1°8 A'U G 2004 NOVEL PROCESS TO ACHI EVE UNI FORM GROOVE DEPTH IN A SI LI CON

SUBSTRATE BACKGROUND OF THE I NVENTION (1) Field of the Invention The
present invention relates to nethods used to fabricate sem conductor

devices, and nore specifically to a nethod used to fabricate a rfoved
gate, netal oxide sem conductor field effect transistor, (NCSFE%),Aggvm@b.
(2) Description of Prior Art G ooved gate MOSFET devi ces have all owed the
sem conductor industry to achieve the objectives of increased device

density, and devi ggaarpRHIR ]nga@iéﬁﬁ pol ysilicon,
grooved gate structure, featgg?gja eep su -é?%@%%ﬂggygnsions, obt ai ned

"o place of convent: onaFFbATE AN GME A R Ct ur o5, defined via
phot ol i t hographi ¢ and dry etching procedures, have all owed reductions in

MOSFET area to be realized, thus resulting in increased device density. In
addition the use of grooved gate t echnol o has resulted in the

suppressi on of short chaHHfCROPVNEIQFT HOMY with conventional deep
sub-m cron, polysilicon gate, MOSFET devi ces. However the ability to form
grooves with consistent depths, in all regions of the sem conductor
substrate, has limted the | 1 8 AUG 2004 use of grooved gate MOSFET
devi ces. (1) Field of the Invention

~ The present invention relates to methods used to fabricate semiconductor devices, and

more specifically to a method used to fabricate a grooved gate, metal oxide semiconductor field

effect transistor, (MOSFET), device.

- (2) Description of Prior Art

Grooved gate MOSFET devices have allowed the semiconductor industry to achiéve the
objectives of increased device density, and device performance. The ability to form a polysilicon,
grooved gate structure, featuring deep sub-micron dimensions, obtained using the dimensions of

the groove formed in the semiconductor substrate, in place of conventional polysilicon gate

structures, defined via photolithographic and dry etching procedures, have allowed reductions in
MOSFET area to be realized, thus resulting in increased device densitf. In addition the ﬁse of
grooved gate tedhnology has resulted in the suppression of short channel effects, encountered
with conventional deep sub-micron, polyéilicon gate, MOSFET devices. However the ability to

form grooves with consistent depths, in all regions of the semiconductor substrate, has limited the




This invention will teach a procedure in which the depth of the groove in
the sem conductor substrate, is accurately controlled using a groqy
pattern, formed in an insulator layer, then using a reactive ion e“c@ﬁiuﬁg?ﬂm
(RIE), procedure, to formthe grooves in the sem conductor substrate, wth
the RIE procedure featuring a specific etch rate ratio between the

i nsul ator |ayer, and the silicon of the sem conductor substrate. The

t hi ckness of the nmasking insulator |ayer, and the R E etching anbient,

W th a sp@eiofbfoofddhid RIRFERdeQeedl € Chosen to result in conplete renpval
of this masking insulator layer, at a point in which the desired depth of

the groove in silicon is achieved. Additional etching, after renoval of

t he masking i I ro, Wwll renmoye. all exposed silicon at the sane
rate thus nai ?ltﬁging{eﬁ%nt“ﬁa‘g{%a@sﬁ IFrB‘éedBFedB\‘}Vé“’HZli!ﬁq?’?‘hélfﬁieé?%’eé}t thet he point of
consunpti .ofdtgg sking insul ator |ayer. Prior art, such as Leung, in U
S. Pat. 1cojcus ,Sgi%g,"‘tea agfurately contgplletysinga grpove; pattesn Sornmegtin alimsulator
5,821, | 63, de%{:nri be nethods of forming patterns in silicon using RIE
procedur é¥°t U8 adeqstiyegpn gichisg,d BIRo prosedure, thform dheedroovenin thdi s i nvent i on
using a nmasking insulator pattern, with a specific thickness designed to

al | ow a de&ucPrpycton systate.ovithythe BUR proceduse feameing a prcifie ek hite€id betWagmigsSi Ng a
R E procedure, with a specific etch rate ratio, or etch selectivity,

bet ween inselaipadyemgnd the siliainarf theas¢icondethbrishitrate) TROMickALE: 60Md HabiGhg
Substrate. 2 1 8 AUG 2004 SUMVARY OF THE INVENTION It is an object of this

i nvent i ofnstletof kiger aral the RIISEEHingl@MbicRSwicks bRGiH0 LRAYAe ﬂlﬁ%,edrﬁ RO Ry in ! L TS
anpt her object of this invention to formthe grooves In the sem conductor
Subst r-at eomplete removal of this masking insulator layer, at a point in which the desired depth of the
groove in silicon is achieved. Additional etching, after removal of the masking insulator layer, will
' lremove all exposed silicon at the same rate thus maintaining the desired groove depth, achieved at
the point of consumption of the masking insulator layer. Prior art, such as Leung, in U.S. Pat.
‘No. 4,729,8 15, as well as Nguyen et al, in U.S, Pat. No. 5,821,169, describe methods of forming
patterns in silicon using RIE procedures, but these prior arts do not show the novelty of this
invention using a masking insulator pattern, Wifh a specific thickness designed to allow a desired

depth for grooves in silicon, to be achieved, when using a RIE procedure, with a specific etch rate

' *) - ratio, or etch selectivity, between the masking insulator layer, and the silicon semiconductor

substrate.




via a selective RIE procedure, using an insulator pattern, as a mask. It is
still another object of this invention to use a specific thickness o

i nsul ator mask, and to choose an etching anbient, designed with a séé%ﬁpﬁﬁm4
etch rate selectivity between the insulator nask and the sem conductor
substrate, to allow the desired depth of the groove in silicon to be
achieved at the conpletion of, or wwth an additional overetch of, the
maski ng i nsul ator mask. In accordance with the present invention a nethod
of formng grooved gate MOSERIMARSYOEEIE INEENEGNONduct or substrate,
featuring a conbination of a specific thickness of an insulator mask, and
a dry etching procedure with a specific etch rate selectivity between the

i nsul at or masgk; : ' CERL, . [ j .in the desired groove
depth as vl U R h et OISR IR0 ot e stucires

sem conductor substrate, is described. The desired, deep sub-m cron,

groove patternp..i ormed in .an insulator ]ayer, using conventional _

pat t er ni ng plflosc?gc()lth?reorsg%cﬁ{gmi; H¥eiten e }Q‘?‘Ré > grgpves insthe sqmicqndueipiuhessate, i s

t hen useqias %n.e maséli,l al | owi ng exposed regi ons of the sem conduct or
subst r at & 40 BECEHEWPERFedyTs, Usingpair insplatos aattesy, aspewmskur i ng an etch sel ectivity
that results in the desired depth of the deep sub-m cron groove to be

achi eved when the insulator mask is consuned. The consunption. of the

i nsul at or madkis pifkanctisT objest ofthisgavention toarsele prehifio thidkhess OF V@S A, B an
additional, overetch cycle. A gate insulator is 3 18 AUG 2004 thermally

grown, f &1 thomeschnipehingantbientydesigned ofthgapeifotéC ta RfectitiQURERSN kb ihdBitor
grpoves. Formation of source/drain regions, in an area of the sem conductor

subst r at waskrent! tiecsemriondlichy sib3fate HoQAYRH She REIrQIMEHER 1V bMR 198E&nSH HECt Ur es,
and formation of insulator spacers on the sides of the

achieved at the completion of, or with an additional overetch of, the masking insulator mask.

In accordance with the present invention a method of forming grooved gate MOSFET
devices in a semiconductor substrate, featuring a combination of a specific thickness of an
insulator mask, and a dry etching procedure with a specific etch rate selectivity between the
insulator mask, and the semiconductor, resulting in the desired groove depth, as well as
uniform groove depths, in all regions of the semicondﬁctor substrate, is described. The desired,

deep sub-micron, groove pattern is formed in an insulator layer, using conventional patterning

v’

procedures. The insulator mask, at a specific thickness, is then used as an etch mask,
allowing exposed regions of the semiconductor substrate to be removed via a RIE procédure,

: featuring an etch selectiﬁty that results in the desired depth of the deep sub-micron groove to be
achieved when the insulator mask is consumed. The consumption. of the insulator mask insures

no change in the depth of the grooves during an additional, overetch cycle, A gate insulator is




gate structure |ocated above the grooves, conplete the process used t

create, deep sub-mcron, grooved gate MOSFET devi ces. BRI EF DESCRI PTIC%E\UD(Hﬁ 2004

THE DRAW NGS The obj ect and ot her advantages of this invention are best
described in the preferred enbodi nents with reference to the attached
drawi ngs that include: Figs. I - 6, and 7B, which schematically, in
cross-sectional style, show key stages of fabrication, used to create a
grooved gate, MOSFET device; Fig. 7A, which schematically shows a top view
of the gr [ : j [ ;5 i L on.
DESCR! PTI %%M%%y%é% P@Eﬁgb ﬁ‘\éwf%%f’%\//%ﬂﬁ%%#@gﬁ&sh@?&%ﬁfﬂgﬁ Sy, ng a
grooved ¢ (e L UL combi nat 1 o f, an insul at
dhaper o hraltbPb sy loRE Ll B8 S1F; ERTRMARL WRate A orPRite® Usng &
RIB anbient exhibiti specific etch_selectivity between the, gropye
def i ni ng, SOREE: Hgversvh By the ZRE Sirnetdes, 4 SamaVRA oS insLifios shadtis on & it Aithe
conbi nati on resultjn in the desired depth of, and the desired 4 18 AUG
2004 uni f%ﬂt‘?ﬁtwt“(ﬁ ,chﬁ%a B HhreE0oaH IcPmplsts theprgesss kel &vcreste degpasup-miggon,
sem conduct or substrate 1, conprised of P type, single crystalline
silicon, &PPyedRateMOSFET geviegs| ogr aphic orientation, is used and
schematically shown in Fig. 1. An insulator |ayer 2, conprised of silicon
oxide, is next fornmed on sem conductor substrate 1, via thermal oxidation
procedures, or via |low pressure . :

BRIEF DESCRIPTION OF THE DRAWINGS

pmen”

The object and other advantages of this invention are best described in the preferred

embodiments with reference to the attached drawings that include:

Figs. 1 - 6, and 7B, which schematically, in cross-sectional style, show key stages of

fabrication, used to create a grooved gate, MOSFET device;

Fig. 7A, which schematically shows a top view of the grooved gate MOSFET device,

-

described in this invention.

) DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of fabricating a grooved gate MOSFET device, featuring the combination of
an insulator shape, chosen with a specific thickness, to be used as an etch mask, and a RIE
ambient exhibiting a specific etch selectivity between the groove defining, insulator mask, and the

semiconductor substrate, with the combination resulting in the desired depth of, and the desired




chem cal vapor deposition, (LPCVD), or plasma enhanced chem cal vapor
deposition, (PECVD), procedures, at a thickness between about 20 to éSAg&
Angstronms. The thickness of insulator layer 2, is critical, when us% 2004
an etch mask during a subsequent reactive ion etching, (RIE), formation of
grooves in sem conductor substrate 1. |If desired insulator |ayer 2, can be
conprised of silicon nitride, or of silicon oxynitride. A photoresist
shape 3, with opening 4a, is then formed on insulator |layer 2. The width

of openi nyiféaityiaf, fegiresves ivall nGi 89 ResdribedSn @&&V\’eﬁ%eﬁﬁ%ﬂucﬁ)gguﬂsﬁate]l?’oo
Angstroms, allow ng the definition of deep sub-micron grooves, W th

i dent i calcowpiddsos PltPpd) Singls bk?&ﬁlﬁh@ﬁﬁdox Wit 2¥e-¢ 8&%’1&%@%&%&%“& oy, Shown

in Fig. 1. An anisotropic RI'E procedure, using an” e chant ,

and usi ngnmeamuf;homﬁﬂg. 89 120 a2 S o B o AR syt &, CT O3 e

openi ng 4b, in 1 nsul ator Fig. 2.
Openi ng ent i , open| et ween about 300
to 1300 ngsefg )ré’grsr%{" E‘%ﬁﬂjp or geug’lﬁﬁte ’hvé"bg el P?g"ft'r?grﬁ’r?"@ 9%8‘" VP?P"{)PTSW oxygen

achi ng angd caref ul Acritical RIE rocedure, using an etchant
chosen f?%fﬁ“%al ?’p@ﬂﬂelf%ﬁ’f’“’l @E&H@é’s‘” pl a@nQFﬂBF?qqéEEIQJC al g gigposifionBFCHD),
dependi nga%g‘i he desi red sel ectivity, is next used to define the grooves in
sem cond ures, Bick thigkness betwpgp abputi29do 4600 AngstromanThe tivksesnofinfildtort s an
etch rate 5 1 8 AUG 2004 ratio, or etch selectivity between silicon,
(sem conB¥Zeis csitipals whenaisad) as an etchmssk dering 4 sibenuddy reabteite\lﬁﬁétclﬁdig}mk[Ei}O to 1,
to 1. Therefore when the entire thickness of insulator |ayer 2, again
bég ween Eboation2d graveSidGentingsiuctonmubstrate ¢ OISR, insdBtoMSEr 2Rak be &Mprised 1300
Angstrons of

of silicon nitride, or of silicon oxynitride. A photoresist shape 3, with opening 4a, is then formed

on insulator layer 2. The width of opening 44, in photoresist shape 3, is between about 300 to
'1300 Angstroms, allowing the definition of deep sub-micron grooves, with identical widths, to be

subsequently achieved. This is schematically shown in Fig. 1.

An anisotropic RIE procedure, using CF,/ CHF,/Ar as an etchant, and using
photoresist shape 3, as an etch mask, is next einployed to create opening 4b, in insulator layer 2.
This is shown schematically in Fig. 2. Opening 4b, exhibits the idegtical width, of opening 4a,
- ' between about 300 to 1300 Angstroms. Photoresist shape 3, is then removed via plasma oxygen

ashing and careful wet cleans.

A critical RIE procedure, using an etchant chosen from a group that includes,
Cl/HBr/He-0,, SFJ/O,, or CF,/0,, depending 6nthe desired selectivity, is next used to define the

grooves in semiconductor substrate 1. Any of the above etchants chosen exhibits an etch rate



exposed regi ons of seniconductor substrate 1, will also be consumed,
resulting in the formation of groove 4c. G oove 4c, shown schematically
shown in Fig. 3, is formed to a depth between about 800 to 1500 ArfyauGonm,
in sem conductor substrate 1, with this depth defined at the point of
total consunption of the insulator mask, conprised of insulator |ayer 2.
The conbination of etch selectivity between insulator |ayer 2, and

sem conductor substrate 1, and the thickness of insulator |ayer 2,

det er mi neglic, beetaieRIde Aty BEARY §ilidG:, (SERR ﬁ&ﬁﬁﬁ%@%ﬁ&e% téingl%;igtgpla éé”zf ace >a,

0
after consunption of i'nsulator layer 2, and silicofi surface "l ocated at

the bot t gEaRk, & P%ﬁto‘tﬁ to 1) ¥h r%l%?e \I/ﬁegg}}net &%pétpic%esggﬁr%\éﬁto%?%{le@, D51 ween

about 800 to 150 gst'rons. an a i onal "overetc cy i?&€*Meeded,

the reno ildcqn, fromsurface 5a, and fr surface 6a, wll be
i dent i ca};?tkveélgésbg’f"ﬁon% Iasqus%gg%‘r?gﬁgié ci’?‘f’“’t"ﬁ‘g hetepn 13&6”53‘ ﬁ&P?‘d\%@f%S. ‘\’,}dThi s is
schematically, illustrated jn Fig. 4, where an overetch cycle, results in

or oove AEPORBLICHER Sfeamisgnduior sibiswat 4. Wil asa e caRpmh evsulins in the Eemtion
however w.th the same depth as was previously observed in Fig. 3, resulting
from t op®sRIPPYEAS KSHOOVES, Hhemsphesati¢ally shoyen in Fige3 fipformed tore deptittivbvegnooved
gate MOSFET device is next addressed. A gate insulator layer 7, conprised
of sili ceWulP@xtiodS00 Asgstroms, inlsemicenduytoysubsmate b, weikptbis ddpthidbfiredat diapbaces, in
an oxygen - steam anbient, at a tenperature between about 700 to 900C, to

a t hi cknef$stabesnsmeptionaty thetinsBlitdr ask) cOmgrised @ftsulfoplaley 2i IThe eombigytdn o8a, i S
t hen deposited via LPCVD procedures, to a thickness between about 500 to

3000 Angetth seiestivieycsepheh eisilafok lalybr'l) a6l @eH@ndGotor Blibstrates!, Sndlih8 iilin€zs 904
schematically shown in Fig. 5. Polysilicon |ayer 8a, can be doped in situ,
during deaefbilhRe2, dtémined the depth of groove 4¢. The appearance of silicon surface 5a, after

consumption of insulator layer 2, and silicon surface 6a, located at the bottom of groove 4c, fix

the final depth of groove 4c, at between about 800 to 1500 Angstroms. If an additional overetch

- cycle is needed, the removal rate of silicon, from surface Sa, and from surface 6a, will be identical,
resulting in no change in the final depth of groove 4c. This is schematically illustrated in
Fig. 4, where an overetch cycle, results in groove 4¢c, now defined by top surface 5b, and by

bottom surface 6b, however with the same depth as was previously observed in Fig. 3, resulting

from top surface 5a, and bottom surface 6a.

The formation of the grooved gate MOSFET device is next addressed. A gate insulator
layer 7, comprised of silicon dioxide, is next thermally grown on exposed silicon surfaces, in an
oxygen - steam ambient, at a temperature between aboﬁt 700 to 900°C, to a thickness between
about 20 to 50 Angstroms.. A polysilicon layer 8a, is then deposited via LPCVD procedures,
to a thickness between about 500 to 3000 Angstroms, completely filling groove 4¢. This is

6




tHe addition of arsine, or phosphine, to a silane anbient, or polysilicon
| ayer 8a, can be deposited intrinsically, then doped via ion inplanbation
of arsenic, or phosphorous ions. Photoresist shape 9, is then used 48 AlE 2004
etch mask to allow an anisotropic R E procedure to define polysilicon gate
structure 8b, located in groove 4c, with a portion of polysilicon gate
structure 8b, .and gate insulator 7, |ocated overlying a portion of the top
surface of sem conductor substrate 1. The etchant used to selectively
def i ne pokhesiaticallyshayai in Fig. r5UColysiticdiaye B Wan SENRBY @ du¥ink Bedd) ja | S
Cl12/ HBr/ He- Q2. Phot oresi st shape 9, i% t hen renoved vihlﬁngﬁgh%Q?gg%
ashi ng anbk sdthef atBi, &'pRasphine W8 iaGltark el e insulator. 7,
not covered by polysilicgﬁ gate sfrd%tEﬁ@%ﬁ%ppﬁ¥ﬁﬂﬁgﬁgwg§§t%mpsgﬂgFaﬁ%e is
desired, iRghicl, e HBed Ga f; re 8 an be,repl aced by pol yci de,
(netal silici de}’- polo??si ﬁ?coﬁﬁ'&?fa{gg %(&afsé%’fuof@,llo BOFWS ’Qnﬁepg‘PtO@F‘Fq cide, or
goved gate MOSFET device, is

tal, F AT T t f th
ot haaerme g e e o MERPRG © ARG R oty RISGronircodegmoobimioama 1 or

a Cross- onal Jview in Fig. 7B. A source/drain region 10, is

sel ectiv ?‘?Af’%"r“r‘%&ga Iﬂ"%‘%ﬁf’§ng’v6ﬂc=§€mad&ﬁwfd’m¥§lhmgaﬁtm¢pr&ﬁh asigaes ed by
pol ysili CO‘Q tga}zé'struct ure 8b, via ion inplantation of arsenic or

phosphor BEdaPp fdocatgd oysrlvings portionef the tap sutfanstof SermicortiDctkiedbstadte & Ths e

bet ween about 1E 13 to 1E16 atonms/cn2. This procedure is used to forman N
channel , tRkaskesed gesslastvelhdefiar pelysiicon ghtesiractore!8h, $foGRSdhethandaaf in g, 6IRSI T ed,

a P type ion inplantation procedures would be used to create P type,

sdur ce/ déhitiBr/HeeQ;. dtwtoresist shade Ak then egidRd vialphiéing 8%ygén bR ofteful wet
sem conductor substrate 1, accommodating the defined grooves. Sidewall

spacer s ddaps,odhighriemed refiond dfi gaiinktdH e, n& cbb&galb,ni,&;mﬁn ff sldhlrE 90 1
oxynitride, are next formed on the exposed sides of" po y§| I con gate
st r uct urlewédgatesesisteheR &Sdesicdd) pSifsilicon gate structure 8b, can be replaced by a polycide,

. (metal silicide - polysilicon), gate structure, or by a metal silicide, or metal, gate structure.

The completion of the grooved gate MOSFET device, is next addressed and schematically
shown in Fig. 7A, for a top view, and for a cross-sectional view in Fig. 7B. A source/drain
region 10, is selectively formed in regions of semiconductor substrate 1, not covered by
polysilicon gate structure 8b, via ion implantation of arsenic or phosphorous ions, at an energy

; ‘ between about 2 to 10 KeV, at a dose between about 1E13 to 1E16 atoms/cm® This procedure
is used to form an N channel, MOSFET device, however if a P channel, MOSFET cievice is
desired, a P type ion implantation procedures would be used to. create P type, source/drain
regions, in a N well region, previously formed in semiéonductor substrate 1, accdmmodating the
defined grooves. Sidewall spacers 11, comprised of silicon oxide, silicon nitride, or silicon
oxynitride, are next formed on the exposed sides of polysilicon gate structure 8b, via deposition of

7



1 8 AUG 2004 a the silicon oxide, silicon nitride, or silicon oxynitride

| ayer, via LPCVD or PECVD procedures, at a thickness between abo AIL&OB to
4000 Angstrons, followed by a selective, anisotropic R E procedure [}q
CF4/ CHF3/ Ar as an etchant. If desired a heavily doped source/drain region,
(not shown in the draw ngs), can be fornmed in a region of sem conductor
substrate 1, not covered by polysilicon gate structure 8b, or by sidewall
spacers 11. A rapid thermal anneal procedure, used to activate the ions of

sour ce/ ditRisflic6etied) silifon M@ dr siliBort AEnIFRIARRA LiaQlPAVIS SEPECVD prétedirbytat | NY
the edge of groove 4c. The ability to formthe source/drain reglon to a

dept h abQ‘r}@cl&aQs% bERIeR TR 10002b %564 hﬁé&ﬁgﬁ.@tfﬁﬂﬁerd‘bgta%@ctﬁg, anfsﬁﬁ* LRI N

groove 4c, W Il reduce short chann egct's encount er deep

sub-m cr i , i non r

o ocedur E'%‘:@’W ling B ERRyAl BT BURRRRBpod, S°§¥?8’dga"é’f$§‘°ﬂe(§‘8h bed
with reference,to, the ferred enbqdi nents t ereof

inder st ooBy e JEavitge <Rl e RimEEin STRPOR REETFaRIGISE S JetotienvF et and
details By be made w thout departing fromthe spirit and scope of this

i nvent i off Yséwg@gm;wa 8 Oarbwdgwallespﬁ@rwd %faprfﬁh Ensduire.rised

sem conduct or substrate, conprising the steps of: form ng an i nsul at or
mask on i9dedvasetie dum afisquare/dsain sagian 16, remltmtbﬁrmopewmrrg’ thase 1ons, now butting

the edge of groove 4c. The ability to form the source/drain region to a depth above the bottom of
% polysilicon gate structure 8b, residing in groove 4c, will reduce short channel effects encountered

with deep sub-micron MOSFET devices, formed using conventional, non- grooved, procedures.

While this invention has been particularly shown and described with reference to, the
preferred embodiments thereof,, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope-of this

- invention,




said insul ator mask, exposing a portion of said sem conductor substrate;
and performng a selective, anisotropic dry etching procedure to form said
groove, in said sem conductor substrate, via renoval of a region o§gsgig ygs
sem conductor substrate, exposed in said opening in said insulator mask,
with the desired depth of said groove determ ned when said insulator mask
is totally renoved fromthe surface of said sem conductor substrate,
during said selective, anisotropic dry etching procedure, and wth said
sel ective, anisotropic dry etching pis#gedure being a RI E procedure, using
an etchant chosen froma group that includes Cl2 /HBr/Hem 02, with an etch
ratio of silicon to silicon oxide, between about 40 to 1, to 1. 2. The
met hod of claim 1, wherein said insulator nask is conprised of a silicon
oxi de | ayer, ¢btai i § . I I nrocedures,
at a thi ckneg's be}ti\;\qgeetw(g%%fﬁﬁ@%gtgg&%%ga %\%géﬁﬁﬂgﬁg?&ﬁfﬁg&@? ﬁg of claim
1, wherejp S@% dpinsulator nmask is conprised of either silicon nitride, or
silicon oxynrtride, obtained via LPCVD or PECVD procedures, at a thickness
bet ween about .20.to 150 Arglgstlﬁrorrs. 138 QEJG 2004 4. The nethad of claiml1,
wherein sai d SHBHER, MRREQLTE dsidaemoonduiior SRstELs JBEm BENRE H00 to 1300
Angstrons,. .in wdth. 5 The nethod of claim1l, wherein said groove, in said
seni cond St gsulets spaskcxposing $periier Al spishspmigmduster bR #54t rons, in dept h.
6. The method of claim1l, wherein the width, of said groove is between
performing a selective, anisotropic dry etching procedure to form said groove, in

said semiconductor substrate, via removal of a region of said semiconductor substrate,
exposed in said opening in said insulator mask, with the desired depth of said groove
determined when said insulator mask is totally removed from the surface of said
semiconductor substrate, during said selective, anisotropic dry etching procedure, and
with said selective, anisotropic dry etching procedure being a RIE procedure, using an
etchant chosen from a group that includes Cl, /HBr/He—O,, with an etch ratio of silicon to

silicon oxide, between about 40 to 1, to 1.

2. The method of claim 1, wherein said insulator mask is comprised of a
silicon oxide layer, obtained via LPCVD or PECVD, or thermal oxidation procedures, at

a thickness between about 20 to 1500 Angstroms.

3. The method of claim 1, wherein said insulator mask is comprised of either
silicon nitride, or silicon oxynitride, obtained via LPCVD or PECVD procedures, at a

thickness between about 20 to 1500 Angstroms.




about 300 to 1300 Angstrons. 7. A nethod of fabricating a grooved gate,

net al oxi de sem conductor field effect transistor, (MOSFET), device, on a
sem conduct or substrate, conprising the steps of: depositing an i nshBAWR 2004
| ayer on said sem conductor substrate; patterning of said insulator |ayer
to forman insulator mask, with an opening in said insulator mask,
exposing a portion of said sem conductor substrate; performng a selective,
ani sotropi ¢ R E procedure, creating a groove in the region of said

sem conduct or 4expo¥hemiethod af’ dadpenvingsin isaid 9aérting, s sHidineilatsaslisk, w t h t he
depth of said groove finalized when conplete renoval of said insulator
mask i s bemesphbdinssh to 1300 iAMgstEhy] ibRId@Et | ve, ani sotropic RIE procedure,
wherein said selective, anisotropic RIE procedure, used to formsaid
groove, is perfornmed using an etchant chosen froma group that includes
Cl2 /HBr/ He-02, SF6 /02, or CF4 /02, with an etch rate ratio of silicon to

silicon oxideg bet 1Q,: . I sal roove is
formed to a dg'pt h *{fg@%&ﬁ%&f%&i&@m@ég@%@ Qg%ﬁ{l gér[i]gg%iugtﬁ)gst rons, and
wth aw e n.abou 300 Angstrgns; growi ng a silicon oxide,
gate i nsa‘?gasp%tlrg’]%\g’g%re?n Qé)eu%g@?& ltr?@{) Btf%?’%?é‘??ﬁml ayer; patterning of said
polysilicon layer to forma grooved gate, polysilicon structure,

6. ‘The method of claim 1, wherein the width, of said groove is between

about 300 to 1300 Angstroms.

7. A method of fabricating a grooved gate, metal oxide semiconductor field
effect transistor, (MOSFET), device, on a semiconductor substrate, comprising the steps
of:

depositing an insulator layer on said semiconductor subsirate;

patterning of said insulator layer to form an insulator mask, with an opening in
said insulator mask, exposing a portion of said semiconductor substrate;

performing a selective, anisotropic RIE procedure, creating a groove in the region
of said semiconductor exposed in said opening, in said insulator mask, with the depth of
said groove finalized when complete removal of said insulator mask is accomplished,
during said selective, anisotropic RIE procedure, wherein said selective, anisotropic RIE
procedure, used to form said groove, is performed using an etchant chosen from a group
that includes Cl, /HBr/He—0,, SF¢ /O;, or CF4 /O,, with an etch rate ratio of silicon to

silicon oxide, between about 40 to 1, to 1, and wherein said groove is formed to a depth
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with a first portion of said grooved gate, polysilicon structure, |ocated
in said groove, and wth a second portion of said grooved gate,
polysilicon structure, overlying a portion of the top surface of 5 ALG s
sem conductor substrate, in a region adjacent to said groove;, formng a
source/drain region in an area of said sem conductor substrate, not
occupi ed by said grooved gate, polysilicon gate structure; formng

i nsul ator spacers on the sides of said second portion of said grooved gate,
pol ysi | i beiwest ook 80@to 1500 Angetnomy aad twathviwigthdepedn abauBo@icdi3®in region in
an area of said sem conductor substrate, not covered by said grooved gate,
pol ysi | i @emgstsdrigyct ure, or by said insulator spacers. 8. The nethod of
claim7, wherein said insulator layer is a silicon oxide |ayer, obtained

via LPCVD or Eﬁ%{%aghc&mlﬂ@lga@)fﬁsq%ﬂrq% ¢procedures, at a thickness
bet ween about 20 to 1500 Angstrons he nmet hod of claim7, wherein said

insulator | a Iy nitride, or a silicon oxynitride
yge dsﬁmgl_%t}af}fsﬂi%oﬁ %gé y

| ayer, obt ai ned Vi a D procedures at a thickness between
aherei n sai d 1?%%&?“ B8} SRR bl (L aloan Moo gME e b o
s 10, S e A LSl WA 20 SRSl L LR O
with a second portion of said grooved gate, polysilicon structure, overlying a portion of
the top surface of said semiconductor substrate, in a region adjacent to said groove;
forming a source/drain region in an area of said semiconductor substrate, not
occupied by said grooved gate, polysilicon gate structure;
forming insulator spacers on the sides of said second portion of said grooved gate,
polysilicon structure; and
forming a heavily doped, source/drain region in an area of said semiconductor
substrate, not covered by said grooved gate, polysilicon structure, or by said insulator

spacers.

8. The method of claim 7, wherein said insulator layer is a silicon oxide
layer, obtained via LPCVD or PECVD, or thermal oxidation procedures, at a thickness

between about 20 to 1500 Angstroms.
9. The method of claim 7, wherein said insulator layer is either a silicon

nitride, or a silicon oxynitride layer, obtained via LPCVD or PECVD procedures, at a

thickness between about 20 to 1500 Angstroms.
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11. The method of claim7, wherein said silicon dioxide, gate insulator

|l ayer, is thermally grown in an oxygen-steam anbient, at a tenperat lére A
bet ween about 700 to 900C., to a thickness between about 20 to 50 ? AUG 200
Angstrons. 12. The nethod of claim 7, wherein said polysilicon |ayer is
obtained via LPCVD procedures, at a thickness between about 500 to 3000
Angstrons, and either doped in situ, during deposition, via the addition
of arsine or phosphine, to a silane anbient, or doped via an arsenic, or
phosphorous, 1&n i k¢ esathad bbelaim dorkhucie said pppulaget nask issforment via msi cal |y
deposited, said polysilicon layer, 13. The nethod of claim?7, wherein said
grooved gaiseropioRIBprocainre, ating CFy @I /SAr abiraétctelt, with said cpeniagtinopi ¢ Pl E
procedure, applied to said polysilicon layer, using 2/ HBr/He-02, as an
et chant . sdid insulator mask having a width between about 300 to 1300 Angstroms.

11.  The method of claim 7, wherein said silicon dioxide, gate insulator layer,
is thermally grown in an oxygen—steam ambient, at a temperature between about 700 to

900°C., to a thickness between about 20 to 50 Angstroms.

12. The method of claim 7, wherein said polysilicon layer is obtained via
LPCVD procedures, at a thickness between about 500 to 3000 Angstroms, and either
doped in situ, during deposition, via the addition of arsine or phosphine, to a silane
ambient, or doped via an arsenic, or phosphorous, ion implantation procedure, applied to

an intrinsically deposited, said polysilicon layer.
13.  The method of claim 7, wherein said grooved gate, polysilicon structure, is

obtained via an anisotropic RIE procedure, applied to said polysilicon layer, using

Clo/HB1r/He—Q5, as an etchant.
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