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 transistorsSEMIheXWICIOR $TREUBARIBROUDING HIGHE VRYENGIODHVD0B] 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 demandf@OYgRFPIERISNEOTO BV 1@y A plavicasTsush as high voltage
transistors with minimum pitch for example in applications such as Liquid Crystal Display (LCD) driver

market. [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
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[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 tHdsuddw dien1ib? dapashisvspageiddsisitsogate 208 IdAb inrpaetiabdvenap e ehe gate

108. A heavily doped N-type source region 112a is formed within one of the lightly doped drift regions
110a and a he%at) HepdbeNialibe drad defisrePro bl dheR)- withrihtasiytHerash ity aspdddift region

110b. The heavily doped source and drain regions (112a, 112b) are formed to a shallower depth than the
gty dopedt dHRBDUIE (1IGH S0P PG ST A5 Sl b G iR B ShS [ 1S5 o0y are

df fth 08 b STI 104. The NMOS ' 100
copared e ahessiae e e ST\ e 0 The MIOS B

channel region along the surface o0 ubstrate ctwee of)e ?ype drift

regions (110a,.11.08). [Rﬁquéém%%{%% )&%@Eﬂ{jg%gfﬂgI‘lle\égl%gﬁ@g_’nﬁi%grs, a high voltage is applied to

the source or drain regions (112a, he transistor's ability to withstand such high voltage application
is largely depep@esit opdhig:distasiee.nsingen dhe heavilydeRedssaunca anttiain pgiastlida, 112b)
and the channel region 105, also referred to as the length of the drift region. A longer drift region
translates into sauigherdsaakgonn Molage. 2Unfamenaielydf isadiffigull toidmaintainea gy digegion and
hence high breakdown voltage while reducing the size of the high voltage transistor. [0007] As a result,
semiconductorpptisatune $s thagaby clapan deghonahiagiéstracisistorseattidebeedase doped sistor pitdhland methods

for fabrication thereof are desirable. SUMMARY OF THE INVENTION
regions (112a, 112b) and the channel region 105, also referred to as the length of the drift

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



[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 sftfeagaceustiaek ehebaigielvoltthgeftevibE vtichaegomprivasia Mstlisoldidnregiaeture in the

substrate, wherein the first isolation structure is located on the first side of the gate stack separating the
channel and tfif&mprises 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. The high voltage device also includes a first drift region in the substrate coupling the
channel to the first diffusion region, wherein the first drift region 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. (802t tFagieR iSokatioAckamatgreriesfonsieahah hensebstrarimtheclevitiegedidtOA 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™P$tfd second opposing sides, wherein the first side is adjacent to the first trench
isolation structure. A frrst diffusjon region is formed in the substrate.in the device re%&on Whereln the first

diffusion regio %lgep ) f‘t)’ th cﬂSrﬁ%?thﬁé:tﬂ%stst?gﬁ%ﬁllnga‘t’%ﬁ WEnRe K Arst&iftregion is

also formed in the sul%straétte goup }nﬁlca% I1‘|rst ﬂ Hsr ﬁﬁa Parﬁ to themcgacnorrlglhgréh‘evr n the prst rift region
comprises a nBn-tnitorm élaegpﬁt nforming to a Of the Tirst trench 1solation s ruc re 10] These
and other Oble%oﬂtm%i{ﬂl@%%ﬂtﬁﬁe%ﬁnd features of the present invention herein disclosed, will
become apparent through reference to the following description and the accompanying drawings.
Furthermore, ifgei4ndessteod that thafeaiures af the yariausembadiments desrrikederginiare not
mutually exclusive and can exist in various combinations and permutations. BRIEF DESCRIPTION OF
THE DRAWINGSQOdsindhi deawvingse ke referamekniunmiiers geaaially 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 no E é ?ﬁ}? %/ Yy with reference to the drawings of
which [0012] Figure 1is a schematrvé § flg]é] 79 %ﬁ%olt\oja(]m&s igh voltage NMOS transistor;

[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.



[0013] Figures 2A to 21 are schematic cross-sectional views illustrating the results of progressive stages
in fabricating a high voltage transistor in accordance with a preferred embodiment of the invention; and
[0014] Figure 3 is a flow chart of an integrated circuit system, for manufacturing a high voltage transistor
in accordance with an embodiment of the invention. DESCRIPTION OF THE INVENTION [0015] Figures
2A to 21 are ct88E8$ediohallviewsoigstratigmoceas S85s.fépdhbricktimg & WidhnvbRagereeainsistor
according to a preferred embodiment of the present invention. [0016] As shown in Figure 21, a high

voltage transistéit 200 Seevt gy 1RiomyetdPe d b SdriEM! SRR AR EITH 6/ 40399984 ate 202

with trenches 210, such as shallow trench isglations (STls med therejn to proyide isolation. A gate
Gietectic 260 BN T BSIHE B LS 0B AR S oo LIS SUH A GV the gate

Cleloctiic 290 imale e e ge'e doierc 00 fends baxRra e Jrle iRl Eiendiny the oate
dielectric beyorpdxt)ﬁe gate sidewdlls can improve the process margin by, for'exa p?e, prevefiting

undercutting of fhe. galp JIBIGClF 200 ANMNAYSUBSEONE M BTACRSSING. ThHiPIgne gatediRipelric having

edges in-line with the gate sidewalls’is also useful. [0017] Lightly doped first and second drift regions

(240a, 240b) afgdarnsswithimhthe subiralpianapRasieeidesoss tha aatenireferahbh the first and
second drift regions are in partial overlap with the gate. The channel region 250 of the transistor is

between the fiisipandrigetend it tegieaswa4dahe4Qhdiatenopibesbiiacepofibe substateris Isolating
the drift and source/drain regions from other device regions are trenches. Preferably, the drift regions
partially overlap thepabttgated6ilie trenches. [0018] A shallower source and drain region (280a, 280b) is
formed within the respective first and second drift regions (240a, 240b). Electrical contact to the drift
regions (240a,[00%) dandsergrosidetihaenhersbettacandl dhgim{2aten. 28Oy régiupkleTre iehést210 located
on opposite sides of the gate 262’ separate the source/drain regions (280a, 280b) and the edges of the
first/second drit9&67oRs HitHaseitnsneis 2l serass tAdaryrosr e arifble groirsodistaite between

the source or drajr\? e%i_o S (r%ﬁia,rfz%Obr.?nd the Schanneltre ion 25t0 \E/Eus irﬂﬁerg ing the vgclnl‘tsa(%e

breakdown of tHEAPAR BB P BPATYABR YA S HICh SFRXAY HAHRHRYS B AHRS e gélig L7l
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



[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 andighein redjionaz280a 1EEOD)chascHE ernboblinsepttlsrfftiedglonsoris endreldtzangreater
depths to accommodate deep sub-micron technologies without exceeding allocated thermal budget.
[0020] Figure S®'sH&Ws a schematic cross-sectional view of the high voltage transistor 200 at an early

stage of fabricgtian thereof in accordance with the preferred embgodiment. The cross-sectional view shows
a semiconduc@!%i}os Yoe (ﬁ%gmﬁd%&?&%ﬁ%r@%ﬁrﬁ?azﬂ%s?}%ﬁ%@gyﬁbﬁancﬁeﬁoégcond mask

layer 206 is located, upo qlﬁe substrat 2. Other types of masking stack or masks can also be used. As
o ustrated G g e 2D A S (O b oot St o
etching trenchgs 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) popgepsiseskimfrmubedignshesd uhgandlbbe bsiraiadsindibsrausepesingifigures and

paragraphs, the trenches 210 are subsequently filled to provide trench isolation structures. [0021] Each of
the foregoing sesmitandyctexsupistraie 20 ichirslubiasklayaniz 0 caeroRicvaskilayer 2omainchirench 210
are generally conventional in the semiconductor fabrication art. [0022] For example, the semiconductor
substrate 202 gomprisesasdsilconductonlmaterial. Non-limiting examples of semiconductor materials
include silicon, silicon-germanium, germanium and silicon on insulator. [0023] The first and second mask

layers 204 andW38ImaApechrsipriseserpdrinattinaymaiiiiatndien iRasudeame 1o o teetking Biiconlsubstrate

202 during the RIE to form the trench structures 210. Included are hard mask materials and photoresist
mask material¥WHlick cHHABL USeRr4rshahsr SHiCYmBIRRYEEh 2 shsemibediifert, thannirRe Mieskdbiayer 204

comprises a pad oxideé‘> er and the se 0%1(:I mask layer 206 comprises silicon nitride. The thickness of
the siicon nit HETAYES 1 ErclaS AR GERTBR ) 5180 AMOUST g RS RS LTRSS of
forming a third masking layer 220 upon.the semiconductor structure of Figure 2 one embodiment, the
ird macking B D B B o A R e

succeeding drayngswill escrng.aRGRERRAT TRIRIRgs 2 N VGG NRE raRRISIRR-8c6prdance
with a preferred embodiment of the invention. However, it is to be appreciated that the present invention
is equally appligabigcta theifermatienairrighoualiage fybsredrlsistor.
[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



[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 sudethvng 202 Ay gese éxpaskidiregiinss. Porns highivolathe Fudomaskingistor, the
third masking layer would be selectively located to expose regions where P-type drift regions are to be
formed. [0026]FRjurePe ‘hswecthalye RS bimesRasaTgRBssSBRsTCoRAR S Ut ERENES GFFIgURe 2B with
first dopant ions 222 using the third masking layer 220 as a mask so that first and second drift regions
(240a, 240b) :;tllpél?g ed in the semiconductor substrate 202. Within the embodiment, the implant
conditions are ted. so that the first dopant ions 222 penetrate.through exposed portions 0f the trench
ctctures 210008 Ind BBt Kot e or e A B e R R A

current can floy §areuaf, i RaFtions QE & kAN, SERONA At da0I0RS (240, £ARP L &Xignd below

the trenches 210. [0027] It has been discovered that the sequence of the present invention
advantageouslyifedeiasssthesmpaapsneEoyoraruigdde farmdhiffuesions@x@neing beignytreRch isolation
structures formed in the substrate 202. As is illustrated in Figure 2C, the drift region implantation is carried
out before anyembdetindis taenaplanttbentieinahas 2R cEhisorasiltid Tiaradpaitaonef Iifpeagiareimplant
energy of around 40-50% compared to conventional processes. However, the invention is not limited as
such. Within therprelserpinee ptiommthefdhiét regebnsri2ddes, 24D darie: fexprseliposteming thenthses 210 in
the substrate and performing the drift region (240a, 240b) implant before substantially filling the trench
210 bulk with fidrsasaneriahsifing Wity gidn 3R Isisiathan caremheraitne Hareeghidet pattivih théherenches
210 partially filled. For example, in one embodiment, there may be a layer of liner oxide deposited along

the sidewalls dftthaderctdsIofigssiRiste e dfitbrdbbRirmdiBrietish afsverl dne lower the thickness of

the material prﬁﬁ%?i igthe trench, .the lower the implant ene#]; re&uired to form the drift regﬁon. Too high
n

a filler materia 50362618 ﬂ\sgﬁ‘f)e&gntll?ﬁﬂ%og?ﬂ%r“&?e D& ?Fﬁ‘b‘iéﬂi’eé%‘@if‘g?drvé‘&t?@% 3.11’0028] In
the presently described embodiment, since we are forming a high voltage N-type transistor the first
oo e o3 TR I SO B 0 a0 LR R A RO o e
Phosphorus, AfSeRIc.orcamAcHNES tglﬁ{ﬁ&fre'Q(?z.pr%fgrféa%%%g%”ﬂ?'ﬁgﬁfg Best glapant i? ol €

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

keV for an N-typgifransisterdawing e rkdynaiagebehue sl iad2 M @nd preferallymketween
70-80 keV. [0029] For a high voltage P-type transistor, the first dopant ions 222 are lightly doped P-type

impurity ions. Ndaeligiitiog exampias ofriplypecdopants incluce Bosom, ladipardr eorapodndsithereof. In a
preferred embodiment, the first dopant ions are Boron or a compound thereof In one embodiment, the
Boron implant uergysis lessaitantiOikedition & Rdyhmitedrsi stoh haVitigrathy gadsdoninvweoltagelizetween 20
to 32 V, and preferably less than 50 keV. [0030] Figure 2D shows the results of stripping the third mask
layer 220 fromdtié 1seine ¢ Atitic ist0bir astipens iy e g teanghies (kP iddpposipgatrsbbstiorntiner layer 212

on the entire surface of the semiconductor structure so that the trench structures 210 are completely

filled. Non-limithsgEXarasiefs Grffiatetits fBPIENe RedpatichoirtiplDelHRR e derds2Hthdds Yy nitrides of
silicon, as well Iaminatzs ,ﬁgd cgtmg)o.sites thereof. Alter ativf:I , other is%Iation.fHIer rrtlateii‘als are also
suitable. In ong1 SPrBBHiH nt, eIfH F 508 I P?P%%r%%ﬂ}eifﬁ %?/eb CIEHHEY Off thE stil&eevfle&f Bf the trench
structures 210296%&915%81?&'1[)%5? %gg’%&g,opnﬁcl)lneer é%%d?n%gﬂt, 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.



[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 sHNRS8hshréheRrisoiskiotesstibrstgreodinetgriedanyplaist o sthigd daleasadidtyitage of the
high voltage transistor channel located along the surface of the substrate 202 between the first and
second drift retjidnstep4ba osolparsy e carrid HghitherarstbN 10032 YeI21s-sHOWS IR Pgs ults of

depositing a gate dielectric Jayer 260 followed by a gate layer 262 on the entire surface of the
Semicontuctof SRS @ oSSR 5 HGH SN BE BarB. fie GHRHERABETE forfdd thickly to

protect against high voltage lied to.the gate. A photoresist. mask material is osited.on the gate
it iage L O el L U )

The fourth magk 13%6h 284 1% YREGAS-A JPE&‘&F%WQ 106 GRIE 18YSL30r [0 R3]HOHIR S Shows the

semiconductor structure of Figure 2F after the gate Tayer 262 has been etched to define the gate 262'.

The gate layerg6iddmaydar®ichedidsing:caRyentieal R iicheraisiries.ihscis iusinated in Figure 2G, the
gate 262' overlaps the first and second drift regions (240a, 240b). Preferably, the gate 262" also overlaps
the trenches 2039y mest in i firgtas Pagpenddiiiore giomss{2a4Pan2#ab P oeardhgigateldid .HO034]
Figure 2H shows the semiconductor structure of Figure 2G after a photoresist mask material is deposited
on the entire syfacepdrihe isesnicnollictairstresctomdeand deleptiviyapattechett Bolithodmdpiny processes to
form a fifth mask layer 270. As illustrated in Figure 2H, second dopant ions 272 are implanted into the
substrate 202 ¢ximythdsfifiarpehsk layeprtorgd #nhedkntiudhs dosrctopagion 28y iBesemed between
two adjacent trenches 210 within the first drift region 240a and a drain region 280b is formed between two

adjacent trencﬁ%@@f@%ﬁﬁﬁﬁhé‘k@%ﬁ’&l‘%ﬂ%%@idhﬁ%ﬁﬁél%ﬁ%%m’é Eﬁ%ﬁiﬂ’f‘égﬁ%ﬁYﬁQ@ﬁ, 280b)
serve as a contact for the first and second drift regions and they h shallower depth to the surface of
tho substiate J03oTRAREN 15 VR RICEAN ST F S bIL oty MR PR LS AP Habant tone
272 are prefergg{y highly doped and the source and drain regions (280a, 280b) preferably have a higher
dopant concentration than the drift regions (240a, 240b) to

[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.
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



provide an electrical contact area. In the presently described embodiment, the second dopant ions 272
implanted are N-type, thus forming a high voltage N-type transistor. For a high voltage P-type transistor,
the second dopant ions 270 are P-type. In one embodiment (not shown), the gate dielectric may be
selectively thinned at the portion overlying the intended source and drain regions (280a, 280b) prior to
implantation ofttieteseort eupast ionEuR7R adieshibh G oiéledtrgethictadyghyaltdsmdentiseonbility to
obtain a shallow source/drain junction. [0035] Figure 21 shows a high voltage N-type transistor in
accordance withaanstersaied alomsotimetasetng %‘R/éﬁ%ﬁtq:%ﬂ?ré’eﬂ’fi%“fé%é‘asbﬁ@tﬁﬁiﬁﬁé tiEtifth mask

layer 270 from the semicondyctor structure of Figure 2H. While the presently described embodiment
illustrates the ﬁ?giogﬁgg@%&%ﬁ’%ﬁﬂaye%%ﬁglfﬂﬂé%ﬁé%ﬁs following the contour of the trenches 210

along its botto I dsidf?zv Il adjacent tp the edge of the gate. 262', the invention is not limited as
o For o D A I R b o o

[0036] The semjeopducias SHURLURRT KIRUEe Sl [RFMe HRINY AfRekRag Halerayides: foneiching
trenches 210 in the Substrate and implanting the drift regions (240a, 240b) betore substantially filing the

bulk region of thadseneh 240 With Jeelation fillefs materiahi TP SqabeRC:2h staRs alaus thpklift region
implant energy to be reduced. Reducing implant energy can be advantageous. For example, lower
implant energycéie redeica lgteraksiviaggle imiheidrift tegionearofilehcAgiditionraltysiwitydower unglant
energy, a thinner third masking layer 220 can be employed. Generally, the thickness of the third masking
layer decreaseslwitivaiie pre@sing nplang@pley gyodespesdHyyitizeat fiodtmasking ey @64 ofiprigesthhotoresist
mask materials. A thinner resist enhances the extent to which the lateral dimensions of the photoresist
features may Beashiiek 2Cbirespbathngiyk hor Rieklingting ghie leguéfidn in the required photoresist
thickness during drift region implant, the present invention provides a means for shrinking the required

lateral dimensiA33df tHEWHErGYE ihssieRtIHUALE FaBFUsRiSh 'GeMig RN ltah Eeransi&yTs With reduced
transistor pitch. [0037] Additionally, to reduce overall cost and space consumption, System qn Chip
(SO0 designdithmisd LBHTSB AL DeBBFof oo Mbgioh A aHonb LD S A HhdiiHs which
used to be distriulcd Quek e VRIAL smaler ching, Qe pich examples ihe intearation, ofigh,yoltage
devices with hlgﬁ c?ensny ow Ieal?ége devices on the same %Hlp. Uclh IpsS are use?gfin, for example,

Liquid Crystal Risela. (i G ARRlisetions whes NaltdansIhIRMORSSl(6.4n3RAM gelisland high

voltage devices used to drive the LCD drivers, power management circuits and relays are integrated on

the same chip2[@Q38hdda arnventienal-omtbed Lifermninmhiahoseliegartsangisiors presents a barrier to
the integration of high voltage devices and high density devices because it requires high energy implants

to form drift regnoss) umrilarrSTH StivetLiiessdniosdelidor epaituifke filinageGaifeed bydloe:figmeasnergy
implant, high temperature anneals are needed but these anneals cause junction diffusion thereby
increasing the redd@g esofitheshéghodethsigndeviceticB pirabiu cimg ¢l deifirr egiciienphdnsedavengyy the
present invention reduces the thermal budget needed in the anneal and in some instances eliminates the
need for a higitaéerisdrBrubiEhaginphy toroeqsass itopramt d &M GusK Hyeacdbrdityg M relsried snthegiigpact on the

high density devices located on the same chip. In a preferred embodiment of the invention, the

conventional trbhctF98BihtiR Rolter ireus ForRIauedrmic AP stbp T2 Amnadhe b stAshibHAnd low
voltage device2 rication 'ks s;ggicient to repair th%féamar?e cachs)etd bg/ t?e drift reg{otn i Iar%tl, 0thus
eliminating the' A& foP 4 SepHAte HIGH S HgEAH diayed Between twoadjacert trenchis
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



[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 regions within the substrate in a block 306; filling
the trenches withvage iz Riesricill s prirstevied ilnathdaeks808), daectieatctiabogditie halfilisacigsl dgprnmaterial
forming isolation structures; forming a gate with a gate insulator over the substrate in a block 310, the first

and second drift¥egidrigPeHe i deatddyag dbentwrerg g 5 AH8p PHETRG Yiss ST thé'Yatd i pectively;

forming a source diffusion reg%on in the first drjft region in %block 312 and forming a drain défusion region
r

in the second APYEFSINTR BBISER 3 TS, (6946 PRAD 8RS rél &¥nbodRfiert SFhETHISIRGH [€Shustrative of

the invention reffer, Inan Imiting,of (e, invention. |t & {o b, upderatood il fevisiens,and madifications
may be made to me)t’noaf ma erlalts, structures and dimensions of a'semiconductor structture while still

providing a Se’s"&lﬁ%@%&%ﬁﬁ‘%gﬁ%ﬁs"@%ﬁa,tﬂ@oﬁmﬂ&% G INGHARDFIRIMS. Sl MR sALhg5Ig.Set forth

herein or shown in the accompanying drawings are to be interpreted in an illustrative and non-limiting
sense. What ig glgimelisliGéetiMShickness may hinder the ability to obtain a shallow source/drain

junction.

[0035] Figure 2I shows a high voltage N-type transistor in accordance with a preferred
embodiment of the invention. Figure 2I is formed by stripping the fifth mask layer 270 from
the semiconductor structure of Figure 2H. While the presently described embodiment
illustrates the first and second drift regions (240a, 240b) as following the contour of the
trenches 210 along its bottom wall and sidewall adjacent to the edge of the gate 262’, the
invention is not limited as such. For example, the invention also contemplates drift regions
that stop halfway along the bottom wall.

[0036] The semiconductor structure of Figure 21 is formed using a method that provides for
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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1. A high voltage device comprising: a substrate with a device region defined thereon; a first isolation
structure in the substrate, the first isolation structure comprising first and second opposing sidewalls and
a bottom portion connecting the first and second sidewalls; a gate stack disposed on the substrate in the
device region, the gate stack having first and second opposing sides, the first side being adjacent to the
first isolation smaerarEorastriakingl fegisaduoedtaeinl tdensubstratel Honadwiarrsigateaskaakd henegefirst

diffusion region located in the substrate, the first isolation region is separated from the channel by the first
isolation structighsication of high voltage transistors with reduced transistor pitch.

[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) applications where high density
memory cells (e.g. SRAM cells) and high voltage devices used to drive the LCD drivers,
power management circuits and relays are integrated on the same chip.

[0038] The conventional method of forming high voltage transistors presents a barrier to the
integration of high voltage devices and high density devices because it requires high energy
implants to form drift regions under STI structures. In order to repair the damage caused by
the high energy implant, high temperature anneals are needed but these anneals cause
junction diffusion thereby increasing the leakage of the high density devices. By reducing
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
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and a first drift region in the substrate coupling the channel to the first diffusion region, wherein the
first drift region comprising a non-uniform depth profile conforming to the profile of the bottom portion and
the first sidewall, and at least a portion of the profile of the second sidewall 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 issi@tinghitifirdedsibiol regionfrdmethdilbayiteerégiohss Bitlra Hightiodgedevice of
claim 2 wherein the first drift region overlaps a portion of the first device region isolation structure, the
non-uniform d&pEEYofeloP e & diie FEgITi Torifbriimbter thelprisniesicnind firsmiagidtrirtishucture and

a profile of the first device region isolation structure. side of the gate stack, 5. The high voltage device of
cimim 4 forther UHBR GRSk B0 B4 TR SBHMHOH e REATe P o Do R efaimg the o

diffusion regloge];';)on@ 8}1[}? '}gg?gﬁ%eb%?%ofg)schted 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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6. The high voltage device of claim 5 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. 7. The high
voltage device of claim 1 wherein a portion of the first drift region underlying the first diffusion region is
deeper tiyghaaigdeptimetitize 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 firgt dafiviggion overlaps a portion of the first device
isolation structure, the nonuniform depth profile of the first drift region conforming to the profile of the

first isolation strdiiyk eithgeprafite ebieriis 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 gateastabitrate veitbecand dsokgfion definetlitecedhe substrate, the second isolation structure
located on the second side of the gate separating the channel and the second diffusion region; and
a first isolation structure in the substrate, the first isolation structure comprising first and
second opposing sidewalls and a bottom portion connecting the first and second sidewalls;
a gate stack disposed on the substrate in the device region, the gate stack having first and
second opposing sides, the first side being adjacent to the first isolation structure;
a channel region located in the substrate beneath the gate stack;
a first diffusion region located in the substrate, the first isolation region is separated from
the channel by the first isolation structure;
and
a first drift region in the substrate coupling the channel to the first diffusion region,
wherein the first drift region comprising a non-uniform depth profile conforming to the profile of

the bottom portion and the first sidewall, and at least a portion of the profile of the second

sidewall 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.
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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. 10. The high voltage device of claim 9 further comprising a second device region isolation
structure located in the substrate isolating the second diffusion region from other device regions,

wherein the secpinslilgiitveigage @aoaps capartiavhefdinaisefiendsdrrics seginmésolatiapssite titste, the
non-uniform depth profile of the second drift region conforming to the profile of the second isolation
structuresiftcof theojdes gfdtle 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 o\&rlapstnpaitinivotibe dméondfdtimesrtgibericotabiasi sjraéingtelet/iecnegiomitolmidepth profile
of the second drift region conforming to the profile of the second isolation structure and a profile of the
second deniceirefomtddalatierssbuicitersolafng te High disftaim deyioe 06wl aihed dehieretagiopsrtion 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 d3ift regithe dvghlapkagedetime of thermecwhdrdiemice fiegyidrnfisegitarostriagsieepdrfion 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.

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
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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. 15. The high voltage device of
claim 7 wherein a portion of the first drift region underlying a base of the first isolation structure is
deeper than the portion of the first drift region underlying the first diffusion region. 16. The high voltage

device of claim 4 3egdier eififerpgicioin ai¢harsecencodpfing gierhanderiingexduase afffosiceeayion,
isolation structure is deeper than the portion of the second drift region underlying the second diffusion
region. 1fie Setugh vrftaggide vioaprivingrisngi-anstapstiddptiviifotildevidemagigno a prefflessfsbéation
structure in the substrate within the device region, the first isolation structure comprising first and
second qeposingatidiewatisi@acka bottom portion connecting the first and second sidewalls;

10. The high voltage device of claim 9 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.

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,
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a first doped region in the substrate in the device region, wherein the first doped region comprises a
non-uniform depth conforming to the profile of the bottom portion and the first sidewall, and at least a
portion of the profile of the second sidewall of the first isolation structure. 18. The high voltage device
of claim 17 further comprising: a gate stack disposed on the substrate in the device region, the

gate staakdaotingniiftstraddpsie peokill @ pparirgesistedritioectiish soiefhreityadjtegirotildhe firstésolation
structure; and a channel region located in the substrate beneath the gate stack. 19. The high voltage

device ofgdhitiod Stfucthey gahapsishig affirst sbithrziavigiemiortis Bulbstsatecadicent to the first
isolation structure, wherein the first diffusion region is separated from the channel by the first isolation
structure. 20. The high voltage device of claim 19 wherein a portion of the first doped region
underlying a base of the first isolation structure is deeper than the portion of the first doped region
underlyingpthe firae difflasiottaggiavice of claim 7 wherein a portion of the first drift region underlying a

base of the first isolation structure is deeper than the portion of the first drift region underlying

the first diffusion region.

16.  The high voltage device of claim 11 wherein a portion of the second drift region
underlying a base of the second isolation structure is deeper than the portion of the second drift

region underlying the second diffusion region.

17. A high voltage device comprising:

a substrate with a device region;

a first isolation structure in the substrate within the device region, the first isolation
structure comprising first and second opposing sidewalls and a bottom portion connecting the
first and second sidewalls;

a first doped region in the substrate in the device region, wherein the first doped region
comprises a non-uniform depth conforming to the profile of the bottom portion and the first

sidewall, and at least a portion of the profile of the second sidewall of the first isolation structure.

18.  The high voltage device of claim 17 further comprising:
a gate stack disposed on the substrate in the device region, the gate stack having first and
second opposing sides, the first side being adjacent to the first isolation structure; and

a channel region located in the substrate beneath the gate stack.
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19.  The high voltage device of claim 18 further comprising a first diffusion region in the
substrate adjacent to the first isolation structure, wherein the first diffusion region is separated

from the channel by the first isolation structure.

20. The high voltage device of claim 19 wherein a portion of the first doped region

underlying a base of the first isolation structure is deeper than the portion of the first doped

region underlying the first diffusion region.
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