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wafer corresponds to the pattern on the mask or reticle. The radiation can be light, such as ultraviolet light,

vacuum ultraviolet light, etc. The radiation can also be x-ray radiation, e-beam radiation, etc.

Generally, the image is focused on the wafer to pattern a layer of material, such as, photoresist
material. The photoresist material can be utilized to define doping regions, deposition regions, etching
regions, or other structures associated with an integrated circuit (IC). The photoresist material can also define
conductive lines or conductive pads associated with metal layers of an integrated circuit. Further, the

photoresist material can define isolation regions, transistor gates, or other transistor structures and elements.

A conventional lithographic system is generally utilized to project the image to the wafer. For
example, the conventional lithographic system includes a source of radiation, an optical system, and a reticle
or photomask. The source of radiation provides radiation through the optical system and through or off of the

mask or reticle.

The pattern image on the reticle is stepped and repeated to expose an entire substrate, such as, a

wafer, while the pattern on a photomask or mask is transmitted to an entire wafer, However, as used in this
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reflectivity during reticle patterning and pattern transfer to the reticle. Further still, photoresist layers used to

pattern the reticle can also be poisoned by the CrON material used as the opaque material.

Thus, there is a need to use an amorphous carbon layer to improve reticle fabrication. Further, there
is aneed to have a double selectivity switch using a SION and amorphous carbon hard mask. Even further,
there is a need to improve the accuracy and precision of reticles and masks and the process that fabricate

reticles and masks.

SUMMARY OF THE INVENTION

An exemplary embodiment relates to a method of using an amorphous carbon layer for improved
reticle fabrication. The method can include depositing a stack of layers including a substrate, an absorber, &

transfer layer, an anti-reflective coating (ARC) layer, and a photoresist layer, patterning the photoresist layer,
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and: fabrication process in accordance with an exemplary embodlment

FIGURE 2 is a schematic cross-sectional view representation of a portion of a reticle, showing a

stack application step in accordance with an exemplary embodiment;

FIGURE 3 is a schematic cross-sectional view representation of the portion of the reticle of FIGURE

2, showing a photoresist patterning step;

FIGURE 4 is a schematic cross-sectional view representation of the portion of the reticle of FIGURE

1, showing an antireflective coating (ARC) etching step;

FIGURE 5 is a schematic cross-sectional view representation of the portion of the reticle of FIGURE

2, showing an amorphous carbon etching step;

FIGURE 6 is a cross-sectional view representation of the portion of the reticle of FIGURE 2,

showing an absorber etching step; and

FIGURE 7 is a schematic cross-sectional view representation of the portion of the reticle of FIGURE
2, showing an amorphous carbon removal step. A
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FIGURE 1 is a flow diagramfor a process of fabricating a reticle and
utilizing it in a lithographic fabrication process in accordance with an
exenpl ar ywersheidionsaat ; FIGURE 2 is a schenmati c cross- secPCons2003i0evy13

representation of a portion of a reticle show ng a stack application step
in accordance wit rPF&ﬁIB%REM? Eh%QE.%MPLAﬁ@ﬁE%ME NS schemat i ¢

cross-sectional view representation of the portion of the reticle of FIGURE
2, show ng #FIQMRRE billesriast a fPatdiagiamnilo gl @teeqpiplabsl EdRE ofifabrigating 8 eHaa@l ntlizing

Cr 0SS- $6¢4 ﬁtgag@a&;mxka@maa&q&o%& A alggpanpfo lf%?at&%g b PO e%gfefaﬁg %}R@@ gf)e FI GURE

1, showing an antireflective coat thi'ng
schenathranE‘?doéédlg‘é’é]tSFeBh&IWGWG%PW@EW%@P&%F?% appe "Ltlh@d ﬁ'd’lafthué)ﬁffﬁfﬁmt he reticle
of Fl Gelrfodinntsshowi ng an anor phous carbon etching step; FIGURE 6 is a
cross-sectional view representation of the porti on of the reticle of FIGURE

2, show ng Iﬂ’;l SQQE V\f’é%'{bo? B&Q 1,E % § Bén%og{leﬁ in Wth an amo l}oust(‘h%glplerrc?'

Cross- sectlon V|e representation o i on ere lsa%pl df Fl GURE
2, sho#Pag? ererzve iarmo*@sff g arihetrbe s psbaiates tPespack ap@llmr@@gzs/d@@@@ihelow with

PCT/ USZ@@&(«.&B@)]@I&E DL é\&t&pﬁ@ Q&&G@ld%ﬂe@b&n (AR NBLAGY ab 5N A VNS cdrb SdURE 1
illust rlaate 39w glt qr ?1m F d[aq[l} ALY, process of fabricating a
reticle an ufelpl P 2PAGOT RS &PPrY 8‘6)(133% %Eﬂbl’l cation process. Flow
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typical for reticles) phot or esi st Fternl ng step is described bel ow

with r8FEmehRhgopeystlyes Ree %morpflws &H@Péaaergsn beteF?BedA%Pé@ ? ‘39@-?‘ of; daffegentprbpjques,

such as RIE, plasma or wet etch, typically oxygen plasma. Alternatively, the patterned photoresist layer is
removed before or after the amorphous carbon layer is etched. One amorphous carbon layer etching step is
described below with reference to FIGURE 5.

In a step 75, the chromium layer is etched while simultaneously the ARC layer is removed. A variety
of techniques can be used to etch the chromium layer and remove the ARC layer, such as wet etch or RIE or
plasma etching (involving, for example Cl, or O, plasma). Alternatively, the ARC layer is removed before or

after the chromium layer is etched. One etching technique is described below with reference to FIGURE 6.

In a step 85, an ashing procedure is used to remove the amorphous carbon layer. A variety of
techniques may be used to remove the amorphous carbon layer, such as RIE, plasma or wet etch involving, for
example oxygen plasma. One amorphous carbon removal step is described below with reference to FIGURE
7. In a step 95, the mask or reticle formed after steps 15-85 are performed can be used in a lithographic

process.

Referring to FIGURE 2, a portion 100 of a reticle includes a substrate 110, an absorber layer 120, a
transfer layer 130, an anti-reflective coating (ARC) layer 140, and a photoresist layer 150. In an exemplary
embodiment, substrate 110 can be a silicon dioxide (SiO,) substrate, absorber layer 120 can be a chromium
(Cr) layer, transfer layer 130 can be an amorphous carbon layer, and ARC layer 140 can be a silicon oxy-
nitride (SiON) layer.
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li ght. layer 150 is patterned to have apertures 165 Th1s patterning can be performed using any of a variety of

patterning techniques or patterning equipment, such as electron beam pattern generator JEOL JBX 9000 or

Mebes 5000) or a laser pattern generator (Alta 3700 or Omega 6000).

FIGURE 4 illustrates portion 100 after an etching step. Once photoresist layer 150 is patterned, an
etching process is provided to etch ARC layer 140. The etching process extends apertures 165 through ARC
layer 140.

FIGURE 5 jllustrates portion 100 after a second etching step. An etching process is provided to
extend apertures 165 through transfer layer 130. During the etching of transfer layer 130, photoresist layer
150 is removed. Accordingly, in one advantageous step 65, layer 150 can be simultaneously removed when
layer 130 is selectively etched. Alternatively, layer 150 can be separately removed before or after layer 130 is

selectively etched.

FIGURE 6 illustrates portion 100 after a third etching step. In an exemplary embodiment, absorber
layer 120 is etched to extend aperture 165 in transfer layer 130 through absorber layer 120. Along with the
etching of absorber layer 120, ARC layer 140 is removed. Accordingly, in one advantageous step 75, layer

140 is simultaneously removed as layer 120 is selectively etched. Alternatively, layer 140 can be separately
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By way of exanple, absorber |ayer 120 can have a thickness of 20-200 nm
transfer layer 130 can have a thickness of 5-200 nm ARC | ayer 140 can
have a t hwolknesweaft 0- 200 nm (no ARC coul d be used i f amCTaSh@ami133 used
(no reflections), and photoresi st |ayer 150 can have a thickness of 100-400
nm As ‘GBYET Paiugor aB%llaésW?(blﬁéﬁé%P‘@b/ﬁ%edr dYeqiching gropegs ‘B‘i*ﬂn?“‘??é‘éﬂtélblustnﬁrwéhgh t he
et chi ngtabfng Afistriay, @uch d¥HfferdBoxGld 613h, hbt@E&pHoaS heid or blainakRESSor KEr equi red and
resolution is inproved. The thicknesses of absorber |ayer 120 and transfer

| ayer 130 c t I 9f., the
interface bg?&ggﬁyﬁﬁgggé%@?@gbqgﬁg%é¥ﬁﬂ¥5&ﬁ nﬁﬁEéPgmgfggfg&?%gm%% tical |aser
reticl e3Pirsreaved usgéﬁérxa&ebplgsm@ﬂbﬁn %erelh@hma_ﬂmprscrmf @ﬁ)evma_cmalm@m sugle| ect i ng

t hi cknes giesordsBt, BhddptdhsZarbb bd ARt laekst YsinBSn SHER plaﬁiﬁ’alrbr LREHAR 1igkt obRARY @zoﬁ@ andi ng
waves mprove critica . anpl e, the
optlcaﬁpﬁb mF?fPSemmddFF%&ﬁmﬁ %%Fg?ggg&f ﬂ@i&ﬁg”%éW§R%ﬁ§§ﬁiof 257

nmas well as chemcally anplified resists. Resist poi soni ng can be a
drawback t o Advhriageasly.abserbprdayet2h isdefidqan plesr ashingovee viiransipdayen 186 Fu@er, the

confi guﬁdﬂ@d u&kred altrd@ﬁlahc% oY ﬁG’UREs Ly b@%&ﬁm@a‘bn@k}&%%&wh@bﬁﬁg nas€0 and
transfe er v%& B g )i d resist i soni " exanple | ayers
150 and B HEs, ThRgh et P o Sy s BEP F%f@rbﬁ‘ytga“f %f;}fwr upess degriseiRE 3
illust rhalte@s;atpmttqt orird@Qayafdudyg egchipa bt aandiybdgumisidigde lhyar.an exenpl ary

enbodi ment, photoresist layer 150 is patterned to have apertures 165. This

patterni ng cghiehR o pfa%r e%gilﬁl%srlﬁ]uséﬁéfd iRfhe BIG(RES @ﬁdydeéeflbedggt;vts &t Pﬂe&gtl
ern gener at or

t echni ern such as_el ectron beam pat

(JEOL %ﬁ?@r@gdﬁg%‘ﬁ“t ‘JS’ég’ ‘g‘g Se&i“ %f‘“fl%{‘ésélfe bered Y Gt ov- QlF 2 3700 or
Orega @@@@%mmﬁm@wREmﬁzmtbummedﬁ@&mpmmﬁnbnwd@ﬂmaﬂkﬂmmamnmbmhmmgﬂ&tep Once
phot or ggbghods B¥Eh tdmfl fay%r P R EdRE s narym@&tgg @&uﬂlre%&ﬁﬁeat Subhdl dh%ed to etch

ARC | ayer 140. The etching process extends a tures hr oug| | ayer
140. FlVaEpREmedifiqefiopscpahipaionsgpd peputaos thit P@Frths% é%ﬁ@mé%eémpﬁ gndspiipof th

et chi ngrpnéxdekinsi s provi ded to extend apertures 165 through transfer | ayer
130. During the etching of transfer |ayer 130, photoresist layer 150 is
renmoved. Accordingly, in one advantageous step 65, |ayer 150 can be

si mul t aneously renoved when |ayer 130 is selectively etched.

Al ternatively, |layer 150 can be separately renoved before or after |ayer
130 is selectively etched. FIGURE 6 illustrates portion 100 after a third
etching step. In an exenplary enbodi nent, absorber |ayer 120 is etched to
extend aperture 165 in transfer |ayer 130 through absorber |ayer 120. Al ong
with the etching of absorber |ayer 120, ARC | ayer 140 is renoved.

Accordi ngly, in one advantageous step 75, |ayer



140 is sinultaneously renoved as |ayer 120 is selectively etched.
Alternatively, layer 140 can be separately -5 WD 2004/006014

PCT/ US2008008011m8014r enoved before or after |ayer 120 i sPsglEseenswedly3 et ched.
The etching process can include an etch using wet etching chem stri es,
such as_buffered _oxi de etch, hot phosphoric acid or plasma etching or R E
FI GURE WHATIRSLADMER 501t on 100 after a renoval step. In an exenpl ary
enbodi ment, transfer layer 130 is renoved using an oxygen plasma ash. In
general , achi.ng i4mehgira ogesin afhorplenDistbaglape (1B@ifsr ilhg@yen seticls fAbdtatichSthe

phot or erﬁ‘%tﬁ)h,c ATRLP hous carbon, or other |ayers, using an oxygen plasnma or
ultraviolet T ght” generated ozone. Ashing produces no chem cal waste
because the renmpEePsitiag/@p. 2P 3oy pitagk Pﬁleyzréalclpﬁw)a sppstratg 0 10)CD ahsetber§iRD)-gases.
Advant agaaeSdyyr,(130)) s0mbedtlel By &atingd ARCSaye£f140),GhEaghodfetiflayagsong away of
transfer layer 130 described with reference to the

FI GURES can be usé f&emnrl?(%ﬂ?hefph%?ﬁe%sé eéﬂg@f an attenuating phase shifting
mask. Wth an at teshnatiSnag) phaBE layéri(F40) ang thertagikler layer B®r phous car bon transfer

| ayer used as deseqdiﬂnggg)th@g)g@bégla%@n@)rg}aect a chronme | ayer during etching
of a nol ybdenumsilicid he exenpl ar%} enbodi nents il |l ustrated

"1 the Fl CURES arEPuiedey BETbone: it esunbyy ) o b EaoPes SHt d e
understood that these enbodi nents are offered by way of exanple only. O her
enbodi nent s Jay iThe hettled oftloim ke wherph echirgi(5% 67) éaARGadyer (14D sndulsednsées lagdhsor ber

| ayers (tlgb)1n91;1&g@ﬁgm\@tp‘gbhuagsm%gr(fg@pus carbon transfer layer. The invention
is not limted to a particular enbodi ment, but extends to various

nodi ficatio ns that ney ess fal] within
the scope a:% sp?ﬂﬁ?f“et? ‘%ﬁ]@m baﬁ%ﬁaﬁ@%@ &?&absor@“\’/@?rébﬁiﬂlgﬁ%ﬁfﬁo"mg the

PCT/ US2803le3203®3 WHAT IS CLAIMED I'S: 1. A nethod of using an anor phous
carbon |ayer (130) for inproved reticle fabrication, the nmethod

conpri sing: 4eposiut kllod ok il whea@ refhosif 64 tthtraAsf%Yf?lfféf (d30CHhe CHinlkek 1R eSUbSt T at e
(110), ﬁ%s&)rber 12&% tranhﬁ ayer (130), an anfi-reflective

coat | ng(?{bA PTERP M Bonnﬁwﬂesﬁné TBF&Si st | ayer (150); patterning (45)

t he photoresist |ayer (150); etching (55, 65) the ARC | ayer (140) and the
transfer |ayer (I@@)ﬂ?thodetfelhirmlgwtlei‘él) the asfatisyer BHD hdsa yréckngsd FG)Yq 208mah.

6. A method of reticle fabrication comprising:

patterning (45) a photoresist layer (150) located above a SiON layer (140) and an amorphous
carbon layer (130);

etching (55, 65) the SiON layer (140) and the amorphous carbon layer (130) using the
patterned photoresist layer (150) as a mask and exposing a metal containing layer(120) disposed below the
amorphous carbon layer (130);

etching (75) the metal containing layer (120) using the amorphous carbon layer (130) as a
mask; and

removing (85) the amorphous carbon layer (130).

7. The method of claim 6, wherein etching (55, 65) the SiON layer (140) and the amorphous
carbon layer (130) using the patterned photoresist layer (150) as a mask and exposing a metal containing layer
(120) disposed below the amorphous carbon layer (130) includes removing the photoresist layer (150) during
the etching (75) of the amorphous carbon layer (130).

8. The method of claim 6, wherein the photoresist layer (150) has a thickness of 400 nm.

9. The method of claim 6, wherein the amorphous carbon layer (130) has a thickness of

approximately between 30 nm and 100 nm.



removing (85) the transfer |ayer (130), the transfer layer (130) including
anor phous carbon. 2. The nethod of claim1, wherein etching (55, 65) the
ARC | ayerw(O24@yooemd t he transfer layer (130) includes Pembs2eig/ordies
photoresist |ayer (150). 3. The nethod of claim1, wherein etching (75) the
absor ber | aydr (iaﬁfwwﬂ%WEH%%6W@ﬁﬁ@ﬁﬂﬁgﬂﬁ%ﬂwﬂﬁﬁypﬁﬁémg%ﬁﬂ@¥m“ﬂngW%e net hod
of cl ai amoiphousbeetion lager(EIDP &I arbghsK iB8GYded Bioving @R SI@N labaay@0). (130), the transfer

| ayer (130) including anorphous carbon includes an 02 plasna ash. 5. The
met hod of claim1l1l, wherein the transfer |ayer (130) has a thickness of 5 to
200 nm 6. A nethod of reticle fabrication conprising: patterning (45) a
phot oresi st |ayer (150) | ocated above a Si ON | ayer (140) and an anor phous
carbon layer (130); etching (55, 65) the SiON |layer (140) and the anorphous
carbon layer (130) using the patterned photoresist |ayer (150) as a nmask
and exposing a netal containing |ayer(120) disposed bel ow the anorphous
carbon layer (130); etching (75) the netal containing |ayer (120) using the
anor phous carbon layer (130) as a nmask; and renoving (85) the anorphous
carbon |l ayer (130). 7. The nethod of claim6, wherein etching (55, 65) the
Si ON | ayer (140) and the anorphous carbon |layer (130) using the patterned
phot oresi st | ayer (150) as a mask and exposing a netal containing |ayer
(120) disposed bel ow t he anmor phous carbon | ayer (130) includes renoving the
phot oresi st |ayer (150) during the etching (75) of the amorphous carbon

| ayer (130). 8. The nethod of claim®6, wherein the photoresist |ayer (150)
has a thickness of 400 nm 9. The nethod of claim®6, wherein the anorphous
carbon layer (130) has a thickness of approximtely between 30 nm and 100
am -7 WD 2004/006014 PCT/ US2003/ 020113 10. The nethod of claim6, wherein
etching (75) the netal containing |ayer (120) using the anorphous carbon

| ayer (130) as a mask includes renoving the SiON |ayer (140). -8



