METHOD OD FABRI CATI NG T- SHAPED RECESSED PCLYSI LI CON GATE TRANSI STORS

FI ELD OF THE | NVENTI ON The present invention relates generally to
formati on of sem conductor devices, and nore specifically the formation of
" T-shaped polysilicon gates used in sem conductor devices. 1 BACKGROUND F
THE | NVENTI ON The requirement of increasingly small design rule for

conpl enentary netal -oxi de sem conductor (CMOS) processes conflict with the
requi renents of salicide (self-aligned silicide) processes because very
shall ow junctions lead to junction | eakage. On the other hand, the
salicide sheet resistance (rho) of the polysilicon gate increases quickly
when the width of the polysilicon gate scales down to the deep subinicron

range, e. MEHODIOMFABRICATING PHHAPED REEEESENOPOLYSIDRCOR! GASH | con
gate reduces circuit speed.

TRANSISTORS

FIELD OF THE INVENTION

The present invention relates generally to formation of semiconductor
devices, and more specifically the formation of T-shaped polysilicon gates used in

semiconductor devices.



U S. Patent No. 5,817,558 to Wi descri bes a sem conductor processing
met hod for formng self-aligned T-gate |ightly-doped drain (LDD) device
having a recessed channel. An oxide layer is forned over a substrate
followed by forming a nitride |ayer over the oxide |layer. The nitride and
oxide layers are etched to expose the underlying substrate and to define a
gate region. Polysilicon spacers are forned of the side walls of the
nitride layer then an anisotropic etch is used to etch the sidewall
spacers and the exposed substrate to forma T-shaped groove. Anorphous
silicon is deposited, fiBAQKGROUNDSOFEHE INVENEIOREN t he excess
anor phous silicon and the nitride layer Is renoved to form a T-gate. 2
U S. Patent No. 5,621,233 to Sharna et at. describes electrically,
programuabl e read-only nenory cells having T-shaped floating gates and

i -Sh fl in at es
except those that e outtEfed BfhRuing whif o RRaRE s P Rin SRty

except those that l'ie 0 efecbric
5,940, 697 to, Yoo et al. met r formng a_T-gat structure in
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salicide (self-aligned silicide) processes because very shallow junctions lead to

junction leakage. On the other hand, the salicide sheet resistance (rho) of the
polysilicon gate increases quickly when the width of the polysilicon gate scales
down to the deep submicron range, e.g. 0.25 pm. The higher salicide sheet rho of

the polysilicon gate reduces circuit speed.

U.S. Patent No. 5,817,558 to Wu describes a semiconductor
processing method for forming self-aligned T-gate lightly-doped drain (LDD)
device having a recessed channel. An oxide layer is formed over a substrate
followed by forming a nitride layer over the oxide layer. The nitride and oxide
layers are etched to expose the underlying substrate and to define a gate region.
Polysilicon spacers are formed of the side walls of the nitride layer then an
anisotropic etch is used to etch the sidewall spacers and the exposed substrate to
form a T-shaped groove. Amorphous silicon is deposited, filling the T-shaped
groove then the excess amorphous silicon and the nitride layer is removed to form

a T-gate.



dielectric lift-off steps. U S. Patent No. 5,559,049 to Cho describes a

nmet hod of manufacturing a sem conductor device having a T-shaped gate

el ectrode. Auxiliary gates are capacitively coupled with the T-shaped gate
at undercut Portions bel ow both sides of the T--shaped gate. U S. Patent
No. 5,688,704 to Liu describes a nethod of fabricating an integrated
circuit having a T-shaped polysilicon gate that facilitates the formation
of rectangul ar-shaped silicon nitride spacers. U S. Patent No. 5,783,479
to Lin et al. describes a structure and nethod for fabricating field

ef fect transi stors U $SEPajenhaiiond,d21stidpes Spatrea ehaill. dascrivedudectiielly
parasitic resistance of the gate and source/drain. 3 SUVWARY OF THE

| NVENTI Ogbr £hRiaBR dbadidnly SndRobiREthading NEhRHES BBALIHG) F%E @8 dopitdel ovi de
a nethod of formng a T-shaped recessed gate conductor Tor a sem conductor

devi ce, . aRs thAPLARSEY A0S UG F1Ap0l AblinPBhS ELihhBn galifaddof cduces

the sili eet resistance I con'gate.

a gate dielectric layer.

U.S. Patent No. 5,940,697 to Yoo et al. a method for forming a T-gate
structure in a metal-semiconductor field effect transistor (MESFET) that includes

dielectric lift-off steps.

U.S. Patent No. 5,559,049 to Cho describes a method of manufacturing
a semiconductor device having a T-shaped gate electrode. Auxiliary gates are
capacitively coupled with the T-shaped gate at undercut portions below both sides

of the T-shaped gate.

US. Patent No. 5,688,704 to Liu describes a method of fabricating an
integrated circuit having a T-shaped polysilicon gate that facilitates the formation of

rectangular-shaped silicon nitride spacers.

U.S. Patent No. 5,783,479 to Lin et al. describes a structure and method for
fabricating field effect transistors (FETs) having T-shaped gates that can reduce the

parasitic resistance of the gate and source/drain.



Anot her object of the present invention is to provide a nethod of formng
a T-shaped recessed gate conductor for a sem conductor device that
resolves the conflict with a shallow junction and a silicide process by not
requiring too shallow a junction and thus mnimzes junction | eakage. A
further object of the present invention is to provide a nethod of formng
a T-shaped recessed gate conductor for a sem conductor device such that
the recessed gate conductor nakes it easy to control the efficient gate

Il ength by accurately controlling the source/drain inplantation energy.

O her objects will appear SEMMARY OF THE INSENTEODEen di scovered that the
above and ot her objects of the present invention may be acconplished in
the foll owi ng manner. Specifically, a sem conductor structure is provided
havi ng an upper silicon layer, a pad dielectric 4 |ayer over the upper

silicon layer, and A@Cgﬁi}gﬁlpm ?é‘]tan%]@&%nofatwgegk‘esreﬁgii%ﬂt{bnt tbeer/iHBe

silicon layer. .A |ower ayer |1 eposited and patterned over t%e pad

dielectri e fine,a | ower te.area., The.pad dielectric |layer and
the upper etk BHTE i Tinfred MRiee R <EReu i B FeREliear il o
| ower gattl‘;"att i%%?e%?esht%\élsﬂgface area of the polysilicon gate and reduces the silicide sheet

resistance (rho) of the polysilicon gate.

Another object of the present invention is to provide a method of
forming a T-shaped recessed gate conductor for a semiconductor device that
resolves the conflict with a shallow junction and a silicide process by not requiring

too shallow a junction and thus minimizes junction leakage.

A further object of the present invention is to provide a method of
forming a T-shaped recessed gate conductor for a semiconductor device such that
the recessed gate conductor makes it easy to control the efficient gate length by

accurately controlling the source/drain implantation energy.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the

present invention may be accomplished in the following manner. Specifically, a

semiconductor structure is provided having an upper silicon layer, a pad dielectric



a predetermned wwdth. _A lower gate portion is formed within the | ower
gate trench. An upper oxide layer is forned over the lower SiN |layer. An
upper SiN layer is formed over the upper oxide |ayer. 'The upper Sill

| ayer is etched to define an upper gate trench having a predeterm ned

wi dth greater than the | ower gate trench predeterm ned w dth. An upper
gate portion is formed within the upper gate trench, wherein the | ower and
upper gate portions forma T-shaped gate. The etched upper Si N, upper
oxide, and lower SiN |ayers are renoved to expose the T- shaped gate

ext endi ndagdrowertthe ypgetr diliebadayére ahdyewellAmplapewitbst aoxélteedian en the
formed over the exposed T-shaped gate. Si N sidewall spacers are forned
adj acent uppee sili@oaskgen e tibGal SSNdRywakd aepésikheaﬂ&gﬁfteﬁfédyébéﬂ fRnpgat e
portion. Silicide regions are fornmed over the T-shaped gate and

source/ d rcﬁél@ctﬁ’cgbfélsto (@ﬂr@:ab mﬁzla%%eﬁg%leg@fé\ég@ggp gné SR Y and

advant ages of the nethod fabricat?ng --S nductor "&&cor di ng

to the pr ty . d i ill be nore.clearly understood  fromthe,

Fol | owi nghondey it Kover s AP s R o R AR SRS F R iR ngs
in which |ike, reference, rals designate sim/lar or correspondin

el ement s, 2 PESlesHEAR ‘ﬁﬁﬂ#‘?g‘ng"’&?rd gP’ﬁ’gRﬁmf’ﬁ‘. is formed within 'the lower g%te

trench. An upper oxide layer is formed over the lower SiN layer. An upper SiN
layer is formed over the upper oxide layer. The upper SiN layer is etched to define
an upper gate trench having a predetermined width greater than the lower gate
trench predetermined width. An upper gate portion is formed within the upper
gate trench, wherein the lower and upper gate portions form a T-shaped gate. The
etched upper SiN, upper oxide, and lower SiN layers are removed to expose the T-
shaped gate extending above the pad dielectric layer. An uppermost oxide layer is
formed over the exposed T-shaped gate. SiN sidewall spacers are formed adjacent
the exposed vertical side walls of the lower polysilicon gate portion. Silicide regions

are formed over the T-shaped gate and source/drain regions.



Figs. 1, through 15 schematically illustrate in cross-sectional
representation a first preferred enbodi nent of the present invention. Figs.
1to 9 and 16 to 19 schematically illustrate in cross-sectional
representation a second preferred enbodi nent of the present invention, 6
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT First Enbodi nrent OF The

I nvention A brief summary of the first enbodi nent of the invention is:

Fig, 1. Gow pad oxide, define well mask, well inplant; Fig. 2: Strip
photoresist; clean; lower silicon nitride |ayer deposit; Fig. 3: Define

pol ysilicon gate mask BRIER DESICRIPANON OF THEIBRAWINGSPpi ng on the pad
oxide/dielectric layer; Fig. 4: Strip photoresist; strip pad oxide in
trench area; etch silicon substrate trench; Fig. 5. Gow sacrificial |iner
oxi de; threshold and punchthrough inplant; Fig. 6: Renove sacrificial

| i ner oxide;

cl €aNThe features and advantages of the method fabricating a T-shaped
gate conductor according to the present invention will be more clearly understood
from the following description taken in conjunction with the accompanying
drawings in which like reference numerals designate similar or corresponding

elements, regions and portions and in which:

Figs. 1 through 15 schematically illustrate in cross-sectional

representation a first preferred embodiment of the present invention.

Figs. 1 to 9 and 16 to 19 schematically illustrate in cross-sectional

representation a second preferred embodiment of the present invention.



Fig. 7. Gow gate oxide; Fig. 8: Deposit polysilicon; Fig. 9: CW

(chem cal - -nmechani cal polish) polysilicon stopping on |ower silicon
nitride layer; Fig. 10: Cean; deposit tipper oxide |ayer then tapper
silicon nitride |layer; define polysilicon gate mask 2 which is oversized
frompolysilicon gate mask 1; etch silicon nitride |ayer stopping on upper
oxide layer; 7 Fig. 11: Strip photoresist and upper oxide layer in trench
area; clean; deposit polysilicon; CWP polysilicon stopping on upper
silicon nitride layer; Fig. 12: Renove upper silicon nitride |ayer, upper
oxi de | ayer, dDETAIDEBrDESCRIBEIOBYOF THE PREFERRED I EMBODKMENTI t upper nost
oxi de layer; Fig. 13: Deposit uppernost silicon nitride film Fig. 14:
Uppernost silicon nitride filmdry etch back stopping on pad dielectric

| ayer and uppernost oxide |layer; source/drain inplant; renove uppernost

oxi de layer; Fig. 15! Dep@fkirsiboldfhdfit Offe dRLoh Ner el anneal (RTA);

unr eact ed

A brief summary of the first embodiment of the invention is:

Fig. 1: Grow pad oxide, define well mask, well implant;

Fig. 2: Strip photoresist; clean; lower silicon nitride layer deposit;

Fig. 3: Define polysilicon gate mask 1; etch lower nitride layer
stopping on the pad oxide/dielectric layer;

Fig. 4: Strip photoresist; strip pad oxide in trench area; etch silicon
substrate trench;

Fig. 5: Grow sacrificial liner oxide; threshold and punchthrough
implant;

Fig. 6: Remove sacrificial liner oxide; clean

Fig. 7. Grow gate oxide;

Fig. 8: Deposit polysilicon;

Fig. 9: CMP (chemical-mechanical polish) polysilicon stopping on
lower silicon nitride layer;

Fig. 10: Clean; deposit upper oxide layer then upper silicon nitride
layer; define polysilicon gate mask 2 which is oversized from polysilicon

gate mask 1; etch silicon nitride layer stopping on upper oxide layer;



silicide filmetch back; formsilicide on gate and source,/drain areas
Accordingly as shown in Fig. 1, starting sem conductor structure 10

i ncl udes an upper silicon layer and is understood to possibly include a
sem conductor wafer or substrate, active and passive devices formed within
the wafer. The term "sem conductor structure” is neant to include devices
formed wthin a sem conductor wafer and the |ayers overlying the wafer.
Unl ess otherw se specified, all structures, |ayers, etc. may be fornmed or
acconpl i shed by conventional nethods known in the prior art. 8 Pad oxide
/dielectric |ayer T#.ild: Girgwphotoeesistearidc oppercoxdde ddyrendh urenchded; @lean;

t hi ckness of from about 100 to 200A, and nore preferably from about 100 to

150x1. A vel | depskit pslydiicbneOMPB/polisiliceX 8itpbtng SieRppeit diNebranithes Riyesi st
| ayer and patterning, it to forma patterned photoresist well mask 14

defining well areafggl6. %Hov%rﬁgp%a%ﬁ@o%%ﬁeflra?ﬁ],%g &i&é’lagref‘ 4m and

nore preferably from about ‘I part. A we nt 1s conducted at
20 from about 14,k A#ihQ lalyeg, ci‘e‘!mt} Pe-b24Tor deposit uppermost oxide layer;

Fig. 13: Deposit uppermost silicon nitride film;

Fig. 14: Uppermost silicon nitride film dry etch back stopping on pad
dielectric layer and uppermost oxide layer; source/drain implant; remove
uppermost oxide layer;

Fig. 15: Deposit silicide film; rapid thermal anneal (RTA); unreacted

silicide film etch back; form silicide on gate and source/drain areas

Accordingly as shown in Fig. 1, starting semiconductor structure 10
includes an upper silicon layer and is understood to possibly include a
semiconductor wafer or substrate, active and passive devices formed within the
wafer. The term “semiconductor structure” is meant to include devices formed

within a semiconductor wafer and the layers overlying the wafer.

Unless otherwise specified, all structures, layers, etc. may be formed

or accomplished by conventional methods known in the prior art.



wel | 18 having a concentration fromabout | E 16 atons/cn2 to 1 E 18
atons/cnR2. For exanple, for a PMOS transistor, phosphorous (P) or arsenic
(As) atonms may be inplanted to formwell 18, and for an NMOS transi stor
boron (B) atonms nay be inplanted to formwell 18. As shown in Fig. 2, the
wel | mask, for exanple patterned photoresist nmask 14, is stripped and
renoved. The pad oxide/dielectric |layer 12 is cleaned by a diluted &F
(hydrogen fluoride) wet etch. 9 Lower silicon nitride (SiN) |ayer 22 is
deposited over cleaned pad oxide; dielectric |ayer 12. Lower SiN |ayer 22
has a thickness fr &adabole/dd6ctrio 1296 127is gromen pvef emabdyd datanstabaute 190 t o
210A, and nost preferably about 200A. As shown in Fig. 3, lower SiN |ayer
22 is patiDeo natlidkaestedfi fAemabgat €00 fRR00AQveid honepregatblyaiem but TH & My be
acconpl i shed by, for exanple, depositing and patterning photoresist |ayer
26 then gqggRing lower SiN layer 22 by a plasma dry etch, for exanple,

st oppi ng on. pad oxide/ dielectric |laver portion 12'. Pad oxide/
dielectric layer 12' within lower gate area 24 is thinned by the etch and

A well mask is defined by, for example, depositing a photoresist layer
and patterning it to form a patterned photoresist well mask 14 defining well area
16. Well area has a width from about 5 to 0.4 pm, and more preferably from about 1

to 0.4 pm.

A well implant is conducted at 20 from about 1 E 13 to 1 E 14 to form
well 18 having a concentration from about 1 E 16 atoms/cm?2 to 1 E 18 atoms/cm2.
For example, for a PMOS transistor, phosphorous (P) or arsenic (As) atoms may be
implanted to form well 18, and for an NMOS transistor boron (B) atoms may be

implanted to form well 18.

As shown in Fig. 2, the well mask, for example patterned photoresist

mask 14, is stripped and removed.

The pad oxide/dielectric layer 12 is cleaned by a diluted HF

(hydrogen fluoride) wet etch.



has a. thickness fromabout 80 to '130A, and nore preferably from about 80
to 90k.. A mask (not shown) having a specified aperture width nay be used
to expose the photoresist |layer to form patterned photoresist |ayer 26.
Lower gate area 24 has a width fromabout 0.1 to 0.25 pm and nore
preferably fromabout 0.12 to 0.15 pmm and exposed pad oxi de portion 12'.
As shown in Fig. 4, patterned photoresist |layer 26 is stripped and
removed.. 10 Pad oxide portion 12" within |ower gate area 24 is stripped
and renoved to expose a portion of the silicon |aver of sem conductor
structure 10 w t hLoweowdlicopahieride €8iNA1ay&h@2sis| depanitedvsrer aleasedi gaahduct or
structure 10 is then etched to form trench 28. The depth of trench 28 at

30 wi t hi Rxddey didlpgeic 18ydri120NoWay 81N 0yer 22MHas ANAikiness SbmUubout 883 & baneat h
pad oxide/ dielectric layer 12 is fromabout 800 to 12001, and nore

preferably rﬁ&@ﬁreﬁ&gﬂytfflom%oﬁp%oifwﬁi, d %cisf ?%fie{aiby Bodti206A, Oxi de | ayer
Sii1con | ayer

32 is grown in‘trench 28 over the expose I'n sem conduct or
structure 10 and pad

As shown in Fig. 3, lower SiN layer 22 is patterned to define a gate
mask over lower gate area 24. This may be accomplished by, for example,
depositing and patterning photoresist layer 26 then etching lower SiN layer 22 by a
plasma dry etch, for example, stopping on pad oxide/dielectric layer portion 12'.
Pad oxide/dielectric layer 12" within lower gate area 24 is thinned by the etch and

has a thickness from about 80 to 1304, and more preferably from about 80 to 90A.

A mask (not shown) having a specified aperture width may be used to

expose the photoresist layer to form patterned photoresist layer 26.

Lower gate area 24 has a width from about 0.1 to 0.25 pm, and more

preferably from about 0.12 to 0.15 pm and exposed pad oxide portion 12”.

As shown in Fig. 4, patterned photoresist layer 26 is stripped and

removed.

10



oxide/ dielectric laver 12 to a thickness of about 1.00 to 150A, and nore
preferably about 100A. A threshold inplant is conducted at 38 from about |
E 12 to 1 E 13, and nore preferably about 1 E 12 to formthreshold i npl ant
34 having a concentration fromabout 1 E 17 atons/cat to 1 E 18 atons/cn®.
For a PMOS transistor N atons are inplanted and for an NMOS transistor, P
atons are inplanted A punchthrough inplant is conducted at 38 to form
puncht hrough inplant 36 fromabout 1 E 13 to 5 E 13, and nore preferably
at about 1 E 13 and 11 having a concentration fromabout 1 E 17 atons/cn®
to | E 18 atons/cnPad ¢xidegporEiBS12r wiithis tloweN gatorBeard isngtippeédarahd f or
an NMOS transistor, P atons are inplanted. As shown in Fig. 6, sacrificial

l'i ner oxirdewohayied Sddss & poithredf ahd sill@nDMeer bolskov@mdRvtor Rictelecti Ng
process to clean the exposed upper silicon "|ayer of sem conductor

structur Qvimnlgﬁ,eﬁgmrwzﬂ g. 7, gate oxide layer 40 is grown over the
exposed

The silicon layer of semiconductor structure 10 is then etched to form
trench 28. The depth of trench 28 at 30 within the upper silicon layer of
semiconductor structure 10 beneath pad oxide/dielectric layer 12 is from about 800

to 1200 A, and more preferably about 1000 A.

As shown if Fig. 5, sacrificial liner oxide layer 32 is grown in trench 28
over the exposed silicon layer in semiconductor structure 10 and pad
oxide/ dielectric layer 12 to a thickness of about 100 to 1504, and more preferably

about 100A.

A threshold implant is conducted at 38 from about 1 E 12to 1 E 13,
and more preferably about 1 E 12 to form threshold implant 34 having a
concentration from about 1 E 17 atoms/cm2 to 1 E 18 atoms/cm2. For a PMOS
transistor N atoms are implanted and for an NMOS transistor, P atoms are

implanted

A punchthrough implant is conducted at 38 to form punchthrough

implant 36 from about 1 E 13 to 5 E 13, and more preferably at about 1 E 13 and

11



upper silicon |ayer of sem conductor structure 10 and pad oxide; dielectric
| ayer 12. (Gate oxide. layer 40 is fromabout 15 to 40A thick, and nore
preferably fromabout 20 to MA As shown in Fig. 8, conductive |ayer 42
(e.g. polysilicon) is deposited over silicon nitride layer 22, filling
trench 28. Layer 42 may be conprised of polysilicon, netal, or netal
silicide, For exanple. Layer 42 is from about 2500 to 3000A thick, and
nore preferably about 2500A thick. As shown in Fig. 9, layer 42 is

pl anari zed by a first chem cal - nmechanical polishing (CVMP) stopping on

si licon ravinigle cobagemtrationffoom ghloanari T2dtorheiwen? fiol ¥sisl dtonr/gale. Pard i on
44, Lower poly gate portion has a wdth 46 from about 0.11 to 0.25 pm,

and nor e RVEbeatablistof Nogtoakoate ifhplenttd addlor WA NAROSErabbisM, Patding ard O,
| ower poly gate portion 44 is cleaned to renove any oxide fornmed thereon

and uppeqn§ﬂ$hg&n oxi de |layer 48 is deposited over lower Silk layer 12 and
| ower poly gate | ayer 44. Upper oxide layer 48 is fromabout 100 to 150A
thick, and nore preferably about 100.A thick. Upper SiN laver 50 is then
deposited over tipper oxide |ayer 48.

As shown in Fig. 6, sacrificial liner oxide layer 32 is stripped and
removed followed by a wet cleaning process to clean the exposed upper silicon

layer of semiconductor structure 10.

As shown in Fig. 7, gate oxide layer 40 is grown over the exposed
upper silicon layer of semiconductor structure 10 and pad oxide/dielectric layer 12.
Gate oxide layer 40 is from about 15 to 40A thick, and more preferably from about

20 to 30A.

As shown in Fig. 8, conductive layer 42 (e.g. polysilicon) is deposited
over silicon nitride layer 22, filling trench 28. Layer 42 may be comprised of
polysilicon, metal, or metal silicide, for example. Layer 42 is from about 2500 to

3000A thick, and more preferably about 2500A thick.

As shown in Fig. 9, layer 42 is planarized by a first chemical-
mechanical polishing (CMP) stopping on silicon nitride layer to form planarized
lower polysilicon gate portion 44. Lower poly gate portion has a width 46 from

about 0.11 to 0.25 ym, and more preferably from about 0.12 to 0.15 pm.

12



Upper Si N layer 50 is from about 500 to 700A thick, and nore preferably
about 500A thick. Upper SiN layer 50 is then patterned to define upper
gate trench 52. This may be acconplished by, for exanple, depositing and
patterning photoresist |ayer 54 then etching upper Sill layer 50 by a

pl asma dry etch, for exanple, stopping on upper oxide |ayer portion 48'.
Gate trench 52 has a depth from about 560 to 780A, and nore preferably
about 570.A. Oxide layer portion 48 wthin upper gate trench is thinned by
the etch and has a thickness from about 60 to 80A, and nore preferably
about 10OC. The photoresist |ayer 54 has "oversized gate opening" conpared
to the photoresist |ayer 26 and gate opening 24. Various techni ques can be

used to create 13 Ashéhonavar Bigz &0 lopleetpoleghtt pdréivard454 tleahiod t€XaiBV €, an
oversi zed optical mask nay be wused. ternatively, the sane optical nmask

(not showy Hadé RendSPREdIH At upper diHESh BkidleNa o ib AeBIRAW oy hoker esi st
| ayer formng patterned photoresist |ayer 26 ('see above) nay be used to

expose t @Nﬂgférol@eaﬂdslbwle@b%ﬁy égtefl%yépéﬂ.af}&oﬁrep §de layer 48 is from about 100 to

150A thick, and more preferably about 100A thick.

Upper SiN layer 50 is then deposited over upper oxide layer 48.
Upper SiN layer 50 is from about 500 to 700A thick, and more preferably about

500A thick.

Upper SiN layer 50 is then patterned to define upper gate trench 52.
This may be accomplished by, for example, depositing and patterning photoresist
layer 54 then etching upper SiN layer 50 by a plasma dry etch, for example,
stopping on upper oxide layer portion 48’. Gate trench 52 has a depth from about

560 to 780A, and more preferably about 570A.

Oxide layer portion 48" within upper gate trench is thinned by the

etch and has a thickness from about 60 to 804, and more preferably about 70A.

The photoresist layer 54 has "oversized gate opening" compared to the

photoresist layer 26 and gate opening 24. Various techniques can be used to create

13



phot oresi st |ayer 54. This can be acconplished by overexposi ng photoresi st
| ayer 54 through the nmask thus form ng upper gate trench 52 that has a
;-width at 56 that 1is greater than the width 46 of |ower poly gate portion
44, Wdth 56 of upper gate trench 52 is fromabout 0.14 to 0.31 }nn, .As
shown in Fig. 11, patterned photoresist |ayer 94 and upper oxide |ayer
portion 48" wthin upper gate trench 52 are stripped and renoved. Lower
poly gate portion 44 is cleaned to remove any oxide fornmed thereon. A |ayer
of polysilicon (not shown) is deposited over upper SiN layer 50, filling

t he tr endhe wveansinedjagpleotorasist baysp 54! Fortesapple sinldveosizédyetical gk anay beed by
a second CWP and stopping on upper Sill layer 50 to formupper poly gate
portion us8dhaving width 56. Lower poly gate portion 44 arid upper poly
gate portion 58 together forml'-shaped poly gate 60. 14 It is noted that
two CMP processes are used to form T-shaped poly gate 60. That is, a first
CWP process is used to formlower poly gate portion 44 and second CWP

process is used t Oz&clf%;ﬂgtﬂ@ﬁrthec&a%&%t@caﬁ’%&sﬁ@(ﬁo?%hown) having a specified

aperture width used to expose photoresist layer forming patterned photoresist
layer 26 (see above) may be used to expose the photoresist layer to form patterned
photoresist layer 54. This can be accomplished by overexposing photoresist layer
54 through the mask thus forming upper gate trench 52 that has a width at 56 that
is greater than the width 46 of lower poly gate portion 44. Width 56 of upper gate

trench 52 is from about 0.14 to 0.31 uym.

As shown in Fig. 11, patterned photoresist layer 54 and upper oxide
layer portion 48’ within upper gate trench 52 are stripped and removed. Lower

poly gate portion 44 is cleaned to remove any oxide formed thereon.

A layer of polysilicon (not shown) is deposited over upper SiN layer
50, filling the trench within gate trench 52. The polysilicon layer is planarized by a
second CMP and stopping on upper SiN layer 50 to form upper poly gate portion

58 having width 56.

Lower poly gate portion 44 and upper poly gate portion 58 together

form T-shaped poly gate 60.

14



a, As shown in Fig. 12, upper SIN |ayer 50, upper oxide |ayer 43, and
lower SiN |ayer 22 are preferably renoved in a single etch step using
|-1PO" fo - | exanple. This exposes upper poly gate portion 5% and | ower
poly gate portion 44 above pad oxide/dielectric |ayer 12. Exposed tipper
poly gate portion 5% and | ower poly gate portion 44 above pad
oxide/dielectric layer 12 are cleaned. and uppernost oxide |ayer 62 is
formed thereover. Uppernost oxide |ayer 62 nay be formed by: re-oxidizing
exposed upper poly gate portion 58 and | ower poly gate portion 44 above pad
oxide/ dielectric layer 12; or depositing a silicon oxide |ayer thereover.
As shown in Fig. 13, uppernost SiN |layer 64 is deposited over pad oxide;
dielectric layer 1R iantbtegpeatmyss CMP deotayer aeudpyd 1oPoYi Tidhppedpsly Si N
film®64 confornms to the shape of the portion of T- shaped poly gate 60

above pagaexb®ahatisch @bt CHIH BiREsskd 1B td forkhIEK& &Y dafporltRin ZOM Al

portions of pad oxide/ dielectric |ayer 1.2 and uppernost oxide | ayer 62

15 a second CMP process is used to form upper poly gate portion 58.

As shown in Fig. 12, upper SiN layer 50, upper oxide layer 48, and
lower SiN layer 22 are preferably removed in a single etch step using HPO,, for
example. This exposes upper poly gate portion 58 and lower poly gate portion 44

above pad oxide/dielectric layer 12.

Exposed upper poly gate portion 58 and lower poly gate portion 44
above pad oxide/dielectric layer 12 are cleaned and uppermost oxide layer 62 is
formed thereover. Uppermost oxide layer 62 may be formed by: re-oxidizing
exposed upper poly gate portion 58 and lower poly gate portion 44 above pad

oxide/dielectric layer 12; or depositing a silicon oxide layer thereover.

As shown in Fig. 13, uppermost SiN layer 64 is deposited over pad

oxide/dielectric layer 12 and uppermost oxide layer 62 by LPCVD.
Uppermost SiN film 64 conforms to the shape of the portion of T-

shaped poly gate 60 above pad oxide/dielectric layer 12 and is thicker on the

horizontal portions of pad oxide/dielectric layer 12 and uppermost oxide layer 62
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than the vertical portions of uppernost oxide |ayer 62. Mst inportantly,
uppernost SIN film64 is deposited under overhangs 66 of upper poly gate
portion 58 of T-shaped poly gate 60. As shown in Fig. 14, uppernost SIN
film64 is renmoved by a dry anisotropic etch stopping on pad oxide/
dielectric layer 12 and uppernost oxide |ayer 62, LDD (| ow doped
source/drains) inplants 65 may be formed by an angled LID ion inplantation
(r/1), As shown in Fig. 15, patterned photoresist |layer 54 is stripped and
removed | eaving SWsidewal | spacers 70 underneath overhangs 66. Sidewal |
spacers tathathe aewticdl hpdntions abbutppedtosb adde hayemn d2roMesipinfreriibtly, about
100A. An ion inplantation is performed at 72 fromabout 1 E 13 to IF 15
and nor e uppefreostBiN filno 64 adbdeposited ithded orefhahgs 66 of uﬁpehpel\yi ate popixch
source/drain areas (HDD) 68. HDD areas 68 are nore shall ow than LDD areas

68. Pad ggioquS}gb@a%w%&eI@yer 12 and exposed uppernost oxide | ayer 62
are renoved, exposing the upper silicon |ayer of sem conductor structure 10

and the vertical sides and upper surface of upper oxide gate portion 58.

As shown in Fig. 14, uppermost SiN film 64 is removed by a dry
anisotropic etch stopping on pad oxide/dielectric layer 12 and uppermost oxide

layer 62.

LDD (low doped source/drains) implants 65 may be formed by an

angled LDD ion implantation (I/1).

As shown in Fig. 15, patterned photoresist layer 54 is stripped and
removed leaving SiN sidewall spacers 70 underneath overhangs 66. Sidewall

spacers 70 have a width from about 100 to 150A, and more preferably about 100A.

An ion implantation is performed at 72 from about 1 E 13 to 1E 15,
and more preferably from about 1E 14 to 1 E 15 to form heavily doped

source/drain areas (HDD) 68. HDD areas 68 are more shallow than LDD areas 68.

Pad oxide/dielectric layer 12 and exposed uppermost oxide layer 62
are removed, exposing the upper silicon layer of semiconductor structure 10 and

the vertical sides and upper surface of upper oxide gate portion 58.
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16 The upper silicon |layer of sem conductor structure 10 and the vertical

si des and upper surface of upper oxide gate. portion 58 may then be
cleaned. A netal film(not shown) conprised of Ti or Co, and preferably
titaniumcobalt (Ti/Co) is deposited over the exposed horizontal portions
of the structure and the exposed vertical sides of upper poly gate portion
58. A rapid thermal anneal (RTA) is then applied to formsalicide
(self-aligned silicide) portions 74 over S; |7 regions 68 and silicide
portion 76 over upper poly gate portion 58 of T-shaped poly gate 60 to
complete formation of the NMOS or PMOS transistor, as desired, having
junction 78. The unreacted netal film (on spacers 70 and other protected

i ron-silicon areas)hiSyfpResilRba M8k RAGkmiSnBusidristiffirk a0i0%hd behaue a
t hi ckness from about 3 to 500A,” and nore preferably from about 300 to

400A, T- d9ﬂ5 {,}d,Cd I QF ' fr out 300 to
500A, an%ﬂﬁggglpré$£§gb%§é?f%é§aﬁ%ﬁ%ggﬁg??%é%%ggy%gﬁﬁéﬁPgﬁEggg%as a depth
bel ow 5117 silicide regions fromabout 800 to 1000A. The formati on of
upper poly gate portion 58 having a greater width

A metal film (not shown) comprised of Ti or Co, and preferably
titanium cobalt (Ti/Co) is deposited over the exposed horizontal portions of the
structure and the exposed vertical sides of upper poly gate portion 58. A rapid
thermal anneal (RTA) is then applied to form salicide (self-aligned silicide) portions
74 over 5/D regions 68 and silicide portion 76 over upper poly gate portion 58 of
T-shaped poly gate 60 to complete formation of the NMOS or PMOS transistor, as
desired, having junction 78. The unreacted metal film (on spacers 70 and other

protected non-silicon areas) is then etched back.
S/D silicide regions 74 have a thickness from about 300 to 5004, and
more preferably from about 300 to 400A. T-shaped gate silicide region 76 has a

thickness from about 300 to 5004, and more preferably from about 300 to 400A.

Junction 78 has a depth below S/D silicide regions from about 800 to

1000A.

The formation of upper poly gate portion 58 having a greater width

than lower poly gate portion 44 increases the gate surface area by formation of the
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than | ower poly gate portion 44 increases the gate surface area by
formation of the 17 T-shape of T-shaped poly gate 60. This effectively
reduces the overall rho (resistance) of T-shaped poly gate 60. Further,
recessing lower poly gate portion 44 in effect elevates S/ID regions 68.
This al so reduces S/D regions 68 lateral diffusion and helps to solve the
junction 78 | eakage i ssue by allow ng a deeper junction 78 than with

previ ous processes Although a MHOS/ PMOS transi stor sem conductor device
having a T-shaped poly gate was described, other sem conductor devices may
be for med-shepengft Fehdpahapds patey 60atlhiofeftehBvelyesahices nhenbvenll Second
Enbodi ment O The Invention The second enbodi nent of the invention is shown

in Figs. (lesidarepofiT-shépdPpolihgateb@ps shown in Figs. 1 to 9 are perforned
as described above in the first enbodi nent. These steps are summari zed as
follows: forma pad layer and a lower nitride |ayer over a substrate,;

Further, recessing lower poly gate portion 44 in effect elevates S/D
regions 68. This also reduces S/D regions 68 lateral diffusion and helps to solve the
junction 78 leakage issue by allowing a deeper junction 78 than with previous

processes

Although a NMOS/PMOS transistor semiconductor device having a
T-shaped poly gate was described, other semiconductor devices may be formed
using the T-shaped poly gate of the present invention.

Second Embodiment Of The Invention

The second embodiment of the invention is shown in Figs. 1 to 9 and

16 -19.

The steps shown in Figs. 1 to 9 are performed as described above in

the first embodiment. These steps are summarized as follows:

form a pad layer and a lower nitride layer over a substrate;
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18 pattern the lower nitride |layer and the pad |layer to forma gate opening
over a gate area on the substrate; etch the substrate through the gate
opening in the lower gate area to forma gate trench in the substrate;
forma gate oxide laver on the sidewalls and bottom of the gate trench;
forma gate over the gate oxide layer wwthin the gate trench; renove the
lower SiN |ayer and the pad oxide; dielectric |ayer; As shown in Fig. 17,
we forma first oxide |ayer 104 over the gate and the substrate. The first
oxi de layer 104 preferably has a thickness of between about 100 and 150. A
Next, pref er alpajtern Redoweraiiride MyrOandHi@, paddayer tedormid, gae ppesingused t o
clean the first oxide layer 104 surface. Next, LIT regions 110 are forned
adj acent over t lgategate on Thestidirate;egi on are preferably formed by an angl ed
ion inmplant at an energy between 1E14 and 1E1 5 Kev. LDD regions 110 are

about 10Q&H deLoBSateth@ghhBe SHRSIPRM®y iR Uid RERr gate area to form a gate
trench in the substrate;
form a gate oxide layer on the sidewalls and bottom of the gate trench;

form a gate over the gate oxide layer within the gate trench;

remove the lower SiN layer and the pad oxide/dielectric layer;

As shown in Fig. 17, we form a first oxide layer 104 over the gate and
the substrate. The first oxide layer 104 preferably has a thickness of between about

100 and 150A.

Next, preferably a RCA clean (NH,OH: H,0, ) and (HCL:H,0, ))is

used to clean the first oxide layer 104 surface.

Next, LDD regions 110 are formed adjacent to the gate. The LDD
region are preferably formed by an angled ion implant at an energy between 1E14
and 1E1 5 Kev. LDD regions 110 are about 1000 to 1500A below the substrate

surface.
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19 As shown in Fig. 18, we forma first nitride |layer 106 over the first
oxide. layer 104. The first nitride |layer 1.06 preferably has a thickness
of between about 800 and 1500A. Referring to Fig. 19 we etch the first
nitride layer 106 and the first oxide |layer to formfirst and second
spacers 104 106 on the sidewalls of the gate 44. As shown in Figs, 19 and
20, source and drain regions 114 are forned adjacent to the first and
second spacers. The recessed poly gate 44 effective gate |ength can be
accurately controlled by the S /D inplant energy. The S/ D regions
preferably have a jAsfbpnenndégt, Y&U@tw@@hnﬁﬁdatlaﬁeol%meldmmel ow t he
substrate surface. Still referring to Fig. 20, we formsilicide contacts
120 to t xidolayeelOdanihedirat nitridgiayes 16Mprefédabbi Hes getiekreondBsdteedr0 to t he
gate 44. The silicide contact are preferably fornmed by depositing

Ti / Cobal tabane80kaidi1300dr mal anneal i ng. The unreacted netal is etched back
to formthe contacts shown in Fig. 20. This enbodi nent can solve the
conflict of the shallow S/D junction wth the silicide process. The
enbodi ments recessed poly gate 44 is easy to control

Referring to Fig. 19 we etch the first nitride layer 106 and the first

oxide layer to form first and second spacers 104 106 on the sidewalls of the gate 44.

As shown in Figs. 19 and 20, source and drain regions 114 are formed
adjacent to the first and second spacers. The recessed poly gate 44 effective gate
length can be accurately controlled by the S/D implant energy. The S/D regions
preferably have a junction depth 116 between about 800 and 1000A below the

substrate surface.

Still referring to Fig. 20, we form silicide contacts 120 to the source
and drain regions and silicide gate contacts 120 to the gate 44. The silicide contact
are preferably formed by depositing Ti/Cobalt and rapid thermal annealing. The

unreacted metal is etched back to form the contacts shown in Fig. 20.
This embodiment can solve the conflict of the shallow S/D junction

with the silicide process. The embodiment's recessed poly gate 44 is easy to control

the effective gate length by accurately controlling the S/D implant energy.
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the effective gate length by accurately controlling the S/ D inplant energy.
20 Whil e particul ar enbodi nents of the present invention have been
illustrated and described, it is not intended to Iimt the invention,
except as defined by the following clains. 21 CLAIMS W claim ;.. A
met hod of fabricating a sem conductor transistor device, conprising the
steps of: formng a pad layer and a lower nitride |ayer over a substrate ;
patterning said lower nitride layer and said pad |ayer to forma gate
opening over a gate area on said substrate; etching said substrate through
sai d gate openi ng iYWhidaipartiever egdodiments of the presgnt gaventionehave ibresai d
substrate; formng a gate oxide |layer on the sidewalls and bottom of said
gat e tr erilhstratbdanidrdpserilyat, ét b\t istahded)ad Brrdxihdent ention, wkidpit s slafifle@at e
trench;

by the following claims.
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removing said lower SiN |layer and said pad dielectric layer; formng a
first oxide |layer over said gate and. said substrate; formng |ow doped
drain (LDD) regions adjacent to said gate; forming a first nitride |ayer
over said first oxide layer; etching said first nitride |ayer and said
first oxide layer to formfirst and second spacers on the sidewalls of
said gate; form ng source and drain regions adjacent to said first and
second spacers; formng silicide contacts to said source and drain regions
and suicide gate contacts to said gate. 22 2. The method of claiml,
wherein said LDD regions are from about 1000 to 1500A bel ow the surface of
said substrate. 3. The nethod of claim1, wherein said first nitride |ayer
is fromabout 800 to 1500A thick. CLAlnSMethod of claim1, wherein said
source and drain has a junction depth from about 800 and 100A. bel ow t he
surface fs@if: substrate. 5. The nmethod of claim1, wherein said first
oxide layer is fromabout 100 to

1. A method of fabricating a semiconductor transistor device, comprising the steps
of:

forming a pad layer and a lower nitride layer over a substrate ;

patterning said lower nitride layer and said pad layer to form a gate
opening over a gate area on said substrate;
etching said substrate through said gate opening in said lower gate area to form a
gate trench in said substrate;

forming a gate oxide layer on the sidewalls and bottom of said gate trench;

forming a gate over said gate oxide layer within said gate trench;

removing said lower SiN layer and said pad dielectric layer;

forming a first oxide layer over said gate and said substrate;

forming low doped drain (LDD) regions adjacent to said gate;

forming a first nitride layer over said first oxide layer;

etching said first nitride layer and said first oxide layer to form first and
second spacers on the sidewalls of said gate;

forming source and drain regions adjacent to said first and second spacers;

forming silicide contacts to said source and drain regions and silicide gate

contacts to said gate.
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150A thick. 6. The. nethod of claim1, wherein said LDD regions are forned
using an angled ion inplant. The nethod of claim1, wherein said LDD
regions are formed using an angled ion inplant at an energy of from about
1E14 to 1E15 key. 8. The nethod of claim 1, wherein said silicide contacts
are formed by depositing Ti/cobalt and then conducting a rapid thernmnal
anneal. 23 9. The nethod of claim1l, wherein said pad |ayer is conprised of
pad oxi de having a thickness of fromabout 100 to 200A and said | ower
nitride |layer has a thickness of fromabout 1.80 to 220. 10. The net hod of
clai m 1, %wher dihe mefhgdd ¢laimyle wheseinsaist LDEUregiorpade ioind ebotth0Adp a

t hi ckness of from about 100 to 1501k and said |ower nitride |ayer has a

t hi cknessi500Afbetow dibositrfd@®f saidXdbstate. 11. The nethod of claimIf wherein
said gate trench as a wdth of fromabout 800 to 1200A. 12. The net hod of
claim1l1l, wherein said gate oxide |layer has a thickness of from

3. The method of claim 1, wherein said first nitride layer is from about 800 to
1500A thick.
4. The method of claim 1, wherein said source and drain has a junction depth

from about 800 and 1000A below the surface of said substrate.

5. The method of claim 1, wherein said first oxide layer is from about 100 to
150A thick.
6. The method of claim 1, wherein said LDD regions are formed using an

angled ion implant.

7. The method of claim 1, wherein said LDD regions are formed using an

angled ion implant at an energy of from about 1E14 to 1E15 keV.

8. The method of claim 1, wherein said silicide contacts are formed by

depositing Ti/cobalt and then conducting a rapid thermal anneal.
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about 15 to 40A.. 13, The nethod of claim 1, wherein said gate oxide |ayer
has a thickness of from about 20 to 30A, 14. A nethod of fabricating a
sem conductor transistor device, conprising the steps of. formng a pad

|l ayer and a lower nitride |ayer over a substrate; said pad |ayer having a
t hi ckens of from about 100 to 200A and said |lower nitride |ayer having a

t hi ckness of from about 180 to 220A. 24 patterning said |lower nitride |ayer
and said pad layer to forma gate opening over a gate area on said
substrate; etching said substrate through said gate opening in said | ower
gate ared-to Tl methaghefeclainehobhéneirssiid padisyaras eomprised ofjpad geitle oxi de
llayer on said sidewalls and bottom of said gate trench; formng a gate
over sai thagatigea thitldeesk affrommtidiit08 & d0@Rbad kaieneWier hamdeilAgrdakd | owner
nitride layer and said pad dielectric layer; formng a first oxide |ayer

over sai GhigRh&sdT%rcrdhBostUIBdithabeA .

10.  The method of claim 1, wherein said pad layer is comprised of pad oxide
having a thickness of from about 100 to 150A and said lower nitride layer has a

thickness of from about 190 to 210A.

11. The method of claim 1, wherein said gate trench as a width of from about

800 to 1200A.

12. The method of claim 1, wherein said gate oxide layer has a thickness of from

about 15 to 40A.

13. The method of claim 1, wherein said gate oxide layer has a thickness of from

about 20 to 30A.

14. A method of fabricating a semiconductor transistor device, comprising the
steps of:

forming a pad layer and a lower nitride layer over a substrate; said pad layer
having a thickens of from about 100 to 200A and said lower nitride layer having a

thickness of from about 180 to 220A.
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form ng | ow doped drain (LDD) regions adjacent to said gate; formng a
first nitride |ayer over said first oxide |ayer; etching said first nitride
layer and said first oxide layer to formfirst and second spacers on said
sidewal I s of said gate; form ng source and drain regions adjacent to said
first and second spacers; formng silicide contacts to said source and
drain regions and silicide gate contacts to said gate. 15. The nethod of
claim 14, wherein said LDD regions are fromabout 1000 to 1500k bel ow said
surface of said substrate. 16. The nethod of claim 14, wherein said first
nitride | ayer pagertingsaddowesoride laysseadmaidpaklayestd forni gatestpeaihgdf
claim 14, wherein said source and drain has a junction depth from about
800 and bO6Oa4gateedresvonanidl sisfrate of said substrate. 18. The nmethod of
claim 14, wherein said first oxide |ayer is from about 100 to 150A thi ck,
19. The rmet hodtingéal RuBsratvllieioRich s5Rl shtb BPehRYi ARG BN dr YalBslel$h NY an
form a gate trench in said substrate;

forming a gate oxide layer on said sidewalls and bottom of said gate trench;

forming a gate over said gate oxide layer within said gate trench;

removing said lower nitride layer and said pad dielectric layer;

forming a first oxide layer over said gate and said substrate;

forming low doped drain (LDD) regions adjacent to said gate;

forming a first nitride layer over said first oxide layer;

etching said first nitride layer and said first oxide layer to form first and

second spacers on said sidewalls of said gate;
forming source and drain regions adjacent to said first and second spacers;

forming silicide contacts to said source and drain regions and silicide gate

contacts to said gate.

15. The method of claim 14, wherein said LDD regions are from about 1000 to

1500A below said surface of said substrate.

16. The method of claim 14, wherein said first nitride layer is from about 800 to

1500A thick.
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angled ion inplant. 20. The nethod of claim 14, wherein said LDD regions
are formed using an angled ion inplant at an energy of fromabout 1E14 to
1115 key. 21. The nethod of claim 14, wherein said silicide contacts are
formed by depositing Ti /cobalt and then. conducting a rapid therm
anneal . 22. The nmethod of claim 14, wherein said pad |ayer is conprised of
pad oxide. 23. The nethod of claim 14, wherein said pad |ayer is conprised
of pad oxide having a thickness of fromabout 1.00 to 150A and said | ower
nitride |layer has a thickness of fromabout 1.90 1-0 210'4. 26 24. The

met hod of17¢l ai Fhamethgrbledlains 34, wherein said petrcasnd drhidthesafjufiction degptht 800
to 1200. '5. The nethod of claim 14, wherein said gate oxide |layer has a

t hi cknesdraf abbnb@iledelit 0003 baoWGAi R6urfdderfrridwadsahtec! ai m 14, wherein said
gate oxide layer has a thickness of fromabout 20 to 30 k 27. A nethod of
fabricating a sem conductor transistor device, conprising the

18.  The method of claim 14, wherein said first oxide layer is from about 100 to
150A thick.
19. The method of claim 14, wherein said LDD regions are formed using an

angled ion implant.

20.  The method of claim 14, wherein said LDD regions are formed using an

angled ion implant at an energy of from about 1E14 to 1E15 keV.

21.  The method of claim 14, wherein said silicide contacts are formed by

depositing Ti/ cobalt and then conducting a rapid thermal anneal.

22. The method of claim 14, wherein said pad layer is comprised of pad oxide.

23.  The method of claim 14, wherein said pad layer is comprised of pad oxide

having a thickness of from about 100 to 150A and said lower nitride layer has a

thickness of from about 190 to 210A.
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step s of: formng a pad |ayer and a lower nitride | aver over a substrate;
said pad |layer having a thickness of fromabout 100 to 200A and said | ower
nitride laver having a thickness of fromabout 180 to 220k patterning said
lower nitride |layer and said pad |aver to forma gate opening over a gate
area on said substrate; etching said substrate through said gate opening in
said lower gate area to forma gate trench in said substrate; formng a
gate oxide layer on said sidewalls and bottom of said gate trench; form ng
a gate over said gate oxide laver within said gate trench; renoving said

| ower ni 24 de Thamethodiofsdiich Phavhiireineeid gateltegreh;as afwidtih offrant abatt oxi de

|l ayer over said gate and said substrate; 27 formng | ow doped drain (LDD)
regi ons &0 &act?d0A.0 said gate; said | ow doped drain (LDD) regions being
from about 1000 to 1500A bel ow said surface of said substrate; formng a
first nitride layer over said first oxide |ayer;

25.  The method of claim 14, wherein said gate oxide layer has a thickness of

from about 15 to 40A.

26.  The method of claim 14, wherein said gate oxide layer has a thickness of

from about 20 to 30A.

27. A method of fabricating a semiconductor transistor device, comprising the
steps of:

forming a pad layer and a lower nitride layer over a substrate; said pad layer
having a thickness of from about 100 to 200A and said lower nitride layer having a
thickness of from about 180 to 220A.

patterning said lower nitride layer and said pad layer to form a gate opening
over a gate area on said substrate;

etching said substrate through said gate opening in said lower gate area to
form a gate trench in said substrate;

forming a gate oxide layer on said sidewalls and bottom of said gate trench;

forming a gate over said gate oxide layer within said gate trench;

removing said lower nitride layer and said pad dielectric layer;

forming a first oxide layer over said gate and said substrate;
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etching said first nitride layer and said first oxide layer to formfirst
and second spacers on said sidewalls of said gate; form ng source and
drain regions adjacent to said first and second spacers; formng silicide
contacts to said source and drain regions and suicide gate contacts to
said gate. 28, The nethod of claim 27, wherein said first nitride |ayer is
from about 800 to 1500A thick. 29. The nmethod of claim 27, wherein said
source and drain has a junction depth from about 800 and 1000A bel ow said
surface of said substrate. 30. The nmethod of claim27. wherein said first
oxi de | ayer i dotming lapodepaddrain (LRBY regivhs adjacsit to Faid gabt; kaid lofv ¢l ai m 27,
wherein said LDD regions are formed using an angled ion inplant. 28 32,
The net hatbpafd ddain (RI2D) regheisheing fioth hBE1tr1000 en$5G0EbSlowWEREH SSifae GEn
angled ion. inplant at an energy of from about 1E14 to 1E15 keV. 33. The
met hod ofsagd gabBtAfe; Wherein said suicide contacts are forned by,

forming a first nitride layer over said first oxide layer;

etching said first nitride layer and said first oxide layer to form first and
second spacers on said sidewalls of said gate;

forming source and drain regions adjacent to said first and second spacers;

forming silicide contacts to said source and drain regions and silicide gate

contacts to said gate.

28. The method of claim 27, wherein said first nitride layer is from about 800 to
15004 thick.
29.  The method of claim 27, wherein said source and drain has a junction depth

from about 800 and 1000A below said surface of said substrate.

30.  The method of claim 27, wherein said first oxide layer is from about 100 to
150A thick.
31.  The method of claim 27, wherein said LDD regions are formed using an

angled ion implant.
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depositing Ti/cobalt and then conducting a rapid thermal anneal. 34. The
met hod of claim 27, wherein said pad |layer is conprised of pad oxide. 35.
The net hod of claim 27, wherein said pad |ayer is conprised of pad oxide
havi ng a thickness of from about 100 to 150 and said |lower nitride |ayer
has a thickness of from about 190 to 210A. 36. The nethod of claim 27,
wherein said gate trench as a wwdth of fromabout 800 to 1200.A . 3:. The
nmet hod of claim 27, wherein said gate oxide |ayer has a thickness of from
about 15 to 41:0.A 38. The nethod of claim 27, wherein said gate oxide

| ayer has?2a t hflekmethodef claingA7,ablereirogid 618D Agi@s are formed using an

angled ion implant at an energy of from about 1E14 to 1E15 keV.

33.  The method of claim 27, wherein said silicide contacts are formed by

depositing Ti/cobalt and then conducting a rapid thermal anneal.

34.  The method of claim 27, wherein said pad layer is comprised of pad oxide.
35.  The method of claim 27, wherein said pad layer is comprised of pad oxide
having a thickness of from about 100 to 150A and said lower nitride layer has a

thickness of from about 190 to 210A.

36. The method of claim 27, wherein said gate trench as a width of from about

800 to 1200A.

37. The method of claim 27, wherein said gate oxide layer has a thickness of

from about 15 to 40A.

38.  The method of claim 27, wherein said gate oxide layer has a thickness of

from about 20 to 30A.
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