METHOD FOR REDUCI NG M CROLOADI NG I N ETCHI NG HI GH ASPECT RATI O STRUCTURES
BACKGROUND OF THE I NVENTION 5 [0001] The present invention relates to
etching a conductive |ayer having features of different aspect ratios.
More specifically, the present invention relates to reducing m crol oadi ng
during the etching of a conductive |ayer having both open and dense
features. [0002] During sem conductor wafer processing, sonetines a
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different aspect ratios, and especially when the aspect ratios of the features are high,
microloading is becoming a common problem. As a result, the open features etch
faster than the dense features. Often, when the etching of the open features is

20 éomp]eted, the etching of the dense features may only have been completed partially.
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.

25 [0904] 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

30 [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
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over the conductive layer with an aspect rati o dependent deposition;
etching features 1 into the conductive |ayer with an aspect rati o dependent
etching of the conductive I|ayer; and repeating the depositing and the
etching at | east once. [0006] In another enbodi nent, a method for etching
features of different aspect ratios in a conductive layer is provided. The
met hod conprising: depositing 5 over the conductive layer with an aspect
rati o dependent gleBR&IcH|Oyer Slithih @%,etﬁ@w&&%ndem QctlifiorGROGMaldive | ayer with
an aspect ratio dependent etching of the conductive ~layer; and repeating
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regul at orof obf (he heatdaNGest the WIEHS Uf @e hihrd iR Rk asSMdRIdeFAESIfAE chanber
encl osure; at |east one electrode for providing power to the plasm 20

processi ng craferand e sdingsclogivebydehas Hiengds feptaenigsterdhan BaBITBRE RFE power
source eleckrigally connected to the at |east one el ectrode; a gas inlet
for providin as into the plasma processing chanber enclosure; and a gas
outl et for ek&Ekti ng lgast anpdm eomdiprnasrapPprdesios ptaljng frafisof encl osur e.
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chamber enclosure; at least one electrode for providing power to the plasma
20 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.
[0008] The gas source is in fluid connection with the gas inlet of the plasma
25  processing chamber and comprises: a depostion gas source; and an etch gas source.
[0009] The controiler is controtlably connected to the gas source and the at
Ieast 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;
30  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.



30 conputer readable code for etching features into the conductive |ayer
with an aspect ratio dependent etching of the conductive |ayer; and
conput er readable code for repeating the depositing and the etching at

| east once. 2 [0010] These and other features of the present invention wll
be described in nore detail belowin the detailed description of the
invention and in conjunction with the following figures. BRI EF DESCRI PTI ON
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order to proW0dd a t H3PoiiR ShRRAS VISR AG WA PHRE e ST EWE‘}’on | t

will be gappapeiled rdiewaugr, to one 20 skilled in the art, that the present
i nvention may be practiced without sone or all of these speC|f| c details.

I n ot her |ns¥0<9ilfé]es WeiIES i oRrillptgeasemppispsysh PBich &t yifeklef8s  have not

been describ 1érﬂerﬂtﬁgalctmtdtepts€@tn éng)oafhtentm%epﬁéseﬁm%nemcure the present
i nvention. [001 Duri ngs he etching of sem conductor devices having
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[6016] The present invention will now be described in detail with reference to

fu5| on. The etching chem cals go inside the
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a few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
20  skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present
invention,
[0017] During the etching of semiconductor devices having features of
25  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, 1.e.,
30  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 1n an embodiment of the invention, A mask layer patterned with
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dense features. Simlarly, the byproducts of the etch process conme out of
the wi der open features faster than the narrower dense features. As a
result, open features, i.e., 30 features with wider widths, etch faster
than dense features, i.e., features with narrow w dths. [0018] To
facilitate understanding, FIG 1 is a high level flow chart of a process
used in an enbodi nent of the invention. A mask |ayer patterned with 3
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The etch process first etches through the deposition_previous|ly deposited

15 over the eeReitien pipeess ypapperpaferg leorayrhmaseniah kdleperdnd evshtherntfey o et ch

into the COBﬂMSféaﬁﬁes say}ﬁhhe%iaéﬁh@%?ﬂle(fwﬂ@galea&qlg@lﬁm]@u [ mahewer) features
are etched into conductive laye Again, the etching of the conductive

| ayer is as pBE}Lw]r atl 0 Pﬂ@p@n@mﬁ@t m%é@ﬁﬁ@@“‘tﬁ@ ippede piheerviudtadayres are
etched into EI&% ﬁejl%ut b'tc\ﬁ (LC@Q’S stk Egﬂletda%suﬁﬁmlcﬁl@@r%ﬁyﬁ&) features

due to diffu ec useo the t r deposition in 20 open (w der)
f eat ur es 15 et obvir tig cofichichive loperduting step I]é)y@Td tbmcb@numtceetdellnw&@ than the
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dense (narrower) features due to diffusion. But because of the thicker deposition in

20  open (wider) features, etching of the conductive layer can be more delayed than the
dense (narrower) features. As long as the etching of the conductive layer on open
(wider) features starts later than the dense (narrower) features, etch microloading will
be reduced or reversed. The etch process is performed for a specific period of time,
[0020] A determination is made as to whether the etch process is completed

25 (step 130). 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

30  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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25 (step 130). The etch process is conpleted when all the open and dense
features are fully etched into the conductive |ayer. In other words, the
etch process is conpleted when an etch endpoint in the conductive |ayer is
reached, and the etch endpoint is a predefined |level or depth in the
conductive |l ayer where the features need to be etched down to. If the etch
process is not yet conpleted, steps 110 and 120 are repeated. |If 30 the

etch processgogrcon! effgon hd&or@h&he MyeL 8t SohducilORREAnd IR réiftb & scgippodi nent ,
steps 110 and 120 are reggrgt ed at |east once, but may be repeated as many
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tool 201 is ampled@oeti (TEPYcamwpbeilphdshas pivedticogrdlonlSsaredpactivdlyides a 5

pl asma reactor 202 having a pl pr.ocessi ng c er. 204 therein, A

t ransf or mer C%‘agﬂ@ BBVgrS“?@Y:g?fmwrﬁ@%slqogfr g’@ﬁf}%ﬁg mflugpcae ISS\IRE‘?m%ont rol | er
255, I’fGiSpeCtﬁ%l‘&&ﬁedﬁ?ﬁﬁpﬁkmﬁcﬁﬁ%emr supﬁl y 2|51 and a m)as power[suppiy
256 i nfl uencj t he pl.as 224 created _w thin plasne anber 204. [0022
The TCP powetorag@nt rol I@F%Gm&é’i %Onﬁgﬁ%gsﬁ%‘?t%i‘ S?B?‘“?@ng\%‘f“e‘ssﬂ Yy 10 251
confi gur egl t,@SlSdéﬁﬁﬁM-e(ﬁtors?%;b:l)Q a i RSIBeReNcySHi Gard: 1356MBlz5GMdzby 4 TORd by a TCP
mat ch network 252, to a coil 253 located near the plasma chanber 204.

An RF transPpaicBRetgimdwoeas il wilhdglrqaid ned hepiayma @ambe 204i And83 from

pl asma chanbgins,204 wikddvwez sl ik P 8d BNep¥ie TOPRBFS5E FEMplMaGRirhbeg53 tO
pl asma chanber l504. An optically transparent w ndow 2(?5 is provided by a

circul ar pi ed whilesdipphigreacigaid pigs Bond () @Hedd fo PrsmrhraReilteNy 2.5 cm (1
R o e
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chuck el ect {V?"(&?Bésg | ocated within the plasma chanber 204 creating a .
direct curren 20 bi as above el ectrode 208 which is adapted to receive
a substrate RO83] such Tas bas pewtr-cogoritbuliortswaskepoindekbipi ever supeliyng
processed. 256 configured to supply an RF signal, tuned by bias match network 257, to a chuck
electrode 208 located within the plasma chamber 204 creating a direct current (DC)
20  bias above electrode 208 which is adapted to receive a substrate 206, such as a semi-
‘conductor wafer work piece, being processed.
[0024] A gas supply mechanism or gas source 210 includes sources of gases -
attached via a gas manifold 217 to supply the proper chemistry required for the
processes to the interior of the plasma chamber 204. One source of gas may be the
25  etch gas source 215 that supplies the proper chemistry for etching 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
30  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.




[ 0024] A gas supply nechani smor gas source 210 includes sources of gases
attached via a gas nmanifold 217 to supply the proper chem stry required for
the processes to the interior of the plasma chanber 204. One source of gas
may be the 25 etch gas source 215 that supplies the proper chem stry for
etching the conductive |ayer. Another source of gas may be the deposition
gas source 216 that supplies the proper chemstry for depositing onto the
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conput er systper dsmpultaVeofipity spEysi308inchaeydmbargBoY afdisphyadn4, 4 nt egr at ed
circuit, a printed circuit. board, angwé@nall handgf%%idegi ce up to a huge
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super conput BYUSingghpy sk diye PRinadernPq JEE &Mopsh 3924 524 spl ay 304,

a housing 3@fupRerFeRIkble hiedRm3A8d trAE¥PAR! @ 234 BomaRhpaerBet RD2. D sk 314
is a 10 conputer-readable nediumused to transfer data to and from conputer

system 300. [008027] Fifigwe3BE mexypple Rbaplrek drerambpigerryieatssm 18 conput er

system 300. Affhaghedqdq vy sEen g él%@tyio%s@os\{ﬂétaﬁs. MBbdeSloy(s Pi2gMbsy st ens.
Processor(s) 322 (also referred to as Central processing units, or CPUs)

are coupl ed teéerstldr engengd wrasessing i PP HY aieervplpd Sosoragedayiops-324 i ncl udes
random accespIRiD %&Wa é}ﬂg%fgf? 3%&@@59 dxnmcyss_@r@% ®Rvh Sndel | known

in the art, to trans ata and instructions uni-directionally
to the CPU aredd-RAlyiniesnang GIOMY.pie mlvojl known traths s rROMeaict tanansfandateuct i ons in
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storage include any suitable of the computer-readable media described below. A fixed disk
326 is also coupled bi-directionally to CPU 322; it provides additional data storage

20 capacity and may also include any of the computer-readable media described below.
Fixed disk 326 may be used to store programs, data, and the like and is typically a
secondary storage medium (such as a hard disk) that is slower than primary storage.
Tt will be appreciated that the information retained within fixed disk 326 may, in
appropriate cases, be incorporated in standard fashion as virtnal memory in memory

25 324, 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,

30  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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20 capacity and may al so include any of the conputer-readable nedia

descri bed below. Fixed disk 326 may be used to store prograns, data, and
the like and is typically a secondary storage nmedi um (such as a hard disk)
that is slower than primary storage. It will be appreciated that the
information retained within fixed disk 326 may, in appropriate cases, be
incorporated in standard fashion as virtual nmenory in nmenory 25 324.
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t el econmmuni c40029hs netmri&uu:s,leng»omﬁiemn)kthelpteedsrftaﬁzentaﬂa(‘fmtwtéiatswch a network

6 interface, it is conte ated that the receive information from
the network, SOBPUH; GHESFUTPEE T broma ebFF“E‘#’]?’ﬁ‘g‘ﬂW@tt% ?{Ve'cﬁmfﬁtgrcour se of

perform ng tRkedabavsr foﬂ?@ﬁﬁinb%draﬂ&lsh@&pﬁﬁ:ﬁﬁ@lerﬁﬂﬁédﬂ@éﬁﬁﬁﬁ. Theh a4
enbodi ments of the present invention execut e sol e@?’f q%on CPU 322 or
may execute GURFOBPURSCOBTRASRFHOSSPEcHELY| %%‘F’Hé‘{l EPRICSHPURE PFBR*Hi t h a

renote CRY t RahePRAERSnvBn®RN & B8y Qhy bh& (Y 1068581 REbwi] HA29ilabR @ddisd i on,
enbodi nents of the present i nvention further relate to conput er storage

product s wi t Haeng Sakhin B corepdRaIspiovee ity AxuReles Hfprresimsatable medigie t her eon

for perform pg VRl QY n%PlHEH}t'écﬁB hﬁ@e@é@l@&ﬁgucﬂ@@ﬁ%'dgﬂ§ floppieditBdif and
conput er code nmay be those speci al desi and constructed for the

purposes 10 ofastdis tgrceapisel Mewench éﬁCDd‘irOMhéI}dl?@%%&Wcﬁev{ch%m@gmomll known
and avai | abl Bplich &Qaﬁguchgéglf)@&aﬁ kil addmamguecmg; b ;§9f- 1§ arts.

Exanpl es of conputer-reada I nc but are n I'mted to:
magnet i ¢ lredicenfgucid tastotvaand emhcskzspmgl dro pgyie, gick ksapphmﬂionﬁagiufet ineglatde;

optical nedia E Rq%% I I ptical
medi a such a$ ?‘11& [%lgi?::gfi}d] 5KS gbqgl(?g%é{rg vv%ﬁgtg %ﬁéggﬁ‘?ﬁ“{ﬁg%&eg’b%gl ally 15
configured tcExsrnpiBeofamdlpeecemaibmcmbglaaMnchb sushmima@ca@bjr L catpien- speci fic

::\’Rf\/legre\al.lt gg S c'l’P f'els conta(ml gl?g?lél‘ IQ\I@PQ{ H“Eb! are e)(() uted ge\a{lcgn%gutél E)J%B?g)an and ROM and

interpreter. Computer readable media may also be computer code transmitted by a
20 computer data signal embodied in a carrier wave and representing a sequence of
instructions that are executable by a processor.
[0030] To facilitate understanding of the invention, FIGS. 4A-F are schematic
views of a stack processed according to an embodiment of the invention.
[0031] FIG. 4A is a schematic cross-sectional illustration of a stack 400 with a
25  substrate 410, 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 catbon-based mask, such as CH or CF, or an oxide-based hard mask,
such as SiO. The mask layer 430 is patterned with both open features 440 and dense
30 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

7



Exanpl es of conputer code include nmachi ne code, such as produced by a
conpiler, and files containing higher |level of code that are executed by a
conputer using an interpreter. Conputer readable nmedia nay al so be
conputer code transmtted by a 20 conputer data signal enbodied in a
carrier wave and representing a sequence of instructions that are

execut abl e by a processor. [0030] To facilitate understanding of the

| nventi on, fafm@rRide hemkd Gnd éﬁtafame@Janﬁes&samyms%e%&&aﬂed%cor di ng
to an errbodl msnt o} e Invention. [0031] FIG is a&a schematic

cr oss- sect i oaathe {‘hdrpser feitaigs. ofrefgrablya thie 04@1001vw1ﬂ¢r f@@*ﬂl‘%‘*%@ﬂﬂ%@ 410, over

whi ch an et CGme? Xr?c{er ?{%9 th(eaflpse%}lhaq’leo%m Fg&l e%tﬂrgﬁ M?&g{ %%?a&a’ ﬁle%aenc&ndum Ive

| ayer, such as ten ailicrde mnum (Al). A
mask | ayer 43@der ﬁeahmasrﬂédamvaetea&th@ tigen ekt ive tHealpase od ROTdvetr @ttmf:}o?)SO The mask

| ayer on- based Xi de- based
har d maskg) %égp%%m%ﬁ(ﬁe‘?ﬁ? ?Fas‘%elaa%‘ras %@@l‘?%lgg’t@enr%eesy 18’er o‘?h open

f eat ures 440danedothenseer Bufeedb@r es 450. [0032] The wi dt hs 441 of the open
features 440 Oabrﬁ] rel atlvel% greatg éhan th.err@g dt hs 451 of. tg g nse
features 45000831 or ABASRESHALO denRdeghdspostan i made a%6 trADRlli g8y dBeni ngs
than the den&geﬁ&l&tmh@qsté@mﬂm@ ABUsHEwOPSheh @Al disse SedidRal MMk radichofbe 7
referred t features, and the dense features, 450 ariray al so be

referred t o ﬂ]§§tﬂFlﬁ@0@' *ﬁ% Flﬁ\fé@P@'SltPééft cppdetedolapasitigy) 473 iR, pHbHPEHANG der

f eat ur es 1440020R taltoth 8B&E open (Wil SoWagRE: hildTeduhies ARBNS RoRY thAIAN I OWEr
features 450. More preferably, the open or wder features 440 are at | east

10 tinmes wi de¢positigm4hasides dewse (hgiopendishrerecipee) foarteres ©Nss1usHr ef er abl v,

the open or ég@&mﬁ BRIHLSS o%ﬁgd@ah@oﬁén kAt 44@)%&&1% t‘ﬁé ke EhaRst he  dense
or narrower features 450. % 33] An aspect ratio dependent deposition is

made over thé5&cHuachs f\k@%l&@felts agpget ratgp grpendsat direfelaply, thereapat legytwie| G 4B
shows a schepnf g, (feggﬁtgonso%(e:tﬁé OR@k, df tﬂé’%’eﬂ Al éL Foly ttgﬁ]fl)‘ﬁ t]?é@o%mﬂ&(?h@f ter the

deposition is co osition |nS| especially 10 on the
bott om ofl5t héermp&:am(w%@r I ow aspect ratio) feat ures 440 is nore than

Do ose Con s> BEldifod AR foddALk RRh.cofstily ABBEAL haLindea Ut ep 450
POS on C em ca I NSI e open ur es aster than
t he dense f eatowc@posn&ﬁﬂm tfrdnbrs;orrt dfehalieposs thao ovérsheag@aat!s phthe Gatbeppendent .
Preferably, hg\%lr.lge h!tl% or no dgpac')%ittiortl g\{ife? ?he sidewalls of the features may prevent
narrowing the opening of the features. In this example, the deposition may be silicon-
20 oxide (Si0) based, such as using SiCl</O; plasma, or carbon or hydrofluorocarbon (C-
H-(F, Cl, Br)) based, such as using CHy/HBr plasma. There may aiso be some
amount of deposition 446, 456 on top of the mask layer 430.
[0035] An aspect ratio dependent etch is made of the conductive layer for a
period of time (step 120). FIG. 4C shows a schematic cross-sectjonal illustration of
25  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.
30 [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




as nmuch deposition on the bottom of the open features 440 than on the
bottom of the 15 dense features 450. [0034] Furthernore, the deposition is
non-conformal, such that there is nmuch nore deposition on the bottom of
the features than over the sidewalls of the features. Having little or no
deposition over the sidewalls of the features may prevent narrow ng the
opening of the features. In this exanple, the deposition may be silicon 20

oxi de (Si O Qﬁ‘ﬁﬁ(il)ott&i—f%hth@%leﬁ’sé 'fé!&hré‘ z@w XG0 0 £a50F ROANPf the
hydr of | uorocarbon (G H (F base such as using /[ HBr pl asma.

There may al gnentfeatsl@ﬁéﬁio anfb@moxgﬂatdéﬁwmdthtﬁona%merd&?Oéff t he mask
layer 430. [ Q033,49 f@%t%lﬁ% e%ﬁ&(b Qnddcgagfe%ﬁf}%u%&&hdﬁg%{s&gc%sé&% e conductive

| ayer for a "perio ste ematic
Cross-secti onad;ohohdm@t Ratrdrmr@bsnlﬁdsmtcnéozﬁn@cdan 46pbafcherved biemedifhiing i s

conpl eted, The etch.proc t ches through the deposition 443, 453
deposi tedsov Uttrheéoéger?a T r|”<l/né1 tcglyséegﬂo in the previous step (step 110),
and then con{(0d87es to kﬂahﬁﬁmioﬁ&ahadee]s tcﬂvﬁﬂ:theﬁ!ﬂﬁeltdhﬁng ¢f|ﬁ3®0dld1w¢l ve | ayer

420. The et hi n th it 4 453 cr. ay,of etching in
open (wi der) ay?régfﬂp@gtetgﬁtegﬁﬁﬁt %I\I;(é ﬁﬁy@rcoﬂ% v ye[‘é%%g “[%B “@t chi ng of
the conduct i v@hddayeiplefedQ- tha igsiRefeituteahive ndepadnee tie boltdm iof the dbddubgieon
limted. The_ open (w der, |ow aspe features 440 are etched faster

atio
than the den&¥&e{(4ar FBWthEdﬁPf&H‘O&s“BéEtFﬂ‘F‘%FtF g Rt %s 450. However, because

there hagg bamagyore degosb khdwn AdBeriliclchRs- botisamptrids openutieatur es 440
than deposition 453 8 on the bottom of the dense features 450, it

conpensat es P aspong depcsitioniscasrimitet Ast. depgaon &bt inyidstha geen Grider

appr oxi mat el yo.f N8:& 2iB) feRtd 4@6 iGRAd %h'd)!ﬁ‘osltﬁ}{ 253 e i defleqhathvayay for
bot h open 440 and dense 450 features during the etch step (zero

i cr ol oadi nghighRepeetrado)deatyesd I wemsidenss|fedursiy Odare bards apedepetiieved by
modi fying 5 ﬁg}%ntbbﬂ@ﬁ 4F?§e 'ﬁ%?eﬁé H&@%p@@%@&?@e BLERS of tBQ%%]ethﬂl%er m nation

is made as to ether t etc he conductive Tlayer is conpleted
(step 130}. e SEile@allﬂ@thqmauw@ndu@themenay@@rbwgme hasum ot depeeifion ¢4 hed

conpleted - t ] h f.eat ur have not reached the bottom of the
conductive %g@%nr Oﬂ%&j %ﬁ"s}(ﬁ{ %h%ﬁdepom tion and etching steps are repeated.

10 [0038] FI 039D shoEGaE hematstlEnpriossssestiohilustiatibusf thatikdnid t he
stack 400 after a second etching is completed. At this point, the conductive layer 420 has been
etched completely. That is, the etch endpoint in the conductive layer 420 has been

20  reached. The process may be stopped.

~ [0040] Optionally, the mask layer 430 may be removed (step 140). FIG. 4F
shows a schematic cross-sectional illustration of the stack 400 with only the substrate
410 and the conductive layer 420, and the conductive layer 420 have open 440 and
close 450 features etched into it. The mask layer 430 has been removed.

25 [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,

30  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
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after a second deposition is conpleted. Again, deposition 443 inside the
open (wi der, |ow aspect ratio) features 440 is nore than deposition 453

i nside the dense (narrower, high aspect ratio) features 450. Sone dense
features 450 have hardly any deposition on their bottom 453. There is nore
deposition on the bottomof the features than on 15 the sidewalls of the
features. And there nay al so be sone anobunt of deposition 446, 456 on top
of the mask l,a%er,.4 [ . onal

'l ustrat; on Cp e iSRG e Hra SR GAR TR & ISLOBIRRRY O i
poi nt, the cohdudtatyes dragmroxdR@elyag0 bmem mast.ched conpletely That is, the
et ch endpoi nt 4.9 t he t|v y The process
may be stoppi‘ghQ oo4oﬁ82gg|%ﬁ1 h%cgﬁSﬂ%gfﬁgﬁwgggqﬁg%QE&ﬁ é%nved (step
140). FI G A4Bnceshowssedn maﬂmnmpﬁeptheemlssn@emt isoexghed \Iv]hemshafcamdunm\reiayeme st ack

400 with onl he str and t uct ve 420, a d t he
conductivg |§€ipe&§89ﬁgwaﬁﬁgeﬁl AUO CAHEP'S ﬁgsgp%ggnagggxﬁggsgg Sntoit.
The mask | ay ﬁﬂ’peﬁ%&ﬁashﬁ&ybﬁﬁﬂ@ a§ pdvesser).in hlef ©G@4akh ﬂiH}ﬁedMidéd’EﬁclAe‘hﬂip@ﬁt ihhe open
(w der) featyres 44Q ar ivel er he wi.dths 451 of the
Gense { nar r olterprdttrints BeobsnnmtiigheS oot hBE ERFR G (wi der)

f eat ures 440 deitibh ®odLihenddal 6%8)51&%&&4{@&%1&5& BE Ra@RR! Sithat el y  the

same. Thus, the aspect ratios of the o wi der) features 440 are

rel atively | BHEpvingthe opgpipgsot fh%éw“erﬁ% hﬂdraé*tou%%"@ﬁ 19 BRe8EOY nar r ower)
featureslé50umiﬁnhﬂhﬁm@ﬂ%ﬂﬁb&mnéﬂmhQ%hﬁé@@ﬁinﬁﬁ%é@ﬁw@&h&hﬁmﬁﬁﬁkk&es in the
conductive | ayer 420 may be greater than 1:1. "~ In another exanple, the

aspect ratloﬁmémﬂPhﬁﬂﬁ%E@ﬂPbglmﬁ¢WW%e@BWﬂm%4ﬁve | ayer 420 may be greater
than 7:1. Inygqspird Whi’s11n$eﬁﬁor?§a@%€én c[e%ib@é uPtfenﬁshtﬁ sERal fe‘?e%éd” the

conductive Iayer 420 may be greater than 15:1. his exanpl e, the w dths
of the 9 denswbgdiarntpweary af aharaiass. mrreutatppxrsom)d@tta@pgs %‘lwalnmmters (nm) or

| ess,  The hel ity likioh: \AALHAES LA ARREOK ARUAINA2 G oM Aruaace. (0042

In this exa eposition and etc steps are repeated only once,
because ith thm@démampbeﬁnnhaa@mmmnendpspﬁmqﬂ@mm@agﬂedmmhémamhe conductive

layer 5 420 is etc te In.o gsition and
et chi ng st ep%ppma%sgso hep%rg%%n nyer 10n ﬂl tiqele o:em%ngedetgzgat‘heht%ll gﬁder to reach

t he predefinq@makﬂhkmmdp@nmmptmdaimaummgdm&kmwﬁmhamsrmﬁ@ﬁmu@ﬁ;mg,nultlple
deposi ti on a\r}zguo%g gu ISP t%tece\émvelent %Eliﬁ Wlt?]ln the true spirit and scope of the present

invention,
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depositing too much material over the sidewalls (profiles) of the features,
and thus narrow ng the openings of the features. The nethod al so provides
| ow mask erosion 10 rate. In addition, the deposition and etching steps nmay
be done either in-situ, inside the sane plasm reactor, or in separate
equi pnents. [0043] Wiile this invention has been described in terns of
several preferred enbodinents, there are alterations, permnutations,

nodi fications, and various substitute equivalents, which fall within the
scope of this invention. It shoul d~gal be 15 noted that there are many
alternative ways of inplenenting tgg'é%n@ts‘hods and apparatuses of the
present invention. It is therefore intended that the follow ng appended

cl ai ns bl i ntenptheddar efehing Edatvaisrng diffarend gentechiiatioy iatd conrductise Faydt at i ons, and
vari ous c%%[%%sin:%me equi valents as fall within the true spirit and scope of
t he presen I'fvention. 10 CLAIM5 1. A nethod for etching features of

di f ferent aspkpbsitiad ovas tHervoadwtndisytd with hayspect ratcodgpendsinndepdeposi ti ng over
t he conduliclzti.ve | ayer. with an asgect ratio l(hjeg)endgnt.ddg‘;:) sitjon, wherein

t he depo¥h¥fiAdhadapagiting slsriiyely JEpqsys PSFeCh PGS b R B a8 “F eat ur es t han
bot t ons RfitoRBIF QRS wdrGedHiee Sn gk vl ealkIfSat@tbs;t he features; etching
features into the conductive |layer with an aspect ratio dependent etching
of the conducitéhies featiess intpytles eindugtive laves with gn agiceidetiey dnendant fiERnghe wi der
features r - - el i ng
removes Y aau ek AR IR R Ry R A Rl 2 e T the
nar r owerthfrethe nneswbabanes;dnd whiccken the ethingesmowssdhe ddpesiepmandibeet chi ng of

t he conductive.layer starts.on the narrower features bhefore the w der
f eat ur et Oﬁtgf) é%HOFW@n WéShaselb‘&E? Ry eé\ﬁ%“{rﬁse ei & ﬁ}fen %Srt fref‘téléeg’tang nce;
wher ei n {hgeid @ROSEHAOSF ths coiRPRRAREk RIS oh e faeatwr Redds®efirgthel | cant |y
narrowed. 2. The nethod, as recited in claim1, wherein the depositing
deposi t sWidesiepiugasnangiki de  or hydr of | uor ocar bon based deposition. 3. The

met hod, as rer%f)éaﬁﬂ%{ﬂgd% ggitgg}gand\m@étahﬂ%ghgasg&&qycti ve layer is one selected

fromthe group consisti tungsten (W, tungSten silicide (W 2), and
al umi num (Al )wherein the depositing is stopped before the features are significantly narrowed.

2. The method, as recited in claim 1, wherein the depositing deposits a silicon-oxide

or hydrofluorocarbon based deposition.

3. The method, as recited in claim 2, wherein the conductive layer is one selected

from the group consisting of tungsten (W), tungsten silicide (WSi,), and aluminum (Al).

4. The method, as recited in claim 3, wherein aspect ratios of the features are greater
than 7:1.
5. The method, as recited in claim 4, wherein widths of wider features are at least 5

times wider than widths of narrower features.

6. The method, as recited in claim 5, wherein the widths of narrower features are not

greater than 30 nanometers.
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4. The nmethod, as recited in claim3, wherein aspect ratios of the features
are greater than 7:1. 5. The nethod, as recited in claim4, wherein w dths
of wider features are at least 5 tines wider than w dths of narrower
features. 6. The nethod, as recited in claim5, wherein the w dths of
narrower features are not greater than 30 nanoneters. 11 7. A nmethod for
etching features of different aspect ratios in a conductive |ayer,
conprising: depositing over the conductive |layer with an aspect ratio
dependent depg@si ti on, chi.ng features into. the cond iLve.l.aver with an
aspect r%tio gé%%%%@%fdﬁ Eﬁﬁﬁg”a%%t %mggﬁﬁﬁEFPg%HV3§%§%xgﬁlSgépeating t he
deposi t i qign@ixthgt he etching at | east once, wherein aspect ratios of the
features are %%eater than 7:1, M%gihs of w der feaéure are at |east 5
tines wider t¥RASHRBIPYE thrcondyqtisgényer with anpspect rakRdpEpHf HFIRGISRI ect i vel y
deposi t's nmor e Qfn ORLLPIELB thd BdWEHRNaye Rt R Aspeti@fo BYIhOaR eRhinghe
narrower features and sidewalls of the features and the etching sel ectively
et ches t#fghekateinctiwdoyaremdf ast er than the narrower features. 8. The

met hod, as recited i.,n ¢l ai.m 7 er.el. [ noves the deposition
and the etchi %%3 ﬂFﬁ%®%%€%§?ﬁﬁ@%&??ﬁ éﬂggfﬁﬁﬂiﬁgaﬁg}romer features before
the w der feat ur esasp&t ratioe ofbie f@thresc paaick @ani7nl,cl ai m 7, wherein the
etching of the condﬁg%i¥e_%a er staffs on the narrower. features before the
wi der features. 10VUMe! it SRRUTGRAE BUISIRA IS Sdfriian WS PHTOHE

depositing is stopped before the features are significantly narrowed. 12

the depositing selectively deposits more on bottoms of the wider features
than bottoms of the narrower features and sidewalls of the features and
the etching selectively etches the wider features faster than the narrower

features.

8. The method, as recited in claim 7, wherein the etching removes the deposition and

the etching of the deposition finishes in the narrower features before the wider features.

9, The method, as recited in claim 7, wherein the etching of the conductive layer

staffs on the narrower features before the wider features.

10. The method, as recited in claim 7, wherein the depositing is stopped before the

features are significantly narrowed.
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