METHOD OF BLOCKI NG Nl TROGEN FROM THI CK GATE OXI DE DURI NG DUAL GATE CWP
BACKGROUND OF THE INVENTION (1) Field of the Invention The invention
relates to the fabrication of integrated circuit devices, and nore
particularly, to a nethod for the <creation of |ayers of di@ﬁepeﬂt?mw

t hi ckness gate oxide for application in the creation of dual gate~"t
el ectrodes. (2) Description of the Prior Art |nproved sem conduct or

per formance of sem conductor devices has been nade possible by

i nprovenents_ i r | oqi i evi designs and in
devi ce packa%#ﬁ%nggggﬁégﬁgéﬁi$ﬁ§q§%%§f&%%MSgHﬁgﬁngthﬁ%ggﬁngi%ﬁ%ﬁc?%ﬁL
devices starts wth the growing of a | ayer of gate oxide over the surface
where the device is to be |ocated. THeTHat%F oxide is a thin thernal

oxi de, which allows better adhesion between the overlying |ayers (for
instance nitride) and the (underlying) silicon and acts as a stress

rel axation layer during field oxidation. Gate oxide can be forned by

t hermal oxi dation of thé&AGHGEELYINGFSTRECANVAREICEN 1

{1 Fieid of the Invention

The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method for the
creation of layers of different thickness gate oxide for

application in the creation of dual gate electrodes.

{2} Description of the Prior Art:

Improved semiconductor performance of semiconductor devices
has been made possible by improvements in a range of related
technologies, in device designs and in device packaging

approaches.

The creation of many of the semiconductor devices starts
with the greoewing of a layer of gate oxide over the surface where
the device is to be located. The gate oxide is a thin thermal
oxide, which allows better adhesion between the overlying layers
(for instance nitride) and the {underlying) silicon and acts as a
stress relaxation layer during field oxidation. Gate oxide can be

formed by thermal oxidation of the underlying silicon and can



al so be formed in conjunction with a deposited oxide layer, nitride |ayer
or any other material suitable for use as a gate dielectric. Gate oxide is
usual ly formed as a silicon dioxide material but. nay he a conposite
oxi de; such as TECS and silicon dioxide, or a nitride ox@dg;ﬁgyar or a
| i ke gate dielectric. A gate oxide |ayer can for instance be“@ﬁbﬁﬁﬁin an
oxi dation steam anbient at a tenperature between about 850 and 1, 000
degrees C. to a thickness between about 10 and 250 Angstrom Device
per f or man i s_hi-ghly.dependen n. t.hi ck S .of |layer gate

155, Bent P TR Tha 00 A0S, 0 Shomag ol b e B

oxide. In vi'ces ect ansi sto évices with

surroundi ng |.qgi ¢ _devices, the . conbined function.th IS provided one
sor conddcrsr SHeqP et PEqATY oSt b TR HETOSITh G Urbga & o6k a8 Fhyer 4268
different = thickness. Typically, surrounding |ogic functions require the
use of &lﬁﬁﬁﬁtFéyerG%Feg%%éd%x+ﬂe“?%ﬁ%%ﬁﬂiﬁ&@“ﬁgéﬁhﬁiS&é&?8§ dpeFtoF mance
while a thicker gate oxide is required in view of the required higher gate
vol t age férerhal FETC aBeEsset ? afdTRT DIt ©fox PRAM BN g5 AFOCsn2akafplec i th a
vol tage bias of about 2 volts of the substrate on which a FET nenory

devi ce i sliorédeedpraz vottrage diiderknce ofr abdutkes ondlet siipdereyufr ed
between the gate electrode and the substrate resulting in a gate voltage
of 7 A gate oxide layer can for instance be grown in an oxidation

steam ambient at a temperature between about 850 and 1,000

degrees C. to a thickness between about 10 and 250 Angstrom.

Device performance is highly dependent on the thickness of
the layer of gate oxide. In devices that combine Field Effect
Transistor (FET) devices with surrounding logic devices, the
compined function that is provided by one semiconductor device
reguires the deposition of gate oxide layers of different
thickness. Typically, surrounding logic functions require the use
of & thin layer of gate oxide to enhance overall device
performance while a thicker gate oxide is required in view of the
required higher gate voltage for the FET access transistor of
DRAM cells. As an example, with a veltage bias of about 2 volts
of the substrate on which a FET memcry device 1s created, a
voltage difference of about 5 volts 1s required between the gate
electrode and the substrate resulting in a gate voltage of 7
volts for the FET access transistor of the memory cells. The FET

devices of the logic portion of the circuit however reguire a



volts for the FET access transistor of the nenory cells. The FET devices
of the logic portion cf the circuit however require a 2 gate voltage of
about 3.3 volts, making it clear that |ayers of pad oxide are required for
these devices that are of different thickness. Another application where
gate oxide layers of different thickness is required i&fﬁnigbqf@?plication
of MOS devices where conbined PMOS and NMOS devices are create hat form
a converter. The mpjority carriers of PMOS devices are holes; the majority
carriers of NMOS devices are electrons. Holes have considerabl e | ower
mobi | ity 9&f&n VelseoFone Pactf tJ? n% YA 551 U T iive C%Eﬁ‘ﬁa%;hlai%t 3381“? h8" PMOS
device. To conpensate for this and to equaljze the drive capability of the
two type®adf cdéfecese BEEREFed t Her gt S of I HE PMES dde ¢ €e ifs dwitdenea ™
(allowing nore drive current for a given gate voltage) or the thickness of
t he gat ethéxikdeskayers for the two types of devices is adjusted allow ng
for higher gate current while maintaining gate widths the sane. O these
two solutions, the varying of the thickness of the gate oxide is the nore
prom sing since the widening of the gate electrode requires surface area,
which is cont pacyhte thpliestien where gate oxide layers of different

thickness is required is in the application of MOS devices where

combined PMOS and NMOS devices are created that form a converter.

The majority carriers of PMOS devices are holes; the majority
carriers of NMOS devices are electrons. Holes have a considerable
lower mobility than electrons resulting in a lower drive
capability of the PMOS device. To compensate for this and to
equalize the drive capability of the two types of devices, either
the gate of the PMOS device is widened (allowing more drive
current for a given gate voltage) or the thickness of the gate
oxide layers for the two types of devices is adjusted allowing
for higher gate current while maintaining gate widths the same.
Of these two solutions, the varying of the thickness of the gate
oxide is the more promising since the widening of the gate
electrode requires surface area, which is contrary to the desire

of miniaturization of the devices.

The invention addresses a method of creating layers of gate
oxide of different thickness whereby a first, relatively thick

layer 1s created and which is then partially and selectively




of mniaturization of the devices. The invention addresses a nethod of
creating layers of gate oxide of different thickness whereby a first,
relatively thick layer is created and which is then partially and
selectively 3 'i ? ?tl reduced in thickness in order to create the
relatively thin layer of gate oxide. The invention specifi ¢ally mgdresses
the desire for the presence of N2 in the oxide of the |ayer of gate oxide
.Since this presence provides inproved signal to no se perfornmance of the
created gatee el.ectrodes, US 6,110,842 (Okuno . .et al.) shows dual gate

o ocess SergEinttr PASTTanTs e o R 4P s ksvaThtalul hbe afaTer
dielectri grocess, by formng first and second oxide filns using .

ni tri dat Pon92ER 8739%; 5 ‘Bgfl?ﬂﬁﬁﬂnr%ﬁﬁ%ﬂ§§951&ﬁl@ﬁgFﬁ?éﬁﬁeEE@gﬁg%lre
dielectric process. US 6,261,972 Bl (Tews et al.) discloses another dual
gate OxFE PRBCRESSSSUAMMARYORITHES RVENTI OK ANPr i Agehl f ohf ectdiielof t he

invention is to create a | ayer

since this presence provides improved signa
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of the created gate electrodes.

US 6,110,842 (Ckuno et al.) shows a dual gate process using

nitridation.

Us 5,254,489 (Nakata) shows a dual gate dielectric process

by forming first and second oxide films using nitridation.

Us 6,303,521 Bl (Jeng)} reveals a multi-thickness gate

dielectric process.

Us 6,261,972 Bl (Tews et al.} discloses another dual gate

cxide process.

SUMMARY OF THE INVENTION

A principle cbjective of the invention is to create a layer

of gate oxlde that does not have a negative effect of the signal-

to-noise performance of the therewith-created gate electrods,.




of gate oxide that does not have a negative effect of the signal- to-noise
performance of the therewith-created gate electrode. 4 s r Another

obj éctive of the invention is to create |ayers of gate oxide having a

«di fferent thickness whereby the relatively thin |ayer of, gapg oxide is

provided with a higher concentration of nitrogen. thereBy iLhpt ¢ging t he
signal -t o-noi se performance of the gate el ectrode created with the thin

| ayer of gate oxide In accordance with the objectives of the invention a
new nethod i V|de for .the tion of |ayers of gate oxide haV|ng an
unequal thick s eﬁb CgﬁWFaSg ?58.6H¥eaFéO%e¥?ﬁﬁacgﬁv5% Pdce of

a substrate, a thick Iayer of %ate oxide is grown over the actlve surface.
A select|Qﬂ§QﬂQ§%q§5@%ﬂ&Pge8 fid Fﬁé@thFERCF%§%? Hreigdte O 0L adelvEdti vel y

reducing the thickness of the thick |ayer of gate oxide to the required

t hi ckness-hom a awfith of] gpée 6K 1gat ésoRraeidqnevldyer Tofohat clorgard roxiigs is
bl ocked from exposure. N2 atons are inplanted into the exposed surface of
t he t hi n dfayert ofgeoxi désrekpi drpherimt phocessialy s erfoorred orand cehe £
bl ocki ng mask is renoved fromthe surface of the thick |ayer of gate

oxi de. A thigghyadenedrictabdencotanetir wdehhase nowibeeryer of gate oxide.

In accordance with the objectives of the inventicn a new
method is provided for the creation of layers of gate oxide
having an unequal thickness. Active surface regions are defined
over the surface of a substrate, a thick laver of gate oxide is
grown over the active surface. A selective etch is applied to the
thick layer of gate oxide, selectively reducing the thickness of
the thick layer of gate oxide to the required thickness of a thin
layer of gate oxide. The laver of thick gate oxide is blocked
from exposure. N; atoms are implanted into the exposed surface of
the thin layer of oxide, rapid thermal prccessing is performed
and the blocking mask is removed from the surface of the thick
layer of gate oxide. A high concentration of nitride has now been

provided in the thin layer of gate oxide.
BRIEEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross section of a substrate in the surface of

which regions of field isolation have been created.




provided in the thin |layer of gate oxide. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a cross section of a substrate in the surface of which regions
of field isolation have been created. 5 Fig. 2 is a cross section of the
.Substrate after a thick |ayer of gate oxide has been forned over the
surface thereof. Fig. 3 is a cross section of the substritiel aftemcan
exposure nask has been created over the surface of the t hi ck | ayer of gate
oxide. Fig. 4 is a cross section of the substrate after the thick |ayer of
gate oxi de has been selectively etched in accordance wth the exposure
mask, the exposure mask has been renoved from the surface. Fig. 5is a
cross section of the substrate after a thin er of gate material has
been bl anket HeéPos¥t &8. 2FFEOSH %?ER%P%{%§d§§3§%%Fﬂ6ﬁt§fa@ﬁérséb§9%§¥e after
a second bl ocking mask has been created. .Fig. 7 shows a cross section
duri ng N2agesnPinpRhfAt axien h@ﬁdﬂyﬁ“tﬁ@“%%bd§@ﬁ?§ﬁﬁ¥é@éf§ﬁethéerayér of
gate material into the wunderlying thin |ayer of gate oxide.

Fig. 3 is a cross section of the substrate after an exposure
mask has been created over the surface of the thick layer of gate

oxide.

Fig. 4 is a cross section of the substrate after the thick
layer of gate oxide has been selectively etched in accordance
with the exposure mask, the exposure mask has been removed from

the surface.

Fig. 5 is a cross section of the substrate after a thin

layer of gate material has been blanket deposited.

Fig. 6 shows a cross section of the substrate after a second

blocking mask has been created.

Fig. 7 shows a cross section during N, atom implantation
though the exposed surface of the layer of gate material into the

underlying thin layer of gate oxide.




6 DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS It is clear that the conbination
of providing different functions within the design of one sem conduri-nr d
vi e brings with it the requirenent for different thickness of the gate
-oxide layer. Typically, high voltage devices such as program and erase
transistors require a relative thick layer of gate oxide that.-protects the
devi ce agai nst hi gh vol tage breakdown. Were however devicé ‘$peédiis
inportant, a thin |ayer of oxide is required, operating speed is enhanced

with a thin | ayer of oxi(%i n?{ d mﬁ:h narrow gate structure (short
channel | ength). Thes&1 %Féﬁx) g%hﬁ ﬁ@gEﬁgﬁﬁ FM%@REVEFﬂiortance wher e
devices with mcron or sub-mcron device features are inplenented. Prior
Art nethods of form ng oxide |layers of different thickness use multiple
steps of masking and oxide etch. The first layer created in this nmanner,
typical ly thelthiekesearayett e ¢oiringiiprgrcdwrrenidhagsdifaescot t he
substrate. This layer is nmasked with a | ayer of photoresist and etched
t her eby rempviings whehimnesk etk ¢ gyerobforexidenifoconiiche rsdbsticat brifthe nmask
of photoresist is renoved; a second |ayer of oxide is then grown over the
surface efithhetsuhst ragei revcdnudi fge tdief feermimitng cfkinkest of the gate oxide
layer. Typically, high veltage devices such as program and erase
transistors reguire a relative thick laver of gate oxide that
protects the device against high voltage breakdown. Where however
device speed is important, a thin laver of oxide is reguired,
operating speed is enhanced with a thin layer of oxide combined
with a narrow gate structure (short channel length). These latter

requirements gain further importance where devices with micron or

sub-micron device features are implemented.

Prior Art methods of forming oxide layers of different
thickness use multiple steps of masking and oxide etch. The first
layer created in this manner, typically the thickest layer, is
initially grown on the surface of the substrate. This layer is
masked with a layer of photoresist and etched thereby removing
the unmasked layer of oxide from the substrate. The mask of
photoresist 1is removed; a second layer of oxide is then grown
over the surface of the substrate including the remaining first
layer of oxide. This process results in a layer c¢f oxide that has

two thickness levels. This process can be repeated for the




| ayer of oxide. This process results in a |ayer of oxide that has two
t hi ckness |l evels. This process can be repeated for the 7 Mob application
where nore than two | evel s of thickness are required, usi@g;auge@ﬁgyce of

‘steps of deposition and etch. This process however suffers from t

di sadvant age of many sequential processing steps while the repeated use of
phot oresi st which is not easy to conpletely renove, results in |ayers of

oxi de of poor quality. Partial etch back of a deposited |ayer of oxide can
al so be used but thiﬁ met hod too suffers fromt sane di sadvant ages. The
i nventi oﬁpE§&F§§%8§ 4OFEE NG Bf TR RAtT Mg TN difd HHICER e SPager st 6 ghee
oxide that starts with a thick layer of gate oxide, this thick |ayer of
gate oxi 461§ SePBEVFUEFYCEt BRSO WRAtd @ HK 1Bdyér ShigaPEoBRFde.
Specifically, the invention addresses a nethod for inproved device

per f or maROEeE§ rs8HEERT Fel Yo Hipf ottt 4§/ N aditcornfi Fed va sgesienédagat e oxi de

| ayer, thereby inproving the signal to noise ratio of this gate oxide

performance. Referring now specifically to Fig. 1, there is shown a cross
not easy to completely remove, results in layers of oxide of poor

quality. Partial etch back of a deposited layer of oxide can also

be used but this method tco suffers from the same disadvantages.

The invention addresses a method ¢of creating thin and thick
layers of gate oxide that starts with a thick layver of gate
oxide, this thick layer of gate oxide is selectively etched to
create a thin layer of gate oxide. Specifically, the invention
addresses a method for improved device performance by selectively
implanting N; atom into a desired gate oxide layer, thereby
improving the signal to noise ratio of this gate oxide layer and
hence improving the therewith associated gate electrode

performance.

Referring now specifically to Fig. 1, there is shown a cross
section of a semiconductor surface 10, preferably the surface of
a silicon substrate. Active surface regions have been defined
over the surface of layer 10 by the creation of regions of field
isolation 12, 14 and 16 whereby the regions 12 and 14 of field

isolation bound the surface area of the substrate 10 over which a




section of a sem conductor surface 10, preferably the surface of a silicon
substrate. Active surface regions have been defined over the surface of

| ayer 10 by the creation of regions of field isolation 12, 14 and 16
-whereby the regions 12 and 14 of field 1isolation bound the surface area of
the substrate 10 over which a 8 F'.,..e thin layer of gat@foxrderis to be
created while the regions 14 and 16 of field isolation bound ‘the™Eur f ace
area of the substrate 10 over which a thick Iayer of gate OXIde is to be

ted 16 b d t t hod
Bortl o shtn, EREonarduct cofhie s BD 8 A e & FBE ERYagha T MO0

shaIIOM/trenches The net hod i nvolves fillin he trenches with a chem ca
vapor dep8si ﬁoﬁf(@%@ﬂdsf??%%%l%&lQ@Pn?EﬁQ%) %hér 8t ChedBackbafFrate

mechani cally or chemcally polished to yield a planar surface. The shall ow
t renches 18t EHEd Whé?htﬁet%K§¥p#%%%%so%ﬂéﬂéhﬂ§ﬁﬁkbﬁﬁcépl?eppé§ﬁﬁe@tched into
the silicon substrate and are typically between 0.3 and 0.8 mcroneter
(um) deep. STI are fornmed around the active device to a depth between
4,000 and 20,000 Angstrom Anot her approach in formng STI regions is to
deposi t STI regions 12, 14 and 16 can be made using a variety of

methods. For instance, one method is the Buried Oxide (BOX}
isolation used for shallow trenches. The method involves filling
the trenches with a chemical vapor deposition (CVD) silicon oxide
{SiC;) and then etched back or mechanically or chemically
polished to yield a planar surface. The shallow trenches etched
for the BOX process are anisoircpically plasma etched into the
silicon substrate and are typically between 0.3 and 0.8
micrometer {(um.) deep. STI are formed around the active device to

a depth between 4,000 and 20,000 Angstrom.

Another appreach in forming STI regions is to deposit
silicon nitride on thermally grown oxide. After depositicon of the
nitride, a shallow trench is etched inte the substrate using a
mask. A layer of oxide 1s then deposited into the trench so¢ that
the trench forms an area of insulate dielectric which acts to
isolate the devices 1n a chip and thus reduce the cross talk
between active devices. The excess deposited oxide must be
polished off and the trench planarized to prepare for the next

level of metalization. The silicon nitride is provided to the




silicon nitride on thermally grown oxide. After deposition of the nitride,
a shallow trench is etched into the substrate using a nask. A |layer of
oxide is then deposited into the trench so that the trench forns an area
~of insulate dielectric which acts to isolate the devicesfinya: c@;p and
thus reduce the cross talk between active devices. The excess deb85|ted
oxi de nust be polished off and the trench planarized to prepare for the
next |evel of netalization. The silicon nitride is provided to the 9

silicon t reyve n i.de of 1. e

t hi ck |a§§ﬁﬁ'§% EE B?%b%ﬂ? gGQEg%gﬁ g%§5§%3§%mn over e SUY gcg%o¥hﬁayer
10. The | 18 of gate oxide is grown over the bare silicon 10 after the
silicon ﬁ& € has been cl eaned. The |ayer consists of a between about

100 and 200 Angstromthick |ayer of Si02 and can be thermally grown over
the surface of the wafer. Typically, a layer 18 of gate oxi de can be
formed in an oxidation steam anbient at a tenperature between about 850
and 1000 degfeé&§ick fared tPmefperidd of EboutoMela d RO ufUres: Chee

oxi de can be fornmed by thermal oxidation of the wunderlying silicon and can
al so be feowdedei nfcoayanctPonTit hager 18 of gate oxide is grown over the

bare silicon 10 after the silicon surface has been cleaned. The
layer consists of a between about 100 and 200 Angstrom thick
layer of SiC; and can be thermally grown over the surface of the
wafer. Typically, a layer 18 of gate oxide can be formed in an
oxidation steam ambienft at a temperature between about 850 and

1000 degrees C. for a time period of about 10 to 20 minutes.

Gate oxide c¢an be formed by thermal oxidation of the
underlying silicon and can alsc be formed in conijunction with a
deposited oxide layer, nitride laver or any other material

suitable for use as a gate dielectric.

A photoresist mask 20, Fig. 3, 1is then created over the
surface of the lavyer 18 of gate oxide in order to reduce the
thickness of layer 18 of gate oxide where a thin layer of gate
oxide 1s required, that is over the active surface area of

substrate 10 bounded by S8TI regicns 12 and 14.

10




deposited oxide layer, nitride |layer or any other material suitable for
use as a gate dielectric. A photoresist mask 20, Fig. 3, is then created
over the surface of the layer 18 of gate oxide in order to reduce the

“thickness of |ayer 18 of gate oxide where a thin layer of gate oxide is

required, that is over the active surface area of substrate(JO bounded by

STl regions 12 and 14. 10 The deposition and patterni ng of thé?l%&%rg@@ of
phot oresi st uses conventional nethods of deposition and photolithography

that are velbkngunoLo.the ard . Photarssl ste ool aoing bheauently yses..
) 0) W a

sulfuric acid and™ m xtures T ot Her 6xi di zPn
such as hydrogen peroxid H202), the sane conponents are, frequently used
in clean"ri§®a f’@PtéBP?gc’éeéW%? ?Eed%%‘ijotrlé%i gd Fﬁ?tﬁ’iéﬁ[@ﬂ ?BB@dgh%e
etch of the thick layer 18 of gate oxide, Fig. 4, can be_ acconplished by
di ppi ng €€ ¥Fddi KBAYINI3| bipe F%t- t e drirstd O lrpefifleéRedB60F 13 BRESS
seconds. Slope is a chem cal conpound containing HF, DI water and CH3COOH.
Thi s redstésurhe ehidkhdsOq) opnflapertagepvel H45€:sufflacetrearthdtzin
exposed by the photoresist mask from between about 100 and 200 Angstromto
agents such as hydrogen peroxide (Hp;0;), the same components are
frequently used in cleaning a wafer surface after the photoresist

has been stripped.

The etch of the thick layer 18 of gate oxide, Fig. 4, can be
accomplished by dipping the specimen in siope for the duration of
between about 3 and 5 seconds. Sleope is a chemical compound
containing HF, DI water and CHiCOOH. This reduces the thickness
of layer 18 over the surface area that is exposed by the
photoresist mask from between about 100 and 200 Angstrom to
between about 40 and 70 Angstrom. This thickness is highly design
dependent and 1s given at this time only as an example without

thereby limiting the scope of the invention.

The cross section that is shown in Fig. 5 shows that next a
thin, between about 20 and 80 Angstrom, layer 22 of polysilicon
is deposited over the surface of the structure that is shown in
cross section in Fig. 4. The layer 22 is not limited to being
polysilicon but can comprise any gate material such as for

example oxide-based materials, nitride based materials or SiGe.

11




bet ween about 40 and 70 Angstrom This thickness is highly design
dependent and is given at this tinme only as an exanple w thout thereby
limting the scope of the invention. The cross section that is shown in

- Fig. 5 shows that next a thin, between about 20 and 80 Angstrom | ayer 22
of polysilicon 1is deposited over the surface of the structure that is
shown in cross section in Fig. 4. The layer 22 is not |infitied T osbei ng
pol ysilicon but can conprise any gate material such as for exanpﬁé'

oxi de-based materials, . nitride based materials or SiCGe. 11 Layer 22 o

ol yoi 1§ LaHeEan sl ghohie bl L 5% SRErhst G b tiredn (205 - FaRI " BAY: HEGret0t

using LPCVD. The follow ng copments apply, at significant. advantage to

the i nveAfFoR?Vt 8ePhedepositish it ayer 22: Layer 22 prevents surface

damage during a subsequent step of N2 atominplantation to the surface of

the thin layer 18 of gate oxide overlying the surface of substrate 10 that

is bounded by STl regions 12 and 1.4 By selecting a gate material for the

deposi tion of ThayéelRowing hienheyer adodsy nett Béedittochatr efvvetiprilor to

addi tional processing steps of creating overlying gate el ectrodes but can
the invention, to the deposition of layer 22:

s Layer 22 prevents surface damage during a subseguent step of Np
atom implantation te¢ the surface of the thin layer 18 of gate
oxide overlving the surface of substrate 1¢ that is bounded by

STI regilons 12 and 14

¢ By selecting a gate material for the deposition of layer 22,
this layer does not need to be removed priocr toe additional
processing steps of creating overlying gate electrodes but can
readily be integrated into these processing steps

¢ Recause layer 22 i3z deposited To a thickness of only between
about 25 and 80 Angstrom, layer 22 does not form a barrier to
the penetraticn of N, atoms through this layer 22, and

¢ Laver 22, in combination with the selection of N; implantation
parameters such as N; atom energy and density, can serve as an
added contrel for the desired distributicon and penetration of
N, atoms into the underlying layer 18 of gate oxide; the Nj
atoms will pass through the layer 22 but in doing so can lose
enough energy and ¢an disperse in such a manner that a desired
N, atom profile can be created in the thin layer 18 of gate

oxide.

12




readily be integrated into these processing steps Because |layer 22 is
deposited to a thickness of only between about 25 and 80 Angstrom | ayer
22 does not forma barrier to the penetration of N2 atons through this
‘layer 22, and Layer 22, in conbination with the selection,aqf N2

i npl antation paraneters such as N2 atom energy and den5|t% Ean gifive as
an added control for the desired distribution and penetration of N2 atons
into the underlying |ayer 18 of gate oxide; the N2 atons wll pass t hrough
the |l ayer 22 but

|ng so. can | ose . enou rgy and, c Hl se in
Such & manner PfiasUaT ds Pt e ot it Po S s < PesEda: ReRhEaTRI n
| ayer 18 of gate oxide. 12 | | f~f tc; The surface reglon t hat
al i gns wefh9eke éﬁégﬁeast%?%Hb4%S&ﬁd WﬁtQﬁﬁe§QSHW§epp§tﬁéﬁﬁbﬁécﬁéékmﬁﬂha%
second photoresist mask 24 as shown in cross section in Fig. 6, this mask
serves ashavwpl éekingssnasktior & 019 ovik ng-Niifplmast<atiesiesf 2R23| hh@ckm«;f
ot her suitable blocking mask can al so be used for this purpose such as a
silicon mexikdéoharpdfmhskyimat irgarebes riemoved Mat iankat&ry teomecapphyiaigl e
isotropic plasma etching in an etchant conprising fluorocarbons,
blocking mask can also be used for this purpose such as a silicon
oxide hard mask that can be removed at a later time applying
isotropic plasma etching in an etchant comprising fluoﬁocarbons,
performed in a parallel HDP reactor in-situ, in a plasma
containing CFy; at a flow rate of between about 30 and 60 sccm, in
an organ carrier gas at a flow rate sufficient to maintain a
pressure between about 5 and 15 mTorr said HDP reactor and at an

rf power of between about 400 and 1,200 Watts TCP and between

about 1,000 and 1,500 Watts bias.

The surface ¢f the structure that is created as shown in
cross section in Fig. € is now exposed to Ny doping 2¢, Fig. 7,
into the laver of oxide that has previocusly been reduced in
thickness, that is the layer 18 of gate oxide that aligns with
and overlies the surface area of substrate 10 that is bounded by
field isoclation regions 12 and 14, as shown in the cross section

of Fig. 7.

The source of nitrogen for the plasma exposure 26, which is

preferably a high density plasma, may be a nitrogen containing




performed in a parallel HDP reactor in-situ, in a plasma containing CF4 at
a flowrate of between about 30 and 60 sccm in an organ carrier gas at a

flowrate sufficient to maintain a pressure between abou&}ﬁ and 15 mlorr
- said HDP reactor and at an rf power of between about 400 ‘a J“T:Z D' Watts

TCP and between about 1,000 and 1,500 Watts bias. The surface of the
structure that is created as shown in cross sectionin Fig. 6 is now
exposed to N2 doping 26, Fig. 7, into the |layer of oxide that has

previously_b redu i L gkness, i | ay.er te i de
t hat aliang &F?ﬁ §gn§gg$ggf?%gﬁfh€ suﬁ?%?gh%f%ﬁh%%8§u%§?}%ggg%Sggha?gés
bounded b% tEielfd Esolation rggions %; and _4T1%§ shown in &he CﬁOfS
section ©of Fg CrLO%HRIsEuP Ee %fm%Xtﬁ%dﬁﬁa or th ASHE " E 86SU 828"
which is _preferably a high density plasma, may he a nitraogen containing
13 gas t RAECFEOBERERAE BHOBy &S FRABRT O Wbl b R0t £9ncBUT6RE LBF the
follow ng sources may be used: helical generator, helicon,

el ect ronPéyEMat F6AFBSBRhante ol i FithTtidia y kady &¢ UDiiragct he wbiaBma

treatnment 26, the substrate 10 nmay be unbiased in which case the ionized
subst ancegsar ehaceeherat etilbyt aves plashemccelerated by the plasma

potential which is typically in the order of 20 Volts after which
the N; substances are implanted into the layer 22 of gate oxide
where this layer has been reduced in thickness and as determined
by mask 24. For further acceleration of the ions ¢of the plasnma,
the substrate may be bilased, using either a DC or a RF bias. As
processing conditions for the plasma treatment 26 can be cited
applying a plasma density between about 1E10 and 1E12 atoms/cm®,
a nitrogen flow of between about 50 and 1,800 scom, at a pressure
between about 10 and 350 Torr, a temperature between abcut 50 and
500 degrees C., a substrate bias between about 0 and 50 vVolts,
for a duration of between about 1 and 60 seconds. The substrate
bias may ke replaced by applying an energy between about 50 to

220 keV to the plasma.

The nitride flow of the plasma exposure 26 can be created
using a precursor gas that is selected from a group of nitride
containing gasses such as Ny, NH;, NO, N0, or a mixture thereof
appiied with or without an inert gas such as Ne, Kr, Xe, CO, CO»,

He, Ar, N; and mixtures thereof.
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potential which is typically in the order of 20 Volts after which the N2
substances are inplanted into the layer 22 of gate oxide where this layer
has been reduced in thickness and as determ ned by mask 24. For further
+accel eration of the ions of the plasma, the substrate maytibie bilaged, using
either a DC or a RF bias. As processing conditions for the plasna -
treatnent 26 can be cited applying a plasma density between about 1E10 and
1E12 atons/cnB, a nitrogen f|OM/Of bet ween about 50 and 1,800 sccm at a

pressur e bet%snpﬁgg}dg 10:AN4L 350, Tk 1o A Jemenatue %3 l\ef%p%gﬂ%d% and

500 degrees C., a Substrate tween a out

duration.of b wee ut 1 d 60 S ond The .substr S ¥
Fopl aced By aGhEyFRS  ant ther B Hethae Aol 50 0o OVS50 YaBY thot RELHRaGm.
The n|tr|de flow of the p %@sna exposure 26 an be created I]IEsm

a
precur soPtgh8et RAPSFE2EB| ¢t e riom P YrGih B Hhitt Fiede 2 Eo a?ﬁgné4gasses
such as N2, NH3, NO, N202 or a mxture thereof applied with or without an

inert gadhddchaigeRelnRFovee pagommpice 1Rf e aFeandefixedeeshehelaof . 14
111 The plasnma nitridation 26 causes nitrogen to be inplanted into the thin
| ayer 18cwmetedt hver| ayerthsn olawdyiafy adiee swifdgcdy providing an

improved signal to nolse ratio at high frequency operation of a

CMCS gate elecirode that is overlving and using this thin

nitrided layer of gate oxide.

After the siep 26 of N; doping has been comnpleted, rapid
thermal processing (RTP) is performed at a temperature between
about 800 and 1000 degrees C. for a time between about 10 and 20
seconds thereby forming a thin layer of nitrogen gate oxide with

a thickness between about 40 and 70 Angstrom.

The second photoresist mask 24, Fig. 7, can then be removed
from the surface after which the structure is ready for further
processing for the c¢reation of gate electrodes over the surface

thereof.
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of the substrate 10 that is bounded by STl regions 12 and 14. This causes

i mproved performance of the gate electrode that is created over the thin

| ayer of gate oxide by providing an inproved signal to noise ratio at high

* frequency operation of a CMOS gate electrode that is overkqugw@nq”ysing
this thin nitrided layer of gate oxide. After the step 26 ‘of :N2- d6fii ng has

been conpleted, rapid thermal processing (RTP) is perfornmed at a

tenperature between about 800 and 1000 degrees C. for a tine between about

10 and 20 see@ndsq iAerebyfer mhhgnaidhin layer of nitrogen gate oxide with
a thickness between about 40 and 70 Angstrom The second photoresi st nmask

24, Fig. 7,,can then be renmved C){romthe surface after which the structure
is ready fof FUrthet e[ﬁ%ﬂﬁﬁﬁﬁﬁﬂf or the creation of gate el ectrodes over
the surface thereof. 15 To sunmmarize the invention: A substrate is

provi ded®* A 1353t arith &2 sweond! acttilve region are created over itiwe surface
of the substrate by creating regions of STl in the surface thereof; the
first activef reg: orulist desi dnateegdadd ngheegégnonct STI in the surface
thereof; the first active region i1s designated as the region
over which a thick layer of gate oxide is desired, the second
active region is designated as the regicn over which a thin
layer of gate oxide is desired
o A thick layer of oxide is created over the surface of the
substrate, thereby including the first and the second active
regions over the surface of the substrate
¢ The thickness of the thick layer of oxide is reduced over the
second active region of the substrate, creating a thin layer of
oxide over the surface thereof, leaving in place a thick layer
of oxide over the first active region of the substrate
¢ A thin layér of gate material is deposited over the thin and
the thick layers of oxide
* A plasma exposure blocking mask is created overlying the thick
layer of oxide
* The thin layer of gate material is exposed to a nitrided plasma
thereby implanting nitride atoms into the underlying thin layer

of oxide

e The plasma exposure blocking mask is removed, and
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over which a thick layer of gate oxide is desired, the second active
region is designated as the region over which a thin |ayer of gate oxide
is desired A thick layer of oxide is created over the surﬁaqeggﬁ Lze
- substrate, thereby including the first and the second active' Tegiong over
the surface of the substrate The thickness of the thick |ayer of oxide is
reduced over the second active region of the substrate, creating a thin

| ayer of oxide over the surface thereof, leaving in place a thick |ayer

of oxi de ov Pthe firit %%}ive region of the substrate A thin |layer of
gate mat &rial’it® RPoTTES dver et 1 Hih HHFT Y& -t hi ck | ayers of oxide A

pl asma exposure bl ocking nask is created overlying the thick |ayer of
oxide The thin layer of gate material is exposed to a nitrided plasma
thereby inplanting nitride atons into the underlying thin layer of oxide
The pl asma expdSurEiBl daKPAgo a3kt ¢ so¥ eVl tird thigk 3aveRTPLI sxpdef or nmed
for N2 plasnma i mrersion.

with the thereover deposited thin laver of gate material can now

be used for the creation of gate electrodes of the surface

thereof, preferably creating a CMOS device over the surface of

the thin layer of gate oxide; the created CMOS device will have

improved signal-to-noise performance characteristic at high

freguency operation of the CMOS device, and

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that variations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents therecof.




The thin |layer of gate oxide and the thick |ayer of oxide wth the

t hereover deposited thin |layer of gate nmaterial can now be used for the
creation of gate el ectrodes of the surface thereof, prefeﬁé@l&{@rgﬁging a
CMOS devi ce over the surface of the thin layer of gate oxide; the created
CMOS device will have inproved signal-to-noise performance characteristic
at high frequency operation of the CMOS device, and Although the invention

has been described and illustrated wth reference to specific illustrative
enbodi nerithstt Rer €dfimpe 1Hsinot intended that the invention be linmited to
those illustrative enbodinents. Those skilled in the art wll recognize

t hat varilat iPomstand mbdifeéshihonshtanerbe ted& Wiatvieogt cdeparkei agidéreonm the
spirit of the invention. It is therefore intended to include within the
i nventi orcaltlrodtchgvaheahi onsdandonswdi fd tciatri ans tidel chrebhaktl Weybra the
scope of the appended clainms and equivalents thereof. 17 MC, Wat is
claimed igatk cAiget hedmptisieattng $thips asxck t hick layers of gate oxide
while controlling the nitride concentration in the created |ayers of
providing a substrate;
creating at least one first active and at least one second
active surface region over said substrate;
growing a layer cof oxide having a first thickness over said
substrate;
etching said layer of oxide overlying said at least one
second aciive surface regicn, thereby reducing said first
thickness to a second thickness;
depositing a layer of gate material having a third thickness
over said layver of oxide;
creating a plasma exposure blocking mask over said layer of
gate material, said plasma exposure blocking mask overlying said
layer of oxide having a first thickness;
performing nitride doping into said layer of oxide having a
second thickness;

performing a step of rapid thermal processing; and

removing the plasma exposure blocking mask.
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gate oxide, conprising the steps of: providing a substrate; creating at

| east one first active and at | east one second active surface region over

said substrate; growing a |ayer of oxide having a first th| kness over
substrat e;

sai d

etching said | ayer of oxide overlying said at Lignelliisecond

active surface region, thereby reducing said first thickness to a second

t hi ckness; depositing a |ayer of gate material having a third thickness
over said layer of oxide;, creating a plasma exposure bl ocking mask over
said | ayér. 8mhe @@ﬁéoﬁaﬂérﬁéﬁlmsétd5®1£

| ayer of oxide having a first thickness;

sai d

st adxKpos wrte Usiegékiong FasRt oveEl YEng
performng nitride doping

i nto sai édridayer leksoxpde havdng actS@@omdﬁthtKnESS$lp@ﬁto&ﬁﬁdgsabste@t©f
rapid thermal processing; and renoving the plasnma exposure bl ocki ng mask.
18 ?A 2.cchhpeimgthodoefiiobarayilonsadfl Creelat iing latt ilomast one first active

oxide in said substrate.

3. The method of claim 1, said first thickness being between

about 100 and 200 Angstrom.

4. The method of <¢laim 1, said second thickness being between

about 40 and 70 Angstrom.

5. The method of claim 1, said third thickness being between

about 20 and 80 Angstrom.

6. The method of claim 1, said etching said layer of oxide

overlying sald at least one first active comprising:

depositing a layer of photoresist over said layer of oxide;

patterning and developing said layer of photoresist,

¢reating a developed layer of photoresist overlying said layer of

oxide, said developed layer of photoresist and being aligned with

said at least one first active surface region created over said

substrate.
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and at | east one second active surface region over said substrate
conprising formng regions of field isolation oxide in said substrate. 3.
The method of claim1, said first thickness being between gabout. 100 and
200 Angstrom 4. The method of claim1, said second thicknéss "bei ngitbet ween
about 40 and 70 Angstrom 5. The nmethod of claim1, said third thickness
bei ng between about 20 and 80 Angstrom 6. The nmethod of claiml, said
etching said |ayer of oxide overlying said at |east one first actjve
conpri si Ag: ThepbsithPAgoa FhyEr bf dHesiTst SHPer sl @Lrayendoradki de;
patterning and devel oping said | ayer of photoresist, creating a devel oped
| ayer of cphiptrosésist veeet i hgssktdtedyfaromftheogirgep sangidevetopéd | ayer
of photoresist and being aligned with said at |east one first active
surface régitomesieat eddoveidsaidrd sust matterikd .7. The met hod of claiml,
sai d plasma exposure bl ocking mask conprising a material selected fromthe
group consisting of photoresist and oxi de hard mask nmaterial .

8. The method of claim 1, said nitride doping having a plasma

density between about 1E10 and 1E12 atoms/cm’.

9. The method of claim 1, said nitride doping comprising a

nitride flow of bhetween about 50 and 1,800 sccm.

10. The method of claim 1, said nitride doping being performed at

a pressure between about 10 and 350 Torr.

11. The method of claim 1, said nitride doping being performed at

a temperature between about 50 and 500 degrees C.

12. The method of claim 1, said nitride doping while applying a

substrate bias between about ¢ and 50 Volts.

13. The methed of claim 1, said nitride doping being performed

for a duration of between about 1 and 60 seconds.
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8. The method of claim1l, said nitride doping having a plasma density

bet ween about 1E10 and 1E12 atons/cnB. 9. The method of claim1l, said
nitride doping conprising a nitride flow of between abouﬁﬁ$®“and 1 800
sccm 10. The nethod of claiml, said nitride doping being perforned at a
pressure between about 10 and 350 Torr. 11. The nmethod of claim1l, said
nitride doping being perforned at a tenperature between about 50 and 500

degrees C. 12, The thod of clajm 1, said nitride dopi ile_a ing a
st rat & ot SLebBERBEN ‘Sbouta o aht 561 Vol sig ey COPHESRBERBE BFL 6B 1

said nitride doping being perforned for a duration of between about 1 and
60 second§ilgoapalyTRe ﬁe%%%twt%l%%ﬁ P iV lhist eRde PdopPRYY bBY N
performed while applying a substrate bias of 0 Volts and by applying an
ener gy benwsen aB5WEeB0aPouR 200 ke 340 thre gloadmg. P18smFhe net hod of claim
1, said nitride doping using a precursor gas selected fromthe group
consisting of N2 and NH3 and NO and N202 and a m xture thereof. 16. The

met hod of claiml1, said nitride doping using an inert gas.
15. The method of claim 1, said nitride doping using a precursor

gas selected from the group consisting of N; and NH; and NO and

N0, and a mixture thereof.

16. The method of c¢laim 1, said nitride doping using an inert

gas.

17. The methed of claim 1, said rapid thermal processing being
performed at a temperature between about 800 and 1000 degrees C.

for a time between about 10 and 20 seconds.

18. A method of creating thin and thick layers of gate oxide
while controlling the nitride ccncentration in the created lavyers
of gate oxide, comprising the steps of:

providing a substrate;

creating at least one first active and at least one second
active surface region over said substrate;

groewing a layer of oxide having a first thickness over
said substrate, thereby including said at least one first active

and at least one second active surface region;
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17. The method of claim1l, said rapid thermal processing being perforned
at a tenperature between about 800 and 1000 degrees C. for a tinme between
about 10 and 20 seconds. 18. A nethod of creating thin and thick |ayers of
gate oxide while controlling the nitride concentration in thd b{;ea@{@g
| ayers of gate oxide, conprising the steps of: providing a substrate,;
creating at least one first active and at | east one second active surface
regi on over said substrate; grovvi ng a | ayer of oxide having a first _
t hi ckness overcreg&il@dsabsiFat eSttherebySt el di NG s &d Cat e8asPLoAd 1 ffr stald
active and at |east one second active surface region; 21 creating a first
et ch resifstraraskcdverssatdnpayepe iy oxi degnedaiidh fSanst agt dhapéspse AhskE
being aligned with said at | east one first active surface region; etching
sai d | ayeictafveoxiudd aicr aegordance with said first etch resist mask,
t hereby reducing said first thickness to a second thickness, thereby
creating at | eashioneshitfstal;ayest ofxidxide davimgraef with thickféesst
overlying said at |east one first active surface region in addition to
creating Al-r 8asli s@N@ask, thereby reducing said first thickness to a
second thickness, thereby creating at least one first layer of
oxide having a first thickness overlying said at least one first
active surface regicon in addition to creating at least one
second lavyer of oxide having a second thickness overlying said
at least one second active surface region;
removing said first etch resist mask;
depositing a layer of gate material having a third thickness
over sald layer of oxide, thereby including said at least one
first layer of oxide and said at least one second layer of oxide;
creating a second plasma exposure blocking mask over saild layer
of gate material, said second plasma exposure blocking mask overlylng
sald at least one first layer of oxide;
perforning nitride doping into said at least one second
layer of oxide;

performing a step of rapid thermal processing; and

removing the second plasma exposure blocking mask.

1%. The method of claim 18, said creating at least one first

active and at least one second active surface region over said
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second | ayer of oxide having a second thickness overlying said at |east
one second active surface region; renoving said first etch resist mask
depositing a |layer of gate material having a third thickne%f over_ said

| ayer of oxide, thereby including said at |east one first éﬁgﬁJGﬁ&bxide
and said at | east one second | ayer of oxide; creating a second plasna
exposure bl ocking mask over said |layer of gate material, said second

pl asma exposure bl ocki ng mask_overlying ., said at_| east one first |ayer of
oxi de: pERPSIARG APEPTAE: BOpF bR o SHI U hio] daitl CorgOLetant OF iy er LBf
oxi de; performng a step of rapid thermal processing; and renoving the
second pls@sita SeRp58aF8- bl ocki ng mask. 19. The nethod of claim 18, said
creating at |east one first active and at |east one second active surface
region over said 22 G V~tl substrate conmprising formng regions of field
isolation oxide in said substrate. 20. The nethod of claim 18, said first
t hi cknesbeilitg bethednofabbainl10®, aral @00 Myigstiriorhness being between

about 100 and 200 Angstrom.

21. The methed of claim 18, said second thickness being between

akout 40 and 70 Angstrom.

22. The method of claim 18, said third thickness being befwesen

about 20 and B0 Angstromnm.

23. The method of claim 18, said first etch resist mask comprising

photoresist.

24. The method of claim 18, said second plasma exposure blocking
mask comprising a material selected from the group consisting of

photoresist and oxide hard mask material.

25. The method of claim 18, said nitride doping having a plasma

density between about 1EL10 and 1E12 atoms/cm®.

26. The method of claim 18, said nitride doping comprising a

nitride flow of between about 50 and 1,800 scom.
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21. The nethod of claim 18, said second thickness being between about 40
and 70 Angstrom 22. The nethod of claim 18, said third thickness being
bet ween about 20 and 80 Angstrom 23. The nmethod of claim 18, said first
etch resist nmask conprising photoresist. 24. The net hod o$ cl.aim 18, said
second pl asma exposure bl ocking nmask conprising a materia ?s'técﬁﬁﬁ from
the group consisting of photoresist and oxide hard mask material. 25. The
nmet hod of claim 18, said nitride doping having a plasma density between
about 1E10 and 1E12 atonms/cnB. 26. The nethod of claim 18, said nitride
doping conprising a nitride flow of between about 50 and 1,800 sccm 23 Et
27. The ‘hddcofretharnfigcigaindl fi t $¢ Hé Mdpility BEIHG pECFEPmEG - aEmgd
pressure between about 10 and 350 Torr. 28. The method of claim 18, said
nitride ddpisngussisngepeptoraadabant alf emperattur® et ween about 50 and 500
degrees C. Il 29. The nmethod of claim 18, said nitride doping while
applying a

28. The method of claim 18, said nitride doping being performed

at a temperature between about 50 and 500 degrees C.

29, The method of claim 18, said nitride doping while applying a

substrate bilas between about 0 and 50 Volts.

30. The method of claim 18, said nitride doping being performead

for a duration of between about 1 and 60 seconds.

31. The method of claim 18, said nitride doping being performed
while applying a substrate bias of 0 Volts and by applying an

energy between about 50 to 220 keV fo¢ the plasma.

32. The method of claim 18, said nitride doping using a precursor

gas selected from the group consisting of N, and NH; and NO and

N, and a mixiure thereof.

33, The method of claim 18, said nitride doping using an inert

gas.
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substrate bias between about 0 and 50 Volts. 30. The nethod of claim 18,
said nitride doping being perforned for a duration of between about 1 and
60 seconds. 31. The nethod of claim 18, said nitride dopin%_bngg per f or med
while applying a substrate bias of 0 Volts and by applyi ng/ dnii:engigy

bet ween about 50 to 220 keV to the plasma. 32. The nethod of claim 18, said
nitride doping using a precursor gas selected fromthe group consisting of

N2 d N NO and nd i Xt. th f. 33. Th th f clai
16, 2oai ot Fhaoratpr o b et et R e AR et S m 18,
said rapid thermal processing bein erforned at te rggure bet ween
about so@eéﬁarmeéoage@r%%p%at%ﬁ gﬂf‘{?ﬂeﬁ@ ﬁmeﬁoibaagp ?6 nde e conds.

25
{ for a time between about 10 and 20 seconds.
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