e3erthbbc\eRezg6gThXe Lf'~ 4 NOVv 2004 METHOD OF FABRI CATI NG T- SHAPED
RECESSED POLYSI LI CON GATE TRANSI STORS FI ELD OF THE | NVENTI ON The pN sent
invention relates generally to formation of sem conductor deV|§@§ ﬁ“dﬂmbre
specifically the formati on of T-shaped polysilicon gates used in

sem conduct or devices. ' 4 NOV 2004 BACKGROUND OF THE | NVENTI ON The
requi renent of increasingly small design rule for conplenentary netal -oxide
sem conductor (CMOS) processes conflict with the requirenents of salicide
(self-aligned silicide) processes because very shallow 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 scal es down to the deep subm cron range, e.g. 0.25 um The hi gher
sal i cide .sheet rho of the polysilicon gate reduces circuit speed. U S,
Patent No. 5,817,558 to Wi descri bes a sem conductor processing nethod for
formng self- allgned T-gate lightly-doped drain (LDD) device having a
recessed channel. An oxide layer is formed over- a substrate fol |l owed by
~forming a nitride | ayer over the oxide |ayer. The nitride and oxide | ayers
are etched to expose the underlying substrate and to define a gate region. -
Pol ysilicon spacers are forned of the side walls of the nitride |ayer then
an anisotropic '"etch is used to etch the sidewall spacers and the exposed
substrate to forma T-shaped groove. Anorphous silicon is deposited,
filling the T-shaped groove then the excess anorphous silicon and- the
nitride layer is renoved to forma T-gate. U S: Patent No. 5,621,233 to
Sharma et al. describes electrlcally progrannable read-only nmenory cells:

‘havi ng {16¥ st & TN aYomga- _ e NOV gat es t hat
sur round | : LIHLICRNGARE lie on

a gate dielectric |ayer. U S. Pfiegt No. 5, 940 697 to Yoo et al. a nethod
for formng a T-gate structure m conductor field effect
transi stor (MESFET) that includes dielectric |ift-off steps. U S. Patent
No. . 5,559,049 to Cho describes a nethod of manufacturing a sem conductor

devi ce having a T-shaped gate el ectrode. Auxiliary gates are
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.




capacitively coupled with the T-shaped gate at undercut portions bel ow both
si des. of- the T-shaped gate. U S. Patent No. 5,688,704 to Liu desdgitbdfVa2))s
nmet hod of fabricating an integrated circuit having a T-shaped pol ysilicon
gate that facilitates the formation of rectangul ar-shaped silicon nitride
spacers. U S. Patent NSAGKEJYORNDQETHEINVENTIEN i bes a structure and
met hod for fabricating field effect transistors (FETs) having T-shaped
gates that can reduce the parasitic resistance of the gate and
source/drain. 3 4. NOV 2004 SUMVARY OF THE | NVENTI ON Accordingly, it is
an obj ect of theTpeasaltrel I i rmn

L A Sk B e el RO 40 s iy cases

~ T-shaped recessed gate conductor for a m condu evi c
t he su ) a . yshl 460N _gate and reduces, the silicide sheet
Fosi ot e o Rl hicoN B R B MGSl P B RteEs Hotther oy dée st preseint

invention..s to provide a nethod of formng a T-shaped recessed gate
conduct ClﬁSrgsﬁlf%élrﬁr@glnﬂlﬁé@) PRAresest IPi%ﬁaW%@s‘CﬂrVeﬁiaﬁlm«fcjunttibns Igjuﬂ hoa

shal l ow junction and a silicide process by not requiring too shallow a

j unct i bincdinn derkeagel fimithesothendtarah theasdipide Aheat trbskt0lieGhodloft i@
present invention is to provide a nethod of formng a T-shaped recessed
gate cpnlisiticrn fate incefdesofEidRlyO vV HEE WaHED of Ak ﬁél?sﬂi%%ﬁs%ﬂg Qats
conductor nakes it easy to control the efficient gate Iengt y accurately
cont r odbmAgtd e g e AN taty . r..0bj egts. wll ,appear
herei nafter. It hagﬁ%gévg{ﬁgégr?ll g@%\%gtgﬁﬁgﬁ ehﬁ%\ggaggléieo%he&%i%joécts of

Spec Pt FREPOLSIEBR'd 00 rdMRIairB G YPRey SN 1 the Tol Lowing mnner.

Speci fica

U.S. Patent No. 5,817,558 to Wu describes a semiconductor proéessing
method for forming self-aligned T-gaté lightly-doped drain (LDD) device having a
récessed 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 etc':hed to exi::ose
the underlying substrate and to define a gate region. Polysiﬁcon spacers are formed
of the side walls of the nitride layer then an anisotropic 'etc.;h 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.

U.S. Patent No. 5,621,233 to Sharma et al. describes electrically

programmable read-only memory cells having T-shaped floating gates and control




sem cqnductor.. structure is provided having an upper silicon layer, ad
dielectric I ayef over the upper silicon layer, and a well inplant ttg ﬂﬂ'z‘ ;
~well regioninthe 4 4 NOV 2004 upper silicon layer. A |lower SlNIayer g

deposi aveyp, th dielectric layer to define a | ower
gate ﬁa%js ﬁgﬁ%@&%&”ﬁﬁ?@%’?p@f Itgﬁg?&ﬁ‘r?&%tfﬁ@ Hp8ates prearirthpeg Hratlietdri n t he
| ower gate area | etched to forma |lower gate trench having a
predetaeg"ﬁ?ﬁ@?}e%r Ht'RYS™A | ower gate portion is formed within the |ower gate
trench. An upper oxide layer is formed over the lower SiN |ayer. An upper
SiN layer is forned over the upper oxide |layer. The upper SiN |ayer is
etched to define an upper gate trench having a predetermned wi dth greater

than the | ower gaise PatanaloPs odskoy mﬂﬂt?%@ﬁ%‘ﬁpp S pe ate

formed within the upper gate trenc wherein ower

t Th Si d d I
SN I%%Cfé@%%@?&%%Z%Eﬂug%‘é%%g@r el HRap o e &%gﬁ’éé@ﬁ@ué‘&@ pad
di el egatéﬁll tﬁc An upper nost oxi de |ayer is forned over the exposed

T-sha tRetePeteval | spacers are forned adjacent the exposed

vertical side vval | s of the |ower polysilicon gate portion. Silicide regions
are fornmed over the T-shaped gate and source/drain regions. 5 .4 NOV 2004
- BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advantages of the nethod

fabricating a T-WiSaPatbrgaie L8605 @ CRE CREEHRG: éﬁlétHSde?ﬁgx%facﬂé%ﬁé' on
will be nore clearly understood fromthe foll ow ng descrl ption ta

conj inakirbond hétok eevies HEAANT AU dRAYEN Gk LItk 6he | WS T ST eTance pumer al s

designate simlar or correspondl ng eleme regi ons an poryt i8S AR i n
whi cheaplaifvely chipRIEOH N _cro i onal

repr esgﬁt ati oy:; Ca PI rst lt|c::l)'tr5te erre bb%,?oéé(a{ hbﬂ% Cut%iPé)er é’ﬁfo‘i"ﬁ?%fitsﬂ‘é?ﬁ Fi gs.
1 to df&i@arﬁe é9t schematically illustrate in cross-sectional _
represen atl 0 éi TEond preferred enbodi nent of the present invention. 6

4 NOV 2004 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Fi r st
Enbodi rent O The Invention 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 photSorest Nel B#83,70awes ISt desupibist é'z‘ﬁ%tﬂ@d ecff fl&ﬂﬂ‘?csdﬂng Rig- 3
Define polysilicon gate mask 1; etch lower nitride |ayer
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.




st'oppi 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 liner oxide; threshold and punchthrough inplant; Fi gﬁmé‘ N%mzm

sacrificial liner oxide; ]E! E@E Ei E 7. G ow Eate oxi de; Fig. 8: Deposit
polysilicon; Fig. 9: VP! ' ] h) polysilicon stopping
on lower silicon nitride layer; Fig. 10: dean; deposit upper oxide |ayer

t hen upper silicon nitride layer; define polysilicon gate nask 2 which is
oversized from polysilicon gate mask 1; etch silicon nitride |ayer stopping
on upper oxide | &eordingty, fklis & 'dbedtnt BEES) ide | ayer in
trench area; clean; depg’g:{t pol ysi Ib?%on; @Pﬁég%efgﬁqﬁvgggﬁé\ g%ﬁr%lcﬁ%aupper
Si | i comdthbd igdeniA 2 TL 4 Fig. 12: Renove upper silicon nitride
| ayer, upper ox?de%%er?hag%&l oa%(rgarﬁatt? %88&11813% or 8I58§ﬁ901ﬂ‘é‘-1%é’?61€v5ﬁ
deposi st,,oxide |ayer; .Fig. 13:. Deposit uppernost silicon nitride
film Efdéaﬂg%ggﬁp%r%&ce Ieg SSHh%PPiLHS(H]équ} gafechnd sedicasdbe siliogpisheeton pad
dielectric | a%éﬁ ang upper npst oxi de | ayer; source/drain inplant; renove

- upper nbStsRRGedehphgkihe polysilison gmieposit silicide film rapid thermal anneal
(RTA); unreacted silicide filmetch back; formsilicide on gate and
source/drain areas Accordingly as shown in Fig. 1, starting sem conductor
structure 10 includes an upper silicon layer and is understood to possibly

i nclude a sem COMHBhOF oWRicelof GheSHRIEAR Ry erfdd Ive Jevic
for med vvithi n the waf er.. h_e terr% 'sem’ condeuct%c#r Y%tt? ctO&?% 4 8 %‘flntoto
i ncl udgoreheniaCEST —;sgl?f}@é Mk %a?ee%ﬁgﬂg{'&t Bl \a{vasfe%ic%g utc’rc]c?r ldaez?cresthat

overlying the wa

resolves the conflict with a shallow junction and a silicide process by not requiring

too shallow a junction and thus minimizes junction leakage.

A turther 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

layer over the upper silicon layer, and a well implant within a well region in the |




Unl ess. ot herwi se specified, all structures, |ayers, etc. nmay be forned or
dcconpl i shed by conventional nethods known in the prior art. Pad OLLIE Y 2
oxi de/dielectric layer 12 is grown over sem conductor structure 1 3fo’%D !]U#
t hi ck Of.1f about 100 t Oa, and nore preferably fromabout 100 to
1509 g@ﬁ Ser_%ﬂ]ﬁéﬁn['%%ﬁ ‘& lo%yar ﬁ&g%ﬁesr ‘§etenredtegyand grattsranpl everdéypopadi ng a
phot oresist | ayer and patterning it to forma patterned photoresist well

mask 1 e&éﬁlﬁlﬁfwrmmefmee@lqmr vetd amaedhbgmdadisletithicflapon aR0uhe Bk 0. 4

um and nore preferably fromabout 1 to 0.4 um A well 1nplant is conducted

at 20 ditioom byentwithik tha lowet ghteldrehQs BRNEUWS! thrrk ' nLsaLion
fromabout 1 E 16 atons/cnR tgo 1 E 18 atom;/chirz.%F%?y%{gaégltge%r}ﬁg}avén&m

transisg I r.seni As) . at ons L be i anted to form
wel 1 1o P e EPOSRADNONENL B 180el L rOR) i Al Wi T e amate t o

form 8 hown.,n Fig. 2, the well sk, for exanple patterned

phot o\r,\%é‘%‘cs ' ‘?‘r‘éﬁ‘rséj@ezf , O’flgegﬁ}’?%b‘?eéﬂgﬁﬁiﬂe PE ﬁb%‘%ﬁo"rﬁé Sl dlagrt-déndiepecsi ¢

| ayer 12 is f(:I eaned by a diluted HF (hydrogen fluoride) wet etch. Lower

si | i cdAYRE BricaRefsgr the ywpes pxide lssssThetpoee il lepadd epatkd to define
oxide/dielectric layer 12. Lower SiN layer 22 has a thickness from about
180 t ARPAPPEL gapwtenghdiavringla ptedeteabindd 288th @radok vand tHPIbwRE ?a%é ably
about 200A. As shown in Fig. 3, lower SiN layer 22 is patterned to define a

gat e neehclopeeddtenminghtddal. eAn2dppdihpsteByrtsh & 6ORLd ShediPihe LBEJer
example; 9 .4 NOV 2004 ' '
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.




depositing and patterning photoresist |ayer 26 then etching |ower Si N |ayer
22 byra plasma dry etch, for exanple, stopping on pad oxide/di el gﬁcgri C
| ayer portion 12'. Pad oxide/dielectric layer 12' within |ower gét. H@%aﬂjﬁﬁl
is thinned by the etc¢h,and ickness from 0 to 130b, and nore
preferably from about™8i eA LA LY OF AEIE DIBAWINGSi ng a speci fi ed
aperture width may be used to expose the photoresist |layer to form
patterned photoresist |ayer 26. Lower gate area 24 has a wi dth from about
0.1 to 0.25 um and nore preferably fromabout 0.12 to 0.15 um and exposed
pad oxide porti ofHefeatdgesshredvadivantigs g t}{%aﬁ{e?lﬁ&ﬁ%ﬂfl%t%g% %t-shg%y gr 26
in e e

is stripped and renoved. Pad oxide portion 12" wt ower“gaft 24 is

StI | PPedtanshd &by 8eedrintX OB, BreiBht Iifndlor Il BLILSON L aner, ©

seni conductor structure 10 w oner Gare WHeRe sorergady yndsastogger of
sem co t ture,10 is.then etched to formtrench 28. The depth of
trenchril rﬁa@{%g&\}m&fc\’ﬁ#ﬁ ‘i‘??&fu%b%‘} %gl‘?’i‘ CONCPRPECtION B dbadactanpsyngt ur e
10 ben%th.gad.oxige/ dhgl ectric layer 12 is fromabout 800 to 1200 ,8., and
more prefBilet ynabifh libpgeferense numendy dzotghate ssidlan orf chirgspdnding
sacrificial liner oxide layer 32 is grown in trench 28 over the exposed

si | i coRlamagmts, jegiensmnsbpduttarorarst iruethigte 10 and pad oxi de/ diel ectrir |ayer
12 to a thickness of about 100 to 150A, and nore preferably about 100A. A
threshold inplant is conducted at 38 fromabout 1 E 12 to 1 E 13, and nore
preferably about 1 E 12 to formthreshold inplant 34 having a concentration

fromabout 1 E 1T%igéoms/ap8ugR 15Esdfeaba a pMX transistor N
atoms are inplant e%§ and foru%n NMOS trans?g%lgp%iﬁﬁgégmlgaféo?%?gh?% A

puncht I ol C t 38 t.o,_form puncht hrough inplant 36
from aEéolgt %ﬂgﬁ?&aa{%rsgﬁg@%ﬂaﬁﬁgﬁﬂeﬁpﬁ]&? QB‘?%?P‘EF‘%@{RH- 1 E 13 and havi ng
a concentration fromabout 1 E 17 atons/cnR2 to 1 E 18 atons/cn2. . For a
PMOS transistor N atons are inplanted and for an NMOS transistor, P atons
are inplanted. As shown in Fig. 6, sacrificial |iner oxide layer 32 is

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

representation a second preferred embodiment of the present invention.

At Sar A o e e e



removed foll owed by a wet cl eaning process to clean the exposed upper
silicon-l.ayer of sem conductor structure 10. As shown in Fig. 7, gﬁe oxi de
| ayer 40 is grown over the exposed upper silicon |ayer of sem (%n% VorZU[V}
structure 10 and pad oxide/dielectric layer 12. 11 4 NOV 2004 CGate oxide

layer 40 is ESERIFTAON OF TRE BREFFRREDTNSIOPINEGG™M about 20
to 30.i. As shown in Fig. 8, conductive |layer 42 (e.g. polySilicon) is
deposited over silicon nitride layer 22, filling trench 28. Layer 42 nay be
conprised of polysilicon, netal, or netal silicide, for exanple. Layer 42
is fromabout 2500 to 3 [.cKy. an referably about 2500 thick. As
shown in Fig. 9, |ayer gg%FEHE‘EHEF? égptgegnVF?anchenical mechani cal
polishing (CWMP) stopping on silicon nitride layer to form planarized | ower
pol ysilicon gate portion 44. Lower poly gate portion has a wwdth 46 from
about 0.11 to 0.25 um and nore preferably fromabout 0.12 to 0.15 um As
shown in Fig. 10° hrifsumporyy gbthe finst einbodddensoftreanedntionienove any oxi de
fornmed thereon and upper silicon oxide |ayer 48 is deposited over |ower SiN

layer 12 and | ovEig. poGyowgatael ddiierdethe WoNShaskX k8l irayBihe48 is from about
-100 to 150a thick, and nore preferably about 100a t hi ck. Upper Si N |ayer 50

i s then deposit eg Oy SStripPed tofasideclbay.q - oh Nl ayer 50.is from

about 500 to 700 tgﬁi ck,1 and gore p? ef er gtsrféssg gﬁﬁ{lgg%&%latyr#gfpo er SiN

| ayer 50 is thengjpatd.en t b r te tre crﬂﬁz Thi.s may be

acconpl i shed by, | or exgtrelr%)lfe,o eg(&)ésbﬁ ité%ggarﬁg%;t’t%ﬁcﬁi Bhotitieslayen2
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 punchthrougﬁ
implant;

.Fig. 6: Remove sacrificial liﬁer ofcide; 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;

- Fig. 11: Strip photoresist and uppef oxide layér in trench area; ci_ean;

deposit polysilicon; CMP polysilicon stopping on upper silicon nitride layer;




4 NOV 2004 | ayer 54 then etching upper SiN layer 50 by a plasma dry etch,
£f'or eXanpl e, stopping on upper oxide |ayer portion.48 . Gate tre ca ﬂﬁ hmg
a depth from about 560 to 780a, and nore preferably about 570. “de gy
portion 48 wthin u;lager gate trench is thinned by the etch and has a

thi ckness from atdgt L60Remogetuppemsilivon eipridé dapdy, yipahewxid8Aaydhand

phot oresi st | ayer 54 has "oversi zed gate openi ng" conpared to t%e

phot or esi st lbwyenit?iledagegaleanppeskide o#4ie \Sg{thg%% ' n be used to
create the "oversized" photoresist |ayer 54. F égg%rgpgﬂ}égﬁygger si zed

optical mask mayl}qg_upf;cﬂ)egﬂs;tq_{%&\égé%i,htcégz.l)i(%%gﬁ%ﬁti cal mask (not shown)

havi ng a specified aperture w ot oresi st layer formng

-patterned photoresgj st, liayer. 26 ee abgve) y .be used to expose the

phot or esi st Iaye%ﬁg‘ fﬁjf'or ?o%??%%ﬂé@”pﬂ’g{la?éggéfhﬂ’ &Yy DJA stopping an el
acconpl i shegjlib% ove[ exEosi ng photoresist |ayer 54 through the mask thus
forning upp&rCHatTd tAYER ARG IPPRETORaexideviagier wiurss/ dhah insplgneateaioddan
the width 46 of |ower poly gate portion 44. Wdth 56 of upper gate trench
52 is from aPRgrr@siaxide Ioy®@1 um As shown in Fig. 11, patterned

phot oresi st | ayer 54 and upper oxide |layer portion 48 wthin upper gate

trench 52 are st HigpEd Repbdiesidicrib filayeipiaoiheraal @nRekT | Ag'4uf\15e|a9!e ned
to renmove any oxide forned thereon. 13 4 NOV 2004 A layer of polysilicon

(not shown) slikidefitaict@dbOMe ForRRAICIR: DhloaYes iy the trench within
gate trench 52. The polysilicon | afér IS g%l an%‘??%%%%?%ﬁg‘saerg%%d CWP and

st oppi ng on upper SiN layer 50 to form upper poly gate portion 58 having

wi dth 56. Lower poly gate portion 44 and upper poly gate portion 58

t oget her formT-shapgg. p?ly gate 60. |t is noted that two CVMP processes are
used to form T-sh%FﬁQ By a§aneven In Figt 1 garting semicadMuqronsesstire 1sed to
formlower poly gate portion 44 and a second CMP process is used to form

upper peflyidgat anpoppieonsiligonAkaystroand s FingdedsZo0 PR p Shb AV RE1 R LPper

oxi de layer 48, and lower SiN layer 22 are preferably Tenoveéd in a single

etch stemiumicgtbPOdhfef OF 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.

Pad oxide/dielectric layer 12 is grown over semiconductor structure

10 to a thickness of from about 100 to 2004, and more preferably from about 100 to

150A




exanpl,e. This exposes upper poly gate portion 58 and | ower poly gate

porti on.44 above pad oxide/dielectric |ayer 12. Exposed upper pol yF&th 7
portion 58 and | ower poly gate portion 44 above pad oxide/dielectr I’g@%r 004
12 are cleaned and uppernost oxide |ayer 62 is formed thereover. Upper nost
oxi de | ayer 62 n’@ywﬁﬁ paskisddefjned by i atixaipde edqrasetn gl BRATOtORIsYst URfE

portion 58 and | ower poly gate portion 44 above pad oxide/dielectri’c | ayer

12; or andpueterhing i toi fortoa paticdRed BRI oA AOME madhd ' As shown
in Fig. 13, uppernost SiN Ia%:r 64 i's deposited (%I/aesgk %%géég%/%\geﬁg%e@tri o

| ayer 18 Wwed 1ppeLEE|SLHiRKI ? Uppermost. .SiN film 64
conforns to the shapzblocgﬁtf%%nb%sré ﬁtgﬁ%oq?%llhg%?e%w%gWg%é?]%lyéém&tﬂh%tﬂad

oxi de/ ¢ gheghric layer 12 and is thicker on the horizontal portions of pad
oxide/dielectric layer 12 and uppernost oxide |layer 62 than the verti cal
portions of uppernost oxide |layer 62. Mst inportantly, uppernost SiN film
64 is deposited under overhangs 66 of upper poly gate portion 58 of
T-shaped poly gate 60. As shown in Fig. 14, uppernost SINfilm®64 s
renoved by a dryfaweldmmphtisatoridstappt B fam paduexities db el eeh b el ayer 12
and uppernost oxide |ayer 62. LDD (|l ow doped source/drains) inplants 65 may

be f or medl WhavingrgtettenBBtionrfronphlanital Qs 4thins)/cnBStSTIewR stfemgé /%leS’
patterned photoresist |ayer 54 is stripped and renoved | eaving SI'N si'dewal |

spacer Bor Bxdingey, ieak PNawSI ' 70, have a width from
‘about 1%0 to gSOb, and rmrte&gsgiﬁp g’?%%ﬁ a\ggg% (IZSL)B(SIXS{S%K (‘Aﬁﬁﬁgﬁ‘“ﬁdﬁﬁy R ion
i npl an i ! rf.0 t. 72.from 1 E.13 to | E 15, and nore

pref er gﬁ?%/aqﬁ?%?no §§%%1t %%Edlﬁ atnglz iorEaIl%\ﬁp]gjg WSF%%VLPEIO’%I@)&Q’C%E me&y $eai n

ar eas ﬁr‘ﬂ}[))Pa)nteGC?to %—cl)tlg%evre als8 68 are nore shallow than LDD areas 68.

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.

Lower silicon nitride (SiN) layer 22 is deposited over cleaned pad
oxide/dielectric layer 12. Lower SiN layer 22 has a thickness from about 180 to 220

A, more preferably from about 190 to 2104, and most preferably about 200A.

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,




Pad oxide/dielectric layer 12 and exposed uppernost oxide |ayer 62 are
renoved, exposing the upper silicon |ayer of seniconductor stru%grﬁoﬂtogﬁnd
the vertical sides and upper surface of upper oxide gate portiorf58.""Th 4
upper silican |ayer of sem conductor structure 10 and the vertical sides
and upéEP‘%ﬁPg BRterERes PEQF%@S@éiWepaétth@m efhingyowheBiNidagdrezmieda A
nmetal film (not shown) conprised of Ti or Co, and preferably titanium
cobal t Plasmacdyy ietchudpb skamgplenstopping en posieckider dzdattaic 100EE bapssRfot he
structure and the exposed vertical sides of upper poly gate portion 58. A
rapi d Phdroxidle &hinkatrid ) 125 whifigA 18k f i Ci | f,- al i;gned
silicide) portions 74 Eg\?sr S/ D regi o{r?? S%a%%as%%yct?%léﬁ%dorg?ité%eef% Sggr
upper R&Y Y tEiRkBeROH-& 4 f p e 0 C | et e fordrati on of
t he NMOS or PI\/mﬁ’tr(glllﬂ[l]g&i[bs?tl%%r8 g 'tg:sliggéé?[?%?i‘? ér%é\%%%egra?@n%?%%%eéoﬁﬁeg react ed
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
500g, and nore preferng from about 300 to-400g. T-shaped gate silicide
region 76 has a thiéR %‘gt TR RS 3cperibiedoazer tunedvivshenpy beesalilty from
about 300 to 40@%. 16, 4 NOV 2004 Junction 78 has a depth below S/D

si | i ci GEPeseghepioterssishlryer t@borm pattootd fhetorenistdtjarcédof upper poly gate
portion 58 having a greater width than |ower poly gate portion 44 increases
the gate surface area by formation of the T-shape of T-shaped poly gate 60.
This effectively reduces the overall rho (resistance) of T-shaped poly gate

60. Further, recegs) ' ion 44 in effect elevates S/D
regi ons 68. This gﬂ%%éég‘l%%asﬁg%s%%?%tﬁgéé@ ‘Tr‘]%cférgﬁ taiefﬁg%r? HYEl ps to
sol ve L MACti on _¥8 i.ssue hy allow ng a deeper junction 78 than
wi th pbg(%}o%%}?Eﬁp&gég‘&&iﬁ?‘ﬁﬁt}aﬂuﬁ aﬂ%[%‘/ﬂf’ﬁlﬁénpﬁgéﬁ%@%t?@fﬂ@éﬁbonduct or

devi ce having a T-shaped poly gate was descri bed, other sem conductor

-devi ces may be forned using the T-shaped poly gate of the present
i nvention. Second Enbodi nent O The | nvention

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

removed.

Pad oxide portion 12’ within lower gate area 24 is stripped and
removed to expose a portion of the silicon layer of semiconductor structure 10

within lower gate area 24.

The silicon léyer'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.

10 .




The second enbodi nent of the invention is shown in Figs. 1 to 9 and 16 -19.
17 4 NOV 2004 The steps shown in Figs. 1 to 9 are perforned as ddsdiyb@fll4
above in the first enbodi ment. These steps are sunmarized as follows: form
a pad layer and %&I wer %#.rige Ia¥_er ver a substrate; pattern the |ower
“nitride layer and*tHEYRA 1'8yerSacHtichl Hingr gxide lapensés gumrn an geneh@gea on
the substrate; etch the substrate through the gate opening in the |ower .
gate aP¥8't e opReseshtsilicprnitydrm inheestbstdatkr foruntargat e qxiyde layer
on the sidewal k and bottom of the gate trench; forma gate over the gate
oxi de i/ diglehiric kalye_r datte o frecietsssiFrR t10E thaWeR %hy LRYET, %:?al%ihe pad
oxi de/dielectric layer; As shown in Fig. 17, we forma first exrde é’yer
| 04 ovebotihed(yate and the substrate. The first oxide |layer 104 preferably
has a thickness of between about 100 and 150. Next, preferably a RCA cl ean
((NH40H: HzO2 ) and (HO :HzOz ))is used to clean the first oxide |ayer 104
surface. Next, LDD regions 11Q are forned adjacent to the gate. The LDD
an angled ion inplant at an energy between

region are preferaply- farmed b
1E14 and 1E1 5 K&&%ﬂﬂﬁﬁﬁéﬁ}%ﬁét P rengisteshdutd fronoak e tisBagidhelols, tinel
substrate surfac 8
more pre eragly gbout 1 E 12 to form threshold implant 34 having a concentration
from about 1 E 17 atoms/cm?2 to 1 E 18 atoms/cm2. For a PMOS transistor N atoms

are implanted and for an NMOS transistor, P atoms atre 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
‘having a concentration from about 1 E 17 atoms/cm? to 1 E 18 atoms/cm?2. . For a

PMOS transistor N atoms are implanted and for an NMOS transistor, P atoms are

implanted.

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.

11




4 NOV 2004 As shown in Fig. 18, we forma first nitride |ayer 106 over the
first  oxide |ayer 104. The first nitride |layer 106 preferably hag, & NOV 2004
t hi ckness of between about 800 and 1500g. Referring to Fig. 19 we etch the
first ? ride Ila er 106_and the first@xxi de layer to formfirst and second
spacer SUVPHE B¥eT 4 Isfranabeut 17 ta ARAdhick, 40d mors posferalilyHrgs. atkftand
20, source and drain regions 114 are forned adjacent to the first and -
secondzgﬁ%l% s: The recessed poly gate 44 effective gate |length can be
accurately controlled by the S/D inplant energy. The S/ D regions preferably
have a junction depth |16 between about 800 and 1000A bel ow t he substrate
surface. Still referring to Fig. 20, we formsilicide contacts 120 to the

source and drai nAsefioRRs h@pg%lq;glckﬁhq%gggaey&g%@t_ f%tngojfBZf?l}lt@aS%i{]sted at %}eégl OIThe

silicide contact are prefer or e €pos
t her ma),, ganagaliingi- e ypreacted metal |s etched back to formthe contacts
shown T n F?gfyo og‘tﬁﬁé&%ﬁﬁr@ﬁw&%%h %/i ﬁ%ercé%fmﬁﬁtb%fCOMiéHS%Idfow S/D

- juncti 0 vvillth t he tsa{[l i ci de pr,Pc_ess. The enbodi nent's recessed poly gate 44

i's eas§ PEoRy rstal i Brefalcsiligidleg dow example bayerctliisafrony abont 2600 ity t he
S/Dinplant energy. 19 4 NOV 2004 While particul ar enbodi nents of the
presen Oqo:}\/gﬁﬂkrcﬁﬁldqme peeferalily abona®se0 atsckescri bed, it is not intended
tolimt the invention, except as defined by the following clains. 20
CLAIMS W claim 4 NOV 2004 '

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

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

As shown in Fig. 10, lower poly gate portion 44 is cleaned to remove
any oxide formed thereon and upper silicon oxide layer 48 is deposited over lower

SiN layer 12 and lower poly gate layer 44. Uppér oxide layer 48 is from about 100 to

1504 thick, and more preferably about 1004 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. ﬁ

Upper SiN layer 50 is then patterned to define upper gate trench 52.

This may be accomplished by, for example, depositing and patterning photoresist

12




1. A rmethod of fabricating a sem conductor transistor device, conprising
the steps of: providing a seni conductor structure having an uppeltjmﬂi NO¥ o200
| ayer, with a pad dielectric |ayer thereover; depositing and patterning a
| ower gailN |§4¥ é ove%r said pad dielectric layer to define a | ower gate area,;
et chi ngS3j g B fitehitier Hpeer sydt larmr EQity epplesnsi Hirg arichager exhinlpile, said
| ower gate area to forma |ower gate trench having a predeterm ned w dth;
f or mi n§'OPRIBEAN YAPEr pyidd layenpohiion 481 dCAteweendabE hak angdbtHf QLT B0
upper oxide |ayer over said |lower SiN Layer; formng an upper SiN [ayer
over séB@Itcuﬁma«{,a:mdd&)rb@yefreralﬁycamo@%s@gpl upper SiN | ayer to define an
upper gate trench having a predeternined width greater than said | ower gate
trench predeterm ned width; form ng an upper gate portion within said upper
gate trench; wherein said | ower and upper gate portions forma T-shaped
pper oxide, and |lower SiN layers to

gate; renoving Sa t r SkN,..u [

expose said T-sh%ﬂggé§?§95§gt2§%i4§gv‘g }E')WeuEBF’agBE?dtr&PEhéétthi@‘thPErf, e
formn n._upper nmst . oxi | ayer gver sgid exposed T-shaped gate; 21 4
NOV 208@%@%%‘&#@% ﬁ%‘ﬂ%‘ééﬁﬂe 884y apdrmorajerefapbleabmeriiial si de
wal I's of said |lower polysilicon gate portion; and form ng silicide regions

over said source/drain regions. 2. The nethod of claim1l, wherein said pad
dielectric layer is fromabout 100 to 200 thick. 3. . The nethod of claim

1, wherein said ViblelpHatgiedist Naxgerd a4t vbFora pRut 0 __The
et hod of claim 1, vﬁqe_rei n sgi@? | ower Si N | ayeggf':ésoéépgrﬁéa Ogabg}ieégtott €220. g,
thick pRdtsabidt BRRER6INY é@%%pehﬁwé hRMAROUL t%cgk?nitq%es? 204 btehtlls% 'to create

the "oversized" photoresist layer 54. For example, an oversized optical mask may be

used.

Alternatively, the same optical mask (not shown) having a specified
aperture width used to expose photoresist layer forming patterned photoresist layér
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 lowér poly gate portion 44. Width 56 of upper gate

trench 52 is from about 0.14 to 0.31 um.

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

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

13




5. The nmethod of claim 1, wherein |ower gate trench width is from about
0.11 to 0.25 Ixm and said upper gate trench width is from about WQQM
0.31 um 6. The nethod of claim1l1l, wherein said upper gate port

predeterm ned width fromabout 0.14 to 0.31 um and said | ower gate portion
has a predeterm ned width fromabout 0.12 to 0.15 umand said ratio of said
upper gate portion width to said |lower gate portion width is fromabout

1.16 to 2.58. 22A laydr NOpoRBildcon (ridteshominiod dup o@itaarademg_ffﬁéesru eg | ower
gate portion is fromabout 15 to 40th thick. 8. The netho al

wher ei 50, $dling shelemaich wRAGEEStedth 94, The

met hod of él aim 1, \(/f/nerel n %atl d ??aclf}f %ndlzr%r) glly;éﬁgogl\c/ﬁg&ésal a?SHIZ(e,@/bé’r%u n
regio AR, i ck. he met hod f claim1l,

wher elrkﬁctaﬁg (]f unctl?(g(r%m pmg 031 é%gﬁg %u@t’%rr B fEa PEPeF fin létS@LFE PgOiEoR 0 1100

beneat cide regions. 11. The rret hod of claim1, wherein the
junctl%nﬁ%%lgg @“2‘3 conductor device is fromabout 800 to 1000a beneath
said S/D salicide regions. 12. A nethod of fabricating a sem conductor
transistor device, conprising the steps of: providing a sen conductor
structure having an upper silicon layer, with a pad dielectric |ayer

t hereover and a hewer lpmbjlrgate pbaieh d4wiridhippar 13} 5€‘e9 Qﬂlorggﬁqggéﬂh@g and

patterning a | ower SiN |ayer over said pad d| e ect ayer to ine a
| over fgaineT-8heBed A3y gate 60.

It is noted that two CMP processes are used to form T-shaped poly
gate 60. That is, a first CMP process is used to form lower poly gate portion 44 and

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-oxidiiing
exposed upper poly gaté portion 58 and lower poly gate portion 44 above pad

oxide/dielectric layer 12; or depositing a silicon oxide layer thereover.
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4 'NOV 2004 et.ching said pad dielectric |layer and said upper silicon |ayer
wthin said |ower gate area to forma |l ower gate trench having a
predetermned width; formng a sacrificial |iner oxide |ayer m@glﬁilﬂﬂ\éajﬁgq

| ower gate trench; form ng threshold and puncht hrough inplants in said
upper silicon layer within said well region; renoving said sacrificial

| i ner oxide layer;, growing a |lower gate portion within said | ower gate
trench: depositi A %‘%Pénl Bged3ovppernpst bidibaySi o4 isagepositéd loivag paal d

| oner gate trench; planarizing said gate layer to forma |ower gate portion
wi t hi no¥isled diddegiricdayer 1 amthppetraes ddds &iyérgats, PPCtiren; forming an upper
oxi de | ayer over said lower SiN |ayer; formng an upper SiN |ayer over said
upper oxide |layer; etching said upper SiN layer to define an upper gate
trench having a predeterm ned width greater than said | ower gate trench

det ined w ; ' t ti it hi id t
[ ench: whor ei n o Tuer SnAURe g B Hit ABePeyah heToariipiod it o)

renovi ald etched upper Si N, upper, oxide, and |lower SiN |ayers to expose
sai d'Tglg aepde(ﬁ) 9 tgea%%@ﬁe%‘f?gPééo%@éﬁéﬁiﬁ%lcdlaéﬂeéd& pod| iay@vickdropmithg an

- uppernpst._oxide | ayer . over said exposed T-shaped gate; 24 4 Nov 2004
f or mi ggosmnsﬁl POREPTS Op pedraxide dietmutrit ey caxiiomed uppietineal ofidieryal ks of

said | ower polysilicon gate portion; and
than the vertical portions of uppermost oxide layer 62. Most importantly,
- uppermost SiN film 64 is deposited under overhangs 66 of upper poly gate portion

- 58 of T-shaped poly gate 60.

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/ dréins) 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 1504, and more preferably about 100A.
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form ng salicide_regions over said source/drain regions. 13. The nethod of
claim 12, wherein said pad dielectric layer is fromabout 100 to ,200h

thick. 14. The nmethod of claim 12, wherein said wel | region has.d WO @004
from about 0.4 tq o of claim12, wherein said |ower SiN

|l ayer is from aboﬁ‘tmeBnPgmﬁB%t‘ﬁlP@E XM al d2 dpreratsing 1 &3 to $Ef 1Hm
about 500 to 700? Ii%’aé 16. The nmethod of claim 12, wherein | ower gate

t r ench?l GiHeiRr ey Bemateut i bt ® bE 1ono fanh eivilyuppesd gaieey aengh
width is fromabout 0.14 to 0.31 um 17. The nethod of claim 12, wherein
sai d upises (gL foHDDrarkas 6@ any mdet ehatlsve dhah QDD hamabout 0.14 to 0.31
um and said | ower gate portion has a predeterm ned width fromabout 0.12
to 0.15 umand said ratio of said upper gate portion width to said | ower
gate portion width is fromabout 1.16 to 2.58. 25 4 NOV 2004 18. The

net hod of claim ortion_is from bout 15 to

40t h thi ck. 19 ?Il%% net aﬁi&@ e?%{jal}%%% aq?é]g ﬁ? dsHPBeEP%’iA%II%ESEE%’éé% are
from e150bw* . '[ r’Eet hod of claim 12, wherein said
salicide r egl ons oVer: IH-‘ EBHF%%’% #Pai ‘AyFegf semcanslydtersbotitrad® amd 500

t hi ck. 21 Th%&gé hod, of claim 12, wherein the junction of said

sem comW&rHF scand YppevsHIiteaaf \gueertaxidd gt pemieatds. sai d S/ D salici de
regions. 22. The method of claim 12, wherein the junction of said

sem conduct or device is from about 800 to 1000 beneath said S/ D salicide
regions. 23. The method of claim12, wherein said polysilicon planarization

is performed by thewbpat sﬂﬁ%ﬁ%&&%f BRI %ﬁucﬁl%gfdgggd%&gﬁ{ciﬁati "9

a seni conductor transistor devite, I'sing he S

sides and upper surface of upper oxide gate portion 58 may then be cleaned.

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 graté portion 58. A rapid

- thermal anneal (RTA) is then applied to form salicide (self-aligned silicide) portions
74 over S/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.
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4 'NOV 2004 providing a sem conductor structure having an upper silicon
l'ayer; with a pad-dielectric |ayer thereover and a well inplant tggrein
within a well region; said pad dielectric |layer having a thickness NO¥n2004
about 100 to 200g depositing and patterning a |lower SiN |ayer over said pad
dielectric layer to define a |ower gate area; said lower SiN |layer having a
t hi ckness from ahout 180 to 220.; etching said pad dielectric |ayer and

sai d upper silicdRnF9Rr8iasti depti belownBy Dysilieider @@idres froRiThBolLOMES gat e
trench having a predeterm ned width fromabout 0.12 to 0.15 um formng a
sacrifilP@A. [i ner oxide | ayer within said |ower gate trench; formng

t hreshol d and puncht hrough inplants in said upper silicon |layer within said
wel | region; renoving said sacrificial liner oxide |layer; growing a | ower
gate portion within said | ower gate trench; said gate oxide having a

thickness from abqut to 40~: depositing a gate | ayer over said |lower SiN
| ayer, filling ng_fh ﬁoé\%eartmd’a?%uppgﬁfﬁay 6?%139%2%@%&%@& grdadgewiddt f or m
~a | ower gql\a;e Erort'tyon within said |lower gate trench; said | ower gate portion

havi ng REWH B PPORBABRATHONIS insrenses thergate safacegareaitty fiobygidd 6pthagate
portion; form ng an upper oxide |ayer over said |lower SiN |ayer; formng an

n
upper §f-$h4psﬁyéxf Oradvapedi golppgrte o&0.dThinvefectizély rbdNEMs 28Q4,6LENI N9 sai d

upper SiN layer to define an upper gate trench having a predeterm ne&_vvi dth
gr eat eresistancepbfTIDwped grile ghteegich predeterm ned width;

Further, recessing lower poly gate portion 44 in effect elevates 5/D

regions 68. This also reduces S/ D regions 68 lateral diffusion and helps to éolve the

junction 78 leakage issue by allowing a d.eeper 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.1to 9 and

16 -19.
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said upper gate trench width being fromabout 0.14 to 0.31 um formng an
u’pper“lj“ét"’e' portion within said upper gate trench; wherein said |O\$Q‘ m 004
upper gate portions forma T-shaped gate; said upper gate portion Hav 8 ;
wi dth from aboutT%.?l 4 t0,0.31 UI-g{] rem)gi ng said etched upper Si N, upper

oxi de, and | ower - of RPRyBPYTH 0 Figgosto L arepetienapdas daseihod ebmtimiqn above
said pad dielectric |ayer; form ng an uppernost oxide |ayer over said
expose@‘eflréﬁ%"ﬁgﬂdt}&?’ét;- ThaseistRPsIR ssiuroveized ep dolbrwsadj acent the exposed
vertical side walls of said | ower polysilicon gate portion; said sidewall
spacers having a width from about 100 to 150A; and formng silicide regions
over said source/drain regions; said source/drain silicide regi.ons having

t hi ckness ffoom @apadtlap&tirida kO0ér nitR8 , ’

. Au. Al h. A AYK. A@b AF AN ADAATY A A R ANE ASRETAIY A A AL AK AL AL A
.AB& A . Ay

}xsni d_ZU cp a| cakt| (}:Igiw():‘g]el(-:a t(r:lg? léigffvé(;ga;{%da]tlégf’(@g]léﬁﬁ%%f@é‘]“caﬁ%f&]%‘ém&PE&T] ca] ca]
cal c™al c"al ca%ca] a\]SC c”Ma]c”Ma] cMa] c"al] cal ~ -

*8"\/\NF5] BaASKE BBQE‘S V\?%té?tﬁ ca] ca] ca] ca] ca] ca] ca] c”a] ¢

a] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c”alc’
9z ( EcL9tgh the sulgstrate through the gate opening in the lower gate area to form a gate
"@|wnmnhc] X]]]caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cOa]ca]ca]ca
] ca] cafreradlen] he]sebktrajecal cal ca] ca] cal cMal @ A" M " " O#DHHSSS 7 NIRRT &| &&&&
(d(((5)x)))*+*r**?2+E+}xsnid_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

;i' 21;1? E]Jrgili@]rﬁ?& ggﬂeqﬁllg?%%ﬂ %‘%%%‘ﬁ%‘% g%@%ﬁﬂﬂﬁyﬁﬁtﬁfﬁfﬁ ca)Jcalcalca
L]C g!a]c g!a]c g!a]c %’]é’]q‘g%%g!f]c ‘%Jacrgtlig %f@fﬁ@gﬁ%%éﬁﬂﬂaﬁ] thegate tendaHs 5616661 77VD99#: ) : 4

Yyl 25,

: ?/( <i <<<L=qemoysieilgwer PilNdayergnchtheapachpuialed didadte]lapdrc a] ca] ca] ca] ca] cal
c a)Jca]ca]ca]ca]ca]ca]ca]ca]ca]calca]calcalc

a] ca] ca! >>>6?w?? @G\OAAAABVBBBBB; CCCDaDDD9Ex EGG&Ht HzHHH| wr mhc”~Y] 1] ] ca] ¢

aJ calcalca]ca]calcalcalcalcalcalcalcalcalcalc

i 1 b JtJJJ
am]/\;ﬁ]KPC(ﬁ}_E%}_Eﬁ/]BW%ﬁ%%%{ﬁgkﬁgﬁ%%?%gﬂgf%g@a ‘géar]téé]gége]* %%ﬁica] cajc

a) ca : : .

a} ca} g%}e%g%gg]hgﬁg]fggﬁ Parie Javen 04 preferably has a thicknsss ob R B ERAIHRSQSSS T
{TU U LA PVZVWVW W wr mhc”Y] ] ]] ca] ca] ca] ca] ca] ca] c"a] ca] c*a] ca] ca] ca]
cajcalc 'a| Wca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c

a] ca] ca] cal , WWMKXI Y} YYZI ZzOzQzVZZZZZ[ V[ a[ [\ M\ \ Aant agannny S | wimhe”Y] ] ] ] ca
]calca]ca]jcaljcalc al]calcalcalcalcalcalcalcalcalcalcalcalcaljc aljc a]c
aJcalca]calcalcalcalcalcaljcajcalS __-"h

aZaaaaaabi bbbc>cext grefdatlGecRCHS ¢ikacs (INHADH H,08) eabqpl@ahca) sl cal ca] cal
calca]l ca] ca] calca]ca] ca]ca]ca]ca]c :

a) cal calcerbid ol GRberlea) i Gl GAld! 111 9J000ghPhhOI " £ j | k(K it mcmmmm
nmm2nno} xr mhc”Y]]]] ca] ca] calta] ca cgﬁ ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
.aJ ca] ca] ca]ca] ca] ca]ca] ca] ca] ca] ca] ca]ca]c. a] ca] cal odoooXpgpppg”gfqqrarrrrr
<s{sst<tttuVuuu>v?vBv}xsni d}xrmhc”Y]]]]ca]ca]]ca]ca]ca]ca]ca]ca]ca]ca]calca
]calca]calca]calg,

a] ca] ca] ca] ca] cal Cal &&f ]eéfﬁjé’f‘é&]lgé]’%g:jf@hﬁde%@jé@ﬁqqt@ ey gsiel OBBRE D w

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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p#10%& () -Z
about 800 and 1500A.

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 $/D implant energy. The S/D regions

preferably have a junction depth 116 between about 800 and 10004 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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by the following claims.
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providing a semicenductor structure having an upper silicon layer, with a

pad dielectric layer thereover;

depositing and patterning a lower SiN layer over said pad dielectric layer to
define a lower gate area;

etching said pad dielectric layer and said upper silicon layer within said
lower gate area to form a lower gate trench having a predetermined width;

forming a lower gate portion within said lower gate trench;

forming an upper oxide layer over said lower SiN layer;

forming an upper SiN layer over said upper oxide layer;

etching said upper SiN layer to define an upper gate trench having a
predetermined width greater than said lower gate trench predetermined width;

forming an upper gate portion within said upper gate trench; wherein said
lower and upper gate portions form a T-shaped gate;

- removing said etched upper SiN, upper oxide, and lower SiN layers to

expose said T-shaped gate extending above Said pad dielectric layer; |

forming an uppermost oxide layer over said exposed T-shaped gate;
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2. The method of claim 1, wherein said pad dielectric layer is from about 100 to

200A thick.

3. The method of claim 1, wherein said well region has a width from about 0.4

to 5 um.

4. The method of claim 1, wherein said lower SiN layer is from about 180 to

220A thick and said upper SiN layer is from about 500 to 700A thick.

5. The method of claim 1, wherein lower gate trench width is from about 0.11 to

0.25 pm, and said upper gate trench width is from about 0.14 to 0.31 pm.

6. The method of claim 1, wherein said upper gate portion has a predetermined
width from about 0.14 to 0.31 pm, and said lower gate portion has a predetermined
width from about 0.12 t0 0.15 ym and said ratio of said upper gate portion width to

said lower gate portion width is from about 1.16 to 2.58.
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8. ‘The method of claim 1, wherein said sidewall spacers are from about 100 to
1504 wide.
- 9. The method of claim 1, wherein said salicide regions over said source/drain

regions are from about 300 to 500A thick.

10. The method of claim 1, wherein the junction of said semiconductor device is

from about 800 to 1100A beneath said S/D salicide regions.

11. The method of claim 1, wherein the junction of said semiconductor device is

from about 800 to 1000A beneath said S/D salicide regions.

12. A method of fabricating a semiconductor transistof device, comprising the
steps of: |

providing a semiconductor structure having an upper silicon layer, with a
pad dielectric layer thereover and a Well implant therein within a well region;

- depositing and patterning a lower SiN layer over said pad dielectric layer to

define a lower gate area;
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ng threshold and punchthrough implants in said upper silicon layer

within said well region;
removing said sacrificial liner oxide layer;
growing a lower gate portion within said lower gate trench;
depositing a gate Iayer over said lower SiN layer, filling said lower gate

trench;

planarizing said gate layer to form a lower gate portion within said lower

gate trench;
cleaning said gate portibn;
forming an upper oxide layer over said lower SiN layer;
forming an upper SiN layer over said upper oxide layer;

etching said upper SiN layer to define an upper gate trench havin.g a

predetermined width greater than said lower gate trench predetermined width;

forming an upper gate portion within said upper gate trench; wherein said

lower and upper gate portions form a T-shaped gate;
removing said etched upper SiN, upper oxide, and lower SiN layers to

expose said T-shaped gate extending above said pad dielectric layer;

forming an uppermost oxide layer over said exposed T-shaped gate;
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13. The method of claim 12, wherein said pad dielectric layer is from about 100

to 200A thick.

14. The method of claim 12, wherein said well region has a width from about 0.4 -

to 5 pm.

15, The method of claim 12, wherein said lower SiN layer is from about 180 to

220A thick and said upper SiN layer is from about 500 to 700A thick.

16.  The method of claim 12, wherein lower gate trench width is from about 0.11

to 0.25 um, and said upper gate trench width is from about 0.14 to 0.31 um.

17. The method of claim 12,. wherein said upper gate portion has a
predetermined width from about 0.14 to 0.31 um, and said lower gate portion has a
predetefnﬁined width from about 0.12 to 0.15 um and said ratio of said upper gate

portion width to said lower gate portion width is from about 1.16 to 2.58.
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20.  The method of claim 12, wherein said salicide regions over said source/drain

regions are from about 300 to 500A thick.

21. The method of claim 12, wherein the junction of said semiconductor device is

from about 800 to 1100A beneath said S/D salicide regions.

22, The method of claim 12, wherein the junction of said semiconductor device is

from about 800 to 1000A beneath said S/D salicide regions.

23.  The method of claim 12, wherein said polysilicon planarization is performed

by chemical-mechanical polishing.

24. A method of fabricating a semiconductor transistor device, comprising the

steps of:
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depositing and patterning a lower SiN layer over said pad dielectric layer to

define a lower gate area; said lower SiN layer having a thickness from about 180 to

220A;
etching said pad dielectric layer and said upper silicon layer within said

lower gate area to form a lower gafe trench having a predetermined width from

about 0.12 to 0.15 pm;
forming a sacrificial liner oxide layer within said lower gate french;
forming threshold and punchthrough implants in said upper silicon layer

within said well region;

removing said sacrificial liner oxide layer;

growing a lower gate portion within said lower gate trench; said gate oxide

having a thickness from about 15 to 404,

depositing a gate layer over said lower SiN layer, filling said lower gate

trench;
2y planarizing said gate layer to form a lower gate portion within said-lower
_gate trench; said lower gate portion having a width from about 0.12 t0 0.15 um;
cleaning said polysilicon gaté portion;
forming an upper oxide layef over said lower SiN layer;

forming an upper SiN layer over said upper oxide layer;
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lower and upper gate portions form a T- -shaped gate; said upper gate portion

having a width from about 0.14 to 0.31 pm;

removing said etched upper SiN, upper oxide, and lower SiN layers to
expose said T-shaped gate extending above said pad dielectric layer;

forming an uppermost oxide layer over said exposed T-shaped gate;

forming SiN sidewall spacers adjacent the exposed vertical side walls of said
lower polysilicon gate portion; said sidewall spacers having a width from about 100
to iSOA; and

forming silicide regions over said source/drain regions; said source/drain

silicide regions having a thickness from about 300 to 500A.
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