SEMICONDUCTOR STRUCTURE INCLUDING HIGH VOLTAGE DEVICE
FIELD OF THE INVENTION [0001] 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
[0002] Integrated circuits (ICs) comprising many tens of thousands of devices
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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 transé_ r m;% inj 8 for example in
applications such as Liqui ?E?r@s a WL@% river market. [0003]
oltage NMOS transistor

igure-1 is a cross-se tional iew ofaffngwlg i%hly N d
e e L e PR o

Ry N SRA HEDEALISRIAURRASIIY Sl yaikigaFdepned therein. A

gate insulator 106 Is provided over the substrate 102 and a gate 108 formed
above a portion of the gate insulator 106. [0004] Lightly doped N-type drift
regions (110a, 110b) are formed in the substrate 102 on opposing sides of

the gate 108 and in pBAGKSRAED RFTAEG A EOE IRNeavily doped N-type
source region 112a is formed within one of the lightly doped drift regions
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surface of the substrate 102 between lightly doped N-type drift regions (110a,

in]-élﬂyll):-ations such as Liquid Crystal Display (LCD) driver market.

[0003] 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.

[0004] 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
110b. The heavily doped source and drain regions (112a, 112b) are formed to a shallower
depth than the lightly doped drift regions (110a, 110b). The heavily doped source and drain
regions (112a, 112b) are separated from the lower edge of the gate 108 by an STI structure

104. The NMOS transistor 100 channel region 105 is located along the surface of the

substrate 102 between lightly doped N-type drift regions (110a, 110b).
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[0005] During the operation of high voltage transistors, a high voltage is
applied to the source or drain regions (112a, 112b). The transistor's ability to
withstand such high voltage application is largely dependent on the distance
between the heavily doped source and drain regions (112a, 112b) and the
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drift region translates into a higher breakdown voltage. Unfortunately, it is
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voltage device comprises a substrate with a device
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device region. A channel region is located in the substrate beneath the gate
sistagiehwhipe aditstediffusion region is located in the substrate on a first side of
the gate stack. The high
[0006] 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

[0007] 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
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.

[0008] 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



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
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non-uniform depth Iprofile conforming to a profile of the first isolation
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to the channel, wherein the first drift region comprises a non-uniform depth conforming to a

profile of the first trench isolation structure.

[0009] 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

[0010] 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

[0011] Figure 1 is a schematic cross-sectional view of a known high voltage NMOS
transistor;

[0012] Figures 2A to 2I 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

[0013] 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.



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 BsrdPBYQNeCGTr StHie REMESOTAHDN structure. A first drift
region is also formed in the substrate coupling the first diffusion region to the
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conforming to a profile of the first trench isolation structure. [0009] These and
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mutually exclusive and can exist in various combinations and permutations.
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reference numbers generally refer to the same parts throughout the different
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generally being placed upon illustrating the principles of the invention. In the
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way of example with reference to the drawings of which [0011] Figure 1 is a
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[0012] Figures 2A to 21 are schematic cross-sectional views illustrating the
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accordance V\gt a preferred embodiment,%f he invention: and
Providing a gate dielectric having edges in-line with the gate sidewalls 1s also useful.

[0016] 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.

[0017] 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, 240b)
can be provided at the source and drain (280a, 280b) regions. Trenches 210 located 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’.



[0013] 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 [0014] Figures 2A to 21
are cross-sectional views illustrating process steps for fabricating a high

[A83 g éntrsasidinr acdtr gty o e P radetreidimibouineenthsf dhettp pealalgt of the first
invention. [0015] As shown in Figure 21, a high voltage transistor 200
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202 with trenches 210, such as shallow trench isolations (STIs), formed
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process margin by, for example, preventing undercutting of the gate dielectric
(300, deksing. suRsedrethRIeRRsING: O rRMHING agale diglesdrig having edgas w©
in-line with the gate sidewalls is also useful. [0016] Lightly doped first and
a&eeondddifticeginpsiddaiae 24 ace fomvec: vabimthaisuhsiraea 0 bppesite
sides of the gate. Preferably, the first and second drift regions are in partial
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first and second drift regions (240a, 240b) along the surface of the substrate
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trenches. Preferably, the drift regions partially overlap the bottom of the
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within the respective first and second drift regjons (240a, 240b). Electrical
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drift region i.e. distance between the source or drain regions (280a, 28
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transistor. Preferably, a portion of these trenches overlap the gate 262'.

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
figures and paragraphs, the trenches 210 are subsequently filled to provide trench isolation
structures.

[0020] Each of the foregoing semiconductor substrate 202, first mask layer 204, second
mask layer 206 and trench 210 are generally conventional in the semiconductor fabrication
art.

[0021] For example, the semiconductor substrate 202 comprises semiconductor material.

Non-limiting examples of semiconductor materials include silicon, silicon-germanium,

germanium and silicon on insulator.



[0018] 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
[3RIonTb¢ diwstavitt pegyiamsnasdbnging dhanfet¥hew v eonsrifuighydBetharemagierial
the portion of the drift region underlying the source and drain regions (280a,
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layer 204 ‘and a second mask layer 206 is located upon the substrate 202.
e Y RS RIINeskipeplask Mmasksmag #90 ke used. As is illustrated in
Figure 2A, the first and second mask layers (204, 206) are used as an etch
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the mask layers. The first and second mask layers 204, 206 prevent the
ssuisstratetoe giorsumn dé diygug: i2fo mibemy etbodundoringetie ke actyaghyer 220
etching (RIB) process used to form the trenches 210. As will be illustrated in
compsirscebelivigsity uraskanuigartig rapeis thieptrnetie 912 lDigrationb ey saerppding
filled to provide trench isolation structures. [0020] Each of the foregoing
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and trench 210 are generally conventjonal in the semiconductor fabrication
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masking material which is suitable to protect silicon 'substrate 202 during
stbarRiE tecfarm thetrenamstiveiuresigdo 1ipsiuted igre Raddaark Ratesialgpose
and photoresist mask materials which can be used alone or in combination.
rdfi @navasbddirpe ki the Jicat trask tayemnzdd sertpriaetk Figad oBide layep@tions
the second mask layer 206 comprises silicon nitride. The thickness of the
oibearemitred € 18yerwslpreferabiydoetwed maBoh pol 2002040083 JaFs gute@Bred by
shows the results of forming a third masking layer 220 upon the
theethisb nuslketies Byaetne of FiRar«lni rpgione denbodiriernethéntithed whasriag202

Ia%er 220 comprises photoresist mask materials. For the purposes of
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voltage N-type transistor in accordance with a preferred embodiment of the
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equally applicable to the formation of a high voltage P-type transistor. [0024]
f r%e%
Th one embodiment, the substrate 202 comprises a P-type body. Other types
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ocated to expose regions where N-type drift regions are to be formed. As
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second masking layers (204, 206) are not covered by the third masking layer
d2R0ceblidypedoit regionsuardédonbe iarmedémibensuhistrat® 2 uruderyWithin the
these exposed regions. For a high voltage P-type transistor, the third
emiaskingpiather iwplala bendslensivedystbaatd dealexpos éire giommvibey & P-fygetrate
drift regions are to be formed. [0025] Figure 2C shows the results of
thrppehritiigsaserssifitopidiiet s sehusTucIBT R dU rd thovikpfired dopimsiohgho dpst
using the third masking layer 220 as a mask so that first and second drift
regions (240a, 240b) are formed in the semiconductor substrate 202. Within
the embodiment, the implant conditions are selected so that the first dopant
ions 222 penetrate through exposed portions of the trench structures 210 and
the exposed portions of the first



and second masking layers (204, 206) such that current can flow through the
portions of the first and second drift regions (240a, 240b) that extend below
the trenches 210. [0026] It has been discovered that the sequence of the
present invention advantageously reduces the implant energy required to

andrspcardt magiorsavaerdivg Hldmehethendeotati spnstic tibresdo thearpifiotiieof the
substrate 202. As is illustrated in Figure 2C, the drift region implantation is

S OB ST IR AL A s P8R &€5065 THls results in a
dyction of drift region implant energy of around 40-50% compared to
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the present inventian, the drift regions a, 240b) are formed by etching, ..
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drift region implantation can therefore be carried out with'the trenches 210
iRAiRiOHI e darlriol B¥ERRRIR dRyanRembodiment: theredarbe1s. laygs Rblineh a
oxide deposited along the sidewalls of the trenches 210 prior to the drift
rd@gioshireplantatiogiotd aipiar, dherdgwear theuthickmeos,ot shparwitatat greseivhal
in the trench, the lower the implant energy required to form the drift region.
piboestiig hRofilleeméie makthicknesstresiktd iy suthstamtibihy tho praprovieneenonn the
implant energy reduction. [0027] In the presently described embodiment,
dgfheezives AP4Go ity arhighngdlbagriching prenehersiid itivee firds defpantd iptioppmg
are g&]htly_doped N-type impurity ions. Non-limiting examples of N-%pe _
thofahtesRddBnddBnotta Rt Reftecot s BN & HRe &t RnsThrdfe frly with
.embodiment, the first dopant ions are Phosphorus or a compound. thereof. |
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-t ansistor having a hreakdown voltage between 20 to 32 V, a :
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examples of P-type dopants include Boron, Indium or compounds thereof. In
R weeleriedismbesimsntandhesfingt dpRamt1i pRS-AIE BREQR: AF A (EOIMPAUAE implant
thereof. In one embodiment, the Boron implant energy is less than 70 keV for
edefityequiran sistoyriarta glarb regikd 0O Wnowoliigh ea beiate e t2fatotBizkeaN@sults in
preferably less than 50 keV. [0029] Figure 2D shows the results of stripping
sthgaitiedlymaskoiapee2@0 fnomplhet seerggondhsttor. structure of Figure 2C and
in turn depositing an isolation filler layer 212 on the entire surface of the
[MR2ricdn drcropsstilicdasidepdrainbhdimec hirteureurEsiomongre bighpidtedy N-type
filled. Non-limiting examples of materials for the isolation filler layer include
AR, iricss JORYHitie s oF eI b AN REY N d L mPbYIkgNiting
thereof Alternatively, other isolation filler materials are also suitaple, In one
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of-the trench.structyres.2 rigr to depositing,the isolation filler Jayer 212
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206) from the semiconductor structure of Figure 2D. The isolation filler layer
hadr.Qubsidrithittienshes: 2l and thexfivsh angrseemid snaskingolayars (204,
206) may be removed by chemical mechanical polishing. The resulting
(G028 hEs Tl ackivitblisgdatioyp éillemsnaderidk 212t sepm@eisiselihasolatidn doped P-
structures. A channel implant to adjust the threshold voltage of the high
tyye|tag@itriangistor Neardneitiogateunplon gfttetgprfdopaofstheckulosBaten20Rlium or

between the first and second drift regions (240a, 240b) may be carried out
copm@amferthereof. In a preferred embodiment, the first dopant ions are Boron or a



[0031] Figure 2F shows the results of depositing a gate dielectric layer 260
followed by a gate layer 262 on the entire surface of the semiconductor
structure of Figure 2E. For a high voltage transistor, the gate dielectric is
formed thickly to protect against high voltage applied to the gate. A
cpnpeundsikeravaskmeatesiabisliargpdsite dorprhaplats dietertiddstydnnr g9 kay for a
selectively patterned by lithography processes leaving a fourth mask layer
P3pe transifirbd ingskrsokdonn el gge 8aueshi R for brerfyaiserbatiets
262. [0032] Figure 2G shows the semiconductor structure of Figure 2F after
K¢rYe gate layer 262 has been etched to define the gate 262 The gate layer
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first and second drift regions (240a, 240b) near the gate 262'. [0033] Figure
iR the semigenduatondtiistuseRiriowerse afterranphaioiesist maskare
material is deposited on the entire surface of the semiconductor structure and
cotlgeiiveleattesadibitithegrapnys posassesstectote Rdiftomagkdayer 2ndude
As illustrated in Figure 2H, second dopant ions 272 are implanted into the
osubstratei@82 usimiatidesfifth midsklayer®iD as kumasiks Tinds eosposgesrateosvf.
280a is formed between two adjacent trenches 210 within the first drift region
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within the second drift region 240b. The source and drain regions (280a,
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shallow h to rface of the substrate 202 compared to the first and
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second dopant ions 272 implanted are N-typé, thus forming a high voltage

sthirdipe Sramgistors-orRehiGhNeH TR Raldpe trapsistR b e-seeNd WoRaNthe first
ions 270 are P-type. In one embodiment (not shown), the gate dielectric may

alie ssetedtivalkithinagdsaiie pastianpvertyingvtidebinigrdachsoidtandd phiRing.
regions (280a, 280b) prior to implantation of the second dopant ions 272 as a

Thegregdtengligtactres thitkhegth nspjahind éil lthenzdodlityl t8 1@btaimeashaliovh isolation
source/drain junction. [0034] Figure 21 shows a high voltage N-type transistor
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formed by stripping the fifth mask layer 270 from the semiconductor structure

prddrsand. Pmieine piacentiyiedtiital Sibbefinssat ifSsiiaadsechpg drift
and s 240a, 240b following the contour of the trenches

refi@%?%ﬁ%ai%g@&@%%ﬂ ghecflaé’ %’I%ﬁfacent to the edge of the gate 262",

[d&ﬁénv ntlon Qfl%tv&lllsn% tg gea h Fortlexaarln a?e (5 eI }{8 etlloer} followed by a
con em tes drift regions th at stop ﬁ%w§y afong the bottom wall.

gate layer 262 on the entire surface of the semiconductor structure of Figure 2E. For a high
voltage transistor, the gate dielectric is formed thickly to protect against high voltage applied
to the gate. A photoresist mask material is deposited on the gate dielectric layer 262 and
selectively patterned by lithography processes leaving a fourth mask layer 264. The fourth

mask layer 264 is used as a mask for etching the gate layer 262.



[0035] 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
[0ARBlantigmesr g (s tehpwsrdruteaticRddcieigiplant dngrey dantse the gate layer 262

advantageous. For example, lower implant energy can reduce lateral straggle
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required photoresist thickness during drift region implant, the present
[00¥YSNtiPRREOMIfaS A Meansfiebshiinkingdheteguived daterat imensioRs Qfmask
the photoresist mask and hence fabrication of high voltage transistors with
nfaekiled dansistar pitaie PO2Skwediionally, ianiecunr overalt testandapadely
consumption, System on Chip (SOC) designs can be used. SOC is a concept
pafdameybatiid) apnaghsimpgiecship wiffersnt fiitictionk lajickR ised {olstdisttibutégure
over several smaller chips. One such example is the integration of high
2Hp kegpadidoReas \with 21y hrqémﬁia}luwwar&a'gwm@e%oémm élaﬁﬁétbﬁmsk layer
Such chips are useful in, for example, Liquid Crystal Display (L
25%6ﬁc?aﬂ5‘ﬁ§ white hﬁ’rﬁ“&%ﬁ%ﬁ?‘#&% C%%H%e Q“@R‘M\W%é Cﬁ?fd“ﬁfﬁ}liles 210

s used to rive the LCD drivers wer ement circuit
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voltage EVICES an enS|t EVICGS because It I’EQUII’ES

séFOQ lants saderm,AHit fRY '%sk‘&%rdﬁirt'r@é%ﬁglﬁrxﬁﬁth& AL IABR U th to the

damage caused by the high energy implant, high temperature anneals are

siierded Mutthesaarnnealmpadatdunctinn Mifusionitherely:ncreasinaibs). The
leakage of the high density devices. By reducing the drift region implant

seioadgiopihe PISSETY ifyerdiantedighs thpdbannatdidpat nebdadh ireghas (280a,
anneal and in some instances eliminates the need for a high temperature

280 gatferablyainvnplarghdadrpget dinsaicaordifgly tredddt sdhenm@aoh.opitie to
high density devices located on the same chip. In a preferred embodiment of

predpversisitichleceniaveridontl therispspodinderdonhemsadisyspbl st ¢hegietant

_step universally used in both high and low voltage device fabrication is )

l%ﬁff%Z?eH{llf%?P&'ﬂa‘?Fet% afa?n&@@% HBY e Fﬁgrf‘eBIitS}‘PWEﬂ&ﬁf“thusFor a high
eI|m|n ting the need for a separate high te erat e ann . [0038] Referri g
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a block 304; forming first and second drift regions within the substrate in a
a gk 306, didingriberianche mwithiadeisalatiomfillet noateiiad isnaRIRCckodR8/drain
the trenches with the filler isolation material forming isolation structures;
juteing 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
(M3l dfighe gdtehrespedtigblyolonihgtaps durcesthifusierrvediore iw ithedfipseferred
drift region in a block 312 and forming a drain diffusion region in the second
eghadiasiseinha bloukisn 4 Fjeosd]l Theimeddyatrienboditniih sfatkdaneentibiom
is illustrative of the invention rather than limiting of the invention. It is to be
understood that revisions and modifigations 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. What

is claimed is: CLAIMS 1. A method for fabricating a high voltage device
theonsprieinduqivovitiiseee seib Stigwes With a Walicehegissently fissatigdadfingpdiment

trench isolation structure in the substrate within the device region, the first

ilfpstreisidbration abdicesratanbrstiPfirdARd2d8Bbrd BPloBERsy iy ahdhe

a bottom portion_connecting the first and second sidewalls;
trenches Erl](P along its bottom v&galpa ci sidewall ac%acent to the egge 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.

[0035] 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
means for shrinking the required lateral dimensions of the photoresist mask and hence
fabrication of high voltage transistors with reduced transistor pitch.

[0036] 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.
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forming a gate stack on a surface of the substrate in the device region with a
channel beneath the gate stack, the gate stack having first and second
opposing sides, the first side being adjacent to the first trench isolation
structure; forming a first diffusion region in the substrate in the device

[4Hibn THeecoinseliffoaioreagion iy wapshttedoiieg tiaseHanmetspterrebfirger to the
_trench isolation structure; and forming a first drift region in the substrate
indeipling thaighsydireissyireg i © eh danin sy icindrsithé fisdtidrirhiglyigierey
. comprises a non-uniform depth conforming to the profile of the hottom portiq
R e STAIE S SAbAL) SRS, Py e SHIEHBI 1S SBRbR Cacd by
sidewall of the.first trench isalation structure, 2. The method qgf claim 1
Gt Rt R o o Ao e Ae e Hhel e pagpaly cause

j&%ﬂ&ri&?ﬁf&mﬂ&&%qﬂ?gﬁﬁﬁgt% FURSHAE: he HTPIAAIRY HQRANTS 9 cllRing

conductivity type in the substrate to form the first drift region; and filling the

Heenah witbHislpeticReaterat tprosm the diish treneRdsAlaleARIYGH4ER needed in
diffusion region is deeper than the first diffusion region.

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.

[0038] 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 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.

[0039] 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
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4. The method of claim 1 further comprises forming a first device region
trench isolation structure adjacent to the first diffusion region to isolate the
device region from other device regions. 5. The method of claim 1 further
comprising: forming a second trench isolation structure in the substrate in
stiepdeideeere gion cadjcent thatthal sedondbsidecns tchyaiteckidackeivasedbnetters
trench isolation structure comprising first and second opposing sidewalls and
hithsfoRh 1B BRIEOeRaMg el S HBPIRYR HEHERRRES © DedfisRgigd in an
..second diffusion region in the substrate in the device region, the second
ﬂg\ﬁffé%?ﬁ‘b%ﬁl(gﬂ'}%%ﬂ%ﬁg?éﬁ from the channel by the second trench isolation
structure; and forming a second drift region in the substrate coupling the
second diffusion region to the channel, wherein the second drift region
comprises a non-uniform depth conforming to the profile of the bottom portion
and the first sidewall of the second trench isolation structure, and at least a
portion of the profile of the second trench isolation structure. 6. The method
of claim 5 wherein forming the second trench isolation structure and the
second drift region comprises: forming a trench in the substrate;
implanting dopants of a second conductivity type in the substrate to form the
second drift region; and

12



filling the trench with dielectric material to form the second trench isolation
structure. side of the gate stack. 8. The method of claim 2 wherein dopants
of the first conductivity type are implanted into the substrate to form the first
drift region before at least partially filling the trench with dielectric material to

Woriristleifired tsench isolation structure. 9. The method of claim 2 wherein
dopants of the first conductivity type are implanted into the substrate to form
the first drift region before any matérd¥formed in the trench. 10. The

methad of claim 3 wherein a portion of the first drift region underlying a base
Lot the S i TeBTsaRE et el e e S ES FRERAE Bortion of the first drif

region un e%ylr%g :%?e first gllgfléglon region. 11. The method of claim 4

te Wit : . : .
wher&in the firs fargg“l/cl)n ove\r’fgﬁge 1%%rt|on of the first device region trench

isolatign, SHUGHIG 0GR UIHANE (R, AGRIBPERAG R Hhe s Af B%ngé‘rqigion the

conforming to the profile of the first trench isolation structure and a profile of

fittedistdeviseregiapdrenehjrriatan stidetwesnd dpfhgnprathadief slaimsdiom
wherein the second trench isolation structure overlaps the second side of the

pOaien si@tkcting the first and second sidewalls;

forming a gate stack on a surface of the substrate in the device region with a channel
beneath the gate stack, the gate stack having first and second opposing sides, the first side
being adjacent to the first trench isolation structure;

forming a first diffusion region in the substrate in the device region, the first diffusion
region is separated from the channel by the first trench isolation structure; and

forming a first drift region in the substrate coupling the first diffusion region to the
channel, wherein the first drift 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 trench isolation structure.

2. The method of claim 1 wherein forming the first trench isolation structure and the first
drift region comprises:

forming a trench in the substrate;

implanting dopants of a first conductivity type in the substrate to form the first drift
region; and

filling the trench with dielectric material to form the first trench isolation structure.
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13. The method of claim 12 further comprising a second device region trench

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
3profildest teshodcindagiifi rebeotircamiationng thethiaspesfileresfionasdubnag the first

isolation structure and a profile of the second device region isolation
difthsiqnresiayis frePrh St o EtatHBsiOR&T&IPRdopants of the first conductivity

type are implanted into the substrate to form the first drift region after forming

a trench in the substrate and before at least partially filling the trench with

dlelec[t[llcm teéla}t forq1 ?}glrg(t)trernézeh olatlon§ te‘%rf?e réLl npe OT o
ofclalm -8 wherein opan the first con P%?yltype are implanted he

séﬁﬁééltéaatﬁﬁ focfen) tﬁ%eff1'£§¥19ﬂf§16%91'9g}o%ﬂ£r1§8f£{y Qﬂeadéﬁﬁ&'@?bg‘oﬁhﬁ&HQﬁH&tﬁev1ce

before any material is formed in the trench. 16. The method of claim 2
rdvagrein dopants of the first conductivity type are implanted into the substrate
to form the first drift region before the trench is completely filled with dielectric
material to form the first trench isolation structure. 17. A method for
fabricating a semiconductor device comprising: providing a substrate with a
Sdevic&hegighed of claim 1 further comprising:
forming a second trench isolation structure in the substrate in the device region
adjacent to the second side of the gate stack, the second trench isolation structure comprising
first and second opposing sidewalls and a bottom portion connecting the first and second
sidewalls;
forming a second diffusion region in the substrate in the device region, the second
diffusion region is separated from the channel by the second trench isolation structure; and
forming a second drift region in the substrate coupling the second diffusion region to
the channel, wherein the second drift region comprises a non-uniform depth conforming to

the profile of the bottom portion and the first sidewall of the second trench isolation structure,

and at least a portion of the profile of the second trench isolation structure.

6. The method of claim 5 wherein forming the second trench isolation structure and the
second drift region comprises:

forming a trench in the substrate;

implanting dopants of a second conductivity type in the substrate to form the second
drift region; and

filling the trench with dielectric material to form the second trench isolation structure.
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forming a first trench isolation structure in the substrate within the device
region, the first trench isolation structure comprising first and second
opposing sidewalls and a bottom portion connecting the first and second
sidewalls; forming 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

Teast BsdRsHirdrthdaimb B ecaint Eaehian Bt e fivsttie AL RS A Arst

structure. 18. The method of claim 17 further comprising forming a first
Sl&ﬁﬁﬁﬁ%%%@f&% the substrate adjacent to the first trench isolation structure,
wherein a portion of the first doped region underlying a base of the first
trench isolation structure is deeper than the portion of the first doped region

gundermying, the first QUSRI JatsT e St AlGLRIR & PV IR §ifp1anted

forming the first trench isolation structure and the first drift region comprises:
il MINGB tFRPGH 1o H e SURSHER: RBN beffiling: thesirpnahiyiRdiel@ettiench with
material to form the first trench isolation structure, wherein dopants of the first
diemngticthdtytbipe e implastednciasthaisnbstiateeto form the first drift region
before the trench is completely filled with dielectric material to form the first
trench isolation structure.
9. The method of claim 2 wherein dopants of the first conductivity type are implanted

into the substrate to form the first drift region before any material is formed in the trench.

10.  The method of claim 3 wherein a portion of the first drift region underlying a base of
the first trench isolation structure is deeper than the portion of the first drift region underlying
the first diffusion region.

11.  The method of claim 4 wherein the first drift region overlaps a portion of the first
device region trench isolation structure, the non-uniform depth profile of the first drift region
conforming to the profile of the first trench isolation structure and a profile of the first device

region trench isolation structure.

12. The method of claim 5 wherein the second trench isolation structure overlaps the

second side of the gate stack.

13. The method of claim 12 further comprising a second device region trench 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

15



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.

14.  The method of claim 8 wherein dopants of the first conductivity type are implanted
into the substrate to form the first drift region after forming a trench in the substrate and
before at least partially filling the trench with dielectric material to form the first trench

1solation structure.

15. The method of claim 8 wherein dopants of the first conductivity type are implanted
into the substrate to form the first drift region after forming a trench in the substrate and

before any material is formed in the trench.

16. The method of claim 2 wherein dopants of the first conductivity type are implanted
into the substrate to form the first drift region before the trench is completely filled with

dielectric material to form the first trench isolation structure.

17. A method for fabricating a semiconductor device comprising:

providing a substrate with a device region;

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

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

trench isolation structure.

18.  The method of claim 17 further comprising forming a first diffusion region in the
substrate adjacent to the first trench isolation structure,

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

diffusion region.

19. The method of claim 16, wherein forming the first trench isolation structure and the

first drift region comprises:
forming a trench in the substrate; and

filing the trench with dielectric material to form the first trench isolation structure,
wherein dopants of the first conductivity type are implanted into the substrate to form the first
drift region before the trench is completely filled with dielectric material to form the first

trench isolation structure.
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