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ETCH W TH RAMPI NG BACKGROUND OF THE | NVENTI ON The
present invention relates to plasma etching. Mre

w@2005i0818B&ar | y, the present invention relates tRPCPUSENE030338

etching to form deep openings with high aspect ratios
such as, but not limted to, high-aspect ratio
contacts (HARC). DurlL¥G HeWIddd RAMPING er
processing, features of the sem conductor device are
defined in the wafer wel | -knovvn ]:E)atter ning and
etching processeSALRGRQUINDOR LEENVENTK]

(PR) naterial may be deposited on the wafer and then

i's expqnegrdsent! 1h%‘hof1 'rélﬁfeﬁ ﬁﬂ%lgs}fna?etﬁﬁh ChRre gﬁ}ﬁcﬁlﬁﬂﬂf Ghépresent
Is generally a glass plate 'S pa terne

e Rweplien ieldtestoplasmycasehong teedrmidaep dpentigs WithHtigh agpect ratios such

e R e UG

photoresi st material. The |ight changes the chem ca

conposiDuiripg selfmdohéuqmbmaikﬁpﬂoﬁéssﬂigl Rhtudds of e vehli@indactor device
deve| qper . c n nove a portlon of the photoresi st
é@%&? 3 in) the pder g Wwell-beain pajerEpg st @eling processes. In these

n’glto%éés@é S Hoﬁﬁes‘?% Qﬁﬁf%a{e?ﬁl &Qi’aé H@po@ﬁé@&?ﬁl e vitd 4l hdEis
se of ati1ve photoresi st teria € unexpose

r exposed tcaln@t fidteredeyy. a fEliclee dihe ecticld b genailey a ghsﬂtlﬁtl&ﬁhiat is
to renove. 1 he underl yin mat er, i 1 he_areas that
aPattenged Wﬁﬁ EXep altye’fl&g%eg%%mqtréesa%tb&ﬁgéﬁgg{ frgpenappagpting
aploddremebsticgief i ne the desired features in the wafer.

In general, the coupling capacitance in an integrated

circuit is directly g{mporu onal to the dielectric
const affier Rassipg thueughrtheaietiele, the Bghttcontaets e sveface of the

r tr ers in
SRR U B TSRSt epororss
bmeterlfabmmhdhﬂfa d&hel@belhﬁﬁ rémdv&d paitioh 6f BOPHb@AdsisOMmaterial. In
EEUt 4. 0. a_consequence of the increasing |ine
d SPES %@%Hﬁ/e dpetosgsish glafwrr@éﬁj %@é@seﬂ ACSi @R a® FRIVEdy and in the

Sk %? Iﬁﬁ:/geﬁ%v@ :pﬁ&ro dsfst e@fa?s ogéc? fég}/ong ?fe rtewgved.

effe nsu at e e cén uct
eTh@nmﬂaremﬂ iwadet 15 etch&cbiodermue tesmdertyonpimategial from the areas that

aci.tance | eve In. an effort t
BRI NG S e Pl iy Fhatiab g d et deige g desired
t hatseimerRaddfkor i ndustry has engaged in research to
devel op materials having a

In general, the coupling capacitance in an integrated circuit is directly
proportional to the dielectric constant, k, of the material used to form the dielectric
layers. The dielectric layers in conventional integrated circuits have traditionally been
formed of SiO,, which has a dielectric constant of about 4.0. As a consequence of the
increasing line densities and operating frequencies in semiconductor devices,
dielectric layers formed of SiO, may not effectively insulate the conductive lines to

the extent required to avoid increased coupling capacitance levels.

In an effort to reduce the coupling capacitance levels in integrated circuits, the
semiconductor industry has engaged in research to develop materials having a
dielectric constant lower than that of SiO,, which are suitable for use in forming the

dielectric layers in integrated circuits. A number of promising materials, which are
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di el ectric constant [ ower than that of which are
suitable for use in formng the dielectric layers in

WO pa0sgs®mBed circuits. A nunber of prom sing nmePEr/U81084/030338

whi ch aresonetines referred to as '_'I ovv_-k mat eri al _s",
haeRES ey %Qeﬁi)walk #ﬁa{e'ﬁ 1s8 ARGk %E&Pﬁe{v@@oﬁﬁd 15 i $PBeification
lowk materials are defined as nmaterials tha

diné ckons,ilowdomsterals ate defiatd asmhbiesislstwithm dielectric constant k that is

El ugrosjlicate. glass is one exanpl.e of a_l owk )

oS i - RISONGRIERIC s & oBF Eaiui 06 & itk Slecwre. aibinfthas o
YielectrtOLSsEATBLSR 7. TRRWomboXDah! MO 719948R6Gnd MiRRd into
SiO. Another interesting class of lowk materials’is
&fApounds i ncl udi ng organosilicate glass, or OSG By

way of exanple, but not limtation, such :

or ganogi | b ri g om ;.
Novel oot el AN Bt ity L Mo ARl rRfllaing
gﬁuﬁ?ﬂiﬁ(zﬁtﬁhfasg ror Ay i E}dwh@blﬁéx'baiﬂi;ﬁ?, Gt ﬁ&glﬁmitﬁi@{, 3uch

i for.nia;. Aurora(t vai | abl e from ASM . .
CREBPHHETE Haﬂl%trvs,lé#% ) 1 A Noglisef San Jesq (Galifornia;

20 u , o

QR DRl TR AR BT, o Pl R Qi RGP
Rbzitabit Hom, ASevintteratieyal NOW g dihe Netharhnés; ghasika falef hatitable

ave.catbon and.hydrogen ato i ncorporated int -

b SRR P AT B AP o R S iodupttey 10§ from
haneesishgl st Mbestows N@Qf%fs@ﬂ.t O?%anbﬁﬁcé{@g%s‘s &haterfhls have carbon
diel ectric constant for such filns is typically < .0

g hy droger etomatinaorrypeied ings theailivon divxide lapiérs wiichidpérs the

t eni Lanet.er ratio. A mask, such as. .

R AT B o A e Ripe g G4 Sl cpiomatnt For
atctofileny 8 gypedityes 0. 1 f a thick mask is required to

allow the etching of a high-aspect ratio opening, the

criti rcﬁal di mensi.on of the opening nay be limted by

the t APERARSS! B0 CReNiRgshave YAHDARSIE Pt fapisngre diameter
PARS. OK 83sR ! sudh §s PEARGreHEMBARRSE % haﬁﬁﬂaﬁb 95 ﬁge%sﬂoﬁatrévi@é{n

be less resistant to etching. Etches using suc

phetiog psiteat.s Ifrethickanask iomgsieddtotallvivtthe stchBIMIERM gfi¥aspect ratio

THE .| NVENTI. ON hi the f ' [ .
heegpielit £ AR Bf PocbunBrnd 1 Budh by hickppesef te
melkkhod for etching a feature in an etch |ayer through

a mask over a substrate. The substrate is placed in a

process chanber. An etch plasma is provided _
Various generations of photoresist are being developed. New photoresists

may be less resistant to etching, Etches using such photoresists may have low

selectivities.

SUMMARY OF THE INVENTION

To achieve the foregoing and in accordance with the purpose of the present |
invention a method for etching a feature in an etch layer through a mask over a
substrate. The substrate is placed in a process chamber. An etch plasma is provided
to the process chamber, where the etch plasma begins to etch. A feature is etched in

the etch layer with the etch plasma. At least one etch plasma parameter is ramped
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to the process chanber, where the etch plasma begins
to etch. A feature is etched in the etch layer with

W b@se818B5 pl asna. At | east one etch pl asnma parBCEUS2004/630338

ranpedduring the etching of the feature to optim ze
{
P LR oS Mk 7 pE AR Sen SRR o P e Bing etcn
fdsathand thsfeatuchsedtdhed avifhaht rimepedapdsma vhtitthe: fathroishethed to a
:‘_{%a}t ugcge?) of the present invention will be described in
below in the detail ed description of the
i nvention and in conjunction with the foll ow ng

fi gur eBhesB dESthEFSLHRIE B B ﬁseﬁﬁﬁv%ﬂ%ﬁeﬁ@cﬁﬁ&ﬁ%ﬂﬁore

invention is illustrated by way of exanple, and not by

vistrilorelow in thgdpisied descriptiorf offhe yertion dnd imcouvinpation mith the
in which |ike reference nunerals refer to

S|n¥$ﬂg%§?§%ents and in which: FIG 1 is a high Ieve

flow chart of an enbodi nrent of the invention. FIG's

2A and 2B are cross-sectional schenatic view of a

substrate, which is processed accordlng to the

i nvention. FIC

chanber that s S i

of the invention. FIG 4 is a nDre detalled fl ow chart

of an Eripeckentiiventioh if MastP4ey belivag oPéxa%[})I@teﬁﬁi rEHt %%rWay of

to the process chamber. FIG 5 is a gr

ripigadions indheligires plthe accommppying depwings %ldeh vglals;h \hétﬁ seference
crete and

giug%ga%%:%enﬁﬁgggf@%ageg@ ﬁ%taﬁgﬁl?“%lc Y FIG 7 is a gr aph of

t he photoresi st seI ectivity for the baseline main etch

and t H8Gf 1 isst highbgvekfleh chdtt & srserabatiBBentl of tsd irdteation.

conputer system which is suitable for inplenenting a

contr er n _enbodi nent s of res

i nven&l Il& %# gzgﬁr@]ﬁ’ﬁ%sﬁfﬂ{?’ﬁ r?f"]%?’%?éllcép 0 F‘SPh%traé?@%@Ch 18
%@&kmgﬂaaxﬁmhgg)&@%y%ﬁﬁoﬁt various stages of the first
ranp etch after the photoresist is stripped. FIG 9D

is a photom crograph of a cross section of a feature
et ched1ts? Kt Ichempiisepviol apaoqssseehambar thermalide used in the

%Mﬂéféhﬁgdlfﬁnﬁ)tfrtﬁeoiﬂgg‘ltlon.

FIG. 4 is a more detailed flow chart of an embodiment o the providing of an

etch plasma to the process chamber.

FIG. 5 is a graph of flow rates of one of the gases forming the etch gas versus

time.

FIG. 6 is a graph of a discrete and discontinuous step furaction ramp.

FIG. 7 is a graph of the photoresist selectivity for the baseline main etch and

the first ramp etch.

FIG.’s 8A and 8B illustrate a computer system, which is suitable for

implementing a controller used in embodiments of the present invention.
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FIG' 10A-C are photom crographs of the cross section
of the feature at various stages of the first ranp

werebhobwsdre the photoresist is stripped. Fl GPADE®0#030338

phot oni crogr aphof a cross sectionof a feature etched

usi ng e.basgel ' r hot.qy e

wms St o2 ot inidrEheits BELcEosh BN e KBl
sedbusstageh ofitHedtiutRpetaidds t]lﬁlplhgtotemst ibﬁb@@ﬂ(jhd. anp test
mai n etch, after the photoresist has been stripped.

FI G ot om crograph of the cross secti n of

The 1 S1008 15s BREGLHEP REA Baser i WrcRears sichphgsing the
PASARE @i bich akeDBE F}hé‘tbfe'sﬁpﬁ@tnp%& Al LED DESCRI PTI ON OF
THE PREFERRED EMBOD S The present invention wll

now be described in detail with reference to a few
pr ef edlgds épddd preathotomipweephs afsthe crogs sqcame fithe fepmire at

r f al scription,

ISR DAY 8D bl e roR SR 1 FREPHE:
provi de a thorough under st andi ng of the present

I nventilGn10DD is aphdtomheragrgar et croReeetioarof atfeame etched using the
killed in t rt, that the present_invention may be

BASRPF s iR Belre s RBobreH PROTIERS ¢ s peci fic

details. In other instances, well known process steps

and/ orFI&t [ ULt ﬁﬁ)t&ﬁié?og?%h &%ed?oég%é&fdnbﬁq fbﬁtug@ b@héd hding the

order to not unnecessaril’y obscure the present

isespad rap testm@in eich, aftar the ghotowsist hasibeen sthigped.of an

enbodi nent of the invention. A substrate with an etch

| ayer to._a proces

(oF op 0} P e R R A QBRI R TRl st wine
dlfie lﬁ?assluhsdtdilﬁif&rzwlohdmieﬁkt Haepeddastiagetl. of a wafer or a

| ayer over a wafer. An etch |ayer 208 is forned over

t he su ’ 1_ _1Iaer 208|s

shown= SHHIS -2 . S POH M

one or nDre Iayers nay be betmeen the etch Iayer 208

and t e pushtiab@itidd il RoRkledckbell i Ilé%&['ﬁz‘i‘ﬂpﬁé%reﬁ&eco afew
etch layer 208. Although the mask 212 is shown on the
@t&fm¢Ch§mbocm8nts iterentlae nlh@m@l un’@n tascommnmmgmawmgs In the

SR oS FRAR RheRe S G S P R Berovid o
ltﬁtﬁo@glﬁﬁrﬁkfs dﬁfMdheﬂEﬂ%ﬁent Irﬂ@ntﬁinc rIt Wayed ap%%eﬂtsh(&vever to one

sj ngl e yer. Preferably the sin | ayer is unifo

| a
thillsd @‘hthé axt, thabthe frresrRidBYengen e .pﬁagﬂtléed witbput g ‘h‘fgall of
ttlﬂ%e gﬁs ﬁéﬁn@e Ig g@el ﬁ‘ns{aﬁce% wel e%&o\éés@@téﬁs dhd/or structures

proc
have not been described in detail in order to not unnecessarily obscure the present

invention.

FIG. 1 is a high level flow chart of an embodiment of the invention. A
substrate with an etch layer and a mask is provided to a process chamber (step 104).
FIG 2A is a cross-sectional schematic view of a substrate 204, which may be part of a
wafer or a layer over a wafer. An etch layer 208 is formed over the substrate 204,
Although the etch layer 208 is shown to be on the substrate 204, in other
embodiments one or more layers may be between the etch layer 208 and the substrate
204. A mask 212 is formed over the etch layer 208. Although the mask 212 is shown

on the etch layer 208, in other embodiments one or more layers, such as an anti-
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preferred enbodi nent of the invention. In this
enbodi nent, the plasma processing chanber 300 is a 200

worm0288B83Exel an made by Lan(r) Research Corp. PET/US2004/030338

Frenont, California, which conprises confinenent rings

3%ectiad cé’d%ﬁg,l%%r 6& gfa éﬁéen tRe %%\rér\% 5&% g&&%gechqa r;é%r 268. In the

gas source aust
sefered @mmdlmynfg:‘dﬁwtqhﬁeyezl 208 isst siggls [syeur BefS&hBly the single layer

seco S S 9 and t.hir as. squrce 316,
foﬁ g‘f"%‘ﬁﬁ ?@8 g&éﬁﬁ@ﬁ itk Bgle%(g?,r Torping dhesstrayer.
mafer 204 over which the etch layer is deposited, is

posi t iIFpaes! isuPRAerthie: ViOWR 2 pkRety M b3PT00 thAE nla9WRMised in the
el ectrode 308 incorporates a suitable substraté

PHiRKshembrdimenti of ihe iaventione i thiy @Qb@ilmnt ﬂ'@:hlasm@ atocessing
%%%HP&F%O i94 2?(;]1%4 QMSFE%? n Aqgc{eq:l 24 bs% D cyﬁ{remont,

he reac I ncorp ra es

é]aﬁﬁtrmadwhi&ﬁéodupﬁm%dﬁmmﬂ riage3 02, appepdrtebedthrie 3044 lower
elect$ag§ 308. The u r el ectrode 304, | ower
ealp 3885 SO 3c1 pust PHE® 3382 Thefgan soyme 310 may

4 n})h@é?’ﬁﬂ't Qe?srﬁ%u%g |3lfﬁea % @g%o{u%e %ll'g p%ldt%ﬂthtlr(a gﬁ%‘g §ource 316.

i ned pl asma vol une source
Witldh pBsagpnetessngottraiet é@D ftlrecnubttivete &\Ialftfrlmédoﬂéraslﬁ% the etch

ume, t hr.ough t nfi i.n Q
It bR ot e el B Bt 1885 dne ™ Dhe dwer sigrizpde
389 irfcorgthates HaHtablelshBdtratddhub i B{&ﬁ%sﬁrQ E$8cBBstatic
chanmber. In this enbodi nent, % ere étrode 304

mechanieah glamping, RFthﬁdllFﬁb@)r heﬂ@mgsthe B@bstmtecmﬁ'y 2@4nTikee teadtor top

P ALRE AR o€ bR g e EORTRT IR PSR o fer

elaetrumws dfhe(iﬂpp@%eoﬁ@ée 3o doidreld oae 368 %Hr&ﬂﬁn&ggnt rings
gre d sposed. . The RF source 348 may corrprl se a 27

incoihs eeriingd plgsa WPEsor Grsus eenpliol o éheeqmﬁned plasma
t
T T -

plosme G/t)blﬁhettbrdugha tiRFeonfinement 3ih8s 3 mmmcbaﬁhaﬂﬁhsmumbﬁﬂﬁ exhaust
t he fine [ O aflrst cntrol val ve 337
BYRRdD e d Pt gﬁ a‘é’%’éa%t PBRS 3835 Qi fa theplasiga gEqcsping

1R ep) Iﬁ/@ﬁsve@nl%ﬁﬁn&ﬁ ¥Re ﬁf)ﬁ‘éii eIe%trB(ﬁEES@i ﬁ% s gﬁo% Source 348

314, and a third control valve 341 con
ischigottiieablaconasted da thrd 0@ ehelecrtvde GAS. Dﬂlhmbeﬁ#ﬁllp%ﬁ/deﬂf’ﬂ&: a

urce 312, 314 6 into th I
f A e eh Y SR st FEaA 7 wbet slitBele a0 gna
thegogaselédilodt 368 dre dIdpRs@RSTHeRIE§0uBd33 4B aP 8o ﬁbé‘Q beé MHz
inlet for eaché\%as source or a different ' nl etp

BAVST sgHEceabdip ddVbl Pawigr susgel Diffesent apdinations of acmnega'sg RF
BN et eS| heao gl S0 gy o e
BFasume 3438, the exhaust pump 320, the confinement rings 302, a first control valve
337 connected to the deposition gas source 312, a second control valve 339 connected
to the etch gas source 314, and a third control valve 341 connected to the additional
gas source 316. The gas inlet 343 provides gas froﬁ the gas sources 312, 314, 316
into the plasma processing enclosure. A showerhead may be connected to the gas
inlet 343. The gas inlet 343 may be a single inlet for each gas source or a different

inlet for each gas source or a plurality of inlets for each gas source or other possible
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process chanbers, such as the 2300 Exel an nmade by Lam
Research Inc. An etch plasma is then provided to the

w@e@soss3thanber 300 (step 108). FIG 4 is a nPCEUS2004/030338

detailed flow chart of an enbodi nent of the providing

108) . This
Q‘:Bm%gﬁlﬁgg%] Zé@@ Erﬁb&ﬂlgieﬁtrs %gﬁrcé‘;i{ﬁ%%g 1 Ilay gﬁ% ﬁ@%%g)gg ggpiasma
@mmmhaﬁﬂﬁrsg smms4me423oom>&1eelt1ﬁdmeg@&m}(emro@ Mcxture -
of one or nore gases For exanple, the etch gas nmay be
t he f
o Tt heRbutebi B IS bt QundiRsblci 08 mo
thik b @adetall ITIEWRhAR bF 911 S86o BMEACHE tl?é'ﬁovfﬁﬂ % Efih $BRma to

may then be transforned into the etch
4@%9r00¢5ﬁ chiyabgr(gfer 4 88)c Ndvbmay B@@onel bylmbvdngchnad:toh gas to the

YO oSG PR ) BB PELE A o e

doc exaasple e eich lzagmay bo ahiignsd of Milshigasdidih (1@3$rst Qad fairce
gégh pl as FIG'S and8B illustrate a conputer system

a spePRcheassiram theatspenck gs spyise akband Aghied gasrrewmthethird gas
%g‘ércﬁ§ 8§ The &R ggél Ig‘fﬁre] R%E tltaﬁﬁ I?ﬁe%siﬁ{&tﬂ’l% Et\éﬁ @%ﬁ!ﬁp% (es{répcz\'FOS). In

OWS one posSs Si ca or m of
shesprecass Chamlbar366 ;llusltratedamﬂ, diis sysidémndony biprevidhaRFEF power

hysj.c forns ran m an i nt grated circuit, a
e R p PRl s g B AU BT R oot A SR MOich et the gch gas
E@trAnFHACHS LRSS a@‘?@%te?dh pl&put er system 800 i ncl udes
a nonitor 802, a di spl ay 804 a housing 806, a disk

drive 808, a keyboard 810, and a npuse 812. Disk 814
i s aFenddhemd Rnidlapirae medinnneusystint 800, maisfie sutabile foro

.800 8B, s an exa .e 0
A bR Ty 2P ey PSR Boa b B PrarnCHRER oy 1
S%SSIhGWS lous p8siblé phyvicl GemVatheédmmMiterSHREMS [ Bourse, the
Processor(s) 822 (also referred to as central

SPOBRSE FYFE Y HIRY davemarppRysicat Brep angid frem sp mf&g@ated circuit, a
P8 iout BTG, SRIDIAIRAT q B b Soibe i Epyer
Abmmltamyétemmﬁﬁmndlmdes lgencmﬂtor smlul sl sz b ggnuﬁﬁg 806,at @151(
truc I rectiona tOt e and
EV% EQ@ atl%eif’ i §§7 ’ta&d@r%m?? é?2 th% 8lfds 3 ﬁ@??%ﬁf%ﬂﬁ‘% hen
%e@imﬂl L8RIGh ARG ARSI RRL Goﬁ?ut&%o R* yopes of

menories may include any sultab
conput er -readabl e nedi a descri bed bel ow. A fixed disk
826 FIOALE scuprels dia-tdooketagramdbl gommtapyst82P§00. t Attached

] %ieﬂ?ﬁusa%' i a%gé vg tty of su% ysgems. Processor(s) 822 (also referred to

as central processing units, or CPUs) are coupled to storage devices, including

memory 824. Memory 824 includes random access memory (RAM) and read-only
memory (ROM). As is well known in the art, ROM acts to transfer data and
instructions uni-directionally to the CPU and RAM is used typically to transfer data
and instructions in a bi-directional manner. Both of these types of memories may
include any suitable of the computer-readable media described below. A fixed disk
826 is also coupled bi-directionally to CPU 822; it provides additional data storage
capacity and may also include any of the computer-readable media described below.
Fixed disk 826 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.
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capacity and may al so include any of the _
conput er -readabl e nedi a descri bed bel ow. Fi xed di sk

wW@2®sm0g3be used to store prograns, data, and P¢EUR10R€030338

and is typically a secondary storage nmedi um (such as a
el B alreLiBl thet 1% iRNBhal AR TRINN BLOd AEE. dds b in

be appreciated that the information retai
fapREPrigtesias@r e myl,‘pora‘heChlpptanpandafhséumaartudi e€nemory in memory

ERORITA 0 DL L3N 5 b el meci

aleycrifedtiamvweonput er - r eadabl e nedi a descri bed bel ow.

CPU 822 is also coupled to a variety of input/output

devi c such as display 804, keyboard 810, nouse 812
and s@%&t@ PO %%Dcoupﬁdg@ﬁé@rsﬁty osmpuﬁ@uputal@wgs, shebias display

Koy blpﬁg'bggﬁﬁ fﬁf() mBbaa 29 ?}!()) s 85 afri(%gl%%lll 2%]1 1 él% dutput device

mcr opnones, senS|

tmanistarngest: vided displage tiack baABneideckebopapahict@ieones, touch-
readers,. t.abl % styluses, voice or handwritin

SERAGY Saplays. Gresduesican tralere magnetic osnaRst t ss tablets,
GRLs38 2R drafARditREMC 1£€3‘i’§J RidgkitiQ RAMLOSE SRR

ters.
or telecomunications ne usi ng network inter # § ©
QRiJ 899 phtienadll neayrhstomoplkd tomn@ﬂfeacemputbr orsteleontanpliedtas

. CPU formation rom
Rtk S ey R ST il et P on kB tRER bk 1 n
fcbﬂteﬁipwtédi‘th@f thB €IPDMIENA BcbiRE 1IFBANAIHETSh ﬂi&%t%hb Q might
steps, Furthernore, nethod embodi ments of the présent

OHRh tl}f@hﬁn&ﬁw te Jecgbweork g '@16)730111{59 of privredes be a’qmye -described

T R e P RSB T oL RSl ey

thecupr adels sipog CPUNS22dd intay@ecigéerbediamalsrkefich B8 the Internet in
present invention further relate to conputer storage

ﬁ?’@&ﬂ%ﬂ@ Vit A remets bt BaL shases Ao ioned; |t]LﬁrP1Pﬁ%ﬁSm%v e

comput er code thereon for perform ng various

CONPU 8dditi SR | AIFRRMRG AR Ah YIS 1nvg tha R g to > computer
esi gne

comput er code nay be those speci al
slomaernyedusts Wish aphmpwar-méaitée mkdmhethpﬂme mbmp‘nmmmde thereon
known a avai l abl.e to

?(Lr f%%ng \ﬂgx@ng% fcrmmﬁer 1@?&:&16%% cg)Fraglgpf én%qhtag'lnd computer
Ex@mphe be Gos€ OFaeiHlIe dedigadant ¢ %oﬂﬁﬂic&d'ﬂ?lcﬂh%! gﬁrp&% ofMh€ present

not limted to: magnetic nedia such di sks,

VBB @F dhey, mashbe Qfé@fh]émﬂ wvelldpeynapd |awlablvéd| thOf;QMVlwslﬂll
Y s R A B BB o B R Bl gl Bt e

speloaed §p ﬂmgﬁa:tgim&ﬁa bwhak 0A€ HkE, BXRRULI ks PR hdhetic tape;
COdea&g} 1a suc as (?)ﬁ/}sl a%g h%) oeg(r:e{p];lllccdelv?ctese gn:lggnggo ((:)Ila‘trlgalil Ingesdm
such as floptical disks; and hardware devices that are specially configured to store and
execute program code, such as application-specific ihtegrated circuits (ASICs),
programmable logic devices (PLDs) and ROM and RAM devices. Examples of
computer code include machine code, such as produced by a compiler, and files
containing higher level code that are executed by a computer using an interpreter.
Computer readable media may also be computer code transmitted by a computer data
signal embodied in a carrier wave and representing a sequence of instructions that are

executable by a processor.
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programmabl e | ogi ¢ devices (PLDs) and ROM and RAM

devi ces. Exanpl es of conputer code include nachine
weowe/03seEh as produced by a conpiler, and filB&SI/US2004/030338

contai ni ng higher |evel code that are executed by a

COMPUUIRIhdi$h . 8k diilt S GLlGlsed (BN GLact GRIBRLE. TREL the

may al so be conputer co transm y a conpu
dBdsk (seghdld). dirpetthdsloptimized hy rimepinpatieasabge etch parameter (step

r egenting a sequence of instructions that are
30 TR Bt My ha TGOS S Py Het s thaBope copprallalarehanged to
hasgerthe fesuitiag pla@m@ic6Mpdditibie AR the PR IErRAIRD AR YA etch
the mask (step 112). Tﬁe etch is optimzed by ranpi ng

Rerqnshertthyg dpragpen ipatdeasbers of(avtingredss)in prssuet arhl axh asmrease in

' ' .t hat be.cont r oUabl.
R leat SpE e L M bb le TBY wda RE Setipents gpher
tekeh paravheters edyertranbed Rtich dsht&cRitidh PRAeR BRiseoweR AR Fi ffequency,
r amged [ sygt I eas({ﬁ\,?ne of an increase in pressure and
AFMPSTRivES &6 oy yndshthegyaley, coriinemeshengpositia, gaskeight, or any
f WaTep I S ot her_etc
i e et L R
Ishaisgep tonkhe resileRicd timgwé tieyzas thamiesrat nrtks spdeifichitor HAdelaims,
t he wafe confi nenent r'hng, osition, gap height, or .
5?{%}13185 ﬁseﬁaéﬁrslgg A% processipd char St pATRNgETHO better optimize the
@O shdhl Rpth(dfAacdiveh Bgsr. but not limted to, changes to
the residence tinme of the gas chanber). In the
specification and clains, ranping is defined as a
pr ocedde shangingrfitheyplasmaa perapaicanenusess dhongreinttey etch plasma

i Ad: f C t.h.of a given r. The
OPipIiAch. ERP ol ndiacile B0 e @bt SR elhbfund
chapeditdn phdsnehiclomag$iavd differdn@EtcRpasiRHRs, 8ehviti 8and effects
flowis %&geaged a, new etch plasma conposition

|

PBShA Rrefilfh il ke vresamhiagieass infusderves man pprvadset differsnt etch

. . iLe. L e a
pbseitio il anie R, LR
profderaS woepbib tdasensiot bhadiginfzehepinseb eomposituerttyl @snping are: 1)

| Vit d eff. .th file. f th
1858 bt BRmRGRESHE Br Bhien defibcrad wbbyapanhAigecs in
atch propertied tIRRbEdr Z6r 4 HOePleapiBis GRRAS deggbﬁf‘s.of hi§ gHeh§thenon,

result based on the natural "changes in et properties
tHipd AspecirRatiorDepegiensEteleARBEas sometitheeR i) ¢epsnsly

(B BRI cofel G3RFor Loy ) SLint i baagtion t

thertettumedt tef febttire MhY ple@mb i §RSHRRH beSRABE LS ?ldsﬁx‘é‘éb&?ﬁrosiiﬁbn
t he t%%fflg reaction to the bottom of the feature. The

P ots Hepedfusctibiersatly fru dpifersmiefogmiesloptheiapd the optimal
recipe for a particular result changes as the etch progresses. 2) To limit the use of
relatively “aggressive” recipes during the process. Ramping minimizes the use of
aggressive recipes as they are only used for a portion of the etching time, as needed,
rather than for the entire etch process. And 3) To minimize undesirable effects caused

in a single-step recipe by ramping the process through multiple steps.

Possible implementations of ramped processes are discussed in the following
section. The optimization of the etch by ramping may be used to achieve various

results, some of which are related to one another. One optimization provided by
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naturally affects the feature differently for

different feature depths, and the optimal recipe for a
w@arosiossBar result changes as the et ch progr esBEEUSAP4/030338

To limt the use of relatively "aggressive" recipes

d i h@g‘g%%hlg eqrg%%g%: 0 éncr?%e ae:t%e éggrezsg%ﬁeg? ?f’ﬁl@ ctdn o}glasma with
Ieé, e REAbp gnd/bmSlgmﬁcm@demed@bﬁm Ahhnggreﬁsnve et with

entire etch process. To .mninize nde5| r
resifest tosctenitei Hay mleﬁlp§|ﬂﬁ@éal lé a@%lléé te I%]&GBEY fﬁ% © PReess
- 1 h
A MR e Bl et
ﬁeﬁlﬁ‘dcetof @tl sop.ny s@ﬁlﬁdamtlhy taifdmed optfileinzat dtanthet resUnlds i ataper

by ranpln may be use ve various r

SR R ety SRR R 01 L ot el porg groffs an etch
@Bt fe@%ﬂh'ange? LA egﬁgalpﬁ‘ ERNPHAL a T8k a@%@ssﬁ@dmbm gvithorespect to
I ncrease th ressi veness of the etch plasm
tapered mﬂﬂ”ﬁea’ancttberemml@tt@p maydre o echloSITeeH el tb@matsy In such an

%T?fg?f{lglteg [‘q%géllng qggv@%@ }};@?Staﬁfﬁ \%71% 8'9?12{‘&6&*1‘15 fo%@tﬁlgglg ﬁ{cﬂ rate and

{tlléﬁ 3 dr&RePthe Rk RIDGES Dvevhel keﬁln;eﬂimb Iﬁitﬂﬁ)ngiin a ayezall eafductlon
depth than a recipe that is less a ive, etc

metbp ek eighette hanstannveRlisngmoemer ] % Lyity i} tf‘fIPFg This
etch tha t !

g Ludhs tortdbs OB bichul b RS opRE Rd' I AR, the mask

BicRatk Sedife A tIRtbANgihafeates déptls. Anvtleertoptimization may be used to

B o e ohoheD, SRt SRR P T il b i 38 gBbstion
IEP RSNk %tﬁe‘tﬁff@@ﬁ&tsﬂ Ebn%ﬁtﬁﬁs BRHVRIEEQR AR fmpiA@ MR difing so,

provided that starts wth a relatively | ow mask
diedhat[lw ie e’a:held wiithra reduotion srethe e dvask thetcontinugus raQegment of

the ra resyl ti i, an overal |

EsebaraQRiAt R R o RO Y TS BN EE e tch et resul
of te%%éd’ difi i 0 ThE earfiRalkowsTdteSipt YPBe @ed fo@l’pmsot)ﬂ&&feded; during
mask because the ranp is optimzed to mnim.ze

theesroextss ikt wilizéng 1eippothat geseisarpFtHatignsat Eheé’ezﬁé‘%}tlﬂg of the
Anot her optim zation nmay be used to reduce bowing. In
SHER PR Enbodi ment, a ramp is provided that changes

the position of the bow with the different etch

condi tHIGNS igy @dphletiflby rithect aepif te. gatsq:s fdcmng thoctohigas versus
feature IS etchﬁgvvmth a red tiog

daikteremt s1map Bise H}ay {05 rdﬁere%sS oF ﬁgcrfgse an’etch
éﬁ&}tfk%rs ?%r't Aty Gfhe RO 1@&3@(‘&19@1)@@65%% bW Ratd pAimeter is used
esult of reduce

striation. The ra all ows a recipe
therdofer tseadmpingyscheme,taltheugheat edmber ¢ nt?(geﬁp@s listest pargmeters can

b gg%%gg@_r gﬁg{g@ﬁ%}gﬁ 08584 B HEE B AORER oRhses

linearly over time, as shown. A sub-linear ramp 512 is a ramp where the flow rate

increases or decreases over time in a sub-linear fashion, as shown. An example of

this type of ramping is an exponential, quadratic, or hyperbolic function, but many
other more complicated functions are also suitable. A super-linear ramp 5 O4isa

ramp where the flow rate increases or decreases over time in a super-linear fashion, as
shown. All of the ramps in this graph are continuous ramps that can be approximated
in practice either with software or with a series of discrete steps that mimic the ramp.

Preferably, the ramp scheme is non-linear.
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FIG 5 is a graph of flow rates of one of the gases
formng the etch gas versus tine. Different ranp

waehenes3fhay be used to either increase or deCPEHBS20841030338
etch paramaters over the ranmp tinme. For illustration

pur paHes 6 i %a%ﬂ’o BeRk Qﬂ%&%ﬁ%ﬁldﬁ St p ek &ioh Qémﬁohﬁm This

ranpi ng sc oug er of previous listed
Jesraeiep 504; ﬁfctrasdsdhllw yvel elnteha disarmpestepsh Dashedling éh@ shows

o T et TSR LT

&L drBSKARAS EStheF erBSIILRAR SnBMRK e o or
%ﬁ{g %% |dr11%¥ol\ért£fa§shlron as ShOV\% Ar% exarrpelgl\gﬁof this

ﬁayvasteIﬁs rl%mfa:rab@r |a$te@rfumtp@m@mp hag at lepshthres steps. ddore

c f up
PRI S RS e s R RSl P RS PR, B s
fuﬁc@od A Ref RadtReveh!seups Bost pxﬁﬁa&ﬁﬁﬁ,&ﬁe Step cﬂlﬁrcneasemp has as
over timé in a super-linear fashion,

ho
mhey steprpas thesaftivase ganaisasoaprlly PERds &%H@Str éﬂ%ﬁiy ’i;nH%tlc % an
be Al grsor)é%;r\%zt‘ﬁ%g@ngmg% 1{1%81@:{@66 s&?& Mt GiraBi0h BW&”&% §afping time

at mmc the ranp
) rd%ﬁﬁécﬁﬂbm, thé biel sfxhpList ep® 11118 baginaini roé dre. IE$tGlep6 Iﬂsdqq such a

e e PR AR B T et
%mggaﬂ 56 BIE%%}A g%h\%rat%hﬁgoﬂlﬁﬁgr &HEE eBdsMts bR bpdelfied. In

I SCT e ra I des "a |inear increase of flow
Ql‘é%ﬁ(aﬁlplmhom it RIG. Seﬁarrpﬂnpmgsehmr,dwsmvet i afbes gEnkdiments

shown. O her, enbodi nents may have nore or fewer steps.
Begraping may b MsiNePlinct i on ramp has at |east three

steps. More preferably, the step function ranp has at

| east pf byCeribRRBentMUIE a Ringfearag B mpeb einsitiedy efnbndimenﬁs more
ranp has at | east seven steps. Mst preferab

|
gasep afeunmpednArmirplitiad gases pachgthst @pY %?éafflﬁféfsg%% ‘ag}aénped at
g%)%{‘a:t%{??gl’gé]ﬁlb a%,p%rog\(érggﬁter gtothgpeﬁﬁe & Yidg.mc a

using “discrete steps, the
duration of the ranping tlne is defined fromthe end

of t hén fiis smb&timpntt tmetplufpolse of tharagpiog is tet dsabe fegteyg is first

Under such a definiti omt| ne t

SSheh ShbIo TR SRy B8 S FORERART- g Be ramp
SRHEE§RE Lo tH@)haQ@s&e%ﬂ@ftﬁf&@nﬁM aBpe PTHRAE SJonaitiots 1nuch closer to
endpoi'nts are specified. In the exarrple shown in FIG

Bichtshep mayrbe ngedi thar fon bigher dspens vatio. | IFprerAEP e ARRSSE Fatios,

t he n-1inear. 2TaIRY
anerhgney Bl MRbn g RERPoe RS Sffhur BBy RRRE MEiTbns ek
PASRPesR EThRR Wdesﬂ‘o@iﬂﬁ@kéﬂ Mm@ﬁse@&ﬁcfk&ehmﬂvm iil&’nrrcaemped
paranmeters may b e ranped at

preservation of the mask. As the feature becomes deeper, the plasma composition is
ramped up to provide a more aggressive etch to etch the deeper features, but this often
sacrifices selectivity. By ramping the gas, the etch is made more aggressive according
the need specified by the depth of the step. Closely tailoring the aggressiveness to the
etch depth, as provided in a ramp of three or more steps, helps to minimize process
sacrifices such as mask etch. Using an aggressive step through out the entire etch
would erode the mask more quickly, requiring a thicker mask, which would increase

the critical dimensions. In ramping, aggressive etches are only used as needed for the

higher aspect ratios.

10
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separate ranp functions or together at the sane ranp
function. In this enbodi nent, the purpose of the
WO 200p/081333 s that as the feature is first etcheRCT/UR®04/030338
plasna is optimzed for the short feature depth. For
opt i IZG @% 1ts E%r&s@ t%&ﬁcﬁ&ﬁ%w\%%f ﬂ{éesuﬂ?cﬁa!fe 204 with the etch
sele i Vi aspect ratios, conditions nuch
bréISEJIS dfer eh@h aspeap ratmyfeditaretﬁédlas haem dtehred Hirtg Ileg etels paser 208

F | t | t L
%@hﬁ@%@ﬂ%@"ﬁﬁ%@mﬁ SRRer g Pah S a it €77 i
[RAvet it %fﬁ% e?chlﬂ{gocfﬁﬁé fhturd P16 RIQWsHgSe fHf thefeature etch be

overa I reased etch selectivity and increased
03 s’eﬂmﬁvaaé pmssmte tphernm&htthsmwhénaﬁ@ml @y ROssibia frpdllow for a

eeper .pl as sitho ed up to provide
g"?f%f g1a51§, elggl%fe@é ﬁPaﬁSI cr{ucﬁl {1 ﬁ‘l %gigsper f eat ur es,
but this often sacri f| ces selectivity. By ranping t he ]
gas, bhe oetichdvatimdef terigvagon ﬁmvﬁlr%mﬂéﬂi@gh bpect ratio
need specified by the depth of he Sgﬁg x h
eteh vath iinngemagly Meud) weﬁ@g%S%l of |Gt Hn"d’é&“ﬁ jgther

ﬁ] anlta%g thds Qa@ogcmor&tlrr%:m ©r Bin ‘g@%ﬁnﬁk&p@r sé'f%h@ sy 8 tff)om the
process sacri 8s suc mask et ch
prevagy emamrmnebow hecdmaton. olihe ddsere enfor 2 eec{!aetn:ghlav\mhmroﬁle

T A e

(.ﬁm}L o CROSES RSt 16&&!@»%%&%@111% vﬁee&bpas()meg@ﬁubnrofthe
er aspect ratios FIG 2B is a

beﬂmldepaidlmﬂmetcb ProesRs. d¥n advantagenis tha adoyaroduced in

1A D% 5 s SER AL TR MRS 0 B G o

tiopUgbatidne ABEkKstRded hekd) attRhsfitxaliiamp mthmbthta kd omumze
not all) of the mask 2 is renpved duri ng ]% ﬁ? ping

(mﬁultlhle efchamropesticsias onga With a gugi G TaBIPSChMm
b -E 8N §e1@c‘dv‘ thw control,
SRER AT B EF G by YOy R RIS, Bk ETeH SRt
Faion \obhtedl, E@mriol bBthe topsarell Hoetonc€ Dy étclatatalianeé peifideontrol
One of the advant ages, of otéhe) invention is providing a
&@@ﬁ@ablﬁi@tmla&ammawar 1h with a thinner mask,
whi ch provides smaller critical dinensions. Another
advant dat can occur concurrently, or can be
opt i mgg_%%mtfl‘or separately fromthe previous enbodi nent,

is bow reduction. The desire is for a rect an%gl ar &tﬁfch
pr of i ITe anwiketpleef thedaventiogetha spistratdng fiigeh Syosrgest

h £ CD
Foririee bR BeREhagn A8 GP bR EPPRRFINRES
the position of the

Baseline Main Etch

A baseline main etch of the dielectric layer is performed in the above
mentioned Exelan using the following recipe. The process chamber pressure was set
to about 45 millitorr. The 27 MHz RF source provided about 1500 Watts of power to
the lower electrode. The 2 MHz RF source provided about 1500 Watts of power to
the lower electrode. A flow of about 300 sccm Ar, 30 sccm C4F3, and 10 scem O,
forming an etch gas was provided. A helium cooling pressure, to cool the substrate,
was 20 Torr. The lower electrode was maintained at 0° C. The upper electrode was

maintained at 140° C. The baseline etch was carried out for about 250 seconds.
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bow can nove depending on the etch process. An
advantage is that a bow produced in range of |ocations

wWh008/03883 es of recipes is snoothed out rel atiRET/US000030338

produced at single location. As illustrated here, a
benefit of the ranmp is the ability to optim ze
multiple etch properties at once with a single ranp
schene. Exanpl es of ranping optimnm zations that nay be
provi ded by the invention are etch selectivity,
control, striation control, control of the top and

bottom CD etch te ; nd profile control (preferably
form%—Mﬁé&—%ﬁ‘ﬁw L rofile). Exanples In an exanple
of the invention, the substrate is a silicon

subst padg raﬁfﬂ)eceﬁtn?cﬁ'n bidN @bmpi§sed aSfivel steprprodssl ezlth the following
dielectric layer, and the mask is a phot or eS| s[lfle 7

Baipel ilneackksitep, EreqiogeselaalienBreRaTH Vat ¢ (o f i ot
% gﬁtséér%ﬁ lg?c%(r cL a%PfﬁelrSfOBWE% de %o@v@ oatHQIb%ve?%féEtrBEl@d The 2

oW Nng T ecl e process chanbe
RIESREIsEuNB pr&adedlaboaild0d Widitsnifipbiveotorthe Tiveer 2lectvbide RIA

e e o 200 Ml o porer 8 IB L0
yat L g’lngé at%w&er "Bﬂ@%ﬁgé?elle@‘&% WBlsesdifamed a1 40°0w, of about

m an seemform ng an etch gas -
vvas pr OVI ded A helium cooling pressure, to cool the
subst fiah éirstwep aflowW of shouTHE) Jeomehkr, &b s ey, a6 scom O

mai nt ai ned. at I j

fqrming an eteh ga%‘é@%mowéie ey @ﬁ eaﬁg &5 ; { | e%ng%tﬁ t,'f‘%ir 56 gé&ﬁgis. Ina

gé&)nﬁ%f‘eﬁ%@%w @ﬁﬁbcfu% bodRevem A€3H sddrh 0, atid Asddnt Ob foaming an

test main etch rlsedaflve ste proceSf. (51

ktohl gawivag Praa@dqdefm waeisswhish Py eﬁrcaea% Hadhid Siep o
ess t

gﬂ;) %aé)a T\Q%) Ts%xOZ@\g%c Sbgl'g, é]rgd\r,% ?CI?EO%ﬁ)rll}{h%g V\AE; et hs Yas

%ﬁ(ﬁi&é@%@ 70 I&'@n?s Mtﬂﬁa ﬂ&lErtIS St arﬁlowmﬁagdm(ﬂ:@tsggm Ar508 scem CqFg,

S 0 wer to ower el ectro
@od B sagnﬁgefggnmé ant@&? 1 £3S Ve H’@Vgﬁéﬁfr(g} s@"%};&g ‘ﬁg%&fﬁ’“‘hd
Thg%cinofvefn aehﬁﬁts{e? d8100PSE dﬁ%htnjo@' se&sl Aﬁi 3@sdem EhE, 4RPE0 sccm O,

yde was mat nt al ne Inafirst step a
febeming fan @tebigas Wad pmin&rfoxséﬁbﬂwmdﬁ hish erevidadhasgoars -

f%é’t%? gresg@%{a?qulrp thr-elz-g 8onflporn%}1t gasgsp are 1nd1v1aﬁgliye1gn%gd up.

FIG. 7 is a graph of the photoresist selectivity for the baseline main etch 704
and the first ramp etch 708. As can be seen from the graph, the initial selectivity of
the first ramp etch is much greater than the selectivity of the baseline main etch. Near
the end of the process the ramping of the first ramp etch causes the selectivity of the
first ramp etch to be about the same as the selectivity of the base line etch.. Overall,
much less photoresist is removed during the first ramp etch than the baseline main
etch. Therefore the first ramp etch may use a much thinner photoresist mask, which

improves the critical dimensions of the feature.

Table 1

Bow width | Depth (um) | Aspectratio | Process time (s)

12



second step a flow of about 200 seem Ar, 19 seem and 7
seem form ng an etch gas was provided for 150 seconds,
wokiosi3ssdvi ded coupon . In a third step a fl oRCD1S2004/030338

about 220 seem Ar, 21 seemand 7 seem O form ng an
etch—gas—was proyided for 70 sSecondS.[ I'n a fourthjstep
Batdlow pf @B6Ut 250 3é2m Ar, 2B5.6eem|and 82¥kem |
form ng|an etch gas _was priovided for |60 seconds, which
provi ded c on 2. ifth p a|flow about| 300
§%’@?ﬂnir 30'%%em andfgge f or mﬁng an let ch %’(gos was
provi-dedfor40-geconds—whi-ch—proviged—coupon—
Eb@@@o e, (tdie fllow sases pf a77x hrge conpifhent dgases
are indjvidually|ranped upj FIG 7 ig a graph of the
—photor €si St sel egtivity fof th aseljl ne etch 704
&adpaRe | fi P27 rarrp eddh 70B. Aig'gan be segﬁ&?r om tjhe
graph, the initidal selectivity of thd first ramp €tch

i's e ﬁﬁﬁ'ﬂ)ﬂﬂhe base
5 PYSe ARk Epo bR AE gathoghlt b, ok be-sase

nlmline egh anarm cbffe:’amcmngm dfttlee Sest wonp a/cch yTltﬁr b(tvméfldﬂl Of the

f he ab h
b%?ﬁ%q ﬁ%rr%c i t2|§2 nyggogt c}'ﬁ]tq é)to\ézte%ﬁﬂl g? %0 ous stages of the first

&Exg& @E}? 8118ds thah 0. 25¥RGord UThd WptghofsriBat theafiat @t@remm an

aseline main etch. Therefore the first ramp e
payides e daepeneteh dhpthn énabtgrtcﬂlm s tharaladirsiygmprstch prov1 esa

roves .the cri tlcal NS Kt he feature. Table
%@EWSW%E 15 Fedpeidy nﬂ%%émt% iio Process tinme (s)
12Baseline 0.257 3.12 15.6 250 couponl None 2.58 12.9
200 coupon2 0.21 3.55 17.75 33@ble@oupon3d 0.217 3.72
18.6 360 Table 1 shows the bow wi dth, depth, aspect
+att+o—and—process—tine—for—the base mai nfine erch and
t he diff er Guilk e@upnigedpr di¢tedf i|r st Accumprlaied selechvey bow
wi dth of [the baseline main etch is 0.257 micron. The
bow w dth of the various stageg of the fi gt ranp etc
i PApLWE tlhan 0.257 nmicron. The dept h shows that the

first ranp et ch nrn\ll des-a deur_ar et-eh dcpth Fable—3%

alcggp(ﬁhows t hat theg.lfll rst ranp |etch provi d2s a hi gher
aspect ratio with reduced consynpti on of mask.

=

coupon2 0.19 27

coupon3 0.23 22

Table 2 shows the bulk accumulated photoresist etched and accumulated

selectivity for the baseline etch and each coupon at various stages of the ramped etch.

FIG. 10A is a photomicrograph of a cross section of a feature 1004 after the
second step of the first ramp etch. The high selectivity of the first and second steps
provides a large photoresist thickness 1008. FIG. 10Bisa photomicrograph of the
cross section of the feature 1004 after the fourth step of the first ramp etch. The third
and fourth etch steps allow etching to a higher aspect ratio, as shown and are closer to
the selectivity of the baseline. FIG. 10C is a photomicrograph of the cross section of
the feature 1004 after the fifth step of the first ramp etch. The fifth step allows

etching to a higher aspect ratio, as shown, and its selectivity is now similar to that of
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Tabl e 2 Bul k accunul ated pr etched Accunul at ed

sel ectivity baseline 16 couponl 0.11 52 coupon2 0.19
wQ@7Z00608m88"3 0. 23 22 Table 2 shows the bul k acceemiUsioe4030338

photoresi st etched and accunul ated selectivity for the
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usi t he. baseline nain etch. The feature 101 or me
%fﬂ&’f e Trssr@mprRichhio) Qbtaip aegner frgture thap cap bagbiaigd using the
8 ' h
RS Tl onPASOMADELARL SRRt R
et orask tladieesy fmmatdh@eb atblusing themiampétge [Thepeding etch may also
the feature 1004 fornmed fromthe

?)h ?ergre?ﬁ%@ﬁ‘wgn %.n%ul d only increasingly worsen

had it been etched to the depth of the ranped etch. In

addi FIGN9A ﬁshaepﬁdimi@a@gsﬁﬂpéfatd}sssmeamr&?ai fehturseil aftkl Ehe
the fifth etch step is gﬁer than the thickness of

SROE AP o dag st Wﬁ@ﬂ@t%h sk atten Bhephgtoresins hanbasnsiripped from the
UGSt IigégbBtﬁ@ Pﬁ@t 5%19%5% gro?%?e% 1ﬂ8f @{g f? (b 04 der the

not™ as deep as step
déurthheterf off the first mpmp E‘mh aft&'htlhs ph@:dfedmﬁlheis@&éﬁsthbpéﬁﬁdﬁm the
np etch to obtain

g@@ﬁ?@: ‘@@Z?fa‘?éé’ P %ﬁmicgﬁgrfs@[ e Bt aP gt th deasare Ahtter the
M5B F A kRl DR ALy (ROPRARSR S SHas BBSHKstriSERAMRR hy
coupon. FIG.9Disa photomlcrograph of a cross section of a feature 916 etched
using the baseline main etch after the photoresist has been stripped. The removal of
the photoresist helps to better illustrate the improved profile provided by the

invention.

Second Ramp Test Main Etch

A second ramp test main etch comprised a three step process with the
following recipe. The 27 MHz RF source provided about 1500 Watts of power to the
lower electrode. The 2 MHz RF source provided about 1500 Watts of power to the

lower electrode. A helium cooling pressure, to cool the substrate was 20 Torr. The
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same mask thickness for a deeper etch using the
rampi ng. The baseline etch may al so be showing a self

wo povso3rsgs ef fect. FIG 9A is a phot om crographP@f/Us2004/030338
cross section of a feature 904 after the second step

gf{rpé \gas Iin?' F%n} hat a0, @b ke Eﬁlétﬁﬁgﬂj‘é?%&gﬁé% MA&ftained at

€ coupon.

pj;mt(g)m crograph of the cross section of the feature
904 after the fourth step of the first ranp etch after

F1 G, P51 815 Ssn b S greh ShcHe &S COu R g g O
%c{?%hlfi%?t% tgﬁ A %ﬁgr‘)@iﬁed he frbédsh cﬁirﬁlﬁér Pheskine of B U&thl&mT he

ot oresi st has been strlpﬁed from
Giest ptep wdélo@me@lbut for dSQ) esoods. dn@gsﬁqmﬁi 9P atlewes @bout 555 seem

sec |on hed
R R
Eﬂ?worPfThfe REoRAQHep S pkdvideal fp5 1®(Dsebsﬁdse Mn lalthludtst@taeﬂow of

e i nproved profile provided by the |nvent|on ond
Racnm 3p8stonvidirn’ (Fcem Oy &e@éﬁoﬁc‘ﬂarﬁﬁ foeging 4R HehegaS % process

ised a t
R T e T e
of apaves coapdreat gaawafndaihembexqﬂessufeme ndizidusy reouredarp.
provi ded about 1500 Watts of power to the | ower

I
gugg: [Ié? g @ggahé'gtel&rgnyc?o%%ﬁ%%ffgr&sﬁ%gt&n lic %%16 1 fb-°4 etched using
msu nt Shd Fagn sﬁQ&lHtetcg ﬁter?ﬁk%ﬂé%@ﬁst@ﬂa@ﬁ&dr@ﬁpp@as FIG. 11Bisa

at 140 C. 1n a first step a fl ow of about
%%to&ﬁemgﬁaphsaédm @om sectivnafil® featurd hig oaiched apingahe Raseline

es nber,

S e 95T BRI, PECAALLE BTl ore ittt o
%%ﬁ&ni@llu%faﬁP 1 ifpRWe@bralopiovaRA byeksinAentid?b Breeatacpadetvh
seemformng an etch gas at a process chanber pressure
gfroviBedriTy the, send reimp sastmainegiclgnay gls 83’? ded - for 100
seconds. In athird step a flow of about 330 seem Ar,

30 se

CPancBTV BN, PEFT LR AR SRD Bapngeainigogeo e ovrsl
senidisy, biheimeflowe, fldvhetds thay hedtlee aifility|tp comgerts photoresist at the
conmponent gases and chanber .pr r

Ry CRRCIeoHEEss B RGBT SgPaphbpy ROdrghghiies the

Cross

SEELARR Bhphhe p?@xﬁ&'é’s%aﬂr%eﬁ&fe?ﬁﬁb&ﬁ iwWAdkh, as the bow is smoothed out

as its position is changed with the changing plasma conditions.

These examples provided ramping from during a significant portion of the
process. In these examples, the duration of the ramping time is defined from the end
of the first step to the beginning of the last step. Under such a definition, the first
ramp test main etch would have ramping for a duration of about 150+70+60=280
seconds of the total 370 second etch process. The second ramp test main etches each
would have a ramp for a duration of 100 seconds under the above definition. It is
preferred that the ramping have a duration of at least 30 seconds. Itis more preferred
that the ramping have a duration of at least 100 seconds. It is most preferred that the
ramping have a duration of at least 200 seconds. Fora continuous ramp, the ramping

time is from the beginning to the end of the continuous ramp.
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the second ranp test main etch, after the photoresist
has been stripped. FIG 1 B is a photom crograph of

W b@s508183% section of the feature 1116 et ched BPGI/NfRIDHE30338

baseline etch after the photoresi.st has been stri pped.

The [ﬁ?&@?\ﬂ?el etdg‘ﬁmﬂglq Pfs??%iélfrem%oﬁ 1828 A5t @rS microns are

i1lustrate ove e provi ded by
e:taheﬁlrttmmg theTxrampﬂx@ ri\aﬁoreeprefarqu\at ldesd lhymtdmes ezre @tﬂhdd duaripg

: eSt nﬁgr?flﬁj){pg% a%aggrp&c%s ﬁeﬂ%é?iufmﬁ?‘%@%ﬁ% f};orrsﬂtle first
%\i‘gf t@ﬁtl maﬁﬁ QAL fh¥ ridpinBYcblRs Beidg@rseédr@Wolrahes70 f2bnd

e ability to coRserve photoresist at the
begiiomofthe bighu %mqfcbrestbe egurieg edoves fonAdl/ 37@11%6%,6@ the etch

I th
SR TRl bR AT AL BB 8% o
M&e pefdriisly pas kdﬂqﬁﬁ%_b&tﬁilﬂ)ﬂ geldast3 0% dfhike @Llilﬁilﬁlgnm)@the etch.
| asma condi ti ons hese exanpl es provi ded r.anp

tprgferabiyy the engnng pecairt fowrl?aSbﬁO"gfof theeliprger §§ Hlel gfch.

t hese exanples, the duration of the ranping tine is

def | fﬁéjm@grﬁmn% E gp}?{h(;ibgffblt 465 t %RJ éﬁreﬁgteﬁcﬁﬁgﬁ But not limited to

begi nni ng ast’ step. der suc I nition,
héveerf1i98 :im f@m thatsire mareeastly bichwal bcdtliaameraeaﬁqb sedgcth@TD’ igof an

duration o t 50+ 70+60=280 sec
i el SR praBL s r?é%%??aqqﬂ Plo bty e same

fahE3eRREDwWHRM &hM@ R cfoﬁé‘ﬁfltﬁl%wl@er%ﬁi@é | @Bn@hrsely, the
seconds under the above definition. It is preferred

telnagting nakq:sadwppm@tm possitde faai ghrenaesigtthickzess, dadbhds.

BRSPS RS ol o e

bRIRAIG chai i el kahp QNdberdlepihe astead 00 eﬁ;&ﬁﬁﬁdﬁmg:@fth a
continuous rarnp, the ramping time is fromt

Bidtarem ipageters tesee dhielt set pEpateRetFisald ﬂ}@ad@élreg 5t5hispth and
ve definition, it is preferred that at | east

g%gﬂﬁ%% 5 microns are etched during the ranping. Mre

preferably, at least 1 mcrons are etched during

r arrplmg&eﬂ\&mltodmneﬁte ofithleyinveation Smstchlaydrcraynke acenductive layer

hed during ra For the first ranp test main
S%ﬁ%?@Pé%ﬁ? aﬁﬂﬁ’urs during 280 seconds of the 370
second duration of the etch. ,Therefore, the ranping

occur syRiRy thR8R¢hidn Hadb&h debtﬁlb@& ahtedltls 8 de0Bral preferred

Preferably, the ranping occurs for at |east 10%of the
dwbadinpmtsothetehare eltetationdy pernpitasions, #Bfl yariquses H’ﬁﬁtﬂ‘n@qmvalents

0 | east Y.
Gt SRty Shhey S8 B OE 45 SA B0 B ol BhCgre are
efanl Gt vd Ways effimfpheneitiaf the methods and apparatuses of the present

invention. It is therefore intended that the following appended claims be interpreted
as including all such alterations, permutations, and various substitute equivalents as

fall within the true spirit and scope of the present invention.
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The invention is applicable for any type of resist,
including but not limted to newer 193 n resists that

wae@soerses easi |y etched, so that increased sel BCT/US2004030338

is of an even greater value. Wth ranping, thinner
resists can be used to achieve the sanme feature depth
as woul d otherwi se be done with thicker resists.
Conversely, the ranpi ng makes deeper etches possible
for a given resist thickness, by the conservation of
mask. In addition, if a deeper etch is required, this
can be achieved by sinply continuing the ranp to
deeper depths instead of experinenting with different

Vaewirelaimed iso see which set of paraneters yield the

esired etch.depth and selectivity. |n other

o odiaind i SRhe et Bramekdt hven e e magk over g
GaRENEt donorlsAer such as a silicon or netal layer. )
While this invention has been described in ternms of

several preferred enbodiments, there are alterations,
per muplting asubgiite ipariretess ehpherz ut e equi val ent s,
which fall within the scope of this invention. It

shoul hékinghoech

vays IR B btm e DR G O OBl ooma
béEnproesent i nvention. It is therefore intended that

the foll owi ng appended cl ains be interpreted as

i ncl udi al] such alteration ernut ati ons, and
varioE@Hgﬁﬁg%ﬂW@ﬂgﬂ@ﬁﬁﬁb@V%ﬁY @g$P%ﬁP?hin the true
spirit and scope of the present invention. 1l6What is

cl ai Megnpifg at leddt BB &66 plaha phighicte durfn@ahelEhing odthe feature to
etch | ayer throu%h a nmask over a substrate,

eptpize Plasga neraaestery taths ghanging wclh depthgng etding With s ramped
L d cess chanber,

%g%%i%}&%ﬁg&gﬁ%g&pﬁg@ﬁa%%g%tﬁgategﬂgtch; etching a

feature in the etch layer with the etch plasm

ranpi ng at | east one etch plasma paraneter during the

etching of the feature to optim ze plasnma paraneters

E.o t h%hg rr}l%ﬂ%id,ngs r%gi%e% ig% a'irrr} l?nw er%tir(i t | ¢! rnvl\ofiirtlghott alﬁee{s? (%)ee&ch
plasma parameter during the etching of the feature to optimize the plasma parameters
is selected from at least one of providing a ramp that increases etch aggressiveness
with respect to etch stop to increase feature depth, providing a ramp that increases
etch aggressiveness with respect to tapered profile, providing a ramp that increases
overall selectivity to the mask by ramping from recipe with higher mask selectivity to
lower selectivity, providing a ramp that moves bow location to decrease overall

bowing, and providing a ramp that reduces overall striations.

3. The method, as recited in any of claims 1 to 2, wherein the etch layeris a

single layer.

4, The method, as recited in claim 3, wherein the single layer is a uniform layer.
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plasma until the feature is etched to a feature depth.
2. The nmethod, as recited in claim, wherein the

wo a00pi0su33Df at | east one etch pl asma par anet er PAUB2994/030338

the etching of the feature to optim ze the plasna
paraneters is selected fromat |east one of providing

a ranp that increases etch aggressiveness with respect
to etch stop to increase feature depth , providing a
y.anp Theaneihndsasasatdén ey efgdrizes] Wehesiervintthe rasgjpeg pccurs

to t d. di t hat
it IR ol el (B PHECHE by Tanping 11om reci pe

wi th higher mask selectivity to | ower selectivity,
providing a ranp that noves bow | ocation to decrease
overal | bow ng, and providing a ranp that reduces
overall striations. The_ net hod, as remtgd in.an

&f cl Bhqu@etiwfloaszec%ﬁéla aprefolaims Lip P-ayfasreinghe rampige Bocurs
0 Qdura8s d&agpin claim3, wherein

(%\%)l%gﬁatnegﬂégl ay/g?{lﬂs uraun??ormf‘ayer. 175. The net hod,

as recited in any of clains 1 to 4, wherein the

ranpi ng occurs over a tinme period of greater than 30

seconds. 6. The nethod, as recited in any of clains 1

o? t5 h"le“l\al\%%]re@[ q a:ishrgcfl ? %?C c‘i%%jﬁ‘ ]I. vg r ]Tgl ttﬁé rgxgﬁlﬁg ?sce)a/ fon-

]hﬁbaafbyn@ﬁgcl ains 1 to 6, wherein the rarrpl ng is a non

| i near ranping. 8 The nethod, as recited in any of
claims 1 to 7, wherein the etch | ayer is a dielectric
layer. 9. The nmethod, as recited in any of clains 1 to
8, wherein the ranping provides a ranping that

g.ner e?ﬁ@ﬁleﬁioﬁhasa@afeﬁﬁﬁ b¥eHed ginth | o 765R&6Hn the eﬁ:11QE5/er is a
stop. 10. The nethod, as recited in any of claimns to
dicleptmerlayan. t he ranpi ng decreases etch selectivity

bet ween the etch | ayer and the nask. A sem conductor
chip formed by trie method of any of clains 1 to . 12.
An apparatus for performng the nethod of any of

clains 1 to . 13. An apparatus for etching a feature
9N anTEtt otdody &y retiteddtghy of ¢ragks dveB, whdr8subs rampiag provides a

conpri

ramping t at 1gncreases etch aggressiveness with respect to etch stop.

10.  The method, as recited in any of claims 1 to 9, wherein the ramping decreases

etch selectivity between the etch layer and the mask.
11. A semiconductor chip formed by the method of any of claims 1 to 10.
12.  An apparatus for performing the method of any of claims 1 to 10.

13.  Anapparatus for etching a feature irx an etch layer through a mask over a
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a plasma processing chanber, conprising: a chanber
wall form ng a plasma processing chanber encl osure; a

wWGQaipss®mB® support fdr supporting a substrate BT/O52004/030338

the plasma processi ng chanber encl osure; a pressure

rﬁﬂH&ﬁ&QﬁnﬁQsi egul ating the pressure in the plasma
processing c aftber encl osure; at |east one el ectrode

for providing power to the plasma processi ng chanber
encl osauplesthaprsestiag changbed, @ingsisiig:a gas inlet for
providing gas into the plasma processi ng chanber

encl osure; and as tlet for exhausting gas from
the plasma %&@8@’?8 |%P%ﬁ[é‘}?§e?&é§fe? Bg{gpggngaclgg@egw%sgre;
in fluid connection with the gas inlet, a controller

control | ablysubstieGupgort Goruph&aag aQiSstite WHBInIBSplasma
source the at | east one electrode, the pressure

rREGeASSpg chambrs egelospit et , and the gas outl et
conprising: at |east one processor; and conputer

readabl e medi@e GO RLNG; ode f or
ranpi ng at | eagéstu o%%ﬁ@%nﬂi%ﬁré};ﬁ%fﬁ%glﬁeﬁ?%?g ﬁPfgﬁg‘s%e
arredessigg ohanlez chaaturee t o optim ze pl asnma paraneters
according to etch depth and etching with the ranped

lasma until] .the feature is etched to a featyre depth.
1. A met ot [FBOr Qe HEledOr Biaviiies powshio Soasmag Biocessing
tohambehenelosBe oM BtaifingUDsihdAd, €, conpri sing: 19pl aci ng
the substrate in a process chanber; providing a first
etch plasma conposition to the process chanber,
wher ei n t hét §35iet Ergrovifingraas svahssnlasnanpiosesising chamher
anfBatir 4 n the etch layer; providing a second etch

pl asma conposition, wherein the second etch plasm
conmposition continues to etch the feature in the etch

| ayer; and a gas outlet for exhausting gas from the plasma processing chamber

enclosure;
a gas source in fluid connection with the gas inlet,

a controller controllably connected to at least one of the gas source the at least

one electrode, the pressure regulator, the gas inlet, and the gas outlet, comprising:
at least one processor; and
computer readable media, comprising:

computer readable code for ramping at least one etch plasma
parameter during the etching of the feature to optimize plasma parameters according

to etch depth and etching with the ramped plasma until the feature is etched to a
feature depth.

14. A method for etching a feature in an etch layer through a mask over a

substrate, comprising:
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providing a third etch plasma conposition, wherein the
third etch plasm conposition continues to etch the

wo e@s0883i n the etch |ayer, wherein the third BCTNS2004/030338

pl asma conposition nore aggressive with respect to

et Chg@%&ﬁ%%ﬁé‘ﬁh&gﬁtﬁﬁﬁ%eﬁ&ﬁlrmeﬂsrm conposi tion and

the second etc asma conposi tion nore aggressive
with respect to etch stop than the first etch plasma
conpogiovidomg a firstretchmpadnoaicorapositie todle precess ghambers, wherein the

erein the first.etch pla IS nore, selective than
%Eetgléelﬁﬂ@aé‘tomoﬁ}ué@%ﬁggﬁ 8?0.?{%5%%%9 heé?tgﬁ‘faar Fasma is
nore selective than the third etch plasma. 20
providing a second etch plasma composition, wherein the second etch plasma

composition continues to etch the feature in the etch layer; and

providing a third etch plasma composition, wherein the third etch plasma
composition continues to etch the feature in the etch layer, wherein the third etch
plasma composition more aggressive with respect to etch stop than the second etch
plasma composition and the second etch plasma composition more aggressive with

respect to etch stop than the first etch plasma composition.

15. The method, as recited in claim 14, wherein the first etch plasma is more
selective than the second etch plasma and the second etch plasma is more selective

than the third etch plasma.

20



