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22 2 APR 2004 A METHOD TO FORM GATE OXI DES OF DI FFERENT THI CKNESSES EyhA
SI LI CON SUBSTRATE BACKGROUND OF THE | NVENTION (1) Field of the Invent##APR 2004
The invention relates to a nmethod of fabricating seniconductor structures,
and nore particularly, to the formation of gate oxides of different

t hi cknesses on a ilé n.substrate in the manufacture of integrated
circuit = devi ces.‘%zbf ﬁ%%rTiOptFPBH SATE HX INESO0FADE FEERENT lmTeenSeake
Integration (VLSI) technol ogy has advanced to a point where the snmallest,
hi ghest speed MOS devices havENvar§IL¥ON galesTaarHes (less than 50 .
Angstrons). In the current technol ogy, the voltage supply to these high
speed devices is typically limted to just above 3 volts. This limtation
is inposed to mnimze swtching times and because the very thin gate

oxi des coul d easily be dansRfKARQUADhOBheRE suprTvel tage. 1 This | ow
voltage limtation i's not adequate to the input/output (1/0O requirenents

of the integrated circuit.

(1) Field of the Invention

The invention relates to a method of fabricéting
semiconducto: structures, and more particularly, to the
formation of gate oxides of different thicknesses on a
silicon substrate in the manufacture of integrated circuit

devices.
(2} Description of the Prior Art

Ultra Large-Scale Integration‘(ULSI) technology has
advanced to a point where the smallest, highest speed MOS

devices have very thin gate oxides (less than 50

P

' Angstfoms). In the current technology, the voltage supply
to these high speed devices is typically limited to just
above 3 volts. This limitation is imposed to minimize
switching times and because the very thin gate oxides could

easily be damaged by a higher supply voltage.
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Many devices external to the integrated circuit operate in a 5 volt.

regime. Therefore, the very thin gate oxide technology is not suffi & 2APR 2004
to provide the (1/0O capability required for a nost cost efficient - :
integrated circuit. Techni ques have been devel oped to fabricate both a

very thin (less than 50 Angstrons) gate oxide and a thicker (greater than

50 Angstrom gate gxide on the same circuit. Application of these

techni ques al | owd e LPHt Bgtea%R) Ligiitetiondesinperadequatovi detihot h state of
the art speed and packing density and necessary 1/0 on the sane circuit..

Ref erring to”iﬁ“&/oj},tp&tcr(gé%l suigenehta phrthalintegeatph et prd or art
integrated circuit device is showmn. A silicon substrate 10 is shown. A

shal I ow trertaRy S6VAERBNex{|MIL 14 ithefl dntegratred ke reuk it cope satstyate 10.

The silicon substrate 10 is divided into two parts as indicated by the

dash |ines. aTe VPék vetimge SWetiedor:d ohethiery HiHincgRrsubsigate 10 will
require the very thin oxide. The high voltage section 22 of the silicon
substrate 10esbrploggqis reott mfithicdkat oxigeovidid 2n2 APRR Referring now to
Fig. 2, a first gate oxide |ayer 26

capability required for a most cost efficient integrated

circuit.

{ Techniques have been developed to fabricate both a
very thin (less than 50 Angstroms) gate oxide and a thicker
(greater than 50 Angstrom) gate oxide on the same circuit.
Application of these techniques allows the integrated
circuit designer to provide both state of the art speed and

packing density and necessary I/O on the same circuit.

Referring to Fig. 1, a cross-section of a partially
completed prior art integrated circuit device is shown. A
{ silicon substrate 10 is shown. A shallow trench isolation
(STI) 14 is formed in the silicon substrate 10. The
silicon substrate 10 is divided into two parts as indicated
By the dash lines. The low voltage section 18 of the
silicon substrate 10 will require the very thin oxide. The
high voltage section 22 of the silicon substraté 10 will

require the thicker oxide.
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is grown overlying the silicon substrate 10 on both the low voltage |22 APR 2l
section 18 and the high voltage section 22. The first gate oxide |ayer 26
is grown to a thickness sonewhat greater than will be needed by the high
vol tage section 22. In this exanple, approximately 80 Angstrons of silicon
dioxide is grown in the first gate oxide |ayer 26. Referring nowto Fig. 3,
a photoresist layer 30 is deposited overlying the first gate oxide |l ayer
26. The photoresist |ayer 30 is patterned to expose the first gate oxide
"~ layer 26 overlyi the | ow voltage section 18. Referring nowto Fig. 4, the

exposed first gatlge fsgded PayeFo 2Bl s Bt chéd rahayatBendle lakethgst hi ckness
of the oxide, a buffered oxide etch (BOE) is used as is conventional in
the art. Ref é?r‘ﬁf@j‘"% PVErdyisg the phbtaresubttrayer1 8o HoR@WrhSt Lhpped
away. The strip nmay be by plasma stripping (ashing) or by a wet strip. 3 2
2 APR 2044 Fzé?gi%aqmgsemwonolm gnd 6bhea irgr galleagé eserdivpi o2l yrhs
performed. The purpose of the pre-gate clean is to purge the silicon
surface of ahyrsteraats @gldenlammam sisf waswhheo 5%1@@Q5@ngoﬁgwg£@pare t he

surface for thermal oxidation

. greater than will be needed by the high voltage section 22.

In this example, approximately 80 Angstroms of silicon

dioxide is grown in the first gate oxide layer 26.

{

Referring now to Fig. 3, a photoresist layer 30 is
deposited overlying the first gate oxide layer 26. The
photoresist layer 30 is pattérned to expose the first gate
oxide layer 26 overlying the low voltage section 18.

Referring now to Fig. 4, the exposed first gate oxide
layer 26 is etched away. Because of the thickness of thé
oxide, a buffered oxide eéch (BOE) is used as is

{ , conventional in the art.

Referring to Fig. 5, the photoresist layer 30 is now
stripped away. The strip may be by plasma stripping

{ashing) or by a wet strip.




of a high quality gate oxide. During the pre-gate clean step, the
t hi ckness of the thicker gate oxide |layer 26 ....overlying the high voltage
section 22 is reduced. In this exanple, the thicker gate oxide |ayer 26

remai ning after
a thermal
overlying

gr own

gate oxidation is perforned. A very thin gate oxide |ayer
| ow vol tage section 18. Approxi mtely 30 Angstrons of-

h
silicon dioxide ié?{%ﬁﬁh?g PEEnkAi F49- the a phirctare gatemnoxiygechayeris

increases in thickness to a fina

22 APR 2004

the clean is about 60 Angstrons. Referring nowto Fig. 7,

34 is

val ue of about 65 Angstronms. Wiile the

prior art teBfhi YU TUoed Mer BEFROFRAISE dhiederetayes scinfandiibl epepirghi cknesses
suitable for_low and high voltage circuits, it has several disadvantages.

First

becatR® theGRoPyréarstof ayer BOaisivgatert iinaatky ro¥@r thd he

thi cker gate_oxide |ayer 26, the quality of the thicker gate oxide |ayer

26 i s jeopar

FChs@igngo phepdd fldredurdaider @t chhelrhall, BUSHaPE,pSed to

etch away the relatively 4 [22 APR 2004 thick first gate oxide |layer 26, is

more difficult & didoRtrdityhaate foridexanpheing fHee pdalgathkealeaPamage to
silicon substrate 10 in the | ow vol tage section 18 may .

t he

o

step, the thickness of the thicker gate oxide laver 26

- example, the thicker gate oxide layer 26 remaining after

the clean is about 60 Angstroms.

Referring now to Fig. 7, a thermal gate oxidation is
performed. A very thin gate oxide layer 34 is grown
overlying the low voltage section 18. Approximately 30
Angstroms of silicon dioxide is grown. Meanwhile, the
thicker gate oxide layer increases in thickness to a fiﬁal

value of about 65 Angstroms.

While the prior art technique does create gate oxide
layers of different thicknesses suitable for low and high
voltage circuits, it has several disadvantages. First,
because the photoresist layer 30 is coated directly over
the thicker gate oxide layer 26, the quality of the thicker
gate oxide layer 26 is jeopardized. Second, the buffered

oxide etch that must be used to etch away the relatively



' .J his damage is detrinmental to the formation of a very high qE?Q'AFK:&&%
(r);sgg FiTnaIIy, egposure of the silicon substrate 10 to the photoresrst
strippi'ng process, whether plasma or wet etch, can damage the silicon
substrate 10. Again, this can cause problenms for the silicon dioxide gate
that will be grown there. Several prior art approaches disclose nethods to
form gate oxjde f_different thicknesses In the fabrication of

i nt egr at ed cfcbéﬁ?tg?rfi} SatsaPghteslaper G tie hbne disediasas aoprocess to
fabricate gate oxides of different thicknesses. The first embodi ment grows
a comon t hi A°B5Fel Giatte foreexpophe ) awpre-yage ee@m_onsgaa{%ehltghtl\égl t age .
sections. Silicon nitride is deposited, patterned, and used as a hard ngs
to etch awaySthECehisihfdratexidein ayrer 1ok o0l t hge hiatht (vpl haggagect | o_nl. A
thick gate oxide is then grown over the high voltage section.>The silicon
nitride is FR@HTet cHdd sawapagenis hietedeendaebodinetomatihi §9n, di oxide

| ayer is added overlying the silicon nitride |ayer. ~This silicon dloxldgd
| ayer is, patY%?hétigéhmuaditgraxbd@ar ¢in@&&!§',fgj§%@§&}g g the §5h588r3 nitride
| ayer. In both 5 2 APR 200A enbodi nents, only the thicker gate oxide is
re-grown. Theubstrate 10 to the photoresist stripping process, whether

plasma or wet etch, can damage the silicon substrate 10.

Again, this can cause problems for the silicon dioxide gate

that will be grown there.

o

Several prior art approaches disclose methods to form
gate oxides of different thicknesses in the fabrication of
integrated circuits. U.S. Patent 5,502,009 to Lin
disclosés @ process to fabricate gate oxides of different
thicknesses. The first embodiment grows a common thin gate
oxide over both low voltage sections and high voltage
sections. Silicon nitride is deposited, patterned, and

% used as a hard mask to etch away the thin gate oxide layer
from the high voltage section. A thick gate oxide is then
grown over the high voltage section. The silicon nitride
is then etched away. 1In ﬁhe second embodiment, a silicon
dioxide layer is added overlying the silicon nitride layer.
This silicon dioxide layer is patterned and to form a hard

mask for etching the silicon nitride layer. 1In both




i

re-grown. U
create gate
oxi dati on,

phot or esi st
grown. A si
oxi des duri
et al disc

nitrogen i rrpurlrfygac

the silicon

5, 668, 035 t
t hi cknesses

thin gate oxide that is grown at the beginning of the sequence is no
. S. Patent 5,057,449 to Lowey et al teaches a process to

122 APR 2004

oxi des of different thicknesses for DRAMs. Prior to field

a thick gate oxide is grown. This oxide is patterned using

. The photoresist is stripped, and the thin gate oxide layer is
is used to shield the thin and thick gate

| | nitride |ayer {
n%ﬁ§§ﬁﬁﬁﬁﬂﬁﬁﬂ OnﬁxeFBeORW%ﬁﬁqﬂaﬁﬁtQ.Sxi@QIrHuréag&aanQQSTh@ Gar dner
Iggfs a process to formgate oxides of different thicknesses. A

ShECFatN8h 1% d5awy 6dusbd bedinrsieleetti YReporti ons of

substrate. During the gate oxide thermal oxidation, silicon
di oxi de gr ow® HETFE S ITGWP Cob BT IFPHH 0g&h Sri ERteneas, 05, 4ol k60Nowkk . Pat ent
o] F%Eg et al teaches a process to formgate oxides of different

Yor

DRAVIESpPi BAPFOTS LoAcrhitk gate axddle bs grews, oyer | ogic

and DRAM sections. Polysilicon is deposited and patterned. The gate oxide

is etched awd}t%

SeRe IPEgPRAME eaPrisitngo fhel Paisiatieqn Layl.@s a mask.
A thin gate oxide is then grown over the |ogic sections. U S. Patent

5,716, 863 t F2%A &Xi@PséFogEeVI: pridGes oxt de Ct ead e @A dOxsdgs of different
t hi cknesses using a polysilicon nmask | ayer.

photoresist.” The photoresist is stripped, and the thin

- gate oxide layer is grown. A silicon nitride layer is used

i,

to shield the thin and thick gate‘oxides during subsequent
field oxidation. U.S. Patent 5,882,993 to Gardner et al
discloses a process to form gate oxides of different
thicknesses. A nitrogen impurity concentration is
introduced into selective portions of the silicon
substrate. During the gate oxide thermal oxidation,
silicon dioxide grows more slowly over nitrogen-rich aréas
of silicon. U.S. Patent 5,668,035 to Fang et al teaches a
process to form gate oxides of different thicknesses for
DRAM applications. A thick gate oxide is grown over logic
and DRAM sections. Polysilicon is deposited and patterned.
The gate oxide is etched away from the logic areas using
the polysilicon layer as a mask. A thin gate oxide is then
grown over the logic sections. U.S. Patent 5,716,863 to
Arai discloses a process to create gate oxides of different

thicknesses using a polysilicon mask layer.
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6 SUVMMARY OF THE | NVENTI ON A princi pal object of the present inventiao i?R

to provide an effective and very manufacturable nmethod of formng é 2004
oxi des of different thickness in the manufacture of integrated circuits. A
further object of the present invention is to provide a nethod to

fabricate gate oxides of different thickness that elimnates coating
photoresist directly onto the gate oxide. Another further object of the
present invention is to provide a nmethod to fabricate gate oxides of
different thickness that elimnates etching away by buffered oxide

etching a tenporary gate oxide layer fromthe surface of the silicon

substrate where a permanent gate oxide will be grown. Another further
obj ect of the present inventi SH¥Y&RY PF oy iI§¥ENTH®N hod to fabricate gate

oxi des of different thickness that prevents photoresist stripping
processes 7 '2 2 APR 2004 from damagi ng the silicon substrate surface prior

to formation of gate oxide. .
, principal object Qf the present invention is to
provide an effective and very manufacturable method of

forming gate oxides of different thickness in the

manufacture of integrated circuits.

A further object of the present invention is to
provide a method to fabricate gate oxides of different

thickness that eliminates coating photoresist directly onto

the gate oxide.

Another further object of the present invention is to
provide a method to fabricate gate oxides of different
thickness that eliminates etching away by buffered oxide

{ “ etching a temporary gate oxide layer from the surface of
the silicon substrate where a permanent gate oxide will be

grown,

Another further object of the present inventiocn is to
provide a method to fabricate gate oxides of different

thickness that prevents photoresist stripping procesgses



| | i ' is i [ thod of 99 App o
ance with the objects of this invention, a new e ( DR 2004

}gb??g;;?ng gate oxides of different phlcknezs?s PastgeggfﬁﬁglFg3F90|f;bgg
area isolations are provided in a silicon substrate ol tage

i [ licon substrate. A sacrificia
sections and high voltage sections in the si e. rifie

i \ i i licon substrate. A silicon nitride
oxi de layer is formed overlying the silicon subs 111 eon n e
i i rlyi.ng the sacrificial oxide |ayer. maski ng )

| aver 15 depaerled gt TG HF (Hid 1SR uhehrare deir foayepel hemski ng oxl de

| ayer is deposi rma hard nask overlying the | ow voltage sections.

[ to f )
#ﬁgegi:?cgﬁt&%gﬁggFPﬂeofa@%ﬁeiQ¥%§@ehed t hr ough where exposed by the hard

i ifici i | ying the high
by exposing the sacrificial oxide |ayer over
Ugfraggeggc¥ionP Thegexposed sacrificial oxide Iaye{ agg EEE 2?{?Cgﬁsk are
. Athick gate oxide layer is grown overlyin (
ghggte?a?\ga?n the Ri yhcrsiansge vésbt Fba. obfjects lotff:@nignirlr\{é}pceilog%gai |Ors] ietsched
vay. The sacrificial oxide | ayer overlying the low voltag .
2?2Ked away. "RYt AFRD Yt Sebddchayer gate grawesover dying dhe S|!|cgn e s
substrate in_the |low voltage section, and the integrated circuit devi
conpl et ed. 8 BRFER® THESTREPT bern OFCTHE SRAWANGSve area isolations are

provided in a silicon substrate to define low voltage
sections and high voltage sections in the silicon

{ substrate. A sacrificial oxide léyer is formed overlying
the silicon substrate. & silicon nitride layer is
depoéited overlying the sacrificial oxide layer. & masking
oxide layer is deposited overlying the silicon nitride
layer. The masking oxide layer is patterned to form a hard
mask overlying the low voltage sections. The silicon
nitride layer is etched through where exposed by the ha?d
mask thereby €xXposing the sacrificial oxide layer overlying
the high voltage section. The exposed sacrificial oxide

{ layer and thg hard mask are etched away. A thick gate
oxide layer is grown overlying the silicon substrate in the
high voltage section. The silicon nitride layer is etched
away. The sacrificial oxide layer overlying the low
voltage section is etched away. A thin gate oxide layer is
grown overlying the silicon substrate in the low voltage

section, and the integrated circuit device is completed.




In the acconpanying drawings forming a material part of this descript&@&u4PR 200
there is shown: Figs. 1 through 7 schematically illustrate in cross-
section a partially conpleted prior art integrated circuit device. A
process to formgate oxides of two thicknesses is depicted. Figs. 8

t hrough 19 schematically illustrate in cross sectional representation a
preferred enbodi nent of the present invention. DESCRI PTION OF THE
PREFERRED EMBODI MENTS Thi s enbodi nent di scl oses the application of the
present invention to the formation of gate oxides of different thicknesses
in the fabrication of an integrated circuit device. The present invention
can easily be applied t%?%%rn1tmn different thicknesses of oxide. It 22
APR 2004 shoul d be cl ear £hOEECRAPEIMe MFedHENDRARINGS that the present

i nvention can be applied and extended, for exanple, to formthree or nore
t hi cknesses. of gate oxide, without deviating fromthe scope of the present
invention. Referring now particularly to Fig. 8, there is shown. a cross
section of a pargpagpﬁ oI d NonfEgranee Tinndnigt a slevéeeaDipdhe

referred e iment. A siljcon substrate 40
P QBPthS éescrf%tioH, there is shown:

Figs. 1 through 7 schematically illustrate in cross-
{ section a partially completed prior art integrated circuit

device. A process to form gate oxlides of two thicknesses

is depicted.

Figs. 8 through 19 schematically illustrate in cross-
sectional representation a preferred embodiment of the

present invention.

i,‘ DESCRIPTION OF THE PREFERRED EMBObIMENTS

This embodiment discloses the application of the
present invention to the formation of gate oxides of
different thicknesses in the fabrication of an integrated
Circuit device. The present invention can easily be

applied to form two different thicknesses of oxide. 7Tt
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is used. Active area isolations 44, such as local oxidation of silic@g APR 204
(LOCOS) or shallow trench isolations (STl), are forned in the silicon
substrate 40. The active area isolations 44 divide the silicon substrate

40 into different sections. Representative of the circuit as a whole, the
schematic shows the silicon substrate 40 divided into two sections as

i ndi cat ed by sh lines. The low voltage section 48 will require a :
t hi nner oxi dgﬁgﬁhéej ?gﬁ%ea\foltt‘)aﬁﬁo%cﬂwwo\ﬁdl inrekpiae tdhett hheker oxi de.

A sacrifi_ci‘gljlf,eoxi de | ayer, 56 is formed overlying the silicon substrate
|

40. The sacrPiTersr X108y &R RS ¥ Fieomeddbyxt etddvalfcaxicstainb 08, r api d

t hermal oxi dation Q. or by chem cal vapor deposition (CVD). The

pur pose of tﬁ% P%’%Fgr%:fge& 8 BRraethigieres®@si oft gape abseicte,t hatauntace of the
silicon subsérale 40 glom damage during the processing steps necessary to
formthe gat® 65ddd¥ JFod £her ERPPAPD theAPRe260Y iiiearkiiess. The
sacrificial oxide layer 56 is preferably fornmed as thin as possible. By
keeping the oxide thin, it 1is possible to renove the sacrificial oxide

| ayer 56 using %&Stj npl.e pre-gate clean (diluted HF). This prevents
further damage and "ESnt-2M RAYI B Problagdy. tbnFide 8, there is shown a

cross section of a partially completed integrated circuit
device of the preferred embodiment. A silicon substrate 40

1s used. Active area isolations 44, such as local

P

oxidation of silicon (LOCOS) or shallow trench isolations
(STI), are formed in the silicon substrate 40. The active
area isolations 44 divide the silicon sub;trate 40 into
different sections. Representative of the circuit as a
whole, the schematic shows the silicon substrate 40 divided
into two sections as indicated by the dash lines. The.low
voltage section 48 will require a thinner oxide. The high
voltage section 52 will requiré the thicker oxide. A

{ sacrificial oxide layer 56 is formed overlying the silicon
substrate 40. The sacrificial oxide layer may be formed by
thermal oxidation, rapid thermal oxidation (RTO), or by
chemical vapor deposition (CVD). The purpose of the
sacrificial oxide layer 56 is to protect the surface of the
silicon substrate 40 from damage during the prrocessing

steps necessary to form the gate oxides of different



oxi dation of silicon in a furnace or rapid thermal oxidatio
EE:LEELf The sacrificial oxide layer 56 is forned to a thickness of9 .
between about 20 Angstronms and 40 Angstrons. Referring now to rlg._d,
silicon nitride layer 60 is deposited overlying the sacrificia Qél e
| ayer 56. Th% .purpose of the silicon nitride [ayer 60 is to prOV|be a t
hard mask for héggﬂgﬁﬁ' awe tsrf’éréééﬁzﬁl c¢>9§d&)idlhader! Ia?ggiﬁﬁﬁﬂrei&d%l?gy;qugni .
' - In the preferred enbodi ment, e si _ _
gggggistsezt ES I2IPgd. e g’é@m &S eypstbPeVD)Bypriaeednat eha bk gkness,,of tbet \((V_een
about 60 Angstrons,and 100 Angstrons. RQer['Ug now to Fig. 10, a ha?hlng
oxi de |ayer 6% PESSHebosta egmever t?zngéngmllallc_agéﬂgt{%f% Is’c%?rkmlggr t hg

f the sking oxide layer 64 is to provi
E?EE??\S gf t.ﬁesg’i%]r%dgf%‘iattiedélpayetdwﬁem #F11 ZTBié\FtR:e?&QQﬁsfSUbsequg_nt  de
step. The na§ki oxi de layer 64 is prefgrably conposed of silicon _hox
deposi ted by EF%%%?lﬂﬁWﬁ?Qaanﬁe?@éb@mmnqnmdna@eobmumﬁe. when@mski ng oxi de

i i ‘ i bout 130
is referably deposited to a thickness of between a
ayer 64 pnggrred éﬁbOdgment, the sacrificial oxide layer 56 is

:pgeferréd embodi nent, the sacrificial oxide | ayer 56 is forned USingZ(ﬁﬁ%jm04

formed using thermal oxidation of silicon in a furnace or
rapid thermal oxidation (RTO) chamber. The sacrificial

oxide layer 56 is formed to a thickness of between about 20

|

Angstroms and 40 Angstroms.

Referring now to Fig. 9,la silicon nitride layer 60 is
deposited overl?ing the sécrificial oxide layer 56. The
purpose-of the silicon nitride layer 60 is to provide a
hard mask for etching away the sacrificial oxide layer 56
in a subsequent process step. In the preferred embodimenf,
the silicon nitride layer 60 is deposited by a low-pressure

CVD (LPCVD) process to a thickness of between about 60

P

Angstroms and 100 Angstroms.

Referring now to Fig. 10, a masking oxide layer 64 is
‘deposited overlying the silicon nitride layer 60. The
purpcese of the masking oxide layer 64 is to provide a hard

mask for the etching of the silicon nitride layer 56 in a
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Angstroms and 270 Angstrons. Referring noyvdtoI Fi g. ézll _?_hghotpg(ry?zlrztsiéﬁgﬁ
i i i i ayer . .

68 is deposited overlying the maski ng oxide | g e St e

i i d to uncover the masking oxi y
| ayer 68 is conventionally patterne ( ot or ot et s e Cent Ty

i hi gh voltage sections 52. Wile photo

8§§B|¥Lnge§rﬁe ?he pattgrns in the preferred enbodi nent, other approaches

' aski [ 64 is
; kN w Fig., 12, the masking oxide |ayer
SS? It gr ﬁ:duts géfu grgﬁmagéﬁgr%t%‘s k%&e?‘%ﬁ#h@gt%%wa\y@rt 8fels gertficond148. The

[ i ki ng oxide |ayer 64 from
1 sed. here to mask the nas ] er
ghghﬁ¥§féz o&?§§62§§hb?§%éﬁgxbr8%8§§qe EPHEHENBY oM P Iwmyierg G4- i S

RYRY. i i i Here we see
verlying the high voltage sections 52.. er e
fﬁgpggbghilaggggfgﬁii ng %t %et )k%(em Ski Ny OMadEingy exidy ayer e isil i con
' BOE process never contacts

Do il : I
ol ther the sharrrieral SrsTiRigkS £ aeickeer of hee'siddrc aibositbgBoat 6.
$hthe¥ ﬁge chréélgé: 0 gR 2004 the pernmanent gate oxi de , which m1|| be
erefore, ] . : er
grown l.ater, ?g %v0|3§§gzéef%F?f?@ﬁm%om/to Fig. 13, the photoresist |lay

68 is
Referring now fo Fig. 11, a photoresist layer 68 is
_deposited overlying the masking oxide layer 64. The
( photoresist layer 68 is conventionally patterned to uncover

the masking oxide layer 64 overlying the high voltage
sections 52. While photoresist is currently used to define

the patterns in the preferred embodiment, other approaches

could be used.

Referring now to Fig. 12, the masking oxide layer 64
is patterned to form a hard mask overlying the low voltage
sections 48. The photoresist layer 68 is used here to mask

the masking oxide layer 64 from a buffered oxide etch (BOE)

e

precess. The masking oxide layer 64 is completely etched
away overlying the high voltage secticns 52. Here we see
the advantage of using both the masking oxide layer 64 and
the silicon nitride layer 60. The difficult to control BOE
process never contacts either the sacrificial gate oxide

layer 56 or the silicon substrate. Therefore, damage to
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stripped away. The stripping process can be either a plasma strip (agQUQqeam#
or a chemcal wet strip. Again, because the silicon nitride |ayer 60

covers the sacrificial oxide |layer 56 and the silicon substrate 40; no :
damage occurs. Referring nowto Fig. 14, the silicon nitride layer 60 is

et ched through where exposed by the hard mask 64 thereby exposing the
sacrificial Q%ide | ayér 56 overlying the high voltage section 52. The
silicon nitride ¥% $G PeteteRk usihdgh Volledxanplomn phesphofsc acid
(H3PO4). The_php (Qoric acid attacks only the silicon nitride |ayer 60

whi l e | eaving ?H%P'ilicon di oxi de structures unharmed. Referring now to

Fig. 15, the exposed sacrificial oxide |layer 56 and the hard mask 64 are
etched away. A sinple pre-gate clean process is used to renove both the
sacrificial oxide |l ayer 56 and the hard mask (masking oxide layer) 64. In
the preferred enSSESTEARS TP T igat d3cl bha photnesd seonayst Se®f i an
approximately 100:1 diluted HF 13 22 APR 24 solution that etches the wafers
for between %tbroltﬂpe@SaW%conﬁte @it irpdngepoodsss Besabeeeathekati vel y thin

sacrificial oxide |ayer 56 is used, the pre-gate clean
plasma strip (ashing) or a chemical wet strip. Again,

because the silicon nitride layer 60 covérs the sacrificial

- oxide layer 56 and the silicon substrate 40, no damage

(" . occurs.

Referring now to Fig. 14, the silicon nitride layer 60
is etched through where exposed by the hard mask 64 thereby
exposing the sacrificial oxide layer 56 overlying the high
voltage section 52. The silicon nitride layer 60 is etched
using, for example, phosphoric acid (H3PO,). The phospﬁoric
acid attacks only the silicon nitride layer 60 while

leaving the silicon dioxide structures unharmed,

e

Referring now to Fig. 15, the exposed sacrificial
oxide layer 56 and the hard mask 64 are etched away. A
simple pre-gate clean process is used to rémove both the
sacrificial oxide layer 56 and the hard mask (masking oxide
layer) 64. 1In the preferred embodiment, the pre-gate clean

process consists of an approximately 100:1 diluted HF




process is sufficient to renove the silicon dioxide from the surfa@zﬂg n
the silicon substrate. This is a better process to use, conpared to a Béﬁ}

process, si

nce it is the same one used for preparing silicon surfa

gate oxidation generally. Referring nowto Fig. 16, a thick gate o
| ayer 72 is grown overlying the silicon substrate 40 in the high

section 52.
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process to use, compared to a BOE process, since it is the

same one used for preparing silicon surfaces for gate

oxidation generally.

Referring now to Fig. 16, a thick gate oxide layer 72
is grown overlying the silicon substrate 40 in the high
voltage section 52. The thick gate oxide layer 72 is a
very high quality oxide. In the preferred embodiment, the
thick gate oxide layer 72 is grown to a thickness of
between about 60 Angstroms and 150 Angstroms. By
completely stripping the sacrificial oxide layer 56 from
the high voltage section 52 before re—growing'the thick
gate oxide layer 72 from the surface of the silicon
substrate, rather than growing additional oxide over the
sacrificial oxide layer 56, the quality of the gate oxide

is improved.

Referring now to Fig. 17, the silicon nitride layer 60

is etched away. A phosphoric acid {(H3POy) is preferably

&l lggonnpubgratat.chithgst he sibéean di oxi de



Referring now to Fig. 18, the sacrificial oxide |ayer 56 overlyi ng:g@%,l O%ﬂ%
vol tage section 48 is etched away. The remaining sacrificial oxide ayelﬁ-
48 is etched awmay wusing a sinple pre-gate clean process. In the preferred
enbodi ment, the pre-gate clean process consists of an approxinmately 100:1
di luted HF solution that etches the wafers for between about 45 seconds
and 50 seconggedA\?gipé thig1 is a better process to use, conpared to a SOD
process, since it is IHe SAfer PRt ridd chor nptepdr ilngesi lsocon  sur faces
for gate oxi gfﬁig@. |.n.addition to renmoving the sacrificial gate oxide

| ayer 56, thé thT ke 180 £the £hiigon ghioxidei derbayeres7? i s al so reduced
by between about 18 Angstrons and 22 Angstronms. Referring nowto Fig. 19,
a thin gate oxide layer 76 is grown overlying the silicon substrate 40 in
the | ow voltagehpfeﬁfcti Qn 48, and the integrated circuit device is

conpl eted. The t “Jat'@9oRPHEt P et 28,i tha vacyiticghal euakit yapxide. In

t he preferreg enbodi nent, the thin gate oxide layer 76 is grown to a

t hi ckness of > betiaden 2860 the 280w Arrjdtadems eahiion 54 S\Nigs teteiB o BJE{Ng the
grow h of t thin 15 122 APR gate oxide |ayer 76, the thickness of the
thick gate oXiudemaining sacrificial oxide layer 48 is etched away

using a simple pre-gate clean process. In the preferred

- embodiment, the pre-gate clean process consists of an

{ approximately 100:1 diluted HF solution that etches the
wafers for between about 45 seconds and 50 seconds. Again,
;his is a better process to use, éompared to a BOE process,
since it is the same process used for preparing silicon
surfaces for gate oxidation. In addition to removing the
sacrificial gate oxide layer 56, the thickness of the thick
gate oxide layer 72 is also reduced by between about lé

Angstroms and 22 Angstroms.

i Referring now to Fig. 19, a thin gate oxide layer 76
is grown overlying the silicon substrate 40 in the low
voltage section 48, and the integrated circuit device is
completed. The thin gate oxide layer 76 is a very high
guality oxide{ In the preferred embodiment, the thin gate
oxide layer 76 is grown to a thicknéss of between about 20

Angstroms and 45 Angstroms. During the growth of the thin
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: : i i i cknesses in the
fabrlCatlngsgﬁk§chéfk¥ﬁe0%i9&éggrgﬁ%séggéé, rather than growing
additional oxide over the sacrificial oxide layer 56, the

quality of the gate oxide is improved.

e

At the conclusion of the process sequence, two very
high quality gate oxides have been formed. Fach gate oxide
can be custom tailored to the particular demands of the
device application. The novel process method eliminates
damage fo the gate oxides from contact with either
photoresist or photoresist stripping process. Damage to
the silicon substrate from BOE processes is likewise
eliminated by using only pre-gate cleans to remove oxide.

: Finally, the quality of each oxide is improved by
completely removing the sacrificial oxXide layer and re-

growing a new gate oxide.

As shown in the preferred embodiment, the present

invention provides a very manufacturable process for
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manufacture of integrated circuit devices. Wile the invention has h2enapR 2004
particularly shown and described with reference to the preferred - '
enbodi ments thereof, it will be understood by those skilled in the art

t hat various changes in formand details nmay be made without departing
fromthe spirit and scope of the invention. U 17 2 2 APR 2004 Clains 1. A
nmet hod for falii,cating gate oxi.de |layers of different thicknesses in the
nmanuf act ur e (?%bg%é%?g r(%teed OXdPEuPt dfifererdombickhagsepriovitieng active
area isol ati Lne- at | eas one | ow vol tage section and at | east
one hi gh voI?gggkgggg%%cé?iﬁ¥§§g§ﬁiﬁeoﬁlgﬁﬁkﬁrQﬁWéFeﬁorning a sacrificial
oxi-de |l ayer overlying said silicon substrate; depositing a silicon nitride
| ayer overlying said sacrificial oxide |ayer; depositing a masking oxide

| ayer overlying sgﬁf&es%ﬁi con nitride |ayer;

€ 1nvention has DPeen particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art

that various changes in form and details may be made

without departing from the Spirit and scope of the

invention.




patterning said masking oxide layer to forma hard nmask overlying

vol t age

section; etching through said silicon nitride |ayer exposed

S%‘% KPR %oy

said hard mask and thereby exposing said sacrificial oxide |ayer overlying
sai d high voltage section; etching away said hard mask and all of said
sacrificial oxide |ayer overlying said high voltage section

said silicon substrate in said high voltage section is exposed and
wherein no photoresist mask is used;: 18 22 APR 200 growi ng a thick gate

oxi de | ayer overlying said silicokiédBStrate in said hi gh vol t age

exposed
wher eby

et chi ng

away said silicon nitride layer to expose said sacrificial

| ayer overlying said | ow voltage section; etching away all of said
sacrificial oktde ?ajeirhod i \iahy igaitdnbomavel pageée skayswn ather eby sai d

asHbSLERL Ch kSRl dbdou v dhiage sRatlandl Seexposad and.aiher of . no

silicon

photoresi st mask is used;, growng a thin gate oxi
si licon czubeit adevige sainpticingl t age section; and conpleting said

integrated circuit device. 2. The nethod according to claim1l wherein said

ayer

providing active area isolations to define at least
one low voltage section and at least one high voltage

section in a silicon substrate;

forming a sacrificial oxide layer overlying said

silicon substrate;

depositing a silicon nitride layer overlying said

gsacrificial oxide layer;

depositing a masking oxide layer overlying said

silicon nitride layer;

patterning said masking oxide layer to form a hard

mask overlying said low voltage section;

etching through said silicon nitride layer exposed by
said hard mask and thereby exposing said sacrificial oxide

layer overlying said high voltage section;

etching away said hard mask and all of said exposed
sacrificial oxide layer overlying said high voltage section
whereby said silicon substrate in said high voltage section

is exposed and wherein no photoresist mask is used;

I8

section;
oxi de

ng said



sacrificial oxide |ayer is formed by one of the group conprising: therAP® zpos
oxi dation, rapid thermal oxidation, and chenical vapor deposition. 3. The

met hod according to claim1l wherein said sacrificial oxide layer is forned
to a thickness of between about 20 Angstrons and 40 Angstroms. 4. The

met hod according to claim1l wherein said silicon nitride |ayer is

deposited to a thickness of between about 60 Angstrons and 100 Angstrons.

5. The nethod according to claim1 wherein said nmasking oxide |layer is
deposi ted to FXPHIREnRsELBIX R MR OFIdhd@yer3ovakgEirangatthd 270 Angstrons.

19 22 APB12804n6s.iTbe: 5BL NOY ALCOMMIN0 Jol col@l BLdoybgrel n said step of

etching away said hard mask and sai d exposed sacrificial oxide |ayer
overlying said high voltage section is by a pre-gate cl ean process

conprising a wetnefch ysing ARRIQOXI I .1 diluted HF solution
t hat etches t%g ma%e?s or %gfﬁbencﬁ 5ﬁ$&§g%sé% n sg%d%ﬂfﬁﬁa§§§6%ds. 7.
The net hedcactocdahgoxddel ayet aveerlgiimesaiadd flbiwckoljasge oxécleidgyer i S
grown to a thickness of between about 60 Angstrons and 150 Angstrons.
etching away all of said sacrificial oxide layer
overlying said low voltage section whereby said silicon

substrate in said low voltage section is exposed and

wherein no photoresist mask is used;

growing a thin gate oxide layer overlying said silicon

substrate in said low voltage section; and
completing said integrated circuit device.

2. The method according to c¢laim 1 wherein said
sacrificial oxide layer is formed by one of the group
comprising: thermal oxidation, rapid thermal oxidation, and

chemical vapor deposition.

3. The method according to claim 1 wherein said
sacrificial oxide layer is formed to a thickness of between

about 20 Angstroms and 40 Angstroms.

4. The method according to claim 1 wherein said
silicon nitride layer is deposited to a thickness of

between about 60 Angstroms and 100 Angstroms.

5. The method according to claim 1 wherein sgaid
masking oxide layer i1s deposited to a thickness of between

about 130 Angstroms and 270 Angstroms.
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8. The method according to claim1l wherein said step of etching amayliﬁiﬁh
sacrificial oxide |layer overlying said |ow voltage section is by a z R 2004
pre-gate clean process conprising a wet etch using an approxi mately 100: 1
diluted HF solution that etches the wafers for between about 45 seconds

and 50 seconds. 9. The nethod according to claim1l wherein said thin gate

oxi de | ayer is gromn to a thickness of between about 20 Angstrons and 45
Angst rons. gat.e OXIde | ayers of . different

ho or fabricatin
t hi cknesses |ﬁ th hﬁnﬂ? %?%r%g%ﬁrégﬁqﬁ¥béﬁéF€H YPPEEEE RYE cREnpri si ng:

provi di ngfaetkyenar 8dal Sohad i 00 taefdiie At d eapbse@ngabpyr VoI dBge
section and at | east one_high voltage section in a silicon substrate;

form ng QxégﬁrFFV@Fanﬁﬁiﬂéﬁ$a®%WidVéﬁ?yﬂﬁ§a§§|§EC§FPFcbﬁ Bybstrate; 20

deposi ti @geagauel EQEaﬂ'ﬁfch@séaé’&ﬁ MBIy i ng,e%ab@chsagihg ghal oxide |ayer;
depositing a mask |n% oxi de | ayer overlylng said ltconnitride |ayer;
i’

pat t er ni AFPEaKAMARS ngo@xld®alwgﬂﬂ HR)SQiuhx@nhahdt etches the

wafers for between about 45 seconds and 100 seconds.

7. The method according to claim 1 wherein said
thick gate oxide layer is grown to a thickness of between

about 60 Angstroms and 150 Angstroms.

8. The method according to claim 1 wherein said step
of etching away said sacrificial oxide layer overlying said
low voltage section is by a pre-gate clean process
comprising a wet etch using an approximately 100:1 diluted
HF solution that etches the wafers for between about 45

seconds and 50 seconds.

9. The method according to claim 1 wherein said thin
gate oxide layer is grown to a thickness of between about

20 Angstroms and 45 Angstroms.

10. A method for fabricating gate oxide layers of
different thicknesses in the manufacture of an integrated -

circuit device comprising:

providing active area isclations to define at least
one low voltage section and at least one high voltage

section in a silicon substrate;

forming a sacrificial oxide layer overlying said

gilicon substrate;
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mask overlying said | ow voltage section; etching through said silicon 22 ApR a4
nitride | ayer exposed by said hard nask and t hereby exposing said

sacrificial oxide |ayer overlying said high voltage section; etching away

said hard mask and all of said exposed sacrificial oxide Iayer overlying

said high voltage section wherein said etching away is by a pre-gate cl ean
process conprising a wet etch using an approximately 100:1 diluted HF

sol ution that etcheg the wafers for Jﬁﬁf n about 45  seconds and 100
seconds and wWHEPEBY-LRBP o s7H oW Stk YK QEPHIHFﬁﬂ $3t¥age section is

exposed apdrwieeend BRidPhDiWLLsi st mask is used; growing a thick gate
oxi de |l ayer overlying said silicon substrate in said high voltage section;

etching away said silicon nitride |ayer to expose said sacrificial oxide

layer overlyi agpégaélﬁg%vlﬁéé}@ﬁ?g Qﬁ@déj'l’ay%trc'&lvgglg‘ﬂﬁécééld()f sai d

sacrificial oxide |ayer overlying said | ow voltag tion wherein said
et chi ng sa&ayonsnbyradprbazQME cl ean process conprising a wet etch wusing
an approximately 100:1 diluted HF solution that 21 22 APR 2004 etches the
waf ers for between about 45 seconds and 50

patterning said masking oxide layer to form a hard

mask overlying said low voltage section;

etching through said silicon nitride layer exposed by
said hard mask and thereby exposing said sacrificial oxide

layer overlying said high voltage section;

etching away said hard mask and all of said exposed
sacrificial oxide layer overlying said high voltage section
wherein said etching away is by a pre-gate clean process
comprising a wet etch using an approximately 100:1 diluted
HF solution that etches the wafers for between about 45
seconds and 100 seconds and whereby said silicon substrate
in said high voltage section is exposed and wherein no

photoresist mask is used;

growing a thick gate oxide layer overlying said

silicon substrate in said high voltage section;

etching away said silicon nitride layer to expose said

sacrificial oxide layer overlying sald low voltage section;

etching away all of said sacrificial oxide layer
overlying said low voltage section wherein said etching
away is by a pre-gate clean process comprising a wet etch

using an approximately 100:1 diluted HF solution that
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seconds whereby said silicon substrate in said | ow vol tage

section i 22 APR 2004

exposed and wherein no photoresist mask is used; growng a thin gate oxide
| ayer overlying said silicon substrate in said | ow voltage section; and
conpleting said integrated circuit device. 11. The method according to
claim 10 wherein said sacrificial oxide |layer is formed by one of the
group conprising: thermal oxidation, rapid thermal oxidation, and

chem cal vapor deposition. 12. The method according to claim 10 wherein
said sabrFREEi BPSoWRHETE ol REMSSIThedPd 45 REERREEsaBE Dot ween about 20

Angst r oM eaBad0wABZSHY 08B; a 13: 1 it "BRINRT-2eChdLAgat Oof! b R Gk Wherei n

said silicon nitride lTayer is deposited to a thickness of

between about

60 Angst F6fE18Rd1%00xPAgSE rand . where iThaanphieddrass ot dnagk t bs chegdn 10
wherein said thick gate oxide layer is grown to a thickness of between
about 60 Angstrons and 150 Angstrons. 15. The method according to claim10
wherei n sai d grhwhngat etlvia demteaymsrides lgiyean overdyt hgckaied ss 0f i diet ween

about 20 RgslLel®; AL £ LOINNIN Ry 22a R RaA304

completing said integrated circuit device.

11. The method according to claim 10 wherein said

sacrificial oxide layer is formed by one of the group

comprising: thermal oxidation, rapid thermal oxidation, and

chemical vapor deposition.

12. The method according to claim 10 wherein said

sacrificial oxide layer is formed to a thickness of between

about 20 Angstroms and 40 Angstroms.

13, The method according to claim 10 wherein =aid

silicon nitride layer is deposited to a thickness of

between about 60 Angstroms and 100 Angstroms.

14. The method according to claim 10 wherein gaid

thick gate oxide layer is grown to a thickness of between

about 60 Angstroms and 150 Angstroms.

15. The method according to claim 10 wherein said

thin gate oxide layer is grown to a thickness of between

about 20 Angstroms and 45 Angstroms.
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16. A method for fabricating gate oxide |layers of different thicknesses in
the manufacture of an integrated circuit device conprising: providin@Z.APR2&N
active area isolations to define at |east one |ow voltage section and at

| east one high voltage section in a silicon substrate; formng a

sacrificial oxide |layer overlying said silicon substrate wherein said
sacrificial oxide layer is fornmed to a thickness of between about 20
Angstrons and_40 Angstrons; depositing a silicon nitride |ayer overlying

said sacrifiéfal BxPaelPAyEer %%Rﬁﬁﬁ%ﬁ%ﬂ?zﬁaﬁﬁsﬁﬁﬁéeo%ﬁﬂér$a9%r over | yi ng

said sibigeurBhir LHSckaYskes P LGId L AL RS KIENGnOXhEabayey Lo forma
hard nask overlying said | ow voltage section; etching t r%ug said silicon
nitride kayeriexgevedebyompuiginegrd mask and t hereby exposing said
sacrificial oxide |ayer overlying said high voltage section; etching away
said hard mask and all of said exposed sacrificial oxide |ayer overlying
sai d hi gh vol pageidényi antiwhersian isailchtatcoly ng dwdynesabyl@apr e-gate cl ean

process oM st ng, a;uel gL £, using, @1 ppr Qe ely., Apg: . i uted

section in a silicon substrate;

forming a sacrificial oxide layer overlying said
silicon substrate wherein said sacrificial oxide layer is
formed to a thickness of between about 20 Angstroms and 40

Angstroms;

depositing a silicon nitride layer overlying said

sacrificial oxide layer;

depositing a masking oxide layer overlying said

gsilicon nitride layer;

patterning said masking oxide layer to form a hard

mask overlying said low voltage section;

etching through said sgilicon nitride layer exposed by
said hard mask and thereby exposing said sacrificial oxide

layer overlying said high voltage section;

etching away said hard mask and all of said exposed
sacrificial oxide layer overlying said high voltage section
wherein said etching away is by a pre-gate clean process
comprising a wet etch using an approximately 100:1 diluted
HF solution that etches the wafers for between about 45

gseconds and 100 seconds whereby said silicon substrate in
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HF solution that etches the wafers for between about 45 seconds anqz%pRPRzg
seconds whereby said silicon substrate in 23 4212 APR 2004 said hi gh® 04

vol tage section is exposed and wherein no
growing a thick gate oxide |ayer overlying said

hi gh vol tage section; etching away said silicon nitride |layer to expose

sai d

sacrificial oxide |layer overlying said | ow voltage section;
of said sacrificial oxide layer overlying said |ow voltage

away al

section whéfehagbavdleaghi sret avmy S sappsedpradguhereiramo process
conpri si

t hat

whereby said silicon substrate in said high voltage

et

@%Ogo¥§giggcgasy51gqﬁ%¥iapproxinately 100: 1 diluted HF sol

e e wafers for

YelaxT Yt

wherein no photoresi st sk is used, . and whereby_said thick gate
Ao 5 g

| ayer is partPaPry" et

SUH:S GPOWThg 2 SEnPHE

phot oresi st mask i s used,;
silicon substrate in said

et chi ng

uti on

Ween about 45 seconds and 50 seconds
section i s exposed,

oxi de

| ayer overlying

sai d sil k&dhcofubsSbsatgré Nisaddid Bgioki-agaqgeegticenonand conpl eting said

integrated circuit device.

sai d

etching away said silicon nitride layer to expose said

sacrificial oxide layer overlying said low voltage section;

etching away all of said sacrificial oxide layer
overlying sald low voltage section wherein said etching
away 1s by a pre-gate clean process comprising a wet etch
using an approximately 100:1 diluted HF solution that
etches the wafers for between about 45 seconds and 50
seconds whereby said silicon substrate in said high voltage
gection is exposed, wherein no photoresist mask is used,
and whereby said thick gate oxide layer is partially etched

down;

growing a thin gate oxide layer overlying said silicon

substrate in said low voltage section; and

completing said integrated circuit device.

17. The method according to claim 16 wherein said
gacrificial oxide layer is formed by one of the group
comprising: thermal oxidation, rapid thermal oxidation, and

chemical vapor deposition.

18. The method according to claim 16 wherein said
silicon nitride layer is deposited to a thickness of

between about 60 Angstroms and 100 Angstroms.

24

17. The method according to claim 16 wherein




sacrificial oxide layer is fornmed by one of the group conprising% %@@rwm
oxi dation, rapid thermal oxidation, and chem cal vapor depositi 72 . Wfhe
nmet hod according to claim 16 wherein said silicon nitride layer is
deposited to a thickness of between about 60 Angstronms and 100 Angstrons.
24 19. The nethod according to claim 16 wherein said thick gate oxide

| ayer is grown to a thickness of between about 60 Angstrons and 150

Angstronms. 20. The method according to claim 16 wherein said thin gate
oxi de | ayer i%%groWhe teetthediadamssingl teetthedn labeberedn apsirons and 45

ANgstronmgy; gp gate oxide layer is grown to a thickness of between
about 60 Angstroms and 150 Angstroms.

20. The method according to c¢laim 16 wherein said

thin gate oxide layer is grown to a thickness of between

about 20 Angstroms and 45 Angstroms.
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