8 SEP 2004 Method For Forming Dual Gate Oxide 5 Background of Invention 1)
Field of the Invention This invention relates generally to fabrication of a
senmi conduct or device and nore 10 particularly to a method for foHﬁ&ﬁﬁ%zm#
dual” gate oxide in a dual voltage process. 2) Description of the Prior Art
Mbdem integrated circuit devices comopnly contain transistors and ot her
citcuit elenents that operate at differing voltage |levels. For exanple,
integrated circuit devices that contain non-volatile nenories usually
~contain both high and | ow voltage circuit elenments. Such non-volatile
“menories typically include circuit elenents that operate at relatively
hi gh voltage |l evels for pr i as well as other
circuit I 8 SEP 2004 el enﬂgﬁ%hg%ggogg@g%@gﬁér g?%i vely | ow vol t age

| evel s. High voltage circuit elenments such as program and erase transistors
are usually formed over a sem conductor substrate, or wafer, on a
relatively thick gate oxide layer. 5 Such relatively thick gate oxide

| ayers are required to prevent breakdown in a high voltage

57 Background of Invention

) 1) Field of the Invention

This invention relates generally to fabrication of a semiconductor device and more

| 10 particularly to a method for forming a dual gate oxide in a dual voltage process.

2) Description of the Prior Art

Modern integrated circuit devices commonly contain transistors and other circuit

15 elements that operate at differing voltage levels. For example, integrated circuit devices

-

that contain non-volatile memories usually contain both high and low voltage circuit
elements. Such non-volatile memories typically include circuit elements that operate at

refatively high voltage levels for program and erase operations as well as other circuit



operating environnment. However, it is preferable for the | ow voltage
circult elements to be fornmed on a relatively thin gate oxide |ayer. Such
tthin gate oxide layers typically increase the speed of such circuit..%SEP2m4
el ements. For exanple, transistors having relatively short gate |engths
and thin oxide layers typically provide increased operating speeds. 10 20
To accommpdate the need for circuit el enments which nust operate at

different voltages, nodemintegrated circuits are commonly fabricated
using a dual gate oxide (e.g. a gate oxide |ayer having two different

t hi cknesses) or multiple gate oxide thicknesses. ©One approach to
fabrication of a gate oxide |layer having nultiple thicknesses invol ves

mul ti pl e wkesientsgha wgeratel atl ecldtivelpidv ooltapedgyels. Typically, a first oxide

subl ayer is grown on the sem conductor substrate. The first oxide sublayer
is usually masked with a photoresist. nmask and the unmasked portions of the
first oxide sublayer are stripped away in the area where a thin oxide

layer is desi edeh JiRaPBALRLENR: S dhozrkiSh Shid DRSA AN And, @ - second

- oxide sublayer is grown on the senicon or 'substrate t¢ oxi de
o oS R Y S LT B S o e
(e A a5 8L briHRyert dhe Faulied to prévent Dreckdowh n & high vortege
operating environment. However, it is preferable for the low voltage circuit elerﬁents to
} be formed on a relatively thin gate oxide layer. Such thin gate oxide layers typically
increase the speed of such circuit elements. For example, transistors having relatively
short gate lengths and thin oxide layefs.typically provide increased operating speeds.
10
To accommodate the need for circuit elements which must operate at different
voltages, modern integrated circuits are commonly fabricated using a dual gate oxide (e.g.
a gate oxide layer having two different thicknesses) or multiple gate oxide thicknesses.
One approach to fabrication of a gate oxide layer having multiple thicknesses involves
- }5 multiple masking and oxide formation steps. Typically, a first oxide sublayer is grown on
the semiconductor substrate. The first oxide sublayer is usually_' masked with a photoresist
mask and the unmasked portions of the first oxide sublayer are stripped away in the area
where a thin oxide layer is desired. The photoresist mask is then stripped away and a

second oxide sublayer is grown on the semiconductor substrate to form thin oxide areas,

20 ~ and on the first oxide sublayer to form thick oxide areas. However, the photoresist mask



Anot her -approach to fabrication of a gate oxide |ayer having multiple

thi cknesses 5 is to grow an oxide |ayer having the greater off the desired
t hi cknesses. Then masking the areas where a thick oxide is desired=8s$ER) 2804
phot oresi st mask, and etching the exposed areas of the oxide |ayer to the
thi nner of the desired thicknesses. However, it is difficult to control
the thickness of the etched areas of the oxide |ayer, hindering the
performance and reliability of the device fornmed on the thin oxide areas.
10 Yet another approach to fabrication of a gate oxide |ayer having
multiple thicknesses is to inplant N-type ions which enhance oxi de growh
and nitroge .'oqs‘mhich retard oxide growh. A first inplant mask is

f or med ove*srél‘fjﬁ@“ S IPReYT ARt el 38E Photesistisydusg edisenthn gycrall galisy efthe wher e a
second oxide thickness is desired, and N-type ions are inplanted into the
seni conductrerianlytfoaped seennd yidesidayspeni ngs. The inplant mask is renoved,
and the N-type ions are driven in with a thermal anneal. A .Second inpl ant
mask is formed havi ng openi ngs over areas where a first oxide thickness
and a second oxide thickness are desired, and nitrogen ions are inplanted
into the sem cofAnhdrapprondisiofstirRatidnufay@le dxhe l@@ﬁﬁﬂﬂ%&nﬂllﬂp& maciaRsend

i npl ant mask. An oxide layer is then grown having a 20 first thickness

\gEm es 3082' Yisfb foR@RToxid18yel B¥EndOBE BreaftP bEMeEisitdl tRRERAs ! MhGk RSk e 3 -8
areas where a thick oxide is desiréd using a photoresist mask, and etching the exposed

_ } areas of the oxide layer to the thinner of the desired thicknesses. However, it is difficult to
control the thickness of the etched areas of the oxide layer, hindering the performance and
reliability of the device formed on the thin oxide areas.

. 10
- Yet another approach to fabrication of a gate oxide layer having multiple

thicknesses is to implant N-type ions which enhance oxide growth and nitrogen ions which
retard oxide growth. A first implant mask is formed over the semiconductor substrate

having openings over areas where a second oxide thickness is desired, and N-type ions are

15 implanted into the semiconductor substrate through the openings. The implant mask is

R—

removed, and the N-type ions are driven in with a thermal anneal. A second implant mask
is formed having openings over areas where a first oxide thickness and a second oxide
thickness are desired, and nitrogen ions are implanted into the semicondl_lctor substrate
through the openings in the second implant mask. An oxide layer is then grown having a

20 first thickness where oley nitrogen ions have been implanted, a second thickness where



bot h- N-type and nitrogen ions have been inplanted, and a third thickess
where‘no ions have been inplanted. While this process is benificial in
dpplications where an N-type doped region is desired beneath a second
t hi ckness oxide, such a doped region is not desirable in sone -8 SEP 2004
applications, such as dual voltage devices and nultiple voltage devices. 5
Al so, this process requires separate nmasking steps and a thermal anneal,
increasing the thermal budget, cycle time, and fabrication costs. The
i nportance of overcom ng the various deficiencies noted above is evidenced
by the extensive technol ogi cal devel opnent directed to the subject, as
docunented by the 10 rel evant patent and technical literature. The cl osest
and appar ehetinN-tipe @nd aitregemions vk héanamplanted,eind p thent thickess twherepmt ioms
literature can be gl eaned by considering the follow ng patents. U S. .U S
5,672,521 hBariteeningliantdd. JWhiRQMS pfoceislis beplkfRial i plliatEnsOMtictkead EMtgpe f or med by
inplanting nitrogen ions into a sem conductor substrate to retard oxide
growt h wi t Hogdld regibrt R@eirelbbidath 4 RBSnd RicRINRARES, MXdHdLdPe@Wolbrli@ndke varing
t hi cknesses of relatively thin oxide, and using undoped areas of the
sem conducjagr6e mtaggﬁﬁatigﬁsoxﬁcﬁ g gﬁdl V&kaée tdg}ugeg an@Hhufliple Yot ge de@icg% 8,116

a € process by ng ion

(Chittipeddi) shows a di gat e oxl an a rph|%l
: WDB ant, pf@ﬁt)?{hﬁt%)lré{ceﬁé rlehzﬁpeg 'sep4ar£ e g:as%a":h% s%t%g%nd 4 thermal anneal, increasing the

thermal budget, cycle time, and fabrication costs.

The importance of overcoming the various deficiencies noted above is evidenced
by the extensive technological development directed to the subject, as documented by the
10 relevant patent and technical literature. The closest and apparently more relevant technical

developments in the patent literature can be gleaned by considering the following patents.

U.S. 5,672,521 (Barson et al.) shows a multiple thickness oxide layer formed by
implanting nitrogen ions into a semiconductor substrate to retard oxide growth with or
15 without N-type ions to enhance oxide growth to make varing thicknesses of relatively thin
oxide, and using undoped areas of the semiconductor substrate to grow relatively thick

oxide.

U.S. 5,918,116 (Chittipeddi) shows a dual gate oxide process by an amorphizing

20 ionimplant, preferably silicon.



U:S. '5, 624,866 (Kim) shows an ion inplant to enhance oxide growh wherein
argon is one of several suitable ion species. U S. 4,597,164 (Havermann)
teaches a dual oxide nethod by doping a thick oxide 5 area. U. S. 5,668,035
(Fang et al.) shows a dual thickness gate oxide process by a nasking. step.
10 U.S. 5,330,920 (Soleimani et al.) and U S. 5,891,798 (Doyle et 8apEl 2004
teach a gate oxide nethod by nitridizing or inplanting N2 ions into a

sem conductor substrate. U.S. 5, 866,445 (Baumann) shows a dual gate oxide

t hi ckness using a N2 ion inplant. Sunmary of the Invention It is an object
of the present invention to provide a nethod for formng a dual thickness
gate oxide using a nitrogen ion inplant to retard oxide growh in a first
area and 20 an%a?g%ﬁz‘i, (Kirp) dhaws anicsrimalacietoenhaee gridegtovithwaersiacond ar ea.
5-- 8 SEP 2004 It is another object of the present invention to provide a
met hod f or afgomris onp ef sevardltsipdbis ibinspisdeess gate oxi de using a nitrogen ion
inplant to retard oxide growh in a first area to provide a first

t hi ckness, using an argon ion inplant to enhance oxide growh in a

U.S. 4,597,164 (Havermann) teaches a dual oxide method by doping a thick oxide

5 area.
) } U.S. 5,668,035 (Fang et al.) shows a dual thickness gate oxide process by a
masking step.
10 | U.S. 5,330,920 (Soleimani et al.) and U.S. 5,891,798 (Doyle et al.) teach a gate

oxide method by nitridizing or implanting N, ions into a semiconductor substrate.

U.8. 5,866,445 (Baumann) shows a dual gate oxide thickness using a N, ion
implant,

15

Summary of the Invention

It is an object of the present invention to provide a method for forming a dual
thickness gate oxide using a nitrogen ion implant to retard oxide growth in a first area and

20 an argon ion implant to enhance oxide growth in a second area.



second area to provide a second thickness, and using an undoped third area
provide a third 5 thickness in a subsequently grown oxide layer. It is yet
anot her object of the present invention to provide a nethod for formng a
mul tiple thickness gate oxide with reduced thermal budget and redug
processing steps by using a nitrogen ion inplant to retard oxide growh in
a first area and an argon ion 10 i nplant to enhance oxide growh in a
second area, with or without an undoped third area. To acconplish the above
obj ectives, the present invention provides a nethod for formng a nultiple
t hi ckness gate oxide |ayer. The process begins by providing a

sem conductor substrate having a silicon surface. The sem conductor
substrate has altfi§ #n9ther ghjecs ofithe pressmtdovenitian eeprovidela eRyholl ot foghing@npri se an
optional third area. Nitrogen ions into the first area while masking the
second ar eduliiple thickneshigatel oxidensidgDa fiobgendioh imilint k€ 8R4 okidle gWHRlh § ﬁﬁ’i mal
oxide gromh is retarded. Argon ions are inplanted into the. second area

whi | e naskamegtd previde & Sitst BicdeANkidd Y drildd idn FhRantko g%gh{ga&%@eég%% gion in
y S

whi ch thermal oxide growth is enhanced. A gate oxi mal |y

gr own over sdcbgd dred & prhGdé : € . [ egi d the third region;

wherein the gate oxi de g%}&/’ge}co{.]&;guéﬂ |Tagﬁgqgwgggne§d§e§{t}gﬁﬂ%e@r§‘éﬁe§% t he

first regi I ss _aver the second region, and a third
b P b Bl PGS 08 oy

t hi ckness in the Hd t hickness is greater than the
first thickness and the third thickness,

: ‘; It is yet another object of the present invention to provide a method for forming a
multiple thickness gate oxide with reduced thermal budget and reduced processing steps

by using a nitrogen ion implant to retard oxide growth in a first area and an argon ion

10 implant to enhance oxide growth in a second area, with or without an undoped third area,

To accomplish the above objectives, the present invention provides a method for
- forming a multiple thickness gate oxide layer. The process begins by providing a
semiconductor substrate having a silicon surface. The semiconductor substrate has a first

I5 area and a second area, and may further comprise an optional third area. Nitrogen ions

e’

into fhe first area while masking the second area and the third area to form a first region in
which thermal oxide growth is retarded. Argon ions are implanted into the second area
while masking the first area and the third area to form a second region in which thermal
oxide growth is enhanced. A gate oxiﬂe layer is thermally grown over the first region, the

20 | second region, and the third region; wherein the gate oxide layer has a first thickness over

6



and the third thickness is greater than the first thickness. 5 The present
i.nventii on provi des consi derabl e i nprovenent over the prior art. The key
advant ages of the present invention are that a nultiple thickness EP 2004
oxi de layer can be forned using an easily manufacturabl e single oxide
grow h process with a reduced thermal budget and reduced processing steps.
The thick area is not doped with N-type ions. Al so, since the thin gate is
grown at the sanme tinme as the thick gate in a single 10 oxidation step,
boron is not lost fromthe thin gate area during the first (thick gate)

oxi dation step, and a conpensation inplant is not needed. Another key
advantage is that a threshhold voltage i nplant and/or an anti- punchthrough
i mpl ant cartheofirst regiah, a/sebendi thipkrest @r thetsecdnt eegi@yadathird thitkmsdiatth@t € pri or
to the nitrogen inplant using the same inplant mask as the nitrogen inplant

for a | ow thind dreqeTigadecondahioketd i9 kreafr HHAR RS ANHCHRAM thoinng thiBg.sane
i npl ant mask as the argon inplant for a high voltage gate, further

reducing_ PEASARSHIRDIHKRRS is glhfor R illcsl AKRALEON achi eves these benefits in
t he context of known process 20 tec nol ogy. wever, a further

under standi ng of the nature and advantages of the present 7 8 SEP 2004
invention may be realized by reference to the |atter portions of the

specification apd attached draw ngs. .
PES rf'ge presen% mvention provngas considerable improvement over the prior art.

The key advantages of the present invention are that a multiple thickness gate oxide layer
N } can be formed using an easily manufacturable single oxide growth process with a reduced
thermal budget and reduced processing steps. The thick area is not doped with N-type
ions. Also, since the thin gate is grown at the same time as the thick gate in a single
10 oxidation step, boron is not lost from the thin gate area during the first (thick gate)

oxidation step, and a compensation implant is not needed. -

Another key advantage is that a threshhold voltage implant and/or an anti-
punchthrough implant can optionally be implanted into the semiconductor substrate prior

15 to the nitrigen implant using the same implant mask as the nitrogen implant for a low

R—

voltage gate, and prior to the argon implant using the same implant mask as the argon

implant for a high voltage gate, further reducing processing steps.

The present invention achieves these benefits in the context of known process

20 technology. However, a further undei‘standing of the nature and advantages of the present



5 Bricef Description of the Drawi ngs The features and advantages of a

sem conduct or device according to the present invention and further
details of a process of fabricating such a senm conductor device in
accordance with the present invention will be nore clearly under sE&8o®ER ritin
the follow ng description taken in conjunction with the acconpanying '
drawings in which like reference 10 nunerals designate simlar or
correspondi ng el ements, regions and portions and in which: Figures 1, 2, 3

& 4 illustrate sequential sectional views of a process for formng a gate
oxi de layer having nultiple thicknesses according to the invention. 15
Detail ed Description of the Invention The present invention wll be

descri bed iinventdananay ki redlized by referercetto theHatter portionpafithe spgcificaionrgs. The
present invention provides a nethod for formng a nultiple thickness gate
oxi de ‘| ayenttacheddraavingst r ogen ion inplant to retard oxide growh in a first
20 area and an argon ion inplant to enhance oxide growh in a second area,
then thermally 8 - 8 SEP 2004 growi ng a gate oxide |layer having a first
thickness in the first area and a second thickness, greater than the first

thickness, in the second ar eﬁriei‘Description of the Drawings

3

The features and advantages of a semiconductor device according to the present

PR

invention and further details of a process of fabricating such a semiconductor device in
accordance with the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference

10 numerals designate similar or corresponding elements, regions and portions and in which:

Figures 1, 2, 3 & 4 illustrate sequential sectional views of a process for forming a

gate oxide layer having multiple thicknesses according to the invention.

"

15 Detailed Description of the Invention

The present invention will be described in detail with reference to the
accompanying drawings. The present invention provides a method for forming a multiple
thickness gate oxide layer using a nitrogen ion implant to retard oxide growth in a first

20 area and an argon ion implant to enhance oxide growth in a second area, then thermally



Referring to Fig 1, the present invention begins by providing a

sem conductor 5 substrate (11) having a silicon surface. Sem conduct or
substrate (11) should be understood to possibly include a m)nocryst_eg bkpezum
silicon wafer or any of a nunmber of l|ike structures, including a
silicon-on-insulator (SO) structure or a structure having a
polycrystalline silicon top |ayer, as are known in the art. The

sem conductor substrate (11) has a first area (20) and a second area (30).
The sem conductor may further include 10 an optional third area (40).
Referring again to Fig. 1, a sacrificial oxide layer (12) is formed over
the sem conductor substrate (11). The sacrificial oxide layer (12) is

pr ef er abl ygrowigraedake/oxider layen hivinga filsi thickass incthe figt wee anddbsesdbndlBidkAwgst r ons
and 220 Angstronms, and nost preferably about 200 Angstrons. Still
referring greatér 4an the figst tHidkabss! Phdebozéa (24) is forned over the
sacrificial oxide layer (12), having an opening (25) over the first area
(20) of the sem conductor substrate (11). The first inplant mask can be
conposed of photoresist and can be formed 20 using photolithography (e.g.

deposit phot or @sieSt: X e. .devel ..and etch). As.9 EP 2004
shown i n Frg Tertink BHE 1 SPASS shCH B RO nBl ke FRIPHTEL (d0) are
'Covse red bysu%sﬂ%té (lrl)gﬂavlinrgpal s?hr}:%n rsrl?riaiéé. Semiconductor substrate (11) should be

understood to possibly include a monocrystalline silicon wafer or any of a number of like

R

structures, including a silicon-on-insulator (SOI) structure or a structure having a
polycrystalline silicon top layer, as are known in the art. The semiconductor substrate
(11) has a first area (20) and a second area (30). The semiconductor may further include

10 an optional third area (40).

Referring again to Fig. 1, a sacrificial oxide layer (12) is formed over the
semiconductor substrate (11). The sacrificial oxide layer (12) is preferably thermally
grown to a thickness of between about 180 Angstroms and 220 Angstroms, and most

15 ‘preferably about 200 Angstroms.

,..,
"’

Still referring to Fig. 1, a first implant mask (24) is formed over the sacrificial
oxide layer {12), having an opening (25) over the first area (20) of the semiconductor
substrate (11). The first implant mask can be composed of photoresist and can be formed

720 using photolithography -(e.g. deposit photoresist layer, expose, develop, and etch). As

9



A first threshhold voltage inplant and/or an anti-punchthrough inplant can
S optionally be inplanted into the first area (20) of the sem conductor
substrate (11) through the first inplant mask (24) to provide the dﬁqgsggzmn
characteristics for a subsequently fornmed gate. An advantage of the
present invention is that threshhold voltage and/or anti-punchthrough
inplants and a multiple thickness gate oxide can be fornmed using the sane
i mpl ant mask. 10 Still referring to Fig. 1, nitrogen (N2) ions are
inplanted into the sem conductor substrate (11) through the opening (25)
in the first inplant mask (24). The nitrogen ions are preferably inplanted
at an energy of between about 5 KeV and 100 KeV and at a dose of between
about | E1Ostaiwn iaFes. dthe $&cbad afed(30)8nd e pibid GHARArdaqas) 26 SoRfgrapl y 15
impl anted to a depth of between about 5 Xngstrons and 100 Angstrons bel ow
the subst gat ansiif@se. The nitrogen ion inplant forms a nitrogen doped
first region (20A) as shown in Figs. 2, 3 & 4. This first region (20A),

whi ch has a concentration of between about 1E10 atmcnB and | E16 atm cnB
of nitrogen ions and a depth (21) of between about 5 Angstrons and 100

o o A Bl Bl DR ok AR S 0
5 optionally be implanted into the first area (20) of the semiconductor substrate (11)
through the first implant mask (24) to provide the desired characteristics for a
: } subsequently formed gate. An advantage of the present invention is that threshhold
voltage and/or anti-punchthrough implants and a multiple thickness gate oxide can be
- formed uging the same implant mask.

10
Still referring to Fig. 1, nitrogen (N,) ions are implanted into the semiconductor
substrate (11) through the opening (25) in the first imp_lant mask (24). The nitrogen ions
are preferably implanted at an energy of between about 5 KeV and 100 KeV and at a dose
of between about 1E10 atm/cm® and 1E16 atm/cm®. The nitrogen ions are preferably

15 implanted to a depth of between about 5 Angstroms and 100 Angstroms below the

R

substrate surface. The nitrogen ion implant forms a nitrogen doped first region (20A) as
shown in Figs. 2, 3 & 4. This first region (20A), which has a concentration of between
about 1E10 atm/cm® and 1E16 atm/cm’ of nitrogen ions and a depth (21) of between
about 5 Angstroms and 100 Angstroxﬁs, retards oxide growth bﬂr about 10% to 20%

20 compared to an unimplanted area of the substrate.

10



The first inplant mask (24) is then renoved. A first inplant mask (24)
conposed of photoresist, can be renoved using a dry ashing process and a
chem cal resist strip (CRS) process as is known in the art. 5 Refearg cap 2@
Fig. 2, a second inplant mask (34) is formed over the sacrificial 0xide

| ayer (12). The second inplant mask (34) has an opening (35) over the
second area (30) of the sem conductor substrate (11). The second i npl ant
mask (34) can be conposed of photoresist and can be forned using
photol it hography (e.g. deposit photoresist |ayer, expose, devel op, and
etch). As shown in Fig. 2, the first area (20) and the optional third 10
area (40) are covered by the first inplant mask. A second threshhold

vol t age i npl ant Thefifsbimpdant matki (2)is clienemongid. iAfaseintplaaemaskaRy) eongdosed be
inpl anted into the second area (30) of the sem conductor substrate (11)

t hrough t hef plextorsslst] camlbanémdRa lisibg 4 dry Khidk QYRR b8 Hasibiieekigbadpact eristics
for a 15 subsequently fornmed gate. Again an advantage of the present

invention (GR$N#bedshEES MR (M4t @age and/ or anti - puncht hrough i nplants and
a multiple thickness gate oxide can be forned using the sanme inplant mask.

Still referring to Fig. 2, argon ions are inplanted into the second area
(30) of the 20 sem conductor substrate (11) through the opening (35) in

thegsecond inpl ﬁthemq:%%)( Fx%?’i)a' secc}n]d i?npggf mgs(io(it) is formed over the sacrificial oxide

layer (12). The second implant mask (34) has an opening (35) over the second area (3 0)
} of the semiconductor substrate (11). The second implant mask (34) can be composed §f

photoresist and can be formed using photolithography (e.g. deposit photoresist layer,

expose, develop, and etch). As shown in Fig. 2, the first area (20} and the optional third

10 area (40) are covered by the first implant mask.

A second threshhold voltage implant and/or an anti-punchthrough implant can
optionally be implanted into the second area (30) of the semiconductor substrate (11)
through the second implant mask (34) to provide the desired characteristics for a
15 sqbsequently formed gate. Again an advantage of the present invention is that threshhold
voltage and/or anti-punchthrough implants and a multiple thickness gate oxide can be

formed using the same implant mask.

Still referring to Fig. 2, argon ions are implanted into the second area (30) of the

20 semiconductor substrate (11) through the opening (35) in the second implant mask (34). |

11



The argan ions are preferably inplanted at an energy of between about 10
KeV ahd 100 KeV and at a dose of between about 1E10 atnmficnR and 1E16

atm cn2. The argon ion inplant forms an argon doped second regi on(388p A%
shown in Figs. 3 & 4. This second region (30A) enhances oxi de growh by
about 20% to 30% conpared to an uninplanted 5 area of the substrate
surface. The second region (30A) has a concentration of between about 1E10
atmcn8 and 1E16 atm cnB of argon ions and a depth (31) of between about 5
Angstrons and 100 Angstronms. Referring to Fig, 3, the second inplant mask
(not shown) and the sacrificial oxide 10 layer (12) are renoved. A second
i npl ant (34). conposed of photoresist, can be renoved using a dry

ashi ng p??;‘i SothipngareresTorplly aplanded atan jepesginof betweea abeut 10FRY angdald0i f i ci al
oxi de layer (12) can be renoved using a variety of processes known in the
art, inclkeYnad 2R dose of bejweHRGORU] E Metm/end and EE Iogqtiyerndn Thélkigbn idRCA, or

buf fered oxide echant, nost preferably RCA. Referring to Fig. 4, a gate
oxi de | ayeimplabdforins at rgomdbped sgecndnegiore30ARes shotatin Figgidah 4. (120Aecshad t he
second region (30A) of the sem conductor substrate. The gate oxide |ayer
(14) i's pregondsis) e alderbRIms dbu Rvlo 191 L6 rabeL uiififrand 900 C

i n an oxygen containing atnosphere.” The gate oxide 1ayer (14) can be grown

in oxygen &gy ¥r R sibsirte bhpb. Phe %X&F&gi@)ﬂ%&%%&?@@&c@ﬂﬁbﬁ&‘98938{1) - 12

about 1E10 atm/cm® and 1E16 atm/cm® of argon jons and a depth (31) of between about 5

P
o

Angstroms and 100 Angstroms.

Referring to Fig, 3, the second implant mask (not shown) and the sacrificial oxide
10 layer (12) are removed. A second implant mask (34) composed of photoresist, can be
removed using a dry ashing process and a CRS process as is known in the art. The
sacrificial oxide layer (12) can be removed using a variety of processes known in the art,
including; RIE using CHF,CF,, wet etch using HF and NH4F, RCA, or buffered oxide
echant, most preferably RCA.

15

—

Referring to Fig. 4, a gate oxide layer (14) is thermally grown over the first region
(20A) and the second region (30A) of the semiconductor substrate. The gate oxide 1ayer
(14) is preferably grown at a temperature of between about 700°C and 900°C in an
oXygen containing atmosphere. The gate oxide layer (14) can be grown in oxygen (dry

20 oxidation) or oxygen and hydrogen (wet oxidation).

12



8.SEP 2004 Due to the presence of nitrogen ions in the first region (20A),
the gate oxide layer (14) has a first thickness (22) overlying the first
regi on (20A) which is between about 10% and 20% | ess than the thi,céqg@ssm;,
woul d be over an undoped area. The presence of argon ions in the“second
region (30A) causes the gate oxide layer (14) to have a second thickness
(32) which is betlvsdn thetposence 094imrptn BAYmmp festirifon R6), teigalerags lvgul d be
over an undoped area. An optional undoped third area (40) would not he
effected by Bﬁbhamiﬁrst@g‘@ness@bamlymgmem eRRARIAYWHRA s tRBGkearabde 1ihave t he
t hi ckness (42) for which the thermal growth cycle was programed. 3G For
exanpl e, a sEiZE¥rieuehotheshiblstessataldimovanandiiptd L THRQRRECE of §hod €0i ON
(20A), an argon doped second region (30A), and an undoped third area (40),
as descri bednniethecsoewnd region (Bi)esees thopAe bl ot (19) @\Hale £36b@ progranmed to
grow a gate oxide |ayer having a thickness of about 90 Angstrons over
undopéd si | i diskressTiia} weiguis betrgenghiow 20%iadd30% apeer thirlly thhkaesBwbidgss t hi ckness
(22) of between about 50 Angstroms and 80 Angstrons 15 over the first =
regi on (20A)VERReHIPRRE 258 c AR @Ptiagl undofed B are: €D vesldl ot Bgefakebotiede | ayer
(14) has a second, thickness (32) of between about 100 Angstrons and 130
Angst rons. | HUORER EnRlEt prihe prgan inpbint and veulg e tbxihitindsagdl) fof ¥)khkies a third
t hi ckness (422 of between about 80 Angstrons and 100 Angstrons. It should
be under st oot tRECVICYdbWoerrosamte i s i ntended to be descriptive and is
not intended as a limtation of the present invention. The

} 10 For example, a semiconductor substrate having a nitrogen doped first region
(20A), an argon doped second region (30A), and an undoped thirgd area (40), as described
hereabove, is exposed to a thermal growth ¢ycle programmed {0 grow a gate oxide layer
having a thickness of a.bput 90 Angstroms over undoped silicon. 'l;he resulting gate oxide
layer (14) has a first thickness {22) of between about 50 Angstroms and 80 Angstroms

15 rover the first region (20A). Over the second region (30A), the resulting gate oxide layer
{14) has a second thickness (32) of between about 100 Angstroms and 130 Angstroms, In
the third area (40), the gate oxide layei; (14) has a third thi;:kness (42} of between about
80 Angstroms and 100 Angstroms. It should be understood that the above example is

ntended 10 be descriptive and is not intended as 4 limitation of the present invention. The

Meareer”

first and second thicknesses depend upon the doses and energies of the nitrogen and argon
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20 first, and second thicknesses depend upon the doses and energies of the
ni trogen and argon 13 8 SEP 2004 inplantations. Preferrably, the gate oxide
| ayer over the first region (20A) has a first thickness (22) of between
about 20 Angstrons and 100 Angstrons; the gate oxide |ayer over t g8 SECoro
region (30A) has a second thickness (32) of between about 40 Angstrons and
200 Angstroms; and the gate oxide |ayer over the third area (40) has a
third thickness 5 (42) of between about 30 Angstrons and 175 Angstrons,
Wil e the invention has been particularly shown and described with

ref erence tweplantations Pedferablydthe ghvoohidetuyersovieintie fref regidd (204 Ras B@rsunder st ood by
those skilled in the art that various changes in formand details may be
made W t hothickgesp 642 pfigteenahott 20 Apistrdris aad th0 Af@steeepie gite blige laytyent i on, 14
-8 SEP 2004 Clains 1. A nethod for formng a nultiple thickness gate oxide
| ayer, conBYs $hersgrond region (99 hofa seeond thicknissif3R)pf etpea abomnrdi0cingstresisbst r at e
having a silicon surface; said sem conductor substrate having a first
area, a se8hiP0fmasronsrand thetghteogide layer over the third area (40) hes a third thickness

s {42) of between about 30 Angstroms and 175 Angstroms,

While the invention has been 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

10 scope of the invention.
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area; b. formng a sacrificial oxide |layer over said sem conductor
substrate; c. inplanting nitrogen ions into said first area while masking
said second area and said third area to forma first region in which
thermal oxide growh is retarded; d. inplanting argon ions into sgig
second area while masking said first area and said third area to GFfn 40k
second region in which thermal oxide growth is enhanced; e. renoving said
sacrificial gate oxide layer; f. thermally growing a gate oxide |ayer over
said first area, said second area, capgssaid third area; said gate oxide

| ayer having a first thickness over said first region, a second thickness
over said second region, and a third thickness over said third area;
wherein said second thickness is greater than said first thickness and
said third thickness n third hickness is ater than said first
t hi ckness: and’ g. dP%ﬁ%gﬂﬁZ?%%n%%“Pﬂgh%ﬁwﬁﬂﬁﬁﬁ?wfﬁ?%§%@§§°8%P88g|ayers;
wher eby tQﬁﬁ&g%ﬁS can be operated at different voltages. 15 - 8 SEP 2004

a. providing a semiconductor substrate having a silicon surface; said
semiconductor substrate having a first area, a second area, and a third
area;

b. forming a sacrificial oxide layer over said semiconductor substrate;

c. implanting nitrogen ions into said first area while masking said second
area and said third area to form a first region in which thermal oxide
growth is retarded;

d. implanting argon ions into said second area while masking said first

area and said third area to form a second region in which thermal oxide

growth is enhanced;
€. removing said sacrificial gate oxide layer;
f. thermally growing a gate oxide layer over said first area, said second

area, and said third area; said gate oxide layer having a first thickness
over said first region, a second thickness over said second region, and a
third thickness over said third area; wherein said second thickness is
greater than said first thickness and said third thickness, and said third
thickness ié greater than said first thickness; and

g. forming gates on the different thickness oxide layers; whereby the gates

can be operated at different voltages.
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2. The method of claim| wherein said first thickness is between about 20
Angstronms and 100 Angstrons, said second thickness is between about 40
Angstronms and 200 Angstrons, and said third thickness is between about 30
Angstrons and 175 Angstronms. 3. The nethod of claim| wherein saids fgepstg
region is formed by inplanting nitrogen ions at an energy of betm%en about
5 KeV and 100 KeV and at a dose of between about | E 10 atm cnR? and 1E16
atMCW2. 4. The nethod of claim 1 wherein said second region is formed by
i npl anting argon igns atrh@ﬂle@le%gmam1%%%?%11%@%&{9%@%&@&#100 KeV and

a} a doaﬁ of between about MO atnfcn? an e met hod of
3
o ener gy of BRSO ABEEARS s OR0ToRE IR eoing EhAT 1S I ARG ORS

about 1 E 10 an atmcn2., .6, . . of cl wherein
said first regbg%@ﬁégn%aﬁﬁgﬂéﬁﬁ??%P?8Hd8?EHB¥Q§%EEE%ESF“TT%f%“ﬁé cn8 and
1E16 atm cnB gmﬁnltrqgﬁﬁ&%ons and a depth of between about 5 Angstrons and
100 Angstrons; S-has a concentration of between about
11310 atm cnB and Mo atnian of argon ions and a depth of between about 5
Angstrom and 100 Angstrons. 16

3. The method of claim 1 wherein said first region is formed by
implanting nitrogen ions at an energy of between about 5 KeV and 100 KeV and

at a dose of between about 1E10 atm/cm® and 1E16 atm/em”.

4. The method of claim 1 wherein said second region is formed by
implanting argon ions at an energy of between about 10 KeV and 100 KeV and at

a dose of between about 1E10 atm/cm? and 1E16 atm/cm?.

5. The method of claim 3 wherein said second region is formed by
implanting argon ions at an energy of between about 10 KeV and 100 KeV and at

‘a dose of between about 1E10 atm/cm?® and 1E16 atm/cm?.

6. The method of claim 3 wherein said first region has a
concentration of between about 1E10 atm/cm® and 1E16 atm/cm® of nitrogen ions
and a depth of between about 5 Angstroms and 100 Angstroms, and second region
has a concentration of between about 1E10 atm/cm’ and 1E16 atm/cm’ of argon

ions and a depth of between about 5 Angstrom and 100 Angstroms.
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- 8 SEP 2004 7. A method for forming a nmultiple thickness gate oxide |ayer,
conprising the steps of a providing a sem conductor substrate having a
silicon surface; said semnm conductor substrate having a first area and a
second area; b. formng a sacrificial oxide |ayer over said senLqu@pg&@r
substrate; c¢. formng a first inplant mask over said sacrificial oxide

| ayer; said first inplant nask having an opening over said first area and
maski ng said second area; d. inplanting nitrogen ions into said first area

of said sem conductor §QQ§H&9%@ﬁkg5%H%g$§§E§hggﬁgg ¢ bitigs flyer, first i npl ant

mask at an energy of between about 100 V and at a dose of
bet ween about . nd 1E16 atmicn2 ; e. renoving said first
i mpl ant mask;c : %@%ﬂégﬁﬁsggcond i npl ant mask over said sacrificial oxide

| ayer; ai d second inpl ant,. mask havi.ng an, openi ng oves sai econd area
o oni d sem conducbor MR EremP R T BE e e S0 AneTng

argon ions into said secqnd area of _said sem conductor substrate through
sai d opening PHUEHIYCOREsHate RpYag e firgl afeagpd g gecond area;

b. forming a sacrificial oxide layer over said semiconductor substrate;

c. forming a first implant mask over said sacrificial oxide layer; said
first implant mask having an opening over said first area and
masking said second area;

d. implanting nitrogen ions into said first area of said semiconductor
substrate through said opening in said first implant mask at an
energy of between about 5 KeV and 100 KeV and at a dose of
between about 1E10 atm/cm? and 1E16 atm/cm? ;

€. removing said first implant mask;

£. forming a second implant mask over said sacrificial oxide layer;
said second implant mask having an opening over said second area
of said semiconductor substrate and masking said first area;

g. implanting argoﬁ ions into said second area of said semiconductor
substrate through said opening in said second implant mask at an
energy of between about 10 KeV and 100 KeV and at a dose of
between about 1E10 atm/cm?” and 1E16 atm/cm? ;

h. removing said second implant mask;

i removing said sacrificial gate oxide layer;
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energy of between about 10 KeV.and 100 KeV and at a dose of between about
1 E 10 atnmfcn2 and M6 atnicnR ; h. renoving said second inplant mask; i.
renoving said sacrificial gate oxide layer; 17 8 SEP 2004 j. thermally
growi ng a gate oxide |layer over said first region and said secorrd 6EBion,
said gate oxide layer having a first thickness over said first region, and
a second thickness over said second region wherein said second thickness
is greater than said first thickness; k. using a reverse mask of the first

mask to forma ga'([jf el e@bmoms LNEhe al iR dxidedhyeRb6@ said Mt begibtPhliGary T €VErse
mask of the second nmask to forma gate el ectrode over the second area,;

wher eby the gate el eCtr%g&ldor\égilansgﬁi gsaﬁ(g)ggﬂa%r?ﬁggggrfﬁ%qﬁﬁ%s&‘g eat er

vol tage than the gate el ectrode over nmet hod of
claim?7 wherein said fi I 2& t H_ec{mes aissé g%&ﬁ?ﬁ@es axl?e?lééi 20 _Angstroms and 100
Angstrons and sai d secoldf Pt SRISEs YA eRud IRIERess BUT £ F°RAG IR Bhs and 200
Angstrons. L . . . .
9 wherein said second thickness is greater than said first thickness;
k. using a reverse mask of the first mask to form a gate electrode over
the first area; and
1. using a reverse mask of the second mask to form a gate electrode
over the second area; whereby the gate electrode over the second
area operates at a greater voltage than the gate electrode over the
first area.
8. The method of claim 7 wherein said first thickness is between

about 20 Angstroms and 100 Angstroms and said second thickness is between

about 40 Angstroms and 200 Angstroms.

9, The method of claim 7 which further includes forming a threshold
voltage implant for a low voltage gate by implanting BF; ions into said
semiconductor substrate through said first implant mask prior to implanting

nitrogen ions through said first implant mask.

10.  The method of claim 7 which further includes forming an anti-
punchtrough implant for a low voltage gate by implanting P, B, or I ions into said
semiconductor substrate through said first implant mask prior to implanting

- nitrogen ions through said first implant mask.
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9. The nethod of claim7 which further includes formng a threshold

vol tage inplant for a |l ow voltage gate by inplanting BF2 ions into said

sem conductor substrate through said first inplant nmask prior to_inplanting
nitrogen ions through said first inplant mask. 10. The net hod de@EEJQ

whi ch further includes formng an anti- punchtrough inplant for a | ow

vol tage gate by inplanting P, B, or | ions into said sem conductor
substrate through said first inplant mask prior to inplanting nitrogen

ons through sai'd filr St Thek@h ofBin 7 4ich 1SR A0 orm i WRLAQE Of 1 ai m
7 which further includes formng a threshold voltage 1nplQant for a high

vol tage gate QMH%%B&?EB %ﬁ?ﬁﬁé‘bﬂgé éé%§¥ﬁ?ﬂﬁﬁnn§$ﬁ%%%9ﬂﬂ8ﬁﬁﬁ substrate

t hrough said sec argon i ons through

sai d second i 2. Ihe od of. claim 7 whi rther i ncl udes
form ng an antrrig) rEll%fc’)lfﬁdnc 1rlbosuﬁtﬁ thrwha??f&?%?mgmwlad]ﬁ“\?ﬁlf?%ﬁ 5’81? @ntﬂ‘)g i mpl anti ng
P, B, or | ions into hsald nlcquu tor substrate through said second

i npl ant mask Bﬁ¥%ﬂmFdIPH%} N LSS t hrough sai d second i npl ant

mask. 19

12, The method of claim 7 which further includes forming an anti-
punchthrough implant for a high voltage gate by implanting P, B, or I ions into
said semiconductor substrate through said second implant mask prior to

implanting argon ions through said second implant mask.
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