LI NE EDGE ROUGHNESS REDUCTI ON FOR TRENCH ETCH BACKGROUND OF THE | NVENTI ON
1. Field of the Invention 5 The invention relates to a nethod providing

i nproved |ine edge for a trench etch for Single and Dual r Danmascene net al
“integration. 2. Description of the related art The present invention
relates to the formati on of sem conductor -devices. During sem conductor

waf er processi ] | re.defined in

t he wafer usi nym@ﬁﬁoﬁQWﬁ@QWﬁﬁﬁﬁmgiﬁcﬁ t hese
processes, a photoresist (PR) material is deposited on the wafer and then
is exposed to light filtered by a retlcle The reticle is generally a
glass plate that is patteBASKGROWNI® (S o N ViEdAit Oy geonetries that block
| i ght from propagati ng through the reticle. After passi ng through the
reticle, the Ilgt tagt surface of the 15 photoresist material. The
li ght changes the c!:cegﬁ\ ?&ﬁ%‘?@%ltlon of the photoresist material such

that a devel oper_can repove a portion of the photoresjst material. In. the
case of’ positi veTl%’@f’%‘?té%’l 1glategde ameshad PTPWQ“@X‘HH%@@‘ME’&F&% forastrensheicbdor

and in thedg ﬁ@% qu{a c%n@ﬂa%ﬁa?rzrﬁé terials, the unexposed regi ons
erea

are renove I'sTetched to renove the underlying

mat eri al fromtrk]ﬁ as Ihat o] Ionger protected by the photoresi st
material, and t %crggppﬁg"thqulﬁggqrp features in the wafer. Various
gener atlons of photoresist are known. Deep ultra violet (DU) . photoresi st

i s exposed by 24§wrw=ferngmvenwliemﬁtpmﬁ@nnmgﬁsamwgucw devipss.i s a
schemati c cross-sectional view of a |layer 108 over a substrate 104, with a

patterned 25 ph I~ | i nQg)
150" over the | ayRioiistitiElor bfer Rl taltocy B I RN aFARE DY)
pat t eryp hasredefinediis de wafseusn®well&apwn patierangengd didhiidiproceged Iﬁil(ﬁese)f t he
smal | est feature. Present| for 248 nm phot or esi st a tygl cal CD for the

phot or esi sPrepeysasea pladoresist (PR) mpserind icdanpaitnd anthe vifgaaddhen 1s exposed to
light filtered by a reticle. The reticle is generally a glass plate that is patterned with

exemplary feature geometries that block light from propagating through the reticle.

After passing through the reticle, the light contacts the surface of the
15  photoresist material. The light changes the chemical composition of the photoresist
material such that a developer can remove a portion of the photoresist material. In the
case of positive photoresist materials, the exposed regions are removed, and in the
case of negative photoresist materials, the unexposed regions are removed.
Thereafter, the wafer is etched to remove the underlying material from the areas that '
20 are no longer protected by the photoresist materia_L and thereby define the desired

features in the wafer.

Various generatioﬁs of photoresist are known. Deep ultra violet (DUV)
photoresist is exposed by 248 nm light. To faciﬁtate understanding, FIG. 1A is a
schematic cross-sectional view of a layer 108 over a substrate 104, with a patterned
25  photoresist layer 112, over an ARC (Anti-reflective coating) 110 over the layer 108to
be etched forming a stack 100. The photoresist pattern has a critical dimension (CD),
which may be the width 116 of the smallest feature. Presently, for 248 nm photoresist

a typical CD for the photoresist may be 230-250 nm using conventional processes;



| Due to optical properties dependent on wavel ength, photoresist exposed by
| onger wavel ength light has larger theoretical mniml critical

di rensions. A trench 120 nay then be etched through the photoresi st
pattern, as shown in FIG | B. In order to provide features-with smaller
CD, features forned using shorter 5 wavelength light are being pursued.

193 nm phot piesé optitdl peoiReseticpyndedd oh Waveleapth, phbfbréigst RRPSR Hilbriger et i cl es

and ot her technology, a 90-100 nm CD photoresi st pattern nmay be forned,
usi ng 193 nmwaptlengthdight has harges theomtitabminikkcritisalplimengienss feature with a
CD of 90-100 rim The use of shorter wavel engt h phot or esi sts may. provide

addi tional probl ver resi e el e
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equi pnment. Presently 193 rim photoresist may not have selectivities as

hi gh as5 | ongeveleagtbllightyars behngt prasids 1193 mxdphtﬁqnemmeemccﬂ by d83 omntightnder
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cont act . SMR\CK)}BWBEOIOI‘MENTI ON 20 To achi eve the foreg0| ng and. i.n

accordance with the purpose of ‘the present invention, a nmethod for etching
atrench to atr ch de h I n eqlelec ric |ayer over substrate is

provi ded. An ARC IQH%W@Y enggh phoiprssists Taay prgxide a deH RBPREMSt nask
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is etched t Atrenc etc _ ectric layer wmth a 25
dielectric Iﬁ;mtp]whﬂmgﬂaphy apparhtus shewdtl ibw indoye bﬁcme,emlnﬂ:h Woaldirequite miore anot her
mani f est ati on of, t[‘& i nvention a nefhod for :etching a trench to a

expensive lithography equipment. Presently 193 nm p otore51st may not have

selectivities as high as longer wavelength photoresists and may more easily deform

under plasma etch conditions.

15 In the formation of single and dual damascene structures, a wide trench is
etched partially or fully through the dielectric (an M1 etch) to form connecting lines.

A narrower via is subsequently etched completely through a dielectric layer to form a

contact,

SUMMARY OF THE INVENTION

- 20 | To achieve the foregoing and in dccordance with the purpose of the
present invention, a method for etching a trench to a trench depth in a dielectric layer
over a substrate is provided. An ARC is applied over the dielectric layer., A
photoresist mask is formed on the ARC, where the photoresist mask has a thickness.
The ARC is etched through. A trench is etched into the dielectric layer with a
25  dielectric to photoresist etch selectivity between 1:1 and 2:1.

In another manifestation of the invention a method for etching atrench to a
trench depth in a dielectric layer over a substrate is provided. An ARC is applied on
the dielectric layer. A sensitive photoresist mask is formed on the ARC, with a



trench depth in a dielectric |layer over a substrate is provided. An ARCis
applied on the dielectric layer. A sensitive photoresist mask is fornmed on
.the ARC, with a 2 thickness between about 2000 A and 4000 A. The ARC is

“etched through. Atrench is etched into the dielectric layer with a clean

etch. In anﬂnbmiesmat\mataabumwwah@mwm%em158&91%%& ghOl ﬁé '“9 a
feature in a dielectric |layer is provided. A plasm proceSS| ng c

provi ded. ﬂﬁeetﬁh%émglerﬂi@]@@g@ll%@rm@rﬂﬂcmm@rl ses a chanmber wal | form ng
a plasma processing chanber enclosure, a substrate support for supporting

a substrate wthi Ias roc chanber en sur ressure
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substrate support, a heater connected

el ect r odle, m‘cg"asemgwlmnbex composesh chpnies viall tfmltlhg a@l@ﬁt@r@d&&@@@%hﬁkﬂb&hanber
encl osur e, gas out | et for _exhausting gt@s fromthe plasma processing
&u
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A controll %dﬁb&%ﬂ&h@ﬁr‘e%’bb&ss&@ hi60rot geﬁﬁ au%ng"ﬁ?e pr%gk?\& g3 _source

the' el ectrode, the heater, the pr sure r H8and the

gas outl et _ProBessimschaarter emﬂexuré et et do placb®oposie flon éhtﬁéjiab&i\ajy&@‘ﬂ be
descri bed ﬁrarrﬁo e Jdetails belowin the detaile description of the
i nvention HetupsATtyi beatenfonneced tovihaigleetreder fos heatingRiie DESCRI PTI ON

OF TH h t rat ed d
ot by Caay S st g 3L bV B b tht bSHh B see N B R nge
and in whi cahdlagasm]feEfc&mhausmug%hﬁﬁ‘énf tBE Blaskn@ pPod¥hdins cRinstER Rhélodid, ian

which: FIG's | A and B are cross sectional views of a trench etched into a

di el ect ri c BASSpBEce AL WY r?@ntl%?ttonémthﬂprga&nﬂet A @nipliesisgoptrollaldpart of a
process usgdnhBoted PN BROLS fle dal SodrDY B2 2Bode, the heater, the pressure

regulator, the gas inlet, and the gas outlet.

15 These and other features of the present invention will be described in more

details below in the detailed description of the invention and in conjunction with the

following figures. -

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and not by way of
20  limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:

FIG.’s 1A and B are cross sectional views of a trench etched intd a dieleptxic

layer according to the prior art.
FIG. 2 is a flow chart of a process used in an embodiment of the invention.

25 FIG.’s 3A-3C are cross-sectional views of a trench etched according to an

embodiment of the invention.

FIG.’s 4A-B are schematic illustrations of top views of etched trenches.



25 FIG's 3A-3C are cross-sectional views of a trench etched according to
an enbodi nent of the invention. FIG's 4A-B are schematic illustrations of
top views of etched trenches. 3 FIG 5 is a schematic view of a process
chanber that may be used in a preferred enbodi nent of the invention.
FIG'S 6A and 6B illustrate a conputer system which is suitable for

i pl ement i ng a cHHGr 81k erschandtig Widw B PESGRICRAINGR thit MkFEbPRER BERRED

EMBODI MENTS T&ws né. iqnq\{eghi on wi.ll now be described in detail with

ref erence tRJ€ m‘ép FREY QYU REER®Nt s thereof as illustrated in the
acconpanying drawings. In the follow ng description, nunerous specific

details are set t-Q 4 QWAL r . di ng of the
Fasta G I8 filsard a%\shﬁﬁgem&é}ﬁ, QAR ,ya%iagekl g

present invention. It w e apparent, er, to one led in the
art, that tihgpleoneating aicontrolléron nmay be practiced wi thout some or all of

these specific details. In other instances, well known process steps and/or

structures haii EEE Eﬁeg' de 2tail in order to not unnecessarily
obscur @ the pr : HERS BODIME]

formng a trench in a dielectric according 15 to the invention. An ARC
(Anti-Reflecti VeTﬂ‘_Q%&éﬁﬁf) invEntl A WEho¥ b Ad AL Eb&Ln defail %ﬁﬁ Fefe:@:ﬁéeetg ey - G
BAis an illustration of a cross-sectional view of a dielectric |ayer 308
over a subgrefatred 3iMbodimenfGhS@ddS dssliystratedde thecavcbhpaning daiwings. lagier 308,
as shown. The ARC 310 may be .an organi c or. inorganic ARC. The dielectric

| ayer is afoy?‘ﬁﬁ’c&\d%ﬁcé‘ﬁ’gegﬂ‘@’q’%ﬂﬁeﬁp, cifif dgfaile aresebiipgth ig oreeg depwvideanch i s

french photyaph FnEliinging h heWterh Siathip HTH JEGDPue) Bbppier 630" 1 V@
sensi tove skidtledlinphotry thai the prassit insentioh midy beasrkictided withotefwnd ichll of

enbodi ment, the thin sensitive french photoresist nmask i s between 2000 A
and 4000 Athesg sgesificdetails. 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.

FIG. 2 is a flow chart éf a process of forming a trench in a dielectric according
15 to the invention. An ARC (Anti-Reflective Coating) is formed on a dielectric layer
(step 204). FIG. 3A is an illustration of a cross-sectional view of a dielectric layer
308 over a substrate 304. An ARC 310 is provided on the dielectric layer 308, as
shown. The ARC 310 may be an organic or inorganic ARC. The dielectric layer is a
trench dielectric layer, in which a dual damasbene tren;:h is etc]ie-d.‘ Such a dielectric

20  layeris not a hard mask layer.

A sensitive trench photoresist mask 312 is formed on the ARC 310 {step 208).
A sensitive trench photoresist mask is a thin mask. In a preferred embodiment, the
thin sensitive trench photoresist mask is between 2000 A and 4000 A. Tn a more
préferred embodiment, the thin sensitive trench photoresist mask is between 2500 A
235 and 3000 A. Sensitive photoresist materials are materials that are easily etched. Thin
193 nm photoresist and newer generation photoresist are considered sensitive
photoresist materials. The trench pattern 314 has a width 316, as indicated. The
photoresist has a thickness 318, as indicated. A sensitive trench photoresist mask

provides such a thin mask of sensitive photoresist material, that without some added
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preferred enbodi nent, the thin sensitive trench photoresi st nmask'is between

2500 A 25 and 3000 A Sensitive photoresist materials are nmaterials that

areeasil yetched. Thin 193 nm photoresi st and newer generation photoresi st
“are considered sensitive photoresist materials. The trench pattern 314 has

a wdth 31 has t hi

i ndi cat ed. Otggﬁlg :ﬂﬁ ngk?%%tcE%%P$8%€§%§¥ ﬁwglp(smﬁ,taqﬂcﬁgg @Eﬁ?ﬁ Hiag | n mask
of sen5|t|\befqi&qhermlchﬁsmh@anhedésma dépthhout sone added 4 protection the
trench etch would etch away the sensitive trench photoresist mask before
the trench is etched to the desired depth. The ARC 310 is opened (step
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etch, heavy polyner formng gases make up less than 5% of the etchant gas,
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with siml amlymmzammmpmcass ﬂlhmgm cdﬁﬁnnigammsar CzExamaopﬁmplfe gaheSthegases

I ncl uq% CAFE8 f ng Cﬁ of h sat gf:at ed, hydrocar bon 15 nol ecul es |i ke
CH2F2i prefeaseg el Hﬂﬁ?‘%fl’é*a' p AT B e AsRIincale FOMBARARt Eoey hegause of mi ng
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the ratio of fluorine to polynmer tormng ¢ ess east
3:1. In theoulst bé gmmdmﬁnhhlghne]wclodf Gdrbon wim:htpmamabnavwld raedsbrﬂp@de tbas a

| ow sel ectiv re abI he trench etch selectiv
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15 molecules like CHyF,, CHsF, C;Hy. More preferably, in a clean etch heavy polymer

forming gases make up less than 2% of the etchant gas. Preferably, these gases keep
the ratio of fluorine io polymer forming gas components to less at lea;s't 3:1. In the
preferred embodiment of the invention, the trench etch has a low selectivity. More
preferably, the trench etch selectivity of dielectric to photoresist of between about 1:1
20 -and 2:1, where an eich selectivity of dielectric to photoresist of 2:1, means that the
dielectric layer is etched twice as fast as the photoresist. FIG. 3C is a cross-sectional
view of the dielectric Iaycr 308 after the trench 324 has been etched. In the preferred
embodiment, the trench is etched to a depth of between about 200 and 400 nm.

In the preferred embodiment, the photoresist is sensitive to an aggressive etch.
25  Photoresist that is sensitive to an aggressive etch is photoresist that is etched as
quickly by an aggressive etch as the dielectric layer, so that there is a low etch

selectivity.

FIG. § is a schematic view of a process chamber 500 that may be used in the
preferred embodiment of the invention. In this embodiment, the j)lasma processing

30  chamber 500 comprises confinement rings 502, an upper electrode 504, a lower



dielectric layer is etched twice as fast as the photoresist. FIG 3Cis a
cross-sectional view of the dielectric |ayer 308 after the trench 324 has
been etched. In the preferred enbodinent, the trench is etched to a depth
of between about 200 and 400 nm In the preferred enbodi nent, the
photoresist is sensitive to an aggressive etch. 25 Photoresist that is -
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confined plasma volunme 540. Gas is supplied to the confined plasm vol une

by gas sourfemzhe comfisad rlasmgaslumg through sheaenhfinementiangst 2 andraprexhinst
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connected t'o the upper electrode 504. A second RF source 548 is
el ect ri cal |yppevplestiodd 506, ArecorslBF sowte 548 todedilly@oantded toethe bovE52

defi I | ' t.h ' t orin 202, th
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and a 2 MHz power source, while the upper efectrode 504 i's grounded.
15 disposed. In one embodiment, the second RF source 548 may comprise a 27 MHz

power source and a 2 MHz power source, while the upper electrode 504 is grounded.
Different combinations of connecting RF power 1o the electrodes are possible. A

heater 545 is connected to the upper electrode and is able to heat the upper electrode.

A conu'oljer 535 is controllably connected to the first RF source 544, the
20 second RF source 548, the exhaust pump 520, the heater 545 and the gas source 519.
A showerhead may be céhnected to the gas inlet 543. The gas inlet 543 may be a
single inlet for each gés source or a different inlet for each gas source or a plurality of

inlets for each gas source or other possible combinations.

FIG.’s 6A and 6B illustrate a computer system 800, which is suitable for
25 implementing a controller 535 used in embodiments of the present invention. FIG.
6A shows one possible physical form of the computer system. Of course, the
computer system may have many physical forms ranging from an integrated-circuit, a
printed circuit board, and a small handheld device up to a huge super computer.
Computer system 800 includes a monitor 802, a display 804, a housing 806, a disk
30 drive 808, a keyboard 810, and a mouse 812. Disk 814 is a computer-readable

medium used to transfer data to and from computer system 800.



D fferent conbinations of connecting RF power to the electrodes are

possi bl e.

A heater 545 is connected to the upper electrode and is able to

heat the upper electrode. A controller 535 is controllably connected to the
“first RF source 544, the 20. second RF source 548, the exhaust punp 520, the

heat er 545 and S_source .51Q. shower head nay be connected to the
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CPU 822 is also coupled to a variety of input/output devices, such as display
804, keyboard 810, mouse 812 and speakers 830. In general, an input/output device
may be any of: video displays, track balls, mice, keyboards, microphones, touch-
sensitive displays, transduée_r card readers, m_égmetic ot paper tape readers, tablets,
styluses, voice or handwriting recognizeré, biometrics readers, or other computers.
CPU 822 optionélly may be coupled to another computer or telecommunications
network using network interface 840. With such a network interface, itis
contemplated that the CPU might receive informatibn from the network, or might
output informatiop to the network in the course of performing the above-described
method steps. Furthermore, method embodiments of the present invention may
execute solely upon CPU 822 or may execute over a network such as the Internet in

conjunction with a remote CPU that shares a portion of the processing.

In addition, embodiments of the present invention further relate to -cozﬁputer
storage products with a computer-readable medium that have computer code thereon
for performing various computer-implemented operations. The media and computer
code may be those specially designed and constructed for the purposes of the present

mvention, or they may be of the kind well known and available to those having skill in



(such as a hard disk) that is slower than primary storage. It wll be
appreciated that the information retained within fixed disk 826 may, in
appropriate cases, be incorporated in standard fashion as virtual nenory
in menory 824. Renovabl e disk 15 814 nay take the formof any of the
conput er -readabl e nedi a described below. CPU 822 is also coupled to a
variety of thepgmputepsoftaareiage Exammids @o /p&iﬂl&b!adaﬁﬁ‘lnedfﬁﬂﬁﬁﬂé%tﬁ%gand’fnuse
812 and speakers 830. In _general, an input/output device may be any of
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st orage pr CCOmpYIE FO ee%ﬁﬁmée 7 GRRPYSE %%W@’@&ﬁhﬁ’ﬂéﬁd Bode
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circuilss ( MKSIrendl 9TF @AiBPIeSs line edge roughness. In a paper by Calvin Gabriel
published in 2003 at the ICMI conference the an industry standard for measuring line

edge roughness is discussed as follows:

"The 2002 ITRS metrology roadmap [4] gives one definition for how

to quantify LER: local line width variation (3s total, all frequency components

20 included, both edges) evaluated along a distance equal to four times the
technology node. Such a definition is easily programmed on the VeraSEM or
NanoSEM: these tools measure a critical dimension by performing 32 or more
line-scans across the feature of interest, with each line-scan spaced apart from
the previous one by a small increment according to the measurement box

25 defined by the user. The 3-sigma standard deviation of these scans follows the
ITRS definition and is reported by the software as Sigma(B). |

The ITRS deﬁm’ﬁon, however, suffers under the “four technology
nodes” requirement, For a 65 nm technology, this requires a box only 260 nm
tall. Such a small length of the line scanned may not uncover low frequency

30 - LER, and the situation will grow worse as technology advances to 45 nm and

32 nm.



| ogi ¢ devices (PLDs) and ROM and RAM devi ces. Exanpl es of conputer code

I ncl ude machi ne code, such as produced by a conpiler, and files containing
hi gher |evel code that are executed by a conputer using an interpreter
“Conmput er readable nedia may al so be conputer code transmtted by a

conputer data si gqﬁ%m%}golﬂﬁa%%gs g@(&gé\él%;q‘%\{lgeggﬁl representl n Zﬁ\ < a

sequence of instructions

schemati ¢ t qQhe WieAdh ef a Serfek QP fddathdifh ﬁfd%‘caﬁg n@ttﬁe él%h%%lr mjteweﬁ rYf 8. The

wal I's 412 of the trench exhibit substanti roughness 4B is
a schemati c 18 gbleastefmuoﬂmas us Jong bs ﬂﬁzlfeemndmmaélta mtaéhﬁdlBCSEM%éaﬂmé 3428.
The walls 432.15 of t ench 424 exhibit less |ine edge roughness. In a

paper by CalRPIHS &Yt ¢ |u1:n %1".1@??@%1@02%9%%1%@ AoMipriied Mateniade t he an

I ndustry stqufgﬁ,r sl,s di scussed as

fol l ows: "The Zg(jﬁ%ﬁ?ﬁrelggﬁ%gtﬁpg?%gyéﬁgaadﬁﬂg?f%% VBW&"J‘B%%@H ﬁé’ﬂ for how
to quantify aﬂEﬂ)tag@u:egomg akovei2dish fuesmal fdaﬁlréﬁﬁxttébh@ sendHiity i}vﬁﬂﬂﬁf‘ff&ou
conmponent s b&% oth edges) eval uat ed al ong a distance equal to

four tines t"f‘F‘é‘ %de Such a definition is easily programred on
t he Ver aSEM or NanoSEIVl t hese tools neasure a critical dinension by

performng 32 or éltﬁﬁ@ ClRss t he fea ur e r wi th each
| i ne-scan spaced Igiggﬁgm%rom eﬁlf)]%e{/ oﬂ%u%lﬁgssﬁfl oaprg?[r@f’lanl ﬁf?‘iﬁbﬁt
accor di ng t didlémriceaphoteresist ctlotha? & 6lefd RRAtIVY 1Hah 9 rovidiy Shed

standard devi ati on of, these scans follows the |ITRS definition an is
report & byPPRENSISPINAL éaﬁss‘ﬁhdwﬂ(’B}mlmfé formrss foemi &hﬁampolmmmveﬂhe suffers

d th t. F 65 ol ,
Phis requi reBr HESROGHARY o AIYHER ind BV SIT Bhrolith fiurkeleeiiiy. Hathopha”
scanned maywislting tmlmallecrudddw theé@4iLie el ROed-H5t s@ﬁ%eh%gpofljuhla'ﬁta!ré’éhdﬁy'ahdg row

wor se- as techno A (% advances to 45 rem and nni
provide stress on the photoresist mask that increases line edge roughness. It is also

believed that reactions occurring within the photoresist increase roughening.

15 Line edge roughening may also be caused by mouse biting wﬁich is believed
to be related to the stress, which is induced in the top of the PR layer by the deposited
polymers from the plasma. So, the polymer, which protects the PR, can induce
mechanical forces, which deform the mask and result in a rougher sidewall for thin
PR. This phenomena is not typically observed in thlck PR mask situations (>300nm).

20 It has been found that with 193nm PR that C4Fs gas results in polymer, which can
deposit more heavily then CF; or C4Fs, but because of the deposition characteristics,
striation in holes and roughness in trenches can result from modification of the PR
mask. Also, roughening of the sidewall profile can cause micro-voids that follow the
vertical plane. These can be caused by the break down of the photoresist integrity

25  during the etch.

The invention reduces line edge roughness by reducing or eliminating heavy
polymer formers that produce heavy polymers. Instead, cleaner component gases are
used. Such cleaner component gases with a high fluorine to carbon ratio are most
preferably CF4 with Ar, but, more generally, may also include gases with a highF

30 dissociation like CoFy, or gases, which have a high fluorine dissociation like NF; or
SFs. Addition of gases to aid in the dissociation of F can also provide benefit for LER.



Therefore, |line edge roughness may be quantified by neasuring the w dth of
the trench at a series of |ocations and averagi ng the variation over an
interval, which 1is at least four times as long as the feature is wide. A
Hitachi CD SEM neasures 32 points over a | urn box to neasure |line edge
roughness. An Applied Materials 5 NanoSEM neasures 60 points over a 2 um
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phot oresi st mask t hat |ncreases | i ne edge roughness. It is also believed
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the PR, can i nduce nechanical forces, WhICh eform t he mask result in
a rougher sipabwasrs apdfox Yhich depesition locgstoarfisueinpalgmesstmayis metd gasipser ved

in thi t 00n s bee found that with 193nm
PR t ha MFgglg%%II?désgﬁ qu}(ﬂ Wl%@ﬁqﬁp@gﬁ? i15 O BIcEeapRti¢i | y t hen
CF4 or C4F8terﬁ‘%@raﬁ@@ﬂﬂﬁ Whert d16ctERR Tk D@“‘"C?@é’trl@é'stt a0t fis belrdvbil %ﬁedtgg in:

hol es and roughness in trenches can result from nodification of
mask. Al so, pobmeﬁ’ﬂm@l‘iﬁlemecmnpenmt pases wiouldedepasit maﬂiealppemleetmﬂeds t hat

follow the verti | ane. These,can be aused by the break down of the
phot or esi st ?‘ﬁ%&ﬁ? Qg%ﬂ’éi’ﬁranf e hgtogetsg ?H@r‘?aﬁ%ﬁ{‘? wrper 8@6@ %3e edge
roughness bjeakeeeic) ghé)lie]ﬂ)'sitf&l'ﬁlt thBpPE RYebtroRO QXEEﬁ{ceél ShdBtcy dalinp hrgbice
heavy polyners | nstead, cl eaner conBonent gases ar
15 deposition on the photoresnst surface The heater 545 helps to increase and control the
upper electrode temperature to at Jeast 70° C. In a preferred embodiment, the upper
electrode temperature is increased to at least 70° C during the etch. In a more
preferred embodiment, the upper electrode temperature is increased to at least 90° C.
In the most preferred embodiment, the upper electrode is increased to at least 140° C.
20 The upper electrode is the electrode to which the substrate is not mounted and is
placed opposite the substrate, the non-mounting electrode. If the substrate was
mounted on the upper electrode, then the lower electrode would be the electrode one

which the substrate is not mounted and is opposite the substrate, so that the lower

electrode is heated.

25 In addition, it has been found that providing higher power at high frequency
(such as 27 MHz) cfeates a higher density plasma further increasing selectivity using
clean etchants. In a preferred embodiment the high frequency power source provides
a power of between 500 W and 2000 W. In a more preferred embodiment the high
frequency power source provides a power between 500 W and 1200 W. In the most

30 preferred embodiment the high frequency power source provides a power of between

500 W and 1000 W.
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used. Such cl eaner conponent gases with a high fluorine to carbon ratio are
nost preferably CF4, with AT, but, nore generally, may al so include gases
with a high F 30 dissociation |ike C2F6, or gases, which have a high
fluorine dissociation |like NF3 or SF6. Addition of gases to aid in the

di ssoci ati on of ; Vi nefit for LER. The addjtion of a
smal | anount of @F@Iﬁé@%&#@zﬁg%&%ﬁsP‘P‘B%%fpwlﬁt%ﬁaﬁ%%@ﬁ?lovéqfe known
to aid in theequendy RO(sadh 47 M{@@&i&émmﬁkﬁdﬁ&ttﬂlmtﬁ}ﬁaé% Eé]ec%ftg.oﬂl a .. .
conponents of the reactant gas. Under conventional etching processes, it is
bel i eved t Huefesgd endndioaeibe bias pewadurbepovilley p@Eratof Gefvween DOVYAREr  Over

t he photoresi 0.b.increase selectivity. The invention provides plasm
paraneters, Slg@@hwt HR@ persdue EFE@ﬁm%e%‘mfym@ﬁtbw@mrﬁ@nﬁ@ BOvidepn power | ve

pol ynmer svemnehh&n o ah@sp§iy to increase etch selectivity, where the
selectivity of the etch of the dielectric to photoresist is not increased

bove 2:1. Such t i i that . t as.stick h
S vrers and i or AR Beobt i Kty SR St sDie dRerses ety FEL or o
easily 10 cemuungld, af 0G0tk pRRAENES Béh%tfowo%et}f‘e}]ﬁeﬂ. Pﬁ&ér%&éﬂt%gi?gqehp' S is

to increase the tenperature of the upper electro rom east
140 C. 1t i §mbedinecmid eiamber prsssure of bdtween 60m Toheaidet00anTReN RN neases woul d
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oot or esi ot PRagPERBECFIGH: R FEampiiaretsnaehitre f0mior be400 mlkwr e, t he

deposi 100N Brovidkel. URRRE nfsEfbiofa ehﬁageﬁfllﬁgﬁﬂeha@r%& g%g&héé Pfﬁé’c&jeél%émr e 15

deposition on the photoresist surface. ea ps 10 1 ncrease and
control themTgypand 25@otTopdis previget.at ure to at least 70 C. 1n a preferred
enbodi ment, the upper electrode tenperature is increased to at least 70 C

dining the etch. Fimlly, mneﬁnpneﬁ@gmﬁegfdee@ﬂdaﬁ%,ac&&ﬁpmeeb Girfifek r ode
tenperature i Sisfi nc,rea?ed to at least 90 C. In the nost pre¥erred
enbodi ment , MOAEIEHRR of thepropesa o find p pelyenesizationoregimé which maitals th The

upper el ect | £t [ he .substr.ate is, .not unt ed and
is placed %‘;g)%%éi et ﬁg%u S “qggé’?’&?ﬁ@% r’#-hﬁﬁﬂ%'?if’ﬁé’f g?sgé’t‘l”’]&‘ﬁg are) nopie
subst rpf e wasncreBsepagmeriztion 1ieMCFs EHEF! HOWSH21A) @R 138 be QUEdd ial BEAI 0de
woul d be the el ectrode one | '
amounts to slow the erosion of the PR and help decrease LER slightly. For example,
.5 scem of C4F 87 added to a very lean Ar/CF4/N2/02 process reduced LER by ~10% in

one case. CHF3,CH,F,, CH3F or other hydrofluorcarbons can help but, the amount of

gas needed would depend on the dissociation properties of the gas.

20 Therefore, this aspect of the invention controls where the polymer is deposited
and provides a polymer from clean etchant gases, instead of increasing the total

polymer deposited, even though the clean gases deposit with a low selectivity.

Preferably, the trenéh depth is kept to a minimum, while still providing

sufficient electrical intercom;ections. One of the reasons, for this is that a thin trench
25  depth allows for a thin photoresist mask, when the selectivity is low. A thin

photoresist mask allows for better critical dimensions. In the preferred embo‘diment,

the photoresist mask is thin enough to provide the same critical dimension as higher

generation photoresist materials. This allows for improved critical dimensions

without new and more expensive lithography and stepper systems. In addition, it is
30 preferred that all or almost all of the photoresist is removed, so that just enough

photoresist is used to provide the desired trench depth, to minimize CD.
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whi ch the substrate is not nounted and is opposite the substrate, so that
the lower electrode is heated. 25 In addition, it has been found that
provi di ng hi gher power at high frequency (such as 27 MHz) creates a higher
density plasma further increasing selectivity using clean etchants. In a
preferred enbodi nent the high frequency power source provides a power of
bet ween 500 W andFeasaample; 24%nmmh@tomsmt anay bg veedbtodorme atstableepHotarisist

f 3 ' b ' 00 W.and 12Q0.W In th
st 50 br bf AE FLRE GBS0 i AP R ok Hil s sh e Mk Gretanipbe tmeasd o
pover of bet aED nip0qo\Easbe 1o¥fitloh 14 Ankdd &Mbim&@g&%&d&% fs
power, by providing |ess power to |ower ~ frequency S as

reduces bonbardmihinnen fur expopled288 A thidke tAsanetionied aboveptifise bfHeaviybodi ment

t he bi as_. power, source provi des a power of between 0 Wand 1000 W In a
more pret er rIéOAWBﬁ’b@%“P?FE%?’ &S SQECCBB‘R@W adlgwradmpphaseresst maskdade used tset ween

0 Wand 600 ik i i&%hh] F I.ncreases
sel ectivi ty.éalézhoér1 &eggg?r%ﬁr%ge%ﬁﬁ%%dg%{o %\,régg‘ é’ E%Z(Epﬁgﬁsw El{evgﬁﬁ%ﬁsﬁa Qfegn%re
hel pf ul . Therodymerfdarmess forinéreaseadlectivibodiarpeiit saffidianeesiciph etk ®if bet ween
60 mlorr and 400 g]Torr In nore preferred enbodi mrent a chanber pressure
bet ween 70 dAmF esles reuadiness 2ad yet bave gisaleativibrotlpss thars?:1pribeese of

orovi ded.  Fiaa Ty g cRARRRYNl Rt BEIERR Bkl Sye bl srnisi ot o,

f urt herl0 modiafrierds notrenfovel duping Grssainh @ichj waﬁowémﬂlaqﬁgrm sEIREHVIR, hi ch
mai ntai ns the _ overal|l whi |l e reduci ng the overall LER The addition of
gases, whi cirefpred fofdhe final tgrming} Hepseofithn gtalor i zat i on |i ke CIF8, CH3F, H2,
CH2F2, etc., can be added in small anounts to slow the erosion of the PR
and hel p decreasdiammles i ghtly. For exanple, .5 sccm of CAF8 added to a
very | ean Ar/ CF4/ N2/ 02 process reduced LER by -10%in

Example 1

In one example of the invention, a 2500 A silicon oxide layer is formed over a
15 300 A silicon nitride etch stop, formed over a substrate. Two different silicon ‘
oxynitride (SION) layers are formed over the silicon oxide layer to form an ARC
layer. In this example, one SiON layer was 285 A and the other SiON layer was 300
A. A 3200 A patterned photoresist mask of 210 nm phoioresist was formed over the
ARC layer. The ARC layer fs opened using a conventional ARC etch. |

20 The silicon oxide layer is etched with the following recipe. The upper electrode
is allowed to be heated above 140° C. The pressure is set to 180 mTorr. The 27 MHz
RF source provides 800 Watts. The 2 MHz RF source provides 0 Watts. The etchant
gas chemistry is 70 sccm CFy, 100 scem Ar, and ]OO scem Np. The etch takes place

for 32 seconds.

25 An over etch step completes the etching of the silicon oxide layer, but provides a
greater selectivity with respect to the silicon nitride etch stop. The upper electrode is
maintained at at lease 140° C. The pressure is set to 80 mTorr. The 27 MHz RF
source provides 600 Watts. The 2 MHz RF source provides 600 Watts. The etchant
gas chemistry is 7 scem C4Fs, 3 scem O, 300 scem Ar; and 100 scem Nj. Theetch

30  takes place for 14 seconds. The over etch more selectively etches the silicon oxide

with respect to the trench barrier and photoresist. The final depth of the trench from
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one case. CHF3, CH2F2, CH3F or ot her hydrofluorcarbons can help but, the
anmount of gas needed woul d depend on the dissociation properties of the
gas. 20 Therefore, this aspect of the invention controls where the polyner.
i s deposited and provides a polyner fromclean etchant gases, instead of

i ncreasing the tal ol r. deposited, even though the clean gases
deposit wi t h§ eltt‘g?/\?%de?geég%f 9@”&%_?@“&359%% 300 enc deege Fherefarekep20t 0 a
m ni nrum  whi B! [ T MaTa P | Gient el.ectrical interconpectjons. One
of the reasoéllg fo qoﬁlgﬁ?tghﬁéstlﬁgéE‘%‘i&&ﬁﬁ?&rgﬂgﬁfessz%aﬂé%‘éﬂm EHWE T46h 2 t hin

phot or esi st prastss, ohlythalfruef thephoedresibttiy rdnfove@ Wuriflg fifi i h ot Or esi st mask
allows for better critical dinensions. In the preferred enbodi nent, the

phot or esi st nask,ghs hin enpugh to provide the sane critical dinmension as
hi gher generati eBﬁﬂP&S@élsgﬁmﬁm@wmmasﬁmm@. | Tovsrofride thegshingae taisi ti cal

di i t : i ve, | | hy and st t ens.

ol o on el G EBHSARE 1R FRRSTSE " The 27 A8 REuBe Prnadror 2ei ot

i s renoved, Watts.hahe ROdHzeRIOsRee RHAHAY G sts. i@ﬁ%&ﬁ%t:g%s Bﬁé}%{{sﬁ'ggstftj’o desired
nm

trench depth, to mnimze CD: 11 For exanpl e, ot oresi nay be
used to forfFemPablie pthinedekesiplace fomdiksacbnds i s deposited to be 4000 A
thick. But a mask that thick can only be imaged to 0.2 rim To increase

resolution to i e he . 248 photoresi st mask i s nade

t hi nner, forexanp eetgg%tgyﬁ%}@{( s “}5@ %ﬁ?ﬁl'oﬁgﬂp%ﬁi‘%{s seHe 49@anberrndhoy 5

pol ynmer f or @@dHzRF seureapfovikeb €50 Wity The 2R M&e@pﬁ%@? | 5 Whnsmask to
be used to _etch a trench increases |ine edge roug%nes 3 eretore, the

i nvent i19n udbs cighaghess cheplisimds 99 seameCF.,t30 scony GHES 26@ ki iAy] dnd 200 secRoi Nt
sufficient r h.wt reduced |ine edge roughness and yet have
a sel ectivi N;? gﬁ’%:bgg's ﬁé‘gesf\.f\gf? ?‘Wé‘ Fsen | ow sel ective. chemistry will
not be suitable to provide enough selectivity to ensure the 10 barrier is

not renoved during the main etch, so an overetch with a higher selectivity
is preferred for the final term nal steps of the etch. Exanples

Example 2

In a second example, the same substrate with the same silicon oxide layer, same
15 ARC layer, and same patterned photoresist layer is used. The same 6pening-process‘is

used to open the ARC layer.

The silicon oxide layer is _et'chéd with the following recipe. The upper electrode

is allowed to be heated above 140° C. The pressure is set to 130 mTorr, The 27 MHz

RF source provides 800 Watts. The 2 MHz RF source provides 0 Watts. The etchant

20 gas chemistry is 5 scem C4Fg, 70 scem CFy, 100 scem Ar, and 100 scem Na. The etch
takes place for 32 seconds to etch a trench between about 260 nm and 300 nm deep.

| An over etch step completes the etching of the silicon oxide layer, but provides a
greater selectivity with respect to the silicon nitride etch stop. The upper electrode is
maintained at at lease 140° C. The pressure is set to 80 mTorr. The 27 MHz RF

25  source provides 600 Watts. The 2 MHz RF source provides 600 Watts. The etchant

gas chemistry is 7 scem C4Fg, 3 scem O3, 300 scem Ar, and 100 scem N,. The etch
takes place for 18 seconds.



Exanmple 1 In one exanple of the invention, a 2500 A silicon oxide layer is
formed over a 15 300 A silicon nitride etch stop, fornmed over a substrate.
Two different silicon oxynitride (SION) |ayers are formed over the silicon
oxide layer to forman ARC layer. In this exanple, one SiON |ayer was 285
A and the other SiON | ayer was 300 A. A 3200 A patterned photoresist mask

of 210 inn phot oFlesphdtomwsist & MEARLIURH ahhihi | 2y hoviddine RN n% is | S

opened using a conventional ARC etch.ﬂgZO Tﬁluelé‘m icoﬁﬁ%‘ggde | aye qlﬂg{lsetched

Wi th the folé*emiply thepresyire fiset to ¢ mEire cThoEMHzRBsbwee pravidds@obeat ed
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above 140 C I+S. set to0.180 piorr F S
provi des SOOWgQ%@lg?ﬁéﬁg %uﬁﬁp&‘ﬂ S Wahvi Jeectehaps gpschempsngisciint  gas
chem stry i Scdil 3eMhCishingti: 00 seem N2. The etch takes
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pl ace for 32 seconds. 25 An over etch step conpletes the etching of the
silicon oxide |ayer, but provides a greater selectivity with respect to
the siliScon ni t rlihgecteh sthp SN pyeiTis ¢hanpypencd:| Bt presdere is setmai2s0anTae The at

| ease 140 C ssure is.se 80 piorr. The 27 Mz RF source

or ovi des 608 MEE SieSppistsd iafee ThY sovHE SFcommongredes i Biagnant

gas chem st Mpelefchant £ABheMiGw i 3 Qgﬁa 0 N2. The
etch 30 takesegl ace %%r 14 %géo?glg&ml'ﬁgd’éégrgc@tc 3;;%(?09&29 ég’t%n\ag%?/]“é‘f%hes
t he siliconMNaxiThe opahinig takes piace fard 4tseeoridsench barrier and photoresist. The

final depth of the trench from 12 the etch and over etch is between about
260 nm and 300 ?.F de‘%o . Therefore, ﬁﬁqzo nmthick photoresist layer is
used to etch a fPEACYFIFER IMpIRYes tapmsh () ardbline edge soughngss. phhscwars prefergd hal f
of t hejghot gy8sdiflentart BRRMRMA 1S HaLAgI il B3R! | 8ls Irepfggoved
usi ng an ashi ng'lstegp. To pr ovié'c?liéérd.th Eﬁghlgégﬁqég&?%mg%ﬁggggh%(%@%ﬂr?% &
pressure i sersboditrent) (Iefo examplésofiie Mveniiin S ablede ppividd dac 68 \Watts. The

2 MHz RF sourc ‘?ir Ofé s O i/\at %i The etchant gas chem stry is 500 sccm
02. The as HoHéﬁ'? R &L Opf WBeWheIP (PegsursmgBts over a micron range are used to
determine line edge roughness and where the photoresist mask may have an initial line
edge roughness of 8-10 nm. Therefore, the invention may actually decrease line edgé

15 roughness compared to the original photoresist mask.

The invention is able to provide a feature width of between 0.11 to 0.14 microns

using 90 nm node technology, which uses 248 nm or 193 nm photoresist.

-The heater may not heat the upper electrode to 140° C. Instead the heater may
heat the upper electrode to an intermediate temperature, such as 90° C, and then the

20  etching process -may' add additional heat to heat the upper electrode to 140° C.

In other embodiments of the invention, the ARC is formed over the dielectric
layer, so that the ARC is either on the dielectric layer or there are one or more layers
between-the ARC and dielectric layer. The ARC layer is provided to help the integrity
of the lithography to help depth of focus on the bottom of the PR. The hardmask is

25 used to perform a different designated task during the etch. A hard ARC (SiON)
performs the same role as an Organic ARC for wafer patterning, the SiON may be
used as a ‘stop-indicator’ during the Cu CMP step of metallization. A capping layer
may be provided between the dielectric layer and the ARC to act as a diffusion barrier
(i.e. such as a F diffusion barrier, since F can cause PR delamination on FSG) or a

30 capping layer can provide a stronger layer to be more mechanically resistant to CMP,
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The etch stop SiN layer is then opened. The pressure is set to 250 niforr.
The 27 MHz RF source provides 150 Watts. The 2 MHz RF source provides 150
Watts. 10 The etchant gas chemistry is 90 sccm CF4, 30 sccm CHF3, 200 sccm
<Ar, and 200 sccm N2. The opening takes place for 14 seconds. Exanple 2 In

a second examl e, t sane substrate, wth the same silicon oxide |ayer,
same 15 ARé%Bé%?n @ﬁﬁu‘gg’%k B@&‘?’@i W@Enaﬁ%?%méé‘ﬁ@pap-a§mh qappmgdayersare same
openi Ng proersisatls. if HstlelbGri the . i . Qxj,de layer is
o ched w1 h R if Sl Ro " 3f ANl nfcindl iiflind 88 1575
heat ed aboveequfinga tdugheplagars soretimessethir Ghe] B0mMRRIA the BiBctresMiegiffrassour ce
provi des 800 Y}\? ts. The 2 MHz RF source provides 0 Watts. The et chant 20
gas chem st PEP 5 sccm C4AF8, 70 sccm CF4, 100 sccm Ar, and 100 sccm N2.
The etch takes place for 32 seconds to etch a trench between about 260 nm

oxi do | Syer . bui ‘W e e EEECh B dPe ABHE OB G e Yl heBnt8 " he <11 con

oxi de |l ayer, but provides a greater se

nitride et chmbbdimertheherpperaletatiohs, pegnitstiod¥RindiH cBEshsHndMaribaadshdle C.
The pressure is set to, 80 mlorr. The 27 MHz RF 25 source provi des 600

Watts. The odwrplents, whishdall prathin the scape@iids inventivre leslnwddalso janotdahatst ry

is 7 sccm 300 sccm Ar, and 0 scan N2, The etch _ takes
place for 1 egee%%r{g%ﬂ%f%&?ﬁ%g%ﬁ %{?Eﬂﬁ]@}’e‘?’éjgﬁmﬁlﬂgﬁﬁ%@%ﬁwioifi&‘est ep.
To provi de pfegerdShveision Itibtierefereanie j mrorr .
The 27. M—lszF sour ceopr ovli deg3 400 Jﬁ%%ﬁ%ﬁgcﬁ%%&a@ngﬁﬁ%gnﬁ%w des O

Vat ts. 16he mterneeted epincludingiadlisugh pltersifdns, saramtafidns, Thedifisttions, dnalesiont ace
for 40 secopngs.. The etch _staop Si.N. | ayer is then opened. The pressure is
set to 250 ?%#;’8??‘.% ‘?%‘B"aqﬁ'g‘s fiﬁﬁaﬂﬁﬂﬁ%ﬁ%%uepﬁpb% a&g§°<1@oo \fﬁ% pISsenfigventiohy RF
source provides 150 Watts.. The etchant gas chem stry is 90 sccm CF4, 30
sccm CHF3, 200 sccm Ar, and 200 sccm
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N2. The opening takes place for 14 seconds. The invention inproves trench
CD and |ine edge roughness. The nore preferred 10 enbodi nments are believed
to reduce |ine-edge roughness nore than the |less preferred enbodinents.
These exanples of the invention is able to provide a |line edge roughness of
6-7 nm where 32 neasurenments over a mcron range are used to determ ne

| i ne edge roughness and where the phgigg§i$st mask may have an initial |ine
edge roughness of 8-10 nm Therefores nvention may actually decrease

| i ne edge 15 roughness conpared to the original photoresist mask. The

i nvention | Wableclaongtevi de a feature width of between 0.11 to 0. 14

m crons using 90 nm node technol ogy, which uses 248 nmor 193 run

phot oresi st. The heater may not heat the upper electrode to 140 C. Instead
the heater may heat the upper electrode to an internediate tenperature,
such as 90 @ and® PR {eretchog lirenshigya Frodelsthipg deesiid@v¥iosRat heat to
heat the uppgbsiRkELeshPdgyd0 140 C. In other enbodiments of the invention
the ARC is formed over the dielectric |layer, so that the ARCis either on
the dielectric | - Qr,. .t I .e layers Dbetween the ARC and
dielectric Iayer§¥$%g%ﬁﬁénﬁg§g$tﬁyﬂ%%ggﬁggﬁﬂto help the integrity of the

| ithography to h . ; PR T rdmask is
25 used to perfo?#ﬂggggkgggéﬁggﬁ%%fgﬁg%ggc?ggbgghﬁéﬂ%ngﬁggg %ﬁ?mgghard ARC
(Si ON) per ftbhichmsst, véhesdurthe folen@the photOrganinaskAREnS the phatbesispattkanni ng, t he

Si ON may be , used st op-.i.ndi gat ar ring the Cu CWP step of
metal | i zat | JHC S%@@’&?%eﬂﬁgglétrﬁgwémf}%\n ded between the dielectric
| ayer and the ARC %o aﬁrté)gs a diffusion barrier (i.e. such as a F

di f fusi on barri eFChgigdpgugh P Ra 8 PR del ani nation on FSG or a 30

cappi ng | ayer can Br ovide a stronger |l ayer tg be nore nechanically
resistant to CMPEtChTig adifeph o s dislerding Bysiovitie dakeeitic & Phatersig ebos or FSG

cap. Such capRii\GrylR¥eLs 1ar§d desirable, if the dielectric is too "soft' to
stand up to nechanical polishing, thus requiring a tougher |ayer,

sonetinmes a thin one, to maintain the structures integrity as

2. The method, as recited in claim 1 , wherein the forming the
photoresist mask forms the photoresist mask of a 193 nm or newer generation

photoresist.

3. The method, as recited in claim 1 , wherein the photoresist mask is

sensitive 10 aggressive etch chemistries with respect to line edge roughness control.

. The method, as recited in claim ! |, further comprising:

placing the substrate into an etch chamber with an opposing electrode placed

opposite the substrate; and
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etched. 5 Wile this invention has been described in terns of several
preferred enbodinents, there are alterations, pernutations, nodifications
and various substitute equivalents, which fall within the scope of this
“invention. It should also be noted that there are nmany alternative ways of

i mpl enent i ng t he heatitnds opposinpeiatteddeseshathd ifposinf eReRbAS RaeRdsi-on. |t is
therefore i{]tended th]fl the fallow ng appended clains be 10 interpreted as

t
i ncl udi ng alFRREGRH S & dest WK C daringibeetiching thevselichiintattho disjectmallayer. i ous
substitute equivalents as fall within the true spirit and scope of the
present invention. 15 CLAIMS Wat is clained is: 1. A nethod for etching
a trench to a trench depth in a dielectric |ayer over a substrate,
conprising: applying an ARC over the dielectric layer; formng a
phot or esi st5.mask Tha nidieodARGectb@ i Nt BRIRNOL OkBS] ﬁ}?ﬁé: i ckness,
wherein the forning the photor Q'sidset mask l?o?né&?ﬁiee%%%oto 'é%?’z“ih?“r%{sq% to a
t hi ckness dfensdithe Eharabms pressupds mamanetDigdween stonhého Tonr authdD( A oARC, and
etching a trench into the dielectric layer with a dielectric to photoresist
etch selectivity between 1:1 and 2:1. 2. The nethod, as recited in claim1l
, Wherein the formng the photoresist nmask forns the photoresist mask of a
193 run or newer generation photoresist. 3. The nethod, as recited in
claiml , her ei Tihd metholpisokeisddsih mMaskei eng ki 4 ive_etch
chem stri e\s@with res ectpto | i ne edge ?lgﬁléhﬁe’s?h%g%ﬁ%ﬁga@gé& gtﬁgt hod,  as
recited i n tianghmhigh Teqrenpe powaeniosipnoyided etwemn $006Wsandst008tW. i nto an et ch
chanber with an opposing el ectrode placed

. The method, as recited in claim 1 , wherein during the etching the

trench a bias power source provides between 0 W and 1000 W.

8. The method, as recited in claim 1 ., wherein the etching the trench
comprises providing an etchant gas selected from the group of CFy4, CoFs, NF3, and
SFs. | |

q. The method, as recited in claim & , wherein the etchant gas has less .

than 5% heavy polymer forming etchant gases.

0. A semiconductor device formed by the method according to claim 1.

\1. A method for etching a trench to a trench depth in a dielectric layer over a

substrate, comprising:
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opposite the substrate; and 16 heating the opposing el ectrode so that the
opposi ng el ectrode reaches a tenperature of at |least 140 C during the
etching the trench into the dielectric layer. ~. The nethod, as recited in
"claiml -, wherein during the etching the trench the chanber pressure is
mai nt ai ned between ahout 60 nTorr and 400 nTorr. The nethod, as recited in
claim1 , wherei @PaFRHER ORE an the digjetrielayesench a hi gh frequency power
source provi des between 500 Wand 2000 W The nethod, as recited in claim1l

, Wherein during . et chi he . trench.a bjas wer, sgurce ovi des

bet ween 0 W and fﬁ%ﬁ"@vﬁ %bagﬁéepﬁ%t%egﬁ?mﬁﬂ‘ PP ’i‘ﬂltl&f‘ﬁ?lﬁ}:‘:‘lelsg{’?{}”e%er ein
t he et chi ngabmmoen&@dﬁmmAgses provi ding an etchant gas selected from
the group of CF4, C2F6, NF3, and SF6. 9. The method, as recited in claimm
$ , wherein the etchant gas has |ess, than 5% heavy pol yner fornng
etchant gases. Wetchinethreughdbe SRC;dedi ce formed by the method according to
claim1l. .. A nmethod for etching a trench to a trench depth in a

dielectric |ayer substrat conprising: 17 applying an ARC on the
di el ectric |ayer ?%’%ﬁa‘ﬁ%‘“’i *?LO@F??‘?}%C%E)"‘E%%’%r‘&@? &t eﬁlﬁg‘%{“on the ARC, with a

t hi ckness between about 2000 A and 4000 A; etching through the ARC,. and
etching a trench into the dielectric layer with a clean etch. 12_. The

met hod, as recited in claim1ll , wherein the etch selectivity of dielectric

to photoresist is between 1:1 and 2:1. 1s '
2. The method, as recited in claim |1 , wherein the etch selectivity of dielectric to '

photoresist is between 1:1 and 2:1.
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