8 March 2007 WO 2005/034216 PCT/ US2004/ 029209 MASHI NG STRUCTURE | NCLUDI NG
AN  AMORPHOUS CARBON LAYER 5 Rel ated Applications This appli FANAS2003
related to the follow ng co-pendi ng and conmonly assigned application;
~attorney saxioesozareber 303, 864US1, application serial rooobmosydei661, 379
entitled " TRANSPARENT AMORPHOUS CARBON 10 STRUCTURE SEM CONDUCTOR DEVI CES'
‘which is hereby incorporated by reference. Field of Invention The present

i nvention relates generally to sem conductor devices, nore particularly to
maski ng structures in the sem conductor devices, 15 Background

Sem conduct or devi ces such as nenory devices reside in many conputers and
el ectronic products to store data. A typical sem conductor device has nmany
‘layers of different materials forned on a seni conductor wafer. 20 During -
manuf acturing, the layers go through many processes. For exanple, a
patterning process puts MARKINGSSPRUCTURERYSCEUDINGEARAtterning processes
use a mask to transfer patterns fromthe mask to the layers underneath the
mask. The patterns on the nABKORPHEUS GARBON EAYERat ed using a top | ayer
above the mask. 25 During the patterning process, the material of the top

| ayer may 5affect the properties of the layers underneath the top |ayer and
t he mask. “Sonme conventional top |layers are nade of oxide material. In sone
cases, an oxide top |ayer af f ecRélateb Appystichsunderneath the top layer and

the mask. Thus, in_sone,_ cases, the top |layer made _of oxide is not suitable.
s application is related to the following co—pendmg and commonly

assigned application; attorney docket number 303.864US1, apphcatlon serial -
number 10/661,379 entitled “TRANSPARENT AMORPHOUS CARBON

10  STRUCTURE SEMICONDUCTOR DEVICES” which is hereby incorporated
by reference,

_ Field of Invention

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 Jayers of different matenals formed on a semiconductor wafer.
20 During manufactunng, the layers go through many processes. For

example, a patterning process puts patterns on the layers. Some patterning
- processes use a mask to transfer patiemns from the mask to the layers underneath
the mask. The patterns on the mask itself are often created using a top layer
gbove the m_ask.. .
25 During the patterning process, the material of the top layer may affect the
. properties of the layers undemeath the top layer and the mask. Some
conventional top layers are made of oxide material. In some cases, an oxide top
3 - layer affects the layers underneath the top layer and the mask. ‘Thus, in some.

cases, the top layer made of oxide is not suitable.



1 8 March. 2007 WD 2005/ 034216 PCTI US2004/ 029209 Summary of the Invention
‘The present invention provides devices having a masking structise,
t echni ques for form ng the masking structure, The masking structure includes

a b5 rrask“% | ayer. The mask is fornmed from ano n

I ncl udi ng tragg%%%gnt anor phous carbon. The cap | ayer ?Q{]&gfﬂ&%@wﬂgom
non-oxi de materials. O 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 nenory device during various processing stages
according to enbodi nents of the invention. 15 FIG 24 shows a system
according to an enbodi ment of the invention. Detailed Description of the
Enbodi nents The foll ow ng description and the drawings illustrate specific
enbodi nents of the invention s ffi'cie%téi]g to .,enable those skilled in the
art to 20 practice-the i nventyHamagy E‘Hﬁ&ﬂ?ﬁ‘mnts may i ncorporate )
structural, | 0gi Cahe plséil ivefittin prBiRGARTiceR BNl BhGKARERre 43  he

drawi ngs, |ike nunerals describe substanti al simlar conponents

t hr oughout t Hechgisues for formingshe Masking wmctune r Bioymaskinigsiruptossintindes\ar i at i ons.

Portions and t Uk f SO odier Incl.uded .in or substituted
f or thosegofI%@ﬁgﬁégéﬁﬁgwit§§g§%$kFﬁﬁﬁﬁﬁ3§w¥5§wgﬁgh§ﬁgaﬁ AR e 1yl

anbit of the tehsparst andrphbis caxtonl Thé eapclgyiriadoened frominon-ckidehr ough FIG 10
show a device 100. during various processing stages according to enbodi nents
of the invent?™&¥| G 1 shows a cross-section of a device 100 including a

substrate 110. Substrate 110 nmay represent a part of a wafer, or nmay be a
- f@fer itself. The

10° : Brief Description of the Drawings
FIG. 1 through FIG. 11 show cross-sections of a device during various
processing stages according to embodiments of the invention.
FIG. 12 through FIG. 23 show cross-sections of a memory device during
various processing stages according to embodiments of the invention.
15 . FIG, 24 shows a system according'to an embodiment of the invention.

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
’D 20 practice the invention. Other embodiments may incorporate structural, logical,
electrical, process, and other changes. In the drawings, like numerals describe
substantially similar componenté 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
25 encompasses the full émbit of the claims and all available equivalents.
FIG. 1 through FIG. 10 show a device 100 during varions 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

30  wafer may be a semiconductor wafer such as a silicon wafer. Substrate 110 may
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30 wafer maybe a sem conductor wafer such as a silicon wafer. Substrate 110
may 2 8 March 2007 WD 2005/034216 PCT/ US2004/ 029209 c al so @g@{ahéh(ylct-ure
or a layer forned on a wafer. Substrate 110 may include at | ¢ of a
non- conduckpRehsEedzes 1 al , a conducting material, and a ' Wle]

mat eri al . Exanpl es of non-conducting materials include g’aﬁé’gﬁm}d%’g. , SiQ2,
Al 203), nitride (e.g.,. Si3N4), and gl ass (borophosphosilicate glass 5 BFSGQ .
Exanpl es of conducting materials include alum num tungsten, other netals,
and conpound of netals. Exanples of sem conducting materials include
silicon, and silicon doped with other materials such as boron, phosphorous,
and arsenic. In enbodinments represented by FIG 1, substrate-110 includes a
sem conductor material. 10 Substrate 110 has a surface 112 in which .

al i gnment nardkes bemstretyre drarlayed formied om asaternSnbstrate 114 0 suaniseludestter ence poi nt's

or coordi nat St r : I king an.al ignment process, the

‘al i gnment mﬁ%ss%tleﬁﬁ%oé %éiu&%kge%mglh&goradp gqgtrﬁ%tgﬁgu%lsd%" ate 110 such that

struct ures angmicayéiding Matedidh HAagiphes b forsevhdbetingasaterddleinylndb bgided wi th each
e

other or with substr 110...15 FI G shows device 10Q.with a device
structure 220%E€orHeu Adafs) mritgds, &’§1§4§fﬁg%ﬁg€@P§?W %stllﬁ?ﬂéﬁg - i ncl udes

multiple Isay%x%(%?%magf&soﬁéuﬁdaaﬁgl%aﬁ}%niﬁﬂggi@@mﬂ,m@@m'%rS' may

“include at |east ‘'one of a non-con ) , .semconducting material,
and a conducttheteis,aed epinpbundrd metals niMaples of jemica@ipcting mbletials inokidde | ayer ;

| ayer 224 may.be a al | r.er a:l [ hawvi ng a, coppound of netal and
silicon; and Sf]%fﬁg’r | @%9{%@ “ﬁﬂh‘fﬁ‘?’?@é&%@@ as\ﬁogﬁkg}}éspgﬁ% iment s,
mul tipl e | ayessenit?n ediBddimants reppBeitedbypFIGa N gelstrale 210 indldeya di fferent from

'l order shown in FIG 2. Miltiple layers 222, 224, and 226 are forned by
j#owi ng or defFEiOniRergRateialot her known processes. In some enbodinents, one

or more ofg the | ay@hsirfe??i0 A4 surfidd 1726 WP M gnlfet JbA114 are

formed, Alignment marks 114 serves reference points or coordinates of

substrate (wafer) 110, During an alignment process, the alignment marks 114
' gre used to align or position substrate liD such that structures and layers on
subsirate 110 can be accurately aligned with each other or with substrate 110.
15 FIG. 2 shows device 100 with a device structure 220 formed over
substrate 210. Device structure 220 includes multiple layers 222, 224, and 226.
Each of these multiple layers may include at least one of a non-conducting
matérial, sernjeonducting material, and a conducting material, For example,
layer 222 may be an oxide layer; layer 224 may be a metal layer or & layer
fD 20 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
296 are formed by growing or deposition or by other known processes. In some
embodimenfs, one or more of the layers 222, 224, and 226 is onﬁﬁed from
25  device structure 220. In other embodiments, one or more additional layers
similar o layers 222, 224, and 226 are added to device structure 220. Device
structure 220 has a thickness T2. In some embodimends, T2 is greater than
40000 Angstroms. _
FIG. 3 shows device 100 with a mask (layer) 330 formed over device
30 structure 220, Mask 330 is formed from suitable materials to etch device

3



25 device structure 220. In other enbodi nents, one or nore additional |ayers
simlar to layers 222, 224, and 226 are added to device strucéﬂggm%ggr
Device structure 220 has a thickness 72. In some enbodi nents, i's greater
than 400 . FIG 3 shows device 100 with a mask (|l ayer) 330

f or ned nggoéﬂgﬁ%éﬂygo structure 220. Mask 330 is fornme¢¥ WFéHF%bble
materials to etch device 3 8 March 2007 WD 2005/ 034216 PCT/ US2004/ 029209
structure 220 in a subsequent etching process. In enbodi nents represented by

~FIG 2, mask 330 is forned from anorphous carbon., Thus, in FIG 2, mask 330

Is also referred to as anor phous carbon | ayer 330. Anorphous carbon | ayer
330 has a thickness T3. In sone enbodi ments, device structure 220 has a
certain 5 thickmness such that anorphous carbon layer 330 is formed with an ,

adequate to grwhes R0 ficsubsevibttetchingypéosse 17 2boditicABRerdesemad by hi ckness. I'n
T3 i s at |east 4000 Qngstroms. I n sone_enbod nent s,

‘ nmbodi ,
Zﬁn@phgusocg%a W@?-O’%@Gf‘l’f. med oy ners Q}}SISNI’B% I. ’é‘tﬁemfm &rnask 338 t hat
anor phous  car QMo @REd 38 dof ﬁo%m%mg?eseo.vggilog@uhh%ﬁam shgnge. The

visible |ight range 1 ncludes electromagnétic r I'on havi ng*wavel engt hs
bet ween 400 nhascrtbickness A8d by Senewmimdirhents; device stowrire 220mdiawentdis, anor phous

carbon laygr 33Q has an sorption coefficient.(k bet ween about 0.8 and
0.001 at agmg%‘%&ﬁﬁtsﬁab?%’ﬁ%%ﬁgﬁ% ?’%é?g‘ﬁs f"%ﬁ%‘?%ﬁ&g“g%ﬁ“gt& °layer 330 is
transparent i propedy étbledévied truefgz20. AFWaA be wsy thitkeasbiisdnayer 330 is
referred to as t,ransp rent armré) ous carbon layer. In sone enbodinents,

the transpare Fﬁﬁéﬁ’s‘sé?ﬂeﬁﬁﬁo URES- an absorption coefficient (k)
petween about 0. 151ehelbnHodirflnt2 aiBipRbE/ litn MyeP 35 SHRAIGH WBofptioTO" PhOUS

@ bon | ayer 330 maybe forned by depoOsition process. In sone enbodi ments,
vor phous~ car Besalisientsuciphet amorphaugeserboy layercii0 datrangpasent in 2i3iblligdti ti on (CVD)

plr ocess. h§ OffeL Mﬁﬁ%@frm@%cﬁﬁ%&%&g&%ibﬁcﬁéﬁo%ﬁmg

wavelengths between 400 nanometers and 700 nanometers. In some

- embodiments, amorphous carbon layer 330 has an absorption coefficient (k)
between about 0.8 and 0.001 at a wavelength of 633 nanometers. When
amorphous carbon layer 330 is transparent in visible ight range, amorphous

15  carbon layer 330 is referred to as a transparent amorphous carbon layer. In some
embodiments, the transparent amorphous carbon layer has an absorption
coefficient (£) between about 0.15 and 0.001 at a wavelength of 633 nanometers.

Amorphous carbon layer 330 may be formed by deposition process. In
some embodiments, amorphous carbon layer 3:30 is formed by chemical iiapor

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, z process gas inclﬁding propylene
25  {(C;iHg) 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
mn exemplary flow rate between about 250 secm and about 500 scem, Further,
emboditments exist where at least one of the hydrocarbon gases is used as the
30  process gas. Examples of the other hydrocarbon gases include CHj, CoHa, CoHa,

4
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I's formed by plasma enhanced chem cal vapor deposition (PECVD) process.

Qt her known processes can al so be used to form anorphous car tﬁ%ar!:aé/(ﬁﬁ 330.
In an _exenplary PECVD process to forma transparent anorphous carfbon | ayer
such as a ) arbon 330, a process gas including propylene 25 (C3H6)
S introd%@@#ﬁ%}%a PEVCD chanber at an exenplary floﬁFT’ﬁg@oﬁ[@?%en about
500 seem (standard cubic centinmeters per mnute) and about 2000 scan. An
addi tional gas including heliumnmay be also introduced into the chanber at
an exenplary flow rate between about 250 scan and about 500 scan. Further,
enbodi nents exi st where at | east one of the hydrocarbon gases is used as the
30 process gas. Exanples of the other hydrocarbon gases include CH4, C2H2,
C2114, 4 1111 8 March 2007 WD 2005/034216 PC11US2004/029209 ~. | C2He,
and CHs. Hel iGybl ey CaHs.OHBRuH St alsd beased i abbinatidr Witleht lbaeske gfne of these
hydr ocar bon ses. . In the above exenplary process to formthe transparent
.anmor phous ¢ %Bay‘i’faﬁ?c’%gﬁf}??-as anor phous carbon 330, a gas m xture is

i ntroduced into theg; hagheh t.hi | £ j S mxture nay
be either one asﬁ%ﬁﬂe&b(&% a cgmﬁgc%gﬁo%ﬁﬁgé ea %ra{i%{oggglgg% For exanpl e,
t he gas m xt omgyebeaichias Amerphgusomwtioni330,(aG8Rie)ixturd iy infrodacaddntoitheat i on of

bne o tné prbahin B offyllRhufh, e By ktf Sl BP0 0
exanpl e, the cymbinatiod of = lamtytoe gatesl Foséxamply, the gadMhittie nuydeydithere, CH4, C2H2,
C2H4, C2H6, and s helium _Jn the exeppl ary, PECVD, process of form ng
the.transpar@ﬁ?pyg’gﬁg%gmy€éPﬁﬁﬂb%W°fm@§aﬁ ‘?lﬂ’r?buég n 330, the

t enper ?ﬂto u&_e ieﬂ?ﬂlﬂ%,t iﬁ@ 20 tire may B aPRISMBANBROBpARRS AINdCaRoEtHL00C.  In
sone enbodi nent s, e ,
v C:Hs, and C3Hg. Ag a firther example, the gas mixture may be at least one of

10  the propylene, CHy, CoHaz, CoHa, C,He, and CsHg plus helium.
 Inthe exemplary PECVD process of forming the transparent amorphous
carbon layer such as amorphous carbon 330, the temperature in the chamber is
set between about 200°C and about 500°C. In some embodiments, the _
temperature in the chamber is set from about 200°C to below about 300°C. The
+ 15 chamber is subjected to a radio frequency (RF) power and a pressure. In some
embodime:its, the radio frequency power is set between about 400 Watts and
about 1000 Watts, and the pressure is set between about 4 Torr and about 7 Torr.
FIG. 4 shows device 100 after a cap layer 440 is formed over amorphous
carbon layer 330. Cap layer 440 includes non-oxide materials. Examples of
20 pon-oxide materials include boron carbide (B,C), boron nitride (BN), silicon

carbide (SIC), silicon nitride (Si,Ny), Buorine doped with oxide (e.g- SiOF),

fluorine doped with nitride (e.g., SixNy:F), fluorine doped with carbide (e.g.,
SC:F), and fluoride films such as CaF, and MgF,. An example of oxide material
includes silicon oxide (Si03). In some embodiments, hydrogen is incorporated
‘ 25 into the non-oxide materials of cap layer 440, In this specification, fluorinated
oxide Si0,:F is considered as a non-oxide material. |
In the exéxnples abo{e, x and y represent the number of atoms in a stable

compound, For example, in SizNy, x represents a number of atoms of silicon




-about 7 Torr. FIG 4 shows device 100 after a cap |aye
anor phous carbon |ayer 330. Cap |ayer 440 includes non-oxide materials.

tenperature in the chanber is set fromabout 200C to bel ow about 300C. The
15 chanber i's subjected to a radi o frequency (RF) power and a&bﬁ&gﬁgwe. I n
sonme enbodi nents, the radio frequency power is set between about 08 Watt s

and aboutyd ORQeIsiiL s, and the pressure is set bet me”@?ﬁ%&onﬁogﬁ%ﬁ and.
r I'S

ornmed over

Exanpl es of 20 non-oxide materials include boron carbide (BxC), boron
nitride (BN), silicon carbide (SiC), silicon nitride (Si,,Ny), fluorine
doped with oxide (e.g., SIOx:F), fluorine doped with nitride (e.qg.,

Si xNy: F), fluorine doped with carbide (e.g., SC F), and fluoride filnms such
as CaF, and MyFF, An exanple of oxide material* includes silicon oxide b
(SS®). In s ferip a giable sospoindawidyp atoms of nidoeso riatlds exdnpletomashe non- oxi de

mat erial s of ﬁ@iﬂrelaw%nﬁi% ol this specification, fluorinated oxide Si Ox:F
i s considered as & noh oXide Waterial. In the exanpl es above, x and y B

represent the nunmi@mp lafer 440 0m efornal B Gopodtomerats skdias@CVMeed i n Si xNy,
X represents nber of atons OL i licon March 2007 WD 2005/ 034216.

58 .

PCT/ US2004/ 0 PRREss JP ome swhediments Aap Iaver 440:im fapmsd tnagther witht r ogen. 1n
this exa e, %,@133 an be fornmed
by a erggti%%lo roggss?‘gogu h a@%@@%&gﬁgﬁgﬁﬁ%ﬁgéﬁ’@“@om
ggtgo_dl mtaﬂts, @WWQW@SmdeIMWSMMWGW }ﬂonrs carggg | ayer

in the sa 0Gess r si ng s uc cap | ayer i s
situ deposi tegdﬁg]%ef‘ ﬁ%%ﬁgﬁgaga;g%%@% *lPﬁg%cf‘“g‘%"ﬁ %PE@JT’FB?%? during or
after layer 3dfhilarso tloerpredtss of desériiod i FREGVdzprindedifg borofishddrastBi,he process
Dy be P dtt ERRCDs Rk ERofisel B P odugs p &g 010 havi ng
boron car {1} denRifbotdicartlls Gt s bAYS 1aPet330! h sk enbodi nents, cap

| ayer 440 includes boron carbide w th about 0.5 atomc
embodiments, cap layer 440 includes boron carbide with about 0.5 atomic

percent to ebout 70 atomic percent of boron.

FIG. 5 shows device 100 after a photoresist layer 550 is formed over cap
layer 440. Photoresist layer 550 can be formed by kmown process. The
_15 combination ¢f amorphous carbon layer 330, cap layer 440, and photoresist Iajzer
550 forms a masking strueture 560. In some embodiments, masking structure
560 includes an additional layer formed between cap layer 440 and photoresist
layer 550; the additional layer serves as an antireflective layer to enliance the
photo processing performarice. Masking struchire 560 is used as & niask to ctch
/) 20 one or more layers underneath masking structure 560 in sabsequent processes.
FIG. 6 shows device 100 after photoresist layer 550 is patterned.
Patterning photoresist layer 550 can be pérformed 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 0xygen plasma etch process is perfonneﬂ to pattern cap layer
440 using photoresist layer 550 as a mask. Afier cap layer 440 is patterned, the
pattemed cap layer 440 has openings 701 continuous or aligned with openings of
the patterned photoresist tayer 550. FIG. 7 shows patterned photoresist still
remains after cap layer 440 is paﬁmed. In some embodiments, however,




percent to about 70 atom c percent of boron. FIG 5 shows device 100 after
aphotoresi st layer 550 is fornmed over cap |ayer 440. Photoregjstb r 550
can be fornmed by known process. The 15 conbi nati on of. anor phous carbon |ayer
330, cap | ayer 440, and photoresist |ayer 550 forns W@z uct ur e
560. I n sHRSOEYMBHIP nents, masking structure 560 incl ?es an g,dditional
| ayer forned between cap | ayer 440 and photoresist |ayer 550; the
addi tional |ayer serves as an antireflective |layer to enhance the photo
processi ng performance. Masking structure 560 is used as a niask to etch f
20 one or nore |layers underneath masking structure 560 in subsequent
processes. FIG 6 shows device 100 after photoresist |ayer 550 is
,patterned. Patterning photoresist |ayer 550 can be performed using known

_tﬁchni ques. - Pademprtphoi ey layebttia semadved ycbithat sothbimasking StagErs01. FI G 7
shows devi Ce%ﬁ%ﬁ%ﬁ&gﬁ%ﬁé EWM{J’%Q?@?}@E&%%%H%#%@%@ enbodi nent s,

,an oxygen pl SS" 1S pertor 0 patt ayer - 440 using
phot or esi st | ayer FiGM showa dewisk 100Aiftee amomhodsaydon dad@r 830 sautteneakd, t he

patterned cap_layer 440 has openi ngs 701 conkinuous or,.aligned with openings
of the pattg:f_‘ﬁ © Bt ‘{‘ﬁ?&%ﬁ:ﬁ%@?%ﬁaﬁf%&bﬁ@ 8\7&5&&{‘?} nhﬂ% phot or esi st
still remai fﬁo&ﬁiﬁﬁh%%ﬁﬁpﬁ&ﬁh ét&i%?%rﬁ&%s@ﬂﬁng ih8 pafecEeapdayarent s, :

however, 6 8 March 2007 2005103421 S2009/.029209 ' patterned
phot or esi st 1*4Y) & 2 gek. | Thengerned smophousatbonayes 35 dhes epaung $8lct ure 560,

only patternqgnﬁﬁiapétaryﬁrgné&l@n@a @@P%eg?feh%da@’%g{m remin. FIG 8

shows device 100 after anorphous carbon |ay 330 i terned. In sone

embodi ment s, anor FHGUshews Yavice tkefteapitorssigdaser S5bis remoend. dibehi ng 5 process
a sk TSRS Ror R ShERSH R 3 i bl BALOEINEE SRR Bver 4O
cont i nuou$ orused asginaakkws tich apertiongs d8hde shiicthle220abit the astite deyicd ayer 440. FI G
9 shows devi cg 200 Al & ind o a e S rultd% 320 2 at 15ast & porkiSd of subStrate
- 210, Insome embodiments, both photoresist layer 550 and cap layer 440 are
rermoved after amorphous carbon layer 330 is patterned. Thus, only amorphous

carbon layer 330 remains and is used as & mask to etch the layers undemeath
15  amorphous carbon layer 330. _

FIG. 10 shows device 100 after device structure 220 is etched. Device
structure 220 is etched using cap layer 440 and amorphous carbon layer 330 as a
mask. Trenches 1001 are formed as a result of the etching process. i
embodiments represented by FIG. 8, trenches 1001 are formed in at least pnrtioh ‘

f) 20  of device structure 220. In some embodiments, trenches 1601 are fon_ned in the
e entire device structure 220 and in at least a portion of substrate 210.

Layer 222 is etchad to a level 1002. Level 802 is any level that is sbove
surface 112 of substrate 210, In embodiments representéd by FIG. 8, device
structure 220 is etched such that the etching process penetrates through layers

25 226 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 er
below surface 112 of substrate 210. The level at which the etching process

30  stohes into device structure 220 depends on what will be formed after device

.



O conbination of the remaining cap |ayer 440 and anorphous carbon | ayer 330
is 10 used as a mask to etch a portion of device structure 22Qi.&@hobhe
entire device structure 220, or the entire device structure 220 and at | east
a portion of substrate 210. |In sonme enbodiments, bothhdghabmuesded | ayer 550
and cap %9583 % e renpved after anorphous car bonh)I ayer@g‘go i s
patterned. Thus, only anorphous carbon |ayer 330 remains and is used as a
mask to etch the | ayers underneath .15 anorphous carbon |layer 330. FIG 10
shows device 100 -after device structure 220 is etched. Device structure 220
is etched using cap | ayer 440 and anorphous carbon |layer 330 as a nmsk.
Trenches 1001 are forned as a result of the etching process. In enbodi nents
represented by FIG 8, trenches 1001 are forned in at |east portion 20 of *

devi ce st r uctincire 220 isietrhed niotexproplerdavics struetaredhetebedgo onaleselibr med in t he
entire devic "'ft'éft: ' I ' rate 210. .
Layer 222 isg%@%ﬁ%@tl.o aﬁﬁ%&?ﬁﬂyggﬂcgea\?g?{gﬁgﬁ? fs&ggga?%%é@%@at is above
surface 112 efchuwsbstyaaiter willbe formmednbodi nents represented by FIG 8, device
structure 220 is d, such that the etchin rqcess penetyates through

| ayers 25 226 andﬁga?é%ﬂ”%‘gﬂqegbpﬁﬁm?qyﬁpw@gm@% Cfat | evel 1002
as shown §n &hﬁss%-ar&%wea.,cmagégmueme&mﬁ&@wgﬁfbb&% s@dfddahure 220 is

et ched such t | evel 802 can anywhere i n device structure 220. In
ot her enbodi AEYHEE plasma prasessh iApprphaye 68Hop tayer 38kaas be g bYRI | ayers 222,

224, "and 226 &@% I r 11 . The | evel
at which thepetcsﬁ%o%ragtg%}gémg%ge?‘%?sé%ﬁ@% gﬁé‘o@%“lgﬁsﬁ:{aﬁ%%&g depends on
what wi || be33®isrevowfittemgds ailcprocess ithaxygendGina on@ithGCHmih3kE 66

RCY/ Ug2004/ 02?209’ sipuct ur 20 is etched. For exanple, device structure is
stlhed to on& PRGE PRy fetive interconnects will be formed and at

anot her level if thespRoaieicripioicsf G, 3 daapgCFIGN 1 WindrplaRs tabored. FIG - 11

shows device 100 after.cap | ayer 440 and_anor phous, carbon
: layer 330, which 13 t?anspa%‘ent in visible I?ght rangg, is included 10 masking

structure 560 to use as a mask to etch device structure 220. In some

embadiments, an amorphous carbon layer such as ammjphuus carbon layer 330 is
also included in device stracture 220, For example, oné of the layers 222, 224,

15  and 226 of device structure 220 may be an amorphous carbon layer such as
emorphous carbon layer 330. As another exsimple, device structure 220 may
include an additional layer besides layer 222, 224, and 226 in which the
additional layer is an amorphous carbon layer such as amorphous carbon layer
330. '

O 20 * In embodiments where an amorphous carbon layer exists within device
strocture 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
carben Iayef similar to amorphous carbon layer 330, the amorphous carbon layer

25  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 io form components such as

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



S layer 330 ate renoved. Cap | ayer 440 can be renoved by a process such as

an oxygen p
process such

| asma process. Anor phous carbon | ayer 330 can be V.
SRR

as an ash process. |In sone enbodi ments, anorphou

by a
| ayer

330 is regpyv |,ng an ash process with oxygen plasnma_or wth a conbination
of oxygenwé%grlr@ﬁéﬁd CF4. 10 In the above description B‘FT’E?@“’@g%“ﬁrough FI G

11, anorphou
range, is in
structure 22

- anor phous carbon |ayer 330 is

exanpl e, one

exanpl e, dev
222, 224, an

carbon | ayer

s carbon layer 330, which is transparent in visible |ight
cluded in masking structure 560 to use as a nask to etch device

0. In sone enbodi nents, an anorphous .carbon |ayer such as
al so included in device structure 220. For

of the layers 222, 224, 15 and 226 of device structure 220 may
+ be an anorphous carbon | ayer such as anorphous carbon | ayer 330. As another
ideeics, tarpredestiog, ad 2Pplication spreificd@egated ditutii, onathed tgy@rofbesi des | ayer
d 226 in which the additional layer is an anorphous carbon
Jlayer such adMsEBARBEScar bon | ayer 330. Y 20 In enbodi nents where an

anmor phous car bon I el brish i Rerdeyd : : amor phous
P ¥R de_&ﬁgﬁ&?oﬁlﬁﬂh ’PI§.2 gf,%e‘?c%%ﬁﬁ&w%@fxgwmcﬁhga. P

within device structure use r- rnsu

, { re 22y > ting
pur poses, antmglaple &veisof differgnt seterialsrwifhotiffoshtpropatigso Jaws, foHence, in

enbodi nents L6e .St 2 in de . hous...carbon fayer
simlar t‘g a\r@%&p gglga\{carib%;deﬁ%ée{#u%%%?zq‘ﬁ?%ﬁ%’?ﬂﬁglﬁgggﬁ ﬁa?tgyer 25 of
devi ce st r uctdiffee? dihtaiald hay Bomdicds] wafetchrdeviop siplvaws 220sdvhanhdt theer 330 of

TRl ok TR are 4 s EBTRL B BBERBRR 1o 1o devi ce 100

to form conponent $; d@BscABtion A98 bEFRY, 1-FIGAPRGhAsRIng strii@aRIsgocel |, or an

maski ng stru
renoved as s

ARtegrated c
EKI’EETI us2004/ 0
circuit, 19"

15

ircuit such as a rrermrg 8 8 March 2007 WD 2005/ 034216
3} andegap dayist H4in vircksibe 68 lageri nt egr at ed

Janphesiys gugipheus erhandews
Qb 84 be/BARePfom different materials such as the non-oxide materials.
Since amorphous carbon layer 330 is formed form amorphous carbon, ithasa
relatively high resistance. Thus, amorphous earbon layer provides a suitable
efch selectivity to multiple layers of dielectric material and metal material within
device structure 220, Since cap layer 440 may be formed from different types of
non-oxide materials, cap layer 440 can be formed with different materials to suit
different materials of device structure 220. Thus, the combination of aﬁlcrphous

" carbon layer 330 and the different materials of cap layer 440 allows masking

.giD 20

25

30

structure 560 to be a suitable mask to sélecﬁvely etch different materials of a
device structore such as device structure 220.

1. Further, when cap layer 440 is in situ deposited together with amoxphous
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 3210. For example, the
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 ic embodiments of the invention. In
FIG. 12, memory device 1200 includes a substrate 1202 having alignment marks

9




" o

integrated circuits. In the description of FIG 1-FIG 11, device structure
220 may include nmultiple layers of different materials with glgjlf%ﬁ)lar?
properties. Thus, for 5 different materials in device structu BN a

di fferent Wﬁ’lg&é tructure with different materials nay be needed to etch
devi ce strictur such that the materials in the delyVESHMYUre are
not affected by the etching process. In the description above of FIG 1-FIG
11, masking structure 560 includes anorphous carbon | ayer 330 and cap | ayer
440 in which the cap |ayer 10 440 can be forned fromdifferent materials
such as the non-oxide materials. Since anorphous carbon | ayer 330 is forned
. form anorphous carbon, it has a relatively high resistance. Thus, anorphous
carbon layer '‘provides a suitable etch selectivity to multiple |ayers of

di el ectric matl2(s dbrnmddnsatfak 1007 ef subitratd 13020 A wiewhiet of sirfaestrncan®?20.  Si nce

cah | ayer 440 BaHhBEEM RS (2D dhopral G5 AR PR R mEe L2 for ant - " s
materials of dgyhmGubdfabCiad & ther f'd{&'usi&f‘gegfgﬁ%dﬂig@tg% E{Z%%Egrphous

carbon layer 330 and the different materia y U al | ows maski ng
structure 560 12068paul isolpticastmctores $20D] sl K97 2\aet formed hFafi ddrity, #68. nat eri al s

of a devicge ructure such a jce, structure 220., 20 = Further, when cap
| ayer 440 i%s iSI?%PW&MP?&%S?g%de?’ﬁ]é?“tt\ﬁ#{lﬁglﬁw&%‘m 32:15?1881}* | ayer 330,
time and cost mmkbe204e dieasder, blomaste kichQs thel iByerd @oivadn FOE. 12fmdybeng anor phous

~carbon layer 330, or cap |ayer 44 or both may adjusted (selected) to
af fect the opttgﬁ%‘?‘“ﬁ'ﬁb 3"@?122% both layers 230 and 440 to inprove

the reading of the \gbhgRueREe B0 SscqRc1844 Sh ik Rrigd G ogx@apl e, the 25

r:egi pe for anorphous cafbon |ayer 330 or cap |ayer 440 or both may sel ected

su€h that one mwmbspefrostac 2412404 thyowghs12403) extensting {hrough iwwlatinght to

| mprove t r i | i | dBi 114 on
substr at eﬁ?lo.lsi@?éﬂ %I?bafc ro g%@@%@?ﬁ%&?%ﬁ%%@%t [ onsoggéégnsnenor y
devi ce 1200 di206n@ basdérdayer R45cepantagsufhagamchesd20s fignt iaswatingdi ment s of
the invention. In Fl G, 12, r evj.ce 1200 incluydes a suhstrate 1202
havi ng al i gnrréﬁi’err]rﬁ?(g%ndl contdcts 122&”803’%&5 1545 are made of condu matenglto

provide electrical connections for diffusion regions 1206, Barrier layer 1245 can

L)

be oxide, or nitrite, or other non-conducting materials to prevent cross-diffusion
15 of materialg between surface structures 1205 and insulating layer 1230. In some
embodiments, barrier Iayer 1245 is omitted. Insulating layer 1230 provides
insulation between the contacts 1240. Insulating layer 1230 can be a layer of
silicate glass doped with one ar more dopants such as boron and phosphorous or
other types of doped glasses. For example, ipsulating layer 1236 can be
Q 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 Ti2. 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 sthructures 1205 inclndes a number of elements; a gate
30 dieleciric (gate oxide) 1209, 5 doped polysilicon layer 1212, a silicide layer

10



9 8 March 2007 WO 2005/034216 PCTI US20041029209 1204 fornmed on surface 120
of substrate 1202. A nunber of surface strictures (gate structuresé 1205
(1205. 1 through 1205.4) are forned over substrate 1202. W tAMpad298Trate
1202, a nunber of diffusion regions 1206 (1206.1 through 1206.3) and

i sol ati onVER &R Es 1207. 1 and 12072 are formed. For BCEHUBI004/020308 5 12
shows alignnent. marks 1204 w thout el enents forned above alignnent marks
1204. However, elenents such as the layers shown in FIG 12 may be - forned
over alignnment marks 1204. Menory device 1200 al so includes an insul ating

| ayer 1230 and a nunber of contacts 1240 (1240.1 through 1240. 3) extending
t hrough insul ating 10 | ayer 1230. Each of the contacts 1240 connects to one
,of the diffusion regions 1206. A barrier |ayer 1245 separates surface
struct ur es 12094!d Qbip U@ dlyer' 316 bnd SRR dA0RU2EH SsikEB1ayEoNt aCt s 1240
are made of conductrhg®material to  provide electrical connectlons for

Jdi ffusion redi2dfsardckde Basmpamdlofinetal arMsiliovasuchins tivadiiute silisideni trite, or

ot her non-conducting. opterjgls t revent .cross-dj ffusion 15 of materials
et ween our 1 Seute it e b B Blofe s i ol Sripies 1208 5ec BBl o S
enbodi ment s, mhstedid] efichl a3 Y¥fHcod 3file.i Bachdf tHeQ@lte striciuted tl PTRs laliy @éfertaBO provi des
I nsul atiog between the contacts 1240. Insulating |ayer, 1230 can be a | ayer
silicate YryEFO Wﬁﬁ“‘%’é%ﬂ%?@aﬂbﬁwgﬁ%hﬁ%‘%oron and

phosphor ous Qémg_fuggr types of doped gl asses. For exanple, insulating |ayer
1230 can be 20 Boronsilicate glass (BSG, or Phosphosilicate glass (PSG. In
enbodi ments  r epr é3@ni3thopy ner@ry device; 1328 kfierian g layegB10dg| udes

Bor ophosphosigd,j cat § gk : ' 05% : n sone
epbodi nent s, &1? S |-n@%?ﬁﬁ%@%‘?%&@gésﬁﬁggﬁom og%ﬁ{%ioAngst roms. In
.epbodi nent s riapilatimeiddyer 1280, AhdBlatihg layer i 0rnad othtP@@cturss|in B3, 12ifoieon 25
doped wi t.h a dppant, for | e boron, t ke it a P.type material.
Di f f usi or'}Ia re@dﬁg’ﬁ? S'I%%fea‘%&%%ﬁe W“Ff}‘fwawngﬁaﬁﬁthl ?555335 ¥%hosphorous, to
nmeke them - embodiments, T13 is at least 40000 Angstroms.
FIG, 14 shows memory device 1200 afier a mask 1430 is formed over .
device structure 1320. Mask 1430 may include amorphous carbon. Thus, mask
- 1430 is also referred to as amorphous carbon layer 1430, In some embodiments,
15  amosphous carbon layer 1430 has a low sbsorption coefficient such that

-amorphous carbon layer 1430 is transparent in visible light range. In some
embodiments, amorphous carbon lajxer 1430 has an aiaso:ption coefficient (%)
between about 0.8 and 0,001 at a wavelength of 633 nanometers. In other
embodiments, amorphous catbon layer 1430 is a transparent amorphous carbon
f) 20 layer in which the transparent amorﬁhous carbon layer has an absorption
' coefficient (£) between about 0.15 and 0.001 at a wavelengih of 633 nanometers.
Amorphous carbon layer 1430 may be formed by & method similar to method of
forming ameorphous 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 propetly
etch device structure 1320 without substantially affecting the reading of the
alignment marks 1204 during an alignment of device 1200. Amorphous catbon
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, T4 is at least 4000 Angstromus.

11



an N-type material. In sone enbodi nents, substrate 1202 can be an N-type
material and diffusion regions 1206 can be a P-type materi alg.Easivoef the
gate structures 1205 includes a nunber of elenents: a gate 30 dielectric
(gate oxi a doped polysilicon layer 1212, a sjlicide |laver 10 8
Mar ch 203‘?‘?2‘\9%&%’651034216 PCT] 1S2004/ 029200 { 1214, ibjﬁ@g%"ﬂﬁ%” Pel ectric

| ayer 1216, and dielectric spacers 1218. Silicide layer 1214 can include a
compound of netal and silicon such as titaniumsilicide, tungsten silicide,
and others. Al dielectrics in gate structures 1205 can include nmaterial
such as silicon oxide. Each of the gate structures 1205 is also referred 5
to as a word line. The structure of FIG 12 can be fornmed using known

techni ques. FIG 13 shows nenory device 1200 after an-insulating |ayer 1310
is fornmed. | nsullE6i hjshosenent®ydedcanl 200citetecpdayer PSE isdormBBSG similar to

insulating |ayer 1230. |nsulati | gyer 13 n t her styuctures in FIG 12
form10 a dé@%ggm@¥$%ﬂﬁ ni@ﬁ%Tg¥k3¥@émE¥i§%ﬁ838&¥§?“Q§ a thickness TI 3+
In sone e | L3roh : _ hows nenory
devi ce 1203?% A0 of boron S bide (BR0% bR NRAADEANY, AlBon abfie (IR 100 ek
1430 may i nchilelm nivias IOV, fhitrie depelivith o:aaéde.g.,ls‘léglvgmaﬁﬁ@ddp%ae”ed to as
anor phous carbon |ayer 1430. In sone enbodinent's, ~15 anor phous carbon | ayer

1430 has % | with altdder (pig, S5,N;0] fluctine dopesuvith édibite (QETBEIRUad @asdien | ayer 1430
is transparent invisible light range. In some enbodinents, anorphous cation

| ayer 1430 hialsssnchusdCathtendMgFgebrf someembodinients) bydvegen ininsotpottd and 0, 001 at
a wavel ength, of . 633 nanoneters. .In other _egbodi ts, anmof phous carbon
ayer 1430, R{hE ROEEAP B! BRIRET A3 b age) oo R ¢ he

<A anspar ent P pRRG4SUEREDOVD! R PECVIRSrodys. A RiSsdimd dnstddinede Edpibpnt (k)

«lret ween about” 0. 15 and 0.001 at a wavel ength of 633 nanoneters.
_ 1540 is formed together with amorphous carbon layer 1430 in the same process

10 (same processing step) such that cap layer 1540 is situ deposited over amorphous
carbon layer 1430. For example, during or after amorphous carbon layer 1430 s
formed in a2 CVD or PECVD pmceés similer {o the process of described in FIG.
4, a gas including boron such as BHg, B4H)p, and BH;CO can be introduce to
the chamber to form cap layer 1540 having boron carbide over the amorphous

15  carbon layer 1430. In some embodiments, cap layer 1540 inctades boron
carbide with about 0.5 atomic percent to about 70 atomic percent of boron.
FIG. 16 shows device 1200 after a photoresist layer 1650 is formed over
cap layer 1540, Photoresist layer 1650 can be formed by a known process. The
P combination of amorphous carbon layer 1430, cap layer 1540, and photoresist
Q 20 layer 1650 forms a masking structure 1660. In some embodiments; masking
' structure 1540 includes an addiﬁaﬁai 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 usmg 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 en etching process such as an
' 12




Anor phous carbon | ayer 1430 nmay be fornmed by a nmethod simlar to nmethod of
form ng anmorphous carbon | ayer 330 described in FIG 4. SinceggppiRagys
carbon |l ayer 1430 is transparent in visible [ight range, 25 anorphous
carbon | ay 0 maybe formed at a sel ected thickness ¢ roper | etch
devi ce strﬁ%{%ﬁémﬂggo w t hout substantially affecting tﬂ@”ﬁ%ﬁﬁﬁ% df the

al i gnment marks 1204 during an alignnment of device 1200. Anor phous carbon

| ayer 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
sone 30 enbodi nents, T14 is at |east 4000 Angstrons. 11 8 March 2007 WO

20051034216 PCTI US20041029209 FI G 15 shows nenory device 1200 after -a cap
layer 1540 is forned over anorphous carbon |ayer 1430. Cap | ayer 1540 -

i ncl udesI non- Gyﬂyg?pémgdgmﬁnemhuaﬁgm@&iﬁaﬁf ﬂﬁo(dB%al.n@sk. téﬁepdn nijt ri dﬁ
BN), silicon carbi i , ilicon nitride (S , orine doped wt

gx:\?:le. (e.q., §ag)[ayer|:1)6546fqma, 'EBBmd\ﬁPE E?YW(}%AB%)ES ?@ﬂglgs 1841 NS: F,

{1 uori e dopetapliuga dHeset it fpeyi e thndd MG Lk Rseeuch as Carx

and MyF.. I n sone enbodi ments, hydrogen 1S 1 ncorporate into the non-oxide

materi al s of 3P lhykawssiternetphotprsyiststill sea0aionsfidrear iverdd40kyy a process such

as CVD or RE | men Rl 15 hs. forned
fogether vt (ALapaf i ot PBGebl ROUE biueri@bbaMiRly bodc8otd (oo
processi ng st espdh thatchithih atasidag sinapes 1686 Onliypasérhed chppager 1540 ader anor phous -

carbon | ayer 1430., For gex le,.during or after anorphous carbon |ayer 1430
is forned |n5§“°@:{h3u%?”€5@é%§#8€5@1@| mlar to the process of described in

FIG 4, a gas inclrugi 9%hows Bevied i0aRettikiphdud 44shen 14381 B3O can be

s roduce to the chanber to formcap |ayer 1540 havi ng_bor on carbi de over
€ amor phous Petiereed Jasomea gepodinsots, amerplous casbpe el is patisraedjier 1540
i ncludes bgro e&%{ng gcggg LiChiRE %Qaﬂw atom c
percent of or(r)krlll. pgl s%‘ghm%%&jeéﬁ)%géﬁ%% te‘rb%%g%g%%%em sfte%g%/er 1650 is

formed over  caplayer 1540 as amask, The patterned amorphous carbon layer 1430 has

OO

openings 1901 continuous or aligned with openings of the patterned cap layer.
1540.
FIG. 20 shows device 1200 afier photoresist layer 1650 is removed. The
15  combination of the remaining cap layet 1340 and amorphous carbon layer 1430
is used as a mask to etch a portion of device structure 1320, or the entire device
structure 1320, or the entire device structure 1320 and at least 2 portion of
substrate 1202, In some embodiments, both photoresist layer 1650 and cap layer
1540 are removed after amorphous carbon layer 1430 is patterned. Thus, only
| ) 20  amorphous carbon layer 1430 remains and is used as a mask to eich 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. "
25 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
30  techniques. In each of the openings 2101, a first conductive layer 2302 (23021

13
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cap layer .1540. Photoresist |ayer 1650 can be formed by a known process. The
+conbi nation of anorphous carbon |ayer 1430, cap |ayer 1540, a%qgggghﬁﬁesist
} 20 |l ayer 1650 forms a masking structure 1660. In sone enbodi nents, masking

structure 15¥02006808426kcs an additional |ayer fornmed between_cap | ayer 1540
| and photoresi st |ayer 1650; the additional |ayer serves 'gd/U§p04/029209
antireflective layer to enhance the photo processing performance. Masking
structure 1660 is used as nmsk to etch one or nore | ayers underneath
maski ng structure 1660 in 25 subsequent processes. . FIG 17 shows device
1200 after photoresist |layer 1650 is patterned. Patterning photoresist |ayer
1650 can be perfornmed usi ng Known techni ques. The pattern photoresist |ayer
1650 has openings 1701. FIG 18 shows device 1200 after cap layer 1540 is
patterned. | n#Boa202.20a saepshicanduntive layep2304y(2304115and 23848 te0érned in an

et ching proce S as Va 07 . VO 5/,034216 PCLI U52004/ 029209
oxygen pl asmﬁgea%c:ﬁc%yeggg@%@ﬂﬁgiaﬂgﬁ%q‘fmﬂﬂee@mqfﬁg@ggc Vgéﬁveﬁsgggmsk. Af ter
cap | ayer 1540304 M&wlaﬁa,zso&@m&%ld&ﬁﬂtsm stansgs capadiorh €3 afpeni ngs 1801
conti nuous or %Ipi ned with openings of the patterned fhot oresi st |ayer 1650.

FIG 17, show& erarnie, ingoreeeeapaeitor (1) conductive fayen s, capadtayer 1540 is 5
patterned. ¢ | | TG0 ﬂ?}mfe y%%{([{ ' Jayer 1650
is such that qﬁ‘?ﬂ%ﬁ%é# ng %?‘? ll,lC ur%’%&géﬁg& y%&@?gﬁ%gf@%)’l ayer 1540
and anor phousomhrchvniaya?2302.2 48Mmsrenwind capacifor pilde §hp platedpandadicldcd aft er

anor phous car bon | r. 1430 i s terned. In so enbodijrent s, anor phous
“carbon | ayer ?al?' 'f)&%elp'i eeqaﬁicbm‘ﬁgf Ca Wﬁ%@gﬁe&g’g@ﬁ%‘ﬁiﬁ%n oxygen
pl asma et chi Q304 onmss tolSori@iod B CelPAafef ARthofPdevicdN1200, 1 PHOcctsmean gaitsk.  The

™ er ned anor %g‘g,us Qa%ﬁgr)n |l a er9 1430 has openings 1901 conti nuous or
t

ategned wi t h B Qguttedirqm E1G 10 foF simgletlh | ayer.  1540.
10 Memory device 1200 inclndes access iransistors T1 and T2. Gate

~ structure 1205.2 and diffusion regions 1206.1-1206.2 form access transistor T1,
(ate structure 1203.3 and diffusion regions 1206.2-1206.3 form access transisior
T2. Access fransistor T1 and storage capacitor C1 form a memory CELLI. -

Y

Access transistor T2 and storage capacitor C2 form a memory CELLZ.

15 Memory cells CELL1 and CELL2 store data in fon:'n of charge in storage
capacitors C1 and C2. The charges ate transferred fo and from doped regions
1206.1 and 1206.3 of capacitors C1 and C2 via contact 1240.2. In some
embodiments, contact 1240.2 is a huried bit line contact, which connects to a bit
line of memory device 1200.

20 In other embodiments, ather elements having structures different from
the structures of the layers 2302, 23.04, and 2306 can be formed in openings
2101 (FIG. 21), For example, interconnects instead of capécitor plates can be
formed in openings 2101 to connect diffusion regions 1206 to other parts of
memory device 1200, f

25 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 II, SGRAM (Synchronous Graphics
Random Acocess Memory), DDR SDRAM (Double Data Rate SDRAM), DDR II
SDRAM, DDR IIf SDRAM, GDDR III SDRAM (Graphic Double Data Rate),
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FIG 20 shows device 1200 after photoresist |ayer 1650 is renoved. The 15
conbi nation of the remaining cap |ayer 1340 and anor phous caﬁaﬁg%% r 1430
is used as a mask to etch a portion of device structure 1320, or the entire
device st - 20, or the entire device structure 1320 and at |east a
portion ofﬁﬁﬁ% gﬁ?%ge 1202. In some enbodinents, both PHO{GRAE02420 qyer 1650
and cap |l ayer 1540 are renoved after anorphous carbon |ayer 1430 is
patterned. Thus, only 20 anorphous carbon | ayer 1430 renmins and is used as
a mask to etch the layers J underneath anorphous carbon |layer 1430. FIG 21
shows device 1200 after device structure 1320 is etched. Device. structure
1320 is etched using cap | ayer 1540 and anorphous carbon | ayer 1430 as a
4rask. The etched device structure 1320 has openings 2101. 25 FIG 22 shows
device 1200 ahh®RaGRik DRNEL, MdtbriAeki& 0D ISIeE BMhRPHembAY SinidfR0 are
renmoved. The process of renoving cap |ayer 1540 and anorphous carbon | ayer
4430 is siml aﬁtshewﬂﬁ@tda@lﬁ)’-cap | ayer 440 and anor phous carbon | ayer 330 of

FIG 11. FIG 23 s ' 0, af tier .oth S e forned usi ng known

30 techniques. In Efaz%%‘*gﬁyﬁ%%%%nﬁcﬁ ?’%ﬁf%@‘ﬁﬁ%‘toﬁ%‘ﬂ&% & | ayer 2302

(2302.1 = 13 Veyaaf 230Bihdihbeth Hamber 200 énd R@RFS20PH065397 @2 hafiba302. 2), a
second conductive | ayer, 2304 (2304 and . 2), .and [ gtric layer

. 2306 (230671 Qh%?ﬂmé’%m@?“b°é@%%%&1%ﬁ8§§%ézmbﬁ@a%“gﬁ%e‘b%2%4,

dielectric | ayaficadibioPWefep! AR exhREBIRmbeF 791941208 acARALd-bpie C and C2.

For exanple, in storage capacitor C, conductive Iag;gqe@ZSOZ, 1, contact 5

1240.1, and dPFodussrrocewgr sylagle from Apmied Materiads, nca #rSamimt e (bottom
| ate); .ond ' e ays ' ] [ t | ate);
e el ecr s S XU Rl OLilPy 8> 200U BEBAR G Brnfhat . L1 0P P &CE)
erbodi ment s, dencid0i(VES.| 1l 4 1) @@adencarydevits 1200(BIdE-28)cel | pl ate of '

ey dehCe 1200y F5 RS bk oP b Thd S LT b

dice 2430, In some embodiments, alignnient marks 2414 represent alignment
marks 114 (FIG. 1) and alignment marks 1204 (FIG. 12).
At least one of the dice 2430 includes elements according to
embodiments described in FIG. 2-FIG. 23 above. Fof_example, at least one of
15 thedice 2430 includes a substrate, & device structure, and a masking structure

.such as that of devices 100 and 1200 (FIG. 2-FIG. 23). Thus, at least one of the
dice 2430 includes an amorphous carbon 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,

f:} 20 A die such as one of the dice 2430 is a pattern on a semiconductor wafer
such as wafer 2420. A die contains clrcmtry to perform a specific function. For,
example, at least one of the dice 2430 contains citcuitry for a device such asa

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

25 ' Conelusion
Vaﬁous embodimeuts of the invention provide a device having a
masking structure and a method for forming the device. The masldng structure
mncludes an amorphous carbon layer on a cap layer. The amorphous carbon layer
may be a {ransparent amorphous carbon layer. The cap layer includes non-oxide
30  materals. Although specific embodiments are described herein, those skilled in

15



10 Menory device 1200 includes access transistors Tl and T2. Gate structure
1205. 2 and di ffusion regi ons 1206. 1-1206.2 form access tran$iMaet208f . Gate
structure 1205.3 and diffusion regions 1206. 2-1206.3 form access transi stor
T2. Access transistor Ti and storage capacitor C for mca/uisdsioy2@ELL|

Access t rRIMBHT2 angd storage capacitor C2 forma nenory CELL2. 15 Menory
cells CELLI and CELL2 store data in formof charge in storage capacitors C
and C2. The charges are transferred to and }from doped regions 1206.1 and
1206. 3 of capacitors O and C2 via contact 12402. In sone enbodi nents,
contact 1240.2 is a buried bit line contact, which connects to a bit |Iine
of ntcnory device 1200. 20 In other enbodi nents, other elenents having

structures different fraq the siryuctures of the |ayers 230 2304, and 2306
can be for medhs 38 EEEHZsJRat othepgm W@E‘?}’g? SBQJE%&P@?‘“? connect s

i nstead of capRbiRiusRhekE S Etvofie shif FRflodd! TBRAALAGROR Hkrd dhyCoNnECt .
di ffusi on regions 1236 to ot her paffs 0 %gnnry vi ce 1200. 55 Menory

devi ce 1200 mdgptisions orlyariations efderesenidoesnsione Fosrefore, BRAgsentevi ce. Exanpl es

of DRAM devi ¢ces_j.ncl yde, synchr gnous, DRAM .. cQ ly referred to as SDRAM
SDRAM | 1, sc;ﬂ'fﬁ“%%bﬁé 'bﬂﬁaa@"&%ﬁ%ﬁm “ﬁ%ﬂﬁ%ﬁ%@?ﬁ‘é‘v Ty), DDR SDRAM
(Doubl e’ Data Rate SDRAM), DDR 11 ' SDRAM DDR |1l SDRAM GDDR |11 SDRAM

(G aphic Double. Data Rate), 14 8 March 2007 WO 2005/034216

PCTI US2004/ 029209 and R anbus DRAMs. Menory device 1200 includes ot her

el ements, which are not shown for clarity. FIG 24 shows a system according
to an enbodi ment of the invention. System 2400 includes a chanber 2410 and
a wafer 2420 placed in the chanber. 5 In sonme enbodi nents, chanber 2410 is
a_PECVD chanber and wafer 2420 is a sem conductor wafer. An exanple of
chamber 2410 includes a chamber of the

16



e
Producer Processor available from Applied Materials, Inc. |located in Santa
Clara, California. Chanber 2410 and wafer 2420 can be used to form part of
device 100 (FIG 1-FIG .11) and nenory device 1200 (FI G 12- Z3March 200RAT er
2420 includes a nunber of alignnment marks 2414 and a nunber of dice 2430.

I n some enbodi nents, alignnment marks 2414 represent alignment marks 114
(FIG 1) and alignnment marks 1204 (FIG 12). At |east one of the dice 2430
i ncl udegasenent s according to enbodi nents described in FIG 2-FIG 23
above. For exanple, at |east one of 15 the dice 2430 includes a substrate,
a device structure, and a nmasking structure -such as that of devices 100 and

1200 (RIG 3- . s, at least one of the dice 2430 includes an
am)rpths cg‘rljé%tﬁo?gﬁ;&e?mg%h as anor phous carbon layer 330 (FIG 4) and

anor phous ¢ furiminy 4 Ayskingldd0turd-ber a thstrbRrofaderdaivendittordetite inchdingr ocess
described.in FIG 2-FIG 23. 20 A die such as one of the dice 2430 is a
pat t er ACTBHNGAENQTEhoHS satben laysr @ a eapdayen svhepmthe zap lyeringlpdesawntoxidss

Clroul tf¥erfa, RS Jvﬁér%%éﬁﬁ%ﬁét%r&%ﬁﬁggﬂcls Jaﬁ%ﬁregﬁﬁ?@%ﬁ li ﬂfrahgeal%g ; 9$n8r yt ©

dice 2 cohtal ns circul Ice’'s rocesso

devi ce impihe ascadimgif yliglanent maill2Q thefsubstralelin heGrisiBR)light 2géoncl usi on Vari ous
enbodi nents of the invention provide a device having a nmasking structure:
-and a method for form ng the device. The masking structure includes an

anor pheus ¢ : I . : I be a
¥ anapar ent TEaRPHBNEbf 1 ik Skfihy nEdsh ATRIBOIANS (ALA0To R Sher IR
mat er i alnsateridl sdlemtghfrap ea@rdipocoasiiting afbnton carbéded baron inkteide, kdicen narbidepse ski | | ed

in 15 March. 2007 . 20051034216 pCT[ US20041029209 the .arf recpgni ze that
ot her EHGERMFHAG gﬂ?f&if @szglﬁgtnﬁtda%ﬁwg?mgﬁélugﬁ%gweé Wil B AR O8RS wn o
achiequﬁgﬁwﬁpaﬁbﬁarpose. This application covers any -adaptations or
vari ations of the present invention. Therefore, the present '

3. The method of claim 1, wherein the amorphous carbon layer has an absorption coefficient

between about 0.15 and 0.001 at a wavelength of 633 nanometers.
4. The method of claim 1, whetein the amorphous carbon layer is formed by deposition.

5. The method of claim 4, wherein the cap layer is in situ deposited together with the

. amorphous carbon layer.

6. The method of claim 5, wherein forming the masking structure further includes forming a

photoresist [ayer.

7. A method comprising:
forming a device structure over a substrate; and
forming a masking structure-over the device structure, the masking structure including an
amorphous carbon layer and a cap layer, the cap layer including a material selected from a group
~consisting of boron carbide, boron nitride, si'llicon carbide, silicon nitride, fluoride films, fluorine
doped with oxide, fluorine doped with nitride, and fluorine doped with carbide, wherein the

amorphous carbon layer is transparent in visible light range to improve a reading of alignment

17




invention is limted only by the clains and all avail able equivalents. 16 8
March 2007 CLAIMS 1. A nethod conprising: form ng a masking S Uetupe over
a substrate of a sem conductor device including formng an'anorﬁhous car bon
| ayer and a cap |ayer, wherein the cap |ayer includes non-oxide materials,
and wherein the anorphous carbon layer is transparent in visible |ight range
to inprove a reading of alignment nmarks in the substrate in the visible

| ight range. 2. The nethod of claim11, wherein formng the cap |ayer

incIudqﬁm&gﬁﬁngﬂ%gﬁggﬁ@F3§¥§%g$%th a material selected froma group

consisting o ron At ri de, silicon carbide, silicon
nitride, fluoride filns, fluorine doped with oxide, fluorine doped with
"nitride, and fluorine doped with carbide. 3. The nethod of claim1l, wherein

t he anot phoudesnathagroficlajimr?, wherelrn mplstrle therrap dayes isdn situ deppsitedewer thbout 0. 15

and 0.09% e gth of 633 nanoneters. 4. The nethod of claim1,
wherei n @oél%gér{%ﬁ%hgé}bar bon |l ayer is forned by deposition. 5. The nethod

. of claim4, wherein the cap layer is in situ deposited together with the
anmor phous carbon |ayer. 6. The nmethod of claim5, wherein forninq t he
nmaski ng- st r ddemethad i ckeim 7, whergindhe popiphoays carboplaienhass hicknesyef atlgast A net hod

COMDI i S{RGA LRI o AR SUELEMNE NS oS HPSLANGH AR gl no 2

maski ng. structure-over t evi ce structure, e masking-s cture including

an anoeahgef thadlpmehayigtks aithe vavelafizthshekeen 40D Gascietbrd ¥ed 700Ednoahetaes, a
material selected froma group consisting of boron carbide, boron nitride,

silicon carbide, silicon nitride, fluoride filns, fluorine doped with

oxi de, lfOI. uorAngthggggIgp%@giﬁ . nitride, and fluorine doped wi th carbide, wherein
t he anorphous carbon®layer is transparent in visible |ight range to inprove
ar eadi ng offorlihgndeniée stricfirdid £ bR,

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 pattemed non-oxide cap layer; and |

using the patterned non-oxide cap.. layer as a mask to pattern the amorphous carbon layer,
wherein the amorphous carbon layer is transparent in visible light range to improve a reading of

alignment marks in the _substrate in the visible light range.
11.  The method of claim 10, wherein the cap layer includes one of boron carbide, boron
nitride, silicon carbide, silicon nitride, fluoride films, fluorine dbped with oxide, fluorine doped

with nitride, and fluorine doped with carbide.

12.  The method of claim 10, wherein the amorphous carbon layer has an absorption

coefficient between about 0.15 and 0.001 at a wavelength of 633 nanometers.
13.  The method of claim 10, wherein the amorphous carbon layer is formed by deposition.

14.  The method of claim 13, wherein the cap layer is in situ deposited together with the

amorphous carbon layer.

18
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marks in the substrate in the visible Iight range. 8 The nethod of claim?7,
wherein a material of the cap layer is in situ deposited over the_ anorphous
carbon layer. 9. The nethod of claim7, wherein the anorphoussé@T%ﬁonayer
"has a thickness of at |least 4000 Angstrons to allow etching of the device
structure without substantially affecting the reading of the alignnent
marks in the wavel engths between 400 nanoneters and 700 nanoneters. 10. A
. method conprising: formng a device structure on a substrate; form ng an
anor phous carbon ] ayer qver the device structure; formng a non-oxide cap
| ayer oler the %@%‘rﬁ%ﬁm&éﬁ psreingpening fieramorphoyg carhen Kyer 1o Redumed By rayer to
producqm%nggikﬁ%pg o0R0n g, cap layer; and using the patterned non-oxide
cap layer as a mask to pattern the anorphous carbon |ayer, wherein the
anor phous carbon layer is transparent in visible Iight range to inprove a
readi ng of alignment marks in the substrate in the visible light range. 11.
The net¥od d%“@ﬁ@ fPPOISRerei n the cap |ayer includes one of boron carbide,
boron nitri s b j i nLLr] uoride films, fluorine
doped wi t h of%?%f‘éjé H#‘lhﬁeé%uﬁg‘?%{’)%g’f as%ét‘lf e %"fjéé,g‘ﬁ’gtﬁ%&‘r | uori ne doped with
car bi de. 12.foifiieg meskioglstafcturt aventidddevideatractare] the measking kipudure dndhales biayer has

an absorption coefficient between about 0.15 and 0.001 at a_ wayel ength of
633 na_rf&?Péfelaqug catbn Iafr‘?rean_ﬂr@a%&yer@&eaaa-wrmsluwﬁg PeRRXidRanaisrsis M argmég? bon
layer i gndrdie darB¥n gtgaoﬁ bebADBrent 1&411311;@?%15{?%\%@1% g%?r%{r@h F@aﬁi:ﬁ;g oML Ghdhe t he cap

| ayer is in situ dep0Osited together w hous carbon Tayer. 18 8
Mar ch 208Ks inftbe sublseateixt the crisilfle Ligldirangtsd, wherein forni ng the anorphous carbon

| ayer is perforned a..chem cal vapor deposition process. 16. A nethod
conpri si ng: Hag?rﬁinﬁég%%?k&@ W@&q@ﬁg&apﬁﬁn@r@g@gl@@g}g%re on a substrate;
form ng masleidithgSthé BG&H Srube! usid}ahél pMierRdHhdskibg WirBetulehS a TRk brRlar Uct Ur e

i ncl udes an _
portion of a memory cell; and

removing the patterned masking structure.

17.  The method of claim 16, wherein patterning the masking structure includes:
using a patterned photoresist layer as a mask to pattern the cap layer to form a pattémed
cap layer; and | |
using at least one of the patte.med cap layer and the patterned photoresist layer to pattern

the amorphous carbon layer.

18, The method of claim 17, wherein patterning the cap layer is performed by oxygen plasma

etch process. _ _ i

19.  The method of claim 16, wherein removing the patterned amorphous carbon is performed

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

20. 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

19
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anor phous carbon | ayer and a cap |l ayer, the cap |layer including non-oxide
materials, wherein the anorphous carbon |ayer is transparentshprmbﬁhple
light range to inprove a reading of alignment wmarks in the su $t94te’ in the
visible |ight range; patterning the masking structure to forma patterned
‘masking structure; etching the device structure using the patterned masking
structure as a mask to forma portion of a nenory cell; and renoving the
patterned masking structure. 17. The method of claim 16, wherein patterning

t he maski ng str.ucture, includes: using a patterned otoresi st |ayer. as a
mask to pat CAFRE AR ANCH oXSL e ApORREPHs Shriel v lic cAndays? gudine el g at

| east ogecRll fiohfa Paup e6M&Hng 8PbdraY SirbfB bokditniRffe! SHORCaRHAS, Qilieeh Aitrideayer to
pattern the am)t;f&hous carbon layer. 18. The nethod of claim 17, wherein

pat t er nilypgide fitmg dlyoriag doped sviherxidss flerinsydopsd wish njitide aad fluerite dopedwith. 19.

The net had,of ;clai m 16. “wherein renoving the patt anor phous carbon is
port or ragbieg stichL e SRomHA! SR IBHER S Ehebatfe AR I et AAFRE REBHE0 S, O
met hod ¢ ofdlipAmeRt kOB the Watks@ite iltha viRIAOH&E radgge Waf er incl uding at

-l east one die having a substrate and a device structure forned over the
substrate; form ng an anor phous carbon | ayer over the device structure; and
19 8 ch 7 of Ia C l.ayer ovear .t.he_amorphous. carbon .l r. the
cap | oy i e ur g OF ot Bhere G Rtor b aS IREDS U BnCREPIRY s o

- car bi dewitlbthe @mofphols eeborSlaydrcon car bi de, silicon nitride, fluoride filns,
fluorine doped with oxide, fluorine doped with nitride, and fluorine doped
with carbide, wherein the anorphous carbon |ayer is transparent in visible

| i ght rgnge j eagl] j jn.t ubstrate in the
vi si bl €71 ghlth%r‘{éér%‘{e‘f)&giﬁ. m 205 AL, 1 @&%ﬁ%ﬁ%ﬁ%ﬁgp@w S A
cap Iawﬁkﬂk&mihaﬁk&uﬂﬂep@$ihﬁ&bﬂ@ﬂﬁhhﬁﬁekﬂ@hbfﬁﬂknﬁﬁﬁﬁﬂﬁ@us_carbon Iayer.

.23, The method of claim 20, wherein the chamber is a plasma enhanced vapor chemical

deposition chamber.

24. A method comprising:
forming a device structure over a substrate; and
forming an amorphous carbon layer over the device structure; and
forming a cap layer over the amorphous carbon layer, the cap layer including boron L

carbide,

25.  The method of claim 24, wherein the amorphous carbon layer is transparent in
wavelengths between 400 nanometers and 700 nanometers to improve a reading of alignment

marks in the substrate in the wavelengths between 400 nanometers and 700 nanometers.
26.  The method of claim 25, wherein the amorphous carbon layer has a thickness of at least

4000 Angstroms to allow etching of the device structure without substantially affecting the

readiﬁg of the alignment marks in the wavelengths between 400 nanometers and 700 nanometers.
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22. The nethod of claim 20, wherein the anorphous carbon | ayer has an
absorption coefficient between about 0.15 and 0.001 at a wav Hgn t%’ﬁ; 63
nanoneters. 23. The nethod of claim 20, wherein the chanber i ”%T Y
enhanced vapor chem cal deposition chanber. 24. A nmethod conpri sing: '
form ng a device structure over a substrate; and form ng an anor phous carbon
"l ayer over ‘the device structure; and formng a cap | ayer over the anorphous
carbon | ayer, .the cap layer including boron carbide. 25. The method of

claim?2 wher ei n.t he.anor phoys carbon |ayer is transparept .in el engt hs
bet \A/eené"é'roo Thsmfibedpgs ﬁlﬁh%d@eﬁé‘hﬁﬁé’fﬁ@?%g%“#ﬁb?s fekbes; Qgﬂil??jt6‘¥8%§| i gnment
mar ks i AngdiRniubstrate in the wavel engths between 400 nanometers and 700
nanoneters. 26. The nethod of claim 25, wherein the anorphous carbon | ayer
has a thickness of at |[east 4000 Angstrons to allow etching of the device
structuzg Wﬁ\&ﬁ%@ iubstanti_al |y affecting the reading of the alignnment
marks i A%t he TERIHE St ween 400 nanoneters and 700 nanoneters. 20 8

March 2007 RfminkhedetRERRGtRE ovbal dibdbate;Whgr €1 n the device structure has
t hi ckness 'of at I'east 40000 Angstrons. 28. A method conprising: formng a

~devi ce st rucfoomingenemogphoub sarben yerarver the denienstamtuseranghous carbon | ayer
over the devjce.structure; and form ng a, cap |ayer over the.,.anprphous carbon
Cayer the. CHETIRASED YT OV Al BOFBIPI RRIDTE BECt; 56 con e BURYAE BB ai m 28,
wher ei npfil@. anor phous carbon layer is transparent in wavel engths between

400 nanoneters and 700 nanoneters to inprove a reading of alignment marks
in the substrate in the wavel engt hs between 400 nanoneters and 700.

nanonet ggs. 30, T hod.of .cl ai m 29, erein the amprphous .carbon | ayer
nas ot A cknumRod PEHRRESS it e abomdite® fbon Pl PRPRERF ! e dev! ce
st r uct unaveltright@Wetvedsd 0B RancMdters ald PID daAEmERR to improve a reading of alignment

marks in the substrate in the wavelengths between 400 nanometers and 700 nanometers.

30.  The method of claim 29, wherein the amorphous carbon layer has a thickness of at least
4000 Angstroms to allow etching of the device structure without substantially affecting the

reading of the alignment marks in the wavelengths between 400 nanometers and 700 nanometers.

31. A method comprising: ,
forming a device structure over a substrate; and
- forming an amorphous carbon layer over the device structure; and

forming a fluoride film over the amorphous carbon layer.

32.  The method of claim 31, wherein the fluorine film includes CaF,, where x représents a

number of atoms in a stable compound.

33, The method of claim 31, wherein the fluorine film includes MgFy, where x represents a

number of atoms in a stable compound.

34.  The method of claim 31, wherein the amorphous carbon layer is transparent in

wavelengths between 400 nanometers and 700 nanometers to improve a reading of alighment
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readi ng of the alignnment marks in the wavel engt hs between 400 nanoneters and
700 nanoneters. 31. A nethod conprising: formng a device structu ver a
substrate; and form ng an anor phous carbon | ayer over the devit a@%? ture;
and formng a fluoride filmover the anorphous carbon |ayer. 32. The nethod
of claim 31, wherein the fluorine filmincludes CaF., where x represents a
nunber of atons in a stable conmpound. 33. The nethod of claim 31, wherein
the fluorine filmincludes MgF., where x represents a nunber of atons in a
stabl e conpqund. 34. The nethod of claim 31, wherein the anorphous carbon
layer i afisdnissubsirats i thepglegtisbstvsen dRAranougternnsnid0amasomelers700

" nanoneters to inprove a reading of alignnment 21 8 March 2007 marks in the
substrate tn the wavel engt hs between 400 nanoneters and 700 nanoneters. 35.
The net B6d ofhemaiho 32¢lainh 82, evterdih thearivkghoos Sarbe lager Hagy eickhass of at Rhgtkness
of at least 4000 Angstrons to_allow etching of the device structure wthout

subst antPUll Apestms & fliyy etpking pbtgidaycosTuchie withe mabstantialik affeoting e
vavel engl s D IGRBn A :ﬁhﬁﬁ@iﬁ%{a@&@eﬁ’éﬁ Z%@m%@ﬁ'ﬁ@@ﬁ@oﬁ}etqr?&d fbfof}&%hé]ﬂ&ers.
conprising: “forming a device structuré& over a substrate; and formng an
anor phous carbon 1ayer over the device structure; and formng a cap |ayer
over ‘'t he anorphous carbon |ayer, the cap |ayer including fluorine doped
with ni efi de? methodreensingod” of cl ai m 36, wherein the anorphous carbon | ayer
is transpare 3 L ERGLRS 4 nanoneters and 700 nanoneters to
| 1nprove a regﬁﬁ%}%#&%%Fgnnen?wgﬁéﬁﬁgﬁwﬁggﬂe substrate in the wavel engt hs

- between 400 feamogeheatsrphvtgs ¢a0omhganwteths deviée stiiotreyentiod of claim 37,
wherei n the anorphous carbon | ayer has a_thjckness of at, | east . 4Q00
Angst r ons R @p diehgV s the dreorplaps carben layes thecapia sl B dugHRg al |y
af f ecti ggnddRich figfdi N9 of the alignment marks in the wavel engths between 400
nanonet er's and /00 nanoneters. 39. A nethod conpri sing:

D |

37.  The method of claim 36, wherein the amorphous carbon layer is transparent in
wavelengths between 400 nanometers and 700 nanometers to improve a reading of alignment

marks in the substrate in the wavelengths between 400 nanometers and 700 nanometers.

38.  The method of claim 37, wherein the amorphous carbon layer has a thickness of at least
4000 Angstroms to allow etching of the device structure without substantially affecting the

reading of the alignment marks in the wavelengths between 400 nanometers and 700 nanometers.

39. A method comprising:
forming a device structure over a substrate; and
forming an amorphous carbon layer over the device structure; and
forming a cap layer over the amorphous carbon layer, the cap layer including fluorine

doped with carbide.

40.  The method of claim 39, wherein the amorphous carbon layer is transparent in
wavelengths between 400 nanometers and 700 nanometers to improve a reading of alignment

marks in the substrate in the wavelengths between 400 nanometers and 700 nanometers.
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i form ng a device structure over a substrate; and form ng an anor phous -carbon

' layer over the device structure; and formng a cap |ayer over the apprphous

| carbon layer, the cap layer including fluorine doped with caﬁﬂvﬂ@hgﬁﬁ. The

met hod of claim 39, wherein the anorphous carbon | ayer is transparent in

wavel engt hs between 400 nanoneters and 700 nanoneters to inprove a reading

of alignment marks in the substrate in the wavel engths between 400

nanonet ers and 700 nanoneters. 22 8 March 2007 41. The nethod of claim 40,

wherei n the anorphous carbon | ayer has a thickness of at |east 4000

 Angst roftb: t o The msthod of plpimg 4@ rwherrin thevamosphoup carben leysiben a thickawesafahlepdt| | y
affectingyg Rﬁ%sulf;g]g?% gl%v%ttcféipg oﬂh;egg{ggé‘ﬁu&ﬁ{ré%idq&tgﬂﬁs%%ﬁ} GRS et ween 400

nanoneters a anomne
‘reading of the alignment marks in the wavelengths between 400 nanometers and 700 nanometers.
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