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techni ques for form ng the masking structure. The
maski ng structure includes an anorphous carbon | ayer
having a | ow absorption rﬁ?fé‘éf?‘}ﬂ.d The anor phous | ayer

R

computers and electronic products to store data. A typical semiconductor device

has many layers of different materials formed on a semiconductor wafer.
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.
Some conventional masks are made of amorphous carbon. However, an
amorphous carbon mask at some thickness may have a high absorption of optical

light, causing the amorphous carbon mask inapplicable for some processes.

Summary of the Invention
The present invention provides devices having a masking structure and
techniques for forming the masking structure. The masking structure includes an
amorphous carbon layer having a low absorption property. The amorphous layer

is transparent in visible light range of the electromagnetic radiation.
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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. 1A is flowchart showing a method of forming an amorphous carbon

layer according to an embodiment of the invention. Method 100 forms an
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the chanmber is a chem cal vapor deposition chanber and
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o PR Slestinhngi ehavisp BPEF Seropi R IR Frembst
C and bl RA0hE patatheBdrh e set for the process of forming an

25  amorphous carbon layer according to the invention. The parameters include

temperature, gas mixture, gas flow rate, power, and pressure. The temperature in
the chamber is set to a selected temperature. The selected temperature is any
temperature from about 200°C to about 500°C. In some embodiments, the
temperature is set between about 200° C and below 300° C. In other
30 embodiments, the temperature is set between about 225° C and about 375° C.
In the process of forming an amorphous carbon layer, a process gas
including propylene (CsHg) is introduced into the chamber at a flow rate. In

some embodiments, the flow rate of the propylene is set between about 500
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Since the amorphous carbon layer formed by method 100 is transparent
in visible light range, the amorphous carbon layer formed by method 100 is also
referred to as a transparent amorphous carbon layer. Thus, the transparent
amorphous carbon layer refers to an amorphous carbon layer formed according
method 100 in which the temperature is set from about 200°C to about 500°C.

The transparency of the amorphous carbon layer formed by method 100
depends in part on the temperature set during the process. In method 100, the
transparency of the amorphous carbon layer formed to a specific thickness at a

lower temperature is more transparent than the armorphous carbon layer formed
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according to an embodlment of the invention. In some embodiments, the graph
of FIG. 1C shows the absorption coefficient of the transparent amorphous carbon
layer formed according to the method described in FIG. 1A.

In FIG. 1C, curve 161 shows absorption coefficient (k) versus a range of
wavelengths of a transparent amorphous carbon formed at an exemplary
temperature of 375°C. Curve 162 shows absorption coefficient versus a range of
wavelengths of another transparent amorphous carbon formed at an exemplary
temperature of 225°C.

FIG. 1D is graph showing transmission percentage versus a rangé of

wavelengths of several transparent amorphous carbon layers at exemplary
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As another example, at a temperature of 400°C, the deposition rate is about 2100

Angstroms per minute.

FIG. 2 through FIG. 10 show a device 200 during various processing
stages according to embodiments of the invention.

FIG. 2 shows a cross-section of a device 200 including a substrate 210.
Substrate 210 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 210 may
also be a structure or a layer formed on a wafer. Substrate 210 may include at
least one of a non-conducting material, a conducting material, and a

semiconducting material. Examples of non-conducting materials include oxide
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according to the nethod described in FIG 1A FIG 1E
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allgnnent process, |gnnen g2 re used
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A E T S N L g
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FIG. 4A shows device 200 with a mask (layer) 430 formed over device
structure 320. Mask 430 is made of carbon. In embodiments represented by
FIG. 4A, the carbon is amorphous carbon. Thus, in FIG. 4A, mask 430 is also
referred to as amorphous carbon layer 430. Amorphous carbon layer 430 may
be formed by a method similar to method 100 described in FIG. 1A.

Amorphous carbon layer 430 has a thickness T4. T4 can be any
thickness. In some embodiments, T4 is at leas 4000 Angstroms. Amorphous

carbon layer 430 has a low absorption coefficient such that amorphous carbon
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| ayer 322 may be an oxide | ayer; layer 324 may be a

netal |ayer or a layer having a conpound of netal and
W@ RI0s0B1229 and | ayer 3 26 may be a nitride | ayePCT/US2004/029172

some enbodi nents, multiple |ayers 322, 324, and 326

are arranged in an order different fromthe order

s hBY#T ‘@ iFfrensparentyg visiple dightipeges [93pmezanbodimentepag@phous

' | i 1] by ot he no
pr S eBLITRe 430 1 SR fion SEORRIChE (7 pACR Bt 1 AR Fbow
| d@0lsat32ReleBRth,of 88 nBR6 is omtted from device

. 320. t enbodi nents, one or nore
20d1 11 oHEpe b s Cartmaier 430 aumbarapin skl gkaraze,
j G . .
e R e e S A e b i
| dhe visitdolight 28ngan Jheretors, théir@ispdreneyinsisitdy liglet 206
30 fo d over device structure

b SR P RS ol Boerneroves tissiimacniadigoment

e 105 ol e T ABENS 1

t dUakeR ¥ep Avaehens ¢ersbon layer430 30trarspareph dursisibie bght range,

0 R W eSO e B ok

| ayenrpHRE chidsn fayehi3knes be ftmed 4vihAd thR&kREY to pro%ergr etch
thj ckness. In_some enbodi ments, T4 is at | eas 400

Yice SEactug e splsellowingsmrpcrerpiereating o4 shesaligpment marks

a 'gﬁn& hehent such that anorphous carbon 7 WO
2%%%%%{ 29 %%BT%%%%%M 029172 | ayer 430 is transparent

i n vi silblcempargtptamaplyais chrbos dayer e&@a@ﬂhﬁﬁé@en?ﬁ%a{l( |)ohous
I 430 . bsorption coefficien
15 o ARkt BYechie wBghe Deproban geifisier Gide of
6 33nspirend) AGEHANSN RNAHBoWE RAABA 14y3Y 850 4B cbﬁvei%ional

transparent in visible |ight rarige, °5 anorphous
c 3M9Ephous yEpom BEY Hevsa thitknessdinitationgbt gomb pordesses. For

' [ th i sihl.e light_.range. .
rRsrFs A b8 el cedlR ayn ir it e g
et amenbotior o 80 g i

20 rzggrgé‘g‘%f ln%eg i g@?ﬁ@%ﬁ@?ﬁt ks QfyBey Eeselt dn dnacomaterhating
PO E NN AR oSS ofiHE ey Dbt SRR F g arbon
g aé/ggﬁ (i/l%é?%fﬂl 10 processes %mt may require a mask with a specific thickness
in which a conventional amorphous carbon mask is unsuitable.

25 Amorphous carbon layer 430 of device 200 is formed with a thickness
sufficient to properly etch a device structure such as device structure 320. For
example, amorphous carbon layer 430 is formed with thickness T4 equal to or
greater than about 4000 Angstroms to etch device structure 320 with thickness
T3 equal to or greater than 40000 Angstroms.

30 FIG. 4B shows device 200 with a cap layer 540 formed over amorphous
carbon layer 430. In some embodiments, cap layer 540 includes oxide materials.

In other embodiments, cap layer 540 includes non-oxide materials. In FIG. 4B,

cap layer 540 includes silicon oxynitride (8ixOyNy) or silicon-tich oxide (SixOy)
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i k wit.h ific thi i i ch
Converkich AaPoNa i A0 BEF b ohS ik (R As0 iateven g
AP0 Uad eRbRMBUS B3B6n HI6r 0. PRYIeEsi0HJ 1§ B ing

with a thickness sufficient to properly etch a device
Senoye taskmiange hInsprepesmbadinentsican layes 260 spoes asaanpl e,

! 430,41 s, f d with,thi T4
T T T
deydrs andirnidatt atherpBas surthdh 1hyer @B 0@8Sn g battesiad oft ghobsresist

%r eat %r S{ggnAO%gO Angstronms. 30 FIG 4B shows device

BYFTwrPh Reducing theyeflection aﬁwmrw&w@ﬁaﬁm@m ofcar bon

I ' 40 1

JSGedittayel 300 R EHARCARRlE APy eE 890 se0h bk for
i pattedesamaphassi cebardbgaridal.s In domedtiser dBbodiamaty, ayelayer
40 i ncludes, silicon oxynitride (Si xOyNZ) or

§5|4l%i SEOS A h&&iaﬂ%fe?‘%?tkyé%yeé 52%1@%%34229

PCT/ US2Qnd2R3i68 ofBRbE s d’arb&f‘l@&@r RIS af MyeP YOGS
In sonme enbodi nents, cag | ayer 54 i ncl udes

Hpetaesi AavenS 0 formen wigtstrpetare( 0, , Dy e-§mbpydiments, cap

: L o . vy | '
D8RR b b B 960 5 Stk ! Blices
Qtidrplinehs chrbBECGYRr PE@aap Sayed 405 NEplRIbO TR eB 550,aRasking

| ayer 5543%) t!ius farnmed together with armrghous car bon_
|sEpetpre3Ry fupher{aclyderanpdditional lpges femped beisiern ghatorgsist

Qe 550 Bad r hifios ' i
T A0 ey IRRLSoR] 1 ERRRS, aeth MRt noryye
Wiryen tafupthet enhesdesthe phyterpradstsidoperfoameree. cap

FIG. 6 shows device 200 after photoresist layer 550 is patterned.

Patterning photoresist layer 550 can be performed usinng known techniques. In
FIG. 6, patterned photoresist layer 550 has openings 6 52. Patterned photoresist
layer 550 is used as a mask to pattern cap layer 540 and amorphous carbon layer
430.

FIG. 7 shows device 200 after the masking structure 560 is patterned.
Patterning masking structure 560 can be performed by one or more etching steps.
In some embodiments, cap layer 540 and amorphous carbon layer 430 are etched
together in one etching step. In other embodiments, cap layer 540 and

amorphous carbon layer 430 are etched separately in di fferent etching steps. As
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| ayer for reducing the reflection to photoresist |ayer

550 fra ers underneat h, amgr ph carpon | ayer 430
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t hanérBhdreCdatfon 13ydr 999 hAPSRnAES Wathi® BRtRHRE K é]fglned with
phot oresi st |ayer 550. In other enbodinents, cap 1ayer

54pegingy 652 gEphotorasiat layar 556, pusones erinhgdiamantsy laGeisamorphous

C 430.. I n.seme ot her. e di ne ~,cap ,l.ayer
o SR B 0 el AR bl PO RS RIO 546 3g Y
magkskitgeruetid s 60ihna Ferbdin an®isRREVSs §RRNo bBKahe hFlks of
cap layer 540, and photoresist |ayer 550 forns a

iGegtraetuirc20r dn gthsr emhodimentseafiss rimenpheus eaabon laggret30

540 .| i ' . 0, ot her .

o BB g TR R O G ShG 5 B0P D Besis
cdpydradperand 46h lapard4pliotenidsi s Tht syesinhfpdnoteskdvea) layer, or
structur.e 560 further_includes an additional |ayer

f JPYREY ) BIARKIER SERHTIE 0015 ised ag ¢ gpask o efghponey oty ef device

S40m cthfes addigtdupiiale 2ayer serves as an antireflective
| ayer to further enhance the photo processing

per f or ridfc 8 shewGlevicestdvasted bath pbot@pesistflbger J30ahd cas laytr

I r 550 is.patterned. . 25 Patternin ot oresi s .
| oy B Rl s R SR LR BB e 430 i
Flused 8 a patit R tarkilph po@vh F dbAVEitraGird %), P8RS

652. Patterned photoresist |ayer 550 is uséd as a

meSRicE strpetitei2h. dmprmegmbodimenismd leans pestien efsubsirate 210 is
I r . El ' 00, after the masking
s%?%c%t%hﬁgqglgg algis? 1—%1<'§1)t%l g%{@glg fa\g’l?g% St%ﬁlr?ig ﬁg maski ng

st ruct UH6. S6bovesadevive J00rafier dBdedayruenieBR0IDERhEL ClYeAches

t oo one enbodi nents, cap |ayer 540 and
Z#@?%ﬁf‘o@ggei%ww%s) {he pieingREoessE h &y embedisaandy represeied
etb@szIGg9§&&fehesl9m%@FJnn§H’ﬂ99t' 18RY %ﬁioglaﬁde%i/c%fstrﬁét%r@?ﬂ). In

anor phous carbon | ayer 430 are ed separately 1n
dispmercgrpodisents, trgnahiee pe1 avafonadin 0O shidR4RR e structure 320

PCT/US2004/ 029172 .sho iNFIG 7, each of the

p%ﬁig}%ﬁa&%%o Q?@fs‘g]”fg‘;tg_r?got he patterned anor phous

car bon Ilag¥e322436tch@btodPend D03, LBAl cngs aRPIdVRLASYe ’30Face
with openings 652 of photoresist”|ayer 550

A1 3 GRBSirBe Ao Snbadimentsarmsbsnisdsby EX b etiay eructa0

'527 89 25% BN Heh IAPmE %F@?ﬁr&aﬁrbgegs Bgneltr%)fe?srﬂ%ro%gg%’la}?e%so 326 'Qndd 324
and partially into layer 324 and stopping at level 902. In some embodiments,
device structure 320 is etched such that level 902 can be anywhere in device
structure 320. In other embodiments, the etching process penetrates through all
layers 322, 324, and 326 and stops at or below surface 212 of substrate 210. The
level at which the etching process etches into device structure 320 depends on
what will be formed after device structure 320 is etched. For example, device
structure 320 is etched to one level if conductive interconnects will be formed
and device structure 320 is etched to another level if a component such as a

capacitor will be formed.
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is patterned, either photoresist Iayer 550 or a
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sone e I ments, trenc 1are
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t of substrate. 210. er 32 i.,s .etched to
P a3 cofpdiven 0801 &S apgiiicarai ol foace Shrduts SBmay
gf inSMBS it AdBtidd 1aybbRIHe HyRESIS 3Q$ Phe %Q'H ﬁ%ﬁxh G

device structure 320 is etched such that the
et asiditingableperds en pmawhpus essbarhlagergiuch atwnmpi@@s saitpos dayer
an artially into | ayer 324 and stopping at |evel
902. I n sone enbodi nents, 25 device structure 320 is

et ched Iaugtboliaéntd @Hel alQzoglibub ardBy Wyek xists WithinGRvice
structure 320. In other enbodi nents, the etchi n%
the amagheuscathen layer withiy devicegstyuctare820apay be

%‘é‘é
Tedfit itk fme s ShAWBHIGAAELALS P ToPUE! babties
| nItImod,emlenﬂ)odhnmtst where :amcelemmm:e 380 inokdés ad drhotphous
d.after eV|ce structu %@ ‘b% ched For bon 1
by SmilE Yo GRoRpHT (kS yer e ferRoiphoBnrbon layer
| eyfievich s&RRERS0 A1 r8hahS HWOW aktbr Q@mﬁﬁﬁﬁ% ‘éarb%ﬁ (Iiayer

device structure 320 is etched to another |evel
ﬁﬁ@mf@ﬁﬂskm@truetgr@@da wedrfrqm Hevige2GQr ned. 10 V\D

R

af ter anor paﬁ%
enjyoctis§s the be peisRIEAUS deab@mm {oafpeh cé@Pohsents sievad

ust;ar;l%s%?s %ggamtors, memory cell, or an integrated circuit such as a memory
device, a processor, an application specific integrated circuit, or other types of
integrated circuits.

FIG. 11 through FIG. 19 show cross-sections of a memory device 1100
during various processing stages according to embodiments of the invention. In
FIG. 11, memory device 1100 includes a substrate 1102 having alignment marks
1104 formed on surface 1107 of substrate 1102. A number of surface structures
(gate structures) 1105 (1105.1 through 1105.4) are formed over substrate 1102.

Within substrate 1102, a number of diffusion regions 1106 (1106.1 through
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e TBS’Q @ﬁi(m?dilt ﬁ&ﬂt@,&fr otlte mbmeorsmmg nateridR Ao iprevend emsadifﬁlsion
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S%ﬁ%ﬁgﬂﬁ&tg’% b l%y’er fﬁl@% &ﬁltteﬁ ‘iﬁs\(l'léfﬁgag?elalflt’:’@ rprov1des

aror phous ¢ar ayer maski ng structure
| msum’mné)dtv#eenrﬂmmm 12@}0 Irxsﬁlat:mg tayer phdWsarche blﬂyer of
as_shown

it s dhne SRRl Bhe Bimat APReiSathd 2680p B4 hgsphorous or

C QRRA BRI Of o5 pAsséd ok axtmipsié, Qﬁéulatﬁ@nayeﬁ pm cambaor y
cell, or an int egrat ed circuit such as

d @gr@@ﬂn@tqglwég &9, ordthosnhepilisaie glass g’&@} fln@mbodlments
ctzprgsr ﬁ{e%dnércfgbc Tltlpﬁﬁ{iﬂn lgf_eﬁ gy(pgl%l ks B é’ﬁ(%ﬂwate glass

ci Pl OM/Cr ect | ons
of(BRS Gy aidd hasﬁkﬁthidkﬁes]s 100. hdsomaegmbatiments, il d u‘,semsthel tange of
sta es accor t o enpbodi nents of the invention. In

36 g%ﬁ““ﬁﬁﬁ%ﬁ@fﬂéﬁ {r®@S-1100 i ncl udes a substrate

11 02 h H% %&%@feséﬁédkbsy &4 1] Q58ReeaN 03 WdIAESR silicon
substrate 1

1107 o A riunber of surface structures
( gaped withuatopamsior 2106pl¢ bO®B, th mikedtiy B—uype&laat?naér biffusion

| B BB MR o 085 o SRR GRS AR e
an N-type material. In some embodiments, substrate 11 02 can be an N-type
material and diffusion regions 1106 can be a P-type material.

Each of the gate structures 1105 includes a number of elements: a gate
dielectric (gate oxide) 1109, a doped polysilicon layer 1112, a silicide layer
1114, a capping dielectric layer 1116, and dielectric spacers 1118. Silicide layer
1114 can include a compound of metal and silicon such as titanium silicide,
tungsten silicide, and others. All dielectrics in gate structures 1105 can include
material such as silicon oxide. Each of the gate structures 1105 is also referred
to as a word line. The structure of FIG. 11 can be formed using known

techniques.
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ron .a ospnor ous_ or 6] er es O ope
/ g’g@@ﬁdlﬁgge%c%gﬁcb%lflq. Adul ati ng ?/gyer 1130pcan be
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I n enbodi nents répresen

i :amnzhdun gasrléalybweﬂ]:BSO mmhmﬁnemmmmbmb ®roperly
BP t hj ckn 1. 1 one

OB dtenisRpTchy 1220 Ry ubTARGDT afcing Ssoomngf s

t alig@Réht Angisd rlmuﬂhgaﬁabd%gﬁ&%faeﬁ@@f RGN A tqﬁ%gﬁ'cﬁbon

11, substrate 1102 includes silicon dope
dépysnt 330 ks adhiskpsse Thbrvdrich ean bradetected ag aR-appppriate value to

jial REAV r,eg 1106 are,doped with a
kel deyicl Sk 880,075 SR, B inieRRERe th St
NemppdinmatseT1 Bls.at ldastsiooe Aageestherent s, substrate 1102

e 25 material and diffusion regions

can be yp e

1106 cgﬂ(g'blg %*OW-S megorydeves b 00 aties B cap laies 1@%\3 and a
SHhotet ' 0 : at e
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oxide. Each of the gate structures 1105 is al so
r Bydspgasgted silicon oxynitride (SiyOyN,:H) or hydrogenated silicon-rich oxide

(SixOy:H). Layers 1440 and 1450 are formed using known techniques.
Amorphous carbon layer 1330, cap layer 1440, and photoresist layer 1450 form
a masking structure 1460. In some embodiments, cap layer 1440 is omitted from
masking structure 1460. In other embodiments, masking structure 1460 further
includes an additional layer formed between photoresist layer 1450 and cap layer
1440. The additional layer serves as an antireflective layer to further enhance
the photo processing performance.
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caripoved. a@kmremammg (net sorpved oy dortayrrs of aagsking dructure
;‘légpl n\‘i:seH %iana)éfﬁg et Hg&lhgétrc'ucltda@ lﬂ(ﬁer enbodi ment s,

u es non-oxli de materials. In FIG
14, CarFIGaW sholwievidecll10d afiesddviceatruaupei22i0 Beetched. In

(zgnﬁi?él@efﬁi* Soraseh BB <16 PSRl PPRAASS i g Taver
gﬁﬁ&%‘é&b&v&% evmécyhﬁgt‘ﬁﬂaafﬁ@ i$ étl:l'l&lo %Qi@fﬁh&fs'cgﬁ)on

rogenated silicon-rich oxid
( Shpey 3B1) is used es a;nmdld,@) eichithe4gersofalefioe nte@r:tsm hg2 &k nByn

t e d%evwe structure 1220 has openings 1701.

FIG. 18 shows device 1100 after amorphous carbon layer 1330 is
removed. In some embodiments, amorphous carbon layer 13 30 is removed
using an ash process with oxygen plasma. In other embodim ents, amorphous
carbon layer 1330 is removed using an ash process with a combination of
oxygen plasma and CFy.

FIG. 19 shows device 1100 after other layers are formed using known
techniques. In each of the openings 1552, a first conductive 1layer 1902 (1902.1
and 1902.2), a second conductive layer1904 (1904.1 and 1904.2), and a
dielectric layer 1906 (1906.1 and 1906.2) are formed. Conductive layers 1902,

1904, dielectric layer 1906 and other elements form storage capacitors C1 and

14



Anor phous carbon | ayer 1330, cap |ayer 1440, and
phot oresi st |ayer 1450 form a masking structure 1460.

wo poosose2enbodi ments, cap |ayer 1440 is om tt eRCT/DSONB®I1T72
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maski ng structure 1460. In other enbodi nents, masking
stpycture 1460.fyrther inclydes an additional |ayer
7 o O Sibth ibieds Eareion & P niiebclnrcp> tagatiac

14#010.1Tagd aiflision @Bgibn 11 2061 fGHBI ' LiYE).
| ayer }- o further e%h%nce t he pﬁ%?t%agf%ﬁgg Lﬁk%g;oh%ﬂly@),

pefedpetiviedayer 130D f@oosy BearDepRETHIS2RAPAASEY, 208 didlectric

1 hce Q. after. photoresist layer 145 0.
LS8 B B IR el AUSh v
petdiardvhaedt §d Hormondell platttfa@sory ERELT T The common cell
phot oresi st | ayer 1450 1 ncludes openi ngs 1552. FIG 16
sHilgs isiemitied fromBlG 0Pt simpkiciy structure 1460 is

patter % oyrr’dé?/‘?éet lquﬂiiﬂ@udé?%ﬁéegsgu%}]%igt%is%fﬁr}(ﬁﬁgé (e71 be

per f or one or nore ing s

emdtodiure ht 65,2 amipdiffasien rebdohl 1206l 1 anIqh @ien SREQAMNLIRIRIT].
step. In

orite s ans and S onsBion Rb06 nd Ohibph seesss transistor
Carfofcdeay RinskR20r 1348 s%&%kﬁ&g?%&ﬁﬁ%i @4} i Hleﬂio{r{( BEERY

etching steps. As shown er patterning,
e as¢ress transistqyd2tand vedageappidipe €2 1 rinddt emoty CERL2.

patter anor ph ar hon..I r 1330.i pcl ude .

openi n g@g TR Ce@f‘ gﬁ&g rﬁ“? gﬁ:&r}?sz?ﬁ’ ta &h&ﬂr‘w t‘%ar ge in storage
opeapidi@ss Ebhad 0F. Phetkiesiass trhAYSH i
errbgdi ments, after armr%%oustrcar boﬁ&fog%edrﬁ%g%glsdsmglons

patl08ried 1106 of sanasitora Glowd 622 viayesmeact 3840.2.1 lu@mend

1 ' t [ HGt. 1460 remain.and i s used,.
a tboin RS EbAF 2 s Bud PG TRY 5pB BT i hrbSet Bt b
| dinetoferenddry detioddl Fo®nt s, after anor phous carbon | ayer

1330 is patterped, either photoresist |ayer 1450 or a
B S babinsmistet

conbi n Gig nisheiherrcdeanants hayiee stusoresidifferapt from

| ay@etrubAttes dfShe 12§8RM962, 100£, 48R0 g l;e'}?ég%fefﬁoo\f)%g)n s
| ayer, or layers; of nEsking structure s s ed
ad 761 (Elk 17 Kor chardple; interetneds instedPeapiditer plafessdaa e

deyi 1100 .af t evice structure 1220 is etched. In
VBTG ey PapIEEatBath bySon efeivas T Dt pais of
phodneore sledite L Bgoer 1450 and cap | ayer 1440 are renoved

before device structure 1220 is etched. Anorphous
car bon M¢mgrydeyigg d19may bela dynamirarsiedom astess nidmeory

| @BRAS Vi I L, 20. Th et ched devij

s?]? uct u’r)&eev%%Z (]);& E%@Ieg %ggl’])l ngs Lrot. llﬁei'dﬁle %‘Cﬁ‘i‘?awés légzil\@e

1 t0@mmint erefared o BOSBRAM BIDR ARY HY, SGIBAM Synchronous Graphics
Random Access Memory), DDR SDRAM (Double Data Rate SDRAM), DDR 11
SDRAM, DDR III SDRAM, GDDR III SDRAM (Graphic Double Data Rate),

and Rambus DRAMs. Memory device 1100 includes other elements, which are

not shown for clarity.

FIG. 20 shows a system according to an embodiment of the invention.
System 2000 includes a chamber 2010 and a wafer 2020 placed in the chamber.
In some embodiments, chamber 2010 is a PECVD chamber and wafer 2020 is a
semiconductor wafer. An example of chamber 2010 includes a chamber of the

Producer Processor available from Applied Materials, Inc. located in Santa

15



25 renoved. In sonme enbodi nents, anorphous carbon
| ayer 13 30 is renoved using an ash process with

w@ooges2pd asma. | n ot her enbodi nents, anor phouBCT/Us20040029172
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| ayer 1330 is renoved using an ash process with a

D & A B e o5 RO iR 7 AT P beekrotaf R
3@ RERINTUES 1 AtD f@lﬁ?!ﬂ? %n%@n%eﬁ%ﬁﬂr?ﬁ@sh’éﬁ%n 18ydriak&drding

conductive |ayer 1902 (190 and 1902.2), a second
ctondethod Ve0.l ayer 1904 (1904.1 and 1904.2), and a

di el ec{,ri.Cc er 1906 (1906. n f
Conducae 208 Tietidegs sumbptish ottt dard 26 Ll ffdber of
affde OIE InSb eI dLRETR, 3l t SRS 9 représenanigorident
WD 2005/ 034229 PCT/_U820(54/ 29172 C2. For exanple, in
smerksgd 4dBKA Q) wod alignmens madest i1V (FGed 11902, 1, cont act
1140. 1, i ffousi i: ! r NEN
capaci fk 8 %%%I Og’teeo f%%éocﬁp %%1‘?% lg{ié‘fd %9 @18 g)nﬁ gﬁca{z};(\%g{qgra@e r

190 8o dndcats es@ibed 60 FIG.QaPE il tDabaveaFer ¢tamuplp) aflenst omned
dielectric layer 1906.1 is the capacitqr dielectric.

| Fhegbore? BRtadneRs f Ybsten dderi SRS TUS R 08 arBtk Gy
t a%‘?lggg?pf ﬁ%%i!:es@@taﬁd Qﬁo@gﬁﬁ;&-ﬁﬁw 164. T%Q% at TEA& one of

conmon ate 1s omt romFI G 1 or
s tirgalicec2039. indlbdasrap aerploes tdrdton layérsdels ananerphous carbon

i SRATHRIE M A o i ol DR S o
Thccorﬁﬁgioofgk %H&Iebbr &esdAR¥a. i3 PRI 24T uei on regi ons

1106. 2-11 formaccess transistor 10 T2. Access
t ransi &t die squh asrmte of Greaties 2036 hisiapatten o @ pemigondyainwater

CELL1. Acc t r.apsi T, t.or C [

S ERGTR O S S FPe R B RERRR REARE PR, For
S bRdrBpld adt feakiodesMhodice DeBIg@ritains cirtwigy focapaded vich aCh
and C2. The charges, are transferred.to @n%{éﬁ@%g}oﬁg

r BHICEIST, OF FEOLY 4Avice Jush asmermeryleviGed1 Q0 &Py
contact 1140.2. In sone 15 enbodi nents, contact 1140.2
is a buried bit Iine contact, which connects to a bit
line of menory device 1ll@nclumsionher enbodi nments,

ot her ement s, havi n ructures different.from. the
ot ruct JeBgupbaienS of HefSiaitorgn id e rise X Lor

f QLB rdnd a9BRIRoHO8arbdy Ber FthG trdnkpareiPdmEppBOW Earbon layer

i nterconnects instead of capacitor plates can be 20
f camveeiused as pandskder delEne eestagn sHvettreRfthedevdse. r B ons

1 %ron%rﬁh%ug Eelt}gcrm Pa%rrext g’moaflso be a part of a structure of the device for other

purposes. Although specific embodiments are described herein, those skilled in
the art recognize that other embodiments 1may be substituted for the specific
embodiments shown to achieve the same purpose. This application covers any
adaptations or variations of the present invention. Therefore, the present

invention is limited only by the claims and all available equivalents.
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menory device 1100. Menory device 1100 nmay be a
dynam ¢ random access nenory (DRAM device. Exanples

w@booBesdevi ces i ncl ude synchronous DRAM conP@rUg2004/029172
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referred to as SDRAM SDRAM | I, SGRAM ( Synchr onous
G.aphi.cs, 25 Random Access Menory), DDR SDRAM ( Doubl e
Da\?gat%P]élr%‘?gRAM, DDR I SDRAM DDR Il SDRAM GDDR
I1l SDRAM ( Graphic Double Data Rate), and Ranbus
DRAMs. Menory device 1100 includes other el enents,

wHi. ch %k deviemin agivowvass,fthe dofiee cemprifihg. 20 shows a
system acg%ﬁgi.ng to an enbodi nent of the invention.

30 Syst _‘?3 i ncludes a chanber 2010 and a wafer

2020 plagRbeispubthR ARG er thd SubsRER; SiPodi ment s,
chamber 2010 is a PECVD chanber and wafer 2020 is a
seni coriduatking simttare foomed gearpthe dgvice Ramesure, figigasking

i ncl udes. hanmber of. the .Producer, Processor

o PP SRR AR SR R R P APIEE Yroth 8 Aplggptions carbon
Sagyjer islbandfareMGb i BBhtREIZdIS2004/ 029172 C ar a,
California. Chanber 2010 and wafer 2020 can be used in
nmet hod 100 described in FIG IAto formthe

t ransp | ng

¥ hod B0 AP L0 A3 SRR e MR RRE Aoy Bae an
meabkarpAer docdificleret betwdearnbodt 0. b5 dnd eb@B 301 4t wewekength of 633
enbodi nents, alignnment marks 2014 represent alignnent
nelBREMOEE. (FI G 2) and al i gnnent marks 1104 (FIG 11).
At | east one of the dice 2030 includes el enents
according to enbodi nents described in FIG 2-FIG 19
atfove. Therdewixanptleim it whereistthevésillf lighhenge owl®BS0

includes a substrate, .a device styuyctur and a

SR ReR G o Bl R SR bt 00 BRESiyes ang 700
1HQokEtefs. 2-FIG 19). Thus, at |east one of the dice
2030 i ncl udes an anor phous carbon | ayer such as

anor phous carbon [layer 430 (FIG 4A) and anorphous

rboosd BAEkietBEatlh Kyt B iR el tal 00
ofthickmessligmate? Gian @008 Aaggadniser n on a semi conduct or

waf er 15 such as wafer 2020. A die contains circuitry
to performa specific function. For, exanple, at

| epst ofie @lick BEcIdn® g, wRABnGABURIRE shéthi Hds¥% thitkn&s

devi ce such as a processor, or nenory device such as
megreatst thev4W000 A@str¢is.G. 11-FI G 19) .

¥

6. The device of claim 1, wherein the masking structure further includes a

silicon oxynitride layer formed over the amorphous carbon layer.

7. The device of claim 1, wherein the masking structure further includes a

photoresist layer.

8. The device of claim 7, wherein the masking structure further includes an

antireflective layer.
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Concl usion 20 Various enbodi nents of the invention
provi de technique to forma transparent anorphous
The transparent anor phous car boPCT/HY®04/029172
can be used as a mask for etching certain structure of
the device. The_ anorphous carbon | ayer can al so he a
pdrt oflhg dsyirqef gpi pwhepran ﬂ?’&éoﬁe%‘lst lat/?répclue%ﬁaﬁggaé@ne
ABEQB Jh speci fic enmbodi ments are described herein,
those sSkilled in 25 the art recogni ze that other

enbodi nents nmay be substituted for the specific

enhodi pents shown to_achi eve the sane purpose. This
2B ¢ 40P JRVigD OEREI Ay her S EEREeG S COBPR JE oG e at
t &8 RSPRhink Y AINU0A8 withheE 8184k onkbPeRing B¢ Ble photoresist
invention is limted only by the clains and al
avayiet.abl e equi val ents. 16 WD 2005/ 034229

PCT/ US2004/ 029172 What is clainmed is: 1. A device in a
process, the device conprising: a substrate; 5 a

dayi ce Thklduice bEclhif MRRhaviarthé beviss bgtdtatednclanes Alayer
maski ng structure fornmed over the device structure,

t Iseleptad ko meterigking gopmernsisting ofif condrgmauatedplpapon-
I . it . | i
T T A b

of claim 1, wherein the anorphous carbon | ayer has an
absor pti on coefficj eni bet ween abo,ut 0. 15 d. aho

t
0.1801 diewaviss ehgjen bt whesem g, grpce iuctyre erd’éa}l%“é an
Ofanﬁ):rﬁio'ﬁh Larb¥h Bl WHeR8n WeSHnRlBhbh IBbERNGEr btk HERS:
15 el’ectromagneti ¢ radi ati on havi ng wavel éngt hs
betrweare id @8nspareohit asibledight #d@e. nanoneters. 4. The
device of claim1, wherein the anorphous carbon | ayer
has a thickness greater than 4000 Angstrons. 20 5.

The. dew gRsoétriehit Mrd doViR! e inAdkestARHirs Compfisiagur e

“has a thickness greater t han 40000 Angstronms. 6. The

devi ce apfamorpliows earbom Eyer. herrin B RIAEPLOVS errboR Eayer is
f Lﬂlra}g})t%%een't @ocllaﬁgﬁltcﬁn %aviﬁg Wc'a.%ll'eggdél? %)éme'ﬁudé%ah@%@{erg ﬁfdn%

over anor pnous ca bon
nanometers.

14.  The mask structure of claim 13, wherein the amorphous carbon layer has
an absorption coefficient between about 0.15 and about 0.001 at wavelength of

633 nanometers.

15.  The mask structure of claim 13, wherein the amorphous carbon layer has

a thickness of at least 4000 Angstroms.
16.  The mask structure of claim 13 further comprising a photoresist layer.

17.  The mask structure of claim 16 further comprising a cap layer formed

over the amorphous carbon layer.

18



7. The device of claim1l, wherein the masking
structure further includes a photoresist |ayer. 30 8.
wab@sdaeece of claim7, wherein the masking stPCUS2004/029172
further includes an antireflective layer. 17 WO
WH§5/O 229 PCT/ US2004/ Q029172 9. ' The device of claim?7
rej Sgr%‘i“ REeeiglaimal/e Whetsin tlerea cant layerdselugesesilicon
delO The device of claim9, wherein the
anorphous carbon | ayer includes at 5 |east one
opening continuous with the at |east one opening of

t or es | ayer . .11, e device of claiml1,
wh9r o R ST i e Vet e eyl eyer fhcludes a
5 sqé@gbﬁdogehg@a material in a group consisting of a

conducting material, a non 10 conducting material, and
a sem conducting material. 12. The devi ce of cl ai m 11,

rei ce st urth i ncl ydes
a2 P e St e T whieim B b hoc-camylaner
| ayetudesfat Idaﬁt diilé\()péﬁn SédtiaGbuy With $h & HARSRBRLEB eﬂlﬂg of the
isible lig range 15 13. A mask structure
Q@P‘@éesm@ H’é’eﬁask structure conprising: an anor phous
10 carbon |ayer, wherein the anorphous carbon |ayer is
transparent to radiati on havi ng wavel engt hs betmeen
4Q0. nadometrer devick MQGrodess) dienhenory A6vied colpfsi
structure, of cJai.m 13, a}ﬁher ei n the anor phous car on
| ayer ﬁa?EbStﬁ’ltFJéelY%‘&ﬂ beefedaped regionget ween about
0.15 a t
25 15 e %&&S%e?&‘%ﬁ&? s e fhe afyide SRIAIE R ISding
a#mﬂlphl@mr@fcgatemwum,sea plneedity af domiapdtsieash of th&tcoh’eﬁ&tbemg

mask structure qf c
15 ¢ BRAPERR hichly s et bR contetingar of i doped Teons, and
mas hlsﬁlahﬂg layee fRined loaérrlhél@até Hﬂdﬂ@fes%ﬁ'@lﬁé Sdrftsht@ aﬁap

| ayer forned over the anorphous carbon | ayer.
a masking structure formed over the device structure, the masklng

structure including an amorphous carbon layer, wherein the amorphous carbon
layer is transparent in visible light range.

20
22.  Thememory device of claim 21, wherein the amorphous carbon layer has
a thickness of at least 4000 Angstroms.

23.  The memory device of claim 22, wherein the device structure has a
25  thickness of at least 40000 Angstroms.

24.  The memory device of claim 21, wherein the masking structure further
includes a silicon oxynitride layer formed over the amorphous carbon layer.

30
25.  The memory device of claim 21, wherein the masking structure further

includes a photoresist layer.

19



WO 2005/ 034229 PCT/ US2004/ 029172 18. The mask
structure of claim17, wherein the a cap | ayer

WO pb0ses9 silicon oxynitride. 19. The mask stPCUS2004/029172

10

15

20

25

30

of claim 16, wherein the photoresist | ayer includes at

5 | east one opening. 20. The truc re of C
1% whEhemamerdexifs o5 KB{R 20 aW %ifﬁmi dpasking gtF[ﬂef

ﬁaﬁ]deéjﬁlez%n??ﬁwcﬁ%ﬁ?@' nuous with the at | east one

op nin oresist layer. 10 21. A nenory
device in a process, the nmenory device conprising: a

AT et DhemPRPRtERs B e 20 Bere B RhEoTa v s
{et;lg{% yré ﬂnﬁggﬁﬁg Botofesif 14 g@y ity of gate structures, a

ura contacts, each of the contacts being 15
Iocat ed between two gate structure and contacting one

O Bl B A L

MRekidegaisbdst %M}%nﬁfgro@'ﬁﬁmﬁiﬁ@ Ryifhithe & WasEort dp!eﬁing roff the
the masking structure including an anorphous carbon

| plyworesighleyesi n t he anmor phous carbon |ayer is
transparent in visible light range. 20 22. The nenory
devi ce of claim 21, wherein the anorphous carbon | ayer
has. aThbimekidepsevide dlcldimas, wheki Argntuleting 1ag8: indludes at

menory device of claim %ﬁ @é\gerel t he device fih
slésicangroBeIHBE contingaus Witk Rohed g atdeast ons Serice ot the
AEI%%{:%I%E? carbdh lagé}emme{tXeﬂ?&i&ﬁ)eﬁﬁn§b?ﬂ1@"pﬁémré§ﬁ@ e

Ing structure further 1ncludes a silicon
oxynitride |l ayer formed over the annrphous car bon

. 25. Th f
° iraggfa AYOrY ﬁ%‘il?nﬁp‘go“%’?’tdﬁe W%%fe?fb Iﬂg (Z Y Sé]ﬁlow; ¥ 681 St
| 3¥eBides & Ba¥er BYEOIEAELBEWRE fh@%&&%&&&‘&kg and the contacts.

31.  The memory device of claim 21, wherein the amorphous carbon layer has
an absorption coefficient between about 0.15 and about 0.001 at wavelength of

633 nanometers.

32. A system comprising:

a chamber having a temperature between about 200°C and about 500°C;
and

a wafer place in the chamber, the wafer including a die, the die including
a substrate, a device structure formed over the substrate, and a masking structure
formed over the device structure, the masking structure including an amorphous
carbon layer, wherein the amorphous carbon layer is transparent in visible light

range.

33.  The system of claim 32, wherein the amorphous carbon layer has a

thickness greater than 4000 Angstroms.

20



26. The nmenory device of claim?25, wherein the masking
structure further includes an antireflective |ayer.

wQ@7Z200502enory devi ce of claim25, wherein thBCT/US2004/029172
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photoresi st |layer includes at 5 |east one opening of
the photoresist_ layer. 28. The menory devige of .cl ai m
2% whBhesysterhe daby Hh ree%ﬁﬁdﬁsacaffﬁfcmr%ﬁ?%@é&gfss

I j tinuous with the at |east one
o§§§|%§3§?8@§2 %ﬁ%ﬁ%iesist | ayer. 10 29. The nenory
device of claim 28, wherein the insulating |ayer
includes at |east. o eni cont i nuo W,

RS at Themstembagpen A ce e gty thduss o
| @¥En &%ﬂjtgigéla%r fo8A8d 0PREhORBIPAGuseRrbHIElayBAt Or esi st

| ayer. e nmenory device of claim?2l, wherein
the device structure further includes a barrier |ayer

I b h .
L5 ER S AR, B e il

apRitpReelag@r bon |ayer has an absorption coefficient
bet ween about 0.15 and about 0.001 at wavel engt h of
20 633 nanoneters. 32. A system conprising: a chanber

hayi ng te [ i : i es
sadc T WRFERUE S0 X HEER ARG SEa A MRAM intud
i Be haeteflectiveddyer. the die including a substrate, a

devi ce structure fornmed over the substrate, and a
maski ng structure formed over the device structure,

the m%‘&/’h ggstaﬁ BPﬁl‘éHﬁ 86 Whdrbidithdptoradi®y PRt cludas Mdsast

| ayer, el n the anorphous carbon | ayer is

t oagispaient in visible light range. 30 33. The system
of claim 32, wherein the anorphous carbon | ayer has a
t hi ckness greater than 4000 Angstrons. 20 WD

2095/ 0342 3%REHF biaRA 84/ WRQHIhSdmorpheus yabemimfer ichidws at
33, wherein the device structure has a_thickness .
gilesat @re apieainZ400IIONH g/gthrtb%t_ least one opening of the photoresist

layer.

40.  The system of claim 32, wherein the device stracture includes a

conductive layer.

41.  The system of claim 40, wherein the device structure further includes an

insulating layer.

42.  The system of claim 41, wherein the device stracture further includes an

antireflective layer.

43.  The system of claim 42, wherein the device structure further includes an

amorphous carbon layer.

44.  The system of claim 43, wherein the masking structure further includes a

photoresist layer.
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35. The system of claim 34, wherein the masking
structure further includes a 5 silicon oxynitride

wo 20081034220 ned over the anorphous carbon | ayer.PGBUS20h4029172
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system of claim 32, wherein the masking structure
further includes a photoresist layer. 10 37. The
system of claim 36, wherein the masking structure

f WSt herThersghtegiasf claim 4aNivhéreinl @@t ¥ekid @MRIcturd Barthed $acludes
system ¢l ai m 36, wherein the photoresist |ayer

i fagiedlogiivelays  one opening. 15 39. The system of
cl aim 38, wherein the anorphous carbon | ayer includes
at | east one opening continuous with the at |east one

opéni ndlefsysthie oflelaim3eswhtreinl thigen leadOortie TtgudeY Sir&iry for
of claim32 wherein the device structure includes a

c STBCRPNAEVICSyer . 41. The system of claim 40, wherein
the device structure further includes an insulating

| ayer. 25 42. The system of claim4l, wherein the

déVi ce Tdesysiemof clim BRewhéreiol thd @t least orentie itldes tirstétry for
I %)i’% eSSA{__)S;. The system of claim42, wherein the device
structure further includes an 30 anorphous carbon

| ayer. 44. The system of claim43, wherein the masking
structure further includes a photoresist layer. 21 WO
2085/ 03dg systenryf clamn 82/ Wheein tha shamher is poi@macdnhena@idmapor

4%116%?{%838&&??1{%;'@ structure further includes an

antire tive l'ayer.” 5 46. The system of claim 32,

wherein the at |east one die includes circuitry for a
ry device. 47. The system of claim 32, wherein the

g[g‘g?eaéthW@gﬁ?@WWég:udes circuitry for a processor.

forming a device structure over a substrate; and
forming a masking structure over the substrate including forming an

amorphous carbon layer, wherein the amorphous carbon layer is transparent in

visible light range.

50.  The method of claim 49, wherein forming an amorphous carbon layer

includes forming the amorphous carbon layer having a thickness of at least 4000

Angstroms.

51. Themethod of claim 50, wherein forming the device structure including

forming the device structure having a thickness of at least 40000 Angstroms.

52.  The method of claim 49, wherein forming the masking structure further

includes forming a silicon oxynitride layer over the amorphous carbon layer.

53.  The method of claim 52, wherein the silicon oxynitride layer is in situ

deposited together with the amorphous carbon layer.
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10 48. The system of claim 32, wherein the chanber is
a plasma enhanced vapor chem cal deposition chanber.

WA 2005034224 hod conprising: 15 form ng a devi ce BCT/US1004/€29172
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over a substrate and formng a nasking structure over

su e .l udi orm an anmorphous ca P
gyer fl} 0{% ﬁ{? Bﬁ %alﬂ 3?/18& ogs car on ayer
ﬁﬁiﬁ%ﬁféﬁnh@ theVdn%rBh&sldagrlskSn 1238100 forh) a Piterhbe afBigHods

m 49, wherein form ng an anor phous carbon | ayer
|rmbumjbsrelf orm ng the anorphous carbon | ayer having a
t hi ckness of at |east 4000 Angstrons. 51. The nethod
of claim50, wherein form ng the device structure

| 5] UdTTRgmeBRdloTCHIMG 4, Waelken f&ening bdevice sirii@ierigelades
thi ckness of at |east 40000 Angstrons. 52. The nethod
opatédraingthrodevigestrartyre wving thip Raerned aRmgsphads caog layer as a
erélper includes formng a silicon oxynitride |ayer
over 't he anorphous carbon layer. 30 53. The net hod of
claim52, wherein the silicon oxynitride layer is in

situ deposHed t er wth _the anorphous, carbo
| 9er . Thompghosds, & yheeth fusppg A E*ﬂ@ St rther

@Qﬂ ii%rt ng an anor phous
ayer‘(’aéﬁantee?% es (gtéétig{r%?%g t he anor phous car bon
Iayer to forma patterned anorphous carbon Iayer

5 Th erein for

>STuct dPETIeAR st B g reL aco Rt RetR r%&m

Ugicongiek P&t g@lﬁé‘ﬁﬂo PABESNAAYSN BFEDEIng BiQattahed phomsdsist
56. The net hod of claim49, wherein formng a masking

slavgcasg @askurt her 10 includes fornming a patterned
photoresi st layer. 57. The method of claim56, wherein
form ng a masking structure further includes

paB1 er mho gnetlivel eetiimhisy svhessib dorniiay erdeuvick sgudthee includes

patter) ned phot oresi st |ayer as a 8. .Th
EHOTING Lt ah SRC A RS DA S oTEb Be R e 2
I pelpides

59.  The method of claim 49, wherein the amorphous carbon layer has an
absorption coefficient between about 0.15 and about 0.001 at wavelength of 633

nanometers.

60.  The method of claim 59, wherein the amorphous carbon is formed at a

temperature range of about 200°C to about 500°C.
61.  The method of claim 49, wherein the visible light range includes
electromagnetic radiation having wavel engths between 400 nanometers and 700

nanometers.

62. A method comprising:

forming a device structure over a substrate; and
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patterning the device structure using the patterned
anor phous carbon | ayer as a mask. 20 59. The net hod

wW@B008k34i229 49, wherei n the anorphous carbon | ayRCT/mszo&029172
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absorption coefficient betweéen about 0.15 and about
0.001 at wavel ength f 633 nomet er haod
o ol aliiEE & THETLS SRRRETS T DT e BT ol e
aan dRokpRTREEAbM 18y éﬁﬂgﬁteﬁ%eﬂiﬁﬁ‘étrar?ém abBuiYRet: 1HEKYat

61. Thé nethod of claim49, wherein the visible |ight

r 84¢€.i ncl udes el ectromagnetic radiation having
wavel engt hs bet ween 400 nanoneters and 700
nanoneters. 30 62. A nmethod conprising: formng a

deyj ceThé mietiod of cRYAT 62 villdasih fednEing @dmaskiMtructure further
2005/ 034229 PCT/ US2004/ 029172 for m ng a maskin

sinolpdes feamings siligen QEVRIEEledaYH QvEr @eu APV § %@flﬁmg
an anor phous carbon | ayer at a tenperature range of
about 200C to about 500C. 5 63. The nethod of claim
684. wh&hemrtHodroficlagint 683 wtwséih iige siticommxynﬁriﬁel tdyleeis in situ

includes formn silic X i de | ayer over the
aaﬁﬁ“}ﬁﬁﬁfﬁ@g FloBHn fhg apo fl?us el‘%g YRbd of cl ai m 63,
wherein the silicon oxynitride layer is in situ

deposited together with the anorphous carbon |ayer. 10
685. Th é‘hqmeﬁ@d afclathadmvetreintier @horphhes carpemplayershas an

e aL < B4l ff Bk gl Tat a4t or o33
nﬁmtﬁg,s. 15 66. The net hod of claim 62, wherein

form ng an anor phous carbon |ayer includes formng
t he anmor phous carbon | ayer at a tenperature from about

Wﬁ@ c tl“ﬁ ﬁ’gﬁl%td ok%% Y gé) erdd “fm%g]ﬁﬁ %Ftaﬁi%gp}%glégl nc{pllj S/és

8rein form ng an anorphous car ayer
f @xchadeg fdrﬁmgﬂhie ambatkousarafiam lhgsrait ahaupergtuge frtuinclbnes200°C

reater. than 4000 Angstrons.
gto about below 300°C. g

67.  The method of claim 62, wherein forming an amorphous carbon layer
includes forming the amorphous carbon layer having a thickness greater than

4000 Angstroms.

68.  The method of claim 67, wherein forming the device structure includes

forming the device structure having a thickness greater than 40000 Angstroms.

69.  The method of claim 62, wherein forming an amorphous carbon layer is
performed in a chamber subjected to a pressure range of about 4 Torr to about
6.5 Torr, a radio frequency power range of about 450 Watts to about 1000 Watts,

and a gas mixture including propylene.

70.  The method of claim. 69, wherein the gas mixture further includes

helium.
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68. The nethod of claim67, wherein form ng the device
structure includes formng the device structure

whaoosnosp220 t hi ckness greater than 40000 Angstr oPGT/U04/029172
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69. The nethod of claim62, wherein form ng an

agpr phaus car bpn. lL.ayer i erformed in. a chanber

20b; oo P nfdhar B auBkie herdE e biBYsee s Tnrduces ntn i
BetmbRf ht a FokARtLofMHBRSANST0 RMERFd EdNI&nAMAROHE: AR lte
Watts to about 1000 Watts, and a gas m xture

i Getoane490bipgirene. 30 70. The met hod of cl ai m 69,
wherein the gas m xture further includes helium 24
WD 2005/ 034229 PCT/ US2004/ 029172 71. The net hod of

chai m The nvdiiesRoMcl4iRe7 R ey dif fige hddiubd s iREBERRE] indd thet he
chanmber at a flow rate of between 500 standard cubic
ceimmbseites dopaatanihetwcen 2X0seymand 1800eccstcm 5 72.

The nethod of claim 71, wherein the heliumis
introduced into the chanber at a flow rate of between
28) scAmathdd toRrisingm 73. A net hod conpri si ng:
formng a.device structure on_a substrate; 10 form ng

a maki RHERE 8 dPYice SERre R YRS structure i ncl uding
form . - )

ol RO D0 U MR
| angdrporpboge carhowl layes hegeit e abempbeusstarhontlaye isiansgarent

the. rphous carbpn | ayer as a mask. 15 74. The
ﬁ@ﬁﬂ%@géﬁﬁﬁr%ﬂa% . wherein forming an anor phous
car borett@in@rthé Sevibe§thaiire @sihg tRe &N&PAGHs Wiridh @yer as a mask.
t enperature range of about 200C to about 500C, a

pressure range of about 4 Torr to about 6.5 Torr, a
radi o e 4 S;. t .
6 SRR ST RS P A5 L v

preofoyiedin a2Bamiber Wik a n@hpeastutd raapabfbdbt 2007€rteiabodthe
péqoopél ene is int ro%glﬁed into the chanber at a flow
r e 1pTRE e stRBeR Ahed bl ehe 8D A Hut-aradiodieaiemft e

(SRR ka2 AR08t $85Watts to about 1000 Watts, and a mixture of gas

including propylene.

75.  The method of claim 74, wherein the propylene is introduced into the
chamber at a flow rate between 500 standard cubic centimeters per minute

(scem) and 4000 scem.

76.  The method of claim 75, wherein the helium is introduced into the

chamber at a flow rate between 250 sccm and 1000 scem.

77.  The method of claim 73, wherein forming an amorphous carbon layer is

performed by a chemical vapor deposition process.

78.  The method of claim 73, wherein forming the masking structure further

includes forming a silicon oxynitride layer over the amorphous carbon layer.
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25 76. The nethod of claim 75, wherein the heliumis
i ntroduced into the chanber at a fl ow rate between

w2adssser and 1000 sccm 77. The net hod of cl aP@T/¥S2004/029172
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wherei n form ng an anor phous carbon | ayer is

peffo a,chem c S|t|on I

B T etitne GrOEE R, YaR AT B Ron SRR YR e i S
Nesploisiigd 36 gontedr with the bideshoub BebblRsef.or ming a silicon
oxynitride | ayer over the anorphous carbon |ayer. 25

V‘D 2005/ 034229 PCT/ US2004/ 029172 79. The met hod of

i m [ I r

Sh P s SARRELP IR 78, MR B s B st
I M@fptl(&OCOGTﬁaeﬂﬂieh\Oébnﬁboﬂt @l frar@® aboud €081 1at Waeelength of 633
anor phous carbon |layer has an 5 absorption coefficient
bRARERFCEbout 0. 15 and about 0.001 at wavel ength of
633 nanorneters. 81. A method conprising: formng an
anor phous carbon layer in which the anorphous carbon
| &lyer Aﬁleﬂmdtcroammnt in visible Ii ght range,

wh b
bor 1 or MR 33 SETEER RO 1415 BhpBich it GnoBbs e layer
afRdraPRbANPRGEsIbR 1ight Pa?x%b‘ r@héré‘iﬁ%nﬁﬁlg ah Qﬁforﬁ’hoﬁﬁ’ E&rb@n@ layer

about g 5 Torr, an radi 6 frequency power range
alsperforsed vae chamberapidua texmmatumabgve awcaanmmm @O(bc a

S PR 805 R R TR T Ry B RV range

| efcdbde 850 W Ak tg abbet W0rWhied) and 8 hligird @k ilvhwding a
thickness greater than 4000 Angstrons. 20 83. The

nEPRGEESf clai m 81, wherein the mixture of gas further
includes helium 84. The nmethod of claim 83, wherein
the propylene is introduced into the chanber at a
f 82w r dthe nodthdxbofvlaim S0 0vistrein damting ab amoghots oaber kyer
(ste and 4000 seem 85 . The nethod of
PRl omems?*a FRACWF AR LT RIS A hiSHiiess EEFajeh dhan
chheatods.f | ow rate of between 250 sccm and 1000
stem

83. The method of claim 81, wherein the mixture of gas further includes

helium.

84, The method of claim 83, wherein the propylene is introduced into the
chamber at a flow rate of between 500 standard cubic centimeters per minute

(sccm) and 4000 scem.

85. The method of claim 84, wherein the helium is introduced into the

chamber at a flow rate of between 250 scem and 1000 scem.

86. A method comprising:
forming device structure having a gate structure on a substrate;
forming an amorphous carbon layer over the device structure, wherein

the an ammorphous carbon layer is transparent in visible light range;
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30 86. A method conprising: formng device structure
having a gate structure on a substrate; formng an

w@ewsphes carbon | ayer over the device structRPCEDS2004/029172
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wherein the an anorphous carbon | ayer is transparent

in visible lLight range; 26 WD 2005/ 034229

PCT/ USRS ATERE D s SPIRGDLHET BN ergd peqrphous
| avgfontiQydror m a patterned anorphous carbon |ayer;
etching the device structure using the patterned

anor phoighiegthssievicgpamctusesusingths katteanédbamomheus aacionrl@yer

f [ f | 1; d 5 ' th
b BARRBIS G101 bRbUdEl Bepteagipt & Bpmom SR IOq of
cl &l m &emoWHRTR potRBhPIAPRIEITERROUS car bon

u

| ayer inc es: formng a patterned photoresist |ayer
over the anorphous carbon |ayer; 10 and etching the

oI0E POl AR LS5 08 15T LSO U e

cangludet ng: 15 formng a silicon oxynitride |ayer over
the over the anorphqus carbon |ayer before form ngi

the patiPERRE3 N3HESH @Eptorestshipyer 0wy thepporpbeussarben layer;
clggm 88, wherein the silicon oxynitride layer is in
situ deposited together with the anorphous carbon

| ayer. e2hi®the Bhwrpetiiedrboh lgleansmg e pdtemed photerssist lager
the patterned anorphous carbon is perforned using an
o@éé’ﬁaskl asma process. 91. The method of clai m 86,
wherei n renoving the patterned anorphous 25 carbon is
per f or ned usi&? an oxygen plasma process with one of

C88. andhamebod oficlaim RBo furthenpernpiisige: pl aci ng a waf er

in ac r, th fer.i | udi ng.,at | east one die
havi ngrhglc{;%gl g t&}ssil%cg) \(Qﬁgﬂlgjélen%ggi R lggjteroly &t @‘Pé@&ﬁ’%ﬂ"%@%‘?
t hgyes bbfokd RiringiBe patérnedplotbRBReElagéur e i n the chamber
bet ween about 200C and about 500C; and

=]

89.  The method of claim 88, wherein the silicon oxynitride layer is in situ

deposited together with the amorphous carbon layer.

90.  The method of claim 86, wherein removing the patterned amorphous

carbon is performed using an oxygen plasma process.

91.  The method of claim 86, wherein removing the patterned amorphous

carbon is performed using an oxygen plasma process with one of CF4 and H,

92. 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;

setting a temperature in the chamber between about 200°C and about
500°C; and

forming a masking structure over the device structure including forming

an amorphous carbon layer.
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form ng a masking structure over the device structure
i ncluding formng an anorphous carbon |ayer. 27 WD

wWQOB508224929 PCT/ US2004/ 029172 93. The net hod PET/UEZ2041929172
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92, wherein formng the masking structure further
includes formng a silicon oxynitride |ayer over the
anor phous carbon l[ayer. 5 94. The nethod of claim 93,
WogT ei MHehfetfibd bPQ&InP%’H &{Hﬁféiﬁj forhAYEthe 'n%skﬁg%&}l%tureer further
yer.

deposi ted together wit e anor phous carb

osncludes fommingd sdicon loaynitrgle layen ever the tinerpdoos grberslayer.
carbon | ayer has an absorption coefficient between
about 0.15 and about 0.001 at wavel ength of 633 10
ngoNe ket ofl 18 e, Rdredh el sHidh JgyniWivRY 18Y¢? is in situ
form ng_an anorphous carbon |ayer is perforned until
t Hepositsd prasther wathybnamerpbeuseaban Ipjrckness of at | east
4000 Angstroms. 15 97. The nethod of claim 92 further
conprising: introducing a propylene into the chanber;
s661 i nTha npsthabofl daiin 04, hterdatheimdigtione earbah tler HasTay
and abgut 6.5 Torr; and 20 subjecting the wafer to a
pBRSFD R AsEicis DitverBgbu o B aabantle0n o velsaetico 633
98anohgefet hod of claim 92 further conprising: }
i ntroducing heliuminto the chanber. 25 99. The net hod
of claim98, wherein the propylene is introduced into
t ween 500 siandard cubi ¢

t nb £l te.b
L0 IR ofidintl, SRR TR CadeniapT i
Therfomidaahtio thetdndrPhAR caiof 18/ hi Sk ranich Qdido6 d

into the chanber at a flow rate between 250 scem and
1008StEdBI 28 WO 2005/ 034229 PCT/ US2004/ 029172 101.
The met hod of claim92, wherein the chanber is a

pl asma enhanced

97.  The method of claim 92 further comprising:

introducing a propylene into the chamber;

setting a pressure in the chamber between about 4 Torr and about 6.5
Torr; and

subjecting the wafer to a power between about 450 Watts and about 1000
Watts.

98.  The method of claim 92 further comprising:

introducing helium into the chamber.
99.  The method of claim 98, wherein the propylene is introduced into the
chamber at a flow rate between 500 standard cubic centimeters per minute

(sccm) and 4000 scem.

100. The method of claim 99, wherein the helium introduced into the chamber

at a flow rate between 250 sccm and 1000 scem.
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wo pbssi2ey f orm ng an anor phous
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vapor chem cal deposition chanber. 102. A nethod
conprising: 5 formng a nunber of nenory cells

t he anorphous carbon layer is transparent in visible

i ght ange. 103. .Th t hod .of ., cl aim 10 e|n
0P ng s o BT e shiin Frih & ST S
fQﬁ%hQﬂaﬁuﬁlHQ&@RmH%MQhB&Jde | ayer over the a”UfphOUS
car l ayer.” 104. The nethod of claim 103, wherein
the silicon oxynitride layer is in situ deposited

t ther with the anorphous carbon [ayer. 15 105. The
m(igﬁ %blilma Ecﬂﬁnfﬁil D8wher ei n t he amor phous car bon

| ayer H@$nids a ndlber Ph&fosRfk hﬁ:hﬂ'ﬁ{ Rehueeh ARplous
0. 15 and ab%ut 0. 001 at wavel engt % 633 nanonet ers.

202boB layph avhesain S asporphepisrpenon amh & tednsparemtrip ivisifdle light
85}1%@ | ayer a thickness of at |east 4000 Angstronmns.

1 The net hod of claim 102, wherein form ng a nunber
of nmenory cells includes 25 form ng a nunber of
transistors; and form ng a nunber of capacitors having

19%(p adibe grethpdalelaimo)?2, VRESHL RBIREGY TSR beF 6 mgmory cells
f
WREARY ks ARG b OicBh Bl R AR B¢ BhorBid b iE

ous car ayer to etc I nsula |ng ayer
ovgmrgate structures 30 of the transistors. 109. The
nmet hod of claim 108, wherein the layer is performed in
a chanber wth a tenperature range of about 200C to

ahout FREmetiRISERISH B3I %@&1@&63@108@0%&3%%111 situ
PCT/ US2004/ 029172 about 4 Torr to about” 6.5 Torr, an

r depasited tagater with theeamerphoes wibaaaysr. 450 Watts to
about 1000 Watts, and a m xture of gas including
propyl ene. 110. The nethod of claim 109, wherein the

i1 85.ur €heimegias] dWldiMero4l Wakiedehe a&oﬁﬂiouy Hﬂrbd{lﬂayerTﬁh% an
met hod of claim 110, wherein the | ene i
i Apsosetinncepeffiient baveen about 0.15 and a out .001 at Wavelength of 633

nanometers.

106. The method of claim 102, wherein amorphous carbon layer a thickness of
at least 4000 Angstroms.

107. The method of claim 102, wherein forming a number of memory cells
includes:
forming a number of transistors; and

forming a number of capacitors having a capacitor plate. {

108. The method of claim 107, wherein the capacitor plate is formed after
using the amorphous carbon layer to etch an insulating layer over gate structures

of the transistors.

109. The method of claim 108, wherein the layer is performed in a chamber

with a temperature range of about 200°C to about 500°C, a pressure range of

29
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chamber at a flow rate between 500 standard cubic

centineters per mnute (seen) and 4000 seem 10 112
wabh@soekod of claim 112, wherein the helium i BCT/US2004/029172

introduced into the chamber at a flow rate between

2 glg)ous”t A ore tnodab%)gto (9 5 El“%ler[nan ?a(c)lio frequency power range of about 450
Watts to about 1000 Watts, and a mixture of gas including propylene.

110. The method of claim 109, wherein the mixture of gas further includes

5  helium.

111.  The method of claim 110, wherein the propylene is introduced into the
chamber at a flow rate between 500 standard cubic centimeters per minute
(scem) and 4000 scem.

10

112 The method of claim 112, wherein the helium is introduced into the

chamber at a flow rate between 250 sccm and 1000 scem.
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