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FOR ETCHMA@®@2/06558RGANI C LOW K DI ELECTRICS Field of the |InCEwsoos3The
present invention relates to sem conductor manufacture. Mre particularly,
the present invention relates to the etching of organic |owk diefje8tdilc £005
10 in sem conductor wafers. Background of the Invention Integrated circuits
use dielectric layers, which L.cal.l o formed from silicon
di oxide, Si2, to insulate cgﬁgﬁgNﬁigiﬁﬁ#£§¥ﬁﬁs rious layers of a-
sem conductor structure. As sem conductor circuits beconme faster and nore
conpact, operating 15 frequencies increase and the di stances between the
conductive lines wthi USHhEF admiMVMONIUCFOR BRNGCHENdecr ease. Thi s introduces
an increased |level of c ' it circuit, which has the
dr awback of sl ow ng théﬁggé&ﬁﬁg%ﬁaﬁﬁﬁkﬂgﬂﬁgghﬁ@gﬂgactor devi ce. Therefore,
It has becone inportant to use dielectric |layers that are capable of
effectively reducing the couphﬁagofﬁg .& ange |l evels in the circuit. 20 In
general, the capacitance in an—rntegrgﬁé%—crrcuit is directly proportional
to the diel edhei pregeitsidBitiok reRiest ie sBRtiedndatior SREmiMcthRl M Mgedi el ectric
| ayers. As noted above, the dielectric layers in conventional integrated
ci r cui t s Przigelaly.dbie prasent| inyenition meltigs o theoftchigi aborgamic dowHadiekectticel ectri c
consj1 nt-q% ab%@;tg.o. Dielectric layers formed of Si02 do not reduce the

i ng™t febyate

coup 385%9 A U ficientl y to levels required for increasing device
25 densities and operating frequencies. In an effort to reduce the coupling

capacitance levels in inte ted cifpcuits, the sem conductor industry has
e,_nqgaged in research to devel%trﬁ‘g-k%g@i@-&%i ng a dielectric constant

| ower than t of Si.O2. which materials ar suitable for use jn formng
the dielectr .ﬁﬁ% &g _milﬁ?ébﬁilgh%écdia_é’f?‘iscw cg'.haYB tl?é?"él,ey beep H’B’é‘?‘i H’B’Fl _

prom si ngLéeut dbkiak SSiOMoGlsAkE cSRIRIVEIBReS &f PiSRR hRrase 2 sOWidondRhGy 1 al ™,

have been ]
structure. As semiconductor circuits become faster and more compact, operating -

15  frequencies increase and the distances between the conductive lines within the
semiconductor device decrease. This introduces an increased level of coupling
capacitance to the circuit, which has the drawback of slowing the operation of the
semiconductor device. Therefore, it has become important to use dielectric layers that

are capable of effectively reducing the coupling capacitance levels in the circuit.

20 ~ In general, the capacitance in an integrated circuit is directly proportional to the

) dielectric constant, k, of the material used to form the dielectric layers. As noted above,
the dielectric layers in conventional integrated circuits have traditionally been formed of

Si0;, which has a dielectric constant of about 4.0. Dielectric layers formed of SiO; do

not reduce the coupling capacitances sufficiently to levels required for increasing device

25 densities and operating frequencies. 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 materials are

suitable for use in forming the dielectric layers in integrated circuits. To date, a number

of promisiﬁg materials, which are sometimes referred to as "low-k materials", haw}e been

30 developed. Many of these new dielectrics are organic compounds. In the specification




30 devel oped. Many of these new dielectrics are organi c conpounds. bn ng2005 .
specification 1 1s JuL2005 WO 02/065528 PCT/ US02/ 03138 and cl ai rﬂs tj
definitionhododse k material, is a material with a di el eBCTIUSIHGAS ant

less than 3. Lowk materials include, but are specifically not limted to:
benzocycl obutene or BCB; FlareTM manufactured by Allied Signal (r) of

Morri st own, , | VL SLAD: > i iaMwitA kétfic cdi¥tan®leds Or
nore of the %ér"gl/ eﬁgﬁélﬁ%@g‘ﬁ@ﬁgﬁi}ﬁﬁ%‘fﬁ%ﬁﬁ lﬁlﬁifa(gar? Car b?ﬁ?r) Cor por at i on,
Danbury CT; sl ytetrafl uoroet hyl ene or PTFE;, and SiLK(r). One PTFE

suitable for 1C dielectric application is SPEEDFI LMIM available fromW

Cheri cal - Company. Lands BAsfamendsaput ire secomtinit npid aChr A clgif e o

sem conduct f LR i a S W’ CNOI adgivisim afe
defined in %%ﬁ\a\l\gf%? u |a%gﬁa\%@??d fl?ﬁoj\%}nﬂegatsgé?lgﬁg and et ching Sr ocesses. In
these pgoc q§(§ﬁ§w§ql,pf|ﬂ@,, Mﬁﬁ&?bm{, VRN; 6Bé or nate ofsthd Hpodeneedimers avadablafferm and

then is exposed'to light filtered by a reticle. The reticle is .era(lily a
gl ass pl at e Wiien Cabida®r Somsuatign; D Tar polytet %O‘btéﬂﬁ’éet (OF B ¥ ]fpp A1

bl ocked light. fro r t . thr et cl.e. - 2 A

t hr ough the%{?{{é)cl ,E&ﬁ@%la ’?uétﬁﬁlecfgﬁ?g%%éﬁ% a&#@é@%%&?ﬁ% phot o’rSiggig %l;[le
material. The 'vﬁhi EBANGEA s BRI NER] SRivaky IS SIK®, sfaikble fumtt Dok®
material such that a devel oper can renopve_a portion of the photoresist
material . | IChetnicat Eompaty, piglianidyMichiges: isrealicon-fretiB-al s t he exposed

regi ons are renoved, and in the case of negative photoresist materials the

d ' d,. Th fter. ' 3 .
oove The. undor PP SRAH-GHor PR K e spb g e PF ool dicce
by the photgfss s ﬂ?@%ﬁ”&rahsiﬁglﬁvém%@bﬂ bk bAE cfidiig prbcksat. ulethesa t he

wafer. Lowk organic polyners in general can be etChed@rng/t oxi_dati on (tqe_.g.
he

oxygen- basegjocesses adihotoresist (BR) materiati isodppositrdsert fhecte hspde 6%1%5_@%@ :
etching of B taglltgrecli %\g\;akre?:fcleé; he reticle 18 ge%%raﬁgvaa&@sgﬁg{’éstlh& ACSAERlhshag 10

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

15 After passing through the reticle, the light contacts the surface of the 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

) 20  to remove the underlying material from the areas that are no longer protected by the
photoresist material and thereby define the desired features in the wafer. Low-k organic

polymers in general can be etched by oxidation (e.g. oxygen-based) or reduction (e.g.

hydrogen-based) chemical processes.

The etching of organic low-k dielectrics may be advantageously accomplished in

25 a dual-frequency capacitively-coupled (DFC) dielectric etch system. One such is Lam®
Research model 4520X1E™, available from Lam® Research Corporation, Fremont CA.

The 4520XLE™ system processes an extremely comprehensive dielectric etch portfolio in

" one system. Processes include contacts, vias, bilevel contacts, borderless contacts, nitride

and oxide spacers, and passivation.




.25 d dual -frequency capacitively-coupled (DFC) dielectric etch sy}SegiiLcify
such is ‘EQ#%’P(%:"ZSResearch nodel 4520XLETM avai | abl e froRCIARP#Y3 1R sear ch
Cor poration, Frenont CA. The 4520XLEn, system processes an extrenely
conprehensive dielectric etch portfolio in one system Processes include
cont acts, was Adviheedetchaysitms like tHedsAeX s perfam saviem] pricessegim thasainoxi de
spacers, and passivation. 2 W) 02/ 065528 PCT/US02/031 9.jo~ ZUS Advanced
et ch systS¥iteny Byeerigrmingsnany dufarentyeprenndpeles @pgration stcps o 8 sipglesaiedla ne
system erformng many -diff Sen) t L.catd. in a
single s@slﬂtﬁ‘%rnf‘thm?l lgr cafnhﬁ%ﬂi‘gﬁ{%aﬁgigg‘?\enbgﬂh%g ;ﬁgﬁ@g : S&@%&\lk f%%{e'@%ﬁégginced
systens eefftrieiRtedLaddionaPSepOWIBRNAEe Simaegliphenal A gdieB§ W*M[s_/tdf'eﬁalhﬁﬁ, samne
equi prent. Again by way of exanple, 5 but _not limtation, Lan(r) Research
Cor pdr at buinat lithtigtiom T & eseaedhLorpranems Exdan™and Exglap-BE Cheysigasaits
capabl e qgf performng ocess.steps in a single.apparatus. el anTM
enabl es ﬁﬂ'r g‘ﬁéssiys% n‘fag?ﬂér%;m‘?o% Xrﬁreceﬁﬁét%{scw, gaﬂ@%l‘?@?ﬁ?@él st
Strip t@yBenPhReERedhiasiS bidh, Moktinft RdNEESISC ARIDECh, 2HA phofese T
extensive process portfolio ™ includes all dual damascene ‘structures,

cont act sto he pesformpdidesis; wihd spmischaaibien Thit gylsteimis eQicutipe proaess ponidaised

oxi des and, l.owk dielectrics required in the sub-0.18_ m cron environnent.
O cour s@fﬂ“@%alg ﬂpﬂcﬁﬂﬁpeégenérﬁ%&a%aoqﬁ%nﬂwpa%@ AR PEsYRiel &3 1 de

varijgty efiqc Of i fabh [ (WS ; LNEd Bhson

speélgf [ cg‘{ﬂe‘; ﬂéoﬁ%?a Xé&%I ?ﬂcggéﬁ%;@e?nat [ ]{? ggéh%mﬁ%gdﬁﬁerg n, trllle term
in_situ emviremaerito @heuede, thepeinpipis eaamsrapel Hepeinehyobe Anpldberged anwadebst r at e,
su,éh as a silicon wafer, in the sanme pi ece of_ sem conduct or fabﬁi tion

equi prentatigi wéuse oty dafaication « yyaterss r @1 + Hesee GGl SPad cussed,
the etchj kG .k dielectrics maybe acconplished using
oxygen-E%@gﬁﬁ%¥9%§§@%ﬁg%gﬁgggh et ching processes. Each of these is,

however, |ess than ideal. 20 Hydrogen-based etching processes, e.g.: N2/ H2
processes, arAs hsed hetdigthe chedl infson: reRisciol ig @ngaei Prot@veskpetioahetbniacs,

particularly for etching the high-density features | L.
1 given substrate, such as a silicon wafer, in the same piece of semiconductor fabrication

equipment without removing the substrate from the equipment.

As discussed, the etching of organic low-k dielectrics may be accomplished using
oxygen-based or hydrogen-based etching processes. Each of these is, however, less than

ideal.

20 Hydrogen-based etching processes, e.g.: N2/H2 processes, are less than ideal for
etching organic low-k dielectrics, particularly for etching the high-density features
required in current sub-0.18 micron devices. This is true for a number of reasons. First,
current N2/H2 processes offer generally slow etch rates and poor profile control of the
eiched features: bowing and re-entrant etch profiles are particular problems. Another
25. problem relates to high aspect ratio features having differing sizes, which features are

etched concurrently.

The etching of high aspect ratio trenches, sometimes referred to as HART, into
low-k materials is becoming increasingly important for micro- and nano-engineering.
One example is in the case of comb-driven structures, trench capacitors, and trench

30  isolation for vertical transistors. The aspect ratio, AR, is defined as the depth of the

3




required in current sub-0.18 mcron devices. This is true for a,
reasons. First, current N2/H2 processes offer generally slow eﬂ%i—egﬁﬂﬁ
and poor prgPitpessssntrol of the etched features: bow ng afdCTVEsIyAIIBANt
etch profiles are particular problens. Another 25 problemrelates to high
aspect ratio features having differing sizes, which features are etched
concurrent | wenthedigidedi i iRf widttlh CasRety, 6@ of the enefiictemERAB! ifiFlementcer r ed
to as HART, into lowk materials is becom ng increasingly inportant for

micro- and regheigayfoneshingdIARGrsds dnarepttiveiien ¢tphingeor&dEe of conb-driven
structures, tren capaci t ,and.trench 30 is ton for, vertical
tragsi gt ors. The%%%%%%T ﬁﬂlmi@dgﬁiaﬁéﬁ{’?g&%e 8@43?‘?‘?6\3/)% ePlFfé‘flan%miQ JUL

2005 WO 02/4965R@8%h & fmd i 5at3 k3 Bed ﬁnfxﬂan&%ﬁﬁ% Winbt SreiidHel morsEI688F | V.

one of the nost commonly irrp%grre%eég “1 techni qugts% fgr gtchi ntgnoHART' giis

dry reacti véhanchosetthdiiaregwider. Rbdordidpignlaedecthatmgs EleRat & fastet bat&Rihan istnall s

observed that the etch rate is dependant on. tinme and the rsr[aqsﬁ% gpening. In
a

general , sndfatwes. Hneffec prlmongaspodiiatioepgndent Eishy (QRDE }8se t hat
i der . | | : : [

Feat ur es, - TRECHAVIER brot Bbciscs SRLLRG orly it RIBTL byl ol opRpl? |

"RIE |ag”. aKoeibiNgich@d pilodile pizhodperdencaon feattdd sigell y significant RIB |ag,

but nore inportantly, also exhibit etched profile angle dependence on
problemw th known N2/ H2 chem stries is t t hey

feature size. Angtghtir | h%a}
have general |y po8ptherproblemewith kpeyn NA/H2 chepiskies ibthahibey Rrreensilly BT i des

commonhky us : - gﬁ% i [ | ghsh sk
t_b/e}t skllgul d&gercg?}ll g}i%cc ra 1:eO éé)?gifg%gﬁtﬁlgﬁ%ﬁ%ﬂ?%@e#ﬂ%gé%gﬁbamﬁm
fairly qui cétbhinglUrhifgeshsethecthe hardahadk dhyt dhbaldN26vide atcbate Heatirs defnitidn s her
problemw th N2/H2 plasmas is that in general they are stable only over
fairly nar rigpelfrcighge eway faily quiokly darbg delastriceichaby the dNA/H3 fetahirhemisiy.

i oni zation potential of 15 N2. Finally, etching of organic |owKk

dielectrics wt hAllﬁlﬂé'l\”er@I{m'ﬂZwﬂ REAS? ﬁﬁlSllll?iS is that in general they are stable only over

fairly narrow ranges of pressure and power as a result of the high ionization potential of

15 N2

Finally, etching of organic low-k dielecirics with known N2/H2 processes is
slow. This leads to reduced wafer throughput and increased cost of ownership of

processing equipment for the integrated circuit manufacturer.

.. ) The slow etch rates obtainable by N2/H2 processes is often overcome using
. 20 oxidative processes, most especially utilizing oxygen, O2 and a diluent such as nitrogen,
N2. 0O2/N2 etch systems tend to possess much faster etch rates than N2/H2 systems, but
are especially prone to bowing and can degrade the dieleciric constant of the low-k
dielectric. More troubling, they introduce a significant new problem, especially when
utilized in conjunction with the manufacture of integrated circuit devices that incorporate |

25  copper.

Copper is currently being implemented as an interconnect material in favor of
prior aluminum interconnect technologics. Copper offers several important advantages
over aluminum. The higher conductivity of copper simplifies interconnect routing. This

30 reduces the number of interconnect levels from 12 to 6, which removes upwards of 200
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.slow! This | eads to reduced wafer throughput and increased cost {3f9 JUL. 200%
owner shi gophpshPcessi ng equi pnent for the integrated cig&uidoigiayfacturer.
The sl ow etch rates obtainable by N2/ H2 processes is often overcone using
20 oxi dative processes, nost especially utilizing oxygen, 02 and a dil uent

such as nitroge . 02[.N2 .etch systens. .t o possess. much faster etch
s & naptoRH Rlab i hasg i mnagtoaeey i § Hi ST SCPtRG HARPIRGE can
degrade t L gk [ e bRl 1 oubl i ng,
t hey int r%%ée%gﬁg%%r?? P@gg{ﬁ%ﬁﬂéenwﬁ% ug%l%em e Se‘gflﬂgﬂ y v&{grjln tygétiiﬁllei%gsed in
conj unct i Accorditigly! doppamintefcnhent éechhiologyt @gblet devicdsrwith $igni@eatigheat

I ncorporate_, 25 cqopper,. Copper.is currently being_ inplenmented as an
i nt er conrRSEOTHAIcE Em‘amow 4@36?“%?- Fipadiy doryegys cafwes; Hisinisconnect

t echngl 0gi.es, ffer | [ um num
The h?gh?}eﬁ‘?gﬁ‘géu@?%?’@;}gg’ff ‘é’%%iég'::s %s?ﬂﬁp%?ﬁ%“ﬁfﬂé?@%%%@m@é%aﬁg This 30
reduces tSi02n0spper indérconiticets afiteaididgdMmatnbd @rvkzy realbfeatidsbacduaitves
upwards of 200 4 n [1 s JUL 2C WO 02/ 065528 PCT/ US02/ 03138 process steps
and has ®TreNigasspes cegrentiwith se syaridice of dgvigerelighitycopper i nt er connect s
operate with | ess power at a given frequency than chips with alum num

i nt erconnect s Accordingl opper_ interconpect.technol o epabl es .devi ces
with signifi cmﬁry C%?Pgﬁﬁé‘? S‘Y%e%fvgcg?’rﬁgn%@o?egrm#ﬁ Ffitcgm§pebllv}r3]§ﬁ¥%h o i r?gl ly,
for veryasmBlted prRkik @FentiBoulis ThedH0R086 tth ¢ e@)djjfeﬁfbycgdiiéﬁﬁg F_E&w k

materials is approximtely one-half that of al'um numand SiC pper
i nt difc onpeteigingrresidue ovhichgray depesitpn dat frenchvandyvig idelwalle seusing coppstiuse it

prgvi des_speed enhancemepnt. wi.th no.sacrifice. of. device.reliabilit Wher e
REMRARE R T R SR e R R e
an oxygeRaiistsByed bt 88 dedRt Idads tdfaﬂﬁ‘r@%@%etd&vfcgﬁuéﬂp&ﬁ?ef wm@z generating
copper- 10 containing residue, which may deposit on the trench and via
-sidewal I s causing copper contamination of the dielectric nmaterials.

Event ual ni grideiycuoknt hgegraispetircud fehdcationatesmilagied avibize af phdteredist/i ce

| eads to fai.lure qof .the device due_to cg r poi sonin .
stupﬁméJ step %o]lowmg on\é Ior meréJ of the pattgrgglg s%epls usec!l togform the features in

15  the wafer. If a methodology could be found which not only completed 2 dielectric etch
step, but simultaneously removed the photoresist from the surface of the wafer, a process
step, that of the separate photoresist strip, could be eliminated. This of course would

result in lower process times and higher throughput.

From the foregoing, a low-k etch process which implements higher etch rates than
) 20 previous N2/H2 processes while avoiding the problems associated with prior N2/H2

processes would be very desirable.

It would also be very desirable to avoid the previously discussed problems with

- RIE lag, eich rate, and especially profile control.

It would moreover be very desirable to provide an etching process which exhibits
25  a much higher degree of selectivity between the organic low-k dielectric and the hard
mask required to form features through the dielectric. It would also be advantageous if
the etch process could minimize the effect of "micro-masking” at the bottom of the
efched feature. Micro-masking occurs when the etch process eiches away a portion of
the hard mask and subsequently re-deposits elements of the efched hard mask at the
30 bottom of etched features.




Many current integrated circuit fabrication technologies utilizeld Jil il
phot oresi st stripping step follow ng one or nore of the patterni n(1; st eps
used to fonwobtdssimatures in 15 the wafer. |f a nethodol o§¢TE§RE e found
whi ch not only conpleted a dielectric etch step, but sinultaneously renoved
the photoresist fromthe surface of the wafer, a process step, that of the
separat e phot or egi ghy@tyel vary s@htelfsel 4 Helsetredetc Piogesafconlivesienphondied
result in |ower process tines and hi gher throughput. Fromthe foregoing, a
| ow- k etch mhichechiewhd Sie freyibeasivantages grhdle caphligramers &f%bé%etd@elaﬁ%gi‘f%‘ifg

N2/ H2 processes whil e avoidi t he proble associ 1 rior N2/ H2
processes wiiifie bgad QEPVS%‘&’S T 015@695‘6 Ft%anﬁ“g%ﬁ%gﬁ/\?}grp\%%gsﬁ? able to avoid
the previously discussed problens with RIB lag, etch rate, and especially
profile control 'ﬁﬂbrd@?% LROY Bich RPafemyoudBsht] abeist Asodestble iathattiati ng
process which exhibits 5 a nmuch "hi gher degree of selectivity between the
or gani ¢ 5 ownletibideloggthid capabie dfhleciig petformued dnrsiyuivithia the fbnigatipe sAwPEEL
through the dielectric. It would also be advantageous if the etch process
coul d ni ni nmittlizedrie femg tewal®r- * ni cr o- naski ng” at the bottom of the etched
feature. M cro-masking occurs when the etch process etches away a portion

of the hard masg; hbse sivarRpéscafld eengilahadedar d
mask at the 30 gg‘t%pg’mﬁo agfggﬁg‘;ﬁggtﬁrua?gfﬁs% 11 9 . NU(s. 2UU5 % 02/ 065528
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a nore stable etch plasnma over a i der band of. pr ure a 0 .
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usi flg existing integrated circuit nmanufacturing equi pnent. Theslg nﬂ%%m{
f eat ure%r(gfﬂé gspresent invention will be described in Eggé_ﬁj ﬂ%&%‘l}f P
the sectt SR8t #t 1 ed detail ed description of the prefer Sifodrtent s and
in conjunction with the following figures. 6 X19 J UL 20A WD 02/ 065528
PCT/ US02/ 03138 Sunmmary of the Invention The present invention teaches a
process chem stry utilizing ammonia, NH3, as.an active etchant for etching
features in wafers incorporat? di el ectrics. The process
results in significantly higher etch rates than previous N2/ H2 processes

and 5 which awgj [ ey ' . mé; : 2a d
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f orm t hecomddoB! The pridedsSextibits B nfuch hidhep Hegres b PédlRivityb@webilergdaicilewyk of
existing integrated circuit nmanufacturing equi prment. The amoni a et chant
not onl ydickeetnies anécommpmly otilized:Hard giesk enaterials. Fhe pavoses displosassby Mee
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integrated citcuit designs. 71 9 1IL 2Ca 02/ 065528 PCT/ US02//03138

Bri)@0 Dexfdreing paxforufed tih eifbmathimthe Hobrication equippiest wfilined o Soram dhengael, t he

resent inventiop, reference is nade . e ..
P anH 1es capagle o? nnpﬁemcntatlon on a wide variety of existing integrated circuit

manufacturing equipment. The ammonia etchant not only etches the organic low-k

dielectric, but also removes the photoresist from the surface of the wafer.

The use of ammonia as an organic low-k dielectric etchant may combined with
15  other etch routines to form features through a wide variety of films to implement any

anumber of integrated circuit designs.




to the acconmpanying Drawing in the followi ng Detail ed Descri pt p)a/ &F \t@%
Preferred Enbodinents. In the drawing: 5 Fig. | a is an overvfel IO Her t
of a proceswof@isiachi ng a | ayer of organic | ow k di el ect rAQI/ER92/638%8 of an
integrated circuit device. Fig. Ib is an overview flowhart of a process
for etching a feature through a wafer stack incorporating two | ayers of
organic lowk dielectric separated by an trench stop |ayer, and

i ncorporating a hard mask. 10BRRefiDegintién 8f e Daswimecti on through a test
waf er having applied thereto a patterned [ayer of photoresist prior to
etching. Fig. 2b is a cross-section t_hrou%;:3 the test wafer foll ow Rg a
first etch step. Firgnorcomplete undexstandmeraf dhe nresestighention. fefencrds g

follow ng a second, non-selective .e step. . | L 2d section

t hrough t he tt"éﬁ‘t’ am?nweﬁm%wﬂs ? W@F‘éﬁgdsﬁé%npﬁﬁ%kg??rﬁégmm a as

a final etchgﬂ ocﬁj&eﬁ@fﬁﬁi}h@%ﬁvﬁﬁgme- Fig. 3 is a photom crograph through a
i'sp

test wafer, aylng the profTle control achieved by the present

i nvention. Reference nunbers refer to the same or equivalent parts of the
inventiof 20 t hrkigghastn bheviseviievathafticf apessess for tiehing gy of grganicg JuL
26 WD 02/065528 PCT/ US02/ (03138 Det ail ed Description of the Preferred
Enbodi nent s 1owek delesieisias pas e ?J%B}t\eg%tﬁ‘gﬁé‘é}“ NFel etch chemistry for

etching a wide variety of feature sizes and shapes in wafers incorporating

organi ¢ | ow ke di ghg ol G ovligw ARKIRAIrAGodea B ickig 8! Batietitdugh b

mnimal RE lag, nrninmal bow ng of the trenches S and vias formed by the
et ch pr ocessyafgonstkeéhedipgratiig twadayas df grgenic vek disléchas sepetateddio’s  t he

wafyer. In order to etch a_variety, of feé;\tures, i ncl udi ng but specifically
not |i it ed tresch stop layer, and incorporating a hard mask.

10 Fig, 2a is a cross-section through a test wafer having applied thersto a patterned

layer of photoresist prior to etching.
Fig. 2b is a cross-section through the test wafer following a first etch step.

Fig. 2c is a cross-section through the test wafer following a second, non-selective

etch step.

15 Fig. 2d is a cross-section through the test wafer following the third etch step

employing ammonia as a final efchant to form the feature.

) | Fig. 3 is a photomicrograph through a test wafer, displaying the profile control

achieved by the present invention.

Reference numbers refer to the same or equivalent parts of the invention

20 throughout the several figures of the Drawing.




treriches and vias, in wafers including organic |lowk dielectric4ay
| AT

present Ltion inplenments ammonia as an etchant. 10 Ha
Fig. | Wb%%%r%ser to practice the process, 100, of thepﬁj @8%931% nvention

a wafer is situated within a reaction vessel capable of formng an etch
pl asma. This reactlon vessel or chanber may be an item of single purpose
etchi ng equi pment, obet eRSTIBLioN efgreddabodimenis processi ng system

One equi pnent r | -a swt '

Cne o0t DTNt B LS ol e B PRSP B PR .
Cor por at If@ﬂmeﬁiz@mmshagéﬁm@a?éraﬁﬁ o&tﬁ?l&?@bﬁl@% 10@elefi¥s.nghdar dmask  open,
i norgani c and organic ARC etch, and photoresist strip in situwthin a

singl e ahethdrdologyAfabi l'melul\reswquﬁmnémal RiB/lagfmintnaldewhieg of the tieaches The

waf er prelou Vi adal 0 ter ned otorelst plied to
Uppers 5dnt 58 Tered By A s e tp ol RO s i QPSSP 2R of

et chant @?eswéi%r' ntroduced 20 into the chanber at 104, and an et ch pl asma
struck at 106. As previously discussed, this etchant gas conprises

amoni a, NH3. IT mdelpﬂo@mttvanemecuﬂfeamres;ayclmding/hmtispmiﬁyalbmdt hiphiedemt ed as part

of a multi etch regine, for instance as, shown at figures |b and 2a-d.
Havi ng rgF%ci g@ﬁawwa Fqgmglud@g R lgTDs Gelgainglayers ths pesey a pat t er ned

| ayer of ;Rhgk %{9}!}1]1 this 25 exanple, wafer 1 includes a
silicon subst(?{ﬁ@h%eélt avi ep05|°1f1e "thereon a silicon carbide barrier

| aydan, 20. DeH@ﬁngedexeﬂﬁtolﬁg Niagih drdet &6 pﬂ@txdsﬁh@pﬁdcésﬂ 106G y€thelpdesehit Oor gani ¢
|l ow k dielectric, for_instance Dow Chemcal's SiLKTM A netallized

st uct ur YR aswifnis sitwatsd wahme wactionygesel eapeblp of fara¥ing ayeleh psma ¢ hi n

or gani ¢ TR ol R gr e B Sfrb%ﬂﬁge%ﬂrofsﬂl%?’ﬁ% TR T or m o
dual danmsgBaenfltipls pihEse werer HOOMBing Ay h%ﬂﬁ@rﬁ bﬂwuiérl uepr 14, also
of SIiLKTM is deposited over trench stop Iayer A hard mask | ayer of

PEARL TM susied firpsacticog e prestn nvientiaf is @mExn@mF‘éyler ctelh systeaavhiddhlefremom
NOV% L Lan% te:seerfyrlsch (J,‘o:poranon, remon% &XL Exe 10 is capalb(i)e2 (lnfo 6e?‘§1%%mpcﬂ-/ éﬂ? Q %103 138

open, inorganic and organic ARC etch, and photoresist strip in sifu within a single

i

chamber. Alfernative equipment may of course be utilized.
The wafer, previously having had a layer of patterned photoresist applied to upper
surface thereof, 1s mounted within the chamber at 102, a flow of etchant gas is introduced
20 into the chamber at 104, and an etch plasma struck at 106. As previously discussed, this
etchant gas comprises ammonia, NH3.
" ) : ' The present invention may conveniently be implemented as part of a multi-step
etch regime, for instance as shown at figures 1b and 2a-d. Having reference now to Fig.2
a, an example wafer, 1, having a patterned layer of photoresist, 10, is shown. In this
25 example, wafer | includes a silicon substrate, 22 having deposited thereon a silicon
carbide barrier layer, 20. Deposited over barrier layer 20 is a first layer 18 of organic low-
k dielectric, for instance Dow Chemical’s SiLK™. A metallized structure, not shown,
may be formed under the barrier layer 20. A thin silicon carbide trench stop layer 16, is
deposited between the first organic low-k layer 18 and the second organic low-k layer 14
30 to form a dual damascene structure, not shown. A. second organic low-k layer 14, also of
SiLK™, is deposited over trench stop layer 16. A hard mask layer of PEARL™, a

plasma-enhanced anti-reflective layer also available from Novellus Systems, Inc. San




Jose, CA is deposited over second organosilicate |ayer 14, corrpli |r‘}% t?e .
exanple in wafer stack. Patterned photoresist |ayer 10, previou Itgy gL 2005
di scussed, wgoaapkised over hard mask 12. O course, it w lpcThsoz@ecssgni zed
by those having skill in the art that this wafer stack is exenplary only.
Al ternative structures and filns, known to those having skill in 5 the art
maybe utiliz | I ' tied .l e | i

Ref erri ng nojgvget’ g(‘;kFllS ggg) &ﬂg@éﬁ% Sé%ﬁg%%%%gﬁuh{%@g%e%’ g@%aﬁgirl%g{eégg gm whi ch
utilizes an vuRyHcR Biteheatphptoedsist Gk, piteiolslgldidcnegdan appladomertud prent
previously discussed, is disclosed. Several of the process paraneters of

t he present maskdat Ofgowrss; 1twdlhmpqmdwﬂmﬁﬁha%gyhﬁgn@w@%ﬁé)” Tchant

nbi , d f k..10 |t : t.ai : -
mbodi ment o SHGRGF PRBPITRPR: AJEALS H B o B e Qe Bl
waf er i ss si gualeelaybhd Billzddhs ihBRELhOkARAMRIogrAbd diffitadekigaw of a first,

sel ective etchant gas Is introduced into the chanber of the dual-frequency
etch equi pment Befenimgmow tolFigs.idsamd 2aAt onp@anltitstepestdrproress #80,iveéidh r uck.

- According to,Qne 15 enbodi nent, the first etchant gas.is a m xtur
i ncl udi ng ARHIESS\E SRmMQni3 gGh step éwg’ﬁq%ﬁ%W&%ﬁﬂﬁerﬁgf,?Chaeﬂﬁl_pmm%(pmﬁsus_ly _
octaf| uor OCﬁﬁ&ghﬁéf-l%mﬁscl&"eﬁﬁ 'SeJé}hl%friTi«?‘]]Sfdéés bira@bteEOH S el Mvén@iDhig at i on

specific, a rnative etch steps 1 nplehenting alternative etchants and
di | uents maye hedifieddo aiit hayingebnditions; elehint pasoonitiBations randtvesderstashr di ng t o
the present jnvention. 20 According {o one odi_ent, of t resent

i nvent ilén, eempasitioss. Cerplaprefomed @PWME‘E%&“%EO%JWBS% @Wgr
p_rglssure ofb%s ween 0 and 250 niforr, nore preferably between 10 and 100
mrorr, nore ferably still between 40 and 80 mlorr, and nost preferably

at about 70 niTor A; 1(BBe wRiE&is bitRSsdenichin Gfe redvtion chamberi SAtf1Q0nmbwatf qiiragr
| evel s from about 250Wto 25 about 2500W More preferably, the upper power
| evel is foschastivé elohardigasis m»cefbmtca@@@hm&%@wﬁwé%-fm%ﬁw&mhy still,

this power |level is set at.betwse 0 1Q00VM: 3

preferably ?W%%BFW?”@@U%%@%%D\%?%@ eseg Pé%%ﬁ%o%%%ﬁé’ r

frequensy paisdihenmetne firststdhant g gy @mittereahduding Mrphogen,2aBéht o about
tetrafluoromethane CF4, and octafluorocyclobutane, C4F8. This mixture is of course

bighly application specific, and alternative etch steps implementing alternative etchants
and diluents may be used either before or after an NH3 etch step according to the present
invention. -

20 A According to one embodiment of the present invention, the first, selective, etch
step is conducted at a chamber pressure of between 0 and 250 mTorr, more preferably
between 10 and 100 mTorr, more preferably still between 40 and 80 mTor, and most
preferably at about 70 mTorr. 7

_ The upper frequency of the plasma is formed at power levels from about 250W to

25  about 2500W. More preferably, the upper power level is formed from about 250W to
about 1500W. More preferably still, this power level is set at between about 250 to about
1000W. Most preferably the upper frequency power is set at about S00W,

The lower frequency power level is set at power levels from about 250W to about
2500W. More preferably, the uppér power level is formed from about S00W to about

30 2000W. More preferably still, this power level is set at between about 750W tq about
2000W. Most preferably the lower frequency power is set at about 1000W.,

10




-

2500W Nbre preferably, the upper power |evel is formed from abohg 3B0V¥s

" about 30y 309aMs.JMore preferably still, this power |evel § bet ween
about 750Wto af)out 2000W Most preferably the | ower frﬂgﬁlzbﬁ%lgﬁ%%mr i's
set at about 1000W 10 .1 9 JUL 2005; WD 02/065528 PCT/ US02/ 03138 The

Const | fuent | ofitK TALuEe piEy SETALBabE TRy GEH CBPToE of FBHRo oM about 3
Qi 66 . G Bk 75
:ggmt(r)mr%g pr eﬁ‘nggéaagl y st'imsg%n?gﬁgggfo%t }/?%’r@gieoraﬁ‘gto a oﬂ?ggbo&gggm and nost

pr ef er abl3$0 atcng oo pt&femblyrfronT bt 5 isein thatett iasdeng aorapsferabdps@ailns ar gon

as a diluyent,, at _flows from about 10 seem to about 500 seerrhj(§ re
preferab:%?m?wmé‘éﬁn%ab@gﬁﬂ%@na@émosémf%@ﬁﬁﬁtqm%l%ﬁéﬂ’e? Irfri'}Ststi Il from

ot ohant PPenee Redroitiod dhoR SET UL IR PbuB AEREARAL Yo SO N 0B, O ot

1 seem t@ngkastt piiFerabBroniatiot Y edcdd Rhibyuf I508calptibradprefeibiy ailbfiout 30
seem nore 130&r eferably still fromabout 5 seemto about 20 seem and nost

pr ef er abpBouh 1 0G Besm tosabebbA0 scpmiand moskpreferaphs atobast 160wsem. in thi s

nbodi nent i 4 . tetrafl t t . a fl t bout t
about 100 seehye APt siies M £ PRMosabiefuanetabiiy. CAERR Batany ror o
pr ef er ableumSiabbutf S0UBADRMYe ROFESHBHEA 2BHAY scBf) 15 88HASHRShoR ef erably at

about 40 seem 15 Etching proceeds at a controlled tenperature, for a
spedDf i eptefeeablypstilbfromi abeut § scent thebext@fpican and dest phiefrabdy simbput hecchi.r st et ch

t .t t t .0C . 60C. _Mb ti ly f
Abgut . SCARBALE, ERER R 4n o FHARFYS GOt PR REpoRaA Sy T about
40C, anﬂkr(fmgbmﬁfl%%%:gﬁo&t1069%ﬁ, né&%réféﬁl%ﬁ%?@b&dt B Scdio atollf 751er vary

fromsma ractions of a seco t o about m nutes, and are situation 20

dependerstem) moteyrefexahipstil] friore bt soando avdut 50 8eenaknd estpesferabhyedter abl e
power settings, gas flows and tenperature, the first, selective etch was
acconpl i38A $C8bout 28 seconds. This etch step provides a high degree of

sel ggtivity *E&Pﬁﬁ& Br&c@gdscﬁrt QanaRdith ?é%}?erature, for a specified period of time. In
the exemplar under discussion, the first etch may proceed at temperatures between 0°C
and 60°C. More particularly from about 5°C to about 50°C. More particularly still, from
about 10°C to about 40°C, and most preferably at about 40°C. First etch times may
further vary from small fractions of a second to about 10 minutes, and are situation
20 dependent. In the example presented here, etching at the most preferable power settings,
gas flows and temperature, the first, selective etch was accomplished in about 28
) seconds. This etch step provides a high degree of selectivity between the organosilicate
dielectric 14 and the stop layer 16.
In order to accomplish the preceding temperature control, the temperature of the
25 wafer is thermally maintained by a flow of coolant gas through the chuck retaining the
| wafer in the reaction vessel, sometimes referred to as ESC, or electrostatic chuck,
temperature. This flow of coolant gas, for instance helium, is at a flow rate from about 1
sccm to about 50 scom, more preferably from about 2 scem to about 30 scem, more
preferably still from about 10 scem to about 20 scem and most preferably at about 15
30 scom. Etiching proceeds until the desired etch results have been met. In this example, the
first efch step proceeds until the eich reaches the eich stop layer, 16, as shown at Fig. 2b. -
This corresponds to step 122.

i1




dielectric 14 and the stop layer 16. In order to acconplish thel_;.qo\ eiljﬁfi n&}
tenperature control, the tenperature of the 25 wafer is thermak 9 2005
mai nt ai ned é{of}m&f-‘»kﬁw of cool ant gas through the chuck ret aipgirfigiot/bmss waf er
in the reaction vessel, sonetinmes referred to as ESC, or electrostatic
chuck, tenperature. This flow of coolant gas, for instance helium is at a

flowrate fromahout 1 emto about 50 em, . Hor .. | I r ut 2

seem to about 30 mﬂ@‘%etgé 5‘?"8?‘2?%% F&%ﬁa} %#crgg%%é%%%ﬁ%&s%%%_%gg cgggut

20 seem and e%ﬁ%ro%gﬁfsﬁgqgley 18tse ﬂlﬂfﬂi&%ﬁ%_@ioﬁ.ﬁ?ﬂiso@kmﬁ&spbms aetil the
S vé been net. In this exanple,

desired etch resul the ftirst etch step
proceeds untchingetie Tt séroné aichdscandacted efe diamber prpsstre ofetvpendBie ol Fi g.
2b. This corresponds to step 122. 11.i7.9_.f.L. 20051 .

T/ US02/ 05 PURPTRGale PERIBEPEhetTRen 0 5 A R ot fsg? PR BRIy sy L ety and
exanpl e 4 s 30303 Sk AGLAY Brorlififal AU mIbAP | aver 16, several of the
previ ously discussed process paftameters are changed. The second etch is
conducted at a clreheperifieuentyef dic platmes forthedrat p@&er levalinfrom abonk250W to

preferably between 10 and 100 mforr, nore preferahl till Det 40 and 5
90 niforr, adbowBSPOV: drlereaneiprahly, H@G%I?PG%‘BW%TE‘T’VP{ E%‘%}f&@ aﬁ?‘ﬁ?fﬁ@ﬂ{;ﬁ? of the
plasma is fo rol 100 ahaldh 22820000 iobe

pref erabl vy, aﬁ?ﬁ%ﬁﬁ‘é’?%ﬁ&%@ﬁ@s@%ﬁ%@ rg}r%gﬁ%gt 500\?Vto about

2000W  Nor e apéi f180@W. Widkt preteratljibe L]EFEm‘eduer;ﬂ pover ekt @tabbett WEEW.about
1000Wto about 1500W Most preferably the upper fre uencg \%‘\gﬁwis set at
about 1400W 10 The ldwsadreqhensypeweylepehie set pbpayerileyelsdfom ¢ ﬁﬂg BAROL £ 1 om

about ' 250 bout 2500 re preferably. s
f ord"ried fr ox\{zé(gq}ﬁt %ﬁ\ﬂf‘%gm%ogg “PI%%@’S\WFI %{‘)’Fpe/ls 6‘?%%% i a@| %/bogl? ?ﬁﬁﬁwl tt%‘ﬁlﬁéu power
llevel is sebogiwbakiepreraant st X8/ dowed Rl is &0 Bibiveboatioup 760 @labyuit he
| oner frequency power “1s sef at about 1000W The m xture of the second

et chant gas2060Vgiont prefefablyatbe Jowsfsabemsy powvet isopkat gpout #900We consti t uent
etch gasses. Th e’.s[ﬁe in?)(c:tluyedcﬁ' A Q/eggrrlld etc 2eint %;[13 ifs lagz\ﬁ'rsl p%fé%%l? %Qﬂbﬁgecls&f:ﬂﬂv&soof
15  the constituent etch gasses. These include oxygen, 02, at flows from about 3 sccm 10
about 300 scem, more preferably from about 5 scem to about 150 sccm, more preferably
still from about 7 sccm to about 50 scem and most preferably at about 9 scem. This
second efchant gas also contains argon as a diluent, at flows from about 10 scem fo about
500 s;ccm, more preferably from about 50 sccm to about 250 sccm, more preferably still
20  from about 100 scem to about 200 scem and most preferably at about 140 scem. ‘
The etchant further includes a flow of octafluorocyclobutane, C4F8, from about 1
) sccm to about 50 sccm, more preferably from about 5 sccm to about 30 scem, more
preferably still from about 10 scem to about 20 scem and most preferably at about 15
scem.
25 Again, etching proceeds at a centrolled temperature, for a specified period of
| " time. In the exemplar under discussion, the second etch may proceed at temperatures
between 0°C and 60°C. More particularly from about 5°C to about 50°C. More
particularly still, from about 10°C to about 40°C, and most preferably at about 40°C.
Again, etch temperature was maintained by a flow of coolant gas applied to the backside
30  ofthe wafer in the process chuck. Process times may further vary from small fractions of
a second to about 10 minutes, and are situation dependent. In the example presented

here, processed at the most preferable power settings, gas flows and temperature, the
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about 300 sccm nore preferably fromabout 5 sccmto about 150}%51%&:&%[{5?
| A at

preferalq,[,dw&tsg'jﬁl from about 7 seemto about 50 sccm angdc-FRih
about 9 sccm is second etchant gas al so contains argon as a diluent, at

flows fromabout 10 seemto about 500 sccm nore preferably from about 50

seemto about 0 seem e, preferably still.20.from about 100.sccmto

Shout | 50850 A e L pet ekt ThisG bt PrORCL? IRLATTFAT | per

i ncl udes . ; . , o0 about
oft sélé&%@}g@@ég@ie}&b?%ﬁ%&%kﬁ@ WieBdifric S tlé% %tt&még@f)% Fich steF M4

50 sccm nore pr m about 5 seemto a 30 sccm nore
pr ef er ablpyocsedsl 4t Idastamtibbiok stof A 6 $as becn@tahed diroReh, scdwwanad Fip2e. i tiier abl y at
about 15 sccm 25 Again, etching proceeds at a cgntrolled tﬁgpﬁ] ture, for

a speci f esanperthisetcdrsten alspeetchen thrpeheaeeripmbulntall. of Q8Gdayes Second
etch y ratures between O0C and 60C. Mrre particularly
fromsggoapﬁg%gﬁgzggggﬁﬂ%gc More particularly still, fromabout 10C to
about 40C, anTorBmplds e efchiic)of die faltait, a 40 selobad ¢tch step 1 0bdEper at ure was
mai ntai ned by a flow of cool ant gas applied to the backside 30 of the wafer

in the prosbsisdcFupstformsterel)$, an etek thienghfthe tamaindea p{OPColayd i) feverdhct i ons
f d to.abpui. 10 nri nut I fuati t,:ln th
oxampl o § BeeiidEBHisedSed phteS iRt Rabi b BRI 0ot (T ogs,
gas fl ovsornsted ﬁf@ﬁ{aﬁiﬂéf BressufCotligtviedn 0 M@ F0BMPFB 280rB pléfbiatR bebnaQ second

etch was acconplished in about 10 seconds. This etch Step provides a | ow
degi@e Uf amisl®onTenrt molegirefehlytshi betvend §0 knd 26kmdps] ead mest 18 and t he

stop layer_1 tch step 124 proceeds at |east until etch stop 16 has been
et ghed tﬂP@ﬁ%ﬂlxiﬂ?@OBﬁm ¥&Fig. 2c. Inthis exanple, this etch step al so
etches LNr OUGT Ay Ik Rinoy 8 P b fofthed %oty Yt} Sronfibdud 150 WaoPO! Nt
step 126 is reac g T Iéc nplete t esetog%? ngggﬁtﬁee%egture,u athird

sel ect i aboat Z3005¥.eMlord fi6ferably, tinabpet powerleved & homed £ommbde6250M tet ch

t hrough the renmmi nder of | ayer. 18, several f the previously discussed
process 3P%W@-s@mra&%ﬁﬁ§#géa9w Vel i ebatdtetyieanadbotit 250 60 about

15  1000W. Most preferably the upper frequency power is set at about 500W.

The lower frequency power level is set at power levels from about OW to about
2500W. More preferably, the lower power level is formed from about OW to about
1000W. More preferably still, this power level is set at between about 0W to about
100W. Most preferably the lower frequency power is set at about OW.

20 The mixture of the third etchant gas is again preferably comprised of a flow of
etchant gases. In one preferred embodiment, this eichant gas comprises ammeonia, NH3,

) 5 sccm to about 1500 scem, more preferably from about 100 scem to about 1000 scem,
more preferably still from about 300 scom to about 800 scem and most preferably at
about 600 scem.

25 While one embodiment of this invention contemplates the use of NH3 alone as
the etchant, alternative embodiments contemplate the use of diluents. An alternative
could contain helium or other known etchant gas diluents.

Once again, etching proceeds at a controlled temperature, for a specified period of
time. In the exemplar under discussion, the third etch may proceed at temperatures

30 between 0°C and 60°C. More particularly from about 5°C to about 50°C. More
particularly siill, from about 10°C to about 40°C, and most preferably at about 40°C.,

Again, etch temperature was maintained by a flow of coolant gas applied to the backside
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conducted at a chanber pressure of between 0 and 500 nilforr, mﬂeﬁgﬂ_ﬁj_gugﬁgl y
between 10 10 and 250 nmiforr, nore preferably still between 100 and 20
mlorr, and WOIR/06352%f erably at about 160 niforr. The upper fREIGUHROIBT t he
plasma is formed at power |evels fromabout 150Wto about 2500W More
preferably, the upper power level is forned fromabout 250Wto about
1500W Mor e ¢ripé @afebinths pidckss dhitls Poves tihey elayifsriise vagtfrdme swel draciowstof 250
to about 15 1000W Most preferably the upper frequency power is set at
about 500W athérd|te pRaut 19 sHuERS; yne avedsituptispdependente tln the e pieyied herom

about OWNto about 00W . Mor.e ef er t v j: med

f r om about W?eésezilﬁ%ﬁ}em %Bfﬁfﬁra%{?rpé’%ﬁf%@rgﬁ#g ﬂgﬁéﬁﬁd w%atlﬁ%\’/\g{re evéetlgﬁi s

set at bet wagsh bR 1-RR020S sbBRW THRSchMe oaideya hiph dogueer {1 equency
|

power is set at about ON 20 The mixture of the third etchant gas is again
preferab$y celetivitesktwéendhé brganofilicate dinlesiric 8 end thehardny@Op Foflaymgpich

nmbodi t, thi t chant | | N . t t..1500
Seem more’ (NG G BFOR IAPCAAGER PHUD AT PHea ot bl SER bReBRE =

preferably sl | from about 300 sccmto about 800 scam and nost preferably
at about 60(} seem 25 Wile one enbodi nent of this invention contenplates
the use of NH3 alAtnkis psint irhihe etohhegime, the features, fordnsatred4ramdi26, daned gl at e

t he use of diluents, An alternative oul d .contai,n hel,ium.qr_.o known
et chant gas Pplogesist layerg{d Vﬁ@&W@eeﬁF@%itﬁfﬁuﬁ’r %Ei‘@‘iﬁ‘sm?f’?( layeg (}gt @3{ bg[c?

t enper re,,.for. ech fi | ' I uTeere .
di gf:)us:#d;n, df%éeéh?(ﬁllaieg" g‘%’c eﬁ%‘a§/}8 Ir] creie)% ag%l E%E‘éﬁ%?rﬁ g (Eirglggﬁgco 62? \9\}een O%Jhlgand

60G Nore pad édniplbidlylexchiol o/heabaitier Myei 20 Bheuhed @Cshdvior &t Fipaid At tismpdiyt,
still, from about 10C to about 40C, and nost preferably at %bégt 4%&.
Agai n, et ch theprpepuslyidiscussed oteling and siaippips steps bayedeer epypplstedgleaIts 4% od t o

e pr ocess AR GLIGET HPhS RRPIRTAERS G PR e AR L F

The wafer stack is now ready for further patterning, doping or deposition steps as

15  required to complete the integrated circuit device.

Process 200 provides several novel advantages. First among these is the
extraordinary degree of control of profile control enabled by the methodology of the
present invention. This is shown at Fig. 3, a photomicrograph of a comb structure etched
in accordance with the present invention. The extremely anisotropic etch profiles

20  enabled herewith are readily apparent.
i A second advantage is that all photoresist has been stripped from the wafer by the
) o NH3 during the third etch step. This obviates the need for a separate photoresist strip
step in wafer fabrication.
One advantage noted during testing of the present invention is the notable lack of
25 bowing produced by the NH3 etches. It is postulated that where there is insufficient ion
| bombardment, for instance on the sidewalls of vias and trenches, the NH3 reacts with the
low-k dielectric to form a polymer, possibly an azide with tenminating -NH2 groups.
This resultant polﬁner passivates the sidewall and pfevents profile bowing. The polymer
formation appears to be femperature dependent and possibly reaction-rate controlled.
30  The sidewall polymer thickness and integrity increases with increasing temperature.
| Another embodiment of the present invention contemplates the addition of

methyl fluoride, CH3F during the final eich step, 106. This addition has been shown to
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athird to about 10 minutes, and are situation dependent. In thlgiaﬁﬂlrpi’@@

pr esent egohBlgss2g Processed at the nost preferable power wetidBRassdas flows
and tenperature, the third etch was acconplished in about 205 seconds.

This etch step provides a high degree of 5 selectivity between the
i

ot Shing 1"6AREIEURLE I EptoRlY ol meOine Bignd UpB ol alibeP 100
processi g GH3F AdM-abbiit 1t ¥ t0abdil 50RcN & Rded o BYNFB ctblh Step BRNVIGUEE, for

instance 24 and 26, defined by photoresist layer 10 have now been etch
t hr ough tdiwsussed.d Mras krcifarghdy thi9flowiis Fom@BautlOscdingb @bouti3® scememorel 4, trench

stop layer 16, and second G dielectric |layer, 20. The feature, .IS

conpl etem&efé@hwé&%awﬁém ubd secim g ool i ghibat 1B g: 2d. At
this goi gLy, the previously discussed etchi'ng and stripping steps have been
conpl et ed, r%eatures 24 and 26 forned in wafer stack 1, and photoresi st

| ayer 10 stri [ipenef tocwebinplishibd precaiimgiemperbiige variten], the sanparatureafthieady f or

further patterning, doping or deposition steps as 15 regllgji red. to conplete
t he i nt edffeffr aythermally maigained by aﬁﬁb&@%@omgﬁﬁbmuab@es@v taipigg dhe

advant ag Ei ; | ordi nar trol of
orof 11 o Safe FtReRERA et Tfis oot anEllbAR0RY B PR Ko AR o) T
I s shownraié frbinthboidt 1 SocllaBAkiSG0RGERPRORS préfefBibiréh B Rchilte Bt 30N
accordance with the present invention. The extrenely ani sotropic etch

pr oflPl esscem, ewappiserady still fmeabeut Khsticinyto abpixt28rsecm And senshprefaistdyitlage i s
t hat al l%}%ﬁfiﬁgc% | st has been stripped fromthe wafer by the NH3 during
theé thirdetch™Stép. This obviates the need for a separate photoresist

strip step inmB%iﬁﬁﬁéﬁguﬁbﬁﬂﬂeP%lﬁ 238 coppcedeadute! My iBZidgng of the
present invention is the notable lack of 25 bowi ng produced by the NH3
et ches. autNH3 eisheatypxitatipn dfdle edpoerfoting is obsiatedsaifdf dtiendantt copper bonbar dnent

for instance.on e, sidewal.ls qf, vias and tyenches, the NH3 reacts with the
| ow k dipé’llsé’(t}m&‘gl SHiransysiar. Btlcgﬁléﬁ'r,e"W@WF{}‘%ﬁ‘ﬁ azide with terninating NH2

o oF T e bovi m T e B e B pendent
and possvillély Vaamg sipneanddneporarbugiy,| veith excellent profile control and with minimal
RIE lag, minimal bowing of the vias formed by the etch process, good etch profiles, good
resist selectivity, and good etch uniformity across the wafer.
It will be apparent to those having ordinary skill in the art that the previously
20  discussed power levels, pressures, flow rates, and temperatures are by way of example
| only. Different dielectric materials disposed at varying thicknesses in the wafer stack
) may require different combinations of power, pressure, flow, and temperature, The

principles in the present invention specifically contemplate all such combinations.

The present invention has been particularly shown and described with respect
- 25  to certain preferred embodiments of featurss thereof, However, it should be readily
-apparent to those of ordinary skill in the art that various changes and modifications in
form and detail may be made without departing from the spirit and scope of the
invention as set forth in the appended claims. In particular, the principles of the
present invention specifically contemplate the incorporation of one or more of the
30 - various features and advanfages taught herein on a wide variety of integrated circuit
-devices formed of varying wafer stack configurations defined by a number of
different layers. The previously discussed process variables are of course capable of
15




30 The sidewal | polymer thickness and integrity increases mﬁthlﬁdﬁgﬁﬁ§2 .
tenperature. Anot her enbodi nent of the present invention contenpl ates the
addi ti on of Womgtohs™8 f | uori de, CH3F during the final etch stRPEUIGH3IFh| s
additi on has been shown to 14 19 JUL 2005 WD 02/065528 PCT/ US02/ 03138
reduce the effects of the previously discussed m cro-nmasking. In one

ermbodi nent, @oflifiewtiordly tGbitrhakingskbmuthe Art fesffect diffefentinidpPatadeuits added to
the NH3 etch step previously discussed. Mre preferably this flow.is from
about 5 seendeviceatitash ofthesediipmatimesis specifically soytemplated by thaPHRAREs 90 seem to
about 20 se%ﬁlandggnst referably at about 10 5 seem In order to
acconplish t g éﬁvﬂgo%Enperature control, the tenperature of the wafer
is thermally maintained by a flow of cool ant gas through the chuck
retaining the wafer in the reaction vessel. This flow of cool ant gas, for
instance helium is at a flow rate fromabout 1 seemto about 50 seem
nore preferably fromabout 2 seemto about 30 10 seem nore preferably
still from about 10 scci7i to about 20 seem and nost preferably at about
15 seem Not shown in this figure is the previously discussed copper
feature. By utilizing an NH3 etchant, oxidation of the copper feature is
obvi ated, and attendant copper poisoning of the transistor effect of the
device is precluded. 15 A specific feature of the present invention is its
novel ability to formfeatures of wdely varying size contenporaneously,
with excellent profile control and with mniml R E lag, mniml bow ng of
the vias fornmed by the etch process, good etch profiles, good resist
seDectivity, and good etch uniformty across the wafer. It will be apparent
to those having ordinary skill in the art that the previously 20 discussed
power |evels, pressures, flow rates, and tenperatures are by way of exanple
only. Different dielectric materials di sposed at varying thicknesses in the
waf er stack nmay require different conbinations of power, pressure, flow,
and tenperature. The .
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principles in the present invention specifically contenplate all such

conbi nations. The present invention has been particularly shown and
described with respect 25 to certain preferred enbodi nents of features

t hereof . However, it should be readily apparent to-those of ordinary skil
in the art that various changes and nodifications in forn1ﬂ@gza@§ail may
be made without departing fromthe spirit and scope of the “i'nVéention as
set forth in the appended clains. In particular, the principles of the

pr esent Whatienleimedisspeci fi cally contenpl ate the incorporation of one or nore
of the 30 various features and advantages taught herein on a wide variety
of i nt edr at ed Mathog gf gichingap icesaeic figlepticiaysT ovea R FYhsHRtdePBPiISEPack confi gurati ons

defined by a nunber of different |ayers. The previously discussed process
vari abl es ar BoGS ST Qe 4 Ao SCTE B 20051 @ WO 02/ 065528

PCT/ US02/ 031?IQcind@ﬁ%tfalinS@ﬁHofbpesEYIaH?Q§t§ tl‘lg%\élidrﬁgas§ I%%/ér! inthe art to effect

different integrated circuit devices. Each of these alternatives is

speci fi cal | ypaany eeploatslin By efchifg @aimpbed pl es of the present invention. 16
19.7.2005 What is clainmed is: 1. A nethod of etching an organic dielectric
| ayer over apmvbisg aredtehanigespmisising NH3 moethe etching dhambkrvieleindbeH3 has adlogaate ¢
di el ectric | gRten dcaf tdBo@sdeat t er ned photoresist | ayer over the hard nmask
| ayer; placing the substrate in an etching chamber; providing an etchant
gas conpri si penekdtitdy 4 plasona ftoen 1ad RS, mbpich beledtiedly etoliee the iorgahib dielstite lpes wah febgpat to
rate betweep.} é&gg%&% 1500 sccm generating a plasma fromthe NH3, which
sel ectively etches the organic dielectric layer with respect to the

har dmask; anemgkanbdusRREEsI] the piotd RbtMGetl dURNGRObibhifEst btordadi Qleleditt ko, t he
etching of the organic dielectric |ayer.

2, The method, as recited in claim 1, further comprising providing CH3F while providing the etchant gas

comprising NH3.

3. The method, as recited in any of claims 1-2, further comprising providing an etch with an etchant gas

comprising GF4, prior to the step of providing the etchant gas comprising NH3,

4. The method, as recited in claim 3, wherein the etchant gas comprising CF4, further comprises C4F8.

5. The method, as recited in any of claims 3-4, wherein the etchant gas comprising CF4 further comprises
02.

6. The method, as recited in any of claims 1-5, wherein the organic dielectric layer is made of an organic

low-k material, and wherein the simultaneous stripping completely strips the photoresist layer.

7. The method, as recited in any of claims 1-6, further comprising providing a bias power of between
about 0 W and 100 W during etching of the organic dielectric layer.

8. A method of etching an organic low-k dielectric layer over a substrate, comprising:

17




2. The nethod, as recited in claim1, further conprising providi ng CH3F

whi |l e providing the etchant gas conprising NH3. } 3. The nethod, as
recited in any of clains 1-2, further conprising providing an etch with an
etchant gas conprising CF4, prior to the step of providing the etchant gas
conprising NH3. 4. The nethod, as recited in claim 3, mherei§1755t% et chant
gas conprising CF4, further conprises C4F8. 5. The nethod, d@s recited in
any of claing_3-4 erein the etchant gas.conprising CF4 further conprises
02. 6. The rr%'?ﬂ%qf ha\é\égm?sg(cﬁv?reﬂ%? ?r%angﬁ%w'%?Ig[%‘fﬁrg;ﬁ%gpl-S, wherein the organic
dielectric | gy&tqd mudReEpHlordRt 9Yed B the hhAWidk ARdrer i @l , and wherein the

si mul t aneous stripping conpletely strips the photoresist layer. 7. The

met hod, as r gladiigable $ubstaityin af ehiad ¢Bmberd, further conprising providing a

bi as power of between about 0 Wand 100 Wduring etching of the organic

di el ectric | prpéding & etohantmiad oinroibing Nghinfegheagichingghambesrl ow- k di el ectric | ayer
over a substrate, conprising: 17 19.7.2005 placi n% a hard mask over the
organic | ow fengralinapirsma f’f°5\3€*’r NHP MAE B@bla Ihsplachel s eareanisdqvek diplsgiisiaysy er
t he hard maskitd mspectto thp hardimagk érvestrips betphatbresisttayam et chi ng chanber

provi ding an etchant gas conprising NH3 into the etching chanber;

gener ati ng asgich@lyetohing thetoreaniiaay-k dipiectis lavsr withi respee talee sk 8pdet ch t he
organic lowk dielectric layer, wth respect to the hard ymsk and strips
e Dot or efuplangial Sl Py e v e e St g T PR Sraf i el | £

| ayer with rdepaitlayen t he hardmask; and simultaneously stripping the photo
resist layer during the selective etching of the organic lowk dielectric
| ayer. 9. The nmethod, as recited in claim8, wherein the NH3 has a flow
rate, erei-n th low rate of NH3 i.s m abput 100 scc 0 abo 000
Ceom 100 e e iR Safip g ra NSRS AR Nt
rate frtiem apotito030on toebedt 90056t 800 sccm

10. The method, as recited in claim 8, wherein the NH3 has a flow rate from about 300 scem to about 800

- scem.

11.  The method, as recited in any of claims 8-10, further comprising maintaining the substrate ata

temperature between about 10° C to about 40° C during etching of the organic dielectric layer.

12.  The method, as recited in any of claims 8-11, further comprising providing a bias power of between

about 0 W and 100 W during etching of the organic low-k dielectric layer.

13.  The method, as recited in any of claims 8-12, further comprising:
placing an etch stop layer over the crganic low-k dielectric layer;

placing a second organic low-k dielectric layer over the etch stop layer, wherein the second organic

low-k dielectric layer is between the organic low-k dielectric layer and the hardmask.

14.  The method, as recited in claim 13, further comprising eiching the second organic low-k dielectric layer
with a first etch, wherein the first etch provides a bias power of between about 250 W to about 2500 W before

selectively etching the organic low-k dielectric layer.
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11. The method, as recited in any of clains 8-10, further.conprising
mai ntai ning the substrate at a tenperature between about 100 C to about
400 C during etching of the organic dielectric layer. 12. The nethod, as
recited in any of clains 8-11, further conprising providing a bias power of
between about 0 Wand 100 Wduring etching of the organic ll%)w250§ji el ectric
| ayer. 13. The nethod, as recited in any of clains 8-12, further
conpri si,pg: | aci ng _an.et.ch stop. | r .oyer the .organic |owk dielectric
ayer: Baci T Tanel s bt G aAm < SR ar OY LT O T G A A S a L
| ayer, WiTéfaihe etching hesesmid pmgaaiganic dietpgirik ladérel ectric | ayer is between the
organic lowk dielectric |ayer and the hardmask. 14. The nethod, as recited
in claim13, further conprising etching the second organic | owk dielectric
| ayer Lt h ' cwher ejn i.r ' ' f
bet wee n\LvE'?ibou-ltﬁl|e %@ %él\/a;g tcr)&g dd}ﬁ?lg@;& o“’ﬁﬁ?ﬁ"e{“?) F %Lans é%g; ¢ F‘ F@S\ggﬁtf%w?ﬂn%% ﬁs%!"g?!aé;ni C
| ow-k dielectric layer. 18 {[, 19.7.2005 15. The nethod, as recited in any
of clainms 13-14, further conprising providing an etchant gas conpri sing
CF4 f or 17he Tk efethng sk heitstic andof clavisis- 161 Waandircthd etehat asi combrisingNH3 L6es NHBe
et hod, ,age Lefd L@yt n claim15, wherein the etchant gas conprising CF4
further conprises C4F8. 17. The nethod, as recited in any of clains 8-16,
wherein the etchant gas conprising NH3 uses NH3 alone as the etchant. 18.
The nethod, as recited in any of clains 8-17, wherein the etchant gas
conpri sithg NH8methes abliBiteddih emeof algimtsBel 7 ewtenamthe etti®ant gesrrenprizthg diH3esesHiHEg an
or gani c ;@h&hanrd sikin. ayer di sposed bel ow a hardmask | ayer and over a
substrate, conprising: placing the substrate in an etching chanber;
provi ding an etchant gas conprising NH3 into the etching chanber with a
flowrate fromabout 300 sccmto about 800 sccm generating a plasma from
t he - NH3,19whi &imethod hsichingean oragain diglecliiclpyer tispased kajavr a hasdropsivigvertaadl ayena t he
subst r akgosdte ompigigr at ure bet ween about 100 C to about 400 C during the
etching of the organic dielectric |ayer.

placing the substrate in an etching chamber;

providing an etchant gas comprising NH3 into the etching chamber with a flow rate from about 300
scem to about 800 scem;

generating a plasma from the NH3, which etches the organic dielectric layer; and

maintaining the substrate at a temperature between about 10° C to about 40° C during the etching of

the organic dielectric layer.

20. An integrated circuit formed from an etched organic low-k dielectric layer over a substrate, made from

‘the steps comprising:
_ placing a hard mask over the organic low-k dielectric layer;
placing a patterned photoresist layer over the hard mask layer;
placing the substrate in an etching chamber;
providing an etchant gas comprising NH3 into the etching chamber;

generating a plasma from the NH3, which etches the organic dielectric layer, which is able to
selectively etch the organic low-k dielectric layer with respect to the hard mask and strip the

photoresist layer;

selectively etching the organic low-k dielectric layer with respect to the hard mask; and
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20. An integrated circuit fornmed froman etched organic lowk dielectric

| ayer over a substrate, nade from the steps conprising: placing a hard
mask over the organic lowk dielectric layer; placing a patterned

phot oresi st | ayer over the hard mask | ayer; placing the substrate in an
etching chamber; providing an etchant gas conprising NH3 inj®;bhgs et ching
chanber; generatlng a plasma fromthe NH3, which etches the organlc
dielectric | Kk
diel ectric | %)ﬁgﬁan\?\%mw%nlg@ﬁ%@lg Ipﬁ“otcg r%ﬁrsﬁﬁ) h%ﬁ ¥el§%9€et§rh'§ 09{[:9 gl%hﬁc Jo&vl\"
photore5|stlé?@ﬁ“c@gVectlvely etchlng the organic lowk dielectric |ayer
wth respect to the hard mask; and 19 19.7.2005 sinultaneously stripping
the photo resist layer during the selective etching of the organic |owk
di el ect 1‘211 c l'@% ﬁ'rtegra?e;d canlhteaé BLiRs rnaciaﬁﬁimﬁ: Wh@ﬁé?ntthe MR HaS %'flb\ﬁ %té %t\ﬁéeﬁhﬁd £m to
wherein the NH3 has a flow rate between 100 sccmto 1000 sccm 22. The

i nt egr at'®®P LFPcuit, as recited in claim20, wherein the NH3 has a flow rate
from about 300 sccmto about 800 sccm 23. The integrated circuit, as
recited in any of clainms 20-22, further conprising maintaining the
substrabg atyhe fdgRARE; ré]ntlJéserth%& Wi 80 WHbreth CheNHPhB R reDirdm SBaGI 930 s&tBi NY
of the oggﬁﬁ%c dielectric | ayer. 24. The integrated circuit, as recited in
any of & 58723, further conprising providing a bias power of between
about 0 Wand 100 Wduring etching of the organic lowk dielectric |ayer.
25. The integrated circuit, as recited in any of clains 20-24, further
conpri sifg: Thinkgkatdd oRbuitChrBeid mpani, NERAMPAET?, tuh@er@dsfg;ﬂiaing miaiibinkag CHetluBsitatel €

: 2‘;2: 1 \%'%Zr‘rﬁ:pléepag.lr? Resc\%\ge%ga %u r‘lgfé.'g {g r?lb%u(?\zltv? kC %En'\éjgtg!%lr ! c{q thee})¥ ag"nc%l\/egl trlé %getraltegg f}]gp
organic lowk dielectric |ayer and the hardmask. 26. The i ntegrated
circuit, as recited in claim?25, further conprising etching the second

or gani c 2k.0W-Tise intligedteRicdrtditCad ragited insing bF ciairkd 20843, fittiedn coniiding provitlihea bibg sdweedfc h

provi de%et@vetm fboutdWehd RJO Vpgﬁr%%{ghiﬁ&%e C;Ea%c\{gvs& dl@l@&r‘i‘é layer.

25.  The integrated circuit, as recited in any of claims 20-24, further comprising:
placing an eich stop layer over the organic low-k dielectric layer;

placing a second organic low-k dielectric layer over the eich stop layer, wherein the second organic

fow-k dielectric layer is between the organic low-k dielectric layer and the hardmask.

26.  The integrated circuit, as recited in claim 25, further comprising etching the second organic low-k
dielactric fayer with a first etch, wherein the first etch provides a bias power of between about 250 W to about
2500 W before selectively etching the organic low-k dielectric layer.

27.  Theintegrated circuit, as recited in any of claims 25-26, further comprising pfoviding an etchant gas
comprising CF4 for the etching the second low-k organic dielectric layer.

28.  Theintegrated circuit, as recited in claim 27, wherein the etchant gas comprising CF4 further
comprises C4F8.
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2500 W before selectively etching the organic |lowk dielectric |ayer. 27.
The integrated circuit, as recited in any of clains 25-26, further
conprising providing an etchant gas conprising CF4 for the etching the
second I owk organic dielectric layer. 28. The integrated circuit, as
recited in claim27, wherein the etchant gas conprising CF415555&$r
conprises C4F8. 20 19.7.2005 29. The integrated circuit, as'récited in any

of cl ai 20-28 erein the etchant, gas rising N ses NH3 ne_as
Che et chint  Tagtedie! et b 8o 8h PR b 1R S0 Wl t o B mbis RIS
wher ei n NFHialose puithe aiskamtis stri pping conpletely strips the photoresist. 31.
An .integrated circuit formed by a nethod of etching an organic dielectric
| ayer over a substrate, conprising: placing a hard mask over the organic

di el ect r,c | , >1.ng ) | St i r 80 Chy k
| ayer; 3{%‘} acﬁﬁg{t‘?%%‘@:ﬁ Lgtf ?sgrt? ‘gt%l& hqgﬂgﬁa@ﬂf%ogiggﬁgé "érh;@)‘é'ﬁug%:ég?sn%%gﬁ&etng%ﬁ
gas comstirsihaghaigsssistnt o the et chi ng chanber, wherein the NH3 has a flow
rate between 5 sccmto 1500 sccm generating a plasma fromthe NH3, which

selectively etches the organic dielectric layer with respect to the

har dmask; and, shdtthd AREAYSHYA B) 4 inBRbAG elchifg BRGhShid Ffdotl 1dyBY&er libkidae, t he
et chi ng of 1_3 5%Hgniéagiehect$%cg?aye?F %Z.Q%ﬂg integrg?%d %ircuitf as
recitedRPEM&i m 31, further conprising providing CH3F while providing the
et chant gas risin .33, The. in rated circuit, as recited in any
of clains 31&%%,)9?'335? ﬁgsrw%%rr%%’r?rggimﬁgd'eﬂ)er%@?ad%%ﬁg an etch with an etchant gas

conpri si ng Chdeind4 pAAemb@pHdifesit BRer8ler e¥idhf@ 1dye et chant gas conpri sing
NH3. 34. The integrated circuit, as recited in ¢claim 33, wherein the
et chant gas pady the subgtr£tFi4 an Buhibdierambeonpr i ses C4F8. 35. The integrated

circuit, as recited in any of clains 33-34, wherein the etchant gas
conpri si ng CP4viding an etchant gas comprising NH3 into the etching chamber, wherein the NH3 has a flow rate

between 5 scem o 1500 scoem;

generating a plasma from the NH3, which selectively etches the organic dielectric layer with respect to

the hardmask; and

simultaneously stripping the photo resist layer during the etching of the organic dielectric layer.

32. Theintegrated circuit, as recited in claim 31, further comprising providing CH3F while providing the

etchant gas comprising NH3.

33.  The integrated circuit, as recited in any of claims 31-32, further comprising providing an etch with an
etchant gas comprising CF4, prior to the step of providing the efchant gas comprising NH3.

34. The integrated circuit, as recited in claim 33, wherein the etchant gas comprising CF4, further
- comprises C4F8.

35.  The integrated circuit, as recited in any of claims 33-34, wherein the etchant gas comprising CF4
further comprises 02,

. 36.  Theintegrated circuit, as recited in any of claims 31-35, wherein the organic dielectric layer is made of
an organic low-k material, and wherein the simultaneous stripping completely strips the photoresist layer.
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further conprises 02. 36. The integrated circuit, as recited in any of
clains 31-35, wherein the organic dielectric layer is made of an organic

|l ow-k material, and wherein the sinultaneous stripping conpletely strips

t he photoresist layer. 21 19.7.2005 37. An integrated circuit fornmed by a
met hod of etching an organic dielectric |ayer disposed be'°¥6?ﬂ &9rdnask

| ayer and over a substrate, conprising: placing the substrat® |% an et ching

chanber; _provi din n. et chan as comprising NH3.inpto. the etchi chanber
Wi th a Flow Fa eSS SaRsetr neGot T R D Y R g FRg 2
pl asma hadmeskHayeNi@ overts sobstratectvawrisilg or gani ¢ diel ectric | ayer; and

mai ntaining the substrate at a tenperature between about 100 C to about 40
C during t heP@EHNHEbSFate inFR SBPIBRHIRPE; el ectric | ayer. 22

providing an etchant gas comprising NH3 into the etching chamber with a flow rate from about 300
scem to about 800 scem;

generating a plasma from the NH3, which etches the organic dielectric layer; and

maintaining the substrate at a temperature between about 10° C to about 40° C during the etching of

the crganic dielectric layer.
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