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| NVENTION |I. Technical Field This invention rel at es in general to :
the fabrication of sem conductor devices. Mre particularl y ven
relates to the creation of features on seni conductor devi ce ’N&@,’"”’”’m
subl i t hographi c dinensions. |I. Background Art - Sem c

i crochi ps have become PRINTINGSHBIHIHOGRAEIY #0bA GEke- - -Sem Ldﬁ@iéﬁt@g\
m crochips are used in everything fromtoys to garage door openers, and

' ' | entl essly
- nost particul arl COERU! m %e_r ISLr re

sought to mcrea%e ﬁe speelgbg\/%mﬁf@“ 4 Ar%g#igﬁys@ way to
i ncrease the speed at which a chip operates is to decrease the size of the
circuit conponents in a BAG¢KGROUYNDIOEHBEJINVENTIONonponent size al |l ows
each conponent to operate nore rapidly, as an electrical signal may

traverse the ciTeghhicalgqem@onent in less tine.

This invention relates, in general, to the fabrication of semiconductor devices,
More particularly, this invention relates to the creation of features on semiconductor

devices having sublithographic dimensions.

1I. Background Art

-Semiconducting microchips have become an integral part of everyday l%fe.
Semiconducting microchips are used in everything from toys to garage door openers,
and most particularly in computers. The semiconductor industry has relentlessly
sought to increase the speed at which a chip may function. One way te increase the
speed at which a chip operates is to decrease the size of the circuit cemponents ina
logic chip. Decreased logic component size allows each component to operate more

rapidly, as an electrical signal may traverse the circuit component in less time:

The components of a chip are created using a process known as
photolithography. Conventional photolithography works by placing appropriate
materials and light sensitive chemicals known as photoresists, or simply “resists”, on
the surface of a semiconductor wafer and then selectively exposing portions of the

surface of the semiconductor wafer to light of a carefully selected wavelength.
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Jhe QogﬁQﬁE@gs of a chip are created using a process known as
b phothithography. Conventi onal photolithography works by pl acing
appropriate materials and |light sensitive chem cals known as photoresists,
or sinply "resists”, on the surface of a sem conductor wafer and then
sel ectively exposing portions of the surface of the sem conductor wafer to
light of a carefully selected wavelength. 9 9. 052 0 7 - 811111111 I1I!!
- -2- Various chemical processes allow materials to be added or renoved at a
| ocati on dependi ng upon whether the |ocation was exposed to |ight of
particul ar wavel ength. A particular area is exposed or not exposed by

- placing a nask beairivaeshdrhal ﬂ)rﬁbéss@s%ﬂo@@mﬁf&ﬁaish@b%ﬁ@é&&réM'E).t/@cﬁ:?t'aI;BQgt' sk
I'i ght a ot her

allows light to pass through at certain points and bl ocks

poi nts, thus prijatd t surf f,th fer..

Convent i onal phcc)ite %él It H”og@gp\%g&?%rq ?Eﬁg? %é}'g?égﬁgg%q #‘? ﬁ%%f@ﬁ“m%éf%v eppeth.

| i ght passing t?}r(ou h the mask. Due to the wave nature of |ight, any inmage
made using a na pﬂﬁ?‘lllarb%regbsr@méqd HInet pERPsed bypPlREMga magk hetween the lThi s

blurring due to diffraction effects is insignificant for |arge inages.
However, as t he seirgeand theneafess sirfacek Thhinsishhlows Hightie passethrawgh @t afehifor e
significant, until the image itself is obliterated by the blurring. Thus,

conventional phebiit drfidgoek3yghti 8l W8eBpdims khiSprittAptd SdderPHh ﬁ‘eg’%{% & OF the
- certain lower limts. Those limts are presently Dbeing reached. Ry ¢
blurring due todigffraction is one of the grave obstacles to the further
mniaturization of circuitry on mcrochips. Wile i nage enhancenent

t echni ques have been devel oped to overconme, to a degree, the diffraction
effects that distort an i e, there still. exists an inage. size bel ow which
traditi onal photolit @BY%’EE@%@H%@F%P%MBW 15 l.mlﬁ%‘%é/dﬁ% ARt eiestdof nght
lower limts of traditional photolithography would allow the size of |ogic
circuit conponeRtSIngdhrpuch st mask. Puet thepesasatnt oHighbpey amkggmape asingh
the resulting sem conductor chips.
mask will be somewhat blurred by diffraction effects. This blurring due to
diffraction effects is insignificant for large images. However, as the size of images
shrink this bhirring becomes more and more significant, until the image itself is
obliterated by the blurring. Thus, conventional photolithography using a mask is
practical only down to certain lower limits. Those limits are presently being reached.
This blurring due to diffraction is one of the grave obstacles to the further
miniaturization of circuitry on microchips. While image enhancement techniques
have been developed to overcome, to a degree, the diffraction effects that distort an
image, there still exists an image size below which traditional photolithography
cannot function. To somehow go beyond the lower limits of traditional

photolithography would allow the size of logic circuit components to be reduced,

thus increasing the bperating speed of the resulting semiconductor chips.



- 3- DI SCLOSURE OF | NVENTI ON The present invention overcones the
Yinitations of the prior:-art to allow for the creation of snaller .
conponents for use in sem conductor logic circuits. The invention provides
a new nethod of defining and form ng features on a sem conductor substrate
by using a layer of material, referred to as a shadow mandrel |ayer, to
cast a shadow. A trough is etched in tbﬁ shadow mandrel |ayer. At |east one
- side of the trough will be used to cast™ a shadow in the bottom of the

trough. A conformally deposited pRAPHRERE OF e apture the image of
t he shadow. The image of the shadow is used to detine and forma feature.

This allows for the creation of imges on the surface of a wafer w thout

the diffraction effegts encountered in convent.i onal (Bo ol i.t hography. This
allows for a reduceglghc‘i;:eo\/r?esc%1 g‘lv%rg“oe{’n%f'ef(‘r?ér?eéég% mtﬁﬁﬁnsg éb%?f‘ﬂba b%égow B EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a nmethod in accordance with the

preferred enbodifeisation of smaller epmporgagindr yseingsniewdutionlagic eirgdtsi ddmduct or

waf er being processed in accordance with the preferred enbodi nent of the

present i nvent iioygntion providds@ nedv sietwe of defining-agé Eorintdng tﬁatlﬁeg@lﬁhcondUCt or

waf er being processed in accordance wth the preferred enbodi nent of the

present i nventisemiconductor substrate by using a layer of material, referred to as a shadow mandrel
layer, to cast a shadow. A trough is etched in the shadow mandrel layer. At least one
side of the trough will be used to cast a shadow in the bottom of the trough. A
conformally deposited photoresist is used to capture the image of the shadow. The
image of the shadow is used to define and form a feature. This allows for the
creation of images on the surface of a wafer without the diffraction effects

encountered in conventional photolithography. This allows for a reduced device size

and increased chip operating speed.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a method in accordance with the preferred embodiment;

FIG. 2 shows a cross-section of a semiconductor wafer being processed in

accordance with the preferred embodiment of the present invention;

FIG. 3 shows a cross-section of a semiconductor wafer being processed in

accordance with the preferred embodiment of the present invention;

FIG. 4 shows a cross-section of a semiconductor wafer being processed in



- with the preferred enbodi ment of the present invention;
FﬁG.agchgagc: Cross- SGCPIOH of a sem conductor wafer being processed in
accordance with the preferred enbodi nent of the present invention;

FIG 6 shows a cross-section of a sem conductor wafer being processed in
accordance with the preferred enbodi nent of the present invention;

FIG 7 shows a cross-section of a sem cpnductor wafer being processed in

- accordance with the preferred enbodi nent of the present invention;

FIG 8 shows a dWé@ﬁagEanbﬂmqﬁe&nséemmeﬂﬂuﬁmOfﬂM@ﬁ&knbﬁh&&uﬁfOcessed '”9
accordance with the preferred enbodi ment of the present invention; FIG.FIG
shows a nethod in accordance with a second exenpl ary enbodi nent;

eCtFIGNS Bhows & EAls SRR bOR sURTBhaRGhNT.R] fEessed. i n
;gcgrggﬁcg 3;?ﬁstﬁe second %xenplary enbodi nent oot he %reseﬂgpyﬁvﬁﬁ?NBn
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accordance with the secon Fa '6?"%@%9{& i nventi on_

FIG. 6 shows a cross-section of a semiconductor wafer being processed in

accordance with the preferred embodiment of the present invention;

FIG. 7 shows a cross-section of a semiconductor wafer being processed in

accordance with the preferred embodiment of the present invention;

FIG. 8 shows a cross-section of a semiconductor wafer being processed in

accordance with the preferred embodiment of the present invention;
FIG. 9 shows a method in accordance with a second exemplary embodiment;

FIG. 10 shows a cross-section of a semiconductor wafer being processed in

accordance with the second exemplary embodiment of the present invention;

FIG. 11 shows a cross-section of a semiconductor wafer being processed in

accordance with the second exemplary embodiment of the present invention;

FIG. 12 shows a cross-section of a semiconductor wafer being processed in

‘accordance with the second exemplary embodiment of the present invention;

FIG. 13 shows a cross-section of a semiconductor wafer being processed in



JFIG 12 shows a cross-section of a sem conductor wafer being processed in

accordance with the second exenpl ary enbodi nent of the present

I nventi on;

FI'G 13 shows a cross-section of a sem conductor wafer being processed in
-5- accordance with the second. exenplaré.enbodlnent of the present

I nventi on;
bei ng proces

- present i nventi on;

bei ng proces

16 shows a perspe
accordance with a third exenpl ary enbodi nent;

shows, a cr ctjion of a sem conductor wafer
eé‘ﬁ@éﬂf&e@ﬁéﬁkgﬂ RIESENE FAYSRIORNt of t he
FIG 15 shows a top view of a sem conductor wafer

TN L Lt
sed |€¥fccordance with a third exenplary enbodi nent;

V& shpwha srosgrsection s sdgmiendugipeivafes beige pressessddd i n
FIG 17 shows a top

FI G

vi ew of a sesconiladacvith tlw@ieeond)e{dmgalmmﬁﬁﬂﬁdentmfalw@éﬁﬁmﬁﬁ/emléxh athird
exenpl ary enbodi ment; and

FIG. 15 shows a top view of a semiconductor wafer being processed in

accordance with a third exemplary embodiment;

FIG. 16 shows a perspective view of a semiconductor wafer being processed

in accordance with a third exemplary embodiment;

FIG. 17 shows a top view of a semiconductor wafer being processed in

accordance with a third exemplary embodiment; and

FIG.18 shows a top view of a semiconductor wafer being processed in

accordance with a third exemplary embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

According to the present invention a new process referred to as shadow

lithography is used to define and form features on a semiconductor substrate. The

feature defined and formed may be any feature needed in the creation of
semiconductor circuitry. While the example illustrated in the preferred embodiment
defines and forms a gate, it is to be understood that the present invention may be

applied to the creation of any feature on a semiconductor wafer. According to the



FIG 18 shows a top view of a sem conductor wafer being processed in
accordance with a third exenplary enbodi nent. BEST MODE FOR CARRYI NG OUT
THE | NVENTI ON According to the present invention a new process '
referred to as shadow |l ithography is used to define and formfeatures on a

sem conduct gr_.substrate. Th eat ure defined_.and forngd be any feature
meoded i n t SRR Bl (R he Biitfort s T £ RRferat ARTarEdtn e Hae Shiie
~illustrated in the preferred enbodi nent defines and forns a gate, it is to
be under st o8tnichiayensagts askadow whishis esed i@ gefiee afsstured Tosastiihe shasdawi, on of
any feature on a sem conductor wafer. According to the -6- preferred
~ enbodi nent eftrouple s etetedtin dig shaddwyeanded]. redomforalal depdsitidreghdtéresist ishe shadow
mandrel |ayer, casts a shadow which is used to define a feature. To cast

t he shadow, dapdsited8leritfe QirfReds i wArer $RaGANs Emﬂf%@'g; g@e@ﬁg{o%sfﬁ@g'ris then

deposition photoresist is deposited over the sur

i ncluding t t . The toresist is.th exposed at an . angl e such that

at | east ong)?%qsé@g%}’ %%26 ?"{égglbag aﬁ%gftsong Sﬁ?&f’iﬁb&& u%‘n Sgd‘tsﬁ‘éﬂ?‘éﬂ nﬁ’ﬁ’e t r ough.

The exposure is preferably performed using an ion inplantation, but may be

per formed u8PHRN&F H@rtrwbhap@ CXBRfMFE Prefprabbaperfasmed awinglastion deep

ultraviolet, x-ray, or electron beam exposures. The photoresist is

devel oped amdplehiationme naf betperfohmetbusing othsenhethodslaticings atitaf, alltfadolkeat ur e.
- In accordance with the preferred enbodi nent, the feature defined is a gate.

However, on @eﬁkﬁllrb@i@lét,&-ﬁa??o@é]@ctf@nl BeafS8pb&fed Nofte d%morggigﬁig '&E@l&%@d‘édd" n nay

be used to define any feafure needed on a sem conduct or strat

Referring ngw : | &3 nmet hod. 1 in cordance wi.ith th ref.erred

enbodi nent gﬁlbﬁégf)ﬁvhé%{l ?%’HV fssusgﬁ%ﬁ&nfﬁéﬁgm?%ﬁ“@t H%BC%%'\%W% BEdance
with the pref?rred enbodi nent fis particularly well suited to the formation
of |ogic gaPElergiembadinant s feaute dabwed Ismsaie cHowisuere enaskjliedindbe iarfe and

forma feature in accordance with the preferred enbodiment. The first step
102 of net hudll 16dize that thegiresent inverticn sayobd nseddao defipé amyt feyituge pdedledonwaf er
and deposit or grow the appropriate feature material over the surface of
the wafer. Bas@usducidieubfataire defined in accordance with the preferred
enbodiment is a gate, the feature nmaterial -nay conprise a gate conduct or
and dielectric, such as silicon dioxide and polysilicon. -7-
Referring now to FIG. 1, a method 100 in accordance with the preferred

embodiment of the invention is shown. The example method 100 in accordance with

the preferred embodiment is particularly well suited to the formation of logic gate.

The method 100 describes the steps necessary to define and form a feature in

accordance with the preferred embodiment. The first step 102 of method 100 is to

start with a substrate, typically a planar wafer, and deposit or grow the appropriate

feature material over the surface of the wafer. Because the feature defined in

accordance with the preferred embodiment is a gate, the feature material may

comprise a gate conductor and dielectric, such as silicon dioxide and polysilicon.



.The feature material may alternatively conprise any other material suitable
"for'use in forming a gate. O .course, if the feature to be defined is not a
gate, feature material appropriate for that feature should be used. In sone
ci rcunst ances, the substrate itself mag appropriately conprise the feature

mat eri al . Fg gx led oarc]e fegture, tpa‘t' y be defined and fornmed using
- shadow lith 5? ep’ﬁ‘g‘r;‘%i’% tena] AR teradively COmRISEaYy phenmatamsl suitable fos use in
- accordance with the invention described herein for exanple, by printing
el ongat ed i FRIBYRE 8 ghteaSwofitse, if e fapturd twdtei defined is mu gea6s) fienwe nmraterial
techni ques to formtroughs and then using shadow |ithography to reduce the

- size of theapprapeatelfos et fehtireigRdld e s8N {ncaREAStakt @b She Eﬁ%tr@f%xt step
104 is to deposit a nenory |ayer and a shadow nmandrel over the surface of

the wafer. j . . AS hard,mask .and to retain
t he shadow Fﬁg@%@%“’k’ﬁé{%@f%ﬁ Aﬁg‘kﬁ’fﬁiﬁ’? @g? ﬁlr%geg'tag %(erefxgmlear?nF ﬁ"lei’é‘érertg'ﬂ‘fer sal .
The shadow nandre] -w || used as a shadow casting |ayer to cast the
shadow whi cﬁ’%%ﬂ‘feﬁa?‘# ’ﬁ'éP ﬁe‘%ﬁfé‘e é&lﬂ&?‘é‘%dowﬁl e83P Ml Ecamtach holse Thismey bed
enbodi ment, the nenory layer is a thin layer of nitride and the shadow
mandrel is acqomplichedipaccerdanes widketiedrysitioaniesqribEEGStin faheatiple bpess of

t he shadow nandrel |ayer is one factor which determ nes the feature size

at t ai ned i npantiny elangredinidpet BeitablERe e dppUesttidnT.infaee caliddck@dnd N the art
- wll realize that other materials may be used and that the dinmensions of

both the ne j r ' ' ry, dependj ng. upen the:
specific apﬁa@gg’% ?%ﬁ) fg?ﬁ?r ﬁggﬁn%@ra{g %@%{atg hgﬂdééﬁr%{:& RHF lIluceiqbe ?’56 gg

defi ned andthf Qr med. ltFI Cf:‘l 2 s(lgov% a ‘?I anar \ﬁ/a&er 202 after step 104 of the
met hod 100. A '[P4pa P tpately dised ig formg thqyeontges hplss Thedisxpstemn 0 torsepesit 4 ace of
the wafer 202. Gate polysilicon 206 has been deposited over the gate oxide
204. The meRGHPrY layer ar&gwwigwsn@dlrdmprtbﬁ spiface efgh@ @@ fdrh Jthe macsndrgen
deposited over the gate polysilicon 206. Above the layer of nitride 208 is

a shadow nahgeewill kyerbe uskd aha batpidskasd & i khd AMB6wfiadEQRJZA0. The
| ayer of TEGCS 210 will later be used to cast the shadow which will define a

gate. The gaéfniR®theSfehtufOmd pePRrARY 18 @re@élisggeﬁ%ézgpg&yw%ang?ﬁ l\\ﬂﬁ%% Wy h any

other suitable materials. I'f the featlre to. I ned an orned 1S not a

ol yei 11 conoba e GRE fyrdh chihe 1RGN GuS ) detis deTGnet dmmsic O

mat eri al may be substituted for the nitride 208. For sone purposes, such as
i s di scl osetCH06HMIREEe Breferedembrdimentoths reermerilaxants a thia layay ef nigfide
nitride may be omtted altogether. The TECS 210 nay be replaced with any
sui t abl e maged thglshadow man@et &rarthivdy lagaiofitdtmefRoGysithne (HEEOSX Taieep 106 of
met hod 100 is to etch a trough in the shadow nandrel using any suitable

phot ol i t hogthigkhiess G tBE SIHOH mM BB 12{AF iBe faBfok WikCH B8 RIiREERS M RRRJY1 N9 2
phot oresi st over the surface of the shadow mandrel, nasking and exposi ng

the photoregisghed & RBOIGHD Wit tgerp%'s%m Ex%gntiodn?v&rlleoﬁgiﬁ]& Enqge art will realize

that other materials may be used and that the dimensions of both the memory layer
and the shadow mandrel will vary depending upon the specific application of the

invention and the feature which is to be defined and formed.

FIG. 2 shows a planar wafer 202 after step 104 of the method 100. A layer of



photoresi st and etching the trough(es). Preferably, the trough(es) wll be

“‘the mninmum feature size attainable with the photolithographic process

- chem cal vapor |

used. One side of a resulting trough will be used to cast a shadow on the
underlying nmenory |ayer to define the feature. The next step 108 of the
nmet hod 100 is to deposit a confornal |aygr of photoresist over the surface

- of the wafer,gajNGli p}gl apd side s .+9-,.9f the trough. The
- type of exposglz}re llfl‘{s{g2 W|%S:B%aggtom%?}etsgtgce\é@g}b%&afWQQ' lci%"epﬂf'“gﬁ%@ dP@si st
is suitable f,or,use, because the photoresist nust respond to the exposure
used. In the h%? BB RS T F%ﬁa?e ?’ng Aiibt bre@rmory yeregnsnrises a bayen gf

: degosition (CVD) to allow the resist to adhere to the
si dewal | s and!'5gde 28fihst hankeenrdspgsited over the g@reobysilinpne06f Abouitiahler sesi st
is a plasma polynerized polysilane resist as described in Mcroelectronic

Engi neeri ng, nitoke 288)js dl8A@ownpand?dlSaye,; wilidh Sompfisdta Rk 1SR4 IrAEAHH fyie
properties. First, it can be devel oped as both positive and negative tone

TSt Secomte he ol s8R 820 L DLOLATLY BB S g5 o

vapor deposition process. e activ

exposures, an.oxygen,iaon inplantation or_by irradiation with ultraviol et
light in the%g(rg )é‘{% S S@f”&@&é‘ﬁ?‘ BRSPS Y bt {spéacsd vwathmiyiather sukieble
silicon-silicon bonds are cleaved, and oxygen reacts with the activated

- silicon at om&al&ialy. clbthedfcauirelts hesdefmedwad fommictes potpogee] maters] @prapriesul t
of this reaction. This resist my be devel oped as positive tone resist

using buf f er éor thytdeaigershbhibiisd whed (dstda)of @atedol YsAon D6 Rha $AR: oxIil $04 €Si St
may be devel oped as a negative tone resist using chlorine plasm. In

the prefer e ieihoduPalitbRl hdlhak GRERMal WY FRILONAT fBORY S1iA0S0k CFLSt TS

used in both its negative tone and positive’tone nanne

enbodi nent t ist.Js inpl.anted wth oxygen iops, and then devel oped
with a chl or?ﬁ%é g?@?%ﬁ‘%&%&@%@ﬂéﬁ\r’g W&PJ“%g%\/%Eéhﬂ spepmdembpdinmeanarise of
resi st that \{vere ot .inplanted with

ayer of nitride may be omitted altogether. The TEOS 210 may be replaced with any

suitable material.

Referring again to FIG. 1, the next step 106 of method 100 is to etch a trough
in the shadow mandrel using any suitable photolithographic processes. Step 106 may
include the process of applying a photoresist over the surface of the shadow maﬁdrel,
masking and exposing the photoresist to pattern the trough(es), developing the
photoresist and etching the trough(es). Preferably, the trough(es) will be the
minimum feature size attainabie with the photolithographic process used. One side
of a resulting trough will be used to cast a shadow on the underlying memory layer to
define the feature. The next step 108 of the method 100 is to deposit a conformal

layer of photoresist over the surface of the wafer, including the bottom and sidewalls



+10- joxygen. In the second enmbodinent the resist is inplanted with oxygen
‘and’ then devel oped with a hydrofluoric acid based or flourine pl asma

dével oper that renmoves only those portions of resist that were inpl ant ed
Wi t h oxygen. Anot her materi al th?’ﬂt can be gsed a%s an :lrrpl gnt e
sensitive resist is polysilicgn. Polysiticon can be conformally deposite

- usi ng any coq?\}ﬁ‘?ﬁr%ﬂglﬁ%/ee‘é’ﬁ?lpgﬁf‘é?“ﬁf&‘?%‘? P"i‘lggﬁe@&‘ﬁ?ﬁé arfiegece; whaf tipg ef i n

- potassi um hydr oxi de/ i sopropyl al cohol devel oper with a suitable boron

i npl ant, whiRhetarasistb awitable for ess beeavae thesmhiotdybasttroust hasponkbtoethe peposure In
accordance with the preferred enbodi nent, the photoresist is devel oped as a

" negative tonsedehi it prédeged Kinbb&ithent tﬁ@?hcﬂbr%sﬂé\ﬂ: ik dep&dted a8ink RAEmRLNGLpot Y PES
of resists may be used in accordance with the invention. The next

S 110 o bl 1000,y UL NSIBL R BRARTRERLE D "%

such that a shadow i's c In the tTroug “the pre _ ( nt, this
exposure conprises inplanting oxygen ions using an appropriate inplantation

t ool . Theser?%@s typically use electric fields to accelerate the ions :
toward the surface of the wafer, causing themto be inplanted into the
surface. As previously explained, however, the exposure nay conprise

met hods ot her t haAng gxrnpipaaseitabbhressuist plssnappdlgmerizad paigsiiaot edsist deep
ultraviolet, x-ray, or electron beam exposures. The exposure of step 110 in
- accordance vdestritiddenMief@ldopdnRbadhddring, Vel 30,1096, pp. 275-78. This resist has

several unique properties. First, it can be developed as both positive and negative

tone resist. Second, the resist can be conformally deposited using a chemical vapor
deposition process. Third, it can be activated by two types of exposures, an oxygen

ion implantation or by irradiation with ultraviolet light in the presence of oxygen.

During either type of exposure, the silicon-silicon bonds are cleaved, and oxygen

reacts with the activated silicon atoms. Silicon dioxide is formed in the exposed

areas as a result of this reaction. This resist may be developed as positive tone resist

using buffered hydrogen flouride (HF) or a flourine plasma. This resist may be

developed as a negative tone resist using chlorine plasma.

In the preferred embodiments of the present invention the polysilane resist is
used in both its negative tone and positive tone manner. In the first embodiment the
resist is implanted with oxygen ions, and then developed with a chlorine or bromine

developer that removes only those portions of resist that were not implanted with



.shown in FIG 3. A trough 312 has been etched in TECS 210. The trough 312
has a bottom 313, a first sidewall 315, and a second sidewall 317. The
trough 312 has a width 325 and a depth 327. A confornmal |ayer of polysilane
phot oresi st 314 has been deposited ovejythe surface of the wafer 202. The

- on: per pendi el SR SE L RAR IR AL AP Wi ERER BT

- therefore casts

a shagow 319_at .t he, bottom,313 of the trough 312. This
results in a evﬁ!?@)?é&&b"%?ﬂ%‘ﬁw&c‘%ﬁ%?éP&P%’t‘“eaﬁlaﬁ‘ﬂ%d%‘@!‘l%ﬁﬂ@f TIRVeS r ough
312. The polysil ane photoresist |ayer 314 used in the preferred enbodi nent
" will be devedwpsipsaporians ghrasise thapwerepmplantedswith oxygent he unexposed portion
wi || be renoved when devel oped. The di nmensions of this shadow 319 are
determ ned solely by the angle 318 of the exposure and the depth 327 of the
trough 312. If theAdéthenshenabthatdas behaebwy Sildnplsntdesdignatsist iss", the depth
327 of the trough 312 is designated "d", and the exposure angle 318 is

227 i) g iy sure angle 318
esi gnated | gy I&ﬁi(?g%d_?%s_ RUIRRARAIE RoRforiffy SRLAN Ay by GnVElid L he

equation s = d tan A sul tabl e exposure ang out 70

d . O . ther. | b d. A suitabl th 327 is about
5. 800 Angst r i PUATs ALee B ROIRE b po el B B PrePept - 327

of the trough 312 can be controlled with great accuracy, with only

- appr oxi mat el 3lceha) develeparwgthyesuitahie besen ant, whidewhigeplantpdarrposaie angl e
318 can be determ ned very precisely. Thus, the dinensions of the -12-
shadow 319 nsyulietd ihghddwlapentrol |l ed. Due to the use of ion inplantation,
the shadow s 319 inage is not the subject to the diffraction effects of
traditional photolithography. The shadow 319 is self-aligned at its first

edge 321 with thelfdccoidasecipuatle dforned chBainaahe SidorleissReapp.Llge 323
of the shadow 319 is determ ned by the exposure ‘angle 318 and the depth 327
of the trou%ngg]a?ive ﬁﬁw%@stist. One skilled 1n the art will realize that other types of resists

may be used in accordance with the invention.

The next step 110 of method 100 is to expose the wafer at a non-
perpendicular angle such that a shadow is cast in the trough. In the preferred
embodiment, this exposure comprises implanting oxygen ions using an appropriate
implantation tool. These tools typically use electric fields to accelerate the ions
toward the surface of the wafer, causing them to be implanted into the surface. As
previously explained, however, the exposure may comprise methods other than ion
implantation, such as optical, ultraviolet, deep ultraviolet, x-ray, or electron beam

exposures.

The exposure of step 110 in accordance with the preferred embodiment is



.forth, above. When using a polysilicon resist, boron is preferably
" inplanted to nmake the exposed polysilicon insoluble in developer. This
inplant is preferably performed using a ion inplant tool that accel erates
boron towards the surface of the wafer, causing it to be inplanted into the

pol ysilicon ' TV PiAC F2.i.hplant . of -1 x1018 jons/cnB at
-10 KeV is p?ﬁeﬁ[?gt Ig '?"o Arrg{}llleéﬁ[ﬂezE}baSI%gyfftfg%%mr’lgéégwngb? tigrgh 3 12 hasvel oper.
- Referring agajn L# FI%& 1, the next step 112 of method 100 is to devel op

t he phot or eES‘é‘Em Ai alipstsdowall e and@sserndsidrorali Dids Bte trdughgHathas esi st. | n

the preferred enbodinment this step 112 nmay be done using any suitable etch,
* such as a cW$hi3é aad eldepthB2A7he\ oenfornsdldyyet dfipslpsilans phyoranRed 1 PR Bie@si St
and the underlying nenory |ayer are etched, creating a depression in the

menory | ayedepdsited ovdiehshatewondt Wwarst 202, Mo fef 86 L1 E, S%B%Qéq 5’5‘%@5 step
on w

114 is acconplished with a second dry etch. This depressi e used in

t he creati ofy@hntafln 5§ ults of step, 1 e shown in FIG 4.

The unexposedﬂ port |8r(1)ns é?aﬁlﬁg;m?iégé B%IBF %‘ﬁ‘é‘élflrsqrpg?l%&d%ghq éﬁf&m%‘f’alhﬁﬁi de

208 have beefi r&ﬁnﬁ;)Vﬁqlé\qge t he shadow 319 was cast, resulting in a

depr essi on J18CliRU8R 3¢ thezstpregasigacttadaw A1 alethe Bgéom 3 18198 thehaolesh Tandr el .

Thus, the layer of nitride 208 serves as a nenory |ayer that preserves the
feature def TABdeyYistiman yherposedkatiboof prutprosisisat offe betoat 61 ha tidughi3MRge.

The polysilane photoresist layer 314 used in the preferred embodiment will be

developed as a negative tone photoresist, so the unexposed portion will be removed

when developed. The dimensions of this shadow 319 are determined solely by the

angle 318 of the exposure and the depth 327 of the trough 312. If the dimension of

the shadow 319 is designated “s”, the depth 327 of the trough 312 is designated “d”,

and the exposure angle 318 is designated “¢”, then the dimension of the shadow 319

is given by the equation
s =d tan (90-@).

A suitable exposure angle 318 is about 70 degrees. Of course, other angles may be
used. A suitable depth 327 is about 3,000 Angstroms. The thickness of TEOS 210
and the corresponding depth 327 of the trough 312 can be controlled with great
accuracy, with only approximately a one to two percent variance. Likewise, the

exposure angle 318 can be determined very precisely. Thus, the dimensions of the



.Referring again to FIG 1, the next - step 116 of method 100 is to remove the
" remai ning portions of the shadow mandrel fromthe surface of the wafer. In
.accordance with the preferred enbodi nent, a hydrogen flouride (HF) dip may
be used. The next step 118 of nethod 100 is to deposit an inmage reversal
| ayer on the surface of the wafer to conpletely fill the depression etched
~in the nmenory layer. In accordance vmth he preferred enbodi nent, the imge
- reversal |ayer materials other than 1
EOCS may be uséﬁd(fﬁ’é‘?S’ %Shfng, ¥‘§B‘r1-‘é€/%’}t?§ts dlg‘sr‘o‘ Héeﬁﬁt@rmmlarmem ther the
i mge reversal ould preferably have a good polish ratio to the
" maski ng Iayer S&Haagé’tléﬁor%l?lsbblﬁ@ to M diffsicting effagtebf trkditioganpl e, an
etch ratio of three or four to one is acceptable. The image reversal | ayer
shoul d al so behaelithogephy o The skmdowt 19 igkelF-AREned 4 ks Fod: eﬁge?i hed Y tg P' ng the

1
removal of the nmenory |ayer and to be a good hard mask or t e subse uen

etch of the feldEWale3mﬁb6fhearougﬂb@2p%&‘s&%nﬁfed & d‘! ﬁvers | ayer that
fills the depression will later be used as a Rar el "dfeat i on of

the feature. (ete r,af rrpl etion of step 118 is
shown in FIG mxn?é@hlbg‘(}g OL&E Y?\%fgl%f@é ﬁ?s&eﬁge}‘?7defﬁb%trf’eﬁil dens séte
surface of thf"ort fer f||||ng the -14- small depression 418.

Ref erring agaln I‘—‘?G 1, the next step 120 of nethod 100 is to renove the
" excess portions of the image reversal |ayer. This can be acconplished by
planarizing the image reversal |ayer such that only the portion of the

i mage reversal | ayéfhe@diingiaradysiliconiresistepores s mfe"r:ﬁirganﬂ@lante-ﬁ"ﬂoﬁnél?e flgne so

" that the shadow i mage preserved by the inage reversal Iayer in

depr essi on megxposcdipadsiticordigfoloblean He@ldHeg | for whi ch
t he remai ning portion of the |rraSenreve(rHseal ﬂé@‘é\érﬁ&ﬁ ef%@ gffﬁnﬂ%ftd

mask. Tmé’@ﬁiﬁl ﬁnpr:Int?&&%&%Qcéléraépgmpltgggr:df t}&frlsu he fhin |ayer of

TECS 520 has been planarized to [eave a sha reldgegeaferon| y in

t he depressi f n tr| 208 extends on each side of the
depr essi on 41 ‘t‘ﬁét t:sg%%ﬂnp%a&‘et 18 E%CBQECSISF eSypipatyci BEelmplaiafe t he

gate polysili q@ s2 6 gni's small portlon of the TECS 622 will be used to .
mask a porti or8f - TR LiearEmy pilp KaVds pofoyshlt temak 06 pRDgilEdheeQy de 204 in
an etch step that vv|II formthe gate. Referring again to FIG 1, the
next step 12angflubletimdevelf@ris to rempve the remaining portions of the
menory |ayer fromthe surface of the wafer. This can be done using a
suitable etch that is selective to the remaining nenory |ayer. Step 122

exposes the feat urRefemingraigain tFeEPL, (MORLE steb 11 V. E he remajning
portions of the image reversal |ayér. Thesregs togﬂlo "??18 ‘i%’z‘?%YFE’P h%wn in

FIG 7. The $RBloreQr ThTeh versft%unexposed portions of the photoresist. In the preferred

embodiment this step 112 may be done using any suitable etch, such as a chlorine
etch. In the next step 114 the undeveloped photoresist and the underlying memory
layer are etched, creating a depression in the memory layer where the shadow was
cast. In the preferred embodiment step 114 is accomp]ished with a second dry etch.

This depression will be used in the creation of the feature.

The results of step 114 are shown in FIG. 4. The unexposed portions of the



+15- overlies a portion of the gate polysilicon-206. The remainder of the
" gate polysilicon 206 is now at the surface of the wafer 202. .
- Referring again to FIG 1, the next step 124 of the nethod 100 is to use
the remaining portion of the inmage revgysal layer as a mask and etch the

i ' The results of ,ste 4 are

shown i n pi Eno@resl® SRR [a36r S8 have been BV R WS t@e@g@g@ﬁ of a
- : i i | ayi he lysili t an e gate
oxtde boa. TS HECESHIDE Kb BRreT LU ich 1 S0 ERllEREA B g tABs  dof ned

usi ng shadow | ithography instead of conventional photolithography, its
~ di mensi ons  seadomemgndrs]. dEusbthe lsyeslof eitridd208 sehasas amanorgiidyer tait ng
conventional photolithography. For exanple, if the trough used is of the

m ni num f eafpusserves #ee feitdrd NfinA B ehddha8XP B3V KE Putpdiel oPRVESHF thd rﬂéa%et_ o the
surface of the wafer, the shadow cast at the bottom of the troug d used

to define the feature will be less than the m ni num feature size attai nable

with the convent iR@?@r‘rinBQ@éiﬁlt!‘)H@W m&{ Béﬁgg@ﬁm@ﬁﬁﬁ%@ isst%%%nlgx%&f ates have

qui cker switching tinmes, "a logic ¢ircul ed1n a](c:cordg _ t he
resent inventi.on can.operate faster th can a gate formed using _
(F:) onvent i onal “pHOES R(’(‘-ﬂ%’gsroa[% §ha%ow ma'ﬁé‘ﬁgm SHOAFS of the ®afey, Iy et hod in
accordance with the second exegl ary enbodi nent is shown. The second
- exenpl ary eRBUUfFRCAWitIstS preferretiembpdimest, b ddrogtie fibuade (Hif)alip chapdsi t i on
phot oresi st as was used with the preferred enbodi nent.
used. The next step 118 of method 100 is to deposit an image reversal layer on the
surface of the wafer to completely fill the depression etched in the memory layer. In
accordance with the preferred embodiment, the image reversal layer is a thin layer of
TEOS. Of course, materials other than TEOS may be used for the image reversal
layer. The material used for the image reversal layer should preferably have a good
polish ratio to the masking layer, and a good etch ratio to the masking layer. For
example, an etch ratio of three or four to one is acceptable. The image reversal layer
should also be selected to be a material that will not be etched during the removal of
the memory layer and to be a good hard mask for the subsequent etch of the feature

material. The portion of the image reversal layer that fills the depression will later be

used as a hard mask in the creation of the feature.

An overfilled wafer after the completion of step 118 is shown in FIG. 5. A

thin layer of TEOS 520 has been deposited over the surface of the wafer, filling the



.16- However, in the second exenplary enbodi nent the photoresist is

" developed as a positive tone:photoresist. The first step 902 of nethod 900
. conprises providing a substrate, typically a planar wafer, and depositing
or growing feature material over the rface of the wafer. The feature

material ma material suitable for use in formng a gate. O _
-course, if %éﬁléﬂ%g%%rgggg%&be defined is not a gate, material (s) appropriate

- for that feature should be used. Because the feature defined in accordance

with the second lary enbqdinent is a , the f ure material may

conprise a | ayer ?%e&g‘g‘é’tgél\é@%itag?gn]d%ée ﬁ’%é@ggkgﬁgt‘%‘?tb‘&f ISite &Fmoyethg o e

~ circunmstances, the substrate itself nmay appropriately conprise the feature

mat eri al . THEcese portyms of dgamage nvetsebla9a0 Tihés can beasosmplishedthggdananizingr el

| ayer. According to the second exenpl ary enbodi nent, the shadow mandr el

conpri ses a thdintdgelrayesal ¢dyep Shchhat ondthe HPEAWNLIT thd Bndpeabedrsg dayepbodi ment

one skilled in'the art will realize that a wde variety of materials may be

used. The s - .rent 8lsQ diffe r he. preferred

enbodi nment %%H{ta glza %ﬁgﬂ% n@r‘%ﬁ%@g%%ﬁ?s Tglészlg.dg*lérlgoa{é%to{hagﬁ%&eo“\% “t he second

exenpl ary enbodi nent, no nenory layer is required because devel opi ng the

phot or esi st PASSCEeAbyiths V’éagcedﬁ%%?aéi%'ﬁ inghe gepigEsien ‘E‘ﬁiég?lé%‘“tfii togetiggar se t he

i mge of the shadow used to define the feature. FIG 10 shows the

- resul t of stfegugon a la@gr etchxiegefor Gduchhths réveaining powfonoof thérenagereuaesalof a

waf er 1002. Gate polysilicon 1006 has been deposited over the gate oxide

1004. A shadewrminde®k acamprd mhskg a thick layer of polysil icon 1010 has

been deposited over the gate polysilicon 1006. -17- Referring again to

FIG 9, the next step 906 of nethod 900 is to create a trough in the shadow

mandr el using anyrh%%&ﬁpéfesteﬁﬁpﬂ)% sERA9IARG 6 ORI SaycPhEPEDRS A ncl ude
0 ace of the shado

the process of applying a photoresist over the sur S w
mandr el , maski ng, and sing th hot or esl ttern, the trouygh(es),
dovel opi ng. The" BBt b IvaR il ety VR 5 e abBay Besiearerapi ¥ he
trough(es)wi |l be the mninmumfeature size attainable with the

phot ol i t hogridisH¥er of sitede 2Q& exfendsioa qael side pEhegispresyiomdi hodhogoalls t o
deposit a conformal |ayer of photoresist over the surface of the wafer,

i ncl udi ng t pertiot ¢foFEQS 422 lidesnmédibtely dboee gie. gafspolidilicdh® o refiesmeld

enbodi nent, a polysilane CVD photoresist is used because it satisfactorily

adheres to giaﬁi(ﬁi sranaTES 822t Rl B g o mbkk 4 kertibhef MealRer1gdgateodi nent ,
the nethod 900 in accordance with the second enbodi nent deveFops t he resi st
as a positi LRI i ] t . aeconpl i shed using a
hydr of | our | ?%Q%?%%Bazggéﬁ%E%tgz%‘gdéf%gﬁh %*?Pﬁﬁaﬁ%ﬁéatﬁ ISR WS & | 1'ed Tn the
art will realize that other photoresists may be used in accordance with the

i nvention. The next. step 910 hod 900 i.s.tp expqse the wafer to an ion
inplant at a non%eé?rﬁlé‘ﬁ&gﬁlﬂltﬁgi%%}t}? L P HZ% Og@ﬁﬁgdaoi‘%tocrgg’to"? % r ough.
As wth the preferred enbodi ment, the process is preferably perfornmed by
i npl anti ng éspaEmg patonsmidhe memogglager frodo s/ mrfaco phthe wafpresTho$ cexposur es
may be used.

done using a suitable etch that is selective to the remaining memory layer. Step 122

exposes the feature material except where it is covered by the remaining portions of

the image reversal layer.

The results of step 122 are shown in FIG. 7. The small portion of TEOS 622



FIG 11 illustrates the exposure step 910. A trough 1112 has been etched in
the thick layer of polysilicon 1010. The trough 1112 has a bottom 1113, a
. first sidewall 1115, and a second sidewall 1117. The trough 1112 has a
wi dth 1125 and a -18- depth 1127. A cqofornmal |ayer of polysilane
hot or esi st 4 been .deposi t.ed..ove surface of the wafer 1002. The
- \R/af er 1002 Pé&fl ﬁséas‘zgﬁl%é)gg’ﬁéﬁ%ﬁ“?ﬁh“?'h&é%ﬁ%ﬁ‘@f% e eateyRplysiligongn
-angle 1118. _The first sidewall 1115 of the trough 1112 therefore casts a
shadow 11192% isgioyv #idhe srface pf thsr wefise22.ough 1112. Because the second
exenpl ary enbodi nent devel ops the polysilane resist as a positive tone
" resist, after devel opnent the photoresist layer 1114 will be renoved
ever ywher e excepRefdmengagdie ta RGH dwht kSt step t260f the neetklbdE0tsis e Gsedfhet he
shadow 1119 are determ ned solely by the angle 1118 of exposure and the
depth 1127 gdmdih@ a : 1 H*Plﬁedf if. the
di mensi on of the gtﬁgdgtgvmlfit%%?%g%ggﬁ%réﬂné%%gagsﬁ{agl'g hg&igtgpt f%@?é g]’rake{rﬁttla
trough 1112, | i ed "d", and the exposure angle 1118 is designated
()", thent({%gqgﬁére%r%glhgn of the shadow 1119 is given by the equation s = d
tan (90- 0. The thickness of the polysilicon 1010 and the corresponding

depth 1127 of the_trough Jf112 an be controlled with great accuracy, wth
only approxi mat emedﬁ@gfsc? £t lééraé%mo‘\?‘dﬂi}:éﬁc%. Ajpokysiicoa stack828hes beere

- angle 1118 exposure can be determ ned very precisely. Thus, the dinension
of the shadtwmed tonsistingod a snglk porticmnf TBOSEA2 dBedayisg theqmlysitpdoangads i on i s
used, the shadow s 1119 inage is not subject to the diffraction effects of

tradi ti onal 8phaidihetgangiadds24. The THOIEM khlDeiremoetd -al i gned at its first
edge 1121 with the first sidewall 1115 of the trough 1112. The

Because the gate was defined using shadow lithography instead of
conventional photolithography, its dimensions may be considerably smaller then
those attainable using conventional photolithograpfly. For example, if the trough
used is of the minimum feature size and the angle of exposure is not perpendicular to
the surface of the wafer, the shadow cast at the bottom of the trough and used to
define the feature will be less than the minimum feature size attainable with the
conventional photolithographic process. Because smaller gates have quicker
switching times, a logic circuit created in accordance with the present invention can

operate faster than can a gate formed using conventional photolithography.

Referring now to FIG. 9, a method in accordance with the second exemplary
embodiment is shown. The second exemplary embodiment uses the same polysilane

chemical vapor deposition photoresist as was used with the preferred embodiment.



~,219- second edge 1123 o'f the shadow 1119 is determined solely by the
exposure angle 1118 and depth 1127 of the trough 1112, as set forth above.
- Referring again to FIG 9, the next step 912 of the nethod 900 is to
devel op the exposed photoresist. In accordance with the second exenpl.ary
enbodi nent, the photoresist is devel oped as a positive tone resist, as was
- expl ai ned above. Devel opment renpves the exposed photoresist and | eaves
- photoresi st @Rl W, ast. The result of step 912 is shown
in FIG 12. The ?’er’rgll{ ﬁﬁe%g&ﬁ?ﬁﬁﬁﬁla\f@§@gg‘i"}eﬂg W%‘PW?Q%%“&'@WF@&S By the
shadow 1119 re \Ilnf on, t he surfEc of the wafer. Referring again to
" FIG 9, the REMPV&IonSPEqiRresfsty fhe fest aisn 962 0f msthod Y08 rompristreprogivhima ng
portions of the shadow mandrel using 11F. The portion of the remaining
phot or esi st WHisERAteePicalliz@ nignar hefes] atel debotiting br groghing feafr@hGtEnOYEL t O
remain vertical after the shadow mandrel is renoved. This upright portion
of the phot otlesshcerafthbevafenove dedtiredn SHHRHHMEMm S ER 18%hitl €R, 915
is to convert the renmining photoresist to si#c%ﬁﬁogygieb%%ﬁﬁiéhg l? Ormay
be differentj@tiqdofh@mat i Lysilicon in a subsequent etch
step. One way to con-vg]ratéat&‘h(;tla f‘g"rr‘#ﬁénpﬂ%gg g‘%r%)&oeg? dfined 15 potagibs anaterialédng a -
second ion i ntati.on, or. ot her suitabl e exposure nmethod. The remai ni ng
phot or esi st \%) drﬁp%%gSorggﬁ\fg?tflrets@ogﬁlqedﬁﬁd-dpé%u&’ethef_fe@}q%b@dedd)n at nospheri c
- oxygen for a sufficient ggriod of time. The tinme required for such a
conver si on U3iREaaEerHEBIbe besons yxramplamenitmdirechtded ghiy, Bk evaticngatkhg anbi ent
-20- tenperature. The next step 916 of the nethod 900 is to use the
devel oped phuipcespste akyer obghe bxddehsda 186r beakdbayaBLS! i@l n
appropriate etch may consist of a chlori nlg orF%r oﬂrsri %e dry etsgﬁé The

result .of stgpcudPardces SROWMb<ireF : I inin oforesist 1218 was
used as a mask in the et c%.ll%g?&? ﬁtlég&g’t]a g aBg‘@Ef‘ﬁﬁ%"ﬁ“ %%Ggg%ﬁat“@%wt%kde
1004. Accor di IV 48 Sl | rtion 1322 of the gate polysilicon 1006
remai ns. Li ky\?\ﬁg}slée%t S%ﬁl%é“é’ fé%gﬁ“?d %)gsr‘tg i derpss quldqvh@ag@qeblamr,. daccpodiag to
remai ns. The remai ning gate polysilicon 1322 and gate oxide 1320 formthe

pol ysi | i con $e4edendxgmpBey embedinivat, dhehadowmsandfel thmprsdsysihidkdeyersirack
1323 were determ ned usi ng shadow |ithography, instead of traditional

phot ol i t hogr pgiysilicarheAdiwiti tisd preferedl etribe dintdny SdneiskPRdSH Afkard IABBYe BS¢
considerably smaller than that attai nable using conventional

phot ol i t hogr @&pkdecvaiRty¢fd8aterials may be used. The second exemplary embodiment also
differs from the preferred embodiment in that no memory layer is used. In
accordance with the second exemplary embodiment, no memory layer is required
because developing the photoresist as a positive tone resist eliminates the need to

reverse the image of the shadow used to define the feature.

FIG. 10 shows the result of step 904. Gate oxide 1004 has been grown on the
surface of a wafer 1002. Gate polysilicon 1006 has been deposited over the gate
oxide 1004. A shadow mandrel comprising a thick layer of polysilicon 1010 has

been deposited over the gate polysilicon 1006.



,Referring again to FIG 9, the next step 918 of nmethod 900 is to optionally
renove the remaini ng photoresist. The remaini ng photoresist may be renoved
- using dilute HF or HF vapor. Using |-IF will nmininmze damage to the gate
material if the feature to be defined and formed is a gate. A reactive ion
etch (R E) may alsa be used. A RIE wil17nininize damage to source and drain
“inplants, if any XraTPeagdnto Figge, themaxtstsp 9Pn of metada00ds te ereatego be | ef t
~in place. ~ The conpletion of step 920 is shown in FIG 14. In FIG

14, a pol ystorghin the shadovgaendishusing amgswtablygihetgishygraphic proct &2 Stemeo@at e
oxi de 1320 remains on the -21- surface of a wafer 1002. Thus far,

" the inventi enylindubetie plesss bbﬁﬁqlﬁﬁgﬁﬁihﬂﬁ)r&istt'b%iQHe‘é‘(ﬁ}%&ithﬁé‘&ahS&gt h of
the trough extends in only one direction. However, the invention nay use a

t rough whic I i tion, This,is.illustrated in

I oS 15 ang i reb et TR Bebial i 5t Bonerd WS wb g R, an
"L" shape. ourse, the actual sha of the trough will vary dependi ng
upon t he usge Igloﬁ(ggggt_angfelté}mg t%‘ﬁﬁéﬁwre@%itw Hﬁugﬁ(eﬁwﬂhg@ theesi st, the
surface 1520 of the wafer 1504 is exposed using ion inplantation 1510 or
any suit abl 81expss featurgsizeattainable witlythe phothithdmaphic ploedowsaS08hé gextast at
the bottom of the trough 1506. It is to be noted that in the prior

enbodi ment s stdp 908 o ertktHidded 08X 5 WePo MBS c TGl TR épp@&oﬁegi_spéve@fthcf N
- non-perpendicul ar angle with the surface of thé wafer, while still being

per pendi cul akrfR Jelge lvﬁf%g,tiﬂclt%gﬁgflﬁe boestend Liﬁe% & e Erg)lf.léﬁjt égvg{?nlhtg{: y

enbodi nent the exposure 1I's a non- per pendi cul ar an he surface
of the wafer ndqt'he t axes of .t he oygh. The shadow 1508 extends al ong
each arm of p{e%?‘f %‘BB‘FF}?%&?B ap?f}' ilpRg trpEstdp usrslbacausg it sasisfactsilyf t he
ion inplantation angl e 1512. In this way, the present invention nmay be used
to define a2fissgsiedhesidewalinef the trepgle Uhlike bagrefered tinbodiment, the Awedtoder way
of using shadow lithography is to selectively narrow only specific segnents

of an exi st POYinaacbrdgntewith thdecbhé etdbEnkADderelsts theMRlst a PpoSAARLE: 2
sel ective use of the shadow |ithography techni que would all ow

Isgflgleﬁ hOEJI’ZgEH%is@. URIdeRS opReREMAPHE h&%ﬁwﬁﬂashé‘ﬂ SHPa b foQc Sh§pslgp. while
developer or a flourine plasma. One skilled in the art will realize that other
photoresists may be used in acéordance with the invention. The next step 910 of
method 900 is to expose the wafer to an ion implant at a non-perpendicular angle
such that a shadow is cast in trough. As with the preferred embodiment, the process

is preferably performed by implanting oxygen ions into the resist. However, other

types of exposures may be used.

FIG. 11 illustrates the exposure step 910. A trough 1112 has been etched in
the thick layer of polysilicon 1010. The trough 1112 has a bottom 1113, a first

sidewall 1115, and a second sidewall 1117. The trough 1112 has a width 1125 and a



.devices could be used for other structures, such as extended w ring
' patterns, which provide higher conductivity when they are patterned at a
. l'arger dinmension. In this instance, the sublithographic devices provide
hi gh performance transistors, while thgsl arger structures provide |ow
resistance wirin s well as w de gates; The sel ective use of the shadow
- t echni que. cgﬁptﬂiéqgghwwl é@’lehgga"lb‘fll%k Pheteresish I blohaseen dapositRdpes from
- the ion inplantation beam Those substrate patterns which are covered by
resi st at t lover the seifaceadkhs weferuD02. The whfer 4002 isabetbgxtobed ugimg iompl ant
oper ati on. It is also desirable to use this bl ock mask technique in

" 11 nki ng sublimphagtion!il¢6 deykyRa adhn biide 1 TR TROSrsWIBERal DEYS 6f e HoabRd. | f
t he angl e causes an unwant ed exposure of portions of the feature to the ion

i npl ant bea ' [ ' W apnd Y feature
orientati ongl,1 1t éa?%ﬂ%e?%sﬁ\%o%%@sglllailiatttbgggmg lg%gﬁggﬂgﬁoﬁhgéﬁzoggfﬂusﬁj th
respect to the ion_inpl %nti on beam Conmers 1600 and 1602 are defined as

bi sect ed by thecPheramplancnhpdyasnh deygippsthe pebistancggsstast nedy cdpre
designated as orthogonal to the ion inplant. These two types of corners
behave ver y rebistfaftes development thephaotesisblayérel Idhadtweaambieeveihehdre sect ed
corners exhibit continuous shadow |ithographic i mages, and do not require

any addi ti orateppwheasSthE BBadow MEINE @hdl. The FirkERidne 6P shRdhe 11 HPwever, the
- orthogonal corners produce shadow |ithographic i mges that are

di sconti nUOs AL ARAdoleflPLr BEABER: 11TBSY A RuRAAIAL BRY 1 9PRPuE 920 AN 1622

If the chip design requires co rirng around such cornersy bl ock

- mask resi st pes 1630 and. 1632 . be enpl Qqyed to protect these corners
fromthe i orﬁ ?ﬁpﬁéﬁ‘f‘&‘&ﬁe B@‘g?ﬁe‘gﬂpg&ﬁﬁ@w’ éﬁge gﬁ%er}sggmftt%wadoyal_llgdmi nuous

shadow i mage 1708 are shown in FIG 18. I n accordance with the

above- descr idpgiendgted, &t therdepth e ot tesughr Hfl@ris debigatesis dShadbthe lekpdsngs aphy

is used to define and formfeatures on a sem conductor substrate. In

accordance whble 1t id fed*d’ i l er the

surface of a \%vaf er. A{Bél%gg{setg g)néﬂ%?gﬁgﬁmii@gfe%? ?ﬁé%@%ﬂcg%él?%%ﬁ%ﬁ%%}el

| ayer. A photoresist is |ayer deposited over the surface of the wafer,

i ncl udi ng t F8UB™% om and sidewal | s of the trough. The wafer is then exposed

at an angle such that at |east one sidewall of the trough casts a shadow in

the bottom of the trough. This shadow is used to define a feature. The

i nventi on has been disclosed herei s +de(96 @f a preferred enbodi nent, a

second exenpl ary enbodi nent, and a third exenplary enbodi ment. One skilled

inthe art will realize that nunerous variations may be made to the

Tvent fon. A BIERER ot Thnutlibet Mol eotkend STk P d12 eblhens

photoresi st or as the shadow mandrel, nmenory |ayer, image reversal |ayer,
or feature mmugh il’l2 caybevamyrollbd kéthi geat atheac)i, methinbnsppedxittacelpssetd ed
| ayers, troughs and angl es of exposure disclosed herein may be varied

Wi thout depawb pBteht Wiflah8e EikORReOthe bRSOsUAVARId P8 e&?@s&ﬁé( Bsn Eé exposur e

used al so need not be an ion inplantation exposure as descri bed herein, but

may conpris i.cal . ul t.rasyiolet,. deep ul.trasviol X-ray,. or
el ectron exgiggﬁ}uce}l_%h v%x%' precisely. Thus) the dimension loe Ahiddv To may%g tlggtly

controlled. Because ion implantation is used, the shadow’s 1119 image is not subject

to the diffraction effects of traditional photolithography. The shadow 1119 is self-

aligned at its first edge 1121 with the first sidewall 1115 of the trough 1112. The



.+24- CLAIMS 1A nethod for defining a feature on a substrate,

conprising the steps of: 'a. depositing a shadow nandrel |ayer on the

b. etching a trough in the shadow mandrel |ayer, the trough

having a sidewall and a bottom c. depﬁfiting a |l ayer of photoresist over
- g

. Substrate;

the shadow nmandrel |ayer and the troug . _
-at an angl esesodhedgealt128 of thehahindowdil 9 1sadeternfinedstolglp by itlenexpbsiraangleough

exposi ng the phot oresi st

t he net hod

| ayer

- bottomis exposed and the photoresist at a second portion of the trough
bottom is blagkad deytt Ne7torengfosdiiEMRl hs tbringoresed;

Referring again to FIG. 9, the next step 912 of the method 900 is to develop
the exposed photoresist. In accordance with the second exemplary embodiment, the
photoresist is developed as a positive tone resist, as was explained above.
Development removes the exposed photoresist and leaves photoresist only where the
shadow was cast. The result of sfep 912 is shown in FIG. 12. The remaining portion
1218 of the photoresist covered by the shadow 1119 remains on the surface of the

wafer.

Referring again to FIG. 9, the next step 914 of the method 900 is to remove
the remaining portions of the shadow rﬁandrel using' HF. The portion of the
remaining photoresist which extended up the side of the trough is rigid enough to
remain vertical éfter the shadow mandrel is removed. This upright portion of the
photoresist may be removed in a subsequent step. The next.step 915 is to convert the
remaining photoresist to silicon dioxide so that it may be differentiated from the
underlying polysilicon in a subsequent etch step. One way to convert the remaining
photoresist is to expose it using a second ion implantation or other suitable exposure
method. The remaining photoresist will also convert to silicon dioxide if gxposed to
atmospheric oxygen for a sufficient period of time. The time required for such a

conversion using atmospheric oxygen may be reduced by elevating the ambient



.e. devel oping the photoresist layer; and f. defining the feature using the

" devel oped photoresist |layer. 2.The nethod of claim1l wherein the

- photoresist layer is a positive tone photoresist. -25- 3.The nethod of
claiml1l wherein the step of devel opi ng the photoresist |ayer conprises
renovi ng the exposed phot oresi st from t4fe first portion of the trough

- bot t om and vﬁé‘rpétaﬁlr?h% he mext step Yk ofitheethod F004s tar esethe deyelonsd photoresintd

- photoresist further conprises using the remai ning photoresist of the
unexposed sesandagototatanthe deatedei matetidle Aregipoopeiate etch may consist of a chlorine

or bromine dry etch.

The result of step 916 is shown in FIG. 13. The remaining photoresist 1218
was used as a mask in the etch of the gafe polysiliéon 1006 and gate oxide 1604.
Accordingly, only a small portion 1322 of the gate polysilicon 1006 remains.
Likewise, only a small portion 1320 of fhe gate oxide 1004 remains. The rehaining
gate polysilicon 1322 and gate oxide 1320 form the polysilicon stack 1323. Because
the dimensions of the polysilicon stack 1323 were determined using shadow
lithography, instead of traditional photolithography,. the dimensions of the polysilicon
stack 1323 may be considerably smaller than that attainable using conventional

photolithographic methods.

Referring again to FIG. 9, the ne*t step 918 of method 900 is. to optionally
remove the remaining photoresist. The remaining photoresist may be removed using
dilute HF or HF vapor. Using HF will minimize damage to the gate material if the
feature to be defined and formed is a gate. A reactive ion etch (RIE) may also be
used. A RIE will minimize damage to source and drain implants, if any are present.

The remaining photoresist could also be left in place.

The completion of step 920 is shown in FIG. 14. In FIG. 14, a polysilicon

stack 1323 consisting of gate polysilicon 1322 and gate oxide 1320 remains on the



4. The method of claim3 wherein the step of using the remaining
photoreS|st of the unexposed second portion further conprises using the

. remai ni ng photoresist as a hard mask while etching the under|ying _ _
substrate, such that the substrate underlying the remaining photoresist is
not etched. 5. The method of claim4 Wherein the substrate is a gate

- conduct or. 8rfapROf AAHEIIAR. ¢l ai m 1 wherein the photoresi st layer is a

- negative tone photoresist. 7. The nethod of claim1l wherein the step of
devel opi ng the photoresist |ayer conprises renoving the unexposed

phot oresi st of t RéusEeahd ipentipwhastieentesdribedgh ukiop d drughehetein teep of

" defining the feature using the devel oped photoresist |ayer conprises u3|ng

t he renovedlehpthsdf thOtrbligNeendsNA 0RO dirdchibn. t Ho@%érnﬁe'ﬁ RnliGR T S The
met hod of claim 7 wherern the step of u3|ng the renmoved first po tlon of

UL T R R

the photor e%.slfhcla tsroﬁéh ?50d6 extends along two axes and comprises an “L” shape. Of course,
the actual shape of the trough will vary depending upon the user’s needs. After the
conformal deposition of a photoresist, the surface 1520 of the wafer 1504 is exposed
using ion implantation 1510 or any suitable exposure means at an angle such that a
shadow 1508 is cast at the bottom of the trough 1506. It is to be noted that in the
prior embodiments described the exposure was performed so as to be at a non-
perpendicular angle with the surface of the wafer, while still being perpendicular to
the length of the trough. In this third exemplary embodiment the exposure is at a
non-perpendicular angle to both the surface of the wafer and the two axes of the
trough. The shadow 1508 extends along each arm of the trough 1506. The length of

the shadow is a function of the ion implantation angle 1512. In this way, the present

invention may be used to define a feature extending in more than one direction.

Another way of using shadow lithography is to selectively narrow only
specific segments of an existing wiring level. At the gate conductor level, for
example, a selective use of the shadow lithography technique would allow

sublithographic devices to be fabricated in some parts of the chip, while larger



9. The nmethod of claim@8 wherein the substrate conprises a nenory |ayer.

" 10. The nmethod of claim 1 wherein the photoresist |ayer is deposited using

. cheni cal vapor deposition. The nethod of claim 1 wherein the photoresist
| ayer conprises a polysilane photoresis % 12. The nmethod of claim 11
wherein the step of exposing the photorésist conprises inplanting oxygen
-jons into thae‘ﬁgﬁtC@P@s&s‘fSPd or otheiestiygturesdsush as exiepdadwigngrrattamshwhishep of

- devel opi ng the photoresist |ayer conprises devel opi ng the polysilane as a
negative to phoiderieghestcondictiyita whieh olidyraee patterhaiara. large2dimehdion Thethiet hod of
claim12 wherein the step of devel oping the photoresist |ayer conprises

~ devel opi ng t figtaped, B sidliehdiPaphiP@idds\Hovi @ BigR PREBFEMCE traHS LB, ¥hile th
hydr of | ouri ¢ acid devel opeorﬁg.$ %15. The mhod gf ti”gl aim 12 wherein tf“lg se’t ep of

devel opi ng t i : r rjses. devel.oping, th pgb silane as a
posi tive t on%?%&ﬁgﬁggggeﬁé) ? 3\8§@)ljo§\|/ rﬁ%g% ur' r?fég B Vg%l?rgs ngje&g&& thﬂgc 1ve

' I
photoresi st ugay(gafr the shadow technique can be achieved by using a block mask to protect some

shapes from the ion implantation beam. Those substrate patterns which are covered

by resist at this block mask step will not be altered by the ion implant operation.

It is also desirable to use this block mask technique in linking sublithographic
devices at the locations where they are angled, if the angle causes an unwanted
exposure of portions of the feature to the ion implant beam. As can be seen FIG. 17,
in a chip design with X and Y feature orientations, there are two possible types of
angles that can occur with respect to the ion implantion beam. Corners 1600 and
1602 are defined as bisected by the ion impiantion beam, while corners 1604 and
1606 ére designated as orthogonal to the ion implant. These two types of corners
behave very differently with respect to the shadow casting. The bisected corners
exhibit continuous shadow lithographic images, and do not require any additional
processing to maintain this continuous shape. However, the orthogonal corners
produce shadow lithographic images that are discontinuous around the corners. They
are separated by gaps 1620 and 1622. If the chip design requires continuous wiring
around such comers, block mask }esist shapes 1630 and 1632 may be employed to

protect these comers from the ion implantion beam. This mask and the resultant



.16. The method of claim1 wherein the step of depositing a layer of
phot or esi st conprises the chenical vapor deposition of a polysilane

- photoresist. 17. The nethod of claim1 wherein the photoresist |ayer
conprises polysilicon. 18. The nethod_pf claim 14 wherein the step of o
exposi ng the photoresist conprises inplanting boron ion to the photoresist.
-19. The net Koyyous shadewiigagad7@8 aretshewstie flGf1&level opi ng t he phot or esi st

" layer conprises devel oping the polysilicon as a negative tone photoresi st
using a potassium hydroxide devel oper. -28- 20. The nethod of claim1l
wherei n the troudhaecordmds vaihahg above-desersbedandentton] &inBwiphecess Rifersdd ©XPOSi Ng
" the photoresist further conprises exposing the photoresist at a

non- per pendig thalowAREbEraplpy) Rlus¥tol R inBand 16 of RSerhicBH@R guch that
P ottom extends a

Ege $Eexposed S ab ey IoahOfetgetL;Og?e of, expos) t he Oﬂgtzrgsﬁéfs-
conpri gege |t Ep ztir(r%{ei rclléa:c%gr{ég?cﬁtvglh{ Wg i'b‘FF&fi8?’e£§h§fk.’w rgandrglqayer 1 &p"Sited
over the surface of a wafer. At léast ohe trough is etched in the shadow mandrel
layer. A photoresist is layer deposited over the surface of the wafer, including the
bottom and side\f\;alls of the trough. The wafer is then exposed at an angle such that

at least one sidewall of the trough casts a shadow in the bottom of the trough. This

shadow 1is used to define a feature.

The invention has been disclosed herein in terms of a preferred embodiment,
a second exemplary embodiment, and a third exemplary embodiment. One skilled in
the art will realize that numerous variations may be made to the embodiments
disclosed herein vvithouf departing from the scope of the invention. For example, the
actual materials and substances used as a photoresist or as the shadow mandrel, -
memory layer, image reversal layer, or feature material may vary. Likewise, the
dimensions of the assorted layers, troughs and angles of exposure disclosed herein
may be varied without departing from the scope of the invention. The type of
exposure used also need not be an ion implantation exposure as described herein, but

may comprise an optical, ultra-violet, deep ultra-violet, x-ray, or electron exposure.



.29. The nmethod of claim 21 further conprising the step of using bl ock nmask

" resist shapes to prevent 'a thirrd portion of the trough bottom from bei ng
- exposed. 23. The nethod of claim1 wherein the feature defined is a gate.
24. The nethod of claim 1l wherein the feg&gre defined is a contact hole.

1.

-29- 25. A nethod for formng a feature em conduct or wafer conprising
“the steps of: a.depositing a | ayer of mat eri'al over the surface of
"~ the ‘

A method for defining a feature on a substrate, the method comprising the

steps of:
a. depositing a shadow mandrel layer on the substrate;
b. etching a trough in the shadow mandrel layer, the trough having a

sidewall and a bottom;

C. depositing a layer of photoresist over the shadow mandrel layer and
the trough;
d. exposing the photoresist layer at an angle such that the photoresist at a

first portion of the trough bottom is exposed and the photoresist at a
second portion of the trough bottom is blocked by the trough sidewall

and unexposed;
e. developing the photoresist layer; and

f. defining the feature using the developed photoresist layer.

The method of claim 1 wherein the photoresist layer is a positive tone

photoresist.



.sem.conductor wafer; depositing a shadow nandrel |ayer over the |ayer of

" feature material; etching a trough having a bottom and sides through the

- shadow nmandrel |ayer; d. applying a confor nal photoresi st |ayer over the

shadow mandrel ; e. exposing the photoresist |ayer using ion inplantation

such that at |east one side of the trough casts a shadow at the bottom of
“the trough, the shadow being cast in a first portion of the trough bottom
- the photoresist in the first portion t'ﬁé‘reby bei ng unexposed while the

remai nder of the Tieohethedbftlaims lexipasiadhe stey of dpiclepiaditicphotRESsi1gfersuch
that only the unexposed photoresist in the first portion of the trough
" bottom renai ns arf@MPHECE e thR Xpesed photoresist Sippy e first postiow pfithet he

had drel | L r i .mat,erial fromthe surface of
The waf or except Arep BRI GIDR P BEK BB I e 6PRE° 56 The
met hod of cl ai m Zisvelbpedplivtotesisshiemenortpides MGing the Rutinihp phberahadew

the unexposed second portion to define the feature.

4, The method of claim 3 wherein the step of using the remaining photoresist of
the unexposed second portion further comprises using the remaining
photoresist as a hard mask while etching the underlying substrate, such that

the substrate underlying the remaining photoresist is not etched.

5. The method of claim 4 wherein the substrate is a gate conductor.

6. The method of claim 1 wherein the photoresist layer is a negative tone
photoresist.

7. The method of claim 1 wherein the step of developing the photoresist layer

comprises removing the unexposed photoresist of the second portion of the
trough bottom and the step of defining the feature using the developed
photoresist layer comprises using the removed first portion of the photoresist

to define the feature.

8. The method of claim 7 wherein the step of using the removed first portion of



~.mandrel layer conprises the steps of applying a photoresist |ayer over the
"~ shadow nandrel |ayer, patterni'ng the trough by exposing the

- phot oresi stthrough a mask, devel oping the photoresist to expose portlons
27. The net hod of cIa|n126 wherein the rough is the m nimum

phot ol i t hogr aph| hod of .cl a| 25 wherein th

- shadow nandr el %ﬁ&érr%}sl%g%lg ?‘?%HSE&?? © EQMREFSS ctehng the subsirate,spch
- clai m 25 wher ei n mbtethfe@alisﬂxra& meﬂsdnglth@mvleaeﬁsté}aog@érﬁom@%%%mst%0 The
met hod of claim25 wherein the feature material further conprises a |ayer

of a gate dielectdtfled. 31. The method of clai m25 wherein the photoresist is
" deposited using chem cal vapor deposition. 32. The nmethod of claim25
wherein the photoresist |ayer conprises polysilane photoresist. 33.The

met hod of claim 28 wherein the step of exposing the photoresist |ayer

9. The method of claim 8 wherein the substrate comprises a memory layer.

10. The method of claim 1 wherein the photoresist layer is deposited using

chemical vapor deposition.

11. The method of claim 1 wherein the photoresist layer comprises a polysilane
photoresist.
12. The method of claim 11 wherein the step of exposing the photoresist

comprises implanting oxygen ions into the photoresist.

13. The method of claim 12 wherein the step of developing the photoresist layer
comprises developing the polysilane as a negative to photoresist using a

chlorine developer.



~M.,.using ion inplantation conprises inplanting oxygen. 34. The nethod of -
" claim 33 wherein the step of devel opi ng the photoresist |ayer conprises
- devel opi ng the pol ysilane using a hydroflouric acid devel oper. 35. The
met hod of claim 33 wherein the step of pevel opi ng the photoresist |ayer

[ el opi ' ' | ' | .1.36. Th hod
of Bl ai m 29 wher o AL OELE, 17 et 1R P AELR R pholBres e

* surface except akcomipeisés destlopingithe polybidde dsherositivd and\eHot6rasit i ses
etching the feat re whi | e using the renai ni ng photoresist in the

terial
first portion as %E%H“ﬁﬁgﬁ‘FMdBP@Vent the feature material underlying the
- first portion of photoresist from being etched. 37. The nmethod of claim?25
wherein the trough extends along two axes and has a plurality of corners
and wherein the step of exposing the photoresist further conprises exposing

t he phot oresi st | east one corner the. trough is bisected by
t he exposure andsflzlil";é Q?éég%{ Otiér%%m(]:g?hv&?reé? ﬁFhséept ?fg{?ﬁﬁlop?gstﬁf)gp%fﬁqu%ﬂr er
orthogonal to theofype&edelopingdhe polysilane as a positive tone photoresist by using '

flourine plasma to develop the photoresist layer.

16. The method of claim 1 wherein the step of depositing a layer of photoresist

comprises the chemical vapor deposition of a polysilane photoresist.
17. The method of claim 1 wherein the photoresist layer comprises polysilicon.

18. The method of claim 14 wherein the step of exposing the photoresist ~

comprises implanting boron ion to the photoresist.

19. The method of claim 18 wherein the step of developing the photoresist layer
comprises developing the polysilicon as a negative tone photoresist using a

potassium hydroxide developer.



.38.The nethod of claim 37 further conprising the step of blocking the

" bottom of the trough at t'’he orthogonal corners with bl ock nmask resist

- shapes to forma continuous shadow i mage during the step of exposing the
photoresist layer. -33- 39.A nethod fojgfornmng a feature on a

seni conductpr waf ?heﬁ%‘i‘m{d(ﬁidl‘ﬂmtﬁﬁ'héﬁeﬁpﬁe@xfohgﬁi@ﬂ%&stﬂl&%t@vd AYSTayf Teature
-material over the surface of the sem conductor wafer; depositing a nmenory

* layer over the | ayderedf thestapofexpeding thalphotbeqsis frthey comptisd@wposinglttel | ayer

over the menory | etching a trough hav{enrglaa' bott om and si des through

er;
t he shadow nandr egl){?tﬁtﬁéw ata no%-perpen icular ang tive to the two axes of the trough

such that the unexposed second portion of the trough bottom extends along

two axes.

<1 - The method of claim 20 wherein the step of exposing the photoresist

comprises implanting ions into the photoresist.

22 The method of claim 21 further comprising the step of using block mask resist

shapes to prevent a third portion of the trough bottom from being exposed.
23 The method of claim 1 wherein the feature defined is a gate.

24. The method of claim 1 wherein the feature defined is a contact hole.



.applying a conformal [ayer of photoresist over the shadow mandrel |ayer and
" trough; exposing the photoresi'st using ion inplantation such that at | east
- one side of the trough casts a shadow at the bottom of the trough on a
first portion of the photoresist, such_4gat the f:crfth poLtlton at th_eS
hot or esi st 455 un | { orti: he otoresist is
-gxposed; deﬁﬁopiﬁé@ﬁ@%ﬁ?@ggﬁgﬁﬁ rngdn%vgﬂégé}hdglc@ﬁ. B%chanmspgtt Port i on
of the photoresist; etstépswf the nmenory |ayer underlying the first portion
of the photoresist so as to forma depression in the nmenory | ayer

corresponding to fhe u - LI rtion of the, photoresist, renoving
" the shadow nmandr eef' I ayeﬁ; Qﬁéggé%‘?}%% ur%: %‘é%nﬁl&%rrtggfur %é’?tﬁ%er the
nmenory |ayer so as to denlitoriduetodepr&ssi on; renoving the excess portions of
the i mage reversal |ayer such -34-

depositing a shadow mandrel layer over the layer of feature material;

etching a trough having a bottom and sides through the shadow

mandre] layer;

d. applying a conformal photoresist layer over the shadow mandrel;

e. exposing the photoresist layer using ion implantation such that at least
one side of the trough casts a shadow at the bottom of the trough, the
shadow being cast in a first portion of the trough bottom, the
photoresist in the first portion thereby being unexposed while the

remainder of the photoresist is exposed;

developing the photoresist such that only the unexposed photoresist in
the first portion of the trough bottom remains and the exposed

photoresist is removed;
g removing the shadow mandrel layer; and

removing the feature material from the surface of the wafer except at

the first portion where the shadow was cast.

26.  The method of claim 25 wherein the step of etching a trough in the shadow
mandrel layer comprises the steps of applying a photoresist layer over the
shadow mandrel layer, patterning the trough by exposing the

photoresist through a mask, developing the photoresist to expose portions



.that ,only a first portlon of the image reversal layer remains in the
depreSS| on; renoving the ‘menory |ayer; and formng the feature by renoving
- the | ayer of feature materi al except vvhere it underlies the remaining first
portion of the inage reversal |ayer. The nmet hod of cl ai m 39 wherein:
the menory | gy@e sREHHW i SES andn@idia R’SF Ea fchilf th BELRERANOBP HcS ?%ﬁ';(? er
-conprises a thick layer of 1ECS;, a e reversat layer CoO es a
“thin | ayer omandedsS. 41. Th@yﬁetdlﬁodnmlﬁe trbmhm 39 wherein:

27. The method of claim 26 wherein the trough is the minimum photolithographic

feature size.

28.  The method of claim 25 wherein the shadow mandrel layer comprises a thick
layer of TEOS.

29.  The method of claim 25 wherein the feature material comprises a gate
conductor.

30. The method of claim 25 wherein the feature material further comprises a

layer of a gate dielectric.

31. The method of claim 25 wherein the photoresist is deposited using chemical

vapor deposition.

32. The method of claim 25 wherein the photoresist layer comprises polysilane

photoresist.

33.  The method of claim 28 wherein the .step of exposing the photoresist layer



the.memory | ayer conprises a layer of nitride; the shadow mandrel |ayer

conprises a thick layer of polysilicon; and the i mge reversal |ayer

- conprises a thin layer of TEGS. 42. The nethod of claim 39 wherein the

feature material conprises a layer of polysilicon and a layer of silicon
t he conformal |ayer of

i OXi . d of .claim 34 wherdi
-Slhg;(l)?g'sig? Igre}pglsfs’gg"n‘Cf“%%}tgtilor‘qp%ﬂ%fsgaﬁéﬁﬁ?fbﬂgo?’%F%t.-35- 44. The met hod

*of claim 34 wherein the step of exposing the photoresist using

34, The method of claim 33 wherein the step of developing the photoresist layer

comprises developing the polysilane using a hydroflouric acid developer.

3s. The method of claim 33 wherein the step of developing the photoresist layer

comprises developing the polysilane using flourine plasma.

36.  The method of claim 25 wherein the step of removing the feature material
from the surface except at the first portion where the shadow was cast
comprises etching the feature material while using the remaining photoresist
in the first portion as a hard mask to prevent the feature material underlying

the first portion of photoresist from being etched.

37. The method of claim 25 wherein the trough extends along two axes and has a
| plurality of corners and wherein the step of exposing the photoresist further
comprises exposing the photoresist such that at least one corner of the trough
is bisected by the exposure and at least one corner of the trough is

substantially orthogonal to the exposure.



|on|nplantat|on conprises inplanting oxygen 45. The nethod of claim 35
wherein the step of devel oping the photoresist |ayer conprises using a

- chlorine devel oper. 46. The nethod of claim 30 wherein the photoresi st

| ayer conprises polysilicon. 47. The nethod of claim 37 wherein the step of
exposi ng the phot oresi st Iayer using ion,i nplantation conprises inplanting

b 48. Th d of 3 t h f d | th
oot or cs1 st Sompr 1 B8l ErGhGS: KBS gapmabheauhas e pattom of
hydr oxi de devel opie. trotigh af it dFHIRORal QbrifelAvith BRCMMRIR it Bfta fet 4 BlinEXt ends

along two axes and has a
- continuous shadow image during the step of exposing the photoresist layer.



:plurality of corners, and wherein the step of exposi ng t he phot oresi st

| east one corner of

further conpri ses exposi ng the photoresi st such that at _

- the trough is bisected by the exposure and at | east one corner of the
trough is substantially orthogonal to the exposure. -36- 50.The nethod of

claim49 further conprising the step of blocklng the bottom of the trough

e o S R BB BB 1 ayer

“at the orthggonala glREmRI
© conti nuous shadow i mage

steps of:

depositing a layer of feature material over the surface of the

semiconductor wafer;

depositing a memory layer over the layer of feature material;

depositing a shadow mandrel layer over the memory layer;

etching a trough having a bottom and sides through the shadow

mandrel layer;

applying a conformal layer of photoresist over the shadow

mandrel layer and trough;

exposing the photoresist using ion implantation such that at
least one side of the trough casts a shadow at the bottom of the
trough on a first portion of the photoresist, such that the first
portion at the photoresist is unexposed while a second portion

of the photoresist is exposed,

developing the photoresist to remove the unexposed first

portion of the photoresist;

etching the memory layer underlying the first portion of the
photoresist so as to form a depression in the memory layer

corresponding to the unexposed first portion of the photoresist;

2

removing the shadow mandrel layer;

depositing an image reversal layer over the mermory layer so as

to fill the depression;

removing the excess portions of the image reversal layer such
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that only a first portion of the image reversal layer remains in
the depression;

removing the memory layer; and

forming the feature by removing the layer of feature material
except where it underlies the remaining first portion of the

image reversal layer.

The method of claim 39 wherein:
the memory layer comprises a layer of nitride;
the shadow mandrel layer comprises a thick layer of TEOS; and

the image reversal layer comprises a thin layer of TEOS.

The method of claim 39 wherein:
the memory layer comprises a layer of nitride;
the shadow mandrel layer comprises a thick layer of polysilicon; and

the image reversal layer comprises a thin layer of TEOS.

The method of claim 39 wherein the feature material comprises a layer of

polysilicon and a layer of silicon dioxide.

The method of claim 34 wherein the conformal layer of photoresist comprises
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a polysilane photoresist.

44, The method of claim 34 wherein the step of exposing the photoresist using

ion  implantation comprises implanting oxygen.

45. The method of claim 35 wherein the step of developing the photoresist layer

comprises using a chlorine developer.
46. The method of claim 30 wherein the photoresist layer comprises polysilicon.

47. The method of claim 37 wherein the step of exposing the photoresist layer

‘using ion implantation comprises implanting boron.

48.  The method of claim 38 wherein the step of developing the photoresist

Comprises developing the polysilicon using a potassium hydroxide developer.

49. The method of claim 39 wherein the trough extends along two axes and has a
plurality of corners, and wherein the step of exposing the photoresist further
comprises exposing the photoresist such that at least one corner of the trough
is bisected by the exposure and at least one corner of the trough is

substantially orthogonal to the exposure.
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- 50. The method of claim 49 further comprising the step .of blocking the bottom of

the trough at the orthogonal comers with block mask resist shapes to form a

continuous shadow image during the step of exposing the photoresist layer.



