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
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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 a shallow trench isolation.

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

a pad oxide layer 12 and a nitride layer 14 successivély 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 layer 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
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18 is defined by a vertically oriented

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
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dhEpReioAr GdRgket hEs shiat @s difficult to grow a uniform gate
dielectric layer at the sharp diffusion corner 18. Typically,
the gate dielectric layer is thinner around the sharp
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 semiconductor
transistor device, especially high-voltage transistor, and

poor gate dielectric layer integrity.

Summary of the Invention

According to a preferred embodiment of the present

ric
ric

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 isclation element
including a trench in the substrate and an insulating layer
filling the trench, the insulating layer having a top surface
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,
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
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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

t he sem conductor transistor device, especially high-voltage transistor,

and 15 poor te dielectr. yer i i ; ; | j on
--Accor di ngl Q%&gtjb?%‘f Str}%ee leecrgbéo%lre}lécntlrgc}?% hk%aayvplrnie@rzf?er %fol |Sr§/gﬁﬁég(\rﬁgy§l met hod
of form ngs af sugdy o) tEgem eyl ceaponcleldest t pooyiatiomgia kapst rat e havi ng at
| east one isolation el ement enbedded in the substrate, the at | east one

| Sol at i orfEPEHGREOR rigT (A 1y & (F iy 1479 PN REe A AMSHSd% | ng

| ayer fi[ﬁ%é@bé@? trench, the insulating | ayer having a top surface 25 and
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Then, the ectric layer is densified. Next, agate is formed on the
di el ectrier3mage$to¥inally, doping regions are formed at two sides of the
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i nvention, ric l'ayer having t first thickness i's formed by
chenmidal impent teposa tnerhodtain Totrmiey depusicdminarospleviore gltdss, and
ebodi morf S SORID SRR T ert | BT Reoal DrRLa B th SHELPTe 1 e s a
gate di el ggitige! @¥eicof réghbghanal & ageghevbteagechieasca heéghonpl dage
tranSIStoéiurality of isoclation 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 reglon. Then, the first dielectric layer
is densified. After that, the first dielectric layer within
20 the'low voltage device region is removed. Later, the substrate
is oxidized thermally to form a second dielectric layer within
the low voltage device region and the high voltage device
region. Subsequently, a gate line is formed on the first
dielectric layer within the high voltage device region.
25 Finally, two doping regions are formed at two sides of the
gate line in the substrate.
It 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



According to another preferred enbodi nent of the present 10 invention, a
nmet hod of form ng a sem conductor device,. the sem conductor device is
formed on a substrate having a | ow vol tage device region and a high vol tage
device region, a plurality of isolation elenents enbedded in the | ow

vice region, a plurality of i nts enbedded
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w thin 20ctbherloveyel 4A9piflgyice region is renoved. Later, the substrate is
oxidized thermally to forna second dielectric layer within the | ow vol t age

dev}cé r et bt abelschirhigh 9Bl tageDyaviedsregi on. Subsequently, a gate |ine
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line in the sabsicateng a $halSowneréeahuieobitide. present invention that

the dielectric |layer has an even thickness across the subsirate including
the shar pEH? f st Ont Eor nerSeeidel SHbsY rafRic3d aI'H%GFQTQ#é?% tﬁ%‘“‘b’d‘t%

diel ectrig LohforhdyciSr B &k Nedeo Athd heo D Gl flove y Ailiaae (Galt be kept
stabl e. These an ot%er obj ectives of the present invention will no doubt
becon® obvf otisetpredose bhivendiomry skill in the art after reading the
follown dgtailﬁdDdescrigtion of the preferred enbodi nent that is

i lustrated - fh the ' Varfbis*figures and drawings. 5 Brief Description of the

Drawi ngs Fl @rcl woc&FIFGG.3 9ssbrembtcabl yydent Tit @ Lanventl onatomeinwd of
fabricating a shallow trench isol ation,
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 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 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
one isolation element 44 embedded therein respectively are
provided. At least one high voltage device such as a high
voltage MOS transistor will be formed in the high voltage
device region HV later. The isolation 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 40. 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 corxner 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 10 of the present invention.

Det ai | ed Description FIG 4 to FIG 9 schematically depicts a nmethod of
- form ng a sem conductor device according to a preferred enbodi nent of the

present inyentio i S i Vi s 5 F eondyict or
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device taken along line BB in FIG, 7. _As shown,in FIG 4, a substrate 30
havi ng a PHRRETRFE aife "dEP Bt DB N gﬁlﬁeggn@egl%vy%%&g ﬁ%‘gi regi on
LV with af,);,e3sh+a88 ieRlidld oredl &irenty, 44nenhedded thecei Bor egpaatd vely are
provided. At |east "one high voltage device such as a high voltage MOS
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31 of substrate 30 Ine a sharp diffusion corner 38. A gap 42 is |ocated
bet weldh t fied sindehs whibaped 52f 0 iohecinsal 38 | Ajenpated dakleotaad ke ubstrate
30. Still refer to.FIG 4,.a gate diglectric_layer, 54 is. fornpe
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top surface 50 of the 5 insulating material 40, the sharp diffusion corner
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surf alde 3heofilheosubsidaj esBDicd) axyghidnride, shatgediifubsiornoxoiaer 38.

The gate dielectric |ayer, 54 h a uniformthicknes which js a first
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linmted tQ tkriBaseduoresidf erant giequeictenent syetkhey fddrsboet i gkigss Ti can
be adjusted. The gate dielectric layer 54 can 15 be silicon _oxide, silicon
oxyni t ri deatexide- hever der oxi denpepi ke opageassl (50T 19 kEpeterial s or

ot her di e%fg%%g.gaﬁlg% !.Lglsl_\/breoyer, the dielectric layer 54 can be a .
single materia f‘ayer Or a conposite material |ayer made fromthe aforesaid

mat eri(al s. Later, the gate dielectric layer 54 is densifyed by an anneal
process or other suitable processes. The gate dielectric layer
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
oxidation. The lower density leads to bad quality of the gate
dielectric layer 54, and influences the break down voltage
of the transistor. Therefore, the gate dielectric layer 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 is 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,



20Later, the gate dielectric |layer 54 is densifyed by an anneal process or
ot her suitable processes. The gate dielectric layer 54 is preferably
silicon oxide. Cenerally, the density of the gate dielectric |ayer 54
formed by chem cal vapor deposition, atom c |ayer deposition, or spin on
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wi t hin theohi;ghnvel tReendgui ge1ragioredy dendeaddiong Hiheirthileldtiatg ithd ayer 54
on the insulating material 40 has a second thickness T2 which is smaller
than the diekecthielmoer TH onshackeyl aird "@terdrdr f e ahBRGRAR, the

second thigkpessd2ri §,aRaNt: d 81 Dt Rl A8 EEEaEOthtcindassel forth i
FIG 6, a thermal oxidation process Is performed to forma |ow voltage gate
di el el ri Actayeing 54 faoprafeowedobmniagdeinent cetlian sdrwridowhicknage Fegi on LV.
The | ow 20 vol t age. gat e'_g]%\g%ect{iﬁ.la er, 54.§oul d be a tunnel oxide |ayer
for an enb®ddRaU¥| L&H™ POt t ALt hef kP dkrdation process oxidizes the

entire subakrafed 3 foRnkYcso d,had therkhickresstebnt rgRiss diel ectric
| ayer 54 on the high voltage region HV of substrate 30 _becones thicker

si nce thepenfeawed 28 dprihe kubFodargelgats G¥G Tt ¢ d ayedokedal Part of

the gate di cLry y LS i ]ggéﬁ; ieke i C yer 54
on the su%s?#‘gt{éégga%mgt%‘rfl??%ef%i%lﬂév% taﬁ%l#e(gfgon ﬁa%véo%}l% r%&?hi ckness
T3 which vslthgekearte bbalébersedanedrt hb¢tknedsl R a Aorne Hiomg deol @y qr ef err ed
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dielectric layer 54 on the substrate 30 and on the insulating material 40
has di ff etkhtknaselafesdesgate dielectric 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 T3 which is thicker than the second thickness
T,. 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 veltage
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.



FIG 7-9 described the steps of fabricating gate lines on the substrate.

For the sake of sinplicity, the sectional view of the |ow voltage region LV
is omtted. As shown in FIG 7, a gate line 56 is forned on the gate
dielectric layer 54, and 5 the | ow voltage gate dielectric |ayer 154,

respective _s§h i 7= i i dewal |
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regions 60 A& fonuedsals the-RRPBsI tBe Sddltas afellhe raat ealeres b dry t he
substrate 30. Now, a high voltage device 100 of the present invention is
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met hod of "Tornmnhg a gate ¢ layer, the gate dielec ayer around
t he shar prigk fdaisd anireorsewiddin bothe ther Yowhralbage heegion |1V beamb t he

gate dielectric_layer fornmed around the sharp_diffusion corner 38. 20 By
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layer 54 s foraed.by dhe deposi tiHfeProcessnaind rakagp igydajae
dielectric Tayer 54 have a uniformthickness on the substrate, even on the
shar d0di fdislentcde nkayss. 1THekefscdes tiHee i grlegr LipeobP bt He gEaAROMEl ectric
| ayer 54 25 remains. Thu t he .break down vol t of- At hj | t.age
devi ce 10%118%%%%8%?%%7& A etdséi% i Cé)f gﬁ%%tshéoagfevdf%%ér/ga&l Iy
observe thad SpwesDus UG ittal igens andeabbeint tivasswhst er«ledd ce and
met hod may be nade while retaining the teachings of the invention. C ains
Wiat is cFa¥ned psgh vohtage el of U9 of i R PEIFondute i devi e,

compri si ncgém}?%gfgai dbﬂgaéesygf&atce I@’@éj.n%,a,tsiln%%sf[tkfénaait%ollaﬂﬂé)ns@l enment
enbedded in e Substrate, the at Teast one isolation el enent including a
trenclf i novdel spbsthatshaarm drf fussidratdongelrayér ofi theéngubderarenth, the
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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.
20 By utilizing the method provided in the present invention,
the gate dielectric layer 54 is formed by the deposition
process which makes 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.



10surface of the insulating |ayer and the substrate; formng a dielectric

| ayer having a first thickness uniformy on the substrate, on the top
surface of the insulating layer, and in the gap; densifying the dielectric
| ayer; 15 formng a gate line on the dielectric layer; and form ng dopi ng
regions at two sides of the gate line in the substrate. 2. The nethod of
formng a sem conductor device of claiml1l, 20 wherein the dielectric |ayer
i s sel ectetafmom the group consisting of silicon oxide, silicon oxynitride,
oxi de-nitride-oxide,,k spin-on glass and lowk materials. 3. The nmet hod of

f or mi ng aW%%?i%%nﬂh%%%éad%%ice of claim1, 25 wherein the dielectric |ayer

i s fornedpythe Prosessre seboetRy 4 rumideh Ao sl &d i @i r icdierg cal  vapor
deposi tion, atom c |ayer deposition and spin on glass. = 4. The method of
form g apven dond oo sdeatee hefvigicapi 1e30tf ane heo bdhpen siRjterd eaning a
surface of _t Lelectyric layer .aft i% ' : form ng
a semi condt¢ §9g8§f$%%B8FQ§%§%ﬁ€E’€ 82@?;6 %EQ%F% gg%%?§°ﬁ§§3i rﬁi a
second t hi gkpessiaftertretl@ninnghe angbsteatd resid bhi tkoesstisgdrasier than
t he second thickness. ) . )
filling the trench, the insulating layer having a top surface
and a side surface, wherein a gap is located between the side
10 surface of the insulating layer and the substrate;
forming a dielectric layer having a first thickness uniformly
on the substrate, on the top surface of the insulating layer,
and in the gap:
densifying the dielectric layer;
15 forming a gate line on the dielectric layer; and
forming doping regions at two sides of the gate line in the

substrate.

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

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

3. The method of forming a semiconductor device of claim 1,
25 wherein the dielectric layer is formed by the process selected
from the group consisting of chemical vapor deposition, atomic

layer deposition and spin on glass.

4, The method of forming a semiconductor device of claim 1
30 further comprising: cleaning a surface of the dielectric layer

after densifying.

5. The method of forming a semiconductor device of claim 4,

wherein the dielectric layer has a second thickness after



6. The nethod of form ng a sem conductor device of claim5 5 further
conprising: thermally oxidizing the substrate before formng the gate I|ine.
7. The nethod of form ng a sem conductor device of claim®6, wherein after
thermal |y oxidizing the substrate, the 10 dielectric layer has a third

t hi ckness .the third thi ess. | ter t |.ckness.

8. The ne?%%%9%§g76¥%%ﬁgea?%gégégﬁlu%?%%gggsﬁgggggrépgﬁﬁsﬁ? %ﬁ%?%ﬁ% t he
dielectrithleyeesss a conposite material |ayer. 9. The net hod of
form ng a sem conductor device of claim8, wherein the conposite materi al

| ayer are selected fromthe group consisting of silicon oxide, silicon
oxyni tride, axédgsihddige- fxdfehg SPIeicahdsst A did ek dmterdah s 10.
The nethod of formng a sem conductor device of claiml, wherein the step
of derdsi f fangh¢ heatieliedind :cthayeelépnpridesing tatnsubspratedef@® 11. The
met hod offforning a sem copductor device of claiml1l, wherein a sharp

di f f usi on- ROMhe? F%ed%? fed" ?‘a vertical sidewall of the trench and a main
surface of substrate. 12. The method of form ng a sem conductor device
of claim1l, 30 wherein the dielectric, layer is fqornmed on_the sharp

di f f usi on’ eoriremetheyl of ROrHEA%R FEMAFREIHCEER EBREGEIDF CHERARE! t he

sem Cond%dﬁgfﬁﬁﬁv.é]‘?@ fstﬂ%ﬂgﬂwnogiay&)%@a%ﬁehéybggrgtépwehao! tage device
region and a high vo?tage evice region, a plurality of 1solation elenents
enbedded dietdettow Vaye¢ngeasleni teire@gibhchnedssheahiighheothayéd device
region, the, steps of form t he sem conduct or, devjce_conprising: 5 form ng
a first d?%%% Prie +§y%?eﬂggfn€h%nf€$§tS?ﬁ?% nggﬁchﬁ??%rn1y on the
substrate within the | ow voltage device region and the high voltage device

region; densifying the first dielectric |ayer; ,
8. Thé method of forming a semiconductor device of claim 1,

wherein the dielectric layer is a composite material layer.

15
9. The method of forming a semiconductor device of claim 8,
wherein the composite material layer are selected from the
group consisting of silicon oxide, silicon oxynitride,
oxide-nitride-oxide, spin-on glass and low-k materials.

20

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

an anneal process.

25 11. 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.

12. The method of forming a semiconductor device of claim 11,
30 wherein the dielectric layer is formed on the sharp diffusion

corner.

13. A method of forming a semiconductor device, the

semiconductor device is formed on a substrate having a low



removing the first dielectric layer within the | ow vol tage 10devi ce regi on;
thermal |y oxidizing the substrate to forma second dielectric layer within
~the I ow vol tage device region and the high voltage device region;

formng a gate line on the first dielectric layer within the 15high vol tage

device regipn, . an ' [ regy S/ f ate line in
t he subst‘rg%?ga.lgg gﬁ‘zgé$h€g%g€lﬁo %fggl(l)?ﬁ n‘géjéﬁé\g%i %%ﬁ%ﬁ%t%%&g%lg'l ng of claim
13, 20 whereralite ofcded adijelreetlrementay embsededs instiae ghtwe wildlars ri c

dovi co orSTHFH HeET Gnarsl ok ey tp LAREeUr P E%| ByRt SRorpIT SUe Rt || con
oxi de, 25;8i f4ERMQXYRE t E&HEcoRIhECoPI 8ET H8e O¥bSriSPAG: O gl ass or | owk
mat eri al s. 16. The method of form ng a sem conductor device of claim 13,
wher eiin thermingtadferectdiel ¢ayrici anetonpvsng ea nht 68t abhBokpager .
uniformly on the substrate within the low voltage device
region and the high voltage device region;
densifying the first dielectric layer;
removing the first dielectric layer within the low vbltage
10 device region;
thermally oxidizing the substrate to forma second dielectric
layer within the low voltage device region and the high
voltage device region;
forming a gate line on the first dielectric layer within the
15 high voltage device region; and
forming doping regions at two sides of the gate line in the

substrate.

14. The method of forming a semiconductor device of claim 13,
20 wherein the second dielectric layer serves as a gate

dielectric layer for a low voltage device.

15. The method of forming a semiconductor device of claim 13,
wherein the first dielectric layer comprises silicon oxide,
25 silicon oxynitride, oxide-nitride-oxide, spin-on glass or

low—-k materials.
16. The method of forming a semiconductor device of claim 13,

wherein the first dielectric layer is a composite material

30 layer.

10



