; Mme3eNdK. 6Td9@ A METHOD TO PATTERN SMALL FEATURES BY USI NG A RE- FLOMABLE
HARD MASK FI ELD OF THE | NVENTI ON The present invention relates generally to
fabrication of sem conductor devices, and nore specifically to nethods of
patterning small features used in the fabrication of sem conductor devices.
1 _ BACKGROUND OF THE | NVENTION Current practices foru"@wmmmwﬁ smal |
features typically involve using snmaller wavel engt hs of mer n
phot oresi st, or using an asking process to reduce the di mensi«g@pg&yof

phot oresi st after sonme | arger-dinmension features are patterned. U.S. Patent
No. 4,022,932 to Feng describes a resist reflow nethod for making subm cron
patterned resist masks. U S. Patent No. 5,899,746 to Mikai descri bes a

nmet hod for nmaking small patterns by eroding a photoresi st ttern.
Patent No. 4,824,747 to Andrews describes a nethod for forrrf Mmm

wi dth channel. U S. Patent No. 4,449,287 to Maas et al. des mmhod
of providing a narrow groove or slot in a substrate region. U Sisofatent No.
4,546,066 to Field et al. describes a nmethod for form ng narrow i nages on
sem conduct or substrates. 2

A METHOD TO PATTERN SMALL FEATURES BY USING A RE-FLOWABLE
HARD MASK

FIELD OF THE INVENTION

The present invention relates generally to fabrication of
semiconductor devices, and more specifically to methods of patterning small

features used in the fabrication of semiconductor devices.



SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present
invention to provide an inproved nethod of patterning small features.

Anot her object of the present invention to provide an inproved nethod of
patterning small features that does not place nore stringent requirenments
upon |ithography. OQther objects will appear hereinafter. It has now been
di scover@d~t hat” t he above and ot her objects of the present invention may be
acconplished in the followi ng manner. Specifically, a substrate having a
dielectric layer formed thereover is provided. A spacing |layer is forned
over the dielectric layer. The spacing |layer has a thickness equal to the
thi ckness of the small fRACKERUND OF Tek INVEATRINEd, re-flowable
maski ng |l ayer is forned over the spacing lTayer. The nmaski ng | ayer having a
first opening with a wwdth "L". The patterned) re-flowable nmasking |ayer is
re-flowed to forma patterned, re-flowed nmasking | ayer having a re-fl owed
first opening w t hCarteptptrastiads ffior' pdtterhimg smalll fenkites tysitalbp éivalge eivey
width "1" being less than the pre-reflowed first opening width "L". The
spaci ng $magker wavelerigihis dbvight ¢o tplattedn gplhedoresist| ayesingsamagshing paicesy wed,
re-flowed masking |ayer as a mask to forma second opening within the

et ched stesbicagtheagimensionapfaphpipresisiyatier somentarger-timgpgion featurgseaieng

| ower width "1". Renoving the patterned, re-flowed nmasking |ayer. A small
feature Pefteiedl is formed within the second openi ng. Any excess smal |
feature 3 mat eri al above the etched spacing |layer is renoved. The etched
* spacing layer is renoved to formthe small feature conprised of the small

feature material. Rl EF, .DE THE W NGS The feat ures . .and
advant ages of the @r%s%ﬁ?rﬁ Iﬁ\()e%’tgggﬁgé\n%\lf%g dr_éﬁ?ré B} rﬁﬁag’r g’tegla%gif?rom
the fol | Qe I.RLI I junction with the acconpanyi ng
draw ngs&:%#%ggﬁﬁﬁrgé p%gﬁeﬁéliéécﬁgeésmmﬂﬁn%ygl s designate simlar or
correspondi ng el ements, regions and portions and in which: Figs. 1 to 5
schematically illustrate in cross-sectional representation a preferred
enbodi ment of the pr&sBagent Wen$,899,746 to NADKA HEE:r=SCRINPIIHAN &r Hidking
PREFERRED EMBODI MENTS Unl ess ot herwi se specified, all structures, |ayers,

et c. maysmellfpatresds by eacdings plhotodedist peaterent i onal net hods known in the
prior art.

U.S. Patent No. 4,824,747 to Andrews describes a method for forming

a variable width channel.

U.S. Patent No. 4,449,287 to Maas et al. describes a method of

providing a narrow groove or slot in a substrate region.

U.S. Patent No. 4,546,066 to Field et al. describes a method for forming

narrow images on semiconductor substrates.



Initial Structure The present invention discloses a nmethod of patterning
smal | features through the use of a re-flowable masking |ayer (16). The
exanple illustrated herein describes formng a small gate feature/structure
al t hough one skilled in the art would recogni ze that other small features
may be fabricated according to the teachings of the present invention. Fig.
1 illustrates a cross-sectional view of a substrate 10, preferably a
sem conductor substrate conprised of silicon (Si) or silicon germani um
(Site) and is nore preferably conprised of silicon. Athin dielectric |ayer
12 is forned over substrate 10 to a thickness of preferably from about 15
to 100A and nore preferablyy Y THPE IR 18N9| ectric layer 12 is
preferably a grown or dep0ST§ggE%XT§%ETHYETTl§%$IEXHWD|e, a silicon
substrate 10 woul d have a silicon oxide |layer 12 fornmed thereover. Spacing
| ayer 14 is fornmed over dielectric layer 12 to a thickness equal to the
desired thickness plcéREngly)at igaheoljest bhitlse iprbdimit riavedtiexaspprivitie he
formed. Spacing layer 14 1's preferabl’y conprised of silicon nitride (Si 3N4)
or sili cionpmued metldel ¢fSHaAMrnimglsmallfeatergy.ef erably silicon nitride. 6
Formati on of Re-flowabl e Patterned Masking Layer 16 As shown in Fig. 2, a
patterned, re-flowable masking |layer 16 is forned over nitride spacing
| ayer 14 to a thickness of preferably from about 400 to 2000 and nore
preferably from abémothen@bjest kgothe Reesargviaeatipasta pgovisleeanignproved
preferably fornmed of a doped o i%@. Patteﬁned dope oxide layer 16 has first
" openi ng TEthadi ﬁg EaVFHPH‘SL.SH}‘ﬁlf Aty Ahghidoase AObr Blager ROLR Strigigghh "L
may be as narrow as fram about, 100U to 1800. In general, it is possible to
forma pH%FB??@EP$égxwgﬁéﬁggﬂﬁﬁéking | ayer with a first opening 18 having a
width "L" as narrow as from about 1200 to 1500. Re-flow ng Patterned
Masking La, a As shown in Fig. 3, re-flowable patterned masking |layer 16 is
subjected to a the - / Ny re-flowto formre-fl owed
patterned masking F§§é$8 %&Eaf@ﬁﬁﬁﬁ%§§??3§é%&?irst opening 18 having a
| ower width "1" that is significantly less than the initial wdth "L"
before the thermal re-flowing process. In formng a gate feature/structure,
re-flowed | ower w @t ha$ howrbyeheliscoveredwhaistia aboebant *AB6r objBGOdf tha
general, it is possible to forma patterned re-flowed nasking |layer with a
re- f | owegrespaviiingenigohavaydeaadoomeplishiedt in the fallowing owrawerf Speridiselly, 250
to 800A. The thermal cycle has a tenperature of preferably from about 850
to 950C substsatefhaving ¢ dielssitivlaier domned theyeoverds grgyided. ‘A spadingdaysy is

14/ Formation of Gate Materi al hown in

o tride SOHEFAPYERBE delEet e TR TG TR ST S BATHGIRSS aabif Hhe on
(e, S, i s 420 R 5 R B, B P oo @
re-floweds PR &l 866 F@é%a{&\é Phfer. #e 'masking layer having a first opening with a
| width "L". The patterned, re-flowable masking layer is re-flowed to form a
patterned, re-flowed masking layer having a re-flowed first opening with a lower
width "1". The re-flowed first opening lower width "1" being less than the pre-re-
flowed first opening width "L". The spacing layer is etched down to the dielectric
layer using the patterned, re-flowed masking layer as a mask to form a second
opening within the etched spacing layer having a width equal to the re-flowed first
opening lower width "I". Removing the patterned, re-flowed masking layer. A small

feature material is formed within the second opening. Any excess small feature



Re- flomed patterned masking |ayer 16' is then renoved and any residual
dielectric layer 12 within second opening 20 is renoved and, in formng a
gate feature/structure, a gate dielectric layer 22 is formed within second
opening 20. Gate dielectric layer 22 is preferably grown and/or deposited
and is preferably forned of silicon oxide nitrided silicon oxide, a silicon
oxide/nitride stack or a high-k dielectric material such as al um num oxi de
and is preferably forned of a silicon oxide/nitride stack. Gate dielectric
| ayer 22 has an equival ent oxi de thickness (EOT) of,preferably from about 7
to 201 and nore preferably fron1about 10 to 16A. EOT is extracted from

electric at%x;ﬂgl & tﬂ{esee‘cﬁba r%yl Sjelyb abi@Red. The eﬁéﬁe&t an'ﬁg%g@} R4

stack wi an its p t hi ckness, but woul I ckness
of its sidné&wi ol Bleaphdll ﬁ@kummphgéu of ﬁ@tsenmfeam@mbeetm 24 is then
formed over gate dielectric layer 22, filling second opening 20. Gate
material |ayer 24 is preferably conprised of polysilicon, polysilicon
germani um (poly Si Ge), titanium nolybdenum nickel or stacks conprised of
t he above and is nore preferably conprised of polysilicon. 8 For mati on of
Gate El ectrode 26 As shown in Fig. 5, excess gate material |ayer 24 and
gate dielectric layer 22 are renoved, preferably by planarization and nore
preferably by chem cal nechanical polishing, down to spacing |ayer 14.
Spacing layer 14 is then renoved, preferably by a stripping process,

| eaving gate el ectrode 26 with gate dielectric layer 22' on its sides and
* bottom Conventional processing may then proceed. Advantages of the

I nventi on The advant ages of the present invention include: 1) reduced

| it hography requirenments; and 2) reduced etch (line roughness)

requi renents. Wile particular enbodi nents of the present invention have
been



illustrated and described, it is not intended to Iimt the invention,

except as defined by the followng clains. 9 CLAIMS W claim 1. A nethod
of formng small features, conprising the steps of: providing a substrate
having a dielectric |layer fornmed thereover; formng a spacing |ayer over
the dielectric layer; the spacing |ayer having a thickness equal to the

thi ckness.of the small feature to be fornmed; 5 form ng a patterned,

re-fl owabl e maski ng | ayer over the spacing |ayer; the masking |ayer having
a first opening with a width "L"; re-flowng the patterned, re-flowabl e
masking |layer to forma patterned, re flowed masking |ayer having a

re-flowed first openi n?R‘M&FP@StRwIWW #Iﬂt;DgﬁWiﬁﬂé owed first opening
| ower width "1" being T€ss an € pre-re-f1owe iTs 0 opening width
"L"; etching the spacing layer to the dielectric |ayer using the patterned,
re flowed masking |layer as a mask to forma second opening within the

et ched spaci ng | ay@heh@utungsand diibaragel of aht haresentf inswedion wsll bepgivirag

| ower width "1", renoving the patterned, re-flowed masking | ayer; 15

formi ng aleaniy indlemterd froah ehie dollninting ashdpsiendalen priongunctéorowitly thay
excess small feature material above the etched spacing | ayer; and renoving
t he etcheecapranyigg dyayvings fromhichelilserapierencs numetml%pde%gnatﬁ sinhidarsanl |
feature material, 2. The nmethod of c¢laim1, %Terein t he substrate is forned
of a mat é?Trﬁﬁp@@ilégt%nﬁlﬁ@rﬁecﬂﬁ@%?%‘gBOEW ad HyWdHcksi | i con and silicon
~germanium the dielectric layer is 10

Figs. 1 to 5 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.



formed of a material selected fromthe group consisting of grown silicon
oxi de and deposited silicon oxide; the spacing |layer is forned of a
material selected fromthe group consisting of silicon nitride and silicon
oxynitride; the masking layer is formed of doped oxide; and the snal
feature material is formed of a material selected fromthe group consisting
of polysilicon, polysilicon germanium (poly SiGe), titanium nolybdenum

ni ckel and stacks conprised of the above materials. 3. The nmethod of claim
1, wherein the substrate is forned of silicon; the dielectric |ayer is
formed of silicon oxide; the spacing layer is forned of silicon nitride;
the masking 'WA#L%[B%#%@R@ET?OW ¥ sieerPRAEDE IM%
material is f |n t he
pre-re-flowed first opening width "L" has a wi dth of fron1about 1000 to
1800 and the re-flowed first opening lower width "1" has a width of from
about 200 to 800. Ynlddreotiethaed Hfectiad, Mlllstridtat&, Taydis, dcenla§ hd pyyeskd i r st
opening width "L" has a wi dth of from about 1200 to 1500 and the re-fl owed
first openac@nhplishedbydtdnvehtidnas neethvods knofvnfinahe pbiowtar250 to 8001. 6. The
met hod of claim1, wherein the dielectric layer is fromabout 15 to 100A
thick; and the masking |ayer is fromabout 400 to 2000D thick. 7. The

met hod of claiml1, wherein the dielectric layer is fromabout 20 to 501

thi ck; abeitieh3tragiueng |ayer is from about 1000 to 15001 thick. 11 8. The
met hod of claim1, including the step of form ng a gate dielectric |ayer
“liner within the second opening. 9. The nmethod of claim1, including the

f f i di el h d i ng;

the gate di el oot ri %ﬁ%}f@%ﬁgﬁﬁ%&r‘w l%sre's%er%awaf“péfg?réﬁﬁégﬁmlﬁ%?ﬂhgg
t f { d )

oxi dor nf ErioE @38%629{05 SR BRbE medkira e e bR tlskind Rirmn

oxi de. 1(21es€_ ayer T gog ﬂ] g%xf]eeféa@&ll ﬁiﬂ&tﬁ@eaﬁﬂ or{eogl{ﬂlgg i tgx%taei't

dielectric seco openin ectric layer
| iner hayjfgdaReds 15@%H$‘tn8§f§er0§mfaﬂof@amgtmg {19 %Q{Jﬂcailtéd J&&rﬁﬁ{%?&i tRb
claim1, 1ncluding the step of formng a gate d| electric layer Iirher wthin
t he _secoméla&mgy cMhetdresdgatigvelitedrect ri c layer |iner having an EOT thickness
of fromabout 10 to 16A. 12. The nmethod of claim1l, wherein the patterned,
re-flowabl e masking layer is re flowed by a thermal cycle. 13. The nethod
of claim1, wherein the patterned, re-flowable masking layer is re flowed
by a thermal cycl e RignHilustntas aroasmrational giesy of aowmbsbrste 1959r€tf©ra©5§O@ for

f bout 900 1800s d hod f I'l. feat
o o0u 900 4 2 A2005SE 90 e WIBHSY 6 of SN, L LRSS

is more preferably comprised of silicon.

A thin dielectric layer 12 is formed over substrate 10 to a thickness of
preferably from about 15 to 100A and more preferably from about 20 to 50A.
Dielectric layer 12 is preferably a grown or deposited oxide layer. For example, a

silicon substrate 10 would have a silicon oxide layer 12 formed thereover.

Spacing layer 14 is formed over dielectric layer 12 to a thickness equal
to the desired thickness of the final gate (in this illustrated example) to be formed.
Spacing layer 14 is preferably comprised of silicon nitride (Si;N,) or silicon

oxynitride (SION) and is more preferably silicon nitride.



providing a substrate having a dielectric |ayer forned thereover; 12
formng a spacing |layer over the dielectric |ayer; the spacing |ayer having
a thickness equal to the thickness of the small feature to be fornmed; 5
formng a patterned, re-flowabl e masking | ayer over the spacing |layer; the
maski ng. | ayer having a first opening with a width "L" of from about 1000 to
1800g re-flowing the patterned, re-flowable masking layer to forma
patterned, re flowed masking | ayer having a re-flowed first opening with a
| ower width "1" of from about 200 to 800g 10 etching the spacing layer to
the dielectric layer using the patterned, refl owed masking | ayer as a mask
to forma second opening wthin the etched spacing |layer having a width
equal to the re-flowed first opening lower width "1"; renoving the

pat t er negyrh £ridh BIRE- RFAHIBPatRYEEd Mégkm%ga&ﬁ%a" feature material within
t he second openi ng; renovi Nng any excess snall feature material above the
et ched spacing |layer; and renoving the etched spacing |layer to formthe
smal | feature conprised of the small feature material. 15. The met hod of
claim 14, wherein WBeslsoat iraFég.i 3, & gateddnedl, aefitvesblel maekigt ¢y drr Danig he
group consisting of silicon and silicon germanium the dielectric layer is
f or med oformerhoeern mitridelspatieg layermi4 be aghmipesoofspmsferalpl pfropn abnus 400 ton

oxi de and deposited silicon oxide; the sqpaci n%olggqyer is formed of a

mat er i al 2804 enddmpre prefesalyy fupmcarantskd0Rgodt iReoflowiablg aasking ket con
oxynitride; th king | r is forned of doped oxide; and the small

" feature mRESEPY q:rggiy #%%Tﬁéﬁgfgq dapﬁépé €al selected fromthe group consisting

of polysilicon, polysilicon germanium (poly SiGe), titanium nolybdenum

ni ckel and stacks conprised of the above materials. 13 16. The met hod of

| ai , Wh i b I f sili X di el i |
?ﬁ “for #gq of Sl ?cféﬁfs%‘f ?5$%§ox'g%%1a°y%3‘i%g§as_ﬁési 'o%%ﬁﬁé?ﬁbla'gﬁae%%{#d 1 de
mter al R Ea b e EATEE fludu RN Uy e SIS OENIAR 1000 | o
pre-re-fhowagoAl p eﬁ&?m,i f19s yo@tsi'mé' ko fhas aapm%@doie-i15%?@%§%<%?gg%y;egom

1500a and the re-flFowed first opening lower wdth "1" has a w

about 25Qyitlo a3k o;ie%in% he hawikod vaittie '8l 4p ddtrowherfesm ddaitdoed es1500A.1 ayer
is fromabout |5 to 100A thick; and the nmasking layer is fromabout 400 to
2000 thick. 19. The nethod of claim 14, wherein the dielectric layer is
fromabout 20 to 50A thick; and the masking |layer is from about 1000 to
attepnedoriagking] lagver 18 i ncl uding the step of forming a

1500 t hi de-flowingRattemeddas) :
gate dielectric layer liner within the second opening. 21. The net hod of
claim 14, including the step of formng a gate dielectric |layer |iner

w thin the second opening: the gate dielectric |ayer heing, fornped of a
Mt e al sl ect ed (ROMIONE GPoidBeandiectPigol Plierhe BrkutE fiee deds
silicon %'bge%tec?téklt{@%ap&agltﬂﬁ EdiRs St 85 K2 %o MOAR-K-AL b8 Pattetned
material "such as alum num 6xi de.
masking layer 16' with a re-flowed first opening 18’ having a lower width "I" that is
significantly less than the initial width "L" before the thermal re-flowing process. In
forming a gate feature/structure, re-flowed lower width "' may be a narrow as
from about 200 to 800A. In general, it is possible to form a patterned re-flowed
masking layer with a re-flowed opening 18 having a lower width "I" as narrow as

from about 250 to 800A. The thermal cycle has a temperature of preferably from
about 850 to 950°C for preferably from about 900 to 1800 seconds.



22. The nethod of claim 14, including the step of formng a gate dielectric
| ayer liner within the second opening; the gate dielectric layer |iner
havi ng an EOT thi ckness of from about 7 to 20A 14 23. The nmethod of claim
14, including the step of formng a gate dielectric layer liner within the
second opening; the gate dielectric layer liner having an EOT thickness of
fromabout 10 to 16A. 24. The nethod of claim 14, wherein the patterned,
re-fl owabl e masking layer is re flowed by a thermal cycle. 25. The net hod
of claim 14, wherein the patterned, re-flowable masking l|ayer is re flowed

conpri si #G =S EPS - o Prc LA LI A R S0 =048 el ectri C | ayer
formed thereover; formng a spacing |ayer over the dielectric layer; the
spacing | ayer having a thickness equal to the thickness of the small

feature to be fOrMRbhOLNTER & HAICEDRIng 164 OIBRLENERSKIDE UsEa OVer

t he spacing | ayer; the nas ayer _ rst opening with a

"L" of fppaniaRad sédPing@nl@0ieldcerié 1w g, hfiaghatlileweadatfeenéd ety

masking |l ayer to forma patterned, re flowed masking |ayer having a

re- f | owethyker 16t asp emisky Secdiind aplenivey 20hds h wilth @qubi cortlabimwe2@0d tho'1860g 10

etching the spacing layer to the dielectric |ayer using the patterned, re

fl owed neesKongd pattarned maskasg layerflor m a second opening within the etched

spacing |l ayer having a width equal to the re-flowed first opening | ower

*width "1"; renoving the patterned, re-flowed nasking layer; formng a gate

dielectric | | i t.hin th i

relectric layer | owed pattented SiaskingN5perd6™%s then removed and any

residual dielectric layer 12 within second opening 20 is removed and, in forming a
gate feature/structure, a gate dielectric layer 22 is formed within second opening

20. .

Gate dielectric layer 22 is preferably grown and/or deposited and is
preferably formed of silicon oxide nitrided silicon oxide, a silicon oxide/nitride
stack or a high-k dielectric material such as aluminum oxide and is preferably
formed of a silicon oxide/nitride stack. Gate dielectric layer 22 has an equivalent
oxide thickness (EOT) of preferably from about 7 to 20A and more preferably from
about 10 to 16A. EOT is extracted from electrical measurements followed by
simulations. The EOT of a SiO,/Si,IN, stack will be less than its physical thickness,

but would be the thickness of its silicon oxide electrical equivalent.

Gate material layer 24 is then formed over gate dielectric layer 22,
filling second opening 20. Gate material layer 24 is preferably comprised of
polysilicon, polysilicon germanium (poly SiGe), titanium, molybdenum, nickel or

stacks comprised of the above and is more preferably comprised of polysilicon.



15 formng a small feature material within the gate dielectric layer lined
second openi ng; renoving any excess snmall feature material and gate
dielectric layer liner above the etched spacing |layer; and renoving the
etched spacing layer to formthe small feature conprised of the 20 smal
feature material. 27. The nethod of claim 26, wherein the substrate is
formed of a material selected fromthe group consisting of silicon and
silicon germanium the dielectric layer is formed of a material sel ected
fromthe group consisting of grown silicon oxide and deposited silicon

oxi de; the spacing layer is formed of a material selected fromthe group
consisting of .sili %‘;rld- and silicon oxynitride the masking |ayer is
formed of HOBEHR SRS F5e=Snal | feature material is fornmed of a
materi al sel ected fron1the group consisting of polysilicon, polysilicon
germanium (poly SiGe), titanium nolybdenum nickel and stacks conprised of

the above naterial s\¢ dRwhh@ ﬁglt icsogx&_fss ga@é PR Bria MY e?'za 40 gé@gfeﬁ@&ﬁgi S

formed of silicon; the diele | ayer s formed o | i con~oxi

spaci ng layern?i aﬁrefr@frf&/@doft)réfbfdmyfbyrplbf\bldﬁahdmQndmﬁckﬂqurelf@ﬁmy by chemped of
a doped oxide; and the small feature material is formed of polysilicon. 29.
The net hmﬂeahfamdaapnhﬂ&ngy\ﬂem to dphaeiny layeel4.| owed first opening width "L"
has a width of fromabout 1200 to 1500 and the re-flowed first opening

| ower width "1" has a wdth of from about 250 to 800. 16 30. The net hod
of claim 26, wherein the dielectric |layer is fron1about | 5 to 100A thick;
“and the masking | aypPacing hwmlétfédhenaeweéoaae ferakly by3a strippingeprRsEsHf

claim 26, wherein the dielectric |]aye fro bou t hi ck; and
The. mekiisy e gere 18CFPaS P8Rt Satsolcleskinioner 27 O ltugdes Fad Rotkl o ol ai m
26, wherein the gate dielectric layer is forned of a material selected from
the group consisting of silicon oxide, nitrided silicon oxide, a silicon

oxide/nitride stac terial such as al um num

oxi de. 33. The netﬁ% %ﬁﬁﬁ% ﬁp§§g&mﬁgg%¥khﬁ ”xg?g dielectric layer liner
has an EOT thickness of fromabout 7 to 201. 34. The nethod of claim 26,
wherein the gate dielectric layer liner has an EOT thickness of from about
10 to 161advantagieof®eNadeRiion! ai m 26, wherein the patterned, re-flowable
maski ng layer 1S re owed by a thermal cycle. 36. The nmethod of claim 26,
wherein the patterned, re-flowable masking layer is re flowed by a thernmnal
cycle conducted at a tenperature of from about 850 to 950C for from about
900 to 1800seconds.The advantages of the present invention include:

1) reduced lithography requirements; and

2) reduced etch (line roughness) requirements.

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.



17 . A A9. Al .A9F .AsY .A|l .ALL.ALl .As .AYL.AIY .AF .AY[Y .A nY
.AHO. AF[| . An3

<F] # C, 7~] w8ch2y} xrmhc”Y] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
aJ ca] ca] ca] ca] c”fa] ca] ca]ca] ca] ca]cha]jctalctalUjc:alcTa ! & v

*zKz8JBkR=zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] c"a]
ca] ca] ca] ca] ca] ca]ca]c”a] ca] cal] ca]ca]cal]cal]cal! Eh(-mvdhO? m O v

=I'lzuoj e [ V] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ca] cfa] ca] ca] cMa] ca] ca] cfhal It/ AT #R#Y e ##H#ISSS % %00
&aW&& e i "' (s(y({vql gb] X]]ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] ca] ca] ca] c”a] ca]ca]calca]ca]calca]c”ralcaly( *n++,,,Q.%{../700
00L1el11&2v2223"34799: V::}xsnid_Z]]]ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] gq|agaj§al ca] ca] ca] ca] ca! :

s <f <<<=d>>7&?, ?~?7D@ @ANEAGAAA, BBB( CXCCC DzD} xsni d_Z]]] ca] ca] ca] ca]calc
a] ca] ca] ¢@d elalra] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c
a] ca] ca! zDDDDCELEEEF#FHI JeJJJJ! Kr KKLNLLLMKMVIMMINNNNE xsni d_ni d_Z] ] ] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] caljcalcalca <F]iK-s$-#10%& ()-L"z109%0& ()-10%& ()-LL1I0YT& () -

"1090& ()1- Arpetheid(of-fiorhdeg &majl- featt#eablsﬁarisilﬁ)g/dlﬁ {tepd 08 ()- &3 109%& ()- 9
109&' ()-MLOT10T10T F=L109%0& ()- @10%& ()-, 7~i K-H 10%& ()-109%& ()- 3109%&' ()
- Sz109%& () - pnqv}mg ysubstrate having a dlelectrlc layer formed thereover;

forming a spacing layer over the dielectric layer; the spacing layer having a
thickness equal to the thickness of the small feature to be formed;
5 forming a patterned, re-flowable masking layer over the spacing layer; the
masking layer having a first opening with a width "L";
re-flowing the patterned, re-flowable masking layer to form a patterned, re-
flowed masking layer having a re-flowed first opening with a lower width "I"; the
re-flowed first opening lower width "l" being less than the pre-re-flowed first
10  opening width "L";
etching the spacing layer to the dielectric layer using the patterned, re-
flowed masking layer as a mask to form a second opening within the etched
spacing layer having a width equal to the re-flowed first opening lower width "I";
removing the patterned, re-flowed masking layer;
15 forming a small feature material within the second opening;
removing any excess small feature material above the etched spacing layer;
and
removing the etched spacing layer to form the small feature comprised of the

small feature material.

2. The method of claim 1, wherein the substrate is formed of a material selected

from the group consisting of silicon and silicon germanium; the dielectric layer is
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formed of a material selected from the group consisting of grown silicon oxicv:le and
deposited silicon oxide; the spacing layer is formed of a material selected from the
group consisting of silicon nitride and silicon oxynitride; the masking layer is
formed of doped oxide; and the small feature material is formed of a material
selected from the group consisting of polysilicon, polysilicon germanium (poly

SiGe), titanium, molybdenum, nickel and stacks comprised of the above materials.

3. The method of claim 1, wherein the substrate is formed of silicon; the dielectric
layer is formed of silicon oxide; the spacing layer is formed of silicon nitride; the

masking layer is formed of a doped oxide; and the small feature material is formed

of polysilicon.

4. The method of claim 1, wherein the pre-re-flowed first opening width "L" has a
width of from about 1000 to 1800A and the re-flowed first opening lower width “1"
has a width of from about 200 to 800A.

5. The method of claim 1, wherein the pre-re-flowed first opening width "L" has a
width of from about 1200 to 1500A and the re-flowed first opening lower width “1"
has a width of from about 250 to 800A.

6. The method of claim 1, wherein the dielectric layer is from about 15 to 1004

thick; and the masking layer is from about 400 to 2000A thick.

7. The method of claim 1, wherein the dielectric layer is from about 20 to 50A thick;

and the masking layer is from about 1000 to 1500A thick.
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8. The method of claim 1, including the step of forming a gate dielectric layer liner

within the second opening.

9. The method of claim 1, including the step of forming a gate dielectric layer liner
within the second opening; the gate dielectric layer being formed of a material
selected from the group consisting of silicon oxide, nitrided silicon oxide, a silicon

oxide/nitride stack and a high-k dielectric material such as aluminum oxide.

10. The method of claim 1, including the step of forming a gate dielectric layer liner

within the second opening; the gate dielectric layer liner having an EOT thickness

of from about 7 to 20A.

11. The method of claim 1, including the step of forming a gate dielectric layer liner

within the second opening; the gate dielectric layer liner having an EOT thickness

of from about 10 to 16A.

12. The method of claim 1, wherein the patterned, re-flowable masking layer is re-

flowed by a thermal cycle.
13. The method of claim 1, wherein the patterned, re-flowable masking layer is re-
flowed by a thermal cycle conducted at a temperature of from about 850 to 950°C

for from about 900 to 1800seconds.

14. A method of forming small features, comprising the steps of:

providing a substrate having a dielectric layer formed thereover;
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forming a spacing layer over the dielectric layer; the spacing layer having a
thickness equal to the thickness of the small feature to be formed;
5 forming a patterned, re-flowable masking layer over the spacing layer; the
masking.layer having a first opening with a width "L" of from about 1000 to 18004;
re-flowing the patterned, re-flowable masking layer to form a patterned, re-
flowed masking layer having a re-flowed first opening with a lower width "1" of
from about 200 to 8004;

10 etching the spacing layer to the dielectric layer using the patterned, re-
flowed masking layer as a mask to form a second opening within the etched
spacing layer having a width equal to the re-flowed first opening lower width "1";

removing the patterned, re-flowed masking layer;
forming a small feature material within the second opening;
15 removing any excess small feature material above the etched spacing layer;

and

removing the etched spacing layer to form the small feature comprised of the

small feature material.

15. The method of claim 14, wherein the substrate is formed of a material selected
from the group consisting of silicon and silicon germanium,; the dielectric layer is
formed of a material selected from the group consisting of grown silicon oxide and
deposited silicon oxide; the spacing layer is formed of a material selected from the
group consisting of silicon nitride and silicon oxynitride; the masking layer is
formed of doped oxide; and the small feature material is formed of a material
selected from the group consisting of polysilicon, polysilicon germanium (poly

SiGe), titanium, molybdenum, nickel and stacks comprised of the above materials.
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16. The method of claim 14, wherein the substrate is formed of silicon; the dielectric
layer is formed of silicon oxide; the spacing layer is formed of silicon nitride; the

masking layer is formed of a doped oxide; and the small feature material is formed

of polysiiicon.

17. The method of claim 14, wherein the pre-re-flowed first opening width "L" has a
width of from about 1200 to 1500A and the re-flowed first opening lower width "I"
has a width of from about 250 to 800A.

18. The method of claim 14, wherein the dielectric layer is from aboutl5 to 100A

thick; and the masking layer is from about 400 to 2000A thick.

19. The method of claim 14, wherein the dielectric layer is from about 20 to 50A

thick; and the masking layer is from about 1000 to 1500A thick.

20. The method of claim 14, including the step of forming a gate dielectric layer

liner within the second opening.

21. The method of claim 14, including the step of forming a gate dielectric layer
liner within the second opening; the gate dielectric layer being formed of a material
selected from the group consisting of silicon oxide, nitrided silicon oxide, a silicon

oxide/nitride stack and a high-k dielectric material such as aluminum oxide.

22. The method of claim 14, including the step of forming a gate dielectric layer

liner within the second opening; the gate dielectric layer liner having an EOT

thickness of from about 7 to 20A.
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23. The method of claim 14, including the step of forming a gate dielectric layer

liner within the second opening; the gate dielectric layer liner having an EOT

thickness. of from about 10 to 16A.

24. The method of claim 14, wherein the patterned, re-flowable masking layer is re-

flowed by a thermal cycle.

25. The method of claim 14, wherein the patterned, re-flowable masking layer is re-
flowed by a thermal cycle conducted at a temperature of from about 850 to 950°C

for from about 900 to 1800seconds.

26. A method of forming small features, comprising the steps of:

providing a substrate having a dielectric layer formed thereover;

forming a spacing layer over the dielectric layer; the spacing layer having a
thickness equal to the thickness of the small feature to be formed;

5 forming a patterned, re-flowable masking layer over the spacing layer; the
masking layer having a first opening with a width "L" of from about 1000 to 1800A;

re-flowing the patterned, re-flowable masking layer to form a patterned, re-
flowed masking layer having a re-flowed first opening with a lower width "I" of
from about 200 to 8004;

10 etching the spacing layer to the dielectric layer using the patterned, re-
flowed masking layer as a mask to form a second opening within the etched
spacing layer having a width equal to the re-flowed first opening lower width "1*;

removing the patterned, re-flowed masking layer;

forming a gate dielectric layer liner within the second opening
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opening;
_removing any excess small feature material and gate dielectric layer liner
above the etched spacing layer; and

removing the etched spacing layer to form the small feature comprised of the

20 small feature material.

27. The method of claim 26, wherein the substrate is formed of a material selected
from the group consisting of silicon and silicon germanium; the dielectric layer is
formed of a material selected from the group consisting of grown silicon oxide and
deposited silicon oxide; the spacing layer is formed of a material selected from the
group consisting of silicon nitride and silicon oxynitride; the masking layer is
formed of doped oxide; and the small feature material is formed of a material
selected from the group consisting of polysilicon, polysilicon germanium (poly

SiGe), titanium, molybdenum, nickel and stacks comprised of the above materials.

28. The method of claim 26, wherein the substrate is formed of silicon; the dielectric
layer is formed of silicon oxide; the spacing layer is formed of silicon nitride; the
masking layer is formed of a doped oxide; and the small feature material is formed

of polysilicon.
29. The method of claim 26, wherein the pre-re-flowed first opening width "L" has a

width of from about 1200 to 1500A and the re-flowed first opening lower width "l"
has a width of from about 250 to 800A.
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thick; and the masking layer is from about 1000 to 15004 thick.

32. The method of claim 26, wherein the gate dielectric layer is formed of a material
selected from the group consisting of silicon oxide, nitrided silicon oxide, a silicon

oxide/nitride stack and a high-k dielectric material such as aluminum oxide.

33. The method of claim 26, wherein the gate dielectric layer liner has an EOT

thickness of from about 7 to 20A.

34. The method of claim 26, wherein the gate dielectric layer liner has an EOT

thickness of from about 10 to 16A.

35. The method of claim 26, wherein the patterned, re-flowable masking layer is re-

flowed by a thermal cycle.
36. The method of claim 26, wherein the patterned, re-flowable masking layer is re-

flowed by a thermal cycle conducted at a temperature of from about 850 to 950°C

for from about 900 to 1800seconds.

17



