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dielectric materials are the trend for the next generation of dielectric
materials 8 used in sem conductor manufacture. The term"low k dielectric"
typically refers to any 9 material having a diel ectric constant (k) val ue
| ower than that of silicon dioxide (k 4.0). 10 There are many different
kinds of low k dielectric materials, including organic polyner- 11 based
materials, as well as S|I|con OXIde based naterlals mhlch contaln addi tives
such as 32 fl uor MEZHODORE G CARBONCO DN STLACQN OXIRE FILMS,
prodUC|ngzcarbon contalnlng S|I|con OXIde f|| are knomn in 14 the ark
U.S." Appl Pcation Serial No. &{KGRQHND (B?“ﬂgmg}'ml‘énd Ger man Patent No.
DE 15 19 54737 of Itoh et .al., for exanple, disclose nethods for

pr oduci ng®such ¢ articular, the' 788 application discloses a

or ganos| ?EnSGESiLéL kot S o SR 9 "
oxi di zing gas (such as N20 or 02). Dur| ng deposition of the film methyl

(CH3) groups bond 19 to the SI I i con oxide structure. The presence of -
carbon inSt he £i Briglaserin belBackergyndiAst t he 20 diel ectric constant of the

film 21 Blasma et f . Eﬂrls |.J erfor d using
a source zas 122 g%;n al %Fcr%é'lég %:“\ﬁ{f"%?‘s"%”‘{fé a{lgméﬁ}f}gg %i'ﬁ% rbon and
fluorine 8n thasedGh EdcdhdfictordfiBufacture. The term "low k dielectric” typically refers to any

9 material having a dielectric constant (k) value lower than that of silicon dioxide (k = 4.0).

10 There are many different kinds of low k dielectric materials, including organic polymer-

11 based materials, as well as silicon oxide-based materials which contain additives such as

12 | fluorine, carbon, and hydrogen.

13 Verious methods for producing carbon-containing silicon oxide films are known in_

14 theart. U.S. Application Serial No. 09/021,788, of Yau et l,, and German Patent No. DE

15 19654737, of Itoh et al,, for example, disclose methods for producing such films. In

16 particular, the '788 application discloses a method for depositing a low dielectric constant

17 film by reacting an organosilane compound (such as methyl silane, CH,SiH;) with an

18 oxidizing gas (such as N,O or O,). During deposition of the film, methyl (CH,) groups bond

19 ‘to the silicon oxide structure. The presence of carbon in the film causes a reduction in the

20 diefectric constant of the film.
) 21 Plasma etchmg of sﬂlcon o:nde films is typically performed usmg asource gas
. 22 : conta1mng aC,‘F, gas, such as CF4 or Q,Fs The carbonandﬂuonnemthe source gas are - -

.23 typically sufficient to provide an acceptable etch rate for the silicon oxide. However, for

24 carbon-containing silicon oxide films, etching cannot proceed very far when C,F, is used as

25 the sole etchant gas. The'carbon in the film, together with the carbon and fluorine in the



23 typically sufficient to provide an acceptable etch rate for the silicon
oxi de. However, for 24 carbon-containing silicon oxide filns, etching
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carbon in the film together with the carbon and fluorine in the 1 WD
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undesirabl e | ong-chain carbon-fluorine polyners 2 which deposit over
surfaces of the sem conductor structure being etched, hanpering the 3

et ching process. The | ong-chain carbon-fluorine polyners also contam nate
surfaces wwthin 4 the process chanber. 5 Prior art solutions to this
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12 is reduced. '

13 It would be desirable to provide an effective method for etching carbon-containing
14 silicon oxide films that would provide both an acceptable etch rate and acceptable selectivity
15 for etching the silicon oxide film relative to an overlying photoresist layer.

T SUMMARY OF THE INVENTION

17 We have discovered a method for plasma etching a carbon-containing silicon oxide
18 film which comprises exposing the film to a plasma generated from a source gas comprising
19 NHj; and C,F,. The carbon-containing silicon oxide film generally comprises less than about
20 20 atomic percent carbon; typically the carbon content ranges from about 8 to about 20
21 atomic percent carbon; more typically, the carbon content ranges from about § to about 13
22 atomic percent carbon. The carbon-containing silicon oxide film frequenily contains
23 hydrogen. When hydrogen is present, the hydrogen concentration is generally less than

24 about 45 atomic percent of the overall film composition. Typically the hydrogen



21 atom c percent carbon; nore typically, the carbon content ranges from
about 8 to about 13 22 atom c percent carbon. The carbon-containing
silicon 0*%@ folydlsm frequently contains 23 hydrogen. WgarHydhredsen is
present, the hydrogen concentration is generally |less than 24 about 45
atom c percent of the overall filmconposition. Typically the hydrogen 2
WO 02/ 19408 PCT/ USO01/ 26314 | concentration ranges from about 30 to about
45 atom c percent; nore typically, the 2 hydrogen content ranges from
about 30 to about 40 atomi c percent of the carbon-containing 3 silicon
oxide film 4 Active fluorine species in the etchant plasma react with
silicon in the carbon- 5 containing silicon oxide film (substrate). Oxygen
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I nventi pr ovi des "exce as we a% I or
sel ectigity fslicon okidelfi@n.car bon-containing silicon oxide |ayer in preference
to an overlying photoresist nmasking 9 material. It is our opinion, but not

by way 6éf |imtathdive flueripe specish in the cetohimg iplagma eagtwithosilicgn in the chberause a
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phot oresi st from bei ng consunmed during the silicon 13 oxide etching
process? Si muethadefthedhwentioniprovidenexaéligntetckigies.gawellns supeting etgh selectivity fxna sour ce

14 funct i to "¢l ean.up" i, t | . the ph i st

sur face S on (eubEsratrng S iR B et e Gy ick B BBl 1 acos. 1

i's necegsaryda&ﬁaphk&(@oﬁﬁeﬁ%ﬁwsy SHiefatichOhRQAtNAEIBctRPIs inpovednd NH3 in
e

the plasma source gas in order provide a balance between by- 17 product
pol ymerl0depo dedairsem laneref padyrosr densrated from the S, Fyintieplasma sopirce gas) sdepositedt e bei ng

etched. . 18 Ox n ma e agded to the plasma squrce .qas to in¢rease the .
etch rdte of “P‘%/Pgﬁ"c%“#’ﬁy §9@63h°msﬁﬁ”%ng ?ag?frﬁlsuﬂl}ﬁ tﬁ%?tgﬂﬁgtpr?‘ﬁfss duces the
sel ectipgity 'ld}eidﬂf@ﬁsi@&p&%b&&c@ihebﬁﬁqr@s&ﬁE@ﬂbeing consumed during the silicon

13 oxide stching process. Simultanecusly, ihe ammonia (NH,) gas portion of the plasma source

14 gas functions to "clean up” depositéd polymer on the photoresist surface, on the etched
15 surface, and on the process chamber surfaces. It is necessary to achieve the proper balance
16 between the C,F, and NH;in the plasina source gas in order provide a balance between by-
17 product polymer deposition and removal on various surfaces of the substrate being etched.

18 Oxygen may be added to the plasma source gas to increase the etch rate of the carbon-
19 containing silicon oxide, but this reduces the selectivity in favor of etching of the carbon-
20 containing silicon oxide relative to the photoresist.

21 Carbon and nitrogen are typically preéent in the source gas in an atomic ratio within
22 arange of about 1 : 0.3 toabout 1 : 3 of carbon : nitrogen; preferably, within a range of

23 aboutl : 0.7toabout 1 : 2.2 of carbon : nitrogen; and more preferably, within a range
24 ofabout1 : 1 toaboutl : 1.8, '
25 Themethodoftheinventioncompﬁsesexposingthecarbon—containingsilicono:dde



20 containing silicon oxide relative to the photoresist. 21 Carbon and
nitrogen are typically present in the source gas in an atomc ratio within
22 a range @fomAeik 1 : 0.3 to about 1 : 3 of carbon : ni bePRRMY6314
preferably, wthin a range of 23 about 1 : 0.7 to about 1 : 2.2 of carbon
. _nitrogen; and nore preferably, within a range 24 of about 1 : 1 to about
I : 1.S. 25 The nethod ofthe invention conprises exposing the
carbon-containing silicon oxide 3 WO 02119408 PCT/US01/26314 1 filmto a
source gas conprising NH3 and Cywhere x ranges from about | to about 6 and
2°y ranges from about 4 to about 8. Typically, x =2 to 4 andy = 4 to 8.

I n particllll ar, ﬁ; 3 have foun,d,tg]_g; CZF6, CAF6, CAFg, and C5F$ provide
excel | ent et ch i ioasourrseas pepprisig NEl andiGEy, where xpnasy,{iom ahoutskto ghaat d, the
pl asma soyrce ' ; Qor lye L Luent gas
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carbon-containing silicaon oxide filnms has 8 provided etch rates of at
| east 2.2% cm per rfilihoreh lsssaredared, theplasms soysee gasimay furboringlesie amorsreastivei ng 9

hot I gt | - 1. Thi I pat i I d.etch
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sel ecti vi 8y r ekahbinationsahdrée® phot or esi st maski ng | ayer 11 was unexpect ed.

Al'so inportant is the clean process chanber surface after conpletion of
12. etch.713 BRIEF @E%@ﬁﬁ&mmﬁw@rm-wmlwaogmsm | PSTM

etch procgss ¢ QQ of. the kind used during,the 15 generatjon of the
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etched contact via; the etch selectivity, in terns of preference for
10 containing silicon oxide with high etch selectivity relative to the photoresist masking layer

11 was imexpected. Also important is the clean process chamber sutface after completion of
12, etch.

13 BRIEF DESCRIPTION OF THE DRAWINGS

14 Figure 1 shows an IPS™ etch process chamber 100 of the kind used during the
15 generation of the data illustrated in Figure 2.

16 Figure 2 shows the effect of changes in C,F; and N, gas feed rates to the plasma

17 on the profile taper of an etched contact via; the etch selectivity, in terms of preference for
18 etching carbon-containing silicon oxide relative to photoresist masking material; the etch

19 rate of photoresist masking material; and the etch rate of carbon-containing silicon oxide.
20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
21 Described in detail below is a method of etching a carbon-containing silicon oxide

22 film. The method involves exposing the film to a plasma generated from a source gas
© 23 comprising NH; and C,(F,.



18 etching carbon-containing silicon oxide-relative to photoresist masking
material; the etch 19 rate of photoresist masking nmaterial; and the etch
rate of C%Egﬁ@gﬁﬁgtaining silicon oxide. 20 DETAI LED DFSfARdTAssEN OF THE
PREFERRED NTS 21 Described in detail belowis a nethod of etching a
carbon containing silicon oxide 22 film The nethod invol ves exposing the
filmto a plasna generated froma source gas 23 conprising NH3 and C P,,

4 WD 02/ 19408 PCT/ US01/ 26314 1 As a preface to the detail ed description,

it should be noted that, as used in this 2 specification and the appended

clainms, the singular forns "a", "an", and "the" I ncl ude pIuraI 3
referents unl ess the cont ext cIearIy di ctate t her wi_se. AN APPARATUS
FOR PRAETI O NG THES # RW@RFﬂOd*{F deseripfion, ulé ° gRishprk %FS“AHI Wpar at us

whi ch cgn be fld nat n| Wy Appl i ed
Nhteria?s | P F@ﬂ& ectrr %@% nﬁﬁﬁﬁ%eg %d55|%néﬁgﬁ y%Q7hgg éﬁeﬁce numer a
100) . The | Pekitkme)ailegrhekOfteit BledriydiRtatds Wiherdli®s ma power sources, 8 provi ded

by an outer coil 102 (frequency tuned at 2.0 0.1 MHZ) and an inner coi
104 9 (frequency tuned at 2.3 0.1 MHZ). A substrate (not shown, but

typrcal ilic (tﬁkﬁﬁﬂ%ﬁﬁ platforn1 which is
typrcal ieranggA@?Aﬁ#%ggﬁggi?AgﬁhﬂEb |aé 11 voltage may be

appl i ed 5t o subst rElgrﬁeSmﬁgﬁaﬂ;ﬂé&&fdﬁp&ﬂ&\ﬂﬂchwaﬁoﬁw&wmsourCe 106
12 (frequency tuned at 1.7 0.2 MHz). Plasma source gas is fed into the

et ch ch&nber of fherinvettiory theodpplied Matetigs FiH™¢ [iejestrip eteh phamber (designgted bYt ¢ and
noves toward the u C Iasna S
generatdéd. T ﬁgfﬁgﬂmﬁﬁﬂpke?ﬁn@éﬁﬁ%gﬁ‘féﬁhrgﬁgbthégngﬁggrgﬁrnéd in an

appar at §s haypjdiflied 8P et cHID VO (fréabicy Qined 4t 210 £ O1& MHB) AR arbiantt 64l Toaver and
16 substrate bias power. 17 Al though the above appar atus provi des excel | ent
results9 it i(Gequsnopbmedpt 24410.1MHZ). Asubsirate(notshown,buttypmallyasﬂwonwaf )

10  isheld to a support platform, which is typically a ceramic electrostatic chuck 108. A bias

11 voltage may be applied to substrate suppozt platform 108 by means of bias power source 106
12 (frequency tuned at 1.7 + 0.2 MHz). Plasma source gas is fed into the etch chamber from
13 a location 110 which is beneath the substrate and moves toward the upper portion of etch

14 chamber 100, where a plasma is generated. The method of the invention is preferably
15 performed in an apparatus having separate power controls for the plasma source power and
16 substrate bias power. |

17 Although the above apparatus provides excellent results, it is expected that the
18 _method can also be carried out in other apparatus of various kinds known in the art,

19 including, but not hmlted to, RF generated parallel plate; electron cyclotron resonance
20 (ECR); high-density reflected electron, helicon wave, inductively coupled plasma(ICP) and
21 transformer coupled plasma (TCP) apparatus. Examples of such processing apparatus are
22 described in U.S. Patent Nos. 6,095,084; 6,077,384; 6,074,512; 6,071,372; 6,063,233;
23 6,054,013; 6,036,878; 6,026,762; 6,020,686; 5,976,308; and 5,900,064, each of which is
24 hereby incorporated by reference.



18 , nethod can also be carried out in other apparatus of various Kkinds
known in the art, 19 including, but not. limted to, RF generated parallel
plate; el ecigpgyym! otron resonance 20 (ECR); high densi pyyriRhiRsised

el ectron, helicon wave, inductively coupled plasma(lCP) an 21 transfornmer
coupl ed plasma (TCP) apparatus. Exanpl es of such processing apparatus are
22 described in U S Patent Nos. 6,095,084; 6,077,384; 6,074,512,

6,071, 372; 6,063,233; 23 6,054,013; 6,036,878; 6,026, 762; 6,020, 686;
5,976, 308; and 5,900, 064, each of which is 24 hereby incorporated by

reference. 5 WO 02/ 19408 PCTI US01/ 26314 1 |l. THE METHOD OF THE | NVENTI ON
FOR ETCHI {\IG .ZEA | LI I]%E FlLM 3 The present
inventionzpert I ns Serslgate) o - %C Silicon oxide filnms. 4
Typical lyy the fil @&r‘?&% ARNENR F d bonded to a silicon

oxi de structure. Car bon.is general| resent. "at | ess_than _about 30
atonic pefcent. Typ W??qv%gﬁmmyeg%’%ﬂ @hon-rantajping silicon oxidafiws.of  about

8 to abouj 20 q}.ﬁgglﬁ,ﬂ@ﬁ%ﬁﬁ&ﬁﬂ@ﬁggﬁps%%gi@?%d?n&n_?%iggCar QoOf about

8 to about 13 at'om C percent, of the silicon o on content
8 of the $ili cCarbox iscgenérallynpresentianieey thandboltc3vattdic pércef Tesiéatly AR tarbdne -
general - pechanical, 9 rolgﬁ?gréb' s of the filmand the conductivity of the

film 10 ®4ydrofepent & Bti8,Jo phowts30 atomic perqent; were Hipicaliye prithip fheng
silicon oxide §£ibddrabddt sERSHAS b¥mid C r-aLl is less than
about 50 atom {(;én%ercent. Typl{lcal %l;/u %gﬁgay%g&%@gornoo%g%ﬁg%n gr??rg‘lmsc%\r}mm?thi n a
range of &bout oBfhetsilicaiobilde 4Bmd¢ inffiottard decanstt it effectsh@itsih igheil mbehagicaide fil m
14 The net hod ofthe invention, conprises exposi ng the carbon-contai ni ng

silicon okide PPBertieqaffhediln apd heendusirigrodttedimr om a source gas conprising
N 200 S ) ar Dty i s el Do Pinl i bt o ool B P! 2™

source gas in an atomc ratio w e range
11 Generally, the hydrogen concentration is less than about 50 atomic percent. Typically, the
12 hydrogen content is within a range of about 30 to about 45 atomic percent of the silicon

13 oxide film.

14 The method of the invention comprises exposing the carbon-containing silicon oxide
15 film to a plasma generated fiom a source gas comprising NH; and C,F,. Carbon and
16 nitrogen are typically present in the plasma source gas in an atomic ratio within the range
17 of about 0.3 : 1 to about 3 : 1 of carbon : nitrogen; preferably, within the range of about 0.5
18 01 to about 1.4 : 1 of carbon : nitrogen; most preferably, within the range of about 0.6 : 1
19 .to about 1 : 1 of carbon : nitrogen. With reference to the C,F, gas, x typically ranges from
20 about 1 to about 6, and y typically ranges from about 4 to about 8. The C,F, gas is typically
21 selected from the group consisting of C,F,, C;F;, C,F;, C,F;, CsF,, and combinations thereof.
22 In particular, we have found that C,F and C,F; provide excellent etch rates and etch
23 selectivity.

24 The plasma source gas may further include oxygen in order to increase the etch rate
25 of the carbon-containing silicon oxide film. However, oxygen should comprise no more
26 than about 30 volume % of the source gas, and typically less than about 20 volume %, as the

6



17 of about 0.3 :1 to about 3 : 1 of carbon : nitrogen; preferably, within
the range of about 0.5 18 : 1 to about 1.4 : 1 of carbon : nitrogen; nost
preferabl Yoo Whbftgn the range of about 0.6 :1 19t 0 a RoRudhkests i 1 of

car bon : nltrogen Wth reference to the U,, gas, x typically ranges from
20 about | to about 6, and y typically ranges from about 4 to about 8. The.
Uy gas is typically 21 selected fromthe group consisting of C2F6, C3F6,
CAF6, C4AF8a CSF8, and conbi nations thereof. 22 In particular, we have
found that C2F6 and CAF8 provide excellent etch rates and etch 23
selectivity. 24 The plasma source gas may further include oxygen i n order

to increase the etch rate carh A |l n.oxidefilm
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02/ 19408 PCT/ US01126314 1 presence of oxygen nmay conprom se the
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sel ect e§I froe?,,;,mngﬁsqhg;e&onsl sting of argon, helium xenon, krypton, and 5

conbi nations thereof. 6 Typical process conditions for etching a
car bon- 6ont ai ni ngTypichl prmsooohdiémsifbmtcliinac@s'bdi-wgtahiblgtiﬁwmxiﬂoﬁhmf t he

i nventign, when the powey supply i.s ntrol |l ed s for t he pI asma
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bel ow. g9 | nyf3pesa Meeso&eherdqhaﬁb&%x;@pw%gr&mm&meewr “the

"I nner ?V\) source power 10 value is si 1 Table One

Preferrgd Enﬁndasmvherd?hmmsdy@angle plasmso'ﬁmpqwet,dhl"hgerM'mmmeal ning 12

Silicon Oxide Filnms 13 g;ocess Parameter Preferred Process Mre Preferred
Most Prlgferréfﬂuelssml’y 0

11 Table One. Preferred Embodiment Process Conditions for Etchin Carbon-contannn

12 Silicon Oxide Films

13 Process Parameter Preferred Process | More Preferred | Most Preferred
Conditions Process Process

Conditions Conditions

14 NH, Flow Rate (scom) 50 -150 75-125 75-100

15 C,F, Flow Rate (scom) 10-30 15-25 18-25

16 O, Flow Rate (sccm) 0-30 0-20 0-10

17 Ar Flow Rate (scem) 0 -1000 0-3800 0-500

18 Plasma Source Power* - 800 - 2000 800 - 1600 1000 - 1600

19 Outer (W)

20 Plasma Source Power* - 0-1000 0 - 600 0-500

21 Tnner (W) '

22 Substrate Bias Power** (W) 600 - 1800 600 - 1500 800 - 1200

23 Substrate Bias Voltage (-V) 200 - 1000 200 - 800 400 - 700

24 Process Chamber Pressure - 10-60 20-40 30-40

25 (mTorr)

26 Substrate Temperature (°C) ~15-+415 -15-415 -15-+15

7



Condi ti ons Process Process Conditions Conditions 14 NH3 Flow Rate (sccm
50-150 75 -125 75 -100 15 C.F. Flow Rate (scan) 10 - 30 15 - 25 18 - 25
16 02 Fl ow Qe @nosgorn) 0-30 0-20 0-10 17 Ar Flow Rate (peefiko26314000 0 -
800 0 - 500 18 Plasma Source Power* - 800 - 2000 800-1600 1000-1600 19
Quter (W 20 Plasnma Source Power* - 0-1000 O - 600 O - 500 21 Inner (W 22
Substrate Bias Power** (W 600-1800 600-1500 800-1200 23 Substrate Bias
Vol tage (-V) 200 - 1000 200 - 800 400 - 700 24 Process Chanber Pressure 10
- 60 20 - 40 30 - 40 25 (mforr) 26 Substrate Tenperature (C -15 - +15
-15-+41 5 -15 -+15 7 WD 02/19408 PCT/ US01/ 26314 1 * The term "source
power" refers to the power that is responsible for sustaining the plasma 2
by providjng a,maior portion qf 1he ener to create active efchant species
inthe p%)cess q‘?!e: r{fqﬁ'éﬁ‘?p.%e*".e‘f%’ tﬁee‘f" t'tB’Tt é;f% gfmrs‘é"ﬁé’?l%g‘k‘%g‘ésm? power
applied tp the s B’%;?& 2 P BEPYR BsCRASY 1B C e SPrREls I REPIRFASTS: age on
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VO,
I .
ghen gpecies bom ent and the direction ons toward

8 During the development of the present method for etching carbon-containing silicon

9 oxide films, we performed several experiments to optimize the plasma source gas
10 composition and etch process conditions. The experiments were all performed inan Applied
11 Materials IPS™ dielectric etch chamber, as shown in Figure 1. The results of these
12 developmental experiments are presented in Table Two, below. The use of an IPS™
13 dielectric etch chamber having both an outer plasma source power and an inner plasma
14 source power provided unusually high uniformity of etch across the substrate (wafer)
15 surface. |



9 oxide films, we performed several experinments to optimze the p

source gas

to conposition and etch process conditions. The exper

| asma
i ments

were all zﬁn@ﬂﬁd in an Applied 11 Materials | PSTM di gépaémiheiet ch
chanber, as shown in Figure 1. The results of these 12 devel opme
experinments are presented in Table Two, below. The use of an IPSTm 13
dielectric etch chanber having both an outer plasma source power and an
i nner plasma 14 source power provided unusually high uniformty of etch
across the substrate (wafer) 15 surface. 8 WO 02/19408 PCT/ USOL/
Tabl e Two. Carbon- Cbntalnlng Silicon Oxide FilmEtching Method. 2

Devel oppental Data. 3,! L 1.2 Gl € ﬁ & an) 10 100
70 70 7§E 5 C4F8 (star 25 25 23 (18 5 28 5 A -- -
- -- 7 Proc. Chanber 60 40 40 40 =9 . 8 Pressure (nﬁorr)

ata ars DRowvar

Power (W* 16080
1200 1280 10

60 12 Q"C)*
15 Si 27 PR*%
Selectivity

6

7
8

9
10

11
12

13
14

15
16

17

18
19
20

27
28
29

D0 10094850 ﬂfoﬂ!m 608 6
SIO?2 Etg te 6 |2.
ERR Dol LA R A RGN A fz fa7
C,F; (scom) 25 25 25 18 28 25
Ar (sccm) -~ - 100 - - - - -
Proc. Chamber 60 40 40 40 40 40 40 30
Pressure (mTorr) . _
Source Power (W)*{| 1600 | 1600 | 1600 | 1200 1200 | 1200 | 1200 | 1200
Bias Power (W) 1200 | 1200 | 1200 | 1000 | 1000 | 850 1000 | 1000
Substrate Tomp, 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60
("o '
SiO, Etch Rate 3.1 2.4 22 26 | 238 25 26 22
(+4m/min) .
SiO,: PR***Etch || 41:1 {20:1129:1|16:1 |63:1]25:1 | 16:1]13:1
Selectivity
Etch Profile Tapered | Striation | Slight | Vertical | Vertical | Vertical | Vertical | Bowing
bowing

*  This source power is a combination of the outer source power and the inner source
power, where the ratio of the outer source power to the inner source power averaged about
2:1,

** This substrate temperature value is + 20 °C. Typically the temperature of the cathode
upon which a wafer sets is about 10 °C, and the wafer temperature is about 50 °C higher,
depending on the particular process operating conditions.

#*+ PR = Photoresist. The term "selectivity" is used to refer to the ratio of the efch rate
of the SiO, to the etch rate of the photoresist.

Under the process conditions indicated above, where the chamber pressure was about
40 mTorr or less, the plasma density in the etch chamber during etching was estimated to

range from about 5 x 10" & /em?® to about 5 x 1012 e7/cm’.

nt al

26314 1

9 Source
(W 1200
60 60 60

14 Wi n)

16



17 Etch Profile Tapered Stri ation SI [ ght Vert| cal Vertical Vertical

Vertical Bowing bowing 18 * This source power is a combination of the
outer sour CeydPNBkps@nd the inner source 19 power, where thg ,ﬂg,t,i(guof t he
outer source power to the inner source power averaged about 5 1. 21 **
This substrate tenperature value is 1 20 C. Typically the tenperature of
the cathode 22 upon which a wafer sets is about 10 C, and the wafer
tenperature is about 50 Cihigher, 23 depending on the particular process
operating conditions. 24 *** PR = Photoresist. The term"selectivity" is
used to refer to the ratio of the etch rate 25 of the SIO2 to the etch
rate of the photoresist. 26 27 Under the process conditions indicated
above, whdre thechaﬁ'&braﬁqsé'@smﬁ@bﬂwmslhmmfﬁmil'mged&nmlwstﬁlwre pl asma

density in the etch chanber | S _estimated, 29 ran e from
about 5 x 21011 5 PRHE @%g%"b’g %&3 ‘i@%@eﬁ&régﬁ%pmﬁ’% 1Boons ptable.
PCTI UB01/ 26314 Ry #FishdweddheRighest etdnie, 32 19 Perqmatel Phe Worsit kG OF cApbdle fil ms

ranged from2.2 to 3.1 km 2 per mnute. n general, an etch rate of at
| east 0. 84, um pifrogen mtheplasnacmﬁwrm&uaédemablleﬁth ﬁel&imly#ﬁgls;h-mwﬂ t he

hi ghest etch rate,, 3.1 m ut e. The c ratio of carbon : 4
ni '?r ogen i*n t h& 3 W&ssg'i?@%a&%ﬁ Samind bl %%gndlbmspgwer\ﬂqogvg reI atively
hi gh procgss 5 Cha’@ﬁﬁ&aﬂ @ﬁéﬁ%@dﬁ}ﬁ@r&lﬁ%f&wa@pho(&%ﬂﬁw& an and

(1298
bi as power (1200 W. ypically,” a patterne toresi st hl ayer |s used as
a mask to7etch mddrhrimgulaya- dfnarban-coﬂtammdahéoymge IThy tm titat@elirefs tochit isabni NY
silicon oxide. The .term"feature" refers to, but is not 8 |limted to,

i nt er conndct s, HEHE 1. interoappegts, copjaphs Vias-drenches| andyothet stectuss hick makgip ke make up

t SGSh?pf oBog” B Ppbgabiyt dins Bt acs VI 6.8 ph ot TnabRRREES) lpilfPEY] act ur ed
10 . ,Massachusetts USA, was used in the development runs listed in Table Two. The

11 photoresist layer had a thickness of about 8000 A.

12 It is desirable that the photoresist masking layer be consumed at a much lower rate
13 than the underlying layer which is being etched, that is, the etch selectivity for the carbon-
14 containing silicon oxide relative to the photoresist should be high (typically, at least 5 : 1).
15 Run #6 showed the highest silicon oxide : photoresist etch selectivity, 25 : 1. Run #6
16 utilized an atomic ratio of 1.4 : 1 carbon : nitrogen in the plasma source gas, with a lower
17 process chamber pressure (40 mTorr) and source power (1200 W). Run #6 also utilized the
18 lowest bias power (850 W) out of all of the runs. .

19 The best etch profile was also achieved in Run # 6. The term "etch profile" (or

20 "feature profile") generally refers to, but is not limited to, the cross-sectional profile of an
21 etched feature. In many instances herein, where the etched feature pattern is one of trenches

22 etched within a substrate, the etch profile is described in terms of an angle between the
23 trench sidewall and a horizontal line drawn along the bottom of the trench at the base of the
24 trench. The term "vertical profile" refers to an etched trench profile where the trench
25 sidewall is essentially perpendicular to the horizontal line drawn along the bottom of the

10



10 Massachusetts, USA, was used in the devel opnent runs listed in Table
Two. The 11 photoresist | ayer had a thickness of about 8000 A 12 It is
de5|rablev% % og€ photoresist masking |ayer be consumesc@isedésigh | over
rate the underlying | ayer which is being etched, that is, the etch
selectivity for t he carbon- 14 containing silicon oxide relative to the
phot oresi st should be high (typically, at least 5 :1). 15 Run #6 showed

t he highest silicon oxide : photoresist etch selectivity, 25 : 1. Run #6

16 utilized an atomc ratio of 1.4: 1 carbon : nitrogen in the plasma
source gas, with a lower 17 process chanber pressure (40 nTorr) and source

1200 Run #6 d th t bi 850 t
DD el G7OL e cFredpignt B sl bestoen o i3S Vs Agh e L SARRl ad . pun # 6.
The term "et g tpﬁmiﬂeﬁm{;%m@&n étﬁ@&ems%&isdo agmaesroau%oatgﬁers to, but

I's not I'1mted e cross-sectional profil 21 etched feature. In
many i nst ancelwehdmgmrthedﬂeetmeﬁbfnwhehthhmﬁleﬁsnﬁasm&l) pHietteemiiundercorpeofidd” t r enches
22 etched within a substrate, the etch pr is described in ternms of an

angl e bét weeelem o a ench sideveaf] pegfilpayhere the,yid fﬂl?r‘ﬁei‘iﬁ‘d{“‘é?as?slaﬁ@ed’ls‘&%‘? al ong the
bott om gf t hg,t. %B“"%“‘I‘E%ﬁtren@] e tlel inctdhsds” PG Q-mh“i-aggre&ﬁﬁﬂk e ekt ical

profile’ refer to an profile where e'tre S|dewall

i s essemti al liya peicheidelvatiprafile wherd the wiith ofAlenirenth decreasedasabvdisdnonigvdyhe bott om
of the 10 WD 02/19408 PCT/USQL/ 26314 1 trench. Frequently the angle

bet ween7a | i @Wﬁ%nﬁﬂﬁﬁ@?m%ﬁ%@%%?%ﬁarﬁ}? is ope ify s¢hich st aI | i ne

al ong the bo ?mﬂé 90 Ak L ,
dependi rt%g on%ﬁgbﬂgr&é%?}%ﬁ%%h% ch ttrh ang 3 ?sstﬁmfg‘g‘%roe%e%@% term
"under cyt pr alid substrate fnd €He rfallexcagin Attt tohtors iofithevaddch.pr of i | e where the width

of the trench increases as the distance 5 away fromthe aopeni at the top
of the ¥rench |nc'|['13fe?§@§°n°fﬁ’3°‘!'élﬂ¥ﬁp P’@Egﬂﬁl’%%‘“l#é"es\‘l?flé’ras‘°w%ed(°g‘ha trench

Si devva# prof j.| %\’ﬁﬁ H‘dﬁ) R .0f L]{aga 5068ad ﬁ&t&@é&&cﬁ‘é& di st ance
away. 1f romrfﬁ@ ﬁi&ng a \Mts ?so tsF] l?r enec I NCreases. owed
profilel2 is gmne:1)n mhm fthef e profile obtamed in Run #3 showed a slight bowing, that is, the

13 width of the cross-section of the feature was largest approximately midway between the

14 opening on the substrate surface and the bottom of the feature.

15 Overall, Run #6 provided the best results in terms of etch rate, etch profile, and
lé selectivity for etching the silicon oxide Iayer relative to the overlying photoresist layer.

17 As demonstrated by the results presented in Table Two, above, the method of the
18 invention provides excellent etch rates, as well as superior selectivity for etching a carbon-
19 _containing silicon oxide film relative to an overlying photoresist layer.

20 Figure 2 shows the effect of changing the relative amounts of C,F; relative to NH,
21 in a plasma source gas, when the o.ther process variables were held constant as follows: The
22 mmersourcepowerwas800Wa_t21vﬂ-IZ;t_heinnersourcepowerwas400WatZMHZ;

23 the bias power was 1000 W at 1.7 MHZ; the process chamber pressure was 40 mTorr; and
24 the substrate temperature was within the range of 60 - 100°C, most commonly at about 60
25 °C. Fifteen (15) Torr of helium back pressure was used against the backside of the

11



8 wdth of the trench is smaller at the top of the trench, enlarged as the
trench goes deeper into 9 the substrate, and then snmaller again at the
bottom of t gy é@kgh. 10 The addition of argon to the pl apgpypsPwesa d9as in
Run #3 resulted 1n a lowered etch 11 rate (2.2,amper mnute), as well as
a reduced silicon oxide : photoresist etch selectivity 12 (2.9 : 1).
Further, the etch profile obtained in Run #3 showed a slight bow ng, that
is, the 13 width of the cross-section of the feature was | argest

approxi mately m dway between the 14 opening on the substrate surface and
the bottomof the feature. 15 Overall, Run #6 provided the best results in

ternms of etchr et of | an 6 ec for, etching the
silicon oxide f‘g’ © ? ?FV@IIP e#ﬁ%“%fleﬂ‘ﬁﬁé%ﬁ’%ﬁ%‘ﬁi% é”tatcT'%ﬂ?Efl 17 As
denonstraged by th%e@wx&meaamﬁﬁtgﬁdzgxfbwzaiahewm@mgamy@m&@m%taod of
the 18 invention provides excellent etch rates, as well ‘as superior

sel ectiviBy fomeeﬁalﬂiabegpdé%mrmuhﬁwmnﬂmratmgsformn oxide filmrelative

to an overIy| ng ph ores 20 Fiqure 2 shows the effect of changing
the relatffve anount r" %@?W@%%Wﬁ%ﬁ%%ﬁ#%ﬁ fegiogas, when
the ot her5procgp&aﬁ§@;hqﬁg&g, £ I smgh WY Sran. out er
source power was 8 Wat 2 éﬁl\ﬁz&@? agdﬁ%ger ouf?%ggpower \/\/a-gl?ﬁ’g’oa%%tat 2
MHZ; 23 the bha® spowdf, wiese dh(fifeald/ia IC,F,; causbdd/decichve ipgrofile amleitawhitranpr essur e

was 40 mlorr; and 24 the subsirate, terEerature was within the range of 60
-100C, noét com“r’i’i?ﬁegﬁ%{ﬁ SAERS A ereasoin profileymderglt, (15) Torr of hel i um back

pressure yas used Esbﬂ? AGkSk )
PCT/ US01/ 56314 1 subgphs 2 s}?er toﬂg s?sekﬂﬁsﬁle%e“‘a‘% @t“!ri%%?g‘(r&ffﬁ'gm
el ectrostatic cdnmkng/ﬂmnan&r phalartsistimasking atesialpdsa filnafivalofchaitedin thie flowgur e 2
shows the flow rate ranges for CAF8 in scorn, while 3 the scale |abeled

204 in Filfure 28 REGE: eRENH). oThersalpctivitisghawn fgrchpyas from st S3taghest 1.0 show

i tho f w1 at 2 oS s oh Rt oy SR ad MO R, fplhe C 05

about 12 a decrease in selectivity.

13 The graphs 240 show the change in photoresist masking material etch rate as a
14 function of changes in the flow rates of C,Fg and NH;. The etch rate is shown to vary from
15 about 3300 A per minute to about 4300 A per minute, where an increase in C,F; causes a
16 decrease in photoresist etch rate, while an increase in NH; causes an increase in etch rate.

17 The graphs 260 show the change in carbon-containing silicon oxide layer etch rate
18 as a function of changes in the flow rates of C,Fg and NH,. The etch rate is shown to vary
19 from about 22,500 A per minute to about 27,500 A per minute, where an increase in C,F,
20 causes no apparent change in the carbon-contaiqing silicon oxide layer etch rate, while an
21 increase in NH; causes a decrease in the etch rate. As shown in graph 260, changing the

22 flow rate of either C,F, or NH; had minimal impact on the etch rate of the carbon-containing

23 silicon oxide film.
24 In summary, the relative amounts of C,F, and NH, need to be carefully balanced in
25 order to maintain a vertical etch profile while providing high selectivity for etching carbon-

12



6 0 to about 4, where an increase in CAF$ causes a decrease in profile
undercut, while an 7 increase in NH3 causes an increase in profile

under cut . vﬁ)gﬂﬁﬂgr aphs 220 show the change in etch sel epgfifédidsfagt ch rate
rati o of carbon containing silicon oxide : photoresist masking material)
as a function of changes in the flow _ 10 rates of C4AF8 and NH3. The
selectivity is shown to change from about 5.2 to about 8.7, 11 where an
increase in CAF8 causes an increase in selectivity, while an increase in
NH3 causes 12 a decrease in selectivity. 13 The graphs 240 show t he change
in photoresist masking material etch rate as a 14 function of changes in *
the flow rates qQf CAF8 and NH3. The etch rate is sh to vary from 15
about 3300 Aceysining slios °i“g° ﬁgglﬁm&ﬁ?fmﬁs‘ﬁé‘}mﬂ?m ,agxﬁl”é?de"na“rﬁ"f‘??cﬂfease in
CAF8 cayses @xpeQiQ ' ' ' INGrease in
NH3 cauges an mcégggl(rﬁ?ﬁﬁg% %ﬁ%?g{)%n%ﬁ%ﬁc%ﬁgﬁgefgp gvasz\g%ieéﬁg@vrbt egchange in
car bon sont aboutZP%; vk have alscaleientened thaefiimedoniaining higher ddtbo 8orRerftiatigris have  Of
changes in the flow rates of CAF8-and NH3. The etch rate is shown to vary

19 fr onfrabouf highersish rate when efched seeording to fhg methodoffbpynyention. i hut e, where an
increasg in CAF8 \%ﬁgfl&mmn&g% Is ; : ai ni ng
sili congoxi de Iay%hr%gg cH%%eg?m ITe an &?ﬁgﬂr@g@g??oﬁ]ﬁﬁﬁg&gg ses a

decreasg i n tHereéntihvérmtive as oS skilted\iithe frt ean Aplic® 6the fisamdisclgsutee@pand? f | ow

rate of either CAF8 or NH3 had m nimal inpact on the etch rate of the

car bon- #ont aFshsgbodiments tp ceresapond WHlathe sybjget matter of the inweatiop claimed belapat i ve
anmounts of CF and NH3 need' to be carefully balanced in 25 order to

mai ntain a vertical etch profile while providing high selectivity for
etching carbon- 12 WO 02/ 19408 PCT/ US01/ 26314 | containing silicon oxide
relative to a photoresist masking material. Based on a series of 2
experinents in which the carbon content of silicon oxide filnms was varied
fromO up to 3 about 20% we have al so determ nedthat filns containing
hi gher carbon concentrations have

13



4 a higher etch rate when etched according to the nethod of the invention.
5 The above described preferred enbodi nents are not intended to limt the
scope of 6yid\®nblgsent invention, as one skilled in the phySflkesisn Vi ew
of the present Jlsclosure expand 7 such enbodi nents to correspond with the
subject matter of the invention clained below 13 WD 02/19406

PCT/ USO1/ 26314 CLAIMS W claim 1 1. A nethod of etching a
carbon-containing silicon oxide filmconprising exposing 2 said silicon
oxide filmto a plasma generated froma source gas conprising NH3 and
C.,Fy. 1 2. The nmethod of daim1, wherein said carbon-containing silicon
oxide filmconprises 2 less than about 30 atom c percent carbon. 1 3. The
met hod of Claim1l, wherein said carbon-containing silicon oxide film
further 2 conprises hydrogen, at a C Q¢ ation of |l ess than about 50
atom c percent hydrogen. 1 4. The netho Claim1, wherein an atomc
ratio of carbon : nitrogen in said source 2 gas is less than about 3 : 1.
1 5. The nethod of Claim1, wherein an atomc ratio of carbon : nitrogen in
sai d source 2Wgahkimanges fromabout 0.5 : 1 to about 1.4 : 1. 1 6. The
method of Caimb5, wherein an atomc ratio of carbon : nitrogen in said
source 2 gas ranges fromabout 0.6: 1 to about 1 :1. 1 7. The nethod of

Caiml, phereifh X £ aR@6S of dichilgalRebn-dorkdhi ;&m&d@mﬁk Fﬁ&%eeipésh@m 2
about 4 to about 8. 14IIIIIt||,IIIIIIII I 111 I 1

2 said silicon oxide film to a plasma generated from a source gas compnsmg NH; and C,F,.
1 2. The method of Claim 1, wherein said carbon-containing silicon oxide film comprises
2 less than about 30 atomic percent carbon.,
1 3. The method of Claim 1, wherein said carbon-containing silicon oxide film further
2 comprises hydrogen, at a concentration of less than about 50 atomic percent hydrogen.
1 4, The method of Claim 1, wherein an atomic ratio of carbon : nitrogen in said source
2 gas is less than about 3 : 1.
1 5. The method of Claim 1, wherein an atomic ratio of carbon : nitrogen in said source
2 gas ranges from about 0.5 : 1 to about 1.4 : 1.
1 6. The method of Claim 5, wherein an atomic ratio of carbon : nitrogen in said source
2 gas ranges from about 0.6 : 1 to about 1: 1.
1 7. The method of Claim 1, wherein x ranges from about 1 to about 6, and y ranges from
2 about 4 to about 8.

14
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WO 02/ 19408 PCT/ US01/ 26314 1 S. The nethod of C aim 7, whereinx
=2-5andy=6-8. 1 9. The nethod of daim8, wherein said CF,, gas is

sel ected fy@Molig 9roup consisting 2 of C2F6, C3F6, CApérudeikésia CCF8, and
conmbi nations thereof. 1 10. The nethod of Caim9, wherein said Cyy gas is
selected fromthe group consisting 2 of C2F6 and CAF8. 1 11. The nethod of
Claim1l, wherein said source gas further conprises 02, at a 2
concentration of |ess than about 30 volunme % 1 12. The method of Caim 1,
wherein said source gas further conprises a non-reactive, 2 diluent gas
sel ected fromthe group consisting of argon, helium xenon, krypton, and 3
conbi nations thereof 1 13. The nmethod of Caim1l, wherein said .
carbon-conprising silicon oxide filmis etched 2 at a rate of at least 1.5
gum per mnute. 1,14 T . Cl ain Werein the ratio of an etch
rate of lsaid SFc;arb o) r&‘rsolfgﬁsn%?’%g%'ln% c%nﬁs%})‘g%\ggfiﬁl mrelative to an etch
rate of an overlying photoresist layer is at least 10:1. 1 15. The nethod
of daim1l, wherein a substrate bias voltage within the range of about - 2
200 V td about - Tm0oethediofClainps, wheteiniseid GiB, 2atis selsted Spmihscroup onsiging net hod.
15 1 1vierd | Qd 1 LLYLLL. WD 02/ 19408 PCT/ US01/ 26314 1 16. The
met hod & C aquﬁ%’]&’ghgrﬂéﬁ(%&‘aé%f"a 41%"%%1?1 c’l"’?%'emvxfgi?hi n a substrate processing
area 2 during performance of said nmethod is within a range from about 5 x
10" a /cnB to about 5 3 x 1012 e-/cnB. 1 17. The nmethod of Caim1,
whereinla tot¥ sThenuhodefiClaing,;phereinsaif C.Frggs isselected framdhe gropp eqnsigtiied net hod

ranges from a(ﬁ 84)8 Wto about 2000 W 1 18. A nethod of etching a
car bon- ont ai %#gag €ton oxide film conpri si ng exposi ng

1 11. The method of Claim 1, wherein said source gas further comprises O,, at a

2 concentration of less than about 30 volume %.

i 12.  The method of Claim 1, wherein said source gas further comprises a non-reactive,
2 diluent gas selected from the group consisting of argon, helium, xenon, krypton, and
3 combinations thereof.

1 13.  Themethodof Claim 1, wherein said carbon-comprising silicon oxidefilmisetched
2 at a rate of at least 1.5 »m per minute,

1 14.  The method of Claim 1, wherein the ratio of an etch rate of said carbon-comprising
2 silicon oxide film relative to an etch rate of an overlying photoresist layer is at least 10 : 1.
1 15. The method of Claim 1, wherein a substrate bias voltage within the range of about -

2 200 V to about - 1000 V is applied during the performance of said method.

15
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2 said silicon oxide filmto a plasma generated froma source gas
conprising NH3 and Cyy 3 , wherein an atomc ratio of carbon : nitrogen in
said sourceggﬁﬁnbmsless than about 3 : 1, 4 wherein saidpgd/RResAnt ai ni ng
silicon oxide filmresides on a substrate which is biased to 5 within a
range of about - 200 V to about - 1000 V, and wherein a plasma source power
Is 6 applied using one device which is external and one device which is
internal to a process 7 chanmber in which said etching is carried out. 1
19. The nethod of O aim 18, wherein a.sumof said plasnma source power
applied is 2 within a range fromabout 800 to about 3,000 W 1 20. The

nmet hod of Caim19, wherein the ratio of plasna source power applied using
2 said device which is external : plasna source power applied using said

devi ce Whixch i Sy 3 il GERMof i, whe@ha HediSasic) Githinh kobahd rdcbdsiub b 1

Leerrt L

2 during performance of said method is within a range from about 5 x 10! &' /em® to about 5
3 x 102 e'/cm?,

1 17.  The method of Claim 1, wherein a total source power applied during performance
2 of said method ranges from about 800 W to about 2000 W.

1 18. A method of etching a carbon-containing silicon oxide film comprising exposing
2 said silicon oxide film to a plasma generated from a source gas comprising NH; and C,F,
3 , Wherein an atomic ratio of carbon : nitrogen in said source gas is less than about 3 : 1,
4 wherein said carbon-containing silicon oxide film resides on a substrate which is biased to
5 within a range of about - 200 V to about - 1000 V, and wherein a plasma source power is
6 applied using one device which is external and one device which is internal to a process
7 chamber in which said etching is carried out.

1 19. The method of Claim 18, wherein a.sum of said plasma source power applied is
2 within a range from about 800 to about 3,000 W.

1 20. The method of Claim 19, wherein the ratio of plasma source power applied using
2 said device which is external : plasma source power applied using said device which is

3 internal is 2 : 1 or higher.
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