack. 12. The high voltage device of claim 11 further comprising a second device region
isolation structure located in the substrate isolating the second diffusion region from other device regions,
wherein the second drift region overlaps a portion of the second device region isolation structure, the
non-uniform deptfilprdfile sfaens swdem diifcregiand canfoiniidghostsendrédiiecaragienseelstidnsolation
structure and a profile of the second device region isolation structure. 13. The high voltage device of
claim 9 wheref{"8°Bftion of the non-uniform depth profile of the second drift region is deeper than the
second diffusion region. 14. The high voltage device of claim 13 further comprising a second device
region isolation structure located in the substrate isolating the second diffusion region from other device
regions, wherein the second drift region overlaps a portion of the second device region isolation structure,
the non-uniform depth profile of the second drift region conforming to the profile of the second isolation
structure and a profile of the second device region isolation structure.
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