WD 2005/ 034229 PCT/ US2004/ 029172 TRANSPARENT AMORPHOUS CARBON STRUCTURE
I N SEM CONDUCTOR DEVICES 5 Rel ated Applications This application is
related to the follow ng co-pending and conmonly assi j,cation;
at t or neyW@3RWER M inber 303. 869US1, application seri a?’bgﬂﬁ%}?@?’%/ 661, 100
entitled "MASKI NG STRUCTURE HAVI NG MULTI PLE LAYERS | NCLUDI NG AN
AMORPHOUS CARBON LAYER' which is 10 hereby incorporated by reference.
Field of Invention The present invention relates generally to

 semi conduct or deVIRANSPARENT AMOREPHOWS GARBONSEKRUGTIREBN ures in the

sem conduct or devi ces. 15%@ &W or devices such as
menory devices reside in #& ctronic products to store
data. A typical sem conductor device has many |ayers of  different
nmaterial g formed on a sen condugdiftbd WppBéation® 0 Duri ng manufacturing, the

| ayers go through many processes. For ~exanple, a patterning process puts
patterns on the [Tscqplicationds rglated &o thefellowingrocpending gad K to transfer

patterns frqg; : t e Soe
Convent  onal A SPEHGEEbLE dhific) BURESRIRFSAARE0S1) BRAROK sl
anmorphous camnber hH6K1, K0 entitied ‘IMASKING STREC TRREHAVINGIMEBSELR | on of

optical [Ii | I r Lnapplicable for sone

processes. WT%FE%P?Qﬁn@gM@ﬁR@%p%@mﬁﬁt ‘%ﬁﬁ bsr ovi des

devi ces l0avihegby intasorated by refieéreee and 30 techniques for formng the

maski ng structure. The masking structure includes an anorphous carbon

| ayer having a | ow absorption property. The anorphous |ayer 1is
~transparent in visible |ight ranggaetmivasti@l ectromagnetic radiation. 1 WO
~2005/ 034229 PCT/ U52004/ 029172 Brief Description of the Drawings FIG 1A

is a flow chart JhEFesentanvertiongelatss sersraiiyite semicondyetondayices, more

particularly to masking structures in the semiconductor devices.

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

20 During manufacturing, the layers go through many processes. For
example, a patterning process puis patterns on the layers. Some pattemning
processes use a mask to transfer patterns from the mask to the layers underneath
the mask.

Some conventional masks are made of amorphous catbon. However, an '

25  amorphous carbon mask at some thickness may have s high absorption of optical
light, causing the amorphous catbon mask inapplicable for some processes.

Summary of the Invention
The present invention provides devices having a masking structure and
30 techniques for forming the masking structure. The masking structure includes an
, amorphous carbon layer having 2 low absorption property. The amotphous layer
is transparent in visible light range of the electromagnetic radiation.



carbon | ayer accordi ng an enbodi nent of the invention. FIG IDis graph
showi ng an absorption coefficient (k) at an exenplary 5 wavel ength
versus deposition tenperature of a transparent anorphous carbon |[ayer
accor di nowbepcdgzLsoodi ment of the invention. FIG |C is_graph show ng an
absorption coefficient (k) at exenplary terrperaturespgyg§wg4’?23ﬁ§e of
wavel engt hs of a transparent anorphous carbon according to an enbodi nent
of the invention. 10 FI G BiipfDeseiptiph of kbeiDygwingsr ansni ssi on per cent age
versus a range Y/ t eve t.r apsparent anot phous carbon

| ayers at exenp?fglr%?\fﬁtlg?rg@%ﬁp%%geﬁso@n 'é)%{eh IOSEVBPW?&?\‘&?Q "Saccording to
an enbodi nepitbaf layéraccording ah embodifdiérdbof fhle ihvergioaph show ng an exenpl ary

deposition rate s a 15 tenperature, range_of a nethod of formng a .
t ranspar ent annr%ﬁaj 1&&?‘@61‘4‘ BE’%E%?%IF‘PF@?‘B“%@@@BGHMW of the ‘

I nventi 0g. yrTalty rgﬁdﬁ-sp%g&tt' arslfvi ce during
vari ous gpr?gg%%%%%ggg&g‘?géﬁg ng tgpg odi rrenthglﬂgﬁa{'%e I nventi on. ‘
FI G 11 t hr taygtacpording 19 as erobedimens of the intvientisn.of a nenory device during 20
vari ous processi S cordi ng,t o _enbodigents,.of the .invention. FIG
20 shows a systeﬁ&hi?ﬁ?h@s x %ﬁﬁo&ﬁ?ﬂ%ﬁ?eﬁgqﬂ@ AEITMIPYn.  Detai | ed
Descri pti onieadpefdafedvepad irdfiza bEwaleienihh bDWitragspdfme kinbiphods @fdnt he dr awi ngs
illustrate sgec'_fi c 25 %di m%rb;s of the invention sufficiently to

enabl e t hos8¢Oring t94n;em eghqr yegnveghigh+ j ce the invention. O her

enbodi mgpts May FRE QDAL RADE siiME] Mirdnissidifddintage YRGS 4 fanfe of PT OCESS,
and ot her changes. In the drawi ngs, |ike nuneral s describe™ substantially

similar compereenathsiof seneg ganspemet amopphons cotbendayemed aptraplarynerel y typify

Jossi bl e va éh@el-aﬂgés : : Tmztpefelel ts 30 maybe
I ncl uded inEo su stﬁa%?g%ﬂ rtﬁtt %%Qééﬁbg%gﬁ%%%ﬁe scg%g’?g? t he
i nvention enentippasses the full anbit of the clainws and all avail able
equi val ents. FlI i.s fl.owchart show,n nmet hod-of formng an
amor phous car bo%@'ﬁ‘&é‘?.gl&% W%@*ﬁ‘“&‘rﬁ%ﬁ?@ﬁf’%#%a i nventi on.
Met hod 160 feperatee rahgV6F 20QHoO LRARING 7 s cRB&{ Rfi@us carbon

| ayer having a | ow absorption coefficient such that the
according to an embodiment of the invention.

FIG. 2 through FIG. 10 show cross-sections of a device during various
processing stages according to embodiments of the invention.
F1G. 11 through FIG. 19 show cross-sections of a memory device during
20  various processing stages according to embodiments of the invention.
FIG. 20 shows a system according to an embodiment of the invention.

Detailed Description of the Embodiments
The following description and the drawings illustrate specific
25  embodiments of the invention sufficiently 10 enable those skilled in the art to
practice the invention. Other embodiments m.ay 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 '
30 may be included in or substituted for those of others. The scope of the invention
encompasses the fll 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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anor phous carbon layer is transparent in visible Iight range. The visible
light range is the range (optical range) of the electromagnetic spectrum

havi ng | i ght Sel ectronmagnetic radiation) visible to hunman eyes. The 5
visible W%g’ﬂ?" BLAYe i ncludes any |ight having a wavePEREISHOKBINEen about
400 nm (nanoneters) and about 700 nm The non-visible Iight range is the

range of th My &l ) |.Si ble |ight
Fange. _Somp By BscE S B RGN SRRkl Rl Sudtfarth P © 110

el lef:_trorragn&u_nbl]chhmu%al&!bn: hiral'srmdrmth' ' amahl j &is@:tlhfglﬂaanmb n 708 nm and 288
mllimeter (infrared.]. wavel engt hs . e n nm an nm
(ultraviolet lig e)mé:ilﬁg e&@%%ﬁgm%@@%%%@%ﬁ%ﬂxﬁay) .
In this spegietingahaviig light CelfomaRs raledtivd) visthl@to livinan/c386 PRHeeNt 1 N
visible _light range neans that_the anorphous carbon |ayer has a

subst ant ? al Vigibledight mpgvinludesany ighthawng arwivelength bekvesn aBRow 460 amy ange

Det vieen_abOfunfindi P 185400 &, 18 Rin-olsitIB BNl e 3 e |1 SOTE

enmbodi nents, the anbrphous ca ayer trahfsparent Si | i ght
range i s anegiiroelptiznmagoeticispectiumymimus the visibletight rapgerRome examples om about

2828{ bt §E°§%??%%%ﬁ%%€%ﬁi&§aﬁ%@*&%§@r%ﬁ%ﬁg%%%?ﬁ 0. 001 at |
wavel engt veliigths betwizen 700 1 dndldhi miflimeteh (olfrdod1ipht), Maleledgths a wafer is
Vapor  dfocPEVER BB DR (B FER; tod Weimeli TEeest QUFer . i
enbodi ment saiEWREEHY. by FIG 1A the chanber is a plasma enhanced

chem cal vapor depgosition (PECVD) chanber. At box 104, the paraneters are
“set for the procBddssrecifisation, the smorphous,sarbemlayerds fpaparestidvisible or ding t o

rate, power T nREAAE ! dudrint Cthod RIRCRA'| BBy e 2L 00 & "
sel ect ed t enlyserption casfficitns (A)dn which & haenrogebetween sbaut §.15taedpousit ure from
bt ween 1abol OB B HEIERIES D 5 5 BBl P RE b0 T =
t enper at ur elayér tra@spahedt ivogsiblalighttranid s &a @norphbasdarbbadager fortdediahe process
(Cat) 1 o FRPBRBECHom O 2RO Ca sk OB eh o ot Cabpg ©
enbodi ment S jayédfias i ANOrpREFcofidiaR (4) beretR ABoutD. BeinduBbwRrop1gbout 500 3
wavelength of 633 nm.
20 At box 102 of method 100 in FIG. 1A, & wafer is placed in a chamber. In
some embodiments, the chamber is a chemical vapor deposition chamber and the
wafer is a semiconductor wafer. In embodiments represented by FIG. 14, the
chamber is a plasma enhanced chemical vapox deposition (PECVD) chamber.
At box 104, the parameters are 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
v 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 amotphous carbon layer, a process gas
including propylene (C,Hg) is introduced into the chamber at a flow rate. In
some emxbodiments, the flow rate of the propylene is set between about 500
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WO 2005/ 034229 PCT/ US2004/ 029172 standard cubic centineters per mnute
(stenm) and about 3000 seem An additional gas including heliummybe al so
introduc%'?dag/ﬁﬂg.ge chanber at a flowrate. In sonme enbodi nents, the
flow rate of the heliumis set between about 250 seePFEHIFPMMB2 1000
scan. Further, enbodi nents exist where at |east 5 one of the other

hydr ocar bonstgaiaedbcubic ceptinietas pehminptedseesd and abodE380Psem.ohnt he ot her

hydr ocar bon ses. incl ud C2H 11.{4, . C2H6 nd, C3H3. Helium may
al so be useﬁ&ﬁ‘ho’]@%i%cz _ W‘B’t _ﬁ"gsﬁ‘l%‘ﬁ‘&e@fm?ﬂ‘@féﬂﬁg%%&ar bon gases.
Thus, in boRowk@dte. b Wafe eiibslinichts] the ok 46 TSk Hellu® 7§ b betwaggher . In this
specification, the gas m xture naybe_either one gas only or a 10

combi nat i onaksfut 330 ycemand ebept 48Q0seom.Byrther, compbodiments exjstovherg atdeast rmy be

ei t her ro ﬁ"]ﬁﬂircﬁ ﬁm'b ' r]ﬂ&&ﬂ d helium
As anot hgr B%iarrpié:, t he ggga‘%?{?fﬁfe rrayﬂ.g‘%blg?esﬁggés?t oné’?%?fﬁ%e

propyl ene, Ghé; hydaidarboftgies inclbdeiCH,, Oy G H.s CoHs and Colly. Héelivmxanpl e, t he
as m xture maype,at |.east ane, of . .th ropyl.ene C2H2i C2li 4, C2H6,
T oy 1a R ARG pF hor TR SOmsiRio] withat Rt B4 T Setrar pivous
carbon | ayeThis)in®ixNod, a ddd@nixfulds Hitedied intd thedliafbed to a radio

frequency (RF) power and_a pressure. In sone enbodi nents, the radio
frequency power Ingthis specificatipn, the gavmixtuns gnagpleq aitherone 888 6aly orG00 Vatts, and

the preggur gomhBinstfh JTaf AR Brve DR F?r%le%%é%%t@e&ay%@kﬁmzo I'n box

106, an anor phous carbon layef 1s for s a deposited | ayer over the

waf er. The garopyiohe(¢sHekanlpor 4 coybination ofiprepsylaneand hieliumi fsmnethei ght r ange.
(I n sone enbqgj he. .4 r r d 100 has
S absor ptign go%%%%%ertmfﬂk be;ﬁ?wleeg'ﬁoa % ) eg‘ﬁtrﬁgﬁg% 0 at

wavel engt h Calls, GBCsH A¥n furtharexdniysde, aleogas mnixture arzlpbo at eyt oné of med by

nmet hod 100 i,s trans n i Isjhle |ight rapge, the anorphous carbon

| ayer form@emmgeﬂ%zbﬁf'z%ﬁﬁﬂ#tghﬁfufg P05 transparent

amor phoys car bonpleihe prdekis of i REERAHABES catialREP iPmemoaON | ayer
refers to an anorphous carbon |ayer formed according nethod 100 in which

t he t enper afl 0. éhe chamber is subjgctadde e radipoiroquenh &) peweandAPIeIsEre; r anspar ency

of the anmr 'ﬁﬁhnltsa r.f: fr%ﬂnﬁ% v’ Agpart on
t he tenper a;wu%é%s%?kgurl ngﬁﬁ%&]gro €ss. ﬁ?r?r&éﬁ%%@fgg tﬂgﬁ)transpar ency
of the anor pixbateutHINGIMatisagneal thé presyaxt is set betayren about 4t TarcindaboutAi.5 a

Torr.

()

20 In box 106, an amorphous carbon layer is formed as a deposited layer
over the wafer. The amorphous carbon layer is transparent in visible light range.
In some embodiments, the amorphous carbon layer formed by method 100 has
an absorption coefficient (k) between about 0.15 and about 0.001 at wavelength
of 633 nm.

25 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.

30 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 arnorphous carbon layer formed
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| ower tenperature is nore transparent than the anorphous carbon | ayer
formed 4 WO 20051034229 PCTNS20041029172 to that specific thickness at
a higher tenperature. For exanple, in nethod 100, the anorphous carbon
| ayer f OV@2W#5AH222 t hi ckness at 200C i s nore transpar BGRUSHAIThe

anor phous carbon |layer fornmed to the sane thickness at 500C. The

transparentto?i,%g Gy aglh%l%te&sé’,ﬁ?&byﬁhﬂ%ﬁ ﬂloxgetﬁgé’?ﬁo 5 used in

sem conduct 0 I ces suc ry ces an ¢roprocessors. For
exanpl e, t rtbe emoxpbpusrcerbon duyer formedsto adlitloress at/200°C ds mert tapspasddhod 100 nay

be included,in.a structure of sem conduyctor devices I nsul ati ng

, layer or &H%ﬁ?%ﬂ!‘ﬁs’lc@@of’lv& .0“@9%?F@e@%ﬁs@?§?(ﬁ§‘transparent
anor phous car bOfThehﬁi@ﬁrcﬁMﬁiﬂldﬁ!cﬂﬁéﬂ@?erlﬁ%éﬂiuyﬁﬂeﬂﬁdtl%ﬁﬁ?%eas a mask
in an etching, process_ 10 during manufacturjng of sem conductor devices.

FIG 1B s Hedpreeancontuapr dpdesssnchons meparyidevicns aqdanicapresesserenpl ar y
I th | Lo h .
car bon | oy S eSHTPIE RO R bt bEBHARE WiforDyed AR ARGRbA AT DO 1S

carbon layer according to an e
enbodi ment spay besinclydediin a sfrudtirsof sepicindvetor devieds 9 apinsolatisplaériari ent  of

t he transparent. ar bo ayer. fornme r din o the nethod

descri bed ?%n @P@%‘Q?ﬂ%’? F?%,g"’%& %P\E/eéﬁl%gg%ﬁﬁé‘ ﬁogpol%oglg ﬁ%Bé? ent

anor phous | lays foramd by grettiod 100 amy jalsb baused afsfa maskiih ak etchingipageis om about

0.15 to, aboyt, 0.001, at .vvavfel ength of . 833 nm when the transparent

anor pho I‘ﬁ?@?%“fa%?ﬁ%"(s&m B%‘&Q:f'ldg‘ﬂ?esat a tenperature from about

200C to about S5G4G. 1B R shbwﬁgaﬁ%%n%ﬁ@fﬁ&%ﬁﬁ)a?&n?wry shape. In
shape differen

~some enbodi nents, curve 150 may have a p rom the shape

“shown in FIwave]eggthoersus deppsition huEgof\ 4 Wwensparent aseqTpious GabeR ci ent (k) at
exenpl ary eé&&jﬂ%@fag\éﬁﬁﬁmeﬁts vaiﬁdﬂ?\i&%&tﬂg%ﬁo&lﬁmﬂmttﬁénspafe“t

anor phous carbon ac ing to an enbodl nment o e I nvention. In sone
enbodi ment sgraphef BjGahsiravs the sbs@ptidnGosfiivient toff thedtrnspasert emotphets i ci ent of

doscr i Ul | HARPARVE R Secb B30 me sl ARPRRLRIIGL N o1  On' coefTi cf ent
(k) versus a rarig#I16S1B, vavel Shhgiohs el tradsparantapipiius ddyer vingsanc ar bon.
coel T1 cf ent YEPRRLCoRTign ERBE- SomaPOrEh LS Fatopt 48] REYSeIERSRA: ent
anmor phous  cea3aeRwhed KB aithardht dhoppiduslaYer is formed (or deposited) at a
temperature from about 200°C to about 500°C. In FIG. 1B, curve 150 has an
20 exemplary shape. In some embodiments, curve 150 may have a shape different
from the shape shown in FIG. 1B.
FIG. 1C is graph showing absorption coefficient (k) at exemplary
- temperatures versus a range of wavelengths of a transparent amorphous carbon
according to an embodiment of the invention. In some embodiments, the graph
25  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 (&) versus a range of
wavelengths of a transparent amorphous carbon formed at an exemplary
N temperature of 375°C. Curve 162 shows absorption coefficient versus a range of
30 wavelengths of another transparent amorphous carbon formed at an exemplary
' temperature of 225°C. . .
FIG. 1D is graph showing transmission percentage versus a range of
wavelengths of several transparent amorphous carbon layers at exemplary
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tenperature of 225C. FIG |IDis graph show ng transm ssion percentage
versus a range of wavel engths of several transparent am)rphous car bon
| ayers a ﬁ'ﬁ%ﬁ)' ary S WD 2005/ 034229 PCTI US2004/ 029172 ﬁgeratures and
exenpl ar§v He¥ses according to an enbodi ment of tFEU § @M %on. In
sonme enbodi nents, the graph of FlI G 1 D shows exerrpl ary transm ssion

per cent ages téh ehhﬁ'eﬁémw 8f dMEe according
to the nethaod descrlbed in FlG IA 51n Fl 1D curves 171, 172, and

173 show trd%@ﬁ?%%l%ﬁoﬁéﬁ@biaﬂ%@s the.graphsofFitia A Beshows exeraplaygt hs for t hree
di fferent anRhahRssn gf,@% | esses at

di fferent terrperatur s %mgh @aﬁ%@?@%@ce@age versus a
range of wa ttsthemeﬂmﬂrdambertmrfﬁ(} Baor phous carbon | ayer fornmed to a "
t hi ckness of 300 0t ature of 225C. Curve 172 shows

transm ssi on peri‘éﬂ%gag @it]lt ]n'é ﬂ?d:‘:?éé{‘ WY DROFRISSNE PRCEHPE, ¢ r anspar ent .
anor phous  CajeRfdla taYE bf WiVcld ﬂ:r%reé&lﬂ%ﬂ%ﬁﬁfo@hoﬁso&%cﬁﬂﬂﬁ{ ons at a

tenperature of 375C. Curve 173 shows transm sSion percentage versus the

range of waemmedde Aiffepmt thickressesnt different tempershiangs. Carvieddl Fhosr forned to a
t hi ckness of 559919 éﬁ)&g W f |G 1 D shows
that the transm SSl oﬁ&&nc ag{ggsaavéﬁﬁet he%lﬁﬁ&?ﬁgsg%éggﬁft he

'élerrpe_r ?ft ure, m?rphombarumﬂamfﬁmedlﬁd ﬁhld:ﬁeessf@(?(phngdmm&ayafexenpl ary

eposi ti nraevers ange .of a hod of formng a

t ranspar ﬁgi"ﬁ%% %F‘E‘%"& fit of the

i nventi on Irﬁh @maeémigdmrm ttSnspalt@t S u@&ulﬂoﬁlagéEf&ﬁxeaw exenpl ary
~deposi tion gﬁlﬁe of the transparent am)rpho#J garbon layer forned
~eccording t Aaggtecmswéatqnwcmﬂw WS Qurvel RS hat t he
deposi tion nghéniss ﬁ?&%@ex?gﬁm iR Jf ge. For

exanpl e, at a tem‘:))e at ur 250C, Fﬁe dep05|t|on rate 1s about 2800
Angst rons peumongheus earbonleyerformiedito e ihickpess of B0 Angstsmsstar e of 400C, t he
depositi@n I t hr ough
FIG 10 1?how ewc%gg%&zéﬁg %ﬁ%ﬁ}mﬁﬁ %@%@’r"ﬁd}i&g?’ﬁfg@ tg%ordi ng to
enbodi nentstmﬂdeb&sldimthmpmnﬁ&boﬂ:&ma cross-section of a device

200 including a strate 210.
g %?8 é 1% graph showing exemplary deposition rate versus a temperature

range of a method of forming a transparent amorphowus carbon layer according to
an embodiment of the invention. In some embodiments, the graph of FIG. 1E
20 shows exemplary deposition rate of the transparent amorphous carbon layer
formed according to the method described in FIG. 1.A. FIG. 1E shows that the
deposition rate is inversely proportional to the temperature. For example, ata
temperature of 250°C, the deposition rate is about 2800 Angstroms per minute,
| As another example, at a temperature of 400°C, the deposition rate is about 2100
25  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
30 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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Substrate 210 may represent a part of a wafer, or may be a wafer itself.
The 30 wafer maybe a sem conductor wafer such as a silicon wafer.
Substrate 210 may also be a structure or a layer forned on a wafer.

Subst r at ¥WO2P05/43432%i ncl ude at | east one of a non- condREYAPURME i al , a
conducting material, and a sem conducting material. Exanples of

?gngc?ng:mt l(@%igq% M’%L)?P%l(fgesm‘b%gwgﬂ ggﬁgggatgggsyszoom 029172

(bor ophosphwsmcﬁmmmmmmhéeﬂmmm otheer i al s

g;%?gsaggme%%%%ﬂft Ao ?fcq ﬁﬁﬂ‘wgﬁ?%& %@P&%on doped

“with other mwd,laﬂdsﬂlawdbpa&wh@b@lesmﬁ&mmﬁha%or@pﬁh&pms@mwd I'n

enbodi nents represented by FIG substrate 210 incl udes a

. sem conddct feRgt by ¢mbod %Wlm@@bﬁﬂ@é substrate21d ipalpdes@ whi ch
al i gnnment rrg&&@on’{ﬂlét fprmed. Alignment marks 214 serves as reference
poi nts or coordi hates o%m Substrate (wafer) 210. During an alignnent
process, the ali gmmmmmnzmwmheugnmemmghsaumsi tion

substrate Zi?%%#c%%tﬁntst r*:ﬁ; ﬁ%ﬁg‘??g eriﬁﬁgﬁspg?é)s rate 10 can be
accurately e | G 3 shows
devi ce 200 uﬁﬁsham(ﬁmmosmﬁﬁgwmg&a&nfmgﬂmﬂ@:mehsﬁm&ﬁﬂ&lo. Devi ce
structur 320 |% es rrultlplg la%ﬁl@ 2, 324, ancaiwg Each of these
nul ti pl é | afErsediQ\AligR oF prftiosubsal Feh dat FpEpces EPQF‘PHQ 15 materi al ,
sem conduct LErhRe0 cal be %&aﬁlﬁ%@d%ﬂcﬁ@ﬂﬂb%&?ﬁs&%@ﬁ' e, layer

. 322 maybe an oxi de Iaﬁr a llayer 324 may be a metal layer or a layer
wVa

“havi ng a corrpounBIQ)f-” WOQWﬁl@dQ“Oamwméﬂﬂmmﬂbe anitride

!i??lzﬁlgedl Png”gdr%ﬁ alg bg%?«%é:r'ugﬁ?{g# ron%ﬁdne or%é%%v%% %12342 .'aR/ﬁI tiple

| ayers 322, mfmmuﬁa&ymmaymchﬁdaﬁyasgmﬁgnm-cdﬂpdmg|on or by

gtzger?)zig Hﬁ 0C sse ln somat%ﬁ1 d| nme ts, BI??‘?TP‘L l5\)‘rl%re of {t)?ﬁelrayers

enmbodi ment SJayefrmqmm& GHEH LhyeRer 3%@5&&%&1@@&&4@% s 322, 324,

and 326 are added to device structure 32 Devi ce 'structure 320 has a
t hi ckness Thavipga sgmpovadiobmetsbandsiliogrs apd layer 3 26:mpy ho o oitridslayergst r ons.

FIG  4A shoyp.ivdnifoantilhes irtiphe R4 320) $V£ bd 436 aleUrhgeallGh devi ce
order different from the order shown in FIG. 3. Multiple layers 322, 324, and
20 326 are formed by growing or deposition or by other known processes. In some
embodiments, one or more of the layers 322, 324, and 326 is omitted from
device su‘pcﬁne 320. In other embodiments, one or more additional layers
similar to layers 322, 324, and 326 are added to device structure 320. Device
structure 320 has a thickness T3. In some embodiments, T3 is at least 40000
25  Angstroms.
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
30  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 catbon
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structure 320. Mask 430 is nade of carbon. In enbodinents represented by
FI G 4A, the carbon is anorphous carbon. Thus, in FIG 4A mask 430 is
also referred to as anorphous carbon | ayer 430. Anor, n | ayer
430 may YOFH34%t ned by a nethod sinilar to nethod fgjgﬂgz%agﬁgg@d in FIG
1 A Anorphous carbon |ayer 430 has a thickness T4. T4 can be any

thickness. |4yeSftAs REREAIERTIA VRiblelifkht fngd, m%alﬁgéﬂ%dﬁﬁlﬁﬁ, B@EFphod¥TOr phous

carbon | ayer "430 has a_ | ow absorption coefficient such that anorphous

carbon 7 \Worgrbemlayer439 hasanmbempimvsogtiivienb(k) beyeen abot Od Stand st ent i n

visible lig § odi nents, anorphous carbon [ayer 430 has
an absorpti??ocgj;?ﬁe}:#gﬁﬁﬂ?% etween about 0.15 and about 0.001 at

wavel engt h of 638ingeamorphous@arhowlapérci3s ictransparerntdy eisiblalightsangeanspar ent i n

visible Light range 5 .anor us carbon .| r 430 dges nqt .substantially
absor b oLIS r@?‘PE’?‘P&? it 4 °?ﬁ‘§s\}l?s§anF®/§’F’ﬁ O, T8 B‘ﬁ.the%ﬁﬁg‘fore, the

t ranspar enc yhe visiMe Hight rénge! THbreford) 8R traRSfRARAEY th ik baige carbon |ayer
430 i nmproves the readi ngé of alignnment “nar k}s 214 (FI 2) on substrate

210 during ©rpedy pfamaerphous cabemblayer 480 immroves theraadmg of glignyeeninor phous

carbon | aye iW | 1+S] J g t he thickness
of anor phouénﬂg%%gg é%gﬁ%g%n%yﬁn%gkﬁlwggg us, te]%r?br phous carbon
| ayer 430 nmiEyrther, fimcermambrpbiotdicarbantiayek 430sis transpprenp iy Viyibletlight ratges;i ce
structure 320 | |l e | owi.ng an, accur r eadi.ng,, of al i gnnment mar ks
such as lﬁl i é??%h%%%bf%s mﬁ%?{“ﬁﬁ’aﬁ%ﬁﬁm%%h layer 430 with
a convent i ORforphbls GufEVNNMRE 33 (CREPR folndadekitid 2 hidlehess 1 @Rty @RHOr Pt i on

coefficient (aor |less trans,garen;) t han t hat ,of anorphous carbon | ayer

430, the coMt¥rs setre 3207hieRowing an Besyrateteading of the sligameatanarks ni ¢ at i on

for some prge@sSGiendi@f maflkdIR! €, SONME process may require a mask with a
specific thickness; using a conventional anorphous carbon |ayer with the

speci fic thi cknelscomppringaserphaus¢irbog layen430iwithr @ gonvegtions al i gnnent  nar ks
ot opor t ot iAo B R)eE EEL Hoher RESEMER ool e WS, 7o e, “Because
of the | ow adafspegent)dmniia pahyphbasvibhplagercB30pibie coteention30 is useful in
D L TR el b SRR e, e, 1 whioh 2
example, some process may require a mask with a specific thickness, vsing a
conventional amorphous carbon layer with the specific thickness may cause
20  difficulty in reading the alignment marks or may result in inaccurate reading
because of the high absorption property of the conventional amorphous carbon
layer. Therefore, because of the low absorption property, amorphous carbon
layer 430 is useful in processes that 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 sbout 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 (SiyOyN_) or silicon-rich oxide (Si,Oy)
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25 Anor phous carbon | ayer 430 of device 200 is fornmed with a thickness
sufficient to properly etch a device structure such as device structure
320. For exanple, anorphous carbon |ayer 430 is formed with thickness T4
equal to vep:zogoEa9er t han about 4000 Angstrons to et cPCTIES20802%102 uct ur e
320 with thickness T3 equal to or greater than 40000 Angstrons. 30 FIG

4B sh d d h b

o0 VREE Al bl B GO %é%mf’%”eu  CERIBET0de mat er | al .

I n ot her enpekliafRfHgettdd dilioe bxadieids (5 Wgﬁa@@hﬁwls In FIG
| |

4B, cap layer 540 includes silicon ox n|tr or silicon-rich
oxi de (Si 0. fiyh) oxide (B0 51034229 PCTIU82004/029172 where x, y, and z are
*real nunbers. In_sonme enbodinents, cap |ayer 540 includes hydrogenated

sili con oxynl triCap emﬂwe@m@pdbwdm@mtmcww@msa(ﬁ andxi de

(si" T'm o] such as a
"CV) an ia rocess sonée}l@%%qmsg@gﬁdr&e&% er s fornmed
t oget her wi mmrpmmphmukayaeﬂ%omthewpm%s (samdmowmgptep):mh (sane

Bmor phous caPGah R0 i3l pfllen BVl r RO BBRUER 2 phor or esi st

.

| ayer 550 fornewlqveshmmevicaymwﬁlfw edisthA femtiddqvet @per 430.
Phot or esi st 55 b or med u5| n no t echni ues In sone

embodi nent slaY?g’ﬂ 01'312(2319 ?Yﬁ'é Unk ?‘PP@FF isfornedBR for reduci ng
the ref |@Ct kRynl1EchRI¥AEL TR Sorfé etnBYRhents; Sap oAF 540°76PFeS ablRgler neat h anor phous

carbon |ayer 430 during patterning of photoreS| st layer 550. Reducing
t he ref | ectdusiteflertivoiayer b acducing tha reflgstion torphotioresist laymd60 fom st | ayer 550.

~.n ot her eng gggtl barb %ﬁtﬁ tterm ng
anor phous caf‘)%k a er h%?ﬂ% solrbga er&é-%@a men %I’Pé ayer 540
serves as biaydr 550. B.educmgfthmﬂmtmnlahg&ermm&dcma’amﬂeﬂmngﬁfe conbi nati on of
anor phous car bon 3 l.aye 40, .and hotore5|st | ayer 550
forms a nas%og‘?j"’sﬂ‘?%' 'i#’ Bﬁlﬂp?#"ém e AR 4@ ‘f"ﬂ%}%@lmo is
om tt ed1 r opatteRilg datbrstons 64rbéclab@@30.! mseﬁlheﬂuﬁrmﬁm caplagérdes 20
anor phous carbon | ayer, 430, cap, Iayer 540, and photoresist |ayer 550,

masking st Y4¥cenee an anigstlective lavee a0da9 220R8% | onal | ayer fommed between
ggogg{ ?f;fsf eclt ?zlgfe comBindfich SFHEndrpieGE carttfh laybb 8 380¢kpl bR B0, AT Serves as
photoresist layer 550 forms a masking structure 560. In some embodiments, cap
layer 540 is omitted from masking structure 560. In other embodiments, besides
20  amorphous carbon layer 430, cap layer 540, and photoresist layer 550, masking
structure 560 further includes an additional [ayer formed between photoresist

layer 550 and cap layer 540. The additional layer servies as an antireflective

layer to funther enhance the photo processing performance.
FIG. 6 shows device 200 after photoresist layer 550 is patterned.

25  Patterning photoresist layer 550 can be performed usirag known techniques. In
FIG. 6, patterned photoresist layer 550 has openings 6.52. Patterned photoresist
layer 550 is used as a mask to patiern cap layer 540 and amorphous carbon layer
430,

l FIG. 7 shows device 200 after the masking stru.cture 560 is patterned.

30 Patteming 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 different etching steps. As
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| ayer to further enhance the photo processing performance. FIG 6 shows
devi ce 200 after phot oresi st | ayer 550 is patterned. 25 Patterning

photoresjist |ayer 550 can be perfornmed using known t ' n FIG
6, pattew?e?ao dr esi st | ayer 550 has openi ngs 652. %&2&5@#&?@2&1'}2

photoresist |ayer 550 is used as a mask to pattern cap | ayer 540 and

“anmor phous cahdymnnllﬁﬁe‘i' eadﬁ&fthﬂﬁm%dsmﬁaﬂlaﬁémwr t he masking
structure 560 Ii atter 0. Patterni nq maski ng strlﬂlcture 58](; can be
per f or medby *BE8 @EQE :lips openiugs thyt grescnntinpons sad ligned p |ayer

540 and anDop&mS ﬁszbbﬂmwﬁﬂaﬁﬁfsoarrﬁs&ﬁ&&%ﬁodﬁ&ﬂﬁtH&Eainﬂrp%ﬁ‘s et ching

step. In other enbodi nents, cap |ayer 54C anor phous carbon | ayer 430.

are etched mhm@oﬂwwlrnpéwtbmwwupngf hmsém ai358095/ 034229

PCTI US20Q4/ 9?&%% tnﬁ:ﬁ\ﬂ’% th attepned ¢ | ayer 540
and the ;g)at erneé armrp%doﬁg}:car HHH Igl;?/% 94136“”%520 ﬁﬁﬁ?gmt at are
conti nuous devicastugtuesi320. ﬂiﬁothepmibddﬁﬁen%ﬂtafamhphﬁrs%bshldywﬁo 550. In
some enbodi pent s rpho rbon |ayer 43Q is patterned, the
conbi nat i on_%?t“Fﬁ?‘gr‘%tgﬁ'ég ﬁ&ﬁﬁ@ﬁb“%ﬁﬁ%@&%%@%e 560 may
remain and ef'%xﬂ%aﬁ‘l E@reﬁfo%&t‘ﬂ%rérﬁx @Btreﬂl%V ?ay%f bpicture 320.

| n ot her enbodl ment s, er anorp hous car bon I ayer 430 atterned
ei t her phot daves %ﬁmﬁ%#%@m‘eéﬁowl@mm e@fﬂlq;r@tonbgth@fdmgq st layer

550 andy ap {r@%&g ?nd . The remai ning (not renoved) |ayer, or

| ayers, maski ng structure 0 is used as a mask to etch one or both of
devi ce 10 st r ucFlG.& s@ﬁ@sda@eﬁﬂbaﬁeﬁo&ﬂ:bﬁamﬁbt@ayeﬁﬁﬂam&caﬂéme 200 after
¢+ both photor st layer, 550.and c | ayer. 540 o2neub & this
Nexanpl e, % i‘h@’#ﬂpﬁaﬂgﬁcﬁ ‘?r}g?@gﬁaé 018 rmsk to

etch eit her uaemratmmwémldameﬁ@p@hwsﬁdwﬁeaﬁﬁctu&ramh&tﬁé\&mrre devi ce
structure 320. I n sonme_enhodi nents, at |east a portion of substrate 210

is 15 al so SFHRRHMGEF$320, b somme erbediments: of lsgut e pogtionof substalei?iBits. 9 shows
devi ce 3Q0 %jsb%fcﬁgc?ﬂé mggmo@ﬁ?al.ﬁo A&k Trenches 901 are forned
n

as aresult of t tC |n process e |rrents represented by FIG
9, trenches 901 HK@ %showe mwwﬂﬁmcpmmmm@vhﬁdekmcn@t ure 320.

Struct ur e 330 "o 3 et BT g ey Brocpls 18 chibofydfenk i gaftd C°
by FIG. 9, trenches 901 are formed in at least portion of device structure 320. In
some embodiments, trenches 901 are formed in the entire device structure 320

20 andin at least a portion of substrate 210,

Layer 322 is etched to a level 902, Level 902 is any level above surface
212 of substrate 210. In embodiments represented by FIG. 9, device structure
320 is etched such that the etching process penetrates through layers 326 and 324
and partially info layer 324 and stopping at level 202. In some embodiments,

25  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

30 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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Layer 322 is etched to a level 902. Level 902 is any | evel above surface
212 of substrate 210. In enbodinents represented by FIG 9, device
structure 320 is etched such that the etching processF@enetrates t hr ough

|l ayers B3R  and partially into |ayer 324 andPSTEPWMBIHE | evel

902. In sone enbodi ments, 25 device structure 320 is etched such that

| evel 902 can bem@m/ﬂﬁmdeﬁcdmﬁ&raﬁbfpﬁs&smoﬁagyerh@o%tr%bvﬁnbodl ment s,
t he etching_process penetrates through a | ayers , 324, and 326 and

stops at orlnd@mmwﬂw@,ﬂmwmgmwﬁ 3Qmwmwdumeaena-ﬁt whi ch the

etching pro e ertind what will be
, forned aft e d%f/ﬁ%@%??gén@:{l%}xg. &@ﬁl S (1# g#ééﬁ ﬁ$¢§§§%ﬂ§°ﬂqg}éw ce 30
structure 3%% is semdved @sing en asherdoessabith £ combrimhtion iofexygdneplasmarsadt s wi | | be

f or med ?ndggevi ce structure 320 is etched to another level if a
conmponen ' as a capacitor will be formed. 10 WD 2005/ 034229

PCT/ US2004/ 029174 tnddtove Ao PMACLT 0 AEIdEh F16.10, MRRERHRRY BB DON | ayer
on

430 is renoved. I n sone enbodi nents, anorphous car ayer 430 is

renoved usi HYeTA30a%hich wmmwwﬁygbtnmmeasmu od ismmskingnbodi nent s,
anor phous CgrieRe 5608 %s Mm&s&tﬁ@%ﬁ%ﬁ% . abovg&l cess with a

conbi nati on of oxygen asma and escription of FIG
4A t hrough mni@diments, amunptphuss eehobdayer fwh s am&@houmarhmlsyﬁmamﬁparent in

visiblehig ski n use as a

mask to gtcﬂgd{é\%ﬂgg std%ﬁégg“r%gggbiw g ’Dfié) afl&lr’ng SS%:jth!,’égﬁ’n)rphous

carbon | ayemmmfammmhmommmnl ods3Erbon le§ersusivay Ncl uded in
devi ce structure 320 F npl e, one of | ayers 32 324 and 326

~of tovi oo SEUBERRESI0 HHE D T PO OHEIe SIS

anor phous  Caichadad MdRiondSa er%%m&m&ﬁ?szzesm@szslﬁwﬁieha{er ucture 320 may

I ncl ude an additi onal Iayer besi des | ayer 322 4, and 326 in which the

addi ti onal Ptaiyt&nallgyms mthmlsc@h%l@wnsagbeqsmmh%c R lgyeus car bon
| ayer § I n enbodi nents where an anor phous carbon | ayer exists
Wi t hin devi ce structure 320, the anorphous carbon | ayer within device
structure 320 ey ebodireats wWiere anrmndrphious carbun Ipyrsesxistawithineeviee t i on

pur poses, or, for I purnoses. ence i n, enbo nt mhere devi ce
S itk e 40 JRE St HeiES SfruBiER 20

structure 3
used for insulating purposes, antireflection purposes, or for other purposes.

Hence, in embodiments where device structure 320 includes an amorphous
20  carbon layer similar to amorphous carbon layer 430, the amorphous carbon layer
of device structure 320 still remains in device 200 after amnorphous carbon layer
430 of masking structure 560 is removed from device 200.
After amorphous carbon layer 430 is removed as shown in FIG. 10, other
processes can be performed to device 200 to form compomnents such as
25  transistors, capacitors, memory cell, or an integrated circuit such as a memory
device, a processor, an application specific integrated circuuit, 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 embodimerits of the invention. In
30 FIG. 11, memory device 1100 includes a substrate 1102 having alighment marks
1104 formed on surface 1107 of substrate 1102. A numb er 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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20 carbon layer simlar to anorphous carbon |ayer 430, the anorphous
carbon | ayer of device structure 320 still remains in device 200 after
anor phous carbon layer 430 of masking structure 560 is renoved from

devi ce 2QQ 1061438420 anor phous carbon | ayer 430 is reno in FIG
: SRR

10, other processes can be performed to device 200 m conponent s
such as 25 transistors, capacitors, nenory cell, or an integrated circuit
such as a nE63Y andlisvlatien starcqures d 83%band H07.2[am formied 0 Rors¢lattyf FIG. | nt egr at ed

circuit, or.other es.of . i r.at circyits., FIG .1 | through FIG 19
show cross- 56 P’Bﬁéég?m’émﬁﬂ‘ﬁﬂ?@f “Ege“f%y" ﬁfliaﬁ Ve AlEmEEt o ocessi ng
stages accomgihd164 KevRRel, eRilests Qichal thelliPeRithb @ in FIG, BOmby e 11, menory

device 1100 i ncludes _a substrate 1102 having alignment marks 1104 forned
on surface foooed ever glignmaenhmarky 1. A nunber of surface structures (gate

structurges) 110 : . . . O ubstrate 1102.
Wthin s'ﬁbst r at 3“&‘%‘%’3&‘%’“%2?@3‘?&&%&%?%E‘?{gﬁ“‘lﬁe{;ﬂ%‘sﬂg’%? (1106. 1

t hrough 11 Miéhtith6bédnte29 4POTANSRROuEhA80.3 Pextcntiifie throuphdnsulatingt | on
structures 1107, d,11Q7.2 are rmed. For clarit FIG , 11 shows

al i gnnent Y‘Fl'sllhgﬁa% ﬁ&ﬁ‘m@?t% W%M%amafbg@@ HC%rar ks 1104,
Hovever, el gfjentShateMay®s 1 145 seh@Me surBEOMciufs 11165 fibn AByREng f Or med over

al i gnnent marks 1104, Menory device 1100 al so includes an 1nsul ating

| ayer 1130 laer 1430 anchenstactsrl 146 nEentacs 1140 ere(matis @ rondrcting materiabtos)

ext endi t | |.a | frasioh3 Oni f 1140
connect g@t oﬁlggg]feb@%g%e?u%l}sgﬁfegl O%@oﬁ@?ﬁ??e@?ﬁl%ﬁ?ﬁ%@ 1145
separ at es shi dxadep osnitrite tog other debonducting inatedhlato prevehtayess-diff@forand

. contacts 1140. .Contacts 11 ar e .mad f conducti i.al to 10
rovide el oty B R st B pof GO BTN ThEE Rl o | ayer
1145 can benboditients, Garrier layer 145 Rlontitdde Mndititing Payti ¢ 130Mgrovdeer i al s to
prevent cross-diffusion of materials betwen surface structyres 1105 and

i nsul at i ng MEYationbebpeen the coptagts 1i4h, yerb} 3 ean beglayer o145 s
omttedigln ' : ' ' | contacts
1140. | nsul %?‘f’%gllggfé’ﬁ it ot e ﬁygﬁ%gﬂﬁb??ﬁd@gﬁggﬁg doped

with one orothertypesofdoped glaseds. Her dxemple, mslatingdaysdiddsambe ot her types of
ol s (B0 Sospae BRBIRR Lo ERtspheslieie Bt R, B ShpmEme O 1 O
represented by FIG. 11, insulating layer 1130 includes Borophosphosilicate glass
(BPSQ) and has a thickness T11. In some embodiments, T11 is in the range of
20 3000 Angstroms to 5000 Angstroms.
In embodiments represented by FIG. 11, substrate 1102 includes silicon
doped with a dopant, for example boron, to make it a P-type material. Diffusion
regions 1106 are doped with a dopant, for example phosphorous, to make them
an N-type material, In some embodiments, substrate 11 02 can be an N-type
25  material and diffusion regions 1106 can be a P-type material.
Each of the gate structures 11035 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,
30  tungsten silicide, and others. All dielectrics in gate structures 1105 can include
material such as silicon oxide. Bach 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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represented by FIG 11, insulating |ayer 1130 incl udes
Bor ophosphosi licate glass (BPSG and has a thickness TI1. In sone
enbodi ments, Tl | is in the range of 20 3000 Angstrons to 5

000
Angst r Y0 20050280 di nent s represented by FIG 11, subfstPSH%O2M6D § nel udes
silicon doped with a dopant, for exanple boron, to nake it a P-type

material . D ffusigna %ﬁ%ﬁgﬁomggimm%w_éﬁﬁ%%%agl i; or exanpl e

phosphorous, to nmake than an"N-type naterl odi nent s,
substrat e lftogedc dnsulsting leyee 12y eandpcindet BSG,RSGod BRSG simiilentor egi ons 1106

can be a P-.it . eriak. Each of t ate . structures incl udes a
nunber of é{:%}ﬁﬁwg?%ycraf lght Mﬁ@w??’c‘p‘lﬂ&é}‘%ﬁ?ﬁﬁﬁ ﬂé@ﬁé fa’albed

pol ysi | i cors deRice strichikd 1220, Devics siiectdra YZI0 had & Mckaress AN Dosose! eCtri C

| ayer 1116, and dielectric spacers 1118. Silicide layer 1114 can include

a conpotnd Abogimeats, hhs af 08 vitani um silicide, 30 tungsten
silicide, and otfhars. i gé%ﬁ | ' &?h LhEoh 5 can include
mat eri al such asﬁ% Pi%@#lgm ) g%zfog‘&teﬂ@g%t gﬁ ucturle 1105 is al so
referred t133@gs farmedrovet devize sifitoture 1 220c tAmarphdus Sathonllayer d33®basfzor med usi ng

known techn; .12 2005/,034229 PCT| US2004/ 0 2 . FIG 12 shows
menory devﬁegw%ogﬁgmgﬁ ”%%@ééﬂ°ﬁ?j“°%ﬁ°@ﬂ6’zﬁ%§aﬁ%?mm sul ati ng
Il(ilégr |1210|iﬁ&_ﬁiﬁlﬂlﬁﬂlﬂ&g???goﬁ&ﬁnbﬁﬁm&ﬁﬁ&ﬂtﬂho' ohif Caibon Lﬁ%ﬁw?ﬁaﬁg | ayer

) sul atin ayer nd ot her struc es rm a
devi ce rfé‘t%?‘g‘"ﬁ%’@efﬁﬁg%@ﬁ”g?%@gﬂf@lfﬁ g%‘ﬁ'étda&ltﬁtc‘i‘ﬁﬁ 12. In sone
5 enbodi mendf%33 ik Ansorploub eas&nlﬂw%soﬁlagﬁémw by @ mdffoddimiiar MENOrY

~ device 1100 after an amprphous carbon |ayer 1330 is forned over device
“structure ltompthod 8P gessiibeddnFiEAA ayer 1330 has a | ow absorption

coefficient suchy ﬂ:ﬂ&iw@ﬂd gﬁreﬂteiﬁ : g ent in
visible |ight r?r]%cg%F sone em%ﬁgﬁ%{s@& nor p gﬁ}siﬁlggl on rayer 1330 has
10 an absorgndrpheus ceebdn layes A330(1kdy becfbmesiat alsdected tificknessitogioepetly0. 001 at
wavel engt h f,633 mMm haqus, car.bon..| ayer. 1330 be fornmed by a
met hod i m T rdeWSW%@WdB&&EE%‘B%@ﬁ“Y%*M%ﬁ%e@H&E nor phous
car bon | ayeiligditntinsaritsr 1404 fdingun aliporiént oDdeidei1gD0. REphousB®ORNOUS car bon
| ayer 1330 nay gae formed at a_selected thj clé‘gess to properly 15 etch
devi ce strJgysid %@Qeﬂuﬁl@m&ﬁsﬁmm‘w&ﬁw P&%%meﬁrevql@afai ng of the

propetly etch device structure 1220. T13 can be any thickness. In some

embodiments, T13 is at least 4000 Angstroms.

20 FIG. 14 shows memory device 1100 after a cap layer 1440 and a

photoresist layer 1450 are formed over amorphous carbon: layer 1330, In some
embodiments, cap layer 1440 includes oxide materials. In other embodiments,
cap layer 1440 includes non-oxide materials. In FIG. 14, cap layer 1440
includes silicon oxynitride (SixOyNy) or silicon-rich oxide (SixOy) where x, y,

25 and z are real numbers. In some embodiments, cap layer 1440 includes
hydrogenated silicon oxynitride (Si,O,N;: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

30  masking structure 1460. In other embodiments, masking structure 1460 further
includes an additiona!l layer formed between photoresist 1ayer 1450 and cap layer
1440, The additional layer serves as an antireflective layer to further enhance
the photo processing performance.
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alignment marks 1104 during an alignnent of device 1100. Anor phous carbon

| ayer 1330 has a thickness T13, which can be selected at an appropriate
val ue towor?{?%z‘{%%é etch device structure 1220. T13 can be any thickness.
In some e ts, T13 is at |east 4000 Angstrons PCIPRIIR shows
menory device 1100 after a cap |l ayer 1440 and a photoresist |ayer 1450
are formed over H@lﬂﬂﬁ%d@ﬂ%@@md@éﬁ?hd&&@ﬂlaly&% gfikRe ments, cap

| ayer 1440 includes oxide materials. 1n_other enbodi mgnt s, cap layer
1440 i ncl udBajteping phatoresishigver 1430an beperformedusingdmo winteehniqueso i ncl udes

silicon oxXyplgatd e Le® i _Iélb.l.ﬁ% hde (Si,,Oy) where x, vy, 25
and z are r%ﬁ%@éﬁ@@ﬁ}%gﬁgég#ggﬁbﬁen ,lg)é%’p | ayer 1440 i ncl udes \

hydr ogenat ed si | Fi€oi6 shopsidevicel ¢1(0Gifeynhbking)stractufeyldk6ige pattesnkdsi | i con-ri ch

oxide (o xQy:H).. Layers 1440 1450 are fgrnmed usi ng kppwn techni ques.
Anor phou c%@%ﬁ?%%ﬁ%%gl% P"Ifi?%‘?dqﬁ’rﬂ?emd‘f‘@%@ﬁqg% | ayer 1450

form a masigeRy 1f s tbRintéfé) cap RyS&QUE0 SIMHHPHRS TartoBayeY R0 1440 IS
omtted fromblgg maski ng structtﬁ?% 460. I n other enbodi ma)}nts, maski ng

struct ure 1ae@tched topether in no¢ eldiing step. dnwther enbadimengsy capdayee 444t ween

phot or esi st r (1] ..l ayer serves
as an anti r%Ar“la%‘g‘{‘P@é?P%‘%‘?‘ﬂﬁ%ﬂPéﬂﬁer enﬁ%%%ﬁ?%%f%&ﬁ%cessi ng

per f or mancestefis3 AAGhaen fnl FI& 26 % flef Jatieiii}) ddch 2Pthé PattEin€d cdrblagérows devi ce
1100 afteger toresi st layer 145 0 i,s patt ed, Patternin hot or esi st
Fayer 1480 () 0 B ambernad Soaitiy Seitin LN Bisioks Pelneh A

phot or esi st W%MME%WM%WSBESWI&mMSGhOV\B device 1100

~after masking structure 1460 is patterned. {Datterni,ng maski ng

5
“structure 1460 cRFopE epbpdigients amorphels capp layerch3 s petemed, | sone
enbodi Ment S heGaRBInANGT of 14ytds £33, ﬁﬁﬁ%ﬁ%ﬁ&f%&ﬁﬂg% R0 mdy © etched
ments, cap | ayer

together in one etching step.” In other enbodir 1440 and
anor phous  ctensithanid:isused 28 8 task to eichthe iyers phdexice siyudiural]l 220e Biepthert chi ng

Cayer 10 1o P00 e dforp i B kBl 350 eafiicts el 100
openi ngs t hhyerslds0 oc o cdmbsination ofbothaphowresist layer 14300@1d caydayer 3240 is
of photoresist |a 1450, .1 n sone eﬁgfdi nments, after. anorphous carbon

| ayer 1330 Fenoyed. Dhefeppaining {not tempyed) {eyenordpyers, o BSTYAWS  and 1450
of masking $3704s Lsds Ak fiPtch device structure 1220.

FIG. 17 shows device 1100 after device structure 1220 is etched. In
20  embodiments represented by FIG. 16, both photoresist layer 1450 and cap layer
1440 are removed before device structure 1220 is etched. Amorphous carbon
layer 1330 is used as a mask to etch the layers of device structure 1220. The
etched device structure 1220 has openings 1701.
FIG. 18 shows device 1100 after amorphous carbon layer 1330 is
25 removed. Insome embodiments, amorphous carbon layer 13 30 is removed

using an ash process with oxygen plasma, In other embodim ents, amotphous

carbon layer 1330 is remo¥ved using an ash process with a combination of

oxygen plasma and CF,.

FIG. 19 shows device 1100 after other layers are formied using known

30 techniques. In each of the openings 1552, a first conductive 1ayer 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



remain and is used as a mask to etch the layers of device structure 1220.
In other 15 enbodi nents, after anorphous carbon |ayer 1330 is patterned,

ei t her photore3| st Iayer 1450 or a conbi nation of i st |ayer
1450 and¥@3WIBr 1440 is renopved. The renmi ning (ﬁ%ﬁ%‘%’veg? | ayer,

or layers, of masking structure 1220 is used as a mask to etch device
struct ure 1€20Forfexfinplb/inStvoage capacitereCl] ¢ddutive layaeld02d, edntastt ure 1220 is

1450 and. cabtA05k 8pd sl et SNo) bumsciat eomaeit olie (RUBP RGN 220 15
et ched. AnDEgNIRMVeGAel 02,2 PBIAY a sbactid daﬁadie%iha?égﬂ,cga?y ah@ dRlehict he | ayers

of device structure "1220. The etched devi ce st e 1220 has openi ngs

1701. no. 19?@14(9@&1&%9@&&11@@1@0&& Imsromp bobodiownisorondugive 1880 i s 25

SRARRERN T B e R R A S e S
car bon Iayeplafb&B&niﬁdlﬁemmedlmﬁkQ@mtﬁsh process with a conbi nati on of

oxygen plasma a CF4. FI é ws devi ce, 110 af gya her | ayers are
formed usi ng kn oRyfleyigg Hbq‘ﬂ PFF%‘a‘&’FPSbﬂ‘O"F é i 1552, a first

conduct i ve kafire 132 dod 9fuston r86hs 11001 201062 SRR AOskeCGRR Tye | ayer| 904
(1904.1 and 1904.2), and a dielectric layer 1906 (1906.1 and 1906.2) are

formed. Confialestryguedyes.3 anddffusionmgions Hl @4.2-d104. %fmaywwimlﬁm ot her
el ement gq f oiphn g Eﬁpﬁ'aﬁ@%r]a%cd?&gts 4:1%99&&9%!

PCTI U820041029172 . For exa torage capacl conducti ve
| ayer 1902.&pcwbhmmuan®stmmgacﬂlbadtotmsﬁoun armgnm'mQEM@ 1 forma first

capacitor plate 0 t| o, 1 for m; a second
Leapaci tor plate I%‘?‘%‘ pﬁméféﬁiﬁgﬁ%ﬂm ‘%““Pﬁ@%‘? g%’ﬁﬁ%

capaci Eo: deapheitirs CT and C2. ﬂ}&hﬁﬁf@d&ﬁﬁf&é@ﬁ%ﬂ&m&@ﬂ%y@MS 1904I I

connect to a co | at.e o evi ce e’ comon ce

plate is onﬁ(}‘se](r)gaqéﬁgk E@“‘F‘bﬁ:l Qd:% %@lcpﬁm"'i\}el%%y Ipsree 1 110

i ncl udegs aceam:héﬁ@%b&wrnd b lsadﬁnzemt b Contadt! Which tounbdiB o £bﬁmd

di ffusion regions 1706. 1-1106. 2 form access transistor TI.
structure 1hms50f3nmyde‘ﬂ¢mlsl|06n regl ons 1106.2-1106.3 form access

transi stor 10 72 In ofE Cl forma
menory CELLI. Accessg‘?lﬁ%ér'lél S ’_or %&nﬁﬂwgge capacéiilﬂﬁéor %énform a
menory CELLthe structures of the layers 1902, 1904, and 1906 can be formed in openings
1701 (FIG, 17). For example, interconnects instead of capacitor plates can be
20 formed in openings 1552 to connect diffusion regions 1106 to other parts of

memory device 1100.
Memory device 1100 may be a dyna:mc random access memory
(DRAM) device. Examples of DRAM devices include synchronous DRAM
~ ‘ commonly refetred to as SDRAM, SDRAM II, SGRAM (Synchronous Graphics
25 Random Access Memory), DDR SDRAM (Double Data Rate SDRAM), DDR 11
SDRAM, DDR UI SDRAM, GDDR 1II SDRAM (Graphic Double Data Rate),
and Rambus DRAMs. Memory device 1100 includes other elements, which are
not shown for ¢larity.
. FIG. 20 shows a system according to an embodiment of the invention.
30 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



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 1106.1 and 1106.3 of capacitors ClL and C2 via contact 1140.2. In
some 15 HPIWSMMAS, contact 1140.2 is a buried bit |PEEUSHIMELL2 whi ch
connects to a bit line of nmenory device 1100. In other enbodi nents,

ot her el enme fofdla S i b Lol Heisatigpes of the

| ayers 1902%%@?#€md 18%%9%%%6%%&?%{ med ir?(}g%g%‘iﬂr?ggn 170% 1?IQI G 17). For
exanmpl e, i nfeedldivElG Aqtofonme the trarsppraent awprPhpLs cathondaydssc@edifgr ned i n
openi ngs 15 ect diffusion regions 1106 to other parts of nenory
devi ce 1100. mory device 1100 may be a dynamic random access menory
(DRAM devi ce. BEWafepR2620 intlulisAuehber ofalignmehi ragrks 20hand amisnbeRM

comonl y_ref.er 0 as S M SDRAM U, S nchronqus Graphics 25
Random A? cedice b‘??‘,’m‘ﬁﬁ%ﬁ- P@%@@m , Il SDRAM .
DDR 111" SDRiNYHs GRIPEFIG. b) apldf20ldh & AiRAISCT 199YPIE 1Ppt @ Rate), and Ranous
DRAMs. Menory devi ce,ll)OO i n€l udes - ot her gilﬁeman s, which are not shown

for clarity. FIGitleest onmofthedics2Q38incdudesralimmpisascendingtbodi nent of the

I nventi on. > .| C n f 2020

pl aced in tﬁ%g%%%tgwe%%%% ogPrf'gﬁ{gs)%oé%’gﬁ)Pelg nge%tv&g%g PECVD
chanber andthealie2020#Rides @substeits, a dadive stuctivef a2 niuskingasmttereof chanber
2010 includes,a ghanmber of e . Prod r .Praocess avai l able from Applied
Mat er i aﬁé Pl as fhoRe otdevices %@ﬁéli@ e 3TaP oo T bus 9899 029172
"Clara, Cal ife@id2i2030 (HRRIIBSIN adbblphods\shrBoh RiyePfidh a€@norpRonsc@fbonn met hod 100

. described in FIG lA to formthe trapsparent_ anorphous carbon | ayer

“accor di ng ti;"yﬁﬁ39(§é‘(3_kd’é) ane 2eapTPboys Garp aa s $330 (& fomed) i gnnent  nar ks
2014 and a Wgﬁfmn%ﬁoggsggﬁmmﬁ@@m.q@podi ments, alignment marks
I gnnent

2014 represent al marks 214 (FIG 2) and alignnent marks 1104
(FIG 11). At | eAdlc gk aspdnetod thedlice03039a patismioes semicomdvetor wefeor di ng t o

enbodi ts ' | LG 2-Fl G 1 bove. Fo amnl | east one
of thg% [ cg&gégya%ﬁg%d;égdﬁ og%lﬁg% ?’5‘?’3,8720 VI ee %F‘?‘ﬁ%?’}l}ﬁg‘,’“%"& a maski ng
structure example, at least one of the dice 2030 contains circuitry for a device such as a

processor, or memory device such as mernory device 1100 (FIG. 11-FIG. 19).

Concluision

20 Various embodiments of the invenition provide technique to form a
transparent amorphous cerbon layer. The transparent amorphous carbon layer
can be used as a mask for etching certain structure of the device. The
amorphous carbon layer can also be a part of a structure of the device for other
purposes. Although specific embodiments are described herein, those skilled in

25  the art recognize that other embodiments may be substituted for the specific
embodiments shown to achieve the same purpose. This application covers any
adaptations or variations of the present inwention. Therefore, the present
invention is limited only by the claims and all available equivalents.
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10 such as those of devices 200 and 1100 (FIG 2-FIG 19). Thus, at |east
one of the dice 2030 includes an anorphous carbon | ayer such as

anor phous carbon Ilayer 430 (FIG 4A) and anorphous carbon |ayer 1330
(PIG 13) formed according to the process described in FIG 2-FIG 19. A
di e suc e of the dice 2030 is a pattern on a sem conductor wafer

15 such as wafer 2020. A die contains circuitry to performa specific
function. For, exanple, at |east one of the dice 2030 contains circuitry
for a dévi ce AR APRATABISLOMPFiYBESSsor, or nenory device such as nenory device
1100 (FIG 1]- Cl usi Vari iments of the

i nvention pr%&?rhgo?ég%dr{ivq%&g“ glﬁfl@gr%t %gSttoﬁgﬁggﬁpgﬂ?g%kbrphous car bon

| ayer. The t ndesipastartura feripdaver the saitohdytsr wafen ah¢ used as a mask for
etching certain structure of the device. The anorphous carbon | ayer can

al so be a paptmagking strugiereufasmed Quse thieevise fsHucurhiethe Tasking suctiet hough
. : \ o 4 j t
Fbcogni PSTERSEATTROBOECCOREI 8 SnORlsEE aplofitR s Sioph Fleh & Ehsbltfort”

enbodi mantvBikdhtiph faagadyi dlvevihda reativg pOthRosGnmBat $nadlp i itleatisible tigter s
any adaptations or variations of the present invention. Therefore, the
present IAgRvention is limted only by the clains and all avail abl e

equi valents. 16 CLAIMS 1. An apparatus conprising: a sem conductor wafer
including at | east one alignnment nark; a device structure forned over

t he sen¥condiibe appasgipe et claim 1awhersia thg agrorphous carbpp dawed has an absesptipayi ce

structur N Ki ng st tu L din n._ano ous on | ayer,
wher ei ncgﬁg&gﬁor %e&sa%ggtr(%g.ﬁa?cgéogp % ?@br?{a‘ﬁ%ﬁg‘:’rngﬂ} ofq?}é RRY {egs'l i ght range
for allowng a reading of the alignment mark in the visible light range.

2. The gpparatus_of claim.l, erein the r.phous .carbon | ayer has an

Zbsor pt fon- ShERPRAEHEHE! Quhboramade BSRE BHR M i TetRe iR Tgd e  engt h
of 633 RANARHAVRg wivelbREh BRA/ L Y80 Rinoflcdrihidd 70 @i@hidtdifie Vi sible i ght
range includes el éctromagnetic radiation having wavel engt hs bet ween 400

nanoneters and 700 nanoneters. 4. The apparatus of claim1l, wherein the

anor phoys cafrhoRpbANGE oPakid 1, WrkEGSEe afofftots chitdf 14P2GhaANORIKALR
greater than 4000 Angstroms.

5. The apparatus of claim 4, wherein the device structure has a thickness greater than
40000 Angstroms.
6. The apparatus of claim 1, wherein the device structure includes a layer of a

conducting material.

7. The apparatus of claim 6, wherein the device structure further includes an
additional amorphous carbon layer, wherein the additional amorphous carbon layer is

transparent in visible light range.

8. The apparatus of claim 1, wherein the masking structure further includes an

antireflective layer over the amorphous carbon layer.
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5. The apparatus of claim4, wherein the device structure has a thickness
greater than 40000 Angstronms. 6. The apparatus of claim1l, wherein the
device structure includes a layer of a conducting material. 7. The
apparatus of claim®6, wherein the device structure further includes an
addi ti ofal arbe pPpaERtusapheleimalevheigiethy meskiag agmictyre farthemnincpides ¢

car bon I]Jﬁ%(&ﬁfesis§lay%r{](§%§ﬁ1%ra?rﬂ%rpljg{ﬁs\ég 'oHlla%/ Li ght range. 8. The apparatus of

claim1l ereln mask ructure-further includes an
antireflective |layer over the anorphous carbon |ayer. 17 9. The apparatus

of clainyl, erein the ski tructure, further, includes ot or esi st
Cayer o0l t 1S ZRBRBIELY GATHqn SURY the hotoreeist laver Jncfuddy & Jedblos
wher ei nop#iingghot oresi st | ayer includes at |east one opening. 11. The

apparatus of claim 10, wherein the anorphous carbon |ayer includes at
| east one opening continuous with the at | east one opening of the

phot or egii st Ir@Y @ppardtds of BRIRABAGALKS BE afloRpHBuS catBRIS}R ikdMededB® kaltg
structure conprises a cap |layer over the anorphous carbon layer. 13. The

appar at 9ae opengngdoniingouswhidr ticat tehs onappériyeef e photoragist biyemct s t he

anor phous carbon | ayer and the photoresist |ayer. 14. The apparatus of
claim 13, wherein the cap | ayer includes one of a silicon oxynitride

| ayer, a2sil Thenmppachtie of ajmm, 9,awlgreinatie natskitg stiutimon caxynsesra chp lapgrer
and a h drg enated siljcon oxide |ayer. 15. A nmask structure for a

devi ce, Ot§fd ‘%@FER‘T’ PP RAE!¥Spr i si ng: an amor phous carbon | ayer forned
over a sem conductor wafer, the sem conductor wafer including at |east
one alignment mark, wherein the anorphous @ carbon |layer is transparent to
radi ati 64 haVhpaPREdtes ehefams 1 Bevigen thocamiareritesty capfacts fsoamerpbonst er s

for all Qww ! i nt marks in the sem conductor wafer in
t he vvavg}fﬁ‘gﬁlg%aﬁglr%@ﬁagg%&éﬁgﬁn%r%@heters and 700 nanoneters. 16. The mask
structure of claim 15, wherein the anorphous carbon | ayer has an
absorptiign cqefficient twee bout .0.15 and, _about,0, 001 at.wavel ength
of 635 Manond arbueily SHTHARRILE Uhteid: (7 A0 0P eh el Shecht, FfceR
anor phoudgyriftidedaydra) &diliddaSoxdde layer, a hydrogenated silicon oxynitride layer, and a

hydrogenated silicon oxide layer.

15. A mask structure for a device, the mask structure comprising:

an amorphous carbon layer formed over a semiconductor wafer, the
semiconductor wafer including at least one alignment mark, wherein the amorphous
carbon layer is transparent to radiation having wavelengths between 400 nanometers and
700 nanometers for allowing a reading of alignment marks in the semiconductor wafer in

the wavelengths between 400 nanometers and 700 nanometers.

16.  The mask structure of claim 15, wherein the amorphous carbon layer has an
absorption coefficient between about 0.15 and about 0.001 at wavelength of 633

nanometers.

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

thickness of at least 4000 Angstroms.

18.  The mask structure of claim 15 further comprising a photoresist layer over the
amorphous carbon layer.
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t hi ckness of at |east 4000 Angstrons. 18. The mask structure of claim15
further conprising a photoresist |ayer over the anorphous carbon |ayer.
18 19. The nmask structure of claim 18 further conprising a cap |ayer

bet ween the anorphous carbon |layer and the photoresist |layer. 20. The
mask structure of claim 19, wherein the cap |ayer includes one of a
silicon oxynitride layer, a silicon oxide |ayer, a hydrogenated silicon
oxynitride layer, and a hydrogenated silicon oxide |layer. 21. A nethod
conpri sity: neskimask atrdetvicc of slaimci&ifarthicsr ereapriving aacapeliyeo batreknrthevaf er

the sem conduct ar, fer includi at | east one alignnment mark, wherein
the masKi™hyP ?%@F@&ﬁ@ayﬁﬁgﬁjﬁ’ﬁp?‘ﬂ@%]?fé\%}aé@r'structure with an anor phous
carbon | ayer, wherein the anorphous carbon |ayer is transparent in
visible |ight_ran for allawn reading of the alijgnnent rk.in the
i s bl 6 10 SncHeaRg Saisnie ol YRR varen SrehepriarsuiaruiT SHeoLmS MU
carbon | gyl AHEEPIARR 1a7ACh Rk ARhaRE IREA ABANEID 1433 About
0. 001 atd’a(\si\g//ave1 engtéﬁ o?i 633 nanoa t’ers.}}a%di;{%.ré z'1I'he ﬂn@?ﬂo o# c?a%y‘réf{?l, &
wher ei n lydeogenatkd sidicéruotidetayencl udes form ng one of a silicon oxynitride
| ayer, a silicon oxide layer, a hydrogenated silicon oxynitride |ayer,
and a hydrogenated silicon oxide |ayer over the anorphous carbon | ayer.
24. The 2tet hotl nthodl @inipriding: wherei n t he masking further includes form ng

a photoresist |ayer over. the anorphous carbon |ayer. 25. The pethod of
claim 24, whedPekHIZ e AGMRS ngructiire hdormedc| QYgE s @ p semisonflugon nwater,  the

phot or esgeghicond&hr Wfer ﬂf‘chﬂfﬁ?é AR Ccﬁ'febglr?gr‘n?éﬁ?rmar](? wherein the masking

includes masking the device structure with an amorphous carbon layer, wherein the
amorphous carbon layer is transparent in visible light range for allowing a reading of the

alignment mark in the visible light range.

22.  The method 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.

23.  The method of claim 21, wherein the masking further includes forming one of a
silicon oxynitride layer, a silicon oxide layer, a hydrogenated silicon oxynitride layer, and

a hydrogenated silicon oxide layer over the amorphous carbon layer.

24.  The method of claim 21, wherein the masking further includes forming a

photoresist layer over the amorphous carbon layer.

25.  The method of claim 24, wherein the masking further includes patterning the

photoresist layer and the amorphous carbon layer.
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