;e3e/ np/ kj j k, mvnmo60TpQIQ-A--METHOD OF BLOCKI NG NI TROGEN FROM THI CK GATE
OXI DE DURI NG DUAL GATE CMP (1) Field of the Invention The invention

relates to the fab“rrﬂmmumm“mn"m” tegrated circuit devices, and nore
particularly, to a e creation of layers of different thickness
gate oxide for applicatisavbn the creation of dual gate el ectrodes. (2)
Description of the Prior Art Inproved sem conductor performnce of

sem conduct or devi ces has been made possible by inprovenents in a range of
rel ated teghmelragpesF BDOJEVYNGeN UESOGHIS BROM iTH IRV iGrd Fpaxk®gi DYRANAr DERhes.
The creation of many of the sem conductor devices starts with the grow ng

of a layer of gate oxide over the surtage where the device is to be
| ocated. The gate oxide is a thin thermal oxide, which allows better

adhesj he overlying layers (for instance nitride) and the
(undemm& mmm\““ on and acts as a stress relaxation layer during field
oxi da ) te oxide C%A@fgﬁﬁﬁ‘@%ﬁ)yr&é‘%‘%‘Nm%&dfﬂi on of the underlying

silicon af'®an 1 al so be formed 1'h conjunction with a deposited oxide
| ayer, nitride layer or any other material suitable for use as a gate

(1) Field 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 growing 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



dielectric. Gate oxide is usually fornmed as a silicon dioxide material but
may be a conposite oxide, such as TEGCS and silicon dioxide, or a nitride
oxide layer or a like gate dielectric. A gate oxide layer can for instance
be grown in an oxidation steam anbient at a tenperature between about 850
and 1,000 degrees C. to a thickness between about 10 and 250 Angstrom

Devi ce performance is highly dependent on the thickness of the | ayer of
gate oxide. In devices that conbine Field Effect Transistor (FET) devices
Wi th surrgupdi Bg Feghed 0BYi €85jurtdie pMlivhed depoisiiadt Bat deslayeyj ded by
one sem conductor device requires the deposition of gate oxide |ayers of

di fferent nt BickBesSyedYHE CALY Yor il mRdiing |s@@itepidngbioiser 8gULT gatde use
of a thin |ayer of gate oxide to enhance overall device perfornmance while a

thicker gagtg;gxide.iscgLequlfash if \{jsﬁﬂyglq}‘yl tdhe eauisr gdshi ghsh gabgiyo!l tage

for the FET access transistor of DRAM cells. As an exanple, with a voltage

bi as of a t u e 0 i ch E vice.
creat ed, ﬁggéFgaégéé?fﬁé é%%é§6$§§%%%ﬁx%QVB g Fgcgeéﬁrﬁggéﬁggﬁegﬁf%%ingate
el ectrode .and.the substrate resulting in a gate.voltage of..7.volts for the
FET accesglf’?(éﬂgrS?Braorfl?ﬂ]ed%e%ﬁ/e cgf'eﬂesr. O%h@ I‘—lé%e g\%?ce,eglg%g? J€§1:bgi c
portion of the circuit_ however require a 2 ate voltage of ahout 3.3

vol ts, maRi A§TPt O¥tearlenat Fa el cﬁnﬁﬁﬂPQ%dé%a%£9¥nré&uPPeBXF ?tifRse

devices that are of different
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
combined function that is provided by one semiconductor device
requires the deposition of gate oxide layers of different
thickness. Typically, surrounding logic functions require the use
of a 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 voltage bias of about 2 volts
of the substrate on which a FET memory device 1s created, a
voltage difference of about 5 volts is 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 require a



t hi ckness. Anot her application where gate oxide |ayers of different
thickness is required is in the application of MOS devices where conbi ned
PMOS and NMOS devices are created that forma converter. The nmgjority
carriers of PMOS devices are holes; the mpjority carriers of NMOS devices
are electrons. Holes have a considerable |ower nobility than el ectrons
resulting in a |lower drive capability of the PMOS device. To conpensate for
this and to equalize the drive capability of the two types of devices,

ei ther thgagateodfaybeoPMIowteVd 2 vicl i, deraéd ngaliltowilrgrmbhetdiayersusf ent
for a given gate voltage) or the thickness of the gate oxide |ayers for the

two typespafi devbeesrd Sragh sd @y 11w g deari Risgi@atgatre edr aentenbinte

mai ntai ning gate widths the same. O these two solutions, the varying of
the thickpgssypbisthe gate oxide is the nore prom sing since the w dening of
the gate electrode requires surface area, which is contrary to the desire
of mniaturization of the devices. The invention addresses a nethod of
creating layers of gate oxide of different thickness whereby a first,

relatively thicgk r_is.created d i i g .the rtially.
selectively 3 gn?%ﬁ%%e ?%l% ?% %é@gﬂf%qﬁﬁgﬁfg?éﬁbgg&%égt%g gé?ggfngy hi n

t
| f gate oxide. The inventjon specifically add the desire
Lhe. pr oseRBECBICRE Hh TRE" DY e 01t RE A 6F gt e a8 cevices ftfL

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 is created and which is then partially and selectively



since this presence provides inproved signal to noise performance of the
created gate electrodes. US 6,110,842 (Okuno et al.) shows a dual gate
process using nitridation. US 5,254,489 (Nakata) shows a dual gate

di el ectric process by formng first and second oxide filns using
nitridation. US 6,303,521 Bl (Jenq) reveals a nulti-thickness gate
dielectric process. US 6,261,972 Bl (Tews et al.) discloses another dual
gate oxi de process. SUMVARY OF THE | NVENTI ON A principle objective of the
i nventi onredutedcieatlei akhayerinforghir taxideatiatthdoeslpbti vhavethimebayewe
effect of the signal to-noise performance of the therewith-created gate

el ect rodeof4gat@nokhee . obhecinwentofort hpdaividnrialdy asldreseeeatkel ayei se of
gate oxide having a different thickness whereby the relatively thin |ayer
of gate oxbdeths prewéfled ¥ftiy, anhicglkeoxeancent Rk DayOF &f tFHGEHBxAdEr eby
i nproving the signal-to-noise performance of the gate el ectrode created

with the thipel a4eE ffegatEe Ot ERiadd iwv%@%q_gwatlhtbrﬁo%ieegéw%m%cé he

S
invention a new nethod 1s provided for the creati'on of |ayers of gate oxide

havi ng an_un a Lckn i face regions are defined over the
surface oPgagggbéfégkgé §§?%i€£é¢%§2§%%ﬁ gate oxide is

US 6,110,842 (Okuno 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 (Jenqg) reveals a multi-thickness gate

dielectric process.

US 6,261,972 Bl (Tews et al.) discloses another dual gate

oxide process.
SUMMARY OF THE INVENTION
A principle objective of the invention is to create a layer

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

to-noise performance of the therewith-created gate electrode.



grown-over the active surface. A selective etch is applied to the thick

| ayer of gate oxide, selectively reducing the thickness of the thick |ayer
of gate oxide to the required thickness of a thin layer of gate oxide. The
| ayer of thick gate oxide is blocked fromexposure. N2 atons are inplanted
into the exposed surface of the thin |layer of oxide, rapid thernal
processing is perfornmed and the bl ocking mask is renoved fromthe surface
of the thick layer of gate oxide. A high concentration of nitride has now
been provi ded Rnothertbbnetayes of tgad el roxdrde.orBRISER cDESEREBTLONeCF FHE
DRAWNGS Fig. 1 is a cross section of a substrate in the surface of which
regi ons ohatkebditisohating haver beamcrealiatheds whdr@by2the @cChO$SeSgCtion
of the substrate after a thick |ayer of gate oxide has been forned over the

surface tRangofayEkJor3ghte B0£I @SS $StdOIMLL Witg SUbsiyhatecahtehtaAtion
exposure mask has been created over the surface of the thick layer of gate

oxi de. Figs 4ik$ogefi] OFReSELY! Prﬁbf’cﬁvirgﬁ SHO AR A8l Js@eﬁfe%%méﬁ%@ro?f

gat e oxi de has beén selectively etch i n accordance mnt e exposure

mask, the, cREPGRLES g@ﬁ% bas bee g‘%%c?rwyﬁg JHeO”Ehtﬂue Ace: ‘t% o§|1!:1§as been

Cross section SUbstrat e thin |layer o gate terra
bl anket deposited.

In accordance with the objectives of the invention 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 layer 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 layer of thick gate oxide is blocked
from exposure. N; atoms are implanted into the exposed surface of
the thin layer of oxide, rapid thermal processing 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.
BRIEF 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.



Fig. 6 shows a cross section of the substrate after a second bl ocki ng mask
has been created. Fig. 7 shows a cross section during N2 atom i nplantation
t hough the exposed surface of the |ayer of gate material into the
underlying thin | ayer of gate oxide. 6 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS It is clear that the conbination of providing different
functions within the design of one sem conductor device brings with it the
requi renent for different thickness of the gate oxide |layer. Typically,

hi gh vol tage devi ces such as program and erase transistors require a
relative thick |layer of gate oxide that protects the device against high
vol t age breakdewy. YWheses heveyersdevidie spaed issipsirakkantied hhtpikayer of
oxide is required, operating speed is enhanced with a thin |layer of oxide
conbi ned wakj@rap@a?ae&v 921 Ge ShAHAAN L Ashyd shannele lserghbl. (Ahessrl atter
requi renents gain further iInportance where devices with mcron or

sub-m cron device features are inplenented. Prior Art nethods of formng
oxi de layers of different thickness use nmultiple steps of nasking and oxide
etch. The firs%ilgygr.created in_this manner,  t @% alké %Q%ethickest | ayer,

isinitially gr own on'the SUTTace of The subst rFare. s i aygr P HReKed”

wih o layer of ehotoresi st and ot ched thereby remyng,the yapasked |ayer

of oxide S

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.



photoresist is renoved; a second |ayer of oxide is then grown over the
surface of the substrate including the remaining first Layer of oxide. This
process results in a |layer of oxide that has two thickness |levels. This
process can be repeated for the 7 application where nore than two | evel s
of thickness are required, using a sequence of steps of deposition and
etch. This process however suffers fromthe di sadvantage of many sequenti al
processi ng steps while the repeated use of photoresist, which is not easy
to conpletely renove, PESIRIBIION |Gy atE GREGERGEDOEMPODIMENEGItY. Parti al
etch back of a deposited | ayer of oxide can al so be used but this nethod
too suffers fromthe sane di sadvantages. The invention addresses a nethod
of creating thin and thick |ayers of gate oxide that starts with a thick

| ayer of gate axide, ciBhs thhekthayesmefnfaten o ¢a-dvs sSeleatiirrekynet ched
to create a thin | ayer of gate oxide. Specifically, the invention addresses

a met hod &%%cEqBBQVQQtQQK'Eﬁep§é£9ﬁﬂa&§3ngy SaleIdNRIbd RIARE BYiNgsat om
into a desired gate oxide |ayer ereby inproving the S|gnal to noi Se

ratio of thig gate QXEQﬁEH?Xﬁé?@”ﬁope&‘ffféfg{to l{nl%% 'JFfr %W'e Ea%é%ﬁ&é&ed

gate electro e per orna erring nOM/SDECI there
shown a cr,oss segllo conduct or  surface pr eferably t he surface

of 511§ OGN EEanayPareT Kot [ o8P oUnt BEes i o el en -aer g 0. cTabe

transistors require a relative thick layer of gate oxide that
protects the device against high voltage breakdown. Where however
device speed is important, a thin layer of oxide is required,
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, 1is
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 is 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 of oxide that has

two thickness levels. This process can be repeated for the



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 8 thin | ayer of gate oxide
is to be created while the regions 14 and 16 of field isolation bound the
surface area of the substrate 10 over which a thick |layer of gate oxide is
to be created. STI regions 12, 14 and 16 can be made using a variety of

nmet hods. For instance, one nethod is the Buried Oxide (BOX) isolation used

for shal | appt i eaehes. wilee s hodHA alimes idlld RE the ckhesghaseWrbfuared,
chem cal vapor deposition (CVD) silicon oxide (Si02) and then etched back

or mechani,gahbya05c§RERELALF Vs PQd Shehdd hitaldh anpl aRdh S#hiacerodass
shal | ow trenches etched for the BOX process are anisotropically plasm

etched inpg the SLlEEORs SEDSHTALE RN Are dagd ¢a huohetuesn 0:3,and 0.8
K

m cronmeter (um) deep. STl are fornmed around the active device to a depth

bet ween 4 0 o 0 Ln. form. ST . i ons
e to GepBerteSiindonPars Bt e A e DR RE h  oRpELRY y cBh it FPLE S,
t he nitride,t a sha%IOM/tr nch.is etched intq_the sybstrate _using a gask. A
| ayer of BXi-d&?F¢ ﬂeﬁora%ﬁ%gﬂ%dr%%e't HE e i s o X R&S Pﬁe"f‘%gﬁcﬁ Y Pb

an area of insulate dielectric which acts to isolate the devigces in a chip

and thus F¥@dE&YrhBAEFd3L hFR Brtkeh AASRAS IdeH déyerTRE eXEE8sCaRpdSTeed

oxi de nust be
be used but this method too suffers from the same disadvantages.

The invention addresses a method of creating thin and thick
layers of gate oxide that starts with a thick layer 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



polished off and the trench planarized to prepare for the next |evel of
netalization. The silicon nitride is provided to the 9 silicon to prevent
polishing of the masked silicon oxide of the device. A thick layer 18, Fig.
2, of gate oxide is grown over the surface of |ayer 10. The |ayer 18 of
gate oxide is grown over the bare silicon 10 after the silicon surface has
been cl eaned. The | ayer consists of a between about 100 and 200 Angstrom
thick |layer of Si2 and can be thermally grown over the surface of the

waf er. Typhdal Lyyea baygatd&ofdgate woxitde craatlee Wwhidedths angoxndaldon
steam anbi ent at a tenperature between about 850 and | 000 degrees C. for a

time perigdgofl gabeutiddt os@lati sitesundCaire eurdeceaarbe ber ped bybshesoal
oxi dation of the underlying silicon and can al so be formed in conjunction

with a depesiied axide hayglick nlé% dded ayare U &y i@t her peRteehakqsui tabl e
for use as a gate dielectric. otoresist mask 20, Fig. 3, is then

created over the surface of the Iayer 18 of gate oxide in order to reduce
the thickness of |ayer 18 of gate oxide where a thin layer of gate oxide is

rS%q“ir ;gid’onts h"i‘tz 522 d?%gfﬁox&gel 2Ct]ye, surf Acs: Angd S WRihhate 1@ beynded by
methods. For instance, one method is the Buried Oxide (BOCX)
isolation used for shallow trenches. The method involves filling
the trenches with a chemical vapor deposition (CVD) silicon oxide
(S$10,) and then etched back or mechanically or chemically
polished to yield a planar surface. The shallow trenches etched
for the BOX process are anisotropically 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 approach in forming STI regions is to deposit
silicon nitride on thermally grown oxide. After deposition of the
nitride, a shallow trench is etched into the substrate using a
mask. A layer of oxide is then deposited into the trench so that
the trench forms an area of insulate dielectric which acts to
isolate the devices in 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



The deposition and patterning of the |layer 20 of photoresist uses
conventional nethods of deposition and photolithography that are well known
in the art. Photoresist stripping frequently uses sulfuric acid (H2S04) and
m xtures of H2S04 with ot her oxidizing agents such as hydrogen peroxi de
(H202), the sane conponents are frequently used in cleaning a wafer surface
after the photoresist has been stripped. The etch of the thick |ayer 18 of
gate oxide, Fig. 4, can be acconplished by dipping the specinen in slope
for the dytatton ob beéween wbbidhihqand Tiecaentded Siaopeohsoaigbest cahe
conpound containing HF, DI water and CH3COOH. This reduces the thickness of
| ayer 18 guehicthe surface area that is exposed by the photoresist nmask from
bet ween about 100 and 200 Angstromto between about 40 and 70 Angstrom
This thickness is highly design dependent and is given at this time only as
an exanple wi thout thereby limting the scope of the invention. The cross

section that i } L Ghab t t Al e o] 20
and 80 Angstro?ﬁ§ gégri%%g%fl%blig?rﬁ%ogﬂ%éﬂﬁébgéﬁﬁgdEgvgﬁb?ﬁegg%?fg%% of

n T _ S deposited ¢ _
| imi tod {6UBERRE 5l JRTFT o buls coy Sorky 2. By o Lemitopr AN Fsathr & for

exampl e oxlde-based maigripls, MirLAe based B lals 9L Sigundd me

layer consists of a between about 100 and 200 Angstrom thick
layer of Si0O, 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 ambient at a temperature between about 850 and

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

Gate oxide can be formed by thermal oxidation of the
underlying silicon and can also be formed in conjunction with a
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 layer 18 of gate oxide where a thin layer of gate
oxide is required, that is over the active surface area of

substrate 10 bounded by STI regions 12 and 14.

10



Layer- 22 of polysilicon can be growmn at a tenperature between 600 and 640
degrees C. using LPCVD. The foll ow ng comments apply, at significant
advantage to the invention, to the deposition of l|ayer 22: Layer 22
prevents surface damage during a subsequent step of NZ atominplantation to
the surface of the thin |ayer 18 of gate oxide overlying the surface of
substrate 10 that is bounded by STI regions 12 and 14 By selecting a gate
material for the deposition of |layer 22, this |ayer does not need to be
renoved prior theadéepdsonbdbn ML gssl txg rsilrep S Ofther eadlyierg 20Ver! ghogogasest
el ectrodes but can readily be integrated into these processing steps

Because | aygk 22n{endepesi tRb iR dMifkNess i¢h aply phetweennhaheHbn¢orRnd
80 Angstrom |ayer 22 does not forma barrier to the penetration of NZ

at ors tthEEhwEMSkh@«){ﬁrl@%h@@rt LafeSc Ades ildt GRS Fﬁh'go@r‘éhhgntch‘? uses

sel ection of NZ inplantation paraneters such as N\Z & om’energy and density,

can servesas:an added opatdel Lo hbeedestofl diehribuhi omandparel st on

of NZ at ons e under ylng aye |

pass through_the_|l ayer in doin 8, ENou h ener nd _¢
di sperse |% s%chsucnannery ?P?en]%%sﬁgﬁgahéﬁ on1prof|Igecéﬁld¥é€%5aﬁég in

the thin Ia 18. of gate, oxide. 22
%quently 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 slope for the duration of
between about 3 and 5 seconds. Slope is a chemical compound
containing HF, DI water and CHsCOOH. 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 is 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



The surface region that aligns wwth the created thick | ayer of gate oxide
is now blocked with a second photoresi st mask 24 as shown in cross section
in Fig. 6, this nmask serves as a bl ocking nmask for a follow ng inplantation
of NZ ions. Any other suitable blocking mask can al so be used for this

pur pose such as a silicon oxide hard nmask that can be renoved at a | ater
time applying isotropic plasma etching in an etchant conprising

fl uorocarbons, perforned in a parallel HDP reactor in-situ, in a plasna

contai ni ng.aGEY ar aff bowysalecoh behvieenyeboutat3® aihga}a3e6@ b wan0kgan
carrier gas at a flowrate sufficient to maintain a pressure between about

5 and 15 rah@r re4%aide gleBsr eactigingnde@ypan rf power of between about 400 and
|, 200 Watts TCP and between about |, 000 and 1,500 Watts bias. The surface
of the structure that is created as shown in cross section in Fig. 6 is now
exposed to N2 doping 26, Fig. 7, into the |layer of oxide that has

previ ously beemre LNt hi , is the |l.ayer 18 of te oxide
that aligns mﬁ?ﬁea% ggggkpgegbt gggﬁr?ééz§%u%;1{%gégﬁgsﬁﬂa gdf'%%ﬁgf S

bounded by ,field _isqlation igns 12 and 14,. as shown in the cross section
of Fig. 7%1 gnggaiggﬁbfgﬁi%gggeﬁp?%%t%%% %ﬁa%%ﬁ“%x osure 26, which is

preferably a high density plasma, nmay be a nitrogen containing 13 gas
that is génebdayel by RESIATET DF 866 dagadpodurhiganceubppguent step of N,

atom implantation to the surface of the thin layer 18 of gate
oxide overlying the surface of substrate 10 that is bounded by

STI regions 12 and 14

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

® Because layer 22 is deposited to a thickness of only between
about 25 and 80 Angstrom, layer 22 does not form a barrier to
the penetration of N, atoms through this layer 22, and

e Layer 22, in combination with the selection of N, implantation
parameters such as N, atom energy and density, can serve as an
added control for the desired distribution and penetration of
N2, atoms into the underlying layer 18 of gate oxide; the N,
atoms will pass through the layer 22 but in doing so can lose
enough energy and can disperse in such a manner that a desired

N; atom profile can be created in the thin layer 18 of gate

oxide.

12



of the follow ng sources nmay be used: helical generator, helicon,

el ectron-cycl otron resonance or inductively coupled. During the plasna
treatment 26, the substrate 10 rmay be unbi ased in which case the ionized
substances are accelerated by the plasma potential which is typically in
the order of 20 Volts after which the N2 substances are inplanted into the
| ayer 22 of gate oxide where this |ayer has been reduced in thickness and
as determ ned by mask 24. For further acceleration of the ions of the

pl asma, the subserabefaay begbiaseult usligneititdr theDCrertadREhDEESlapsr
processing conditions for the plasma treatnment 26 can be cited applying a
pl asma dengi gythebvweda abondw LiElOclasdl WHI? atans/marphoaorietsiegenatkon ods
bet ween about 50 and 1,800 sccm at a pressure between about 10 and 350
Torr, a tempenatur erbekweest abeuUin S0 @nds S0hideRAS sCrived SWbSt pabekbhas
bet ween about 0 and 50 Volts, for a duration of between about 1 and 60

seconds. Jhersybst 5a§f@1@5@§ngaym;bﬁaﬂ@£&f&e%ﬂamzaﬁehw Nfin @No EREF 0¥u PENEREN
about 50 to 220 keV to the plasma. The nitride flow of the plasm exposure

26 can bealealiag HALRIcAnPELEYT5OT0as EhAl LS SeLedled liam.a ar aup:dhy

nitride containing gasses such as NZ, NO, NzO2 or a m xture thereo
applied w r h a e r, ,
Nz and ﬁlX%HF%Sh gr@%%k ?Hgg %%e d%%%n’ fyga ﬁote Gtégggegggyfhggen to

i npl an
be inpla te%troplc plasma etching in an etchant comprising fluorocarbons,

performed in a parallel HDP reactor in-situ, in a plasma
containing CF,; 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 of the structure that is created as shown in
cross section in Fig. 6 is now exposed to N; doping 26, Fig. 7,
into the layer of oxide that has previously 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 isolation regions 12 and 14, as shown in the cross section

of Fig. 7.

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

preferably a high density plasma, may be a nitrogen containing
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into-the thin |ayer 18 where this layer is overlying the surface of the
substrate 10 that is bounded by STI regions 12 and 14. This causes i nproved
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 el ectrode that is overlying and using this thin
nitrided | ayer of gate oxide. After the step 26 of N2 dopi ng has been

conpl eted, rapid thermal processing (RTP) is perforned at a tenperature

bet ween abayt t880 28dyd Pk ERYNEes Gurldr a1t istRrkekweedrabasgt adfe ansn0
seconds thereby formng a thin layer of nitrogen gate oxide with a

thi ckness het yeep; aboiing0s AL IO NI AUBedtN@c986aNdgBRBLAEES! She DS 24,
Fig. 7, can then be renoved fromthe surface after which the structure is

ready for ﬁggEEPSE—lg{zQi?c?é?&?gré&Fné %F%Ha%%t‘lfveﬁ?;;\%g%%h(098?19 efnd he

surface thereo O summmri ze the i nvention: strate 1s provided

A first ang a_second, active.regi on are cr.eat.ed over the,surface_of
substrat e® ?S%Eegf?%Bm?%%i%%% %heffﬁ éﬁ%%ﬁ%aggJFP ceetHEPéSF?gthg YF%Q?

active region designq%ed as_the region over, whgch a &Qick IaMer of gate
oxide is é??rta? thBeE oﬁﬁa%iﬂq?ﬁfrékﬁ(ﬁ$q 3—&@§|8n8¥e §sPtA&“Fegi on over
which a tgbgential 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 plasma,
the substrate may be biased, using either a DC or a RF bilas. 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 sccm, at a pressure
between about 10 and 350 Torr, a temperature between about 50 and
500 degrees C., a substrate bias between about 0 and 50 Volts,
for a duration of between about 1 and 60 seconds. The substrate

bias may be 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 N,, NH;3, NO, N;0; or a mixture thereof
applied with or without an inert gas such as Ne, Kr, Xe, CO, COg,

He, Ar, N, and mixtures thereof.
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| ayer of gate oxide is desired A thick layer of oxide is created over the
surface of the substrate, thereby including the first and the second active
regi ons 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 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
| ayer of gate material is deposited over the thin and the thick | ayers of

oxi de A pl asnmenexposshe #l Ocking 3RSk I @eahad re g@hl ¥bnget hgpt hhekdq! ayer
of oxide The thin layer of gate material is exposed to a nitrided plasnma

thereby igpkanthBOtAL LT 1 € A DIBHIUO (G qr&%rﬂ wsn@vts@lgThayeﬁeoéu%@l@
The pl asna exposure bl ocking mask i s renoved, is perforned

for NZ pl %%”‘Ehé”%ﬁ%’c?&teﬂ‘@ s LA 'sagc?d’xh c?% sy ‘?:% %ﬂst he gg{jcﬁ[ayer

of oxide wth the thereover deposite er of ‘gate matérial can now
be used f - .the _creation of%gate Iecg{odes t he su%fac% erggat is
preferablg &Feg?Fﬁﬁsa BRES Wi e over‘?%e su }¥hé% gﬁe R ayer "~ of
gate oxide; the created CMXS, device mnll have i ) %ved Si gal-to noi se

per f or manC& eheFalY8Fi EPF ctatn htqer of gate oxi providing an

improved signal to noise ratio at high frequency operation of a
CMOS gate electrode that is overlying and using this thin

nitrided layer of gate oxide.

After the step 26 of N, doping has been completed, 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 creation of gate electrodes over the surface

thereof.
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frequency operation of the CMOS device, and Al though the invention has been

described and illustrated with reference to specific illustrative
enbodi nents thereof, it is not intended that the invention be limted to
those illustrative enbodi ments. Those skilled in the art will recognize

that variations and nodifications can be made w thout departing fromthe
spirit of the invention. It is therefore intended to include within the
i nvention all such variations and nodifications which fall within the scope

of the appendedockainfitrand €l viadeid Sorthereof . 17 What is clained is: 1
A method of creating thin and thick | ayers of gate oxide while controlling

the nitride congentration i thegreated Iayers of gate oxide, conprising
the steps of: providing a substrate; creating at |east one first active and

at | east one second active surface region over the surface of said
substrate® of o a?qdaferse&m&xia&élﬁ%v?ﬁglanf?F%t%%?"& eSEHEI® 1 face
surface of said substrate; etching said | ayer of oxide overlying said at

| east one setoridlActURAL AN &Ye CFEGItARI TRELEBY PEJBET nf sEr® Fitisce

t hi ckness of said |ayer of oxide overlying said at | east one second active
surface regidrefeam dHd rikirsthiagkdess regianségofdgsignated as the region

over which a thick layer of gate oxide is desired, the second
active region 1s designated as the region over which a thin
layer of gate oxide is desired

¢ 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

e 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 layer of gate material is deposited over the thin and
the thick layers of oxide

e A plasma exposure blocking mask is created overlying the thick
layer of oxide

e 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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t hi ckness; depositing a |ayer of gate material having a third thickness
over the surface of said |ayer of oxide; creating a plasm exposure

bl ocki ng nask over the surface of said |layer of gate naterial, said plasm
exposure bl ocki ng mask overlying said |l ayer of oxide having a first

t hi ckness; performng nitride doping into said |ayer of oxide having a
second thickness; performng a step of rapid thermal processing; and
renovi ng the plasnma exposure bl ocki ng mask. 18 2. The nethod of claim1,

sai d creati ngrat; d gastroped idoxt N?Cf;liav@naaqqm@rsli%@s,t one second active
surface region over the surface of said substrate conprising formng

regions of field isolation oxide in the surface of said substrate. 3. The
met hod of claiml1, said first thickness being between about 100 and 200

A 4. T 10d | ai [ .Gk [ b
about 40 and 70 EnghtFokeVeE Fhebde pALHIS SERITLAL SITRES AR BINRED
bei ng bet we

gn 3 ou% 20 and 8% An?str m, 6. .The neé?odtgf c%aiql , saigow
et ching s&'d™ &V&r TBFEGRYEE OFRY %%‘8 Dy HYFedtt BIE MG 4 598
conprisin%; depositin% a |layer of photoresist over the surface of said
e used for the création 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

frequency 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 thereof.
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| ayer- of oxide; patterning and devel oping said | ayer of photoresist,
creating a devel oped | ayer of photoresist overlying said |ayer of oxide,
sai d devel oped | ayer of photoresist and being aligned with said at | east
one first active surface region created over the surface of said substrate.
19 7. The nethod of claim1, said plasma exposure bl ocki ng mask
conprising a material selected fromthe group consisting of photoresist and
oxi de hard mask material. 8. The method of claim1l, said nitride doping
havi ng a phasmasdensii¥gbetween about 1E10 and 1E12 atons/cnB. 9. The

met hod of claim1l, said nitride doping conprising a nitride flow of between

about 50 gndal 80Qoacem 10xt g eihothPfritlal Mabersaid Btk d¢idOPLAY1e
bei ng perfornmed at a pressure between about 10 and 350 Torr. 11. The net hod

of claim I6 0L LT ' bei r a r.at t ween
about 50 SRATE00 aRgr Se Ly D T e o A T eRE G n e T o8 api ng
whi | e appb%kgg a.agbstrate.bias el ween abqgt 0 and 50 Volts. 13. The

met hod of 961a mi ;" ~&ard nitride t&%iﬂﬁ*ﬁ%fﬁg performed for a duration of

bet ween about 1 and 60 secongs. 20
providing a substrate;

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

growing a layer of oxide having a first thickness over the
surface of said substrate;

etching said layer of oxide overlying said at least one
second active surface region, thereby reducing said first
thickness of said layer of oxide overlying saild at least one
second active surface region from a first thickness to a second
thickness;

depositing a layer of gate material having a third thickness
over the surface of said layer of oxide;

creating a plasma exposure blocking mask over the surface of
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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14. The method of claim11, said nitride doping being perforned while
applying a substrate bias of 0 Volts and by applying an energy between
about 50 to 220 keV to the plasma. 15. The nethod of claim 1, said nitride
dopi ng using a precursor gas selected fromthe group consisting of NZ and
NH3 and NO and N202 and a mi xture thereof. 16. The nethod of claim1l1, said
nitride doping using an inert gas, 17. The nethod of claiml, said rapid

t hermal processing being performed at a tenperature between about 800 and

1000 degreesThe fmerhadt biechgimeen abiitcddh@inty 20 IeecerdsneldirAtmetbode of
creating thin and thick |layers of gate oxide while controlling the nitride

concent ratyingn 4i:n 16A8+ ChRAt 84cbRY €4St Ple GRALLr M dog fHNﬂ@He%'%ﬂetQ%r§5@QSo9f
providing a substrate; creating at |east one flrst active and at | east one

second acly\g sULERCELegbAPr P¥ Bhg t ASrmii S Zx“eeg{lcgnss%fd £SUR% fakesctghAW Ny a

| ayer of oxide having a first thickness ov he surface of said substrate,

t her eby |Q&hﬂgl Fg §HEE§ g 9f sald 2lpst téeast one first active and at

| east one secon rve sur ace region; creating a etch resist mask over
t he surface of sald | ayer

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

about 100 and 200 Angstrom.

4. The method of claim 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 said at least one first active comprising:

depositing a layer of photoresist over the surface of said
layer of oxide;

patterning and developing said layer of photoresist,
creating 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 the

surface of said substrate.
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of oxide, said etch resist mask being aligned with said at | east one first
active surface region; etching said |layer of oxide in accordance with said
etch resi st nmask, thereby reducing said first thickness of said | ayer of

oxi de overlying said at |east one second active surface region froma first
thi ckness to a second thickness, thereby creating at |east one first |ayer
of oxide having a first thickness overlying said at | east one first active
surface region in addition to creating at | east one second |ayer of oxide
havi ng a second hbtk&k#ess Oveimth yiNgSHal ¢latsracaxbosneesetondiagt nysksurface
region; depositing a |layer of gate material having a third thickness over

the surfaeemphkisahd baygfeofaDXddesciidiermaby ithel udong thassyefiageoef said
at | east one first |layer of oxide and the surface of said at |east one

second |a%ﬁBtBEeQ%bgean&r@ﬁ&&@ghékdﬂﬁﬁgﬂan%&%&%%ﬁe bl ocki ng mask over the
surface of said layer of gate material, said plasma exposure bl ocki ng mask

overlying said at |east one first |ayer of oxide; performng nitride doping
into said at |east one second |ayer of oxide; performng a step of rapid

thermal procgssi and ving the .nlasm exposure . bl ocking nask.
19. The nethgg gt?a$n1§8Cl%%T créa érﬁf%%l e SSP % elFIl Vrsg @ pldsn2

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

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

nitride flow of between 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 0 and 50 Volts.

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

for a duration of between about 1 and 60 seconds.
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active and at |east one second active surface region over the surface of
sai d substrate conprising formng regions of field isolation oxide in the
surface of said substrate. 20. The method of claim 18, said first thickness
bei ng between about 100 and 200 Angstrom 21. The nethod of claim 18, said
second thi ckness bei ng between about 40 and 70 Angstrom 22. The net hod of
claim18, said third thickness being between about 20 and 80 Angstrom 23.
The nethod of claim 18, said etch resist nask conprising photoresist. 24.
The net hod 4of Teleameth8d sdi dlpiashp expd st er ido ddpitgrask neopRrifsrngda
material selected fromthe group consisting of photoresist and oxide hard

mask mat erdndlle 2%ply2hg dheuBBthede 0bigd abM A 8jo18a i Wy d@pd9Bnagahavi ng
a plasma density between about 1E10 and 1E12 atons/cnB. 26. The method of

claim 18, sairgynikiidendapbls sOMsi 5pHO0kay nid rdde filwof between about 50
and 1,800 sccm 27. The nethod of claim 18, said nitride doping being

perforned at a pressure between about 10 and 350 Torr. 28. The nethod of
claim 18, said nitride doping being performed at a tenperature between

about ggpf};sd 0L GRUNBASOE cFAinThP PRGN Ofi fl PR 3G W Hide d8R o

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

N.O, and a mixture thereof.

16. The method of claim 1, said nitride doping using an inert

gas.

17. The method 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 concentration in the created layers
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 the surface of said substrate;

growing a layer of oxide having a first thickness over the

surface of said substrate, thereby including the surface of said
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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 doping being perforned
whil e applying a substrate bias of 0 Volts and by applying an energy

bet ween about 50 to 220 keV to the plasma. 24 32. The nethod of claim 18,
said nitride doping using a precursor gas selected fromthe group
consisting of NZ and NH3 and NO and NZOZ and a m xture thereof. 33. The

met hod of atl aepst8onsaf drat tacideve opidigp tusl axp tamnenakicogas ac84veTher retbod
of claim 18, said rapid thermal processing being performed at a tenperature
bet ween akeyti o890 and 1000 degrees C. for a tinme between about 10 and 20
seconds. 25 . A A@A A% A, .AY .A %AS A .A .A@A

- A% A@ Al'S. ANG A3t A9 AR s i\ Fe b 3 PATna Ay ANEGER: 'sulipsgri deZkgahcakgalcal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]c
Ta]ca]ca]%¥abkéd¥, sgyér$£éh{resist mask being aligned with said at least
one first active surface region;
etching said layer of oxide in accordance with said etch
resist mask, thereby reducing said first thickness of said layer
of oxide overlying said at least one second active surface region
from a 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 region in addition to
creating at least one second layer of oxide having a second
thickness overlying said at least one second active surface
region;
depositing a layer of gate material having a third thickness
over the surface of said layer of oxide, thereby including the
surface of said at least one first layer of oxide and the surface
of said at least one second layer of oxide;
creating a plasma exposure blocking mask over the surface of
said layer of gate material, said plasma exposure blocking mask
overlying said at least one first layer of oxide;
performing nitride doping into said at least one second
layer of oxide;

performing a step of rapid thermal processing; and
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