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THLEREL: an oxi de top layer affects the layers
underneath the top | ayerjef6f hventi®sk. Thus, in sone

cases, the top | ayer made of oxide is not SU|tabIe 1
The present invention relates generally to semiconductor devices, more

particularly to masking structures in the semiconductor devices.
15
Background
Semiconductor devices such as memory devices reside in many
computers and electronic products to store data. A typical semiconductor device
has many layers of different materials formed on a semiconductor wafer.

20 During manufacturing, the layers go through many processes. For
example, a patterning process puts patterns on the layers. Some patterning
processes use a mask to transfer patterns from the mask to the layers underneath
the mask. The patterns on the mask itself are often created using a top layer
above the mask.

25 During the patterning process, the material of the top layer may affect the
properties of the layers underneath the top layer and the mask. Some
conventional top layers are made of oxide material. In some cases, an oxide top
layer affects the layers underneath the top layer and the mask. Thus, in some

cases, the top layer made of oxide is not suitable.
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WO 2005/ 034216 PCT/ US2004/ 029209 Summary of the
I nvention The present invention provides devices
t echni ques f oPCT@ISRIONY29209
t he masking structure. The masking structure includes
a 5 mask and a cap layer. The mask is formed from
anor phous car bon including transparent anorphous
carbon. The cap layer is formed from non- Oxi de
materials. 10 Brief Description of the Drawings FIG 1
through FIG 11 show cross-sections of a device during
various processing stages according to enbodi nents of
the invention. FIG 12 through FIG 23 show
cross-sections of a g various
processing stages accor %ﬁ%? l€n:igovggﬁlr)rgnts of the
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t hroughout the several views. Exanples nerely typify
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Detailed Description of the Embodiments

The following description and the drawings illustrate specific
embodiments of the invention sufficiently to enable those skilled in the art to
practice the invention. Other embodiments may incorporate structural, logical,
electrical, process, and other changes. In the drawings, like numerals describe
substantially similar components throughout the several views. Examples
merely typify possible variations. Portions and features of some embodiments
may be included in or substituted for those of others. The scope of the invention
encompasses the full ambit of the claims and all available equivalents.

FIG. 1 through FIG. 10 show a device 100 during various processing
stages according to embodiments of the invention.

FIG. 1 shows a cross-section of a device 100 including a substrate 110.
Substrate 110 may represent a part of a wafer, or may be a wafer itself. The

wafer may be a semiconductor wafer such as a silicon wafer. Substrate 110 may

2
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PCT/ US2004/ 029209 al so be a structure or a |ayer
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a conduct i ngCT/US2004/029209
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having a compound of metal and silicon; and layer 226 may be a nitride layer.

In some embodiments, multiple layers 222, 224, and 226 are arranged in an
order different from the order shown in FIG. 2. Multiple layers 222, 224, and
226 are formed by growing or deposition or by other known processes. In some
embodiments, one or more of the layers 222, 224, and 226 is omitted from
device structure 220. In other embodiments, one or more additional layers
similar to layers 222, 224, and 226 are added to device structure 220. Device
structure 220 has a thickness T2. In some embodiments, T2 is greater than
40000 Angstroms.

FIG. 3 shows device 100 with a mask (layer) 330 formed over device
structure 220. Mask 330 is formed from suitable materials to etch device
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I ak@m®einbediments, amorphous carbon layer 330 is formed by chemical vapor

20  deposition (CVD) process. In other embodiments, amorphous carbon layer 330
is formed by plasma enhanced chemical vapor deposition (PECVD) process.
Other known processes can also be used to form amorphous carbon layer 330.

In an exemplary PECVD process to form a transparent amorphous
carbon layer such as amorphous carbon 330, a process gas including propylene

25  (CsHg) is introduced into a PEVCD chamber at an exemplary flow rate between
about 500 sccm (standard cubic centimeters per minute) and about 2000 scem.
An additional gas including helium may be also introduced into the chamber at
an exemplary flow rate between about 250 sccm and about 500 sccm. Further,
embodiments exist where at least one of the hydrocarbon gases is used as the

30 process gas. Examples of the other hydrocarbon gases include CHa, CoHz, CoHa,

4
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20  non-oxide materials include boron carbide (BC), boron nitride (BN), silicon
carbide (SiC), silicon nitride (SixNyj, fluorine doped with oxide (e.g., SiO:F),
fluorine doped with nitride (e.g., Si,Ny:F), fluorine doped with carbide (e.g.,
SC:F), and fluoride films such as CaFy and MgFy. An example of oxide material

includes silicon oxide (SiO;). In some embodiments, hydrogen is incorporated

25  into the non-oxide materials of cap layer 440. In this specification, fluorinated
oxide SiO4:F is considered as a non-oxide material.
In the examples above, x and y represent the number of atoms in a stable

compound. For example, in Si,Ny, X represents a number of atoms of silicon
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photo processing performance. Masking structure 560 is used as a mask to etch

0

20  one or more layers underneath masking structure 560 in subsequent processes.
FIG. 6 shows device 100 after photoresist layer 550 is patterned.
Patterning photoresist layer 550 can be performed using known techniques. The
patterned photoresist layer 550 has openings 601.
FIG. 7 shows device 100 after cap layer 440 is patterned. In some
25  embodiments, an oxygen plasma etch process is performed to pattern cap layer
440 using photoresist layer 550 as a mask. After cap layer 440 is patterned, the
patterned cap layer 440 has openings 701 continuous or aligned with openings of
the patterned photoresist layer 550. FIG. 7 shows patterned photoresist still

remains after cap layer 440 is patterned. In some embodiments, however,
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pgl%gg(%?ﬁentlsr}epresented by FIG. 8, trenches 1001 are formed in at least portion
of device structure 220, In some embodiments, trenches 1001 are formed in the
entire device structure 220 and in at least a portion of substrate 210.

Layer 222 is etched to a level 1002. Level 802 is any level that is above
surface 112 of substrate 210. In embodiments represented by FIG. 8, device
structure 220 is etched such that the etching process penetrates through layers
226 and 224 and partially into layer 222 and stops at level 1002 as shown in
FIG. 8. However, in some embodiments, device structure 220 is etched such that
level 802 can be anywhere in device structure 220. In other embodiments, the
etching process penetrates through all layers 222, 224, and 226 and stops at or
below surface 112 of substrate 210. The level at which the etching process

etches into device structure 220 depends on what will be formed after device

7



enbodi nents represented by FIG 8, trenches 1001 are
formed in at | east portion 20 of device structure 220.
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2@litional layer is an amorphous carbon layer such as amorphous carbon layer
330. ‘

In embodiments where an amorphous carbon layer exists within device
structure 220, the amorphous carbon layer within device structure 220 may be
used for insulating purposes, antireflection purposes, or for other purposes.
Hence, in embodiments where device structure 220 includes an amorphous
carbon layer similar to amorphous carbon layer 330, the amorphous carbon layer
of device structure 220 still remains after amorphous carbon layer 330 of
masking structure 560 is removed.

After amorphous carbon layer 330 is removed as shown in FIG. 10, other

processes can be performed to device 100 to form components such as

transistors, capacitors, memory cell, or an integrated circuit such as a memory



15 and 226 of device structure 220 may be an anor phous

carbon | ayer such as anorphous carbon | ayer 330. As
wanaishes2iexanpl e, device structure 220 may i neCoas2@m029209

addi ti onal | ayer besides |ayer 222, 224, and 226 in

whi ch the additional |layer is an anorphous carbon

| ayer such as anorphous carbon |ayer 330. 20 In

enbodi ments where an anor phous carbon | ayer exists

wi thin device structure 220, the anorphous carbon

| ayer within device structure 220 may be wused for

i nsul ating purposes, .antireflection pyrposes,

r for
ot AeYice gmiersesoT, angpRlieationsperifie integaied clipeh o a@w bwes of

stg W8 cadfisl ncl udes an anor phous carbon | ayer
siﬁ#ﬁ%r tg anorphous carbon | ayer 330, the anorphous

car bon [mthede®Fiptibn dEFIE el EIG udt dedce2es e P20 meyanahede

R s R e

5 T eaERScht Afat GV delick ls@lct&& 220! b@ifferdtt m&&g%ua&ﬁreb@nh
performed to device 100 to form conponent s _such

t r drErent maéeﬁlady@paxb@ oeesled feetch yle‘ae¢ $truc@rre 3R0 ismhet@atath@ d
otk ol 8318 TBORELard IR AU e onine process. o

S peci fi & thetdegriptiesl aboveCdIRIG. DfFIGt hg mdskip@Stratture 560
integrated circuits. In the description of FIG 1-FI G

111ncides amomhpycearben ayer 338and ap layer 440 inewlyrle thegpn dayer
10 of 4% E{nel;ee@h-g&fﬁgﬁl' cﬁff@reﬂf ﬁtheHFl fsﬁ&?é(}t thP hoR %ﬁfde ‘?ﬁ'atenals
or | S 1n

Thus, erent materia evice structure

2281nca ahoffhene crtrbasraka&elr@ (sik lfmrmédrfermlambrp}mm tabemtit has a
ria needed to etch de structure 22
oGt iR Fes ity A ARYS GRUPE et aCidgy & sarte

n OEtchs&@@tf B 18 )’mﬂﬁ‘[ﬁe @c{aféfﬁ Jfgheﬂé&ﬁ€ ﬁﬁteﬂap add@etal material within

descri ption”above of 11, masking structure

560evicqstiugtios 22hoSiphocap lamrbléﬁ m@yl@r fogaed frouh Chﬁfprehhgyeﬁs of

440 in |ch e cap |l ayer 0 440 ca forne om .
5 i PRSPEHE THRIA STICTREE A can bR SOt 6 ferat Bl suit
Si ﬂﬁ"ﬁ:r@ﬁﬁ{alﬁéﬂa%ﬁof(iﬁﬁfb@@trh@tﬁﬁ22©3@m§ tﬁ@wﬁﬂmat@csﬁr@f amorphous
anor phous carbon, it has a relatlvely hi

r esaraem yer 33Prand thedisiepms mateislsxdivap aper 4%9 Havgemagking
SUkd- a8 560 to be a suitable mask to selectively etch different materials of a
device structure such as device structure 220.

20 v Further, when cap layer 440 is in situ deposited together with amorphous
carbon layer 330, time and cost may be reduced. In addition, the recipe for
forming amorphous carbon layer 330, or cap layer 440, or both may adjusted
(selected) to affect the optical property of one or both layers 230 and 440 to
improve the reading of the alignment marks on substrate 210. For example, the

25  recipe for amorphous carbon layer 330 or cap layer 440 or both may selected
such that one or both of these layers has a low absorption of light to improve the
reading of alignment marks such as alignment marks 114 on substrate 210.

FIG. 12 through FIG. 23 show cross-sections of a memory device 1200
during various processing stages according to embodiments of the invention. In

30 FIG. 12, memory device 1200 includes a substrate 1202 having alignment marks

9



etch selectivity to multiple layers of dielectric

material and netal material within device structure
wa205/0Simee cap | ayer 440 may be forned from dpEraisent 029209

types of 15 non-oxide materials, cap |ayer 440 can be

formed with different materials to suit different

materi als of device structure 220. Thus, the

conbi nati on of anorphous carbon [ayer 330 and the

different materials of cap |ayer 440 all ows nmaski ng

structure 560 to be a suitable mask to selectively

e A om P eired 20307 oG 2t it g B rues

44 aSsthddnibd) U208 popstiadrdugaabbsn) Mot Brn A RP QbStrate 1202.
carbon | ayer 330, tine and cost may be reduced. In

ad&Vlthm substiats 1282 gyeurplgr of ﬂ&fuﬁqmeamw BARAE 206 [Hlarugh
Z?(QG ?)30 d 1§cgatg(%rf Stll'UtC‘Xl?% 1‘%8 1.40d 198175 a@@fon%g{i uﬂneganty, FIG.

e “optical “proper

5 b ot b shayeilfendit Mmarks4404 wathouméxﬁms fdrmeﬂ aadveﬂzgl g@fnehh e
ali gnment mar ks on substrate 210. For exanple, the 2

r eB1apks K204 Alasvayei glementsisyeh puiperlaysapshewndn 51 a1 emas by
Orﬁﬁﬂkﬁcﬂ@?dﬁﬁh%ﬁ %ks%§6$ t hat one or both of these
ow

| ayers has a sorptlon of light to inprove the
readi ng Wm@iyldgme 200 sk mchidek ammsalating layot 1230rad al14

o BRSheiapiesdR4d (4ngriaiehi1oao Shevserins P ehipritine
10Pr P&é@? $230 I@’efcﬁ%? %e%ﬁ%ﬁ@' 1990 LOnRIFRAE AE Bt the A fAlsih regmns

i nvénti on. 2, nmenory device 1200 inclu
a 3206t Adxameﬂmr hw segalatqsgmfmtstwatuk@ 120f\drom insulating

LoD e PRl 1305, CRIRE TR B S sy Aiferal v
( ggiccﬁndsé 1@ Hibd @6inetBOfs fol aﬁﬁtsibntrbﬁx@ﬂé] 062 0arddr laye 1245 can

f on- ned over substrate 1202 in substrate 1202

nuhbekidef oriifritesi other aefi-eprsiugtiogmeteriol 19 PrFYEBLGRSS- “ditfusion
12

%? m?er% ge!rn,asﬁ.ﬂrfggﬁlg H.lgésl'lgﬁ)%ha%lg\ggmﬂatﬁlﬁgrﬁq)%@ &'s6me
12@141bmﬂ1&1tt1mt§; baineﬂmyéﬁlmrmemhwd@lo \Iﬂswzitmgrlmmtl% (hprdvsies
gy s B D e AR e

LG dd
SRS 200850 s GO s

124)&163)ypex vEdafied glaskaso ligh examsplk.ansulgting layer 1230 can be
20  Boronsilicate glass (BSG), or Phosphosilicate glass (PSG). In embodiments
represented by FIG. 12, insulating layer 1230 includes Borophosphosilicate glass
(BPSG) and has a thickness T12. In some embodiments, T12 is in the range of
2000 Angstroms to 5000 Angstroms.
In embodiments represented by FIG. 12, substrate 1202 includes silicon
25  doped with a dopant, for example boron, to make it a P-type material. Diffusion
regions 1206 are doped with a dopant, for example phosphorous, to make them
an N-type material. In some embodiments, substrate 1202 can be an N-type
material and diffusion regions 1206 can be a P-type material.
Each of the gate structures 1205 includes a number of elements: a gate

30 dielectric (gate oxide) 1209, a doped polysilicon layer 1212, a silicide layer

10



10 | ayer 1230. Each of the contacts 1240 connects to

one of the diff-usion regions 1206. A barrier |ayer
wa2dG/senar at es surface structures 1205 from i ReTiUSRGOMEG29209

| ayer 1230 and contacts 1240. Contacts 1240 are made

of conducting material to provide electrica

connections for diffusion regions 1206. Barrier |ayer

1245 can be oxide, or nitrite, or other

non- conducting materials to prevent cross-diff-usion

15 of materials between surface struciures 1205 and

| 29214 s satping Sipchtiayen 1431 e G Oy avscea fr Siiclisaver
. nwi @éanqgclﬁ&s M"@&Hpéd}ﬁ &%&ﬁ%& sﬂ?eﬂﬁ’ suc!h!"a%‘ﬁtﬁhhﬁgnlic?déer

can pe a a er of licate g ass oped w th oné
o r ttmgsten dﬂnpaht mdscuhd?rs aAllbberlmtnm@ gotrogplebresul206 can include

th d. F
s aleriab B o8B 58, FRERT e Bt SRS 1 iR
5 Phsfhogbid 1grt arhdlsaeeufdBIG. | DcA/TRORIHBA hSing known
represented by FIG 12, insulating layer 1230 incl udes

Botesprig8gsosi 1 i cate glass (BPSG and has a thickness

i R SRR Bl A et 00

Amgstrons 10

r epuresén iedldiyg Hyer 111) c@dﬂﬁh&@BSGlESG onrBPS@esnilar to
S|I|con 25 doped with a dopant r exanpl e borg

maksulating layer {230. Jagulpting ! ayealéi%mﬁﬂtherr HRICBHeS 395 14 prm
10 dOQﬁQvﬂ’éé Etﬁgci‘urg%é‘@t Deti@ s@amfeh@z@ﬁ&sm@megs T150 1HRKGe

hem an N-type material. In sone enbodi nents,
submbodmmnmzmm tsaat 1dmst ZHJ@ONAn;gpleomsrat erial and

ot he BlecRBPR Rty e Tl T e i 5l
el ggRad Sruchir8 820 ﬁﬁslglﬂoaﬁggr inGlude At rsholud earb&@whusamask

doped polysilicon layer 1 a silicide |layer 1
200453 0B 4kvaefard Us200UPRYECbpRlayer 4 43Gp]i sogne embodlments

15 & FhERHEF BN oAt BhSRRTIA Sy ARRR,

andm&iﬂhbﬁ@chrsmrayasmm@ﬁmmhi momﬁble lightaggé. €l some
silicide, and others. dielectrics

st Pbripioti gy oo Jaser a0 b 6 atsqe onsoetBiicabih
oxplcafy s 400 001 RS RSBt e,
C aambedlﬁmnt}:eainuqﬂmgs sanlomnlaydrel@B 0 iigaitrsnsparent amorphous carbon
20  layer in which the transparent amorphous carbon layer has an absorption
coefficient (k) between about 0.15 and 0.001 at a wavelength of 633 nanometers.
Amorphous carbon layer 1430 may be formed by a method similar to method of
forming amorphous carbon layer 330 described in FIG. 4.
Since amorphous carbon layer 1430 is transparent in visible light range,
25  amorphous carbon layer 1430 may be formed at a selected thickness to properly
etch device structure 1320 without substantially affecting the reading of the
alignment marks 1204 during an alignment of device 1200. Amorphous carbon
layer 1430 has a thickness T14, which can be selected at an appropriate value to
properly etch device structure 1320. T14 can be any thickness. In some

30 embodiments, T14 is at least 4000 Angstroms.
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FIG 13 shows nenory device 1200 after an insul ating

| ayer 1310 is forned. Insulating |ayer 1310 can
wonelsuwde1BSG PSG or BPSG similar to insul at PaguS200e029209

1230. Insulating |layer 1310 and other structures in

FIG 12 form 10 a device structure 1320. Device

structure 1320 has a thickness T13. In sone

enbodi mrents, T13 is at |east 40000 Angstrons. FIG 14

shows nenory device 1200 after a mask 1430 is forned

over device structure 1320. Mask 1430 may i ncl ude

anor pho C on. Thus, mask 430 is also erred to
e ahor HTE S aremarydPviza 3390 Fheragng e bt Friogned
15 oerniviptitsus CarbdaNayea 1 £30. 1da lahers! 520 it AR $8h RN
coefficient such that anorphous carbon | ayer 1430 is

t r arasqriatsevuth ambarios ichibédd (By6), boemgetrider(Bd)nwlicon carbide (SiC),
enbodi ments, anor phous carbon |ayer 1430 has an

absidicpn hivtdecGeiN ) cilwmine deped with weida (abe §i0,0F 8 flandne doped
0.001 at a wavel ength of 633 nanoneters. |n other ]
entiodiniside é?-g-aﬁb%aﬁuﬂu@aw@@ned with catbids(eigs, YC:F), and fluoride
transparent anor phous carbon 20 [ ayer in which the

tr ghﬂg %Hcgr%ﬁ Cabo Apsh e < c bt 3ompe smledimpnts, hyidrogsady epipgrated

RL8
co Lelent (o bet.wee u 445 and 0. at .a
et WPl i ndRHRER sRORYY: Salo RS 23t Bl Retpaped
1489 anprycdss sicdy 5TV DYor PBOID f£bcsdsNiTh 86mE embBdingshtsO tap layer
form ng anorphous carbon | ayer 330 described in FIG

4. 1zpthigdomprdripaeher with sarphayetartondeyers 48P dmthsapmaproggss
101 Sfabd Bl ey 28 BB SRR s

devarben ktyenib430r ot 824mple duoing os afist andrphdusycasiondayernd30 is

th di t ' t marks 1204 during.an .

I Tt & oV ien PEC VI BCeSR Aun R ot Dredkpissn ol 4 gpedia F4G.

hag, Agdshhakmas Sotkdbuckhé BIL E%R?aﬁ?ﬁﬁ%@@aﬂbe #Mroduce to

appropriate value to properly etch device structure
13@. chamherdafose camipyethliSéR hewing bbrongaredg@gver the amorphous

emyodi nent s, ,.F14 is at | east 4000 Angstr Qs 1.0
15 O BaPUE vor BT teduh s el e 148 IO Ry pP e

devirbile 1d0abdlt @5 atorbiRPpetRiEd abSHT0 Forh R fEREbnt OF8ron.

anor phous_carbon | ayer 1430. Cap | ayer 1540 incl udes

non- oxi §&3- Iveshers drdice L20P after b photeresist bvee 1 ¢38kdsformed over
bo Eé}ﬁlag)ért 546€ Pﬁ&%&esis? 1a57€rcf6r50%% Bb g&nfeﬁ'bg)a known process. The

combination of amorphous carbon layer 1430, cap layer 1540, and photoresist

W

20 layer 1650 forms a masking structure 1660. In some embodiments, masking
structure 1540 includes an additional layer formed between cap layer 1540 and
photoresist layer 1650; the additional layer serves as an antireflective layer to
enhance the photo processing performance. Masking structure 1660 is used as
mask to etch one or more layers underneath masking structure 1660 in

25  subsequent processes. ‘

FIG. 17 shows device 1200 after photoresist layer 1650 is patterned.
Patterning photoresist layer 1650 can be performed using known techniques.
The pattern photoresist layer 1650 has openings 1701.

FIG. 18 shows device 1200 after cap layer 1540 is patterned. In some

30  embodiments, cap layer 1540 is patterned in an etching process such as an
12



weizais3Bie fl uori ne doped with carbide (e.g.,

5

silicon nitride (SixNy), fluorine doped with oxide
(e.g., SIO:F), fluorine doped 5 with nitride (e.g.,
BCTE52004/029209
and fluoride filnms such as CaFx and MgFx. In sone
enbodi nents, hydrogen is incorporated into the
non-oxi de materials of cap |ayer 1540. Cap | ayer 1540
can be fornmed by a process such as CVD or PECVD
process. In sone enbodi nents, cap layer 1540 is
formed together w th anorphous carbon layer 1430 in

the sane_ process 10 (sane, processin such that
capxysspdlasmyiching gy iﬁsﬁéﬁgﬁ%f’@aesbif/ garye%dew‘g’)rﬂpfﬁcﬁﬁ“k
caghpmyd: 220 1§ﬁ§fgmeﬁoﬂle§?éﬁgﬂﬁl3@ caﬂ‘d&éﬂ%@ %a@ggcﬁlﬁ[%lggrl 801

anorphous car bon | ayer fofmed in
PEMI;UD@&:MgscdthhromengMQf the pa:twsecbphodcasmu 1yt 1660.

a1 e P PR o i e T B cap

I aysiterddett On Ramb REbBAINKALS ﬁb%d@ fneﬁ"l‘ﬁoﬁ)‘i‘&ﬁé@ B8 1430 is
carbon layer 1430. In some enbodi ments, cap |ayér 1540

i newahdbe g magkingistactinfet 1t66abmly pattsnest mleyqyéﬁé% pd

to_about nt. of boron. FIG 16 shows
dEVI?g%?E %“ﬁﬁéiﬁé%J%§P5§ r@%ist | ayer 1650 is forned
over ¢ am | 1@yshows dlice PROI Mt ShdirpHoay esrbdh MY e 848 (0ig

f or med a known_process. The conbi nation of
awaaffﬂﬁmﬁi T ap9e ﬁmbagwaeqsa smomhgps Faipen laysubi304pgatterned in

10PN g% Qtrcﬁﬁlb oc%gs %@M 25 att g?ggefn?ﬁaeg%aaet&mﬁg#)f?)ges%tlfsﬂl%ﬁ%ﬁattemed

20

25

30

ome enbodi nment ucture
| ncipldes 1840 asldiniashndhe paiyened masrpﬂo@edaﬂumriamﬂ 4B G!}lﬂ’ﬂ'

1540 and ot or esi st 1650; fhe ditjona

o pperahid sB SRR petfnod wilpinings 0Bl e gir S er
phesgp processi ng performance. Masking structure 1660

is used as mask to etch one or nore | ayers underneath
maski ngFE#.ra0cthawe deeiee 1200 Qfsermbwe@isémelptéﬁﬂéss@noved- The

5 ConbhaRIBiF B 65200 G LRIl U0

be isaged a4 zifﬁﬁsklﬁi Aeh K EQMIGnto@@BﬂbQStﬁﬁzture 1B20, Pathedire device
phot oresi st |ayer 1650 has openings 1701. FIG 18

shefictee B2Q or foendire devieyruchyed 3Aban! atdeasha pertina @f

R 30 TR B8 AN Bl BB SHA D

PCT540620 0ehh &RA2B8r amorphous carbon layer 1430 is patterned. Thus, only
amorphous carbon layer 1430 remains and is used as a mask to etch the layers
underneath amorphous carbon layer 1430.

FIG. 21 shows device 1200 after device structure 1320 is etched. Device
structure 1320 is etched using cap layer 1540 and amorphous carbon layer 1430
as amask. The etched device structure 1320 has openings 2101.

FIG. 22 shows device 1200 after cap layer 1540 and amorphous carbon
layer 1430 are removed. The process of removing cap layer 1540 and
amorphous carbon layer 1430 is similar to that of cap layer 440 and amorphous
carbon layer 330 of FIG. 11.

FIG. 23 shows device 1200 after other layers are formed using known

techniques. In each of the openings 2101, a first conductive layer 2302 (2302.1

13



oxygen plasma etching process using photoresist |ayer
1650 as a mask. After cap |ayer 1540 is patterned,

woheospaszier ned cap | ayer 1540 has openi ngs 180BCT/US2004/029209

10

15

20

25

conti nuous or aligned with openings of the patterned
photoresi st layer 1650. FIG 17, shows patterned
phot oresist still remains after cap layer 1540 is 5
patterned. In sone enbodi nents, however, patterned
photoresi st layer 1650 is such that w thin nmasking
structure 1660, only patterned cap |ayer 1540 and

anor phous carbon | ayer 1430 r i.n. .Fl

dad 2%@2.220(}363(?11@011&%%?‘/6%3(% Zéé%ﬁ“ﬂaﬁ?grﬁ ﬁ%@ Q?‘@%
tterned. ' S ltusguedrelayers 236,
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| 1540 k. Th t .
| e Foraammindh SR FRSII0R L COETNOGRE S ] Sad.

\é\%i 18\%@@ igﬁﬂﬁio‘ﬁfrigigﬁ 1086 .1 g5e 4 fied Rapariter plattFBOtiork plate);

evi ce. O after photoresi st Ia?/PTr lg!gfgd'if i
r esHavietive T 2305.2domy nsacpoh caaciterelate (P iale); aagpdictectric
| ayer 1340 and amm ous_carpo Y Slodi | OnAGEH s
alayaisid 0oel @%%Cﬁaﬁgﬁg?eiﬁc%‘f' esng‘{?e Tod %@%ﬁ?’e 1320, ega?ye

t BeoLOnE& 16 E%hAifn aSdelltite bEmEddEy device O0e fthiecemmon cell
device structure 1320 and at | east a portion of

s phst isansttabBom Hig. $9 fer ssppléddiYrent s, bot h phot or esi st
| ayer 1650 and .ca roeG
y é&n% :aﬁ‘élﬁe l‘fz y@%%%gg%écﬁgsﬁf&sfsm edn@ ate

anor ph a patterned. Thus, only
2Qi 8RINN0YS saaidbsideegiond 4306. -4 266.2 Soranaccess tansistogd 1.

K to etch the |aye] d
L S el P i
RS %%@Qtoﬁl%ﬁ%ﬁﬁa DGYhERT CIHOHE bt ZELIS! .

s
et cap l'ayer 1540 and anorphous carhaqn | ayer
143Qessafansiston IR .and lsragechpatiive (2 ferms pmasray £8420 has

log ;‘ 2 |r n ﬁﬁ%&%llgmﬁé@%m%ﬁé&gﬁ fﬁ gf g};atégé' inG#tage

e C@RS RfraéF®HaRgereabtol anyl érond Befedangions
aﬁ%?%%oﬁgggg? g% Iaygr %430 iIs simlar to thﬁ%sof cap
|

| 06,1440 12063 afoagsistors Cloanddohviaggaiacs§0gs lpseime, ¢

f 'S %é}qg‘&%ﬂﬁg\‘l’#ﬁ%f 200,,8L4 Bt 118E REAtabtaWRICH cBhfects to a bit

line of memory device 1200.
In other embodiments, other elements having structures different from

the structures of the layers 2302, 2304, and 2306 can be formed in openings

2101 (FIG. 21). For example, interconnects instead of capacitor plates can be
formed in openings 2101 to connect diffusion regions 1206 to other parts of
memory device 1200.

Memory device 1200 may be a dynamic random access memory
(DRAM) device. Examples of DRAM devices include synchronous DRAM
commonly referred to as SDRAM, SDRAM I, SGRAM (Synchronous Graphics
Random Access Memory), DDR SDRAM (Double Data Rate SDRAM), DDR II
SDRAM, DDR III SDRAM, GDDR III SDRAM (Graphic Double Data Rate),

14



30 techniques. In each of the openings 2101, a first

conductive layer 2302 (2302.1 13 WO 2005/034216
wWOeCHsWS2064/ 029209 and 2302. 2), a second conduBCTAS2004/029209

| ayer 2304 (2304.1 and 2304.2), and a dielectric

| ayer 2306 (2306.1 and 2306.2) are formed. Conductive

| ayers 2302, 2304, dielectric |layer 2306 and ot her

el enents form storage' capacitors C1 and C2. For

exanpl e, in storage capacitor O, conductive |ayer

2302.1, contact 5 1240.1, and diffusion region 1206.1

forma first capacitor plate (bottom pl ate);

c oanIdJBtambes DRy\Ms. 28lomopy deiers! 200 aciudrs %@m@@m@ﬁs pihigheare

to and dielectric layer 2306.1 is the
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devi ce 1200. The common ce ate is omtted f

FI System 2490 inglydss @@hwberﬂﬁll %ﬁé aw@r@@e Piared i W@wb%%er
5 ac S:fﬁ?# érﬁﬂoc‘du%te&rs ch-gﬁlb%gg%lms T%EWZD ?:B&Hﬁér%ﬂ weAd2430 is 2
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t r aﬁﬁic&h@fct&lvafer@ﬂhﬁax‘dmp]e vfictanib20 34 B) iankhdes 4 Ehemiten of the

B S D S Sl

WE@M, &Eﬁ&haf ARAESE 24T GRR Fh 247 @Rbheitsed R0 part of
capacitor C2 forma nenory CELL2. 15 Menory c

CEdeticaih@d CHEGL -FBGot b) amdmmwryfdwm o206y é2-|2ﬁ)

storage i t.or.s The charges

Ot ransf eW%taalp? OFpgf ??Soarﬁ‘ dtbeé F plighmghd m a%?o%ﬁf and g number of
12Qe2496. Iﬁ%@ﬁ%'eﬁ%ﬁm%t@ﬁﬂ%x%ﬁt inParkOIY 1AGEpreed allgnohéht
some enbodi nents, contact 1240 is a buried bit |ine

comaalest | 1Wﬂ@h1)@@d@égn@emtan§kbil204 (FlgelDf nenory
devi ce S%%(l)eas | él?g 54?(¥'R?Hfdg§&%: Bntgtag&)rr?ﬁ%?gem S

havi ng FUC ur es eren rom struc es of

t h%rﬂba&m{@;ﬁ%@&beai'lﬁ@ IGAREI@3atoae. Ber éxanipbd at least one of
openi ngs 101 (FIG _21). For exanple, interconnects
15§ ndhediee 313 Odaﬁlaé¢5t%$ubﬁqr%t?»ees qvige shucture AR @ Maskigg sipehye

215k 8 OISl {0 208 (g et o o o
dy dari2436 anticles an aﬁmsphmsrml’yon layer such as amorphous carbon layer
330 (FIG. 4) and amorphous carbon layer 1430 (FIG. 13) formed according to
the process described in FIG. 2-FIG. 23.
20 A die such as one of the dice 2430 is a pattern on a semiconductor wafer
such as wafer 2420. A die contains circuitry to perform a specific function. For,
example, at least one of the dice 2430 contains circuitry for a device such as a

processor, or memory device such as memory device 1200 (FIG. 11-FIG. 23).

25 Conclusion
Various embodiments of the invention provide a device having a
masking structure and a method for forming the device. The masking structure
includes an amorphous carbon layer on a cap layer. The amorphous carbon layer
may be a transparent amorphous carbon layer. The cap layer includes non-oxide

30  materials. Although specific embodiments are described herein, those skilled in
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(DRAM devi ce. Exanpl es of DRAM devi ces incl ude

synchronous DRAM commonly referred to as SDRAM SDRAM
wOR00sBERAM ( Synchronous G aphics Random AccesBCT/US2004/029209

Menory), DDR SDRAM (Doubl e Data Rate SDRAM), DDR 11

SDRAM DDR I'll SDRAM GDDR |1l SDRAM ( Graphi ¢ Doubl e

Data Rate), 14 WO 2005/ 034216 PCT/ US2004/ 029209 and

Ranbus DRAMs. Menory devi ce 1200 incl udes ot her

el ements, which are not shown for clarity. FIG 24

shows a system according to an enbodi nent of the

I ket . i-ncl udes chanber 2410 and a
waf er ZI%bgm pﬁ%@% gﬂ}eﬁ é‘?lg%(hlg}?ﬁﬁﬂ’@?y be Fibsiafuigdrfar the specific
erfsehiidiments shohatthehicé 12 safmeuRieYDTER %g[?&gati%ﬂ g%"‘% Shy
2 gptlaﬁ a sem.ctonductor waf er. An exanple of ¢

2 FAYI Y eenations fiths present inwentiumo ditmesfole; theesseht
aviavdngibh ¢s fi 4y ials, Inc.. located in
Santa d ar1211,ﬁmlCé?{IQl ?f%ﬁ? a. e{é@baerav%ﬂ%t&e SHYValerter 2420
can be used to formpart of device 100 (FIG 1-FIG
11) and nenory device 1200 (FIG 12-23). 10 Wafer 2420
i ncl udes a nunber of alignnment marks 2414 and a nunber
of dice 2430. In sone enbodi nents, alignnment marks
2414 represent alignnment nmarks 114 (FIG 1) and

al i gnnent marks 1204 (FIG 12). At |east one of the

di ce 2430 includes elenments according to enbodi nments
described in FIG 2-FIG 23 above. For exanple, at

| east one of 15 the dice 2430 includes a substrate, a
devi ce structure, and a masking structure such as that
of devices 100 and 1200 (FIG 2-FIG 23). Thus, at

| east one of the dice 2430 includes an anorphous
carbon | ayer such as anorphous carbon [ayer 330 (FIG
4) and anor phous carbon |ayer 1430 (FIG 13) forned
according to the process described in FIG 2-FIG 23.
20 A die such as one of the dice 2430 is a pattern on
a sem conductor wafer such as wafer 2420. A die
contains circuitry to performa specific function.

For, exanple, at |east one of the dice 2430 contains
circuitry for a device such as a processor, or nmenory
devi ce such as nmenory device 1200 (FIG 11-FIG 23).
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25 Conclusion Various enbodi nents of the invention
provi de a device having a masking structure and a

worbtdsad4Xier form ng the device. The maski ng st PQTIUSRE@4/029209

i ncl udes an anor phous carbon | ayer on a cap |ayer. The
anor phous carbon layer may be a transparent anorphous
carbon | ayer. The cap | ayer includes non-oxi de 30
mat eri al s. Al though specific enbodi nents are descri bed
herein, those skilled in 15 WD 2005/ 034216

PCT/ US2004/ 029209 the art recogni ze that other

Ve edeiapnddsis;ay be substituted for the specific

enbodi mrents shown to achi eve the same purpose. This
application covers any adaptations or variations of
ithe N 8SEM cdnl\RiH:t On. Therefore, the present
|nvent|on Is imted only by the clains and al

avai laghbsgragundal ents. 16 WO 2005/ 034216

PCT/ US2004/ 02920 is clained is devi ce
conp@u‘%fi*sgﬁ’g S“H"@EP&??‘PS@ gverd #‘Fd ‘ge‘aatﬁa@ﬁ Pﬁ’é@@ SERGtHCe
ﬂc‘l’wﬁ a@XﬁBﬁﬁaﬁs éa&'&ﬁhfa reandtarL%P TRRKI é&hrtﬁ@éa&&rl%er
I ncl udi ng anor phous” carbon Tayer and a cap | ayer,
inetdes inontohédegeadetiadcer i ncl udes non-oxi de material s,
2. The device of claim1l, wherein the cap | ayer

i ncl udes one of boron 10 carbide, boron nitride,

2si |1 qoR dedich bflflains 1| wh@8inthé Edpdayeriihélfddsde lolf boTon
fl uorine doped with oxide, fluorine doped with

cpbide; Heronawigide, silnonserbidsp sidicon niride mpaée fins, fiyerine
I
B 0 Biick, MdabaopAE R BB BITRRHR So SaL IR caBie!
bet ween 400 nanoneters and 700 nanoneters. 15 4. The

deV|c of cIa|n12 wherein the c | ayer jncludes at
3} eastI bgHevicy Bg plﬁrgl wherein the amorp%gus ca¥bon fayer is transparent

to radiation having wavelengths between 400 nanometers and 700 nanometers.

4. The device of clatm 2, wherein the cap layer includes at least one
opening.
5. The device of claim 4, wherein the amorphous carbon layer includes at

least one opening continuous with the at least one opening of the cap layer.

6. The device of claim 5, wherein the masking structure further includes a
photoresist layer.
7. The device of claim 6, wherein the photoresist layer includes at least one

opening continuous with the at least one opening of the cap layer.

8. A device comprising:
a substrate;

a device structure formed over the substrate; and

17



5. The device of claim4, wherein the anorphous carbon

| ayer includes at 20 | east one opening continuous
Wwoi20ds/08kd6 at | east one openi ng of the cap | ayePCTAS200l©29209

device of claim5, wherein the masking structure

further includes a photoresist layer. 25 7. The

device of claim®6, wherein the photoresist |ayer

i ncludes at | east one opening continuous with the at

| east one opening of the cap layer. 8. A device

conprising: a substrate; 30 a device structure forned

over the supstrate; d 17 WD _2005/ 034216

PCT/ US28 &8 zgéégctaren@gw%@f VifeStPaYHRe thegpaskinge

de

o RS LGS o nR S er, REAEL o 2ab DL e fnon

nopxidexiatkrialmt eri als. 5 9. :The device of claimS8,

wherein the cap |ayer includes one of boron carbide,

boron nitride, silicon carbide, silicon nitride,

511 90ri dghé ibviBe of MBI 8 NeherdlBMRAYI LA er %1&% oht HPEél’Gﬁ
doped with nitride, and fluorine doped W th carb

1ocar’rmié ko piries, sdican er@idensiipas mitridee flnedde filmes, ﬂdelsn_le
W lﬂ%’f’ aﬂu%% ne d d o %ru% *and %%oﬁgé/ g)eed%ﬂh clza?ll)i%.

erern e anorp ﬁgus o ’Iayer

absor ption coeffl Ci ent bet ween about 0.15 and about

0.001 at_ a wavel ength of 633 nanoneters. 15 12. The

del¥ce &he é@\ﬁ?ﬁfﬁfﬂal%éﬂ&rﬂn theamaskopelndersancanershoysspeion
10 hagy@. thickness greater than 4000 Angstroms. 13. The

device of claim 12, wherein the device structure has a

th| ckness 20 greater than 40000 Angstrons. 14. The

masKki structure

u d eiﬁgflé\ﬁéﬁ? élai\éhhﬁ({ S%%Fﬁtnhh e amorpl?o%s carbontlayer has an
absorptlon coefficient between about 0.15 and about 0.001 at a wavelength of
633 nanometers.
15
12.  The device of claim 11, wherein the amorphous carbon layer has a

thickness greater than 4000 Angstroms.

13.  The device of claim 12, wherein the device structure has a thickness
20  greater than 40000 Angstroms.

14.  The device of claim 8, wherein the masking structure includes at least

one opening.

25 15 The device of claim 14, wherein the device structure includes at least one

trench continuous with the at least one opening of the device structure.

16. The device of claim 8, wherein the device structure includes a dielectric
layer.
30
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25 15. The device of claim 14, wherein the device

structure includes at | east one trench continuous
wWoi20ds/08kd6 at | east one openi ng of the device sPCUAIS2N08/029209

16. The device of claim8, wherein the device

structure includes a dielectric layer. 30 18 WO

2005/ 034216 PCT/ US2004/ 029209 17. The device of claim

16, wherein the device structure includes a

conductive |ayer. 18. A masking structure conprising:

5 an anorphous carbon | ayer; and a cap |ayer forned

over the anorphous .caybon |ayer,. the cap |ayer
i nél-udi hBe dovide o claifn s rheral e dsivics SEP%H{? helndsst ng
of chpkefvLayl de, boron nitride, silicon carbide,

silicon nitride, fluoride filnms, fluorine doped with
oxide, fluorine doped with nitride, and fluorine

doped wi,th carbide, 10 19. .The maski ng structure of
cI£§n11§fnﬁ%EF%$ﬁwFﬁ%cgﬂﬁ?%ﬂ%us carbon layer s

5 transpagefholphold Sdrbbiflakédhhd r ange. 20. The masking
structure of claim 18, wherein the anorphous carbon

| ayer aSahlagersfermedoygttheormenbeys ertanlaya; thesap aysut

0. 15, and about. 0. 00 a ve . .

P S8l ety a MRS B o enpids, boron
f unith@e, sitieb tarbldegsitcahaitridee Susitidd filyey flubdoed@ad akitvexide,
the cap layer. 20 22. The masking_ structure of claim

20 flugpies ¢qned prith niride; syl Suqrinerdgped withcpihids at | east

10 0One opening. 23. A nenory device conprising: 25 a
substrate having a plurality of doped regions; device
st 19.ct uThe frasking sovauretdfelamldSt wherin thhendeptious carbon layer

structure includin
gs transparentr%n v1us1 le %ght range.

20.  The masking structure of claim 18, wherein the amorphous carbon layer
15  has an absorption coefficient between about 0.15 and about 0.001 at a

wavelength of 633 nanometers.

21.  The masking structure of claim 18 further comprising a photoresist layer

located above the cap layer.

20
22.  The masking structure of claim 20, wherein the masking structure
includes at least one opening.
23. A memory device comprising:

25 a substrate having a plurality of doped regions;

device structure formed over the substrate, the device structure including
a plurality of gate structures, a plurality of contacts, each of the contacts being
located between two gate structure and contacting one of the doped regions, and

an insulating layer formed over the gate structures and the contacts; and

19



a plurality of gate structures, a plurality of
contacts, each of the contacts being |ocated between

wowmsgaide st ruct ure and contacti ng one of the #0pPa82004/029209

regions, and an insulating |ayer fornmed over the gate
structures and the contacts; and 19 WO 2005/ 034216
PCT/ US2004/ 029209 a nmaski ng structure fornmed over the
substrate, the masking structure including an

anor phous carbon |ayer and a cap | ayer, wherein the
cap layer includes non-oxide materials. 5 24. The
menor y dewg1 of claim?23, wherein the cap |ayer

i ncl uded MATKINGIUEYFGLiarmed pyesdhe Soptsrte.the magkng siruatersn
ca g i bih A Q

doped vm% h ox&g’ﬁOIEH ?ﬁu%(?ﬁﬁ%&c?ﬂ g atf ggnl%})ﬁ{ %erel%ltﬁé ({a gi%er
fl Mudtrendmpede\mettenalsar bi de. 10 25. The devi ce of

cl ai m 23, wherein the anorphous carbon |ayer is
transparent in visible |ight range. 26. The menory

5deyiice The EedloFy ddvic¥bE G123, REnraR tﬂeaéé rla}}e? flc ?ﬂﬁ? ofd of

| east one_ opening. 15 27. The nenory VI ce o alm
26 boigreadide, h@nmdpmh@nmm@; Sih@ya mtndcz dluedds filths,

op Rl Gy Ranhice. i8R St b0 i BRERy i Acped i

cl aarbidé7, wherein the masking structure further
includes a photoresist layer. 29. The nenory device of
claim 28, wherein the photoresist |ayer includes at

| t t
10981 o BRREE SELIGDAL Bitydn b D Bab SRRPRE

15

20

25

30

cl tramsp2@nt inhasiblelighbeandevi ce structure further
includes a barrier layer |ocated between the gate
structures and the contacts. 31. The nmenory device of

cl 26.M 23he WREIRY BeiElEoATRIPI Whef R a) BXRF iddfBies at least

one opening.

27.  The memory device of claim 26, wherein the amorphous carbon layer
includes at least one opening aligned with the at least one opening of the cap

layer.

28.  The memory device of claim 27, wherein the masking structure further

includes a photoresist layer.

29.  The memory device of claim 28, wherein the photoresist layer includes at

least one opening continuous with the at least one opening of the cap layer.

30.  The memory device of claim 23, wherein the device structure further

includes a barrier layer located between the gate structures and the contacts.

31.  The memory device of claim 23, wherein the amorphous carbon layer has
a thickness of at least 4000 Angstroms.
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30 a thickness of at |east 4000 Angstrons. 20 WO

2005/ 034216 PCT/ US2004/ 029209 32. The nenory devi ce of
oleisrm32d¢ wherein the device structure has a PCT/US2004/029209
t hi ckness of at |east 40000 Angstrons. 5 33. A system
conprising: a chanber; and a wafer place in the
chanber, the wafer including a die, the die including
a substrate, a device structure formed over the
substrate, and a masking structure forned over the
devi ce structure, the masking structure including an
anor phous 10 carbon | ayer and a cap | ayer, wherein the
cap layer includes non-oxide nmaterials. 34. The system
of3ocl al’lfﬁe?[ﬁemmefeelce off bizira 2pp, Wherein thnd¢vieresrushiae bas a
boron carbid boron nitride, silicon carbide,

sﬂhicmsﬁf@‘frlP%"f Q0 APEFOE; | s, fluorine doped with

oxi de, fluorine doped with nitride, and fluorine doped
with carbide. 15 35. The system of claim 33, wherein

t 33, anoA pysieia compfising! ayer is transparent to

radi ati on havi ng wavel engt hs bet ween 400 nanoneters
and 700Elc Fré’?1 20 36. The system of claim 33,

wher e' gﬁE’e irﬁﬂﬁ@ %harﬁsérual@ Svaldr th€ladihg arite, tlﬁmdanumgudmg
25 37. stemof claim 36, wherein the anor

cad hxbetrhta,yaedevncrmtmudme formedl ea@tﬂl@ﬁéﬁ%@nﬁ Ra5H {) ai) EPB‘I?%“W

wth the at ast e 0

st 83 29 2L BIRAEERAE ot

f UE leﬁf 1ay 8%t 4&8p dayeP ol p6if Shesdapl layee inchiles ndohexilegnatpials.
ai

m 33, wherein the device structure includes a
30 conductive layer. 21

34,  The system of claim 33, wherein the cap layer includes one of boron
carbide, boron nitride, silicon carbide, silicon nitride, fluoride films, fluorine

doped with oxide, fluorine doped with nitride, and fluorine doped with carbide.

35.  The system of claim 33, wherein the amorphous carbon layer is

transparent to radiation having wavelengths between 400 nanometers and 700

nanometers.

36.  The system of claim 33, wherein the cap layer includes at least one

opening.

37.  The system of claim 36, wherein the amorphous carbon layer includes at

least one opening continuous with the at least one opening of the cap layer.

38.  The system of claim 37, wherein the masking structure further includes a

photoresist layer.

39.  The system of claim 33, wherein the device structure includes a

conductive layer.
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WD 2005/ 034216 PCT/ US2004/ 029209 40. The system of
claim 39, wherein the device structure further

wonaelswdedsan insulating layer. 5 41. The syst earai2004/029209

10
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claim 33, wherein the at |east one die includes
circuitry for a nenory device. 42. The system of

claim 33, wherein the at | east one die includes
circuitry for a processor. 10 43. The system of claim
33, wherein the chanber is a plasma enhanced vapor

chem cal deposition chanber. 44. A nmethod conpri sing:
15 form ng a masking structure over the substrate

i ncluding form ng an anorphous carbon | ayer and a cap

| afer, Tivesystem dficérima?, vayein ihadevide strunture fothetancludes an
naterialﬁ. 45. The nethod of claim44, wherein formng
t HBSWRiPelaYfLy i ncl udes forming 20 the cap layer with

a material selected froma group consisting of boron
carbide, boron nitride, silicon carbide, silicon
ni4le i delhefslystomi afeldiinl 33s wheteirothie ntledspad di npludex¢igmiitry for
fluorine(%%Ped wWth nitride, and fluorine doped with

c A BPYEY ¥8'°“The nethod of clai m 44, wherein the

anor phous carbon layer is 25 transparent to radiation
havi ng wavel engt hs bet ween 400 nanoneters and 700 .
nafonet Bressystam of phadmpsk, Mberedt the|ahloastome digheelidgs circuitry for
anqégq%%% carbon layer is fornmed by deposition. 30 22
W3 B8U57U34216 PCT/ US2004/ 029209 47. The nethod of

cl ai m 44, wherei n anorphous carbon layer is forned by

deposition. 48. The net hod of cl %i n1)47_, wherein,the
cdp- | ayde systempigilaigp Qﬁeﬁl@g;egré@le chamber is a plasma enhanced vapor

chemical deposition chamber.

44, A method comprising:
forming a masking structure over the substrate including forming an
amorphous carbon layer and a cap layer, wherein the cap layer includes non-

oxide materials.

45.  The method of claim 44, wherein forming the cap layer includes forming
the cap layer with a material selected from a group consisting of boron carbide,
boron nitride, silicon carbide, silicon nitride, fluoride films, fluorine doped with

oxide, fluorine doped with nitride, and fluorine doped with carbide.
46.  The method of claim 44, wherein the amorphous carbon layer is
transparent to radiation having wavelengths between 400 nanometers and 700

nanometers.

47.  The method of claim 44, wherein amorphous carbon layer is formed by

deposition.
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5 together with the anorphous carbon |ayer. 49. The
nmet hod of claim 48, wherein formng the masking
weoerousaBarie further includes form ng a phot or eBCSMUS2004/029209
| ayer. 10 50. A nethod conprising: form ng a device
structure over the substrate; and form ng a masking
structure over the device structure, the nmasking
structure including an anorphous carbon |ayer and a
cap layer, the cap layer including a nateria
selected froma group consi sting of boron carbide,
bor n|tr| |I| G0N carbide, . sili nitri
Frd0r ddnf Ffeﬂ% ey hopGegeon By rined by
dogesbsisionh nltrlde, and fluorine doped with carbide.
51. The nethod of claimb50, wherein a material of the
cap layer is in situ deposited over t he anor phous
ca on The Ia|n1 erei
B0 ol B Blemol bt Rfim Mo FELIPe Sy B8 175 SORUFH]
5| i gigbtheawghthésaanopﬁhmstdwfbnqoy@rl sing: 25 formng a
devi ce structure on a substrate; form ng an anorphous
carbon | ayer over the device structure; formng a
NORg OXi Y . e
R
patnchidee thrmone ophateresiaplaydrayer ; and 23 WO 2005/ 034216
PCT/ US2004/ 029209 usi ng the patterned non-oxi de cap
| ayer as a nask to pattern the anorphous carbon
10| ayer . gﬁnaﬁb@c@@bﬁgggof cl ai m 53, wherein the cap
| ayer includes one of boron 5 carbide, boron nitride,
si | i confosmins aidevies stiuctime aver thasmbstratemidde fi | ns,

fluorin ed wt.h

ni v aerriBes miaih QLB o\ e tRE udpd ARk pekine
rTEchﬁﬁlr@in&l@;hm&noﬁﬂlﬁﬁﬂdﬂbdﬂﬁy&%ﬂﬁrbab INRE, theSapAByer
abso

1ncfud1ng a material selected from a group consisting of boron carbide, boron
15  nitride, silicon carbide, silicon n1tr1de, fluoride films, fluorine doped with oxide,

fluorine doped with nitride, and fluorine doped with carbide.

51.  The method of claim 50, wherein a material of the cap layer is in situ

deposited over the amorphous carbon layer.

20
52.  The method of claim 50, wherein the amorphous carbon layer is
transparent in visible light range.
53. A method comprising:

25 forming a device structure on a substrate;

forming an amorphous carbon layer over the device structure;
forming a non-oxide cap layer over the amorphous carbon layer;

patterning the non-oxide cap layer to produce a patterned non-oxide cap

layer; and
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wobheisrms&3¢ wher ei n anor phous carbon | ayer is facmas20y/029209

coefficient between about 0.15 and 0.001 at a
wavel engt h of 633 nanoneters. 10 56. The net hod of

deposition. 57. The nmethod of claim56, wherein the
cap layer is in situ deposited 15 together with the
anor phous carbon | ayer. 58. The nethod of claim57,
wherein form ng an anorphous carbon | ayer is
performed by a chem cal vapor deposition process. 20,
59. A nethod conprising: form ng device structure
having a gate structure on a swbstrate form ng

maski ng VB thenatternsd @pnoxiesan; %y@rg%weelawaﬁ@ﬁxethe

na§ﬁbﬂgmu§giy&ﬁu@aflncludes an anor phous carbon | ayer
and a cap layer, “the cap |l ayer including non-oxide

rmterlals 25 patternl ng the masking structure to form

o B el AL S eSS Ry o

5 mMagkbide, E&bﬂhﬁnﬂ’@ stic8A cRbid, RO NitrS®l, HuodddameBvbit:

t he patterned nasklng structure. 24 WD 2005/034216
PCipRsg2pith 9 0de Z0wriee domkwite niidde, end gluating depedwhidy earbide.
patterning the masking structure includes: using a
patterned photoresist |ayer as a nmask to pattern the

caps.| ay&he tethdd@TElamE3, vheRarthe @RrbbA Y-Sk ha v dbstiptios
at |l east aqne of the patterned cap |ayer and the

pateLhriset hehweesrabepky. 15 pad 0% at wﬁ‘t'eémth PEORANEMSLRSS.

gcarbon layer. 61. The nethod of claim60, wherein

15

20

25

patterning the cap layer is perforned by oxygen
pl &6.ma €hemefirodadskhim 13, wherein amorphous carbon layer is formed by

deposition.

57.  The method of claim 56, wherein the cap layer is in situ deposited

together with the amorphous carbon layer.

58.  The method of claim 57, wherein forming an amorphous carbon layer is

performed by a chemical vapor deposition process.

59. A method comprising;
forming device structure having a gate structure on a substrate;
forming masking structure over the device structure, the masking
structure includes an amorphous carbon layer and a cap layer, the cap layer
including non-oxide materials;
patterning the masking structure to form a patterned masking structure;
etching the device structure using the patterned masking structure as a
mask to form a portion of a memory cell; and

removing the patterned masking structure.
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woxyg@adsnbasna process with one of CF4 and H2. P6BUS2004/029209
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62. The nmethod of claim59, wherein renoving the
patterned anorphous carbon is perforned using an

met hod conprising: 15 placing a wafer in a chanber,
the wafer including at |east one die having a
substrate and a device structure fornmed over the
substrate; form ng an anor phous carbon | ayer over the
device structure; and formng a cap |ayer over the
anor phous carbon layer, the cap |ayer !ncluglggrgn
maGeri a : a ¢ansl skin .

ca?%i de{ﬁ%ﬁiﬁ%ﬁﬂﬁﬁcﬁ%{?& gflgFﬁ%c N Zum(l,%ﬁ]ﬁlngég?‘mgl SIW”E%‘FP

ni icludes: f | uoride films, fluorine ]gloped_ Wi tg ox:jde_, .

[ . ed, w nitride, and uorine doped wi
car b1 deiseT Byt holeresin Terespne gysk mtmﬂadcap layer to
mafoeiniadattefneti kep Gapr;ladyer is in situ deposite
t oget hazéra1 vviteh t he anorphous carbon [ ayer. 25 65. The
met hod W¥in&tdeast 6 of the patiamedhep dayer photis RatRed ph&)éf‘eg,ist

' j i sibl.e l.Light range. 66. The netho
IofSl a%‘frgﬁﬁagégfl%%@éklp}éo?snc@rb@ﬂé?ﬁ%& is a plasma enhanced

30 vapor chem cal deposition chanber. 25

61.  The method of claim 60, wherein patterning the cap layer is performed

by oxygen plasma etch process.

62.  The method of claim 59, wherein removing the patterned amorphous

carbon is performed using an oxygen plasma process with one of CF, and H,,

63. A method comprising:

placing a wafer in a chamber, the wafer including at least one die having
a substrate and a device structure formed over the substrate;

forming an amorphous carbon layer over the device structure; and
forming a cap layer over the amorphous carbon layer, the cap layer including a
material selected from a group consisting of boron carbide, boron nitride, silicon

carbide, silicon nitride, fluoride films, fluorine doped with oxide, fluorine doped

with nitride, and fluorine doped with carbide.

64.  The method of claim 63, wherein a material of the cap layer is in situ

deposited together with the amorphous carbon layer.

65.  The method of claim 63, wherein the amorphous carbon layer is

transparent in visible light range.

66.  The method of claim 63, wherein the chamber is a plasma enhanced

vapor chemical deposition chamber.

25



