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pr obl ens SUI\/MA OF THE | NVENTI
This is known as “aspect ratio dependent etching.” Continuing the etch process in

order to complete the etching of the dense features may cause the open features to be
etched into the layer(s) beneath the layer being etched, such as the substrate, and
damage the semiconductor devices.

[0004] For aspect ratio dependent etching, typical etch process parameter
changes have little or no effect on reducing the microloading among the open and
dense features. Accordingly, what is needed are systems and methods to address the

above-identified problems.

SUMMARY OF THE INVENTION

[0005] To achieve the foregoing and in accordance with the purpose of the
present invention, in one embodiment, a method for etching features of different
aspect ratios in a conductive layer is provided. The method comprising: depositing

over the conductive layer with an aspect ratio dependent deposition; etching features
1



[ 0005] To achieve the foregoing and in accordance with
t he purpose of the present invention, in one
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aspect ratios in a conductive layer is provided. The

met hod conpri sing: depositing over the conductive .
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[0009] The controller is controllably connected to the gas source and the at

postion gas source; and an etch gas source

least one RF power source of the plasma processing chamber and comprises: at least
one processor; and computer readable media, comprising: computer readable code for
depositing over the conductive layer with an aspect ratio dependent deposition;
computer readable code for etching features into the conductive layer with an aspect
ratio dependent etching of the conductive layer; and computer readable code for

repeating the depositing and the etching at least once.



[0009] The controller is controllably connected to the
gas source and the at | east one RF power source of the
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processor; and conputer readable nedia, conprising

c er readabl e cade .for depositing.over.
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invention.

[0017] During the etching of semiconductor devices having features of
different aspect ratios or different widths, and especially when the aspect ratios of the
features are high, microloading is becoming a common problem because of diffusion.
The etching chemicals go inside the wider open features faster than the narrower
dense features. Similarly, the byproducts of the etch process come out of the wider
open features faster than the narrower dense features. As a result, open features, i.e.,
features with wider widths, etch faster than dense features, i.e., features with narrow
widths.

[0018] To facilitate understanding, FIG. 1 is a high level flow chart of a
process used in an embodiment of the invention. A mask layer patterned with
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invention. [0017] During the etching of sem conductor
devi ces having features of different aspect ratios or
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rati os of the features are high, mcroloading is
becom n conmon probl em because of diffusi
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or ard mask over the c ive Ia

QepBetEichint 5% Bre R pedRen S Eopisue Ao pECu g approwed

r ﬂ;019] dependRRE, af AspebrtatifRESendBAtdAL $na@i@Bf BR conductive layer
deposited inside the open (wider) features than inside

t kteriBiE e Thaaich pvraeys fﬁrétafttglveééhromﬁlil thealepesition pievigusly deposited
de en ent depo s du tiv 0

S PERE Hadt Bk sE R debrirb erl sBhpeinich iloh
eteitivehiodhger. B op@P@EHEH) aid i€ efSrower PRt &k BLeEIR¥d into the
a specific period of tine. In one enbodi nent, the

déthY%HY?fr s thasetghinp phtheisepdictve Syems@hpashasioidgpendent
i ﬁe&%p §1l3tog Wlﬁér) t(g%%tu‘éée g?\@@c!heé b tﬁeﬁ:%nti&&fvlé rl%f%r PRter than the

at t eat ures are not
S d@mbf(nmdryfeamwsmmdo difagi] Bielbtcaushofahp dﬁtkeir abpcmtlon in

dependent etch is nmade of the conductive | ayer (step
129§n<d e gﬁtﬂ@ﬁesp PR RG cqndugiprddyy ﬁ%b@ﬁwfwéelayed than the

d ﬁ%'(ﬁdrﬁﬂxz&ﬁ RUEPUS 'AYs lgﬁ‘ Qéih(e %Q:hihgeéf tﬁ@@otﬁlﬁ%ﬁ%&%n open

| ayer during step 11 then conhtinues to etc
t beideoridatuter viarth a%]@frtharﬁrht: Idelmgénar(wwaibfe)auuwd egkmyeroloading will

arrome featu etched in o 8% condu
| B e e oot e OB (sl ARG P oot time.
f(sm rati o 4enanseh iPRGAYSLIRIRR N ¥ Fitdss is completed
features are etched into the conductive |ayer faster
t kdep 13HB. The etch process is completed when all the open and dense features are
fully etched into the conductive layer. In other words, the etch process is completed
when an etch endpoint in the conductive layer is reached, and the etch endpoint is a
predefined level or depth in the conductive layer where the features need to be etched
down to. If the etch process is not yet completed, steps 110 and 120 are repeated. If
the etch process is completed, the etch process is stopped. In this embodiment, steps
110 and 120 are repeated at least once, but may be repeated as many times as
necessary in order to complete the etching of the conductive layer. Optionally, after

the etch process is completed, the mask layer may be removed (step 140).
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dense (narrower) features due to diffusion. But
because of the thicker deposition in open (w der)
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del ayed t han the dense (narrower) features. As | ong as
uctive |
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In other words, the etc%ﬁﬁrocess is conpl eted when an
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| REEAS BRI ok 4 EIFILNPe| Bl e PRy pasma

enamaeaﬁdwﬁﬂﬁmphhﬁabhﬁM@ka4process is not yet
cqg@geted teps, 110 and 120 are repeated. If _the etch

§s is EB (CEtRaver coprdies ROt e Pt &rghdegowersupply
t b'j‘f‘c@ﬂg%?géd%@ﬁp%gtaggéo Quan stlg%gl a8, 5r6§/m§tt§1g:d% a TCP

| east be repeat as nmany tines
necesetyork2 58y eer T@B cqib AHB hiceted mearghe plamga o]flamﬂme 204 An RF

R F Il R e SRS B8 e
140) whiP2dwihe cBbEh tb P&s Qﬁﬂﬁj yePi g jS@X@ plastaR@hamber 204. An

conductive layer and the related stack may be pl aced
i npfacaﬂib/a@n@amm casdimgoThanddded iy G:lrcaﬂtlrsnece@cf lyenrpdite qaving a

| 200 | udi
e aRR IR, oS b LR B ST GR BB RGR E gpsparen
2Q4ndesv 2.1 nductively coupl ed pl asma etchlng tool and

|ncludes a 3Jasna reactor 202 having a plasma.
WBStsi ng dhahisepopoucantiote 395 satsta whB9ISF f9E bias paprespply

pgég Eor{ﬁ od t%%ﬂfjﬁylS) bhh R &%ﬁﬂ &tﬂ%(c%ﬂﬁssmﬁ&mé v&&%%?ﬂgh grchuck

ec I've contr power supp
a ebbﬁﬁdeplﬂ&dbea&ﬂb@ithm&ﬁéipllanﬁh dleamathen @O hEaﬁhgs ttaed 2drrent (DC)
created wiithin plasnma_ chanber 204. [0022] TCP ,
pSiReAbRsHISIOde P05 hictd adapteckp RS Y2 ﬁru(??tr HoWel as a semi-
SH&Mﬁ%m@%%ﬁ%%&ﬁh%%k@qx%ﬂ%@ﬂaﬂk&ia radi o frequency

signal at tuned by a TCP match network 252,

t 00R4TCP coiAl g258pply cachahisre ar gamumeﬁﬁn@MeurCQM gases

r anspar ent rovi ded.to se te
g 1 AER TRl 2ERE sBReiste Do8Y RS 4R ey the
gﬁfceééet ® thasfeddraMildRagRd Ehadib3r DO POAS t@r@é@@@@ fnay be the
4. An optically transparent w ndow 265 is provided

bytch gas e@mua}l5F¢h@tcse1pplﬁesgh@mperechﬁg\yﬁtrygfogetchmg the conductive

layer. Another source of gas may be the deposition gas source 216 that supplies the
proper chemistry for depositing onto the conductive layer. A gas exhaust mechanism
218 includes a pressure control valve 219 and exhaust pump 220 and removes
particles from within the plasma chamber 204 and maintains a particular pressure
within plasma chamber 204.

[0025] A temperature controller 280 controls the temperature of heaters 282
provided within the chuck electrode 208 by controlling a heater power supply 284.



di aneter of approximately 2.5 cm ( 1 inch) located in
an aperture in the RF transparent w ndow 254. [0023]

wab@shsago power controller 255 sets a set poi NPCT/U82008/065512
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bias power supply 256 configured to supply an RF

S tuned by bi as h ne rk 257, to a. chuc
el EP 518 PRESS TR ’a‘?(i ﬁ?%mff\’goﬁisgwlfcméfﬂ%tﬁy 270. The
g ggzﬁﬁﬂa DeoRshgd tenm(r 88} alPRvPiPshdaRMlerLRE DG de

which is adapted to receive a substrate 206, such
at0Ro6senm cbimostk awbiBillwsonie amomterbestﬁg wh@b esgeidble for

| NEp st fhe 2RRler 58 DANIR PhE R B33 SRESERe g e gygpent

2 Infreh@ors URRhY 3Ahods@Re possislBiph{didal Faalbf el cdaputtNg stem 300.
processes to the interior of the plasma chanber 204.
OR¥ capige-cbe eFmpiyer sypigmyaay haveaply Rwsicaldgraerapgmetfrom an

SHRE ht%ccf c}r@lﬁt RN ?ﬁ?%cqgﬁfpbgwdya&f)z{ o[ﬁﬁlggés’rﬁ%%@tl%élcg MR to a huge

con ct Ive er source
de@mlcbmpﬁtega(Sorapmtema/se:ix&@(hat:luawcminioﬁﬁoﬁ3®e paBpeky 304 a
chen1sté%§for dep03|t|n onto the conductive | ayer

gASUBIE s £ dre RSOk DRIOPHEI A detndp BPREsire %ﬁ% %us a
V@!)Pﬂ utglllgeaQMe %Hﬁlﬁ?ﬁseﬁqgﬁags%gr (ﬁl@éjtora%ﬁ%b%% ccp(ﬂfﬁtblcé tem 300.

hin the plasma chanber 204 and mainta
p{a()(lZﬂ ¢ uI ar pirgssdBés ad d:xtarrrplqad)%eslvﬂaclcmagﬂaar fo 0dmpiteORstem 300.

Ate rature on |1 er. 280 .con s t he t

o EbIdP 33583 B 668 e S ORI ChaTRNUERS e P GEFRBD Tagalse
bYere98t oQlslcbitgal pro@i®Y uRRNSY CFU?eré’ cAffed B tRh@S IR ices,
processi ng system 200 al so i ncludes el ectronic contro

cinctuding pempgy 32Mh el\/lpmamﬁﬁlpnd@é@st‘am@ars ygleeswmzmorm(ﬁ%AM) and
tect 26
Sl Rl IRQP, B REbERO G FLle RO ped BB B

f @id imRh@mRr uhPdirddienaBnbrikd CPU sAdRAMIEH uidd t9pi€alDy to transfer
nore enbodi nents of the present invention. Flgure 3A

s Hasng istigetiis pp a bpHiyegtioanl mymer.oBothipd theserpipes pf memories may
SYrbfd®a ﬁg QuitdBie GOHE 36m ﬁ@ﬁ&g%y hl%ﬁlaséé%r%h %@W? X $ixed disk
many phy cal Torms raﬁglng roman i ntegrat

C32€ isi dlso @upledbi-diteaionally to OPEI3R?; ﬁ!pﬁbvades rEdikiohdl ridedtatage

device up . to a hug uper conputer ter system
36PN RUESY 215 s Ay o8 %Coéﬁlpé‘é?rdﬁa‘%f? megip gersyifgd below.

3@§wd%§iy 552% rﬁiz{}J Vel o st@reéﬁb’ ggﬁ'ir dda%é— Qnd ARdi@ aﬁ]iHli'§’t@r81cally a

is a conput adabl € nedi um used
t samsﬂzafy Sdmg mgliamdsfchamadenpdisierthayis sleweB80@n pfio@Py7]torage.

Eiﬁ%ﬁh rga%glg}%{a&ﬂtg Hpgn%or%gatlaon retgl%léd gvllt%%lrfa ed cﬁsk 326 may, in
appropriate cases, be incorporated in standard fashion as virtual memory in memory
324. Removable disk 314 may take the form of any of the computer-readable media
described below.

[0028] CPU 322 is also coupled to a variety of input/output devices, such as
display 304, keyboard 310, mouse 312, and speakers 330. In general, an input/output
device may be any of: video displays, track balls, mice, keyboards, microphones,
touch-sensitive displays, transducer card readers, magnetic or paper tape readers,
tablets, styluses, voice or handwriting recognizers, biometrics readers, or other
computers. CPU 322 optionally may be coupled to another computer or
telecommunications network using network interface 340. With such a network
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Attached to systembus 320 is a wde variety of
subsystens. Processor(s) 322 (also referred to as

w@eesnsd12pr ocessi ng units, or CPUs) are coupl eRCT/0S2008/065512
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storage devi ces, including menory 324. Menory 324

i ncl % es. aI‘IO(.‘Iil ?em S \?@t ﬁe@%mlgﬁ"\%ﬁ%\o% read:.on lé%fréthts getwork,

t baﬁﬁ h@buéﬂﬁt ﬁf@ﬁfﬁubﬂ% T Geb@RR it He-Blifs8 6f p&ﬂ%hh e fhe above—
Uand RAMis used typically to transfer %a and

| ds&cnb@d mﬁ@dlswpa Burthfirmerst imstwld emshodementBoft the @fescn'felseention
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oSS Gt S PR AP d0R: SR E AR P Ll gy i meemet
32Bcdrjurdkis® wedUle 8t PUith2 Ghired@apbiyioh @f BRPréedsing.t
provi des additional data storage capacity and nmay al so

i 0298e any Ippdditien, egbpdimants KbapiceentiticatieliEthphistte to
b@{)rﬁi%tell: %érteag 9 %Ect%%ﬁ @yor?ﬁlt&srgg?atb?e 1%&9{11% tﬁgt?%(@ggmputer

a, an e an a sec
S todeatjered® tripR fosHinl vaﬁmas dfbam;ﬂlte:ﬂlﬁip)enﬁd’m&td oeraionvelhe media
than primary storage, It be appreciated that the

i ﬁ‘f“b?‘?i?ﬁl?litﬁfrf?qdé%Yﬂ’@dh%etsﬁ?%alhi destengsl and eytrhetgd fqrghe purposes

ggpgl:élfi{rés@ﬁt‘%n@é}ﬁi%ﬁ ; ofifiey) ﬁhﬁ? be gg feRhd Rel? kAWRAS ﬁx%ﬁ%lg %o those

ual nmenory I n nmeno Renovabl e di sk 314
rrhyvmg Kiglltim dlefaomputffr saﬁuvyanefarus hexangriputfeompeadadideble media

d bed. bel 028 | |
¢ G tars MO T Iy BORISAE meeA a6 o bR tgReRi . and
3Gthgn4RYBRALP S GhedDHRR aé”@% R&M ﬁﬂ%r%lﬁ@’@ewédﬁ magneto-

general an i nput/output device may be any of: video
diopidehysdiatsuele ks Beiptios! digise end k@ﬁ%@rdﬂrglcew@t aphperagly

n—ﬁ%"::ﬁth ure({1 t8 rs‘ogg 61&(9 e’f%ﬁfa ypf%%alél rcoae,tsgglP %s[ %gsttthn sgg%lﬁc integrated

veir@ﬁtsqmsk@g)dpybgtamﬁamemgm@mfes (PI_bIDQrHﬁH ROM an@ RIEVISdevices.
or other conmputers. CPU 322 optionally may be coupl ed

t Ex3mBleR 8F carBpyiti @i diclyds archmeele st FbasPRAvGby a compiler,
Ughg el b ?1 Iﬂgﬁgrflé\%?ofgélo%e b é%‘amﬁ@by 2 compp er using an

net wor ki nt er I's contenpl at
mirgépratac elonq;meifrardﬁhlelmerdli mamatsb e rRempotek coctertramglﬁtted by a
out put |nformat|on to the network in the course of

pEPPBYA 52 BB SBRPEITALR RiCHEE" Y Ry SPEpenting a sequence of
FUILDERR R aARLRC IO eﬂ#@&%ﬁ)rOf the present

i nvention may execute s upon CPU 322 or may
ek¥30i e ovell oafambﬁammeswﬂmgsvftﬂtﬂemwmt@mnﬁmS 4 A-F are schematic
' r enot. ortion of

conjunction W th t ..shar
C REV BB asBE Al B35 e St FPBHITEREBAHEREEIBY e
p[(ﬁl?ﬂpt | nvent] A0isf AchB@htid &b Rctibnd ANBULESn SLLIARR00 with a
products with a conputer-readabl e nmedi umthat have
C @mmgg@rzuo over which an etch layer 420 is provided. The etch layer 420 is a
conductive layer, such as tungsten (W), tungsten silicide (WSi,), or aluminum (Al).
A mask layer 430 is formed over the conductive layer 420 (step 100). The mask layer
430 may be a carbon-based mask, such as CH or CF, or an oxide-based hard mask,
such as S10. The mask layer 430 is patterned with both open features 440 and dense
features 450.
[0032] The widths 441 of the open features 440 are relatively greater than the
widths 451 of the dense features 450. In other words, the open features 440 have

wider openings than the dense features 450. Thus, the open features 440 may also be
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code thereon for perform ng various
conput er-i npl enent ed operations. The nedia and

W@ vpasKaeo code may be those special ly desi gnedP@rtiS2008/065512
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constructed for the purposes of the present invention,
or they may be of . the kind Il knpwn and available to

C ISRV A P PR Re U RO URTSF B LAY §90 D€ reftred to
Examel agréfeic 26muter Pref2sab] e BRI ¢ Widel dd@reskdb aBd & least 5
not limted to: magnetic nedia such as hard di sks,

f Hioppyvidirskan, tha densawy natrowertfagares ¢p0.i Yhire peediirabls b open or

CD-. and | ogr i.c devices: . nmagnet ooptical ne

S AC RS 4F W BRI, RS R PR TR RN Rlfhges 40
S passt plekaratlonthe gperest widesSteatfutesaiad aexXaaedse2MM@E dder than the
code, such as application- specific integrated

cidersgior sagrveprdedtures d98r anmabl e | ogi ¢ devi ces (PLDs)

a a [ . f .

e, ot Artee B4 UERT el RBRIGS, 8 mBR UL B cGRRBave layer or
angefibd estime (tep hi(g Fil giBeshdvaviedcherhattoetess deatioal dlustration of
executed by a conputer using an interpreter,. Conputer .

r ispiaske ORBirathadoPetian 1pso@plefidt diepeytian f-aHsiget dnsespecially
b UM S thdBbéh GHiGRAloweABOA86h) B tfret Blih |sGhoRN A

and representing a sequence oOf instructions that are
exemsitainl 453byside the deesdoarrow@0BiIGh afimct meib) fehare 450 because

under st andi n f t.ne .inventian, Fl AA-FE are

o RPNl spting ot hepen Plie £ 1o fraf i degsepatures

e ATARN theQfepbfifor RAEHHCt Rffio dePEkRibht. FtEerdby, itferdis at least twice
schemati c cross-sectional illustration of a stack 400

wias mugh depesitioatoa tha bottasy ef thatepeth featnres 449 thaiyer thedottpm of the
pﬁo%kgggjﬁggg%etch | ayer 420 is a conductive |ayer
sUEhas"Yihgsten (W, tungsten suicide (Wsi ), or

afoos4num KuMhermdye NS e p@iedn i4 86n-csnfbahireshca\iedt tidd€is much
conductive |l ayer 420 (step 100). The mask | ayer 430
nEPIHECRPsiEign 198 ibpbitam aRdR feafiyyenthag oxey the sidewaldyoffhe features.
0x4,.de- : : ' 30
e RS P e 0 B Bl ol S Y e
f aatrowig thbOpenip0d2he fBheirer. dh liss ddinsié, thérdepoprRion may be silicon-
features 440 are relativel reater than the w di hs
481 (S barshaehias o &Cﬁ@g.P?éfsﬁ}aoPh@\rb%?r&gxdrqfh@mcarbon (€
Ope ,@,aﬁrjgﬁa%eéfdsgcﬁ‘%V%irYg GAl/IIROMRES ﬁh@%&}‘%s&‘ BE86me
features 0. Thus, the open features 440 nay al so
bemefigraf eldpositias44on ¢56 v therof thembpsk eger 0d t he dense

‘narr

f es 45Q may also be referred to as. the wer "
f SRR G2 prerRbesd i e GERCRH S by oL G fora
aberiéd of @AS tstdp LIOTEFIWNM MethobRanchéiBatlets R -RESIAl [IRMRAtion of
features 450. More preferably, the open or
the stack 400 after the etching is completed. The etch process first etches through the
deposition 443, 453 deposited over the conductive layer 420 in the previous step (step
110), and then continues to etch the features 440, 450 into the conductive layer 420.
The etching of the deposition 443, 453 creates a delay of etching in open (wider)
features on conductive layer 420.
[0036] The etching of the conductive layer 420 is aspect ratio dependent. It is
diffusion limited. The open (wider, low aspect ratio) features 440 are etched faster
than the dense (narrower, high aspect ratio) features 450. However, because there has

been more deposition 443 on the bottom of the open features 440 than deposition 453
8



wi der features 440 are at |east 10 tines w der than
the dense or narrower features 450. Mst preferably,

w0 b@sopar or wi der features 440 are at | east Z2BCT/UR®E8/065512
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Wi der than the dense or narrower features 450. [0033]

An ect | 0 .dependent osition is

ORI g PR AR TR R SrmneR s et B Ta oo the
46p§[hfé\ﬁ\§lré% AOhgTBtIpfoxehAR By HE S4rh@B&th bf &diﬁih&@«td 189erab is
the stack 400 after the deposition is conpleted.

Detsbed awapnfos bathi apen 440 andh delés |éé@ feakurgs dnringitbe pigh som(ofro

the o ect. 0) features 440 is i
e R RN e SoE3E FliaP it Ths B EE Bl iy moditving

hitghirengepsafidroind et de®s 450 because dep05|t| on

chemi cals go inside the open features 440 faster than

t R03dbnse f dedaigradnaing is mageas toreheglgs g ‘tch}ﬁg pEthgspadyctive
r ?atfep 15%85@![%%{](&5&:8 1r3§ € nafkik}y ggt {1]1% rcg?dh.fcﬁ% la A‘%%Oelga;édnggbeen

he "bottom o
4é(&hé(haﬁnplﬁteﬂ hah#ras, ttlenfeafurdsiavel ﬁﬁﬁead}eathﬁlﬁﬂtoﬁﬁéf the conductive

[0034] . Furthernore, .the deposition is non-confornmal,

s &?@/ﬁr Hht Thusethg deposifipnrangisichingsieRsiar YAt he bot t om
OiO(B%? f eat PG Sarh E’lﬁﬂvsoav &hembfc §1’ogse¥@hl)§al Qlflushgﬁon of the stack 400

f eatures. Havi ng [Tttle or no epOSI t1on over
S laﬂevmdek:ml(bcﬂegolsueloﬁ eatamEetedraik gpn cdepobiting Fllﬂrﬁ)msntg: thehepen (wider,

A L TN R
Uﬁ 913%0%05’ k@STBs 430, SRR @MsOFcaltirely £50 HAQE ﬁgﬁ[)bﬁﬂ/ deposmon
Br)) based, such as using CH4/ ngp asna.

The ﬂeelmtom 4% . Beheswivencrmdaprsitisn Wetho p'tt¢ro iof hedeatysg than on

(geéw{lls 8? gﬁ:qasfurﬁg de%rg ft}?efr’% gla& 8%8%%tsom Eofr cﬁepos&tlon 446,

IO&56 Oﬂthfoﬂthmaélsta?@r M20). FIG 4C shows a schermt| C
cross-secti onal ustration of the stack 400 after

t HO38] chi ng G %Wtwhemﬂf@ @peshseptignad dnstratiag of the stack 400
%ﬁaeass ggﬂcpé{gllﬂné %apjgg(ﬁ t AP 40?Int ﬂ]%%oggl&?l%% ‘idﬁgr DY Fhas been
t ayer tep

e conductive préV|ous step
12@hed esmpledeBn Tanis, theescht dmdptbmhmt the chremttivelay«420 5 Been
into the conductive |ayer 420. The etching of the
dEP685% i Hiv praesss gy b be s0RPEL o del ay of etching in open

;
ep(ﬁmﬁ ) eatbr»ﬂilgﬁal (HeQRAK ALY 83 B gfb_e‘}&ﬂov ?hz@eﬂG 4F

hi ng of e conductive | ayer IS aspec atio
delpamlaamhcmhﬁc cwsaalsefoluml@lﬂuSItnamlt e‘fblthe Flack 4@@withwnljethe substrate

| ﬂ‘[‘b gl?(P t%e con uctlgg layer and él%cc):og(ﬁuctlve fal}grd 45(?}%&": ropen 440 and
close 450 features etched into it. The mask layer 430 has been removed.
[0041] The widths 441 of the open (wider) features 440 are relatively greater
than the widths 451 of the dense (narrower) features 450. The heights 442 of both the
open (wider) features 440 and the dense (narrower) features 450 are approximately
the same. Thus, the aspect ratios of the open (wider) features 440 are relatively lower
or smaller than the aspect ratios of the dense (narrower) features 450. In this example,
the aspect ratios of the features in the conductive layer 420 may be greater than 1:1.
In another example, the aspect ratios of the features in the conductive layer 420 may
be greater than 7:1. In a third example, the aspect ratios of the features in the
conductive layer 420 may be greater than 15:1. In this example, the widths of the

9



than the dense (narrower, high aspect ratio) features
450. However, because there has been nore deposition

waa@sosiiehe bottom of the open features 440 the@I/US2008/065512

10

15

deposition 453on the bottom of the dense features 450,
it, conpensates for the faster eg&hln of the open

f dEsqRUTHYE) Pe&W&“a?ﬁ?)?ﬂ%{PﬁH{%qu/ AR ARgers upt ys. The heights
Conddatines hRY a?)br(ﬂz%gat\s@&qugrﬁ%@y for both open 440

and dense 450 features 'during the etch step (zero

n{QMZﬂ oadi n@ thiResede tier deposition ved efcling sagimegersared only

e _achi b the tinme f.depaosit

20 DRSS Gty s X Rt R REEER TEh B ve tayer
whaeo ﬁ&ftcﬂeh%oﬁlﬁ)l‘d?élﬁghp(ﬁth&ﬂ"@(aﬁ@wﬁ Ut id¥gosltayheindieSching steps may be
conpleted (step 130). In FIG 4C, the conductive | ayer

ARPERSEE apBRNY &@rﬁs 81 BIFSEPABOHSITaeTde reach g prpdefinep gtch endpoint in

t rg

| ShgSshR R D92 | ORGRREHE AR Bl M CRRINERL KR
r dﬂﬁﬁttﬁ@ tod BRI3B nakdrial o*deﬁ) tehgdswdlsg pleital bEthe features, and thus

cross-sectional illustration of the stack 400 after a

s SEERHINE&RORWI R of EredBrprcet &8 MEHRIdTISCEpYEPt ogrmagerosion
| RRL A daRiAPEHR &)265‘1'@611 arl QRSP REDs i) b@)ioﬁeeéi‘&lléf fSsidHhside
is nore than depoSition 453 I nside the dense

( treersaowed gsntai rgdrtars pentsepattecjuipedntst es 450. So me dense

f es 45 hardl dep05| n on th

il 253 G Gistevensba PG RERSire0in Bf® Biehem pieterred
t BRbb&RtHICheld RO aREatibIR, ﬁérﬁﬁl‘f@ioltﬁ R ditibRiohe 3hH V8Sous

And there may al so be some anount of deposition 446,

45@s6hte eiivlenth evhielsfall vighin theagopq olBB]invanton 4k shhigdalso be

A0BCAPHEM e EsRiRy TEMATE el i bR bl B
pappiratuidI@f @RNFeehi Meedtayet # 2etréfase 1@&5@66(9&1@{'1@@ following
conpletely. That is, the etch endpoint in the

c BPRRREE] QIémPSa'%;ﬁ‘eliﬂtelﬂ%fGteﬁ as insduding dheusb@lterptiansg peigaygationgyand
b Ve b

e FaRRRE e 2R BRI Ry TRE e et anEPisens
cimgsdoisecti onal illustration of the stack 400 MAth

only the substrate 410 and the conductive | ayer 420,

and the conductive |ayer 420 have open 440 and cl ose

450 features etched into it. The mask | ayer 430 has

been renoved. [0041] The wi dths 441 of the open

(w der) features 440 are relatively greater than the

wi dt hs 451 of the dense (narrower) features 450. The

hei ghts 442 of both the open (w der) features 440 and
the dense (narrower) features 450 are approxi mately

10



the same. Thus, the aspect ratios of the open (w der)
features 440 are relatively lower or snaller than the

w@gpeasiie@ti os of the dense (narrower) featur eBRCEHBS2008/065512
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this exanple, the aspect ratios of the features in the
conductive | ayer 420 may becaéigﬁgr than 1:1. In

anot her exanpl e, the aspect of the features in

the co ?\dﬁtﬁtthbé{ ol ARl FEARIr TR dtteergﬁtea@ @ct rattia)@th 4 cdndukfivélayer,

third exanple, the aspect ratios of features in
t hempusidgicti ve Iayer 420 may be greater than 15:1. In
this e t hs .of hede

arr.owe e
f oat ur SO0 B dySFU¥icthiRC 4y P ARERE APE! pdebendens goposition:
The hekght n% fedtuteb entd @Rt doh@Sctie @a 2P M@)@mrﬁ@p@t Yatid22pétifient
or nore. 042] In this exanple, the deposition and
e?@hﬂ%gﬁ§ﬁeﬁ§dwﬁé@r@ﬁ%&ﬂ@d only once, because in this
exanpl 0 t he
conduc IVéﬂﬁgﬁE%Qp ﬂ%ghﬂﬁh &85§§§€ﬁ%¥2@§5 I n other
exanpl es, the deposition and etching steps may be
repeated as nmany tines as necessary in order to reach

t Ke pr daefethag: %tr@ﬁltmﬁéalﬁtl,|“Hlef%t1@&ﬁa%tlt&%¢kf<:&y%1ef deposits
420re 55 b AU \!vﬁletefegﬁlp&sthﬁﬂ E’&to%ﬁdof‘?faﬁg{ngtgfeﬁéﬁ%seﬁld sidewalls of
prevents depositing too nmuch material over

stlddfestbites. (profil es) of the features, and thus

narrowi ng the openings of the features. The nethod

al so provides |ow nmask erosion rate. In addition, the

dgposi trhemead, & &Bité‘lﬁmsd‘h? Rfic BBMaf® AONRh&EINRE etching
in-situ, inside the same plasm reactor, or in

S eftiecrtmee aieheis threvitdst fepooesdpstoythpe thetagroay BeAtirsn  has
been described in terns of several preferred
enbodi nents, there are alterations, pernutations,

madi fi qag nfitod, aNEcNal inQu§ ofiel bSEluind B3 iibdr¥ial tBOEShing removes
which fall within the scope of this invention. It

s Hsulegogtianakthp gtchingt H 4he dapepision finishemip the narayerifeasures
“ﬁ&%mﬁ%ehﬁ&%%&ﬁ&%kng t he net hods and appar atuses of
t

e present invention. It is therefore intended that
the foll owi ng appended cl ains be interpreted as
including all such alterations, pernutatjons,

var i oud h& msdhady at weikglinvay one sf dainsi-f- W?rﬁtnﬁht Ftéhtls @& the
SPhAducti fAySCRRR B tht RS ESERrek BYRRAL @Ry ALNRL. A

nmet hod for etchlng features of different aspect ratios
in a conductive layer, conprising dep05|t|ng over the

nduc e I er th, an aspe r at
Gonoe ! th e hs WEh AT 288 B oo 25 R RGBS denosiing is
\Mstobp@mbeae@eﬁé feh@ldsuré SRRIMAEMy narrowed.

7. The method, as recited in any one of claims 1-6, wherein the depositing

deposits a silicon-oxide or hydrofluorocarbon based deposition.
8. The method, as recited in any one of claims 1-7, wherein the conductive layer

is one selected from the group consisting of tungsten (W), tungsten silicide (WSi,),

and aluminum (Al).
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etching of the conductive |ayer; and repeating the
depositing and the etching at |east once. 2. The

wWoreaoBosii2es recited in claiml, wherein the depCBUS1008/065512
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selectively deposits nore on bottons of wi der features
tgan bg,i1 of narrower featu ewal | s of
f

th
at ur 4 mst Oﬁhas TEHHbY anyonr 8 ? fﬁ YR ey faPest ratios of the
Clr@i¥Bs dre Zreath@lifi N1t he etching sel ectively etches the
wider features faster than the narrower features. 4.
The method, as recited in any one of clainms 1-3,

wher ei the etching.. renoves the deposj n and

o1t b B S CRRHS Prh PERBERT RO B Al wider

f eatueeseRefeaitd the Widdethah adtHs 8Snarfowel R@anires.hod, as
recited in any one of clains 1-4, wherein the etching
of the conductive |ayer starts on the narrower

feat ur e f 4 0 S
ggl . eg‘ﬁ %%fgﬁord %sf] Je%‘éltéf/éi ﬁil%gl?/ ﬁé@%ﬂé’gﬁnv%p 10 %erg{ﬁttﬁle SideRSof
d aposwén fagutes aﬁetm;gﬁﬂtdnetﬁamrm ddnemeead. ures are

significantly narrowed. 7. The nethod, as recited in
any one of clainms 1-6, wherein the depositing deposits
31501 | GRPrRtldiea OfecRiAnOhl e BPaRAA pRYEMndeRARHL AN
8. The nethod, 'as recited’in any one of clainms 1-7,

wher ei lfnrtrheg &matsllutalyf:n/(efelr ghearonilection éa;szelxdtﬂred ther maskt lager is

vy PR P it of FATErS i L TG A il deencent

aﬁ¥c%ﬁ%nqgﬁﬁhéﬂ6$mlh§nwWPﬁ,&Fn aspect ratios of the
features are greater than 7:1. 10. The nethod, as

recited in any one of clains 1-9, wherein wi dt hs of

atures, are at |eas der
o Snar ABRaIIRE, f Bel hERTR 2. WoFRl e RE s LDRM O fiae
aBMw@m@cgboﬁbakHB 1-10, wherein the w dths of narromer
features are not greater than 30 nanoneters. 12. The
method, as recited in any one of clainms 1-11, further
c ri g, r A\
ey Topdieni B Sod L b BUPL T R R
feﬁmmnﬂgﬂﬁﬁmﬂkﬂﬁ&hent wi dt hs, and wherein the aspect
rati o dependent deposition is formed over the mask
| ayer .

15. A semiconductor device made from the method of any one of claims 1-14.
16. A method for etching features of different aspect ratios in a conductive layer,
comprising:

depositing over the conductive layer with an aspect ratio dependent deposition;
etching features into the conductive layer with an aspect ratio dependent
etching of the conductive layer; and
repeating the depositing and the etching at least once,
wherein
aspect ratios of the features are greater than 7:1,
widths of wider features are at least 5 times wider than widths of

narrower features,

12



13. The nmethod, as recited in claim12, wherein the
mask | ayer silicon-oxide based or carbon based. 14.

wab@sietibod, as recited in any one of clains 1PCTWBS2008/065512
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further conprising reaning the mask layer. 15. A
senm conduct evi.ce e fromthe nethod of any_ one
of clains 1%1%9 CPRYUNZHS IP{S]ér BPSIS NP HB%@%&P%@C&M‘“

died 8 efhn 85RARS of AL QoW RatERYAHE bid¥Rall P¥8he features and
conprising: depositing over the conductive |ayer with

an as pect r &t agchiepsaheitinelydeqhes iheivoder feniphasdgstérahanithes
0 conductlve | ayer with an aspect ratio

d&@%ﬁﬁ%ﬁ? EF%hlng of the conductive | ayer; and

repeating the depositing and the etching at | east

once, wherein aspect ratios of the features are

grléat efh @ﬁmtiwrl 3s regjtest inslaam 1g, sderefrotie gicdinggiemoxgs the

%otsuﬁ) e é%ﬂﬁé o% 511% rEie s(flttl(ihsfu? Fhe@glg[h%vfﬁﬁower features before

ures, the deposrting
bdkf@mmrﬁmumaﬁ mnder features t han bottons of the
narrower features and sidewalls of the features and
the etching selectively etches the wi der features

fagter ﬂlg mtﬁd?leaMEirt&iAﬁ g%ﬁ@ df aﬁrmsll% 17-”%@16?@5 'Eﬁ%detc}ﬁﬁg of the

recited in claim 16, mher he etching renoves
deguhmuvwhyanmnmhmihenhmngmdfmuhsbd@m@&wbwdﬁﬂEMnﬁshes
in the narrower features before the w der features.
18. The nmethod, as recited in any one of clainms 16-17,

wher ei mh H%t}ﬁfdcﬁlé Rt intaR§ 0RO BENGINVRs- | ANRTer&h el &pBilting is
the narrower features before the w der features. 8.

Thieppast brdere thesfeptedstasel signifigaytlyorrerasfede| ai ns 16- 18,
wherein the depositing is stopped before the features
are significantly narrowed. 20. An apparatus for

etohi novnf pphidte Foodtctlh fRtesd ofabffeeht 4sptdt@&tidsin @ conductive
conductive | ayer, conprising a plasma processing

Cﬁﬁﬁbé?m@@8ﬁ5r|5|ng

a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma
processing chamber enclosure;
a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;
at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma;
at least one RF power source electrically connected to the at least one
electrode;
a gas inlet for providing gas into the plasma processing chamber
enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet, comprising:
a depostion gas source; and

13



a chanber wall form ng a plasma processing chanber
encl osure; a substrate support for supporting a

wastisHae®e within the plasma processi ng chanbePCT/US2008/065512

10

encl osure; a pressure regulator for regulating the
pressure in the plasnafgrqgessing chanber encl osure;
at | east ond"&IBERT YUEE B8R pr ovi di ng power to the
pl asma ,REAEARS HSr AN n&Ed @SHE Badf RhrcBWall ﬂlenzltmélls@one RF
pl asma; at | east one RF power source electrically
coawelctonttet eomprasing: | east one el ectrode; a gas inlet
for prOV|d|nﬁ1%§s into the Iasna processi ng chanber
encl osure; &hd OB%EK§B¥P ?or exhausting gas from
the plasnma lampaaﬁtea@amm@bﬁrc&mmsgﬂe a gas Source
in fluid connection wth the gas inlet, conprising:
deposti on gas so@P@Butehisadableceds fgb@ep@éluﬂéeverath@cwductwe
I to the gas source

aﬁg%{ﬁthgp %%ggaahdggﬁée%o ?ﬁééﬂrce conprising: at
Ieast one pr ocessomputaneadaiipedderfor altia featureding the conductive

npri sing: conputer readable code for depositing over

t F?é/e&wﬁa a8 taFRFét 19 depefident esrhing picle C?I%R“iCBVbe]é‘éﬁ%rm aeht
deposi tion; conpygg mﬁ?ﬁgéﬁh§aﬁﬁq€r$?§%§§ &%mmﬂngandﬂw

features into the conductive [ayer

r atchmgae pastdare. et chi ng of the conductive | ayer; and
conmput er readabl e code for repeating the depositing
and the etching at |east once.
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