Title METHOD OF FORM NG SEM CONDUCTOR DEVI CE Background of the Invention 1.
Field of the Invention 5The present invention relates generally to

sem conductor technol ogy, and nore particularly to a nmethod of fabricating
a sem conductor transistor device with uniformgate dielectric |ayer, which
i s capabl e of inproving breakdown voltage (BV) characteristic of the

sem conduct or transistor 10 device. 2. Description of the Prior Art

Shal | ow trenghjiesol ation (STlI) is an integrated circuit feature which
prevents el agificgabrcibtettic | aaMagmpbetrvr e imrad) acent sem conduct or

devi ce conponents. FIG 1 to FIG, 3 schematically depict a conventional
net hod of fdGke&crRg af sthg ITewWentdReh i sol ati on. Referring to FIG 1,
atypi cal STl prrQe8gSokNVigh VES,Gf+QWxNg a pad oxide layer 12 and a nitride

| ayer 14 successively on 20 a substrate 10. A patterned photoresist (not
shown) i $ t henTapptiss@ntol deen heomiedTkespesitaig1gat Fer P YWEKPEr i de

| ayer 14. Ko E t [y I r thapad+oxkde | ayer
12 under negtsche%gl?i\giflﬁgh Aert%cﬁétrj.e g&%%‘ﬁllfgg%c%%m%?%{]gﬁe%@? nto t hg
substrate 1(® sAepnfigor ttHerpdsternddvpaotorids vt f2om §akeri pped of f.

dielectric layer, which is capable of improving breakdown

voltage (BV) characteristic ¢of the semiconductor transistor

10 device.

2. Description of the Prior Art
Shallow trench isolation (STI)}) is an integrated circuit

feature which prevents electrical current leakage between

15 adjacent semiconductor device components.
FIG. 1 to FIG. 3 schematically depict a conventional method
‘of fabricating & shallow trench isolation.

Referring to FIG. 1, a typical STI process involves growing

a pad oxide layer 12 and a nitride layer 14 successively on
20 a substrate 10. A patterned photoresist {not shown) is then

applied to define an STI opening pattern on the nitride layer

14. As shown in FIG. 2, the nitride layer 14 and the pad oxide

layer 12 underneath are then etched. An STI trench 16 is etched

into the substrate 10. After that, the patterned photoresist
25 is stripped off.

In FIG. 3, a sharp diffusion corner 18 is defined by a
vertically oriented sidewall of the STI trench 16 and the main
surface of substrate 10. The STI trench 16 is then filled with
an insulating material 20, such as HDPCVD oxide. Later, the

30 surface of the insulating material 20 may be planarized by
a chemical-mechanical polishing (CMP) process using the
nitride layver 14 as a polish stop layer. Subsequently, the
nitride layer 14 is removed. Next, a wet-etching process is

performed to remove the pad oxide layer 12 to complete a STI



In FIG 3, a sharp diffusion corner 18 is defined by a vertically oriented
sidewal | of the STI trench 16 and the main surface of substrate 10. The STI
trench 16 is then filled with an insulating material 20, such as HDPCVD

oxi de. Later, the 30 surface of the insulating material 20 may be

pl anari zed by a chem cal - nechani cal polishing (CMP) process using the
nitride |layer 14 as a polish stop |ayer. Subsequently, the nitride |ayer 14

is removed. MNMexhitdr Wale @trghp NG PriReass, | § gad4 ghbllectihe 19ler2days forned,
a gate dielectric layer may be forned by t her mal oxi dati on. However,
since the méF’épéﬁ?ﬁgbbrﬁﬁﬁ§?lf8?19@Hb9?ng the pad oxide layer 12 is

i sotropic, apafidwdfe:theiddsuhatictgciBhend dlrodedd fioy sy ielgChadpasay during
t he wet - etchlng process. A gap 22 is fornmed between the insulating |ayer 20

and the shargFigif¥aiaroh? dr hert@iopt2 PerliFh FREPPSUS251 8% & *GAtfor m gat e

di el ectrisc layek a@ltsot @gcﬁgéraw khushonreopaeledéhinypireakby. i Bepgate
dielectric layer is thinner around the sharp 10 diffusion corner 18 than a

gate oxide |@yép éﬁﬁmﬁﬁ(ﬁﬁﬁﬂﬁ?nhébﬁzbﬁ%%ﬂaqﬁﬂgh1§MFFa%% M4 e shBsPrate 10.

The variati o «0f,stBg Lhifpknags eof g@ltdqf%@h@@tt{d GroRY 8T uk B&MA §ak8 poor
breakdown vol tage (BV) characteristic of the semi’conductor tran5|stor

devi ce, espealiedlryrhf giives| daghetsmid ¢ brusigidcorner 18. Typically
the gate dielectric 1layer is thinner around the sharp

10 diffusion corner 18 than a gate oxide layer grown on the
horizontal main surface of the substrate 10. The variation
of the thickness of gate dielectric layer results in poor
breakdown voltage (BV) characteristic of the semiconducter
transistor device, especially high-voltage transistor, and

15 poor gate dieléctric layer integrity.

Summary of the Inventicn
According to a preferred embodiment of the present

20 invention, a method of forming a high voltage device, includes:
providing a substrate having at least one isolation element
embedded in the substrate, the at least one isolation element
including a trench in the substrate and an insulating layer
filling the trench, the insulating layexr having a top surface

25 and a side surface, wherein a gap is located between the side
surface of the insulating layer and the substrate, and a sharp
diffusion corner is defined by a vertical sidewall of the
trench and a main surface of substrate. Later, a dielectric
layer having a first thickness is formed on the substrate,

30 on the top surface of the insulating layer, and in the gap.
Then, the dielectric layer is densified. Next, a gate is formed
on the dielectric layer. Finally, doping regions are formed
at two sides of the gate in the substrate.

According to a preferred embodiment of the present



15 poor gate dielectric layer integrity. Summary of the Invention According
to a preferred enbodi nent of the present 20 invention, a nethod of formng
a high voltage device, includes: providing a substrate having at |east one
i solation el enment enbedded in the substrate, the at |east one isolation

el ement including a trench in the substrate and an insulating layer filling
the trench, the insulating |layer having a top surface 25 and a side

surface, whehebitfogaR e digtated; betaran nhkengi tee stirfacenotkhdies _
i nsul ating | ayer and the substrate, and a sharp diffusion corner is defined

by a verticdF §PHBWAIRY sherrsat BARAT P itdPR/ sBiF PRER BIYSSubstrat e.

Later, a di gbeektitfod anelspiaVhATgBadd I Sind Bbaknessd iy f-0r aRdeaDidde
substrate, 30 on the top surface of the insulating |ayer, and in the gap.

Then, the diréEPeEeffic |ayer is densified. Next, agate is forned on the

di el ectric |aygl o HiRgl LY, a3ARIphedt PRSs 3@ LokBRE & dnMopskdesc of the
gate in the substrate. Accordi ng Po a preferred enbodi nent of the present

i nvention, theedtétecthe@loapeplifdiicAgethec fipvst 5k GREBSE SL<FEifred by
cheni cal vapgg..depesi t o, RhQULE hayele dSRASIL @Nhogn SPhTL AR gl ass, and
densified bgggﬁ aﬁﬁé%f?%ﬁ*ﬁ?bgggs. 5Ac€%rdingato ano?her preferred
enbodi ment d&franpéspeesent invention, the aforesaid dielectric layer is a

gate dielectri CAé%yr%rin%f 8 J}i&mevsg L e”%gyiaﬁsoaw&@%fatm ¢heveht age

transi stor. According to another enbodi nent of the present
10 invention, a method of forming a semiconductor device, the

semiconductor device is formed on & substrate having a low
voltage device region and a high voltage device region, a
plurality of isolation elements embedded in the low voltage
device region and the high voltage device region, the steps

15 of forming the semiconductor device comprising: forming a
first dielectric layer having a first thickness uniformly on
the substrate within the low voltage device region and the
high voltage device region. Then, the first dielectric layer
is densified. After that, the first dielectric layer within

20 the'lowvoltage device region is removed. Latexr, the substrate
is oxidized thermally to form a second dielectric layer within
the low voltage device region and the high veltage device
region. Subsequently, a gate line is formed on the first
dielectric layer within the high voltage device regiom.

25 Finally, two doping regions are formed at two sides of the
gate line in the substrate.

Tt is one feature of the present invention that the
dielectric iayer has an even thickness across the substrate
including the sharp diffusion corner of the substrate.

30 Therefore, the gate dielectric integrity is maintained, and

the break down voltage can be kept stable.

These and other objectives of the present invention will no



R

10 invention, a nethod of form ng a sem conductor device, the sem conductor
device is fornmed on a substrate having a | ow vol tage device region and a

hi gh vol tage device region, a plurality of isolation elenments enbedded in
the | ow vol tage device region and the high voltage device region, the steps
15 of form ng the sem conductor device conprising: formng a first
dielectric layer having a first thickness uniformy on the substrate within
t he | ow vol tcagetdbetamr: regiiamsand thesdiath ovdliihage slevilcer egeoart Then, the
first dielectric |layer is.densified. After, that, the first dielectric |ayer
within 20 tif tFEmF%%?%%%éjﬁé O&éoréa?o%F%%%H%§Z§$88FIE§%%$,° ﬁ%@substrate is
oxi di zed t hemrigglelryeti Oediddin@ersecdnd di el Eoigstiratlkeayen whé hrariduwe | ow vol t age
devi ce regiaon and the_ high voltage device region. Subsequently, a gate |line
is formed or'@HESPi 7RY €S ric Iayer within the high vol tage device

regi on. 35 BErmalkl peséoioni RF keegl oRswaigs formed at two sides of the gate
line in the substrate. It is one feature of the present inveng%ﬁn t hat

the diel ect Fit¢ | et s An® SRR Hedk KSR L Gs§OPRePsHIRAY BFE PRcI udi ng

the sharp didef gabencgormera ahalihewsubsiciat &s013@ibherefore, the gate
dielectric |ntegr|t%egs mai nt ai ned, and the break down vol tage can be kept

stable. dodBf-bActhef UbvitoFSPeBathoje biiTiGitRaryekiPd 95 RELEPt after
readi ng the o ebh@wbng.getRidead cdeserbplin @f at Pecpeefed raedbRTbedt nent that

is illustrated in the various figures and drawings. 5 Brief Description of
the DrawPng$IiFfFae areder GrvenddRBmatical |y depict a conventional method of
fabricating patahaklometsenah drsol ation. FIG 4 to FIG 9 schematically

depicts a nethod of form ng a sem conductor device accordin%fto a preferred

enbodi ment 10 B¥C+ AetprFdSen? SHERLLEAL L DeARICES Dot Phrtorming

a semiconductor device according to a preferred embodiment
of the present invention. FIG. 7 is a schematic top view of
15 a semiconductor device layout., FIG. 8 is a secticnal view of
a high voltage device taken along line AA’ in FIG. 7. FIG.
9 is a sectional view of a high voltage device taken aloeng
iine BB’ in FIG. 7.
As shown in FIG. 4, a substrate 30 having a high voltage device
20 region HV and a low voltage device region LV with at least
cne isolation element 44 embedded therein respectively are
provided. At least one high voltage device such as a high
voltage MOS transister will be formed in the high voltage
device region HV later, The isclation element 44 can be an
25 STI 44 formed by the method described in FIG. 1 to FIG. 3.
The STI 44 is made of a shallow trench 36 filled with an
insulating material 490, The insulating material 40 has a top
surface 50 and a side surface 52. The top surface 50 of the
insulating material 40 is higher than a main surface 31 of
30 the substrate 30. After STI process, a vertically oriented
sidewall of the shallow trench 36 and the main surface 31 of
substrate 30 define a sharp diffusion corner 38. A gap 42 is
located between the side surface 52 of the insulating material

40 and the substrate 30.



FIG 4 to FIG 9 schematically depicts a nmethod of form ng a sem conduct or
devi ce according to a preferred enbodi nent of the present invention. FIG 7
is a schematic top view of 15 a sem conductor device layout. FIG 8 is a
sectional view of a high voltage device taken along line AA in FIG 7.

FIG 9 is a sectional view of a high voltage device taken along line BB in
FIG 7. As showmn in FIG 4, a substrate 30 having a high voltage device 20
regi on HV ands@ailioneyet ttageldevi,ce geg aldel¥Vowrid latyereastinferngdl ati on

el ement 44 enbedded.therein respectively are provided., At.]east. ope high
Vol 1 age deviteBIGRTHLLE BT B LOTTHeohAER rHRST ot of 47 | *helt of PBd |n c he
hi gh vol t agesuttetireee regkboth HY thatletgh Thethgelatviar stementVéhdahebe an 25
STI 44 forned by the nmethod described {Qn E}IIG 1 to FLG 3 oThf %I 44 js
made of a sH&l"l oWPERcASEE°Fi FPELCW Ph ahF n5OP af g™ Rat 271 8 ® The

i nsul ati 8g nefsenkalingdx=asialt op, swef acerdQidnidstosidensur §acamd2n The top
surface 50 of the insulating material 40 is hi than a in surface 31
of 30 the st #3Pe* 0.%2\%%??:6 éielﬁrc(jiéégs?a&eggﬁi%ad}l (ﬁg%gﬁf‘iegysi dewal |
of the shal |t cenchagit: asgobhei om) RisHitateydd debostibsbnatsepidlodef i ne a
sharp diffusion corner 38. 42 is | qcated hetween fhe side surface 52

A ga
of the insuldeSig fht ¥ fE@%éEBtiLﬂ% B850, can 99 AefEF %t o FI G

4, a gate diglegetii-ccliayer 64 tife hanAeslcfonmadt v hangubst fo0a13y, on the
mai n surface 31 of the substrate 30 within the hi gg vol t age. devi ce region

HV and tfe 126 YbFPaGB2gRAIEL MPagPSPIGT TheTROF2EGHFELECEH OF HRE 5

i nsul ating mat ekkah d4firdhe tshanpedst fUsion LorNeafi 38 andckedder,gap 42.
The gate dielectric |layer 54 can be forned by chem cal_ vapor degom tion,

atom ¢ | ayefr@éf6aPLy obie shi i o IHidee s S0l ot hetP T Hbri< dF ngWret'Rbds whi ch

can form an jay@Redi ebect! i gadAY&in A Afe MR RegUifafent], afned o rsubstrate
30, 10 and on the sharp diffusion corner 38. The gate dielectric |ayer 54

has a uni f offalckrerRadsCanbe Afliustads i Tha 9phe KifdSSTTIC BYETer AKRY t he
first thsckagssiThcbs SbQY, %al@%nb&{r{%r:ﬂdéﬁ bedabonitridRased s@n

different requirenments, the first thickness T1 can be adjusted. The gate
di el ectric IS®}&roB49éans 1556e) si Ptoh BrFefelakd |9% opthsdy rifrdiasd ric

oxi de-ni tri de@xides  SRIAARR Y A8S 18Pkt rhoVtd,mEarial $.08 LMk
dielectric materials. Mreover, the dielectric’layer 54 can be a single

mat eri al | ay@tesiad tarposin @ seneppale|ptarivddd avesniefe Bidr é4&i d

mat eri al s. %%ggggidt%&?ﬁaqgi electric layer 54 is densifyed by an anneal
process or other suitable processes. The gate dielectric |ayer 54 is

pref eraBPy silldteon oy dete Gdmdiealtinyc taverdehdistgersifives gage afindaéctric
| ayer 54 TORIRACRY LNANEALLYRROTe BBASLELONTHE AT ] AR 14RROR) ON. OF
spin on glass is usually |ower
54 is preferably silicon oxide. Generally, the density of the
gate dielectric layer 54 formed by chemical vapor deposition,
atomic layer deposition, or spin on glass is usually lower
25 than that of a gate dielectric layer formed by thermal
oxldation. The lower density leads to bad gquality of the gate
dielectric layer 54, and influences the break down voltage
of the transistor. Therefore, the gate dielectric layexr 54
needs to be densifyed to make the quality better.
30 As shown in FIG. 5, after the gate dielectric layer 54 is
densifyed, the gate dielectric layer 54 within the low voltage
device region LV 1s removed. For example, by utilizing a
patterned mask (not shown) to cover the high voltage device

region HV, and expose the low voltage device region LV. Then,



25 than that of a gate dielectric layer fornmed by thermal oxidation. The

| oner density leads to bad quality of the gate dielectric |ayer 54, and

i nfl uences the break down voltage of the transistor. Therefore, the gate
dielectric layer 54 needs to be densifyed to nake the quality better. 30 As
shown in FIG 5, after the gate dielectric layer 54 is densifyed, the gate
dielectric layer 54 within the | ow voltage device region LV is renoved. For
exanpl e, by ¢ DRErryiedeparieriremBé i Abe showm)taae devere tiegikipgh

vol tage devige J£0haN &y aNdaexpp € ahOYy 0l Hiag, g Le&s o0l ga LV.
Then, t he gatéil di el ect rvi c |layer g%%ér} ?k‘ex\fr%% vfg] Sga gé%l%%ls c%g{r ggi on LV
can be renpveRkIoafmeel te kel usanthenshaeshngdprddegs tartbsel perdadtagd to

adj ust. the Lorasiokdoygl 180Ga00.L e ch ot Vol 1308 0Ules JL8ign iy glater, a
cl eani ngSJ)rocess such as a standard ean 1S perfornmed to clean the
particl e oR¥helgate idi phetorned |ayerleht whehpartheldd gin vdie agéedevi ce
region HV. T i.cl f omJi glel ant i.n a into the
| ow vol t age %gevji%?et&lﬁ gglf%ner;ﬁ%‘l gﬁ t?ﬁé%%%&ﬁ Pétveo : e[%er‘fln% ? %glgﬁg ?gﬁi ng
process, a tHien daayérles ndie i elescfited fagrerint0 abd imgyddmanvies hedocaway

uni formy by, I ' utian, . result, the cleaned dielectric

| ayer 54 on ?ﬁ]%ﬁgﬁb‘gﬁndaat%% %gl’%\ﬁg? #ﬁléﬁeﬁxiogrh%\l}glﬁuabgsgtr &Vi gg rdglgrilgﬁ HV

i ncl udi ng t hehadicdleanting cptaysrs, 54 ohinheayeasuatthegdiml ectmic dGykas a
second tihic T2 which.s small.er than the first .thickness Tl. 15
Accordi g 6 BTy dre MRsioa it tedrorhg Rbdbr I ST Asont 18
nm but not d imustudd,t bhetclededseatiellacthicnde@ 56, oa thersmdstamatdat i on

process, | PRLUSUIRY LhelRLm A A soldae sab dheleeliic Lo st Tor @

| ow vol t age devicein
di el ectric |diydrectidcdaiyied beoa thunnakudxt tey hayeridDuoameahedded | ash.
However , th%t.h rmal  oxi dation prociﬁs oxidizes the entire substrate 30

uni formy sotHACSFRe s Hi 3§ GPALHEY ghtd” of Fitc 'P4GEPESE B the hi gh
vol t age ISegizardddial Sabkshraier3H kapoorachh) aker sstage thheksusbare 25 of

t he substratee 30 i idized to becone a part, of the gate dielectric |ayer
54. At this lﬁoia??to,u%t Eé Yat gmiﬁ éioé:cﬁllf“&tfegyﬁ? B4 on the substrate 30 within

t he high vol tagessegiertrMhasi@ thj rd theekanressx T wWirc bictddai glker than
t he second thi cknesa T2. Accordi n‘%&to a preferred enbodi rrenti t he second
t hi ckness 3®S<CaBGH*28°RM2 BAY FRALadhPeEs MG et tihd aystelaf di%ct ri ¢

| ayer 54 on & hew rsutayd ngviierinak hd01 vk tHb e ddee r@ganVWI age: negi on HV
r emai nsgg seC(ind t hi ckness T2. Therefore, the gate dielectric |ayer 54 on
r

the substr at"®@13695 i F St HeGHde YNyl oM dIP%d tHage diorideeipyer

t hi cknesses for afrlefbedd8d dasehl, beshidhe: steps nefrmbaldyiicatlibg @aledd nes on
the substrate. For the sake of sinplicity, the sectional view of the | ow

vol tage regi®mIEgers i 13- T AsS SR ih #9 GinFfogmbat 801 iHhetse s for med
on the gate tdiielkaebkicr LAY atAdidNbctric layer 54 on the high voltage

region HV of substrate 30 becomes thicker since the surface
25 of the substrate 30 is oxidized to become a part of the gate
dielectric layer 54. At this point, the gate dielectric layer
54 on the substrate 30 within the high voltage region HV has
a third thickness T3y which is thicker than the second thickness
T2. According to a preferred embodiment, the second thickness
30 is about 20 nm, but not limited to it. The gate dielectric
layer 54 on the insulating material 40 within the high voltage
region HV remains a second thickness T,. Therefore, the gate
dielectric layer 54 on the substrate 30 and on the insulating

material 40 has different thicknesses.



5 the low voltage gate dielectric |ayer 154, respectively. As shown in
FIGs. 7-9, a spacer 58 is fornmed on the sidewall of the gate line 56 within
both the | ow voltage region LV, and the high voltage region HV. During the
formati on of the spacer 58, the gate dielectric layer 54, and the | ow

vol tage gate 10 dielectric |ayer 154 besides the gate line 56 is renpved

simul taneously. After that, doping regions 60 are forned at two opposite

si des of the gjat.e 7HonéeSbribed hbesabsps ate RBOriNewing ¢etgh Ivoksage device
100 of the pres invention.is € | eted. PRI e L.ef o FI.G . si nce
the gate Ii %él%S%%%troa\}:éer‘l %%% t?%esﬁ%%g?% T %f%lﬁélﬁgﬁ' c%r}engécgﬁozgafl%ﬁgwsubst rate
30, based owift heectowenliagal rengiohotvofs foorimitag. Agahewdi 8h 9GLi &, | ayer,

the gate dielectric |ayer, around.the, sharp di.ffusi.on corner 38 wll be very
thin or ther‘-”‘eg\‘?‘v}t‘?Illt?ée %g thECHETR A Eﬁgc@{ rlecdﬁgy%?tﬁlocr?r% gﬁr%dngk{ihe sharp
di ffusi o catrelod8vol2igBygate |dizilrgtirhe betdod 5@r, ovesesbtiivellye psesent

invention, the gate dielectric |ayer 54 i.s fornmed b he deposi.tion process
whi ch makes nglgé?eidféisél E%‘riacs §§78F Y v 8TE° rﬂr‘)flgﬁxﬁ] ?ﬁ?eg af‘lLelsggon t he
substrate, enengetethinessBarpithid usitonther hew @B tafbheredose,Lvt,handntegrity
of the gate dielectric |ayer 54 remaj ns. . Thus he break down voltage of
Che i gh voiSgb GoyPEes THGEaAn Gy -Tar PR hog FOHMOSE ST GRECRY he. or
w1 readil ysgbshevgatdali dlenriousl 3Penos f ieal thaslandrdltifeatizeas of the
devi ce d nethod may be nade ile retaining . the teachings of th

Mventi gi. RedtheT Dydn bt s Y Sssiohage o devecss

conpri si ng: spmAYikehguél pubSteat endayidigpialy kegsinowe hsel ediny Bcel enent

enbedded in the substrate, the at |east gne isolation elenent including a
trench in t R&°sHBEPP AR S&ﬁiﬁsaﬁfi%%lngttienémﬁyiglﬂ Fg?n@ukf%%rattree%h, t he

insul ating hyer ahavéNGra R autiaselendh@ Hedgrebehacevamiare Asa gap is
| ocat ed between _the side surface of the insulating | ayer and the substrate;

.
10 formi ng &°FPérketri Rlea8ferrafaF &6 &%Fir 8§t PhRCRNES Gia HdPSubétrate, on
the topisurfaeel1abst fige ishswball pgud Belcorate 80 dhengapapsensid Bong the

dielectric |ayer; . ) ,
based on the conventional method of forming a gate dielectric
layer, the gate dielectric layer around the sharp diffusion
corner 38 will be wvery thin or there will be no the gate
dielectric layer formed around the sharp diffusion corner 38.

200 By utilizing the method provided in the present invention,
the gate dielectric layer 54 is formed by the deposition
process whichmakes the gate dielectric layer 54 have a uniform
thickness on the substrate, even on the sharp diffusion corner
38. Therefore, the integrity of the gate dielectric layer 54

25 remains. Thus, the break down voltage of the high voltage

device 100 can be maintained.

Those skilled in the art will readily observe that numerous
30 modifications and alterations of the device and method may

be made while retaining the teachings of the invention.



cleaning a surface of the dielectric layer, causing 15 the dielectric |ayer
to have a second thickness, in which the first thickness is greater than

t he second thickness; thermally oxidizing the entire substrate
uniformy, causing the dielectric |layer on the substrate and in the gap to
thicken to cause the dielectric layer to have a third 20 thickness;
naintaininS the diel ectric | ayer on the top surface of the insulating |ayer
at the second thickness; formng a gate line on the dielectric

| ayer on the substrate; and 25form ng doping regions in the substrate on
opposi ng sides of2irEhgatad ferring 2 sqmecapd kot bilevdrsi mePar sew kdhduct or

device of claiml i h i ry er. i e : group
30 consi sting of %ﬁé\?ggﬁ}l@x% d%u]g%? %%%nljl%%/ﬁ térélC d%‘?g%éxi e?eﬁll%(%f%&e%%gi de,
spi n- ord gl assmant droveddarhtier tlad Bubst3atihe tivet siod eafstf ona gobBation

sem conductfr device of claiml, erein the dielectric | a]}/ I stLg)ng med by

I yer
the procesSTEBFREIEE F1HMY RetGFd thbﬁg‘ies?‘i‘}ﬂ@tﬁ?ﬁ%ﬁé‘rﬁ : URROE
deposi tionjagtent €1l aygrewiepasiddion ad i$RIN 2@ gl 88%er having a top

surface and a side surface, wherein a gap is located between
the side surface of the insulating layer and the substrate;
10 forming a dielectric layer having a first thickness
on the substrate, on the top surface of the insulating layer,
and in the gap:;
densifying the dielectric lavyer;
cleaning a surface of the dielectric layer, causing
15 the dielectric layer to have a second thickness, in which the
first thickness is greater than the second thickness;
thermally oxidizing the entire substrate uniformly,
causing the dielectric layer on the substrate and in the gap
to thicken to cause the dielectric layer to have a third
20 thickness;
maintaining the dielectric layer on the top surface
of the insulating layer at the second thickness;
forming a gate line on the dielectric layer on the
substrate; and
25 forming doping regions in the substrate on opposing

sides of the gate line.

2. The method cf forming a semiconductor device of claim
1, wherein the dielectric layer is selected from the group
30 consisting of silicon oxide, silicen oxynitride,

oxide-nitride~oxide, spin-on glass and low-k materials.



5 4. The nethod of form ng a sem conductor device of claiml1, wherein the
third thickness is greater than the second thickness. 10 5. The net hod of
form ng a sem conductor device of claim1, wherein the dielectric layer is
a conposite material layer. 6. The nethod of form ng a sem conductor

device of claim wherein the_conposite material .| ayer are selected from
The 15 gr otip. consiit MRG TS Sr1 T TR aRi He ST T S SRy AFY P Faest oot

oxi de-ni tridexpxiden spkNdo8lgtesscandyéowik mBteEdabs. che prfocdbe method
of form ng a_sem conductor device of cfain11, wherein the step of

densi fyi ngSEheCHEE| EEPR| NP ayBPURORPRF 525120 ah ahmBaraprveess. 8. The

nmet hod of Lhg:a-senqicondu device. | aj : ej sharp

di f fusion égéﬁégg%gnﬁe$?§§59b§ggé5e§¥ %gfeg?ﬁeag?};%%ﬂ?ﬁ% ??%%%h and a main
surface of substrate. 9. The nethod of form ng a sem conduct or

device of claim@8, wherein the_step of formn he dielectric_.layer

conpri ses gorn‘i ngipkf%é“e&ﬁﬂdee rf%rqlg@}%ra o e %ﬁrdgief’fﬁlgleoﬂfc Hef.  10.A
met hod of {orghageanSenAtcondugt oni drNEEE, i5hgre8akcOnHNAt Ohe dE¥EERAI S
fornmed on a substrate having a | ow vol tage device region and a high vol tage
devi ce regbbhckaepFurality of isolation elements enbedded in the | ow

vol tage 5 device region and the high voltage device region, the steps of

form ng the sem conductor device conpri sing:
10 5. The method of forming a semiconductor device of claim

1, wherein the dielectric layer is a compcosite material layer.

6. The method of forming a semiconductor device of claim
5, wherein the composite material layer are selected from the

15 group consisting of silicon oxide, silicon oxynitride,

oxide-nitride-oxide, spin-on glass and low-k materials.

7. The method of forming a semiconductor device of claim 1,
wherein the step of densifying the dielectric layer comprises

20 an anneal process.

8. The method of forming a semiconductor device of claim 1,
wherein a sharp diffusion corner is defined by a vertical
sidewall of the trench and a main surface of substrate.

25
9. The method of forming a semiconductor device of claim 8,
wherein the step of forming the dielectric layer comprises

forming the dielectric layer on the sharp diffusion corner.

30



formng a first dielectric layer having a first thickness uniformy on the
substrate within the | ow voltage device region and the high voltage device
region; 10densifying the first dielectric |ayer; renovi ng the
first dielectric layer within the | ow voltage device region

cleaning t first dielectric.layer within the high voltage device region
to cause tﬂ fi rs‘z% W@T%‘gtcﬁ 9 1% Wr‘fjh(f?Pq‘ffég% gcﬁ?%%’a&g“%evi ce
region to bamecangeeond bbickaess; rormed onthesmmdt ya0xigheing 4 hesentire
substrate uniformy to forma second dielectric |layer on the substrate

wi t hi n t heVPeiAUBl tagecdevreecreghnonaahdobovedbisect deviresredienrectric 20
| ayer on t?§E§H?§£§aé§ ﬂ!éfﬁﬁhé{“&ﬂ&ﬂﬁh@%?éﬁﬂ%%a% Mg EhE91 80 é&h%ﬁ%gke” to
C S e 1Irs

athird th ness; nmai nt ai ni ng diel ectric | ayer on the
i sol atison ékeireat segioit hendiitgle rdlghage 1deviecderegeonegiohihet seconeps

t hi ckness; %Sforning a %ate line on the first dielectric layer with the
i ncreased Phi ERABSESwHERi ACPhECRAYRTOHI F&HeCBeGPRRI £ 848A: and

form ng doping regieRsnd Nat PersUDSLE BES: PN OPRPSE NG5 HESaOkikBe gate line.
30 thickness uniformly on the substrate within the low voltage
device region and the high voltage device region:

10 densifying the first dielectric layer;

removing the first dielectric layer within the low
voltage device region:

cleaning the first dielectric layer within the high
voltage device region to cause the first dielectric layer

15 within the high voltage device region to have a second
thickness;

thermally oxidizing the entire substrate uniformly to
form a second dielectric layer on the substrate within the
low voltage device region and to cause the first dielectric

20 layer on the substrate within the high voltage device region
to thicken to a third thickness;

maintaining the first dielectric layer on the
isolation elements in the high voltage device region at the
second thickness;

25 forming a gate line on the first dielectric layer with
the increased thickness within the high voltage device region;
and

forming doping regions in the substrate on opposing
sides of the gate line.

30
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11. The nethod of formng a sem conductor device of claim10, wherein the
second dielectric layer serves as a gate dielectric |layer for a | ow vol tage
device. 5 12. The nethod of form ng a sem conductor device of claim 10,
wherein the first dielectric |layer conprises silicon oxide, silicon
oxynitride, . oxide:;nitride- n-on gl.ass or lowk materia

i.d i .. 10
13 The met had of ot MTHGOR Sont RERUTEL b CHevIogs U510 AEHLLE, ChRer sl ¢ he
first dielegtriwgekaygrthé 3:60RAR08LLEPBLQEI abkybaYyEErves as a gate

dielectric layer for a low voltage device.

5 12. The method of forming a semiconductor device of claim
10, wherein the first dielectric layer comprises silicon oxide,
silicon oxynitride, oxide-nitride-oxide, spin-on glass or

low-k materials.

10 13. The method of forming a semiconductor device of claim
10, wherein the first dielectric layer is a composite material

layer.




