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_fé?r@g m;% inj %[58 for example in
applications such as Liqui sta W river market. [0003]

lgure-1 is a cro. s-segtional iew of a kn win q}iq]hlyolta e NMQS tra{llsistor d
[6;023%1 11f1hee RGOS Bartotor 15 comprises a Substrate 102, such as a P-type

nRPYa i SRAlGRe HRRIGRA SQAIQBRTDRIHEIIER 4 A4 fqsmed 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 pBAGKSRAEDRFTAE A EOE IRNeavily doped N- type
source region 112a is formed within one of the lightly doped drift regions
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.other lightly doped drift region 11Qb.. The heavily doped source and drajn .
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the surface of the substrate 102 between lightly doped N-type drift regions

iﬂ&ﬂ@ﬁaaﬂi@%oh 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).

1



1 [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
[(M92hnEluiaegohel OBcralsy reffdvighd viel tagetivarneipigs. of thehdriftagsgivaplifnigethe
drift region translates into a higher breakdown voltage. Unfortunately, it is
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while reducing the size of the high voltage transistor. [0006] As a result, ,
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iS disclose high 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 aolfikgt diffiusion region is located in the substrate on a first side of

the gate stack. The high voltage device further comprises a first isolation
[96ttuse in tiesudtibstratendvieeneistithveufirst theolatiomndstroigturecisafpcatadiors  at

the first side of the gate stack separating the channel and the first diffusion
deeggiond Theskighpiishage telieds &sdapredaidierstbefiret drflaBgiva. 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 structugg 4098} BrpraiheleeRasHRS the invention, a

method for fabricating a high voltage device is disclosed. The method
[CHOMPIiBRS REQMiEiNdeaIRIAE WithbR dauice JeRIRthabtBUEEASN 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



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 2 stack has first and second

opposing sides, wherein the first side is adjacent to the first trench isolation
stepiubeararspafifstedifidstonoraegondis folrprsenimerer s isistiatdincene ta élgdarst trench
_region, wherein the first diffusion region is separated from the channel by the
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ubstrate coupling the first diffusion region tq the channel, wherein the first
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advantages and features of the present invention hereindisclosed,
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accompanying drawings. Furthermore, it Is understood that the features o
pibg1Varigesisnerdimenisdesctded herein are not mutually exclusive and

can exist in various combinations and permutations. BRIEF DESCRIPTION
[0069T HELEIRMV NS HRQID hinthe it aningsgdikenteferanrseontidpekent invention

generally refer to the same parts throughout the different views. Also, the
heleanviing$osee, noll hecessapiptnstade gk mefitasis ingtediollgene rédbyigging and the

placed upon illustrating the principles of the invention. In the following
agfesuripiiag, ermsidgimehvstbfrnergnventiomdeiitpesythet desdritiates byt vig wirious

example with reference to the drawings of which [0011] Figure 1is a _
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%gg%%ﬁ ureds 2A to 21 are schematic cross-sectional views illustrating the
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permutations.
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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.



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. 3 DESCRIPTION OF THE
INVENTION [0014] FigesRIRTON Qlrd dio 83 8elitidndl views illustrating
rocess steps for fabricating a high voltage transistor according to a
“@r%\‘brr%‘é‘@?ﬁl%dﬁ%@rﬁ%ﬁﬁ@ﬁ?@%@?ﬁl inGRHERS RSP shEGRT fRrHRE e

a high voltage transistor 200 acco to a preferred embodiment of the
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extends beyond the gate sidewalls. Extending the gate dielectric beyond the
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undercutting of the gate dielectric 260 during subsequent processing.

pRiavddingen grteudietecsfichiadibgredgrER ianine with toe’ gatesidavwisdsialSete
useful. [0016] Lightly doped first and second drift regions (240a, 240b) are
dideiad Rehin thefesubgtrate enoppdsitesides efithdsgatyofieferaplie, thécfirgts.
and second drift regions are in partial overlap with the gate. The channel
Exgejiding 86 shihdidlesisistsyinbdiaeria tidevirdl nat ispeorediehifreegidnsrgin by,
(240a, 240b) along the surface of the substrate 202. Isolating the drift and
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drlftr ions artlall erlap he bottom of the trenches. 0017 A sh IJower
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[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’.



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
[MeHibnin Teresdaneeneiibsora Orivverbaisat thiethengtiemiamelrifiepdyionfile of the first

distance between the source or drain regions (280a, 280b) and the channel
apd §rSAMSHithFEIoRTIrGVh g tHR) GORRGEH FEARHBMPBR tHe HFihislenth profile. The

Preferably, a tion of these trenches overlap the gate 262'. 4 18] In
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portion of the drift regions underlying the trenches 210 is much deeper than

(2Be. portiny. of the,Aeift regigmemndenying tha sQirceanddiaintegions: (@8R w
280b). In one embodiment, drift regions can be formed at greater depths to
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thermal budget. [0019] Figure 2A shows a schematic cross-sectional view of
[AOEhidFi srottddeshans iston20icatrass -eartipsthgevobfabeibatiovpittagegafrisistor 200
accordance with the preferred embodiment. The cross-sectional view shows
apagesivoFiagRe fir fsbbetiate thoRoimeskidgnstavitie shaprisipgedfantindinapisk The
layer 204 and a second mask layer 206 is located upon the substrate 202.
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ubstrate regions underlying it from being etche uring the reactive 1on
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
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.



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
(33 ]trdiehstared sagend ratisk deyrre Aid riadid th engi eoumde cior fabskivatioaterial
art. [0021] For example, the semiconductor substrate 202 comprises
whighiconehtisr inarerral. Reobifnming e pis BragnticoRtfdroreratéifalsench

include zilicon, ﬂ‘lrci?con- errgfniu ermanium and silicon on insul,a}or. 5
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In one embodiment, the first mask layer 204 comprises a pad oxide layer

tRANdithe SREOOHYRASKIaNes 0 BeRBRRMBe%:SIHpRMNitride. The thickness of
the silicon nitride layer is preferably between 700 to 1200 A. [0023] Figure 2B

[E2BYsHiarte sBtsfWormingeauthirdmiasking layard2044poR thger 220 upon the
semiconductor structure of Figure 2A. In one embodiment, the third masking
séayerniddGocomprisesopHoore sigt. mbhskmmatehedsnbor the purposesiof layer 220
illustration, the succeeding drawings will describe a process of forming a
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the invention. However, it is to be appreciated that the present invention is
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a preferred embodimen the mnvention. However, 1t 1S to reclated

present invention is equally applicable to the formation of a high voltage P-type transistor.
[0024] 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
underlying these exposed regions. For a high voltage P-type transistor, the third masking
layer would be selectively located to expose regions where P-type drift regions are to be
formed.

[0025] Figure 2C shows the results of implanting the semiconductor structure of Figure 2B
with first dopant ions 222 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



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.
anLpgpendrifapkiiohy eire(20b o mist thatheiseiystratd poshrowgletipingtivagef the

exposed r%gti)%ns. For a high volta%e P-type transistor, the third masking
figierdiginadss Sersavely ittt iorakpostigmmboretes-8/de drift

jons are to be formed. [0025] Figure 2C shows the results of implanting
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third masking layer 220 as a mask. so that first. and secand drjft regions. .
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222 penetrate through exposed portions of the trench structures 210 and the
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that current can flow through the portions of the first and second drift regions

rd@#0an 240kyithat gistenc etowiherenciiesnd 100 [fiB26¢ dipacdasnconventional
discovered that the sequence of the present invention advantageously
preguges thewavplatittanesgyoreguireditotfaras slrifit.rédions dxtendimg inetovion, the
trench isolation structures formed in the substrate 202. As is illustrated in
detiyipsope (AHE b e gio Foringd| Ay ritlbn dSreaghicsc B bdRorebaingtaatepraf ggming
formed in the trenches 210. This results in a reduction of drift region implant
thendigye#iaPotiti G506 Rl abed o LERvEHEOh AN R s ieacTlfebk with
the invention_is not limited as such. Within the present invention, the drift
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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.

[0027] In 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, Arsenic or compounds thereof. In a
preferred embodiment, the first dopant ions are Phosphorus or a compound thereof. In one
embodiment, the phosphorus implant energy is less than 100 keV for an N-type transistor
having a breakdown voltage between 20 to 32 V, and preferably between 70-80 keV.

[0028] For a high voltage P-type transistor, the first dopant ions 222 are lightly doped P-

type impurity ions. Non-limiting examples of P-type dopants include Boron, Indium or

compounds thereof. In a preferred embodiment, the first dopant ions are Boron or a



filler material. The drift region implantation can therefore be carried out with
the trenches 210 patrtially 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

conmesivl hesaeintlih ehe erehrshingié IbovBetpe imipianenerer iyleeythited 9deofter a
the drift reglon Too high a filler material thickness results in substantially no
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embodiment, since we are forming a high voltage N-type transistor the first
‘a\épant ions 222 are lightly doped N-type impurity ions. Non-limiting
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less than 100 keV for an N-type transistor having a breakdown voltage
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voltage P-type transistor, the first dopant ions 222 are lightly doped P- type

complcly icinsd Now-dimitigeexamples of Ratypadapantsisotitice Brionytndidmde
or compounds thereof. In a preferred embodiment, the first dopant ions are
oBdeon wtraled, corppouled thergbfom erevebaodikment;tthe dBdropnpipigst thereof.
energy is less than 70 keV for a P-type transistor having a breakdown
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2D shows the results of stripping the third mask layer 220 from the
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Iayer 212 on ihe e?é[ %urfaﬁ: of the semiconductor structure so that the
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[dHfJf”?EJr%r iﬁe S()Q)!/%t Q Ilelégftslagte {‘elr?lglvlillqg 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
structures. A channel implant to adjust the threshold voltage of the high voltage transistor
channel located along the surface of the substrate 202 between the first and second drift
regions (240a, 240b) may be carried out thereafter.

[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 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.



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.
[90380) Hrigger € G Bhshvevibetentissntteactst reimenvit P tHa gutsi affor il éhd gpee ayor 262
outside the trenches and stripping the first and second masking layers (204,
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212 outside the trenches 210, arhd the first and szﬁond maslléin layers (204
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between the first and second drift regions (240a, 240b) may be carried out
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layer 260 followed by a gate layer 262 on the entire surface of the
nBenitandieptaisdroeatuie ehtriguieaE.dFfaha Righovaliage dranstisiandhelgaieely
dielectric is formed thickly to protect against high voltage applied to the gate.
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selectively patterned by lithography processes leaving a fourth mask layer
2Hg4ecphé dopeit iphasid Jayrerimpleddaty dkepyrhsiskogPtesinegthhdifhteiskdpyer
262. 8 [0032] Figure 2G shows the semiconductor structure of Figure 2F after
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262 may be etched using, _conventional RIE ¢ istries. As is illustrated i
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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
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 of the second dopant ions 272 as
a high gate dielectric thickness may hinder the ability to obtain a shallow source/drain
junction.

[0034] Figure 21 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



210 formed in the first and second drift regions (240a, 240b) near the gate

262'. [0033] 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
the fermreentlftianatkdtyer o 76ignes iRlbtratéein HiyuresHy séesemerdopaprdiment
_ions 272 are implanted into the substrate 202 using the fifth mask layer 270
ilstspigiatie frhandssared Bl loiteata (&HisrmetPhatWedR NS Afjacaifur of the

trench 10 within the first drift regjon 240a and a drain region 280b is |

R L GO AACRH 1D 6t ST Cr b a2 - e

irRenton ASSPHIGE.20d graun 15%9'0”?%@8% R -Rehve as,a,00 Eé‘&tdiﬁ{ 108 ons
irst and sécond arift regions and they Have a shaflower c?ept?wn% e surface

a2t Etb%;%ﬂﬂ%?tﬁo%ggh%%%e\gﬂ? the first and second drift regions (240a,
240b). The Second dopant ions 272 are preferably highly doped and the

[eRscerahdcirRibhagsions-(RRP 013800 piafarhlydnave;a hiehed dRP3Rvides for

concentration than the drift regions (240a, 240b) to provide an electrical
ecbhiacieatas M ohi phiesabilyadescdibeg ambeodimnarit: theisecon®4ap@b) before
ions 272 implanted are N-type, thus forming a high voltage N-type transistor.
sioraathidgh flolgate PutipedramsiStbr, thadeedhdvilbpaoiioms Ak argdpidlypdhis
In one embodiment (not shown), the gate dielectric may be selectively
sefiiRed CAtstRs pdlaivh by aiiifingaies imeladeenassyieebariadyeaih rBgiyangagodant
280Db) prior to implantation of the second dopant ions 272 as a high gate
CRAETE SN Wﬁé%‘iﬂ‘é%i rﬁ%@ﬁﬁ@%dﬂwrt&%?&r?%?%a%weé@ﬁ?ééyﬁﬁ%\iﬁraggle

"JQJ@(SE:“O%JOO?D%{%P re 1’5 sh?é\%vlj%a hi}%ﬂllvoltal?ﬁ {\I-tyé)e transistor in . .
LT EHER ‘g efeHEHCEoH &N B TRB'TRLENTISY. HigtRs2pirg masking
lzé/‘oerr g anslgépeorﬁr%ﬂ?t,gg fl%t;vl;' nrgraﬁﬁl§,|%¥ee[h%ﬁ<% fgsor(r)‘f t%et 'lﬁl%grrﬂé%%d Ll%[]%}‘ decreases
tructure of Figu . While the presently described embodiment

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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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
[(H3{td MMt 08BN THEcSM M OivduEe hizhustlireeof M gtipes PIcksbraduerigsinghe
~a method that provides for etching trenches 210 in the substrate and
intepivnRy tHehdrittregibivices 404, eatbisnsiyorevistibesttsall iy thaiph raerey
. region of the trench 210 with isglation filler material. This sequence of steg)s
RS SRR AR CHdra S ro DA R BRI HpIsR a0 ed by

energy can be.adyantageous. For example, lower implant e can reduce
DRl e i SRR R SR

jﬁ@ﬁ&gydi?fﬁﬁmﬁ{&%ﬂim?éﬁﬂ dYRlERD GRS H‘g@:ﬂé’%@' dREQE! ?ﬁ\fﬂ Wftcing

thickness of the third masking layer decreases with decreasing implant

HRNGEYre SXRIGRANYadNEthiNd Maskitehiayes RN RIRRSNROI@IeSIS bBSKneeded in
materials. A thinner resist enhances the extent to which the lateral

tidimepsions of {beephoiacesigifeaitesdirydoeshiigk agrespondirglytolypair
facilitating the reduction in the required photoresist thickness during drift
impbiondimmp fent Tthe qoresénglinvehitionthr oviples en thebizd fensiyidkingtheated on
required lateral dimensions of the photoresist mask and hence fabrication of
theigtmeothipe ranieisred pittbpdinris Prdadiswitionc e[ 0OBE ARt elyisedation
reduce overall cost and space consumption, System on Chip (};OC) designs
CRRR bErE%eEfl@@d}}g%‘%loﬁE%ﬁt“é‘f%?é’gré‘ﬁﬁb B’nbé’@iﬂbfé‘ c“r‘i‘i‘ﬂ) fret8fipge device

functions. which used to be distribyted over several smaller chips. Qne such
TSRS I8 TR RSt SR A OOTAG O L il AT Sty Tt hus

eakage devices on the same chip. Such chips are useful in, for example,
o ST By (CE0) AppleaeL HEpYigh density memory cels

[d638) SRAM:Ge!Rang Ay sltage.Aevicar Wil A AKa NG LEREEMEIS 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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power management circuits and relays are integrated on the same chip. 10
[0037] 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
steffrpravidiag In seraiepraucipiaihah &l aribigeheatsope @yththd isleepletgy. idprapiters
high temperature anneals are needed but these anneals cause junction
highstisiort tRefebsyiHcreabmytietieAcsgu s ihvingisiy tebicaeerpigted in an
_reducing the drift region implant energy, the present invention reduces the
ﬂ[ﬁ%ﬁﬂﬁ? BOYGE HBUHAL HSthe 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

12



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
Vrid igiettensibins of a semiconductor structure while 11 still providing a
semiconductor that fall within the scope of the included claims. All matters
hitherto set forth herein or shown ilﬂh‘él%({:%ompanying drawings are to be
mterp eteg% n |IIustrat|ve and non-limiting sense. 12 What is claimed is:
CLAII& RGOS GRS comprlsmg a substrate with a device

reg!og Sql%fl rgt%l mﬁ{e%evl egr%teostgc# osed on the substrate in the device

region; a channe reglon he su%strate beneath the gate stack; a

first d{ffiRIQpLRYIQ L%S%‘i‘?ﬁlé’%ﬁﬁé‘tétéqﬁt%%&ﬂcé HUshside of the gate stack; a

first isolation struc{l)rb ure in the substrate, the first isolation structure located on

the firshaitlelefdhn dRiR-ataCHSERARINE:tharanne! saekthe first diffusion
region; and a first drift region in the substrate coupling the channel to the first

diffusicirsiegiomiothe diest Id et i o cobspiisiog Afinar:unfomnm geptgofile
conforming to a profile of the first isolation structure. 2. The high voltage
device fofclsnmtidrfuntheneomibe sirgteatér shelBuice dagionsisolatiolvcsted cutie:
located in the substrate isolating the first diffusion region from other device
fif@tgsij@lgg)_f 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.

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.
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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
6high Vdrdughdeligs deakenf tlyhdrsihcthia tefisokitibrestencturdapyemapiothel
first side of the gate stack. 5. The high voltage device of claim 4 further
thedhisifsirier a°8rS dolatieTegis s B Srlimreeri atel o s tiate
isolating_the first diffusion region from qther device regions. 13 6, The high .
SRR TRVIEE Bt BRI B e e L RV ERT B AL bR DR O viee
rthl((a) firsst éj[%{]i%? mrgtgirgn isolation structure, the non-uniform depth profile of the
ﬁﬁspérﬂ‘lt 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
7diffusignR regiqiis AeRPRE NialathfeRinRS e, fiFsb dliffupioniegioneSiof he high
voltage device of claim 7 further comprising a first device region isolation
usleusiueehe catediuthe seistr atadsalatiag ihiftesdtitfusionirggiam kemmther
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
8 devicghebjighvieltiatidaviteudtehamd/ fodemighmpnisige disvidevifeclegrant selptiest
comprising: a second diffusion region located in the substrate on a second
sigrgRisriacatehte Beabsedidadins diadisn dtiistendss ndrammdtiside vigs regions,

%econq]isfolati structure I?cated on . .. .
whereln the first dri treglon over aps a pOI‘thl’l Of the flrSt dev1ce 1solat10n 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.

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
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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. 10. The
isplghovstageigelicawt eidionnodentherofdermp ikirgcansedin segienicentegivng to the
isolation structure located in the substrate isolating the second diffusion
PieldfoAt fisnicopre iselatfies rigBifsenRdaii et SecsrrrdfyieyisHWepiaHena
portion of the second device region 14 isolation structure, the non-uniform
SN 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
1 FITUCHHE OV UBRSIG RRCNALSINS GhINE SRS SIBRKih Rt RGO AEdDs he
device of claim 11 further comprising a second device region isolation
s&lsHelne perteddnthg 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
13tructlire lapll wiprgdite ot ¢hd detond tetios: regiosingelatiomdstructurezidiB.
The high voltage device of claim 9 wherein a portion of the non-uniform depth
isghefiie stpehiasoeand driferatisrnie igelapes tmiechrd shdbsiandiaisiomors gibar
14. The high voltage device of claim 13 further comprising a second device
d?é’ﬁﬁ)ﬁgigB?aW(lj'ﬁréﬁdEﬁﬁ"é‘PBQﬂéfﬁ W%%ﬁﬂ%ﬂ%ﬁé’%@&tﬁ%ﬁ%%@%ﬁlﬁﬂce region

diffusion region from oth
isolatllJon structure, the non—umet{)rm 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
profile of the second isolation structure and a profile of the second device region isolation

structure.
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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. 15 15. A method
I$or fabrivating Bhighrivaigehdgvicdtegsndpyisinepmproviding a substrate with a
device region; forming a first trench isolation structure in the substrate in the
devicRPEGIER;2 fSRIAL & Yatelsviaeesio®surface of the substrate in the

device region with a channel. beneath the gate stack, the gate stack having
first aﬁ%’&‘&&%& H%Hﬁ%@?ﬁ@”&ﬂ%?Tﬂﬁtﬁ%t‘%ﬁg%s‘t?éﬂ‘f‘éeé&j Cetit' {0 i@ fiRst

trench isolation structure: formin first diffusion region.in the. substrate, in
e GETIRORELHTS: I & HEL RO RO 8 S R Sl

b€ T Bh"ERC R ISRIAOR RIUEIUERY ARG A HESE G e HRD I st side

substrate coupling the first diffusion region to the channel, wherein the first

b&Hf 1§QIRR: O MP TSRS BNBR NI Ri-daptk, conforming to a profile of the first
trench isolation structure. 16. The method of claim 15 wherein forming the

first tfenahisofatiodiBiiciuegianchtine slibstrafinregiasveemypiiseshdarmiagfasion

trench in the substrate; implanting dopants of a first conductivity type in the
repidpsisatpdotalfinothehirstainfl e theirsnctdithingptieotremativdthrdielectric

material to form the first trench isolation structure. 17. The method of claim

15 wheaingapaptionforegienfinsthdrifthagicsenmiag i ditkieliffysion region to the

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

of the first trench isolation structure.

16. The method of claim 15 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.

17. The method of claim 15 wherein a portion of the first drift region underlying the first

diffusion region is deeper than the first diffusion region.

18. The method of claim 15 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.
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diffusion region is deeper than the first diffusion region. 18. The method of
claim 15 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. 16 19. The method of claim 15 further comprising
1formidgeanssieeshef wlaneH oo anpietine in the substrate in the device
region adjacent to the second side of the gate stack; forming a second

dlffusz‘i’inlléé IR S SITBERINEIGR THECHEG G e B S RISy igifRg98N

%eon is epar ted from h? chann | by the second trench isolation structure;
acgﬁ Ja° Csé‘ﬁe 4 %&iéf?‘f ‘the substrate coupling the second

dlffus%on region to thg Ethannel wher in th% afF reglon corﬂprlses 3
S€C 1Ifusion region eVl 101N € S€C
non- unnmr dep% conforming 1o the pro he secon ation trench.

dfRsionGAEHQLL SRR WRRIEHhPITIRG NS REEANG: EE%%%A%?J@&{% and

structure and the second drift region comprises: forming a trench in the

substfataidmplarsitodaranish ¢h teeea CQDEMEIY e BHREHN IR SHRSIREE o
to form the second drift region; and filling the trench with dielectric material to
tHoenninel sesabih thrnebosdlRtfore Sishictt@risty a non-uniform depth conforming to

the profile of the second isolation trench.

20. The method of claim 19 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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