..2-4 SEP 2004 METHOD OF PATTERNI NG GATE ELECTRODE W TH- ULTRA- THI N GATE

DI ELECTRI C BACKGROUND OF THE | NVENTI ON (1) Field of the Invention
dinvention relates to the fabrication of integrated circuit device 1*§E|%I 2004
more particularly, to a method of creating poly gate electrodes with
ultra-thin gate oxide dielectrics. (2) Description of the Prior Art Recent
advances in sem conductor fabrication have resulted 1in significant
decreases in device feature size and increase in device density thereby

i ncreasi ng device performance to a considerable degree. One of the
frequently used devices in Utra Large Scale Integration (VLSI) technol ogy

is the Field Effrach oFr aAstskOtné REDE ngggB§i§&§ 5Lﬁ%%p0| Sl|l00n gate

el ectrode wth self aligned source an rain reglo By of
FET devices is in no snmall neasure dyg;! %& %@8lr hi gh packaglng, Iom/pomer
consunption and high yields. Conventional 'gate el ectrodes are fabricated by
first growing a thin |layer of gate oxide on the surface of a single
crystalline sem conductor substrate. To reduce short channel effects 1 SEP

2404 | BACKGROUND OF THE INVENTION

(1) Field of the Invention
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method of Creating

_poly gate electrodes with ultra-thin gate oxide dielectrics.

{2) Description of the Prior Art

Recent advances in semiconductor fabrication have resulted
in significant decreases in device feature size and increase in
device.density thereby increasing device perfbrmance to a
considerable degree. One of the frequently used devices in Ultra

Large Scale Integration (ULSI) technology is the Field Effect
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Transistor (FET) that consists of a polysilicon gate electrode
with self aligned source and drain regions. The popularity of

FET devices is in no small measure due to their high packaging,

low power consumption and high yields.

Conventional gate electrodes are fabricated by first growing a
thin layer of gate oxide on the surface of a single

crystalline semiconductor substrate. To reduce short channel effects




.that are caused by ultra-short device feature size, Lightly Doped Drain
(LDD) regions are inplanted into the surface of the substrate in addition
.to the inplantation of source and drain regions. The channel length of a
PET device is the distance." under the gate el ectrode between Rhesppugge
and the drain contacts. For the creation of a typical gate electrode, a
layer of polysilicon is deposited over a | ayer of gate oxide and etched
usi ng photolithography foll owed by anisotropic poly etch. The anisotropic
poly etch typically stops on the gate oxide, for applications where the

| ayer of gate oxide is very thin this etch stop can easily becone a
problemresultin h C for the poly gate proceeding into the
under | yi ng subst E%% ;hrteT%gg% nC?/e e ﬁ&a‘r’és‘%f‘é’slcﬁhggatmr@b'ﬁém Thehtly r ent

nmet hod of babsd aatiing (MIFFEL S 1S brlefl hlighted using Figs. la
through 1d. Fig. I'a shows ho%vg&}\?e%%reoﬁnép SRteiie f%ﬂ:frci (’Eg?l%ﬁf@lﬁar@% thist h a

singl e crystiastser eRNAUGLOL, substrate 10 that. has been provided wth a
| evel of conductivity by dop?ng t%% substra%@9¥ﬁqfﬁ??ﬁ Oéoﬁ§P§#t@ﬂé p-type

inpurity sdchirasehosod, Qmelgﬁhgﬁhfgé @ e in the surface of
the substrate. The active surface of 8 sgﬂg#y%'31?%:V%Fﬁﬁ‘ﬁﬁ%aﬁﬁﬁe

el ect r ode ¥yl the gafmteedctﬁodeeb%&béérp%ﬁqlay iy the creation of the
Field Oxide (FOX) or STl regions 14. A thl%lﬁgie%g Qy Gt 9Gat? oxide is next
gr own contacts. For the creation of a typical gate electrode, a layer

| } of polysilicon isg deposited over a layer of gate oxide and

etched uging photolithography followed by anisotropic poly etch.
The anisotropic poly etch typically Stops on the gate oxide, for
applications where the layer of gate oxide is very thin this etch
2top can easily become a preblem resulting in the etch for the |

poly gate Proceeding into the underlying substrate. The invention

addresses this problem.

The current method of fabricating MOSFET devices is briefly

highlighted using Figs. 1la through 1d.

E—

Fig. la shows how the process of fabrication starts with a
single crystal semiconductor substrate 10 that has been provided
with a level of conductivity by doping the substrate with for
instance a p~type impurity such as boron or indium forming a p-
type well in the surface of the substrate. The active surface of
the substrate in which the gate electrode is to be created is
electrically isoiatgd by the creation of the Field Oxide (FOX)

or STI regions 14. A thin layer 12 of gate oxide is next grown




EP 2004 over the active region in the surface of the substrate 10, a
ﬁhsgr816 of polysilicon is deposited and patterned to formthe gate ]
el ectrode. To offset the previously nentioned short channel effect, t eU#
LDD regions 18 are inplanted (17) using a (in view of the p-type2idBp) 20
n-type inpurity such as arsenic or phosphorous. Fig. 1b shows the Pextt
step in the creation of the gate electrode, that is the creation of gate
spacers that electrically isolate the gate el ectrode. For this purppse,OI a
| ayer 20 of gate spacer material, such as silicon dioxide, is deposited as
-shown in Fig. |Ib, that is over the surface of the gate electrode and its

sur roundicwgers ubst mat-e venekbydbngi f hene sdifage ofr the E%SEQQ{Q"%, The

a
i npl anted ions of the LDD can at this tinme be further driven into the

i f
yviehe 15Ubst pat @sbyicheaid ngedhe qubstalecl o g ferperat ure o
;g{&ggﬁ ?%b and 900 bdeg?egécc., a pﬁ%%gés th%t gtttgé Sane tiMe" rest ores

any damagetet @lebersdel age ofride subsirate, Lhat m%ﬂ@i&@d!?g%r_jt”pn%hga[}}% y

have caused. The gate spacer material that has been deposi t be

i i .of th at.e
etched bagitelromeakl LoBOFORS00 hey Stdan,hhe gi deval | s. of the gat
el ectrode, this is achieved by applying an ani sg?r opi ¢ Uty e&crﬁba%ézl? t hat
renoves wEsthef pthepgakel spacalype impurity such as arsenic or

phosphorous.

Fig. 1b shows the next step in the creation of the gate
electrode, that is the creation of gate spacers that
electriéally isolate the gate electrode. For this purpose, a
layer 20 of gate spacer material, such as silicon dioxide, is
deposited as shown in Fig. 1b, that is over the surface of the
gate electrode and its surrounding substrdte including the
surface of the FOX regions. The implanted ions of the LDD can ét
fhis time be further driven into the surface of the substrate by
heating the substrate to a temperature of between 700 and 900
degrees C., a process that at the same time restores any damage
to the surface of the substrate that the LDD ion implant may
have caused. The gate Spacer material that has been deposited
must next be etched back from all regions others than the
sidewalls of the gate electrode, this is achieved by applying an
anisotropic dry etchback that removes most of the gate spacer
material and only leaves gate Spacer material in place where it

was most densely deposited, that is on the sidewalls of the gate




[ [ [ it was nost
terial and only |eaves gate spacer material in place where
ggnsely deposited, that is on the sidewalls of the gate 3 24 SEP 2x34

. n
el ectrode. The gate spacers 22, Fig. |c, have now been forne
remai ning step of formng the source 23 and 24 regions of the

Th_?i» SEP 2004
gate

[ [ [ [ i npl ant uses the
electrode is performed by the inplant 26, Fig. Id. This inp _
sane type inpgrity as has been used for the LDD inplant but provides the
i npl anted ions with higher dopant concentration and inplant energy thereby

creating deeper regions of inpurity with higher concentration

of these

inpurities. It is clear that the process of creating MOSFET devices is

rel ativel yleohpbdeat®e ajtd hataddhe eonceigent regduct iQn, i d
size can readily lead to interaction of ion concentrations in
spaced re@hensendDiinIdtBNCHE tHREnikG ’hkVebYLOW enal oY L DR i
can readily interact with the sidewalls of the gate electrode
i npl ant  ctiusi ggte narectiday md pRkdatneh bhechOnsylinihe LDR;Le
uneven inplants can create dense spots of ion concentration
regi ons | eepllage twsdeakageaGldr RORES imbliri Sy ak$0,d MUL AN L3,
inplant is correctly aligned with the gate electrode so as to
bet ween timpldﬁlrhnﬁ(ykbﬁi@ethhgu&ﬁgggnggdt{@hsgggﬁ;%&%%eqngog
el ectrode. This gap can lead to

concentration and implant energy thereby creating deepe

of impurity with higher concentration of these impuriti
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It is clear that the process of creating MOSFET devices is

relatively complicated and that the concurrent reduction in

device feature size can readily lead to interaction of ion

concentrations in closely spaced regions. For instance,

the

relatively low-energy LDD implant ions can readily interact with

the sidewalls of the gate electrode during the implant causing

non-uniform implant of the ions in the LDD regions. These uneven

implants can create dense spots of ion concentrations in the LDD

regions leading to leakage currents. It is also important that

the LDD implant is correctly aligned with the gate electrode so

as to avoid gaps between the LDD regions in the surface

substrate and the gate electrode. This gap can lead to

of the

variations in the device threshold performance characteristics

and can cause reliability concerns. It is further important that

the surface of the substrate is not affected by the etch that is

appilied to create the gate electrode. Damage to the surface of




-variations in the device threshold performnce characteristics and can
cause reliability concerns. It is further inportant that the surface of
-the substrate is not affected by the etch that is applied to create the
gate el ectrode. Danmage to the surface of 4 ,2 SEP 2604 the subsaézte causes
i ncreased | eakage current over the surface of the substrate in

a non-uni form doping profile of the LDD and source/drain regions thereby

i ncreasing the standby current of the MOSFET. These effects and the
elimnation of these effects have received considerable attention’in the
field of sem conductor research and devel opnent. The present invention

addr osses whe stiotiassi oayobs S ALe. AAMAR AL con be caused Lo the
evi 5Vér (0]

surface of the substrate for sub-m cron ere-a’ ¥er

gate oxi def $hesedbasrbhe Stopid Ay rAhe eIe trode etch. US
5,786, 256 (Gardner et al.) shows aQ%EE%)openlng' LY grofide oS

| ayer; formeSILND Spacsbulfe £i.PR]NY hi n ate oxi de between
spacers; form poly gateu(lneg%se gaté) eF%@é Egpéﬁ TA P g heoms.andqet e

that Gar dretrspechki ege thadpdhe ectyd c stac can have alternate
" conposi tions. See col . °5, Ilnes'§ﬂ§§e %ﬁf Cfﬁe?B at e roheVidatigror

di fferencencbet weeB-RAMENR! received considerable attention in the field
of semiconductor research ahd development. The present invention

”J addresses the eiimination of surface damage that can be caused
to the surface of the substrate for sub-micron devices where a

very thin layer of gate oxide is used as the stop layer for the

gate electrode etch.

US 5,786,256 (Gardner et al.) shows a gate opening in a SAC, SiN,
and TEOS layer; form SiN spacer in gate opening; form thin gate oxide
between spacers; form poly gate (inverse gate) between spacers using
CMP. Note that Gardner specifies that the dielectric stack can have

\ alternate compcositions. See col. 5, lines 49 to 59.
There are- however major differences between Gardner
et ai. and the present invention, as follows:

- the Gardner method is not optimized for gate oxide
formation, especially for thin gate oxides that are less than 40
Angstrom

- the process of gate spacer etch stops on the sgilicon
substrate and therefore damages the substrate prior to the

formation of the layer of gate oxide




et al. and the present invention, as follows: the Gardner nethod is not

optim zed for gate oxide formation, especially for thin gate oxides that
are less than 40 Angstrom- the process of gate spacer etch stops on the
silicon substrate and therefore damages the substrate prior to tigs SEP 20
formation of the |ayer of gate oxide 5 ,24 SEP M4., - the present |nvention
addresses problens of gate oxide wuniformty and reliability, these s
probl ens have not been addressed in the Gardner nethod of US 5, 786, 256 -

t he present invention uses a triple stack that surrounds the gate

el ectrode. ThHé'S BperRRt IPHyRrist afAEestasclorPlens afegatst oxéste de that is
used as etch stop for, the %ate spacer etch while the gate spacer of the

i nventi o™ OFE)Jr‘%s&nSnr‘?]dﬁ‘ ot L the th5PE PIRAlEES RV NHPE PPYhe surface of the
substrate (.as for .Gardner),. thus _nat danmaging the substrate during spacer
etch - tﬁéigirﬁ%seen ilSnElﬁ?o‘%f%rgﬁgramefFé’to o‘dgf%gr %g?g%?n'sg6 gate oxide less than 20
angstrom t hi - the invention uses . nitride.f spacer terial. US
5,786, 2, 55 (ﬁéﬁ g?gsa?pft) *SHBWs Eh PRy eF gcerl g eStparC(]){cgé%t? su%ﬁu%%i)gg?s to be

simlar V-gattg éi@ﬂr@ﬁganfhé @65%&&1 1%99r sgp\%eagtack is a layer of
oxide that is used as etch stop for the gate spacer etch while
the gate spacer of the invention is formed on top of the gate
oxide and not on the surface of the substrate (as for Gardner),
thus not damaging the substrate during spacer etch
- the invention provides a method for growing gate oxide less
than 20 angstrom thick, and

- the invention uses nitride for spacer material.

- ug 5,786,2,55 (Yeh et al.) shows an inverse gate process.
Yeh appears to be gimilar with the instant invention and shows an
inverse poly gate process with a thin gate oxide. One of the
differences between Yeh et al. and the instant invention is that
Yeh teaches the use of a silicon nitride layer for the definition
of the poly gate that is the same as the silicon nitride that ié
used for the definition of the field isclation regions. The poly
of the gate that is created in accordance with Yeh can therefore
not be used as an interconnect while the poly of the gate of the
invention extends beyond the field igclation regions and can

therefore be used as an interconnect.




inverse poly gate process with a thin gate oxide. One of the differences
between Yeh et al. and the instant invention is that Yeh teaches the use
of a silicon nitride layer for the definition of the poly gate that is the
sanme as the silicon nitride that is wused for the definition Ofdéhgﬁ%j%h?
isolation regions. The poly of the gate that is created in acc fhke th
Yeh can therefore not be used as an interconnect while the poly of the
gate of the invention extends beyond the field isolation regions and can

t herefore be used as an interconnect. 6 -94. SEP 2004 US 5, 817,560 (Gardner
et al.), US 5,472,894 (Hsu et al.), US 5,766,998 (Tseng et al.) and US

5,937, 297 (Pei dBuS), 8101, BED i(ONLHSEr Yt €3 PN 1OCRES RS 4650HE W spacers). show
US 5,915, 181 (Tseng) and US 5, 447, 874 (Grivna et 'al .fggéaéﬁgui%‘sear]g'e?'gat es

using a CVR US&5,398, 5@8cHdovakl1 shows an &t b te. Wthaut CWP.
SUMMARY OF THE | NVENTI ON A princi pl e obj ecti \igggf’atgﬁeg?%%%‘t‘?’on&?%”to

provi de aotME@hdmv@&setqht@gpﬁ%&é@%égC@ngggﬁtﬁlgggggggf in the environnment
of sub-m cron device feature size. :

Us 5,915,181 (Tseng) and US 5,447,874 (Grivna et al.) teach

inverse gates using a CMP.

US 5,399,508 (Nowak) shows an etch back gate

- without CMP.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a

method of etching polysilicon gate electrodes in the environment

of sub-micron device feature size.

Another objective of the invention is to avoid causing
damage to the surface of the underlying substrate when etching

polysilicon gate electrodes in the environment of sub-micron

device feature size.

Yet another.objective of the invention is to reduce plasma

da@age that can be experienced by plasma etching the poly gate

structure.




' [ [ [ [ [ [ danmage to the
not her objective of the invention is to avoid causing
éurfad% of the underlying substrate when etching polysilicon gate

; ) ) ) ) Vet
el ectrodes in the environnent of sub-nlcron devi ce feature size.
anot her objective of the invention is to reduce plasma danage that can be

[ i 7 24 SEP#20,
experienced by. plasma etching the poly gate structure. %,
st?ll furtheryobjective of the invention is to provide a nethod ?ﬁéﬁﬁﬁég%

dance with the
CWP to create the poly gate electrode structure. In accor _

obj ectives of the invention a new nethod is provided for the creation of
ultra-thin gate oxide |layers. Under the first enbodi nent of the invention,

layer of saerdtfildi alurotistde canecaikaysr Ohe NAvd A8 Al 6 HeROSLLENy. o
gpeﬁ?ﬁgs are created in the layer of nitride where the ultra-thin Fayer

. _ . A . . { hose
of gate oxédeod schar heseer eatred cexpestBgrhBepsBETddd Lidale @iodg 10 _
reg?ons. Pre-clean is performed to the exposed surfaces of the gate oxide

i i i ess. f poly is
fol | oned wrenxi de growth to the desired thickness. A layer o
depositedb%sgfithe layer of nitride, also filling the openings that have
been created in the nitride. The layer of polysilicon is polished, |eaving

t he poly

In accordance with the objectives of the invention a new
method is provided for the creation of ultra-thin gate oxide
layers. Under the first embodiment of the invention, a layer of
sacrificial oxide and a layer of nitride are deposited, openings
are created in the layer of nitride whe;e the ultra-thin layer
of gate oxide is to be Created exposing the sacrificial oxide in
these regions. Pre-clean is performed to the exposed surfaces of
the gate oxide followed by gate oxide growth to the desired
thickness. A layer of poly is deposited over the layer of
nitride, also filling the openings that have been created in the
nitride. The layer of polysilicon is polished, leaving the poly
deposited inside the openings. The nitride is removed leaving
the gate structure in place and overlying the grown gate oiide.
Under the second embodiment of the invention, a layer of
sacrificial oxide and a layer of nitride are deposited followed
by the deposition of a layer of TEOS oxide. The layers of TEOS
oxide and nitride are patterned Creating openings that expose
the surface areas of the layer of sacrificial oxide where the

ultra-thin layers of gate oxide are to be grown. A thin

conformal layer of nitride is deposited over the structure




dep05|ted i nside the openings. The nitride is renoved |eaving the gate
Structure in pl ace and overlying the grown gate oxide. Under the second
enbodi ment of the invention, a layer of sacrificial oxide and a é%égé %@&
nitride are deposited follomed by the deposition of a layer of T Rid,
The |l ayers of TECS oxide and nitride are patterned creating openings that
'expose the surface areas of the |layer of sacrificial oxide where the
ultra-thin |l ayers of gate oxide are to be grown. Athin conformal |ayer of
nitride is deposited over the structure 8 i 2 4 SEP 2004 including the
openi ngs that have been created in the layers of TEOCS oxide and nitride,

this thinitayetirnf wonforemhosi thhdenkse BEEhd 404 Jonm Tthb”1§9§£§r§f0n the
sidewal I s of the openings in the |ayers of TECS oxide and nitrid

Pre- gat e TH@ERaM:isipearfdmnIRGikbat theyoves, the, JEQF Lxisde a dn&@ff'lde is
sacrificial oxide on the bottomof the openings, gate oxidation is

per f or medet wreebtiNE ddae tulihr 8pkBERs | gy ef$e of ; gals 1exi-ge ., Po @ posi ted,
pol i shed back foll owed by renoval of the %It#lde Iea\?lnéhg Lgeh%? gga.rtle

struct ur eclien Iplvaeas afd Tever bying the wltfasd hipyrd aver -9L.gatg oxide. BRIEF
DESCRI PTI ON OF THE DRAW NGS
' performed that removes the TEOS oxide and the sacrificial oxide
on the bottom of the openings, gate oxidation is performed
creating the ultra-thin layers of gate oxide. Poly is deposited,
polished back followed by removal of the nitride leaving the

poly gate structure in place and overlying the ultra-thin layer

of gate oxide.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. la through 1d show cross sections of Prior Art

creation of a gate electrode, as follows:

Fig. la shows a cross section of a semiconductor surface on
which Field 0Oxide regions have bheen defined, the gate electrode
has been partially completed and LDD implants have been

rerformed.

Fig. 1lb shows a cross section after deposition of a layer

of gate spacer material.




Figs.‘la through Id show cross sections of Prior Art creation of a gate
€l ectr'ode, as fol |l ows: Fig. la shows a cross section of a sem conductor

surface on which Field Oxide regions have been defined, the gate Elegéﬁqgﬁ
has been partially conpleted and LDD i npl ants have been perforned;-ﬁ g. |
shows a cross section after deposition of a layer of gate spacer material.
9 24 'SEP 2M4 Fig. is shows a cross section after the formation of the gate
spacers on the sidewalls of the structure of the gate electrode. Fig. Id
shows a cross section alter the source and drain regions have been

i npl anted self-aligned with the gate electrode. Figs. 2 through 8 address

the first enbobigentc ofhduie ai rRverki 8Bctasnf 9Ft OWSeh i by t3BAVWS AL {5 0SS
section of a sem conductor surface in which Shallow Trench |sol ation

regi ons hewee bgercd s reedtha shidewahayerrofnhgateraxide has Jpgeg,grown and a
| ayer of nitride has been deposited over the |ayer of gate oxide. Fig. 3

shows a cebssts®pdion after a | ayer of photoresist

Fig. 1d shows a cross section alter the source and drain
regions have been implanted self-aligned with the gate

electrode.

Figs. 2 through 8 address the first embodiment of the

invention, as follows:

Fig. 2 shows a cross section of a semiconductor surface in
wnich Shallow Trench Isoclation regions have been formed, a thin
layer of gate oxide has been grown and a layer of nitride has

been deposited over the layer of gate oxide.

Fig. 3 shows a cross section aftér a layer of photoresist
has been deposited over the layer of nitride and has been

reverse patterned for the gate electrode.

Fig. 4 shows a cross section after the layer of nitride has
been etched in accordance with the reverse pattern of the layer

of phectoresist.
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has been deposited over the |ayer of nitride and has been reverse
datteﬂned for the gate electrode. Fig. 4 shows a cross section after the

| ayer of nitride has been etched in accordance with the reverse pattern of
the | ayer of photoresist. 10 4 SEP 204 Fig. 5 shows a cross sectg prapf vigi
the | ayer of patterned photoresist has been renpbved fromthe surfacCe of
the layer of nitride. Fig. 6 shows a cross section after a thick |ayer of
pol ysilicon has been deposited over the |ayer of nitride thereby including
t he opening that has been created in the |ayer. of nitride. Fig. 7 shows a
cross section after the thick Iayer of polysiJ ,icon has been polished
down to the surface of the layer of nitride. Fig. 8 shows a cross section
after the Iayeél%f Hi 19 haTOSBeERCFARBVRET Y oPRe N v fodc @asterned! ayer
of gate oxjde |eavin the poly gate structure in place. Figs. 9 through 17
addr ess tﬂ%og%ﬁ%ﬁﬂg%ﬁﬁﬁﬂﬂ%¥%ﬂ LSFOVRE FROBnER@nsuBGadwldfowde Eegerdoshows a

cross sectjion of a seniconductor surface in
nitride.

Fig. 6 shows a cross section after a thick layer of
polysilicon has been deposited over the layer of nitride thereby
including the opening that has been created in the layer of

nitride.

Fig. 7 shows a cross sectibn after the thick layer of

polysilicon has been polished down to the surface of the layer

of nitride.

Fig. 8 shows a cross section after the layer of nitride has
been removed from the surface of the layer of gate oxide leaving

the poly gate structure in place.

Figs. 9 through 17 address the second embodiment of the

invention, as follows:

Fig. 9 shows a cross section of a semiconductor.surface in
which Shallow Trench Isolation regions have been formed, a thin

layer of sacrificial oxide has been grown, a layer of nitride

11




whi ch Shal | ow Trench |sol ati on regi ons have been fornmed, a thin [|ayer of
sacrificial oxide has been grown, a layer of nitride 11 '4 SEP 2W, has
been deposited over the | ayer of gate oxide, a |ayer of TECS oxide has
been deposited over the layer of nitride. Fig. 10 shows a cross section
after a | ayer of photoresist has been deposited over the Iayerﬁgf Fﬁ;@@
oxi de and has been patterned for the gate electrode. Fig. 11 sh ﬁﬁs %ss
section after the layer of TECS oxide and the layer of nitride have been
etched in accordance with the pattern of the |ayer of photoresist. Fig. 12
shows a cross section after the |layer of patterned photoresist has been
renoved fromthe surface of the |layer of TECS oxide and a thin |ayer of
nitri de hd$HEETIEFBSELEEI0VERT e 1Rt of JREESosiidde &hbaedy ¢hclIRAH ng
t he opening that has been created in the layer of nitride. Fig. 13 shows a
cross sectPafcafPer Pere Gapasiagerovir Wig rliaderhas beenigéched t her eby
creating the sidewall spacers for the gate electrode. Fig. 14 shows a
cross section. after the layer of sacrificial oxide has been transforned
into a layer of gate oxide and the thin |layer of TEOS oxi de has been
removed. - Fig. 10 shows a cross section after a layer of photoresist

has been deposited over the layer of TEOS oxide and has been

patterned for the gate electrode.

Fig. 11 shows a cross section after the layer of TEOS oxide .
and the layer of nitride have been etched in accordance with the

pattern of the layer of photoresist.

Fig. 12 shows a cross section after the layer of patterned
photoresist has been removed from the surface of the layver of
TEOS oxide and a thin layer of nitride has been deposited over
the layer of TEOS oxide thereby including the opening that has

been created in the layer of nitride.

Fig. 13 shows a cross section after the thin layer of
nitride has been etched thereby creating the sidewall spacers

for the gate électrode.

Fig. 14 shows a cross section after the layer of
sacrificial oxide has been transformed into a layer of gate

oxide and the thin layer of TEOS oxide has been removed.

12




12 -24 SEP 2t3 Fig. 15 shows a cross section after a thick layer of poly
has been deposited over the surface of the layer of nitride thereby
i ncl udi ng the opening that has been created in the layer of nitride. Fig.

16 shows a cross section after the thick layer of poly has been Eﬁlgﬁﬁpﬂﬂ%
down to the surface of the layer of nitride. Fig. 17 shows a crosses [
after the layer of nitride has been renoved | eaving the gate oxi'de
unaffected by any plasma etch. DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS
Figs. 2 through 8 address the first enbodi nent of the invention. Referring
now specifically to Fig. 2, there is shown a cross section of a
sem conduct or surface 10 in which Shallow Trench |Isolation regions 12 have
been forned, &thid7 &peFs1a efogatecoxiale dfebeenhgeawhagad af lpyey 16 of
nitride has been deposited over the |layer 14 of gate oxide. Substrate 10
i s typicdld RseTsidsgre iEpfspdpti biee siuirore ofi tthe<1@QarcobyshatrDid ent ati on.
STI's reqions 12 can be.made 13 2 4 SEP 2004

hereby including the opening that has been created in the layer

of nitride.

Fig. 16 shows a cross section after the thick layer of poly

has been polished down to the surface of the layer of nitridé.

Fig. 17 shows a cross section after the layer of nitride

has- been removed leaving the gate oxide unaffected by any plasma

etch.

DESCRIPTION QF THE PREFERRED EMBODIMENTS

Figs. 2 through 8 address the first embodiment of the

invention.

Referring now specifically to Fig. 2, there is shown a
cross section of a semiconductor surface 10 in which Shallow
?rench Isolation regions 12 have been formed, a thin layer 14 of

gate oxide has been grown and a layer 16 of nitride has been

deposited over the layer 14 of gate oxide.

Substrate 10 is typically of single crystalline silicon

with <1005 crystal orientation. STI's regions 12 can be made
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usi ng a nunber of nethods. For instance, one nethod is the Buried Oxide
('‘BOX) isolation used for shallow trenches. The nethod involves filling the
trenches with a chem cal vapor deposition (CVD) silicon oxide (Si02) and
t hen etched back or nechanically or chenmically polished to yield g4pB5aRaiit
surface. The shallow trenches etched for the BOX process are

rani sotropically plasma etched into the silicon substrate and are typically
between 0.5 and 0.8 mcroneter (um) deep. STI are formed around the
active device to a depth between 4000 and 20000 Angstrom Another approach
in formng STI's is to deposit silicon nitride on thermally grown oxide.

After depesidg an refudehe o Minkthdas . apshal b on 14 n%*?lg' fehgheds! pho the

substrate using a mask. A |ayer of oxide is t eposited Into the trench

so that mhedd enchiel QueR)ansaigai of LS hegttlg 'Ch cls to
isolate the devices in a ChIS and lthus r%dﬁ%e ?ﬁglgﬁoss MF Yeen

active dendtRs iRRe1%Gess;epgsited st be d off and the
trench planarlzéd to prepare fgrt% etﬁéi SUe & ﬁ%FéF? at %" The

silicon Ridddsde il REQﬁbdggligoﬁhgx1§ e§§%) Egrevggteégﬂéfhln%:og the

masked silicon oxide of evi ce
mechanicaily or chemically polished to yield a planar surface.

The shailow trenches etched for the BOX process are
anisotropically plasma etched‘into the silicon substrate and are
typically between 0.5 and 0.8 micrometer {um.) deep. STI are
formed around the active device to a depth between 4000 and

20000 Angstrom.

Ancther approach in forming STI's 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
silicon to prevent polishing of the masked silicon oxide of the

device.
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he layer 14 of sacrificial oxide is grown on the bare silicon after the
IIFICO% surface has been cl eaned- The | ayer consists of an about 150 f
Angstrom thick layer of Si02 and can be thermally grown on the_surface o]
the wafer. The purpose of this layer is to cushion the transitiongp dg gma
stress between the silicon substrate and the subsequently deposited’ ['ay

16 of nitride. In general, the thicker the layer 14 of pad oxide, the

| ess edge force is being transmitted fromthe nitride 16 to the silicon
substrate 10. On the other hand, a thick layer of pad- oxide will render
the nitride layer 16 ineffective as an oxidation mask by allowng latera

|1 avoid
oxidation to take piace.14 Thereforieictiheg @maguﬂp@po ide t@atba\ge
the formation of dislocations should be used. Typlctﬂf | anket pad

oxi de caalecémraﬁxbf(kﬁbtélﬂﬂ@@%S%uQ%aéQOHés%&Qa@qg%%{%EgtQ%%y gy%g

t hermal oxidation nethod at a tenperature of about rees

| ends
time periosnefsebost 40 430 WoNWhLES TR RI O ess, of oL YLD LA L8
|tseI$ to t%e %ep05|t|on of | ayer % o? sacrlgléﬁgf OX|§1 fhat<i

t i ede1 n o] t hat |sto a
R ?ﬁrZb%%?%ilnﬂi?f%“ﬁmE%fosﬂgﬁﬁééongﬁg%ﬁ%%fTﬁ%a 3epo%s’ 8¢ shiFeon

nitride I1&&N4)s cah &ﬁskﬁl%@@%h%e@ra%i@goﬁr % he stlzz):%%\éD %ﬁ’gcﬁ‘gdg};gsbat a
pressure between about 300 mlorr and 4 mrorr, t et ween
about 600saMttd0Gubstrate and the subsequently deposited layer 16 of
nitride. In general, the thicker the layer 14 of pad oxide, the
less edge force is being transmitted from the nitride 16 tg the
silicon substrate 10. On the other hand, a thick layer of pad-
oxide will render the nitride layer 16 ineffective as an
oxidation mask by allowing lateral oxidation to take place.
Therefore, the minimum pad-oxide that will avoid the formation
of dislocations should be used. Typically, a blanket pad oxide
can be formed to a thickness of about 150 Angstrom through a
thermal oxidation method at a temperature of about 900 degrees
C. for a time period of about 10 to 20 minutes. The process of
the invention lends itself to the deposition of layer 14 of
sacrificial oxide that is considerably thinner that the
indicated 150 Angstrom, that is to a layer 14 with a thickness

between 100 and 200 Angstrom.

The layer 16 of silicon nitride (81i3N4) can be deposited
using LPCVD or PECVD procedures at a pressure between about 300

mTorr and 400 mTorr, at a temperature between about 600 ana 800
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15 -24 SEP Wfk degrees C. , to a thickness of about 2500 Angstrom using
NH3 dnd SiH4. The silicon nitride |ayer 16 can al so be deposited using
LPCVD or PECV D procedures using a reactant gas m xture such as

dichlorosilane (Sid2H2) and amonia (NH3) . A conventional c
i npl ant. (not shown in Fig. 1) has also been perforned into the gﬁ@feﬁ@?

the substrate 10 that is shown in cross section in Fig. 1. Conditions for
channel inplants vary widely and are determ ned by the particul ar
application for which a device is being created. As exanples, a channel

i npl ant can be a P-well inplant using -boron with an energy within the

range of begmeen A00 ¢® 220 ike¥eandoa Q%ﬁt 22%(5 *Erﬂgiéé}%rr{ %@Qﬂgofqﬁpe&?ﬁl@en

lel3 to |l eld4 atons/cm " it can be a P-we i npl ant using boron wt

energy wisiin tihe wangeonf nibetueen, Zéef Olélocahﬁ\él%%db@ ggggsy\%wuggl@e range

of between | el2 to Sel3 atons/cm it can ant usih

| ndi um wi Lhevan enaron Widicautle (39ge of rQ;?éé’W% %(11)(%50 key %”fq\'ﬁa dose

wi thin the range of between lel2 to 1e at ons &an "Be 4R wel |

Ll ant usi g PRASANAIIS Wch0n AN LRCTLAKLL R, he range  of between 300 to
600 keV and a dose within the range o et

A conventional channel implant (not shown in Fig. 1) has
also been performed into the surface of the substrate 10 that is
shown in cross section in Fig. 1. Conditions for channel
implants vary widely and are determined by the particular
application for which a device is being created. As examples, a
channel implant can be a P-well implant using boron with an
energy within the range of between 100 to 220 keV and a dose
within the range of between 1lel3 to leld atoms/émz, it can be a
P-well implant using boron with an energy within the range of
bétween 5 to 40 keV and a dose within the range of between lel?2
to 5el3 atoms/cm?, it can be a P-well implant using indium with
an energy within the range of between 50 to 250 keV and a dose

- within the range of between lel2 to leld atoms/cm®, it can be an
N-well implant using phosphorus with an energy within the range
of between 300 to 600 keV and a dose within the range of between
lé13 to 5eld atoms/cm®, it can be an N-well implant using
phosphorus with an energy within the range of between 50 to 300
keV and a dose within the range of between lel? to 5el13

atoms/cm®, etc.
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lel3 to 5el4 atoms/c m2, it can be an Nwell inplant using phosphorus
with an energy within the range of between 50 to 300 keV and a dose

wi thin the range of between | el2 to 5el13 2 atons/cm " etc. 16 24 SEP 204
‘Fig. 3 shows a cross section after the layer 16 of nitride has been o
patterned using the reverse gate pattern for the gate where a t?‘?stpy@ﬁ,&
of oxide must be created. Layer 18 is a layer of photoresist and-Ts ‘
patterned as shown such that the opening 20 that is created in the |ayer
18 of photoresist aligns with the region of the sacrificial |ayer 14 of
oxi de where the thin |ayer of oxide is to be created. The deposition and
patterning of ttHa.l dyehot8 ef crphstesesial dmes: eorveaiybenal HEthods; of
deposition and photolithography that are well known in the art.

Phot or esi dtas $terinppiangethequapihy s€SrSHl A i aci-de xtures
of H2SO4 with other oxidizing agents such as ydrgge(r‘igigre?‘%%ﬁggge ?%—?2%%),

the sane conpenentsiar eabbeduenskyadisasd Lelganing a; vwafe 8Si”facjg after
g et $he

t he photoresi_st _has been stri pped. Fig. 4 shows a cross-sec i on at _

layer 16 off Bhbtodesibasahgensebened {dy acc U dgnce wt pyipe mask that is

-provided by - PEmRg
20 that is created in the layer 18 of photoresist aligns with
the region of the sacrificial layer 14 of oxide where the thin

layer of oxide is to be created.

The deposition and patterning of the iayer 18 of
photoresist uses conventional methods of deposition and
photolithography that are well known in the art. Photoresist
stripping frequently uses sulfuric acid (HzS804) and mixtures of
H250s with other oxidizing agents such as hydrogen peroxide
{Hz202) , the same components are freguently used in cleaning a

wafer surface after the photoresist has been stripped.

Fig. 4 shows a cross section after the layer 16 of nitride
has been etched in accordance with the mask that is provided by

the patterned layer 18 of photoresist.
The silicon nitride layer 16 can be wet etched using a -

phosphoric acid solution. The silicon nitride can also be etched

usiqg anisotropic RIE using CHF; or SFs—02 as an etchant. The
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rned layer 18 of photoresist. The silicon nitride |ayer 16 can be
&2? gﬁzhgd u5|ngya- phosphgric acid solution. The silicon nitride can al so
be etched using anisotropic RIE using CHF 3 or SF6-02 as an etchant. The
17 24 SEP 2004 silicon nitride layer 14 can al so be di pped |nto_pH§§ﬁHﬁ?mm&
acid (H3PO4) to be renoved. The preferred method of the invention to etch
~the nitride layer 16 rempves the layer 16 of nitride down to and into the
surface of the underlying layer 14 of sacrificial oxide, the etch is an
anisotropic nitride etch. In the cross section that_ is showmn in Fig. 4,h
the layer 14 of sacrificial oxide is relatlvely t hi ck mhen conpared W t

the thicknasissof rtiteigat €a0%kde, JQﬁS faé%)k§ﬁg%%s % ?haﬁl%faCld

sufficient margin of over-etch into t e sur

RRSS he | ayer 14 of
sacrificiglp T i bility of etching through t _
sacrificig# gﬁ&ﬂﬁzzgﬁggztching into the surface of substrate 10 is

i m i i bstrate 10
therefore elimnated. By not etching into the surface of the su . ,
defects are prevented. Fig. 5 shows a cross section where the photoresist

mask 18 has q%%npgggg¥?g tﬁg&-éfiﬁila%ﬁ%véﬁfﬁf aggﬁnggg £f§;£§f”

created. The |ayer phot or esi s r s
layer 16 removes the layer 16 of nitride down to and into the
surface of the underlying layer 14 of sacrificial oxide, the
etch is an anisotropic nitride etch. In the cross section that
is shown in Fig. 4, the layer 14 of sacrificial oxide is
relatively thick when compared with the thickness of the gate
oxide. This relative thickness allows for sufficieﬁt margin of
over—etch into the surface of the layer 14 of sacrificial oxide.
The-possibility of etching through the layer 14 of sacrificial
oxide and etching into the surface of substrate 10 is therefore

eliminated. By not etching into the surface of the substrate 10,

defects are prevented.

Fig. 5 shows a cross section where the photoresist mask 18
has been removed and the thin layer 22 of gate oxide has been
created. The layer 18 of photoresist is removed using the
conventional process of ashing followed by clean. The remaining
layer 14 is to be completely removed before layer 22‘is grown,
The thin layer 22 of gate oxide is created at the bottom of
opening 20 by rapid thermal oxidation at a temperature bétween

about 800 and 1000 degrees C. for a time between about 10 and 20
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conventional process of ashing followed by clean. The remaining |ayer 14
is to be conpletely renoved before layer 22 is grown. The thin | ayer 22 of
gate oxide is created at the bottom of opening 20 by rapid thernal

oxi dation at a tenperature between about 800 and 1000 degrees C. %ErSE? 2004
ti me between about 10 and 20 18 24 SEP 2004 seconds thereby formng*a thrn
‘'l ayer of gate oxide with a thickness between about 10 and 30 Angstrom The
presence of the layer 14 of sacrificial oxide serves not only to act as an
etch stop for the ni'tride layer 16 but also to cushion the stress in the
silicon substrate 10 during gate oxidation. This is inportant in order to

assure copstsSheat Xt ui ferg Ly ide gquality at the edge of the
pol ysilicon gate eleéﬁﬁ%de. Hﬁ? 6t§EgWéggegr8§Sg%%%t?§ﬁg%ﬂW%§% | ayer 24
of pol ysthigphe has,bean. bl t .de ited. over the |layer 16 of nitride
i ncl udi ng the opening 20 tﬁg?%ﬁéé%pggéi%§Sﬁ9gﬁéﬁﬂnef@ﬁ%@rqsﬁnFﬁeOﬁa&é? of

nitride. Layer 24 ol.ysili.con can be deposited at a tenperature between
600 and 64%ydegreégg . %ﬁgﬁﬁfla P&%bgFosgrYﬁ?c?ﬂEs%n%ﬁ Yetrdfde i SaBsuEt3b00

and 4000 An tfégnth%Iggg%Q%fkﬁgss of polgtlayer 24 nust exceed the

t hi ckness o ayer %t rPfETand Rust2pFerer aptshise seéewesmeaboin 1.5

and 2 ti thick as the thickness of | ayer 16.
gﬁé §§i1con sd%stra e 10 during gateygxidation_ This is

important in order to assure consistent oxide uniformity and

oxide quality at the edge of the polysilicon gate electrode.

Fig. 6 shows a cross section after a layer 24 of
polysilicon has been blanket deposited over the layer 16 of
nitride including the opening 20 that has previously beén etched
in the layer of nitride. Layer 24 of polysilicon can be
deposited at a temperature between 600 and 640 degrees C. using
LPCVD to a thickness of between about 3000 and 4000 Angstrom.
The thickness of poly layer 24 must exceed the thickness of

layer 16 of nitride and must preferably be between about 1.5 and

2 times as thick as the thickness of layer 16.

Fig. 7 shows a cross section after the layer 24 of poly has
been polished thereby leaving a gate electrode 26 of poly in
place over the thin layer 22 éf gate oxide. The layer 24 of poly

.is removed using CMP and is removed to the surface of the layer
16 of nitride. The layer 24 of poly can also be removed by

etching using a reverse mask.
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Fig. 7 shows a cross section after the layer 24 of poly has been polished
t'hereby | eaving a gate el ectrode 26 of poly in place over the thin layer
22 of gate oxide. The layer 24 of poly is removed using CWP and is renoved
to the surface of the layer 16 of nitride. The Iayer 24 of polyzg,?gpaigg‘p
be renoved by etching using a reverse mask. 19 2 4 SEP 2004 Fig shows
the final processing step of the first enbodinent of the invention where
the nitride layer 16 is renoved fromthe surface of the substrate 10 and
fromlayer 14 of sacrificial oxide. The layer of nitride has been
selectively renoved through an isotropic acid wet etch IeaV|ng the gate

oxi de unaf f ect edgbys astyoupd agim tGh. M-S Lkeayes t ect S 26 in
place, underlying this gate electrodg 26 Fs tﬁ Fg§é$%q55 ;{ very thin

gate oxi dembbackeessor The. Gate-alien! Lade struclire, . hat, | ha é;ee” cr eat ed
up to this point is now ready for further proce55|ng g “*hrough 17

address t hemses@ngr&ihadi nente of to'ffe(s'hgvg%' ?ntes | %ﬁ#ggﬁbﬁaﬁrggfigi on

section of a sem conductor surface !
gsgkznsalﬁggiggﬁégf?HandQ¥$e Th%h lay e%yef %ftg{dgegggfﬂégﬁage%égggvg?i been
removed through an isotropic acid wet etch leaving the gate
oxide unaffected by any plasma etch. This leaves gate electrodes
26 in place, underlying this gate electrode 26 is the layers 22
of very thin gate oxide thickness. The gate electrode structure

that has been created up to this point is now ready for further

processing.

Figs. 9 through 17 address the second embodiment of the

invention.

Fig. 9 shows a cross section of a semiconductor surface 10
in which Shallow Trench Isolation regions 12 have been formed, a
thin layer 14 of sacrificial oxide has been grown, a layer 16 of
nitride has been deposited over the layer 14 of gate oxide, a
layer 17 of TEOS oxide has been deposited over the layer 16 of
nitride. The layer 14 of sacrificial oxide has been grown to a
thickness of about 200 Angstrom, nitride layer 16 is of a
thickness of about 2500 Angstrom, layer 17 of TEOS is of a

thickness of about 250 Angstromn.
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itride has been deposited over the |ayer 14 of gate oxide, a layer 17 of
%EES gxide has beenpdeposited over the layer 16 of nitride. The |ayer 14
of sacrificial oxide has been grown to a thickness of about 200 Angstrom
nitride layer 16 is of a thickness of about 2500 Angstrom |ayer 17 of
TECS is of a thickness of about 250 Angstrom 20 24 SEP \Were th@, sgng&
‘processi ng steps and processing conditions of the second enbodlnent of the
invention are identical to the processing conditions of the first

enbodi ment of the invention, these conditions will not be restated under
this explanation of the second enbodi nent of the invention. The |ayer 17

of tetra- ethylwmﬂﬁéutnﬂIpﬂﬁﬁé%s&ﬁ%cﬁkeﬁésaﬁée?roQ&RQﬁt}%%nh9t§PE%L§§22ﬁ8 of

about 250 Angstromusing LPCVD procedures at a tenperature o

| ayer
about 600sédishd Mhuiegress of thelind0nBhONS, A, Cf PS5 SEGtion.atter a
18 of phztore5|st has beeﬁ depos??ednover ?ﬁ% {ayefiz of” fE &s oxi de ~and

has been pﬁﬁ@ﬁé%%ﬂ%ﬂkkﬁkﬂ%qOE%ro%hﬁhgakfr§£e§$ﬂ Ofienine Sksi &Ogggﬁggg}gﬁfed

conditions for this step of the invention have” previ
under F'gthé%éﬁcédaig'&h%twgqgog gegé restggghlégggglgﬁls explanation of

the second embodiment of the invention.

The layer 17 of tetra~ethyl-ortho-silicate (TEOS) has been
deposited to a thickness of about 250 Angstrom using LPCVD

procedures at a temperature of between about 600 and 700 degrees

C.

Fig. 10 shows a cross section after a layer 18 of
photoresist has been deposited over the layer 17 of TEQS oxide
and has been reverse patterned for the gate electrode. The
processing conditions for this step of the invention have

previously been detailed under Fig. 3 of the first embodiment of -

the invention.

Fig. 11 shows a cross section after the layer 17 of TEQS
oxide and the layer 16 of nitride have been etched in accordance
with the pattern of the layer of photoresist. The preferred
etching conditions for the TEOS etch are as follows: etchant
gaé: CFq or CHF3: at a flow rate of about 15 sccm, gas pressure

about 800 mTorr, rf power density about 400 Watts, no magnetic
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Fig. 11 shows a cross section after the layer 17 of TEGS oxide and the
fayer'16 of nitride have been etched in accordance wth the pattern of the
| ayer of photoresist. The preferred etching conditions for the TEGCS etch
are as follows: etchant gas: CF4 or CHF3 at a flow rate of abough;ngqﬁﬁ)
gas pressure about 800 mforr, rf power density about 400 Watts, no
magnetic 21 24 SEP 2004 field applied, wafer tenperature about -17 degrees
C., time of the etch about 10 seconds. The etching processing conditions
for the layer 16 of nitride have already been highlighted previously _
under Fig. 4 of the first enbodi nent of the invention. It nust be noted in

Fig. 11 thiatldheppiayer, lhreh tsapeihighal agxide hayheen sikgni figantky
reguced in thickness at the bottom of the opening 20. The thlckness of the

sacrificie éﬁﬁﬂkhﬂdttrﬁgi%@cgadQ@STQQegtéﬁ§“5: Jgg%gaggoanagQiAQQS%%QW1tO
about 150 Angstrom The processing conditions that are dpp Iﬁ orS I's
reduct i oncien 13}1&%&%%%\1;&@8@%#%' X}P&?&;' di C%tigﬁligkggﬁ Ii%r%{{f‘g‘és}%
section that is shown in Fig. 11, t eh ayfr_ 0 . O?C{Lel ;?e OO
el ativel I Gk n r t . |c§? . _ .
;elativel¥ﬁ%%i§§§§hglFgagngo?grﬁ%f_|p?§§ﬁeéknp %iﬁfIBVSPFégEh into the
surface of the layer 14 of sacrificial oxide. The possibility of etching

t hrough t he
It must be noted in Fig. 11 that the layer 14 of

sacrificial oxide has been significantly reduced in thickness at
the bottom of the opening 20. The thickness of the sacrificial
oxide in region 22 has been reduced from about 200 Angstrom to
about 150 Angstrom. The processing conditions that are applied
for this reduction in thickness have previcously been indicated.
In the cross sectién that is shown in Fig. 11, the layer 14 of
sacrificial oxide is relatively thick when compared with the
thickness of the gate oxide. This relative thickness allows for
sufficient margin of over~etch into the surface of'the layer 14
of sacrificial oxide. The possibility of etching through the
layer 14 of sacrificial oxide and etching into the surface of
substrate 10 is therefore eliminated. It must again be
emphasized that the etch must not etch into the surface of the
underlying substrate, this can be assured by some of the layer

14 of sacrificial oxide remaining in place.

Fig. 12 shows a cross section after the layer 18 of

patterned photoresist has been removed from the surface of the
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| ayer 14 of sacrificial oxide and etching into the surface of substrate 10
is therefore elimnated. It nust again be enphasized that the etch nust

not etch into the surface of the wunderlying substrate, this can be assured
by some of the layer 14 of sacrificial oxide remaining in place2 8% %
shows a cross section after the |layer 18 of patterned photoresi st has been
renmoved fromthe surface of the 22 24 SE 2004 | ayer 17 of TECS oxide and a
thin layer 19 of nitride has been deposited over the layer 17 of TECS

oxi de thereby including the opening 20 that has been created in the |ayer
of nitride. The processing conditions for the renoval of the photoresist

have previlayslryibeen ivndscatede SidiLahiH tinide hs BEGHHEPM%/ ﬁlass,e?oéeﬁhform
i

and isolation filmor passivation |ayer and contains nonosilane )

and anonidapchldBydTypeeathgat £, SPacer, ' r i.lico itride,
silicon oxi ge, BSG, PSG pol yésaxlfl i con,Of"cItBIthEgSl ?rjlﬁ(t%grgi g@k%ﬂ?gf{e}}é;b"f%/mgofthae

di el ect 11 opaat ugero VL Ok A8 JAIIRAdJ ) 3,TERS 1550Ur Gp Of . AnDr phous

materials that inhibit the deposition of epitaxial” sillcon er‘eupon.
Layer 19 will at a later step in the process of the second enbodi nent of
the invention be etched to formthe gate spacers of the gate el ectrode.

Layer 19 of Sifﬁ&QBré%éééfH% conditions for the removal of the

photoresist have previously been indicated.

Silicon nitride is frequently used to form and isolation
film or passivation layer and contains monosilane (SiHs) and
amonia (NHsz). Typical gate spacer materials are silicon nitride,
silicon oxide, BSG, PSG, polysilicon, other materials preferably
of a dielectric nature, CVD oxide formed from a TEOS source or
amorphous materials that inhibit the deposition of epitaxial
silicon thereupon. Layver 19 will at a later step in the process
of the second embodiment of the invention be etched to form the
gate spacers of the gate electrode. Layer 19 of silicon nitride
can be deposited employing silane (such as dichlerosilane
{S1iCl2H2)) as a silicon source material and ammonia (such as
(NH3)) as a nitrogen source material using LPCVD or PECVD
procedures, at a temperature between about 600 and 800 degrees
C., at a pressure between about 300 mTorr and 400 mTorr, to a

thickness between about 200 and 300 Angstrom.
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¢can be deposited enploying silane (such as dichlorosilane (SiCl2H2)) as
a silicon source material and ammonia (such as (NH3) ) as a nitrogen source
mat eri al using LPCVD or PECVD procedures, at a tenperature between about
600 and 800 degrees C., at a pressure between about 300 nmfTorr ang 2%4
mlforr, to a thickness between about 200 and 300 Angstrom 23 4 SEé 2004
The‘deposition of the layer 19 of nitride, Fig. 12, reduces the gate

di mrensions while maintaining the | arger damascene space for easier masking
control. Typical dinmensions for the opening 20 for the gate electrode are
di mension 21 which equals about 0.13 um and di mension 23 which equal s
about 0.18 um THaedepdwensiom2kshaulert ypi eal hyt beaabauty t he dixmnsian 20
mnus two tines the thickness of layer 19 of nitride. Fig. 13 shows a

cross secthengaf¢ edimdres tdrisn Whayler mb9nehinfhbr iHe hasgbeenptched thareby
creating the sidewal |l spacers 25 for the gate electrode. The etch of |ayer

19 of thifositishar midlkide detselectiyyechd Qxhees ARk Ay f{%ep%fegf d via
isotropic. etch of said silicon nitride layer 19, using CHF3 or -02 as

an etchant. &t |tiwoOnyaid rdidedayer 219 gap.akse b@atﬂﬁ%&%’é hori c
acid (HBPO4) to be renoved. This dip nus? occ%r for a dﬁﬁ%s BQ%EE
0.13 um and dimension 23 which equals about 0.18 um. The

dimension 21 should typically be about the dimension 20 minus

two times the thickness of layer 19 of nitride.

Fig. 13 shows a cross section after the thin layer 19 of
nitride has been etched thereby creating the sidewall spacers 25
for the gate electrode. The etch of layer 19 of thin silicon
nitride is selective to oxide and can be performed via isotropic.
etch of said silicon nitride layer 19, using CHF3; or SFe-02 as an
etchant. Silicon nitride layer 19 can also be dipped into
ph03phoric acid (HsPO4) to be removed. This dip must occur for a
fixed time, such that layer 25 of nitride Spacer remains in
place. The etch of the thin layer 19 of silicon nitride leaves
in place the nitride where it had been most densely deposited,
that is on the sidewalls of the opening 20. This silicon nitride

25 that is left in place forms that gate spacers for the gate

electrode.

Fig. 14 shows a cross section after the layer of

sacrificial oxide has been transformed into a layer of gate
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o time, such that layer 25 of nitride spacer remains in place. The
giﬁﬁdéf the thin |ayer 1% of silicon nitride leaves in place the nitride
where it had been nost densely deposited, that is on the sidewalls of the
opening 20. This silicon nitride 25 that is left in place forns that gate
spacers for the gate electrode. Fig. 14 shows a cross section o J, BEPL PIBt
+layer of sacrificial oxide has been transformed into a layer of gate 24 |
4 SEP 2004 oxide 22 and the thin layer 17 of TEGS oxide has been renpved.
The processing conditions for these processing steps have previously been
indi cated. The presence of the sacrificial oxide acts not only as an etch
Stop for simididy i eheh:Auh ahs.ag Sor L@ cUshon the stress in Lhe
silicon substrate during gate oxi dat | on I's IS T nportant i ing

consi ste ' ifor.m oxide quality at the edge of the poly
gate. uﬁﬁ?%@%ﬁ?&ggggt%gg?gg{’g %qeesaen,p%%éasg%lngegggf’st]_H%V%ate ar ea
re.renmoved. There now remains a

, . . n

Ot ot i sy e 32 o g SP AT B FHE RO 1R Dats GHE GRCERERTIGL 20448 the

gate ele%&ﬁ%g%thgglylgssggmgtghC£€§§ é%ngﬁg1n%i&%&eaeggkcguLagfgo:Ztég
to cushion the stress in the silicon substrate during gate
oxidation. This is important in assuring consistent oxide
uniformity and oxide quality at the edge of the poly gate.
During the process of pre~gate clean, the oxides at the gate
area and on top of the nitride layer are removed. There now

remains an ultra-thin layer 22 of gate dielectric at the bottom

of opening 20 for the gate electrode.

Fig. 15 shows a cross section after a thick layer 24 of
poly has been deposited over the surface of the layer 16 of
nitride thereby including the opening 20 that has been created
in the layer of nitride. Fig. 16 shows a cross section wherein
the thick layer 24 of poly has been selectively peolished down to
the surface of the nitride layer 16 leaving a plug 26 of poly
inside opening 20 to form the poly gate electrode. The removal
of layer 24 of poly can be accomplished by either CMP or by a
selective etch using a reverse mask for the etch. Fig. 17 shows
a cross section of the poly gate after the nitride has been
removed using an isotropic phosphoric wet etch thereby leaving

the gate poly 26 in place. It must be noted that, during the
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pol y Ras been deposited over the surface of the layer 16 of nitride

t hereby i ncluding the opening 20 that has been created in the |ayer of
nitride. Fig. 16 shows a cross section wherein the thick |ayer 242qof SERIZ,
has been sel ectively polished dowmm to the surface of the nitride | ayer 16
| eavi.ng a plug 26 of poly inside opening 20 to formthe poly gate

el ectrode. The renoval of |ayer 24 of poly can be acconplished by either
CWP or by a selective etch using a reverse nmask for the etch. Fig. 17
shows a cross section of the poly gate after the nitride has been renoved
using an isotropic phosphoric wet etch thereby |eaving the gate poly 26 in
pl ace. |t RRAPSESFengorseégrehat, tier sngohtee®Bo@imerBs epf 2004 PraGRSSINNG tHkeps
of the second enbodi ment of the invention, the gate oxide |ayer was not

af fected @@ténPXQU&S#ayeECWthabtisff@atéd0$yt£ﬁypwnﬁﬁﬁﬁhﬂgﬁpﬂhhﬂei§econd
enbodi mrent of the invention. The structure that has been created up to

t hi s poi ntparits ofowheeadpckerihyr bhethpr scessd ngub M tdhaough # hed nvention has

been described and illustrated wth reference to specific illustrative
enbodi nentisveheneeof., The st&uﬂ@hréntﬁﬂﬂeﬂaérﬁﬁeﬁrﬁ%édﬁﬁﬂndﬂjQcp%hh%”bquttO
those illustrative embodi ments. Those skilled in the art wil recogni ze

that varidti ans asdagodbli eattpos caH-bEs @ge Wit hout

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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departing fromthe spirit of the invention. It is therefore intended to
include within the invention all such variations and nodifications which
fall within the scope of the appended clainms and equival ents theregof, 26
,2 4 SEP 26Q4. What is claimed is: 1. A method of creating ul tra-t#nSEP 2004
| ayers of gate oxide whereby said ultra-thin [ayers of gate oxide serve as
gate oxide of a polysilicon gate structure, conprising the steps of: .
provi di ng a sem conductor substrate wherein said sem conductor substrate .
conpri sedhah HtGl¢éme@gitn that is laterally displaced between a pair of
isolation regions; growmng a |layer of sacrificial gate oxide on a surface
of said substrate; perform ng channel inplant into a surface of said
substr at g; de O}iti ng a Ia%(Ler of nitride over a surface of said | ayer of
iral “ iRk

sacrific i ogxP ;T Par e g ERtR ePERFRGCS &G ° Fsle sPeFIRY i de
(her by GE8AL00. RS0 0% o0 Lol BYEL, oL UL ety futherore
layers 0,991 £ QA8 AL & LBPELT CBLEG o Al NG LQT o
providing a semiconductor substrate wherein said
semiconductor substrate comprises an active regiom that is
laterally displaced between a pair of isclation regions;
growing a layer of sacrificial g;te oxide on a surface of
said substrate;
performing channel implant into a surface of said
substrate;
depositing a layer of nitride over a surface of said layer
of sacrificial gate oxide;
patterning and etching said layer of nitride thereby
creating openings in said layer of nitride theréby furthermore
exposing surface areas of said layer of gate oxide where said
ultra-thin layers of gate oxide are to be created, allowing for
an over-etch into the surface of the layer of sacrificial oxide,

thereby partially retaining the layer of sacrificial oxide over a

bottom surface of said openings;

pre-cleaning said exposed surface of said layer of
sacrificial gate oxide where said ultra-thin layers of gate oxide
are to be created thereby creating pre-cleaned areas where said

ultra-thin layers of gate oxide are to be created;
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.an over-etch into the surface of the layer of sacrificial oxide, thereby
partially retaining the | ayer of sacrificial oxide over a bottom surface
.of said openings; pre-cleaning said exposed surface of said |ayer of
sacrificial gate oxide where said ultra-thin |ayers of gate oxide are to
be created thereby creating pre-cleaned areas where said ultigy SBPrpidiayers
of gate oxide are to be created; 27 24 SEP 2004 perform ng gate oxide
grow h over said pre-cleaned areas f thereby creating said ultra-thin

| ayers of gate oxide; depositing a |ayer of polysilicon over a surface of
said layer of nitride thereby including said openings in said |ayer of 27a
24 SEP 2804 ni 487841 9P Ly 67 16F 66@%31 CrEBrPaife PERYC ‘GPEERaFTIRF sai d
ultra- thin |ayers of,gate,oxide; renovi ng said | ayer of polysilicon froma
surface of "SAFQY |EYEF 119 5Hit Mi HE? 1 HEFe by T €aff ngt Saicd i deposi t ed

pol ysilicon insjde .said openin in said layer of nitride thereby creating
poly gate str%@?ﬁ?]étsmtgnﬁt E%’(/‘C‘Jel? Ig% BRP U EPA- T 2 5%{ e’o?%gseﬁléi oxi de;

and layer of nitride thereby including said copenings in said laver of
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renmoving said layer of nitride thereby |eaving said poly gate structures
in place. 2. The nethod of claim 1l wherein said grow ng a | ayer of
sacrificial gate oxide on a ,surface of said substrate is formng a

bl anket |ayer of pad oxide forned to a thickness of between about 100 and
200 Angstrom through a thermal oxidation method at a tenperatur2SEPaout
900 degrees C. for atinme period of about 10 to 20 m nutes. 3.- The net hod
of claim1l wherein said depositing a-layer of nitride over a surface of
said | ayer of gate oxide is depositing a, layerof silicon nitride (Si 3N4)
usi ng LPCVD or PECVD procedures at a pressure between about 300 mforr and
400 mlorr, at a tenperature between about 600 and 800 degrees C., to a

t hi ckness. bet en,cﬁqput 2000 and 3000 Angstromusing NH3 and SiH4. 28
. 2.4 S EPFY0L %Y Ve tethsaleri el apm thewrireiavesdiagidgpesidi agt eat ayer
of nitriﬁe qfer a surface of said |ayer of gate oxide is depositing a

| ayer, ofdt 116 ik i9g&e( SK3RB) usi ng LPCVD or PECVD procedures at a
pressure between about 300 nTorr and 400 mforr, at a tenperature between
about 600N BOFdEgrleesrCof polusihickmefmeat weataabout 2008 Bahgk 3000

Angstrom using a reactant gas m xture such
of nitride thereby leaving said deposited polysilicon inside

said openings in said layer of nitride thereby creating poly
gate structures that overly said ultra-thin layers of gate
oxide; and

removing said layer of nitride thereby leaving said poly gate

structures in place.

2. The method of claimil wherein said growingha iayer of
sacrificial gate oxide on a»surféce of said suﬁstrate is forming
a blanket layer of pad oxide formed to a thickness of between
about 100 and 200 Angstrom through a thermal oxidation method at
a temperature of'about 900 degrees C. for a time period of about

10 to 20 minutes.

3. The method of claim 1 wherein said depositing‘a‘layer of
nitride over a surface of said layer of gate oxide’is depositing gz,
1ay§rof silicon nitride (SisN4) using LPCVD or PECVD procedures at a
pressure between about 300 mTorr and 400 mTorr, at a temperature
between about 600 and 800 degrees C., to a thickness between

about 2000 and 3000 Angstrom using NHiz and SiHj.
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as dichlorosilane (SiCl2H2) and ammonia (NH3) . 5. The method of claiml
wherein said etching said layer of nitride is an anisotropic nitride etch
that is selective to an wunderlying |ayer of sacrificial gate oxide,
allowing for an over- etch into the surface of the |ayer of sacrificial

oxi de, thereby preventing over-etching or gauging of said subst r #eSEB. 2004
The nmethod of claim1l wherein said performng gate oxide .growh over said
pre-cl eaned areas thereby creating said ultra- thin |layers of gate oxide is
performng a rapid thermal oxidation at a tenperature between about 800
and 1000 degrees C. for a time between about 10 and 20 seconds therehby
formng said ultra-thin |layer of gate oxide with a thickness between about

10 and 30 Angstrom 7. The nethod of claim | whereby said depositing a

| ayer of pdly$hbki 86PhoQVEF é&éﬁﬁﬁﬁ%ﬁe?@iﬁaggﬁéaefgggﬂagkéé{ egkggg%dgz SEP

depositing said layer of polysilicon to a thic _ . ‘

Payera of gabenpnt Ao 5. Tharerhod ol e EPn Gl WireR S dor GRBUPhGLesl o

| ayer of ‘pobf‘séiiﬂ%h fﬂf’d?i%es%ﬁ%ﬁ %fsi%%i PE@geér O.J’Ecn\if[;[ rpirdoeceidir%s at a
bressure between about 300_mTorr and 400 mTorr, at a temperature
between about 600 and 800 degrees C., to a thickhess bétween

about 2000 and 3000 Angstrom using a reactant gas mixture such

as dichlorosilane (8iClz2Hz) and ammonia (NHs3} .

5. The method of claim 1 wherein sald etching Saidlayer of
nitride is an anisotropic nitride etch that is selective to an
underlying layer of sacrificial gate oxide, allowing for an over-
etch into the surface of the layer of sacrificial oxide, thereby

preventing over-etching or gauging of said substrate.

6. The method of claim 1 wherein said performing gate oxide
growth over said pre-cleaned areas thereby creating said ultra—
‘thin lavers of gate oxide is performing a rapid thermal
oxidation at a tgmperature between about 800 and 1000 degrees C.
for a time between about 10 and 20 seconds thereby forming said

ultra-thin layer of gate oxide with a thickness between about 10

and 30 Angstrom.

7. The method of claim 1 whereby -said depositing a layer of
polysilicon over a surface of said layer of nitride inclﬁdes

depositing said layer of polysilicon to a thickness of between
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gel ectii ve polishing procedure that uses polysilicon CMP techniques with or
w thout the aid of reverse nmask whereby end- point for said polysilicon
renoval is reached when the thickness of said |layer of nitride has been
reduced from between about .2000 and 3000 Angstromto between about 1500

and 2500 Angstrom 9. The nethod of claim1 wherein said renoving, sai d
| ayer of nitride is an isotropic phosphoric acid wet etch there%&kﬁgﬁvmmg

.said ultra-thin layer of gate oxide unaffected by plasma etch. 10. A nethod
of creating ultra-thin |ayers of gate oxide underlying polysilicon gate
structures, conprising the steps of: providing a sem conductor substrate
sai d substrate having been provided with Shallow Trench Isol ati on regi ons

inits su r l.ayer of sacrificial gate oxi de has been
deposi tedé%c%&eawg}f 2’2% ‘% OsaFasgﬁB@t Pate ¢ mtfdiatg o4 saifasbter-skin ST

regions to i ess hetween about 100 and 200 Angstrom whereby
furthernbréﬁﬁkgﬁgi S%eiﬁﬁﬁgﬁr has been perforned into a surface of said

substrate; 30 24 SEP 2004 depositing a layer of nitride over a surface of
said layer of sacrificial gate oxide to a thickness between about 2000 and

3000 An r atterning and etching said | ayer of nitride whereby said
g%. C}Iﬂe [r)netthod ofgclaim 1 whezgein said >;:emmrinc;; said layer of}/

polysilicon from a surface of said,léyer of nitride is a
.selective polishing procedure that uses polysilicon CMP
techniques with or without the aid of reverse mask whéréby end-
point for said polysilicon removal is reached when the thickness
of said layer of nitride has been reduced from between about

2000 and 3000 Angstrom to between about 1500 and 2500 Angstrom.

8. The method of claim 1 wherein said removing said layer of
nitride is an i1sotropic phosphoric acid wet etch thereby leaving

said ultra-thin layer of gate oxide unaffected by plasma etch.

10. A method of creating ultra-thin layers of gate oxide
ﬁnderlying polysilicon gate structures, comprising the steps of:
providing a semiconductor substrate said substrate having been
provided with Shallow Trench Isolation regions in its surface
whereby a layer of sacrificial gate oxide has been deposited on
a surface of said substrate including a surface of said STI
regions to a thickness between about 100 and 200 Angstrom
whereby furthermore a channel implant has been performed into a

surface of said substrate;
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patterning and etching creates openings in said |ayer of nitride that
align with surface areas in said |ayer of sacrificial gate oxide where
said ultra-thin layers of gate oxide are to be created thereby exposing
said layer of said sacrificial gate oxide in said surface areas said
etching of nitride being an anisotropic etch that is selective to the
underlying | ayer of sacrificial oxide , al lowing for an over-etch in_to!
the surface of the |ayer of sacrificial oxide; pre-cleaning _saigjlr xposgd
surface of said layer of sacrificial gate oxide where said ultrazthin

| ayers of gate oxide are to be created thereby creating pre-cl eaned areas
where said ultra-thin |ayers of gate oxide are to be created; performng
gate oxide growh over said pre-cleaned areas thereby creating said

ul tra-t hi Aepayeksngf aghtgeoxd tlaii depRsidvcRgaashayghe Afs RQli¥silleqn jgver a
surface of said layer of nitride to a thickness between about "3000 and

4000 Angstromifihgakbyatachtiia @ 5 WHidkE 3k CBe Bfe $21 it LATHNLA 4 aver s
of gate oxide; renoving said |layer of polysilicon froma surface of said

| ayer of 3aD0rhdestheneby | eaving said poly inside said openings in said
| ayer of nitride said renoval to apply methods of 31 24 SEP 2904
patterning and etching said layer of nitride whereby said
patterning and etching creates openings in said layer of nitride
that align with surface areas in said layer of sacrificial gate
oxide where said ultra-thin layers of gate oxide are to be
created thereby exposing said layer of said sacrificial gate
oxide in said surface areas said etching of nitride being an
anisotropic etch that is selective to the underlying layer of
sacrificial oxide , aliowing for an over-etch into the surface of the layer of
sacrificial oxide: 7
pre-cleaning said exposed surface of saild layer of sacrificial
gate oxide where said ultra-thin layers of gate oxide are to be
created thereby creating pre-cleaned areas where said ultra-thin
layers of gate oxide are to be created;
performing gate oxide growth over said pre-cleaned areas thereby
creating said ultra-thin layers of gate oxide;
depositing a layer of polysilicon over a surface of said layer
of nitride to a thickness between about 3000 and 4000 Angstrom
thereby including a surface area of said ultra-thin layers of
gate oxide;
removing said layer of polysilicon from a surface of said layer

of nitride thereby leaving said poly inside said ocpenings in

said layer of nitride said removal to apply methods of
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polysilicon CWMP either with or without aid of reverse mask said renoval
‘of said layer of polysilicon to proceed to a point where the thickness of
said layer of nitride has been reduced from between about 2000 and 3000

Angstrom to between about 1500 and 2SO0 Angstromthereby form (r%g#% F 2004
olysilicon gate structure that overlies said ultra-thin |layers gg e

oxi de; and renoving said |ayer of nitride froma surface of said | ayer of
sacrificial gate oxide using an isotropic phosphoric wet etch thereby

| eaving said polysilicon gate structure in place. 11. A nethod of creating
ultra-thin | ayers. of gate oxi de whereby said ultra-thin |ayers of gate

oxi de serve as a gate oxide of a polysilicon gate structure, conprising
the steps of: providing a sem conductor substrate wherein said

seni condTPEH A (XUt &1EbRpr réEE an wbthewt ragl of thabrbs hasersily

di spl aced between a pair of isolation regions; growing a |ayer of

sacrifi AgOGH €fodede davarsaEf nebyollsein te yhstoeatie tboaapd i€ kagsse of

" bet ween about 150 and 250 Angstrom performng channel inplant into a
sur f ace 'dt® SAiiFkagsst o4t eaiddeppst t ¢hgniattiadeemanf beiehr rdauoser raomur f ace of
said layer of gate oxide to a thickness of. between about 2000 and 3000
Angstr(”ﬁergeg4angt2QQ@0 and 3000 Angstrom to between about 1500 and

2500 Angstrom thereby forming a polysilicon gate structure that

overlies said ultra-thin layers of gate oxide; and

removing said layer of nitride from a surface of said layer of

sacrificial gate oxide using an- isotropic phosphoric wet etch

thereby leaving said polysilicon gate structure in place.

11. A method of creating ultra-thin layers of gate oxide whereby
said ultra-thin lavers of gate oxide serve as a gate oxide of a
polysilicon gate structure, comprising the steps of:

providing a semiconductor substrate wherein said semiconductor
substrate comprises an active region that is laterally displaced
between a pair ofAisolation regions;

growing a layer of sacrificial gate oxide on a surface of said
substrate to a thiékness of between about 150 and 250 Angstrom;
performing channel implant into a surface of said substrate;
depositing a layer of nitride over a surface of said layer of
gate oxide to a thickness of between about 2000 and 3000

Angstrom;
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depositing a layer, of tetra-ethyl--ortho--silicate (TECS) oxide on a
surface of said layer of nitride to a thickness of between about 200 and
300 Angstrom patterning and etching said |layer of TEOCS oxide and said

| ayer of nitride thereby creating openings in said |ayer of TEGCS oxi de
and said |layer of nitride thereby furthernore exposing a surface areas of
said layer of sacrificial gate oxide where said ultra- thin |ayer ggggg%e
oxide are to be created , allowing for an, over-etch into the suﬁ% BT of 04
the layer of sacrificial oxide, depositing a thin conformal |ayer of
nitride over a surface of said |layer of TECS oxide to a thickness between
about 200 and 300 Angstrom thereby including said created openings in said
layer of TECS oxide and said |ayer of nitride; isotropically etching said

t hi n conf elemals ikayer 20f r [ ing,said co | .a er of
nitride fron1§lsur?age ag%ks%?etﬁgﬁir ﬁlTE%gﬁgx? l?%%?egéﬁFﬂat

form ng thi Burghdewalkl sgpace idewal | s of said o enln s in said Iayer

of TEOS oxide and said | aye"':grfm?nonftnr:ac &9t &t ghl?}é B Sl R/TEED to

oxi de the%ggﬁtfgbthEHDF Q%ﬁﬁ a surface of said layer of sacrificial
tra [ ;

gate oxide where said u dyers of gate oxide are to be created,
pre-cl eanpngrsahd,exposed. surface .of .said |layer of sacrificial ate oxide
wher e salb ul'tra- ?ﬁ ﬁd%%@% Eﬁ%fglﬁﬁpﬁeogrEEP% peide and said layer

of nitride thereby creating openings in said layer of TEOQS oxide

and said layer of nitride thereby furthermore exposing a surface

engzen’

areas of said layer of sacrificial gate oxide where said ultra-
thin layers of gate oxide are to be created. , allowing for an
over-etech into the surface of the layer of sacr{ficial oxide;

depositing a thin conformal layer of nitride over a surface of
said layer of TEOS oxide to a thickness between about 200 and

300 Angstrom thereby including said created openings in said

layer of TEOS oxide and said layer of nitride;
isotropically etching said thin conformal layer of nitride
thereby removing said conformal layer of nitride from a surface
\ - of said layer of TEOS oxide thereby furthermore forming thin
sidewall spacers on sidewalls of said openings in said layer of
TEOS oxide and said layer of nitride said etch to be selective
to oxide thereby furthermore exposing a surface of said layer of
sacrificial gate oxide where said ultra-thin layers of gate
oxide are to be created;
pre-cleaning said exposed surface of said layer of sacrificial
gate oxide where said ultra—thin‘layers of gate oxide are to be
created thereby creating pre-cleaned areas where said ultra-thin

layers of gate oxide are to be created said pre-~cleaning to
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created thereby creating pre-cleaned areas where said ultra-thin |ayers of
Qate oxide are to be created said pre-cleaning to 33 24 SEP renpve said
TEOCS oxide fromthe surface of said layer of nitride said pre-cleaning
furthermore renmoving said sacrificial oxide fromsurface areas where said
ultra-thin layers of gate oxide are to be created; performng gate oxide
growth over said pre-cleaned areas thereby creating said ult ra-t@mSan@ﬁgs
of gate oxide; depositing a |ayer of polysilicon over a surface of said
layer of nitride thereby including said openings in said |ayer of nitride
said | ayer of polysiilicon thereby overlaying said ultra- thin layers of
gate oxide; renoving said layer of polysilicon froma surface of said
layer of nitride thereby |eaving said deposited polysilicon inside said
openi ngs HeHO8&i d2fgyEFO8f onide i Heort herepu ieeat oigspollyl agat eofS il iLs
that overly said ultra-thin layers of gate oxide; and removing said |ayer
of nitriééiﬁhéﬁébylPé&@h%gf@%ﬂMExmﬁ@egﬁﬂmmvrm@ruaﬁureSCrnf£¢i§mLoﬁﬁhe The
met hod of claim 11 wherein said growing a layer of sacrificial gate OXIde
on 'a 8uffrgBesusfasai drsabsitrate ssid arltivegthin layers of gate oxide

are to be created;

performing gate oxide growth over said pre-cleaned areas thereby

creating said ultra-thin layers of gate oxide;

depositing a layer of polysilicon over a surface of said lavyer

of nitride thereby including said openings in said layer of

nitride said layer of polysilicon thereby overlaying said ultra-

thin layers of gate oxide;

removing said layer of polysilicon from a surface of said layer

of nitride thereby leaving said deposited polysilicon inside

sald openings in said layer of nitride thereby creating poly

gate structures that overly said ultra—thin layers of gate

oxide; and

removing said layer of nitride thereby leaving said poly gate

structures in place.

12. The method of claim 11 wherein said growing a layer of
sacrificial gate oxide on g surface of said substrate is forming
a blanket layer of pad oxide formed to a thickness of between
about 150 and 250 Angstrom through a thermal oxidation method at
a4 temperature of about 900 degrees C. for a time period of about

10 to 20 minutes.
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@ bl anket | ayer of pad oxide fornmed to a thickness of between about 150
and 250 Angstrom through a thernmal oxidation nethod at a tenperature of
about 900 degrees C. for a time period of about 10 to 20 m nutes. 34 24
SEP 2904 13. The method of claim 11 wherein said depositing a ,|aye2s&EP 200
nitride over a surface of said |ayer of gate oxide is depositing |ayer Jof
silicon nitride (Si3N4) using LPCVD or PECVD procedures at a pressure
bet ween about 300 nfTorr and 400 nfTorr, at a tenperature between about 600
and 800 degrees C., to a thickness between about 2000 and 3000 Angstrom
using NH3 and SiH4. 14. The nethod of claim 11 wherein said depositing a
| ayer of nitride over a surface of said |ayer of gate oxide is depositing
a layer of silicon nitride (Si3N4) using LPCVD or PECVD procedures at a
pressure between about 300 nTorr and 400 mforr, at a tenperature - between
about 600 _and 800 degrees C., to a thickness between about 2000 and 3000
Angst romtdsi RS ave elaed apk @fasimhilit whersdohsand dbmddioriosj & anayefSbEL2H2)
and ammoni.a (NH3) 15. The nmethod of claim 11 wherein said depositing
a-layer 8ttrideraver hylswridne oifl iseatle LaTEOS)E oxdtde onide sur bagesotisgi d
| ayer of ﬁkﬁﬁﬂdeluses PECVD procedures at a tenperature of
a L?f silicon nitride (SisN4) using LPCVD or PECVD procedures at a
pressure between about 300 mTorr and 400 mTorr, at a temperature
between about 600 and 800 degrees C., to a thickness between

about 2000 and 3000 Angstrom using NHs and SiHa.

14. The method of claim 11 wherein said depositing a layer of

nitride over a surface of said layer of gate oxide is depositing a
layer ©f silicon nitride (Si3Ns) using LPCVD or PECVD procedures at a

Piessure pbetween about 300 mTorr and 400 mTorr, at a temperature

between about 600 and 800 degrees C., to a thickness between

about 2060 and 3000 Angstrom usihg a reactant gas mixture such

as dichlorosilane (SiClzHz) and ammonia (NHs) .

15. The method of claim 11 wherein said depositing a layer of
tetra-ethyl-ortho~silicate (TEOS) oxide on a surface of said
layer of nitride uses PECVD procedures at a temperature of

between about 350 and 450 degrees C. said layer of TEOS being

deposited to a thickness of between about 200 and 300 Angstrom.

16. The method of claim 11 wherein etching said layer of TEOS

oxide uses etchant gas of CFs; or CHF3 at a flow rate of about 15
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-bet ween about 350 and 450 degrees C. said |layer of TECS being deposited to
a thickness of between about 200 and 300 Angstrom 16. The nethod of claim
11 wherein etching said | ayer of TEOCS oxide uses etchant gas of CF4 or
CHF3 at a flowrate of about 15 35 24 SEP 2004 sccm, gas pressure about
800 nmforr, rf power density about 400. Watts, no magnetic field agplgm® ps
waf er tenperature about -17 degrees C., tine of the etch about 10 seconds.
17. The method of claim 11 wherein said etching said |layer of nitride 1is
an anisotropic nitride etch that is selective to the underlying I|ayer of
sacrificial gate oxide, allowing for an over-etch into the surface of the
| ayer of sacrificial oxide. 18. The nethod of claim 1l wherein said
depositing a thin confornal |ayer of nitride uses silane (such as

di chl or osi IS8, @ESisCb2ERy)hreasbéusi § 0@ rSAUr 6o g%%y ag&% ggm% %(fﬁ?uch

as (NH3)) as a nitrogen source naterlal using L

deposit ed #etastenpematteeibetneen $0 rees
pressure between about 300 nfTorr an 6% n13%%q §8Qper?ﬁ %H%?%tbeﬂween

about 200 drdx800 0gstifm of dndhe:dplligdohclabm il vherein said
i sotropically etching - said thin confornal ayer of "Aftri de uses CHF3 or

SF6- 2 as an etchant whereby said etch is selective to oxide said etch to

17. The method of claim 11 wherein 3aigd etching ggidglayer of nitride
is an anisotropic nitride etch that is selective to the underlying
§: layer of sacrificial gate oxide, allowing for an over-etch into tLhe

surface of the layer of sacrificial oxide.

+18. The method of claim 11 wherein said depositing a thin
conformal layer of nitride uses silane (such aé dichlorosilane
(SiClzHz)) as arsilicon sourée material andrammonia (such as
{NH3)) as a nitrogen source material using LPCVD or PECVD
Procedures deposited at a temperature between about 600 and 800

_degrees C., at a pressure between about 300 mTorr and 400 -mTorr,

to a thickness between about 200 and 300 Angstrom.

gyt

719. The methed of claim 11 wherein said isotropicalily etching

said thin conformal layer of nitride uses CHF3 or SFs-0: as an
etchant whereby said etch is Selective to oxide said etch to
from thin sidewall Spacers on the sidewalls of said openings
created in said layers of ‘TEOS oxide and nitride.
.20. Tbe method of claim 11 wherein said performing gate oxide

growth over said pre-cleaned areas thereby creating said ultra-
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fromthin sidewal| spacers on the sidewalls of said openings created in
said layers of ' TECS oxide and nitride. 20. The nethod of claim 11 wherein
said performng gate oxide growh over said pre-cleaned areas thereby
creating said ultra 36 2 4 SEP 204 thin | ayers of gate oxide is performng
a rapid thermal oxidation at a tenperature between about 800 ar@li BEFOZ004
degrees C. for a tine between about 10 and 20 seconds thereby form ng said
ultra-thin | ayer of gate oxide with a thickness between about 10 and 30
Angstrom 21. The nmethod of claim 11 whereby said depositing a | ayer of
polysilicon over a surface of said |layer of nitride includes depositing
said layer of polysilicon to a thickness of between about 3000 and 4000
Angstron%gver t he s%#%ace of said ultra-thin |ayers of gate oxide 22. The
met hod of “tf al 1 eGP &A% 1PeRBYIAESRS P |=RRdd dherpallysilicon from
a surface of said |ayer of nitride is a selective polishing procedure that
uses pol §8TF3 oM AP 2 ((EIRFTGHES e wWPERWBrn Wk Piout8 & dingf 1080erseremske -
whereby end-point for said polysilicon renoval is reached when a surface
of said f?léyﬁrtld‘re MYTeFE PdorgadRednd230 Feeonmst Howrebyclfarmiad shedei n

said renmovi ng said | ayer of _
ultra-thin layer of gate oxide with a thickness between about 10

and 30 Angstrom.

21. The method of claim 11 whereby said depositing @ layer of
polysilicon over a surface of said layer of nitride includes
depositing said layer of polysilicon to a thickness of between

about 3000 and 4000 Angstrom over the surface of said ultra—-thin

layers of gate oxide.

22. The method of claim 11 wherein gsaid removing said layer of
polysilicon from a surface of said layer of nitride is a
selective polishing procedure that uses polysilicon CMP
techniques with or without ajd of reverse mask whereby end-point
for said polysilicon removal is reached when a surface of said

layer of nitride is reached.

23. The method of claim 11 wherein said removing said layer of
nitride is an isotropic phosphoric acid wet etch thereby leaving

said ultra-thin layer of gate oxide unaffected by plasma etch.
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nitride is an isotropic phosphoric acid wet etch thereby |leaving said
ultra-thin |layer of gate oxide unaffected by plasma etch. 37 24 SEP 2004
24. A nethod of creating ultra-thin |layers of gate oxide underlying
polysilicon gate structures, conprising the steps of: providing a

sem conductor substrate said substrate having been provided wth Shallow
Trench Isolation regions in its surface whereby a |ayer of s\cr%é%ghﬁl
gate oxi de has been deposited on a surface of said subst r at ei4n g
.surface of said STI regions to a thickness between about 150 and 250
Angstrom whereby furthernore a channel inplant has been perforned into a
surface of said substrate; depositing a |ayer of nitride over a surface of
said |ayer of sacrificial gate oxide to a thickness between about 2000 and
3000 Angs£henf @epbsiltdhgeredt@yrr Wit rEE@BinoXhgersver gasalrd:ace of said

| ayer of nitride to a thickness of between about 200 and 300 Angstrom

pat t er ni ngndrdleichi pgl sai diday efatef sEEQSLu@%kecangr Sk |@¥erse ofs Rid.ri de
wher eby said patterning and etching creates openings in said |ayers of
TECS ni tr pdevadiing ai dsérayesndfciiid e trhat sakhgoumitihSdnfAce2Leas in
said | ayer- of sacrificial gate oxide where said ultra-thin |ayers of gate
oxi de areptovbecdrentiedshalliow Trench Isolation regions in its surface

a

whereby a layer of sacrificial gate oxide has been deposited on
a surface of said substrate including a surface of said.STI
regions to a thickness between about 150 and 250 Angstrom
whereby furthermore a channel implant has been performed into a
surface‘of said substrate;

depositing a layer of nitride over a surface of said layer of

sacrificial gate oxide to a thickness between about 2000 and

3000 Angstrom;
depositing a layer of TEOS oxide over a surface of said layer of
nitride to a thickness of between about 200 and 300 Angstrom;

patterning and etching said layer of TEOS oxide and said layer

.
p—

cf nitride whereby said patterning and etching creates openings
in said layers of TEOQOS nitride and said layer of nitride that
align with surface areas in said layer of sacrificial gate oxide
where said ultra-thin layers of gate oxide are £o be created

-~ thereby exposing said layer of said sacrificial gate oxide in
said surface areas said etching of TEOS oxide being an
anisctropic etch said etching of nitride being an anisotropic
etch that is selective to the underlying layer of sacrificial
oxide, allowing for an over-etch into the surface of the layer of

sacrificial oxide;
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. . . e . . . f ace
exposing said layer of said sacrificial gate oxide in said sur

Lner e dpetch?ng of TE%S oxi de being an anisotropic etch said etching

of nitride being an anisotropic etch that is selective to the underlying

|l ayer of sacrificial oxide allowing for an over--etch into the sy | a¢e 2

areas sa

the layer of sacrificial oxide; 38 24 SEP 2004 depositing a thin

conform

| ayer of nitride over a surface of said layer of TECS to a

t hi ckness between about 200 and 300 Angstrom thereby including said

openi ngs
| ayer of
nitride
openi ngs

that have been created in said layer of TEOS oxide and said
nitride; isotropically etching said thin confornal |ayer of
thereby forming thin sidewall spacers on sidewalls of said

in said layer of TEGS oxide and layer of nitride; pre-cleaning
sai d expolERPErite dhignicenifayarlolagarrof imitalidegatve rosi dar phes eosai d

Itra-thin layers of gate oxide are to be created thereby creating
gre-clead%ﬂ“é%éﬁ@”ﬂhé?§@§§i@OuﬁtthithhﬂssIb@ﬁﬂébﬁﬁéh@@&€20ﬂlQﬁdag@oto be

created said pre-cleaning to

gate oxide are to be created; perform ng gate oxide growh over said

pre-clea

rﬂgjggmgagawﬁgr@ﬁyTEos oxide and said layer of nitride;
isotropically etching said thin conformal layer of nitride
thereby forming thin sidewall Spacers on sidewalls of said
6penings in said layer of TEOS oxide and layer of nitride;
pre-cleaning said exposed surface of said layer of sacrificial
gate oxide where said ultra-thin layers of gate oxide are to be
created thereby creating pre-cleaned areas where said ultra-thin
layers of gate oxide are to be ¢created said pre-cleaning to
remove said TEOS oxide from the surface of said layer of nitride
and from the surface where said ultra-thin layers of gate oxide

are to be created;

- performing gate oxide growth over said pre-cleaned areas thereby

creating said ultra~thin layers of gate oxide;

depositing a layer of pelysilicon over é surface of said layer
of nitride to a thickness between about 3000 and 4000 Angstrom
thereby including the surface area of said ultra-thin layers of
gate oxide;

removing said layer of polysilicon from a surface of said layer
of nitride thereby leaving said poly inside said openings in
said layer of nitride said removal to apply methods of

polysilicon CMP either with or without aid.of reverse mask said
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¢reatiing said ultra-thin |layers of gate oxide; depositing a |ayer of
polysilicon over a surface of said layer of nitride to a thickness
bet ween about 3000 and 4000 Angstrom thereby including the surface area of
said ultra-thin layers of gate oxide; renoving said | ayer of pg# sééﬁ%on
froma surface of said layer of nitride thereby |eaving said p % sicfh
said openings in said |layer of nitride said renoval to apply nethods of
polysilicon CMP either with or without aid of reverse mask said 39 91,

, 24 SEP 2004 renoval of said |layer of polysilicon to proceed to a point
where the thickness of said |layer of nitride has been reduced from
bet ween about 2000 and 3000 Angstromto between about 1500 and 2500
Angstrom thereby faormng a polysilicon gate structure that overlies said
ul tra-thi r’fefn%‘féisogf S@égel%b’(?ﬁé?f ard esdpdwiong teaptdokayer tofa nidiritderHarem a
surface of said |ayer of sacrificial gate oxide using an isotropic
phosphor i ¢PfethéfkhRess nef ebyid deniany ofaind tpakyshhicbaegat edstddiCinge | N

| ace. 40 :
P between about 2000 and 3000 Angstrom to between about 1500 and

2560 Angstrom thereby forming a polysilicon gate structure that

overlies said ultra-thin layers of gate oxide; and |
removing said layer of nitride from a surface of said layer of
sacrificial gate oxide using an isotropic phosphoric wet etch

thereby leaving said polysilicon gate structure in place.
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