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.DI ELECTRI C ETCHER USI NG DOWNSTREAM PLASVA BACKGROUND OF THE | NVENTI ON 10
The praseni/7ssnyention relates to the manufacture of senpg@hfidehsyss devi ces.
More particularly, the present invention relates to inproved techni ques
for dielectric etching and resist stripping. In the manufacture of certain
types of sem conductor devices, dielectric layers my be etched using a

pl asma et CANENHMGED@SISTLSMINRMMMT@EEEF? : 15 density
pl asma systens, such as inductive or ECR systens, or nedi um density plasma
systens, such as a capaci t DEWNSEREAMBEASMA density plasma etchers

di ssoci ate gases so well that by providing oxygen to the chanber the
chanber walls are cleaned. This cleaning nmay be caused by the heat
generated by the plasma, UV radiation generated by the plasma, and a | ot
of dfssociation caused by the plasma. 20 Medium density plasma etching
systens, such as capacitive plasma systens, nmay be used for oxide etching.
In such nedium density plasma etching systens a polynmer formng chem stry
is typically enployed. Such nedium density plasma etching systens
typically cause polyner deposits to formon the chanber wall. Such systens

usually allow the pol R ERPARTH O PriRud dife_chanber walls and then
are wet cleaned to 25 renove e pol yner de . The wet cleaning is

typically required in nediumdensity plasma systens, since such systens

typigal ly do ! I, A4 ffigient plasnma
o o et s preditmutlibh SERS (S48 B0k Abdeplor ANFcorBtiLior ShaRes RN  vnen

__ the chapixticulaely) the resemtrihyentian rélates 30 idppeved dechthnb® FaBEledtiic RRhin

satisfactori renoved, sonetinmes new pol ynmer does not suffici engt ly stick
to the 15T SEBPRB30 possibly creating particles, which could be an added
source of contam nation. 30 SEP 2004 WD 01/ 75932 PCT/ US01/ 08668 Pl asna

U S pat o maridaRe B A5H (8 bOHRDpaLE Gorlies; RRISR T et chi g
Appar at oy Beiefdhed ngnPh ptasmaGoetfingsmeni.” Suchydasach eletling BystdBOMay pR1ESH! | ¥
o n{g n edéinsity plasma systems, such as inductive or ECR systems, or medium density plasma

systems, such as 2 capacitive system. The high density plasma etchers dissociate gases

so well that by providing oxygen to the chamber the chamber walls are cleaned. This

cleaning may be caused by the heat generated by the plasma, UV radiation generated by

the plasma, and a lot of dissociation caused by the plasma.

20 Medium density plasma etching systems, such as capacitive plasma systems, may
be used for oxide etching. In such medium density plasma etching systems a polymer
forming chemistry is typically employed. Such medium density plasma etching systems
typically cause polymer deposits to form on the chamber wail. Such systems usually
allow the polymer deposits to build on the chamber walls and then are wet cleaned to

25  remove the polymer deposits. The wet cleaning is typically required in medinm density
plasma systems, since such systems typically do not have sufficient dissociation, and
sufficient plasma energy contacting the walls to perform a satisfactory polymer cleaning,
When the chamber walls are only partially cleaned and polymer is not satisfactorily
removed, sometimes new polymer does not sufficiently stick to the chamber wall

30  possibly creating particles, which could be an added source of contamination.



plasma within a confinenent ring that keeps the plasma in a confi A 3E%a?ﬂﬂ4

away fromthe chanber wall. Keeping the plasma in a confined area, .
gener b ¥ueosy i des a dense enough and hot enough pl aspp ﬁ}yﬂ%@% to the
confinement ring to clean the confinenent ring. - It is Enown 0 provide

CVD devices with renote plasnma sources, which are typically used to clean
the CVD cha?i)esr. T?’(]guilcal l&?ﬁﬁstﬁCh | asma devi ces use a fluorine chemstry.
Such CVD devi®ak Lyiing SysiFmsy,al g5 plas PBFRt, Sushag thedevigenn to use a

r enot e gcREERSOW. PatehiNambbt 3, §3.C ”iﬁsﬁ, Iaf Nerdriffoh & S0t he remotely
generated plasma to strip an étcﬁ%ga k- \?;f’e?/v o%Ht %£¥%r%§%§ﬁg, it woul d
be desiAppbiatisi Witilzitg Dlsube (ininfigerpénts nissueshialeds 996 meraly Rbagn@a of a density
that is,insuffi.cient to sufficiently clean the chanber wall is generated,
by t he PHASHRIVIR ASPR{uethent fae B Kerps the Blagna in 4 eonfined aren away fi8nghovi di ng a
pl agma hansdbddIci € 4mh r RY THE | NVENTI ON
The i n\(/:ent 1on rel af%?giﬂﬁsone 2[?”%% | mﬁiﬁr%%éngrarlrlgé% u d%searﬁqnlsglem ctric

pl as e an@Rotemongh plasya bdjavait tdthe Roafieirhén Rl t6 €ERE SeloASABMSRHHE O
provide a cleaning of the plasma systemand to possibly allow stripping

within the t.cgi?n syste Jhe i nvention relates, in a second enbodi nent,
to a nedi umid® P%’Q%P%% ) dewsesavith remoteplasmasentces,avigel argl asna sour ce
and w : j chamber to al,l ow cl eani ng
of 't e O SaLEL, q1ekn HEENT e Beb el WU SR8 MG -t 0
conf i nehnietly.uSuceCVIX devidek afetRed Ysrtvapoiidpesitionaddi ti onal renmote pl asnma
source to increase the rate of in situ stripping. 30 SEP 2004 WO 01/ 75932

PCTQUSOl/ 08668 These and other features of the present invention will be
deflribed iff FHEPEWVAHR Bie 2 repofcRiATHA savECe iR astiip ghamber Which dypicdllt he N

I nvent | | ' b ' : ing figures. BRI EF DESCRI PTI'ON
OF THE%W%%#@%%&F%%%%%%@%SHM ed by way of exanple, and
not by way of Ilimtation, in the figures of the acconpanying draw ngs and

i n which | i keviewf efitenforegamgyitreculd be tesirdhde &i mediah dehsifppthgnand i n whi ch:

systems, where a plasma of a density that is insufficient to sufficiently clean the chamber

wall is generated by the mediwm density plasma systems, to provide a means for

15  providing a plasma to sufficiently clean the chamber walls.
SUMMARY OF THE INVENTION

The invention relates, in one embodiment, to a medium density dielectric plasma
20  etching system with an additional remote plasma source to provide a cleaning of the )

plasma system and to possibly allow stripping within the etching system.

The invention relates, in a second embodiment, to a medium density plasma
system with an additional remote plasma source and with a heater for heating the walls of
the chamber to allow cleaning of the chamber wall.

25 The invention relates, in a third embodiment, to a confined medium density
plasma system with an additional remote plasma source to increase the rate of in situ

stripping.



"FIG | is a schematic view of an etch chanber. FIG 2 is a flow charl &P 2004
the process for using the etch chanber shown in FIG 1. 10 FIG 3 is a
schematwe ogi7easz of anot her etch chanber. FIG 4 is a fl owairasdi/oséest he
process for using the etch chanber shown in FIG 3. DETAILED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS 15 The present invention wll now be described in
detai] WiiR reh&b e BikPidnirVbr (BE Bl S RIBL MABYUSCHBE! f0hofetaiy.
illustrated in the acconpanyl ng W ngs OW ng descri ption,
numer ousbegedn fhedethiled idesription o€ thefivdntioh Anéd irdesnjimtiph axihde Solldwiagough
under stapdi ng of the present invention. It wll be apparent, however, to
one skiPEWESin the art, that the present invention may be practiced
without some or all of 20 these specific details. In other instances,

wel | - known process stﬁh“-@ﬁ%@ﬂ#@%% g been described in
detail in order to not unnecessarily obscur ent invention. To
facilitate discussion, FIG | depicts a schematic view of an etch chanber
10 of5 a pref eﬂeﬂemmmmmdﬂusﬁmdbwwaybﬁma@m aad abt whaapef 10
conprises a 25 chamber wall 12 which is _grqunded, an_.electrgstatic chuck 14

connect camiaon, iy @mqsééﬁ%%wowamgw and in yehich Jideesference
distrib ﬁf{@s}?l f. 3 WO 01/7932 PCT/USO1 /08668 etch
chanberulglggconnec e oﬁtaer%&% tft% gas source 20, heaters 22 adjacent to an

surroundi ng the chanber wall 12, and a renote plasma source 24 connected to
a strippi ng gBEK;. 4dsaceheimtic Miew olf ambieh chahber. 12 may be of anodi zed al um num
or a conductive ceramc 5 FIG 2 is a flowchart of the operation of the
__etch chanber Lﬁg referqj enbadi nrent _of the invention. A wafer 26
"Yis mounted onf 1§F‘ Sertnfithe proges feyustyg thgicir EEshoPRanEEC: bm of t he
etch chanber 10 (step 201). The wafer 26 has a dielectric layer 28, such
as_afp oxide | piers b sehdrhRIVieW ol enfiherbedl] dfabifr. aver, where part of - the
dielectric layer 28 is covered by a resist mask 30 and part of the
dielectric layer 28 is 10 not covered by the resist mask 30. Next the etch
chanber 10 etFie4 iswdlpw tharixdithe pfoctssdortnsipihierctch dhagnber $®wnhaFIGs3not

(

B ED DE 11 F D EMBODIME

15 The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the
following description, numerous specific details are set forth in order to provide a
thorongh understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of

20  these specific details. In other instances, well-known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present

invention.

To facilitate discussion, FIG. 1 depicts a schematic view of an etch chamber
10 of a preferred embodiment of the invention. The etch chamber 10 comprises a
25  chamber wall 12 which is grounded, an electrostatic chuck 14 connected to a radio

frequency energy source 16, an etchant gas distribution system 18 at the top of the
3



covered by the resist mask 30 (step 202). This is acconplished byjfl) chg’,mg?]g@
an etchant gas into the etch chanber 10, so that the pressure in the etc
chanbewoiga/7ispween 20 and 200 milliTorr. In the preferg@dy@ihegdsment of
the invention the etchant gas conprises a 15 fluorocarbon gas wth a
generic nolecular fornmula of C. F. and oxygen. The anmount of the etchant

925, US aloh BakINN0 oBy i b Ll ol el 50901005 dfp Brou dsd by (he

etchant gas source 20 through t gas stem 18 at

t he t opsumfoundiag¢hedhandtenivail liapandlhemmd%l@srﬁi SR Y cRMBEEY toPUr ce 16
provides .a .radio frequency signal to the electrostatic chuck 14, which

cr eat esSHERING B85 Thecbamber wald K2 mve hsiof enedizadalimim@Oorouck 14 and
the gr . Qﬁpﬁg wal I 12, which energizes the etchant gas with the

el ectrgéé)?g?&g%c uc E}'14 acting as a cathode and the chanmber wall 12 acting
as an anode. The energi zed etchant gas dissociates into ions, which are
enebgi zed bFIHE is adiow chattefileneperayiof 16 Gal ightRr DiRSTR Hwhihieg t he ~
chanmber and,.surroundjng the wafer 26. Since, the wafer is wthin the

pl asma, i} entrod tay inyption; o) wiafer 26 i mpunted gn thralecimostatioch®k bbver ed by t he

[ g | h || I [
chuck 2 i p8h I FhaUSH Pk Bt I ANIE rhevage2iian, ana ot chant

gas soufieiectd layep2.8) saok a$ atb b3 0 1alyBeo A 1iB e Ut AGhi
conponent s {)rovi de an in situ pl Zsma. As a reesul ﬁgﬁtlw’ﬁ%%%ﬁgﬁ%rfocess, a

pol ynerthe dislegiric 1aver 2808 pevred by resist mask §0 andvparkoBiie divdedlic/biyec2g hon

et ghant_ ga f aon .t he nmber wall 12. When the 30 dielectric |ayer 28
is(its]uf fr"loglc‘gvﬁﬁtﬁg)g&fﬁg%s%@ﬁg@chi ng step (step 202) is stopped by stopping
the generation of the in situ plasma. 3 0 SEP 2004 WO 01/ 75932

PCT/ US01/ 08kt Tiicetsie fiintbep 11 0 SibReS iuyBie prt iof 1R e €
chanber wall 12. The renote plasm s}f)%r?e 24 nayéq%%tﬁg ce%gg%attgsn% her

| ocat i 6AVerrd by dhe tesistmesk Ihéstapei02). 0This Thaccemplishell dtyvifrawing e etobamt gasp! asma

source; n interior.of . the chanbgr 10 nust he sufficiently large so
Chat g 1808 shoh WFachBlecll) 84 3l REes SRR e doh mbends beirase 20uangi200s pl soa
sour ce rgfli B mhspiae@&ﬁﬁnﬁdc&ﬂhﬁt{tﬁtﬁ@ﬁﬁ%ﬁio‘fﬂtﬁéQﬁh%ﬁ%ﬁngoS4n‘§e9 gthe interior

of the chanber 10 without being |ost. The renote urce 24 may use
ei 1her florgeathon\gas avithra ganerin thedeciulee fotirgdh of G amdoaygent Ties athb@lt odensi ty
di ssoci tétve r enot e .SE}%‘JI‘CE. n exanple of such a rempte source is an
ASTRON K ctkapt gashsed dg bmoyn lggﬁﬁliﬂ?gge etehant gasis provided ngthe cicdhanhe renot e
Pl asma gaosuee Z0hréslR the Bichidt' AP lifHibution system 18 at the top of the etch

chamber 10. The radio frequency energy source 16 provides a radio frequency signal to

the electrostatic chuck 14, which creates radio frequency waves between the electrostatic

20  chuck 14 and the grounded chamber.wall 12, which energizes the etchant gas with the
electrostatic chuck 14 acting as a cathode and the chamber wall 12 acting as an anode. )
The energized etchant gas dissociates into jons, which are energized by the radio
frequency wave, creating a plasma within the chamber and swrrounding the wafer 26.
Since the wafer is within the plasma, the parts of the dielectric iayer 28 that are not

25  covered by the resist mask 30 are etched away. Since the chamber wall 12, electrostatic
chuck 14, energy source 16, etchant gas distribution system 18, and etchant gas source 20
form and sustain the plasma around the wafer, these components provide an in situ
plasma. As aresult of the etching process, a polymer residue 32, formed from the resist
mask 30 and fluorocarbon etchant gas, forms on the chamber wall 12. When the

30  dielectric layer 28 is sufficiently etched the etching step (step 202) is stopped by stopping

the generation of the in situ plasma.
4



. 10 gas source 25. The renmpte plasma source 24 dissociates the oxy@ell Sgp 20
Ccreating oxygen radicals, which are flowed into the etch chanber 10, so

that tRgoR{/oHsre in the chanber is between 100 and 1’9%9‘11@011)0%6-59”' The
oxygen radicals react with the resist mask 30 to strip away the resist

mask 30 (step 204). In the preferred enbodi ment, the flow of the etch gas
f th t a ur.ce 20 and, power fromthe radi o frequency ener

source 15 16 T HPOROREERG EaReCy B AT E et P e DamberEel 3 Ponmok 30
i s accorghbeissnsoidtkoe BYmay BEpRENIAIAL Rkifon dBuR@L %fcg cgl.;{zl%gf nt, the

I n siturﬁllpasma may be used 1n “conbination wth the reno asnma to
provi de T&erenpyibstreentheramdieplaenb soime 24 and e inttlier sfitthé plxniter JoSmus

hydr ogen angd. ni t en mxture be used. separately or in conbination

o . ops EEtcdety e of i e PR PR WL e icelrsaoatecin (e raate
reacgan QIO r | fer..26 is
'rerm\g/edﬁ)fhrgg{r% t he&2t4cﬁgg?11§r§%gé£?{§ %E:%g%ﬁ&fé%}é&l% C é&gﬁbt %1%5 °§r?£Fhef esi due
32 fr omchimbehbhwihomdeinglast! The ctract plasitalsburch 2 nedy B2 eith@tss t he chanber

wal |l 12. In a preferred enbodi nent, the chanber wall is heated to a
t enper aBUFOVEIVe 96 2 gndystivedisehgrae orpomenthar bighudengitn digroniativeaemptee 25

i ti h ' t f Cto 200 C

o o Sfturob A AR o8l o rn G Rb il I AL ERBRIY N TeRlorbobum: P 70

heat ed Muassadhes@es Axifeen & protideCio B YeR6e Erﬁasﬁi' 5 %%tshtée_ A4tRorh iR SGPRbe Pl asma
. ere

source 24 fromthe stripping gas source 2& note plasma ‘source 24
di s$bci oWy xTheremate & soRge &hdisserinitessths oxygenaiteating oilygered i nto t he

etch ch . t f. ressuge in.the ch er 30 i,s between 100 and
T 000" ey it Sie StRbed i B BRE Shinba 100 %, fRiRE ReosH i e MG v |
12 to clisswbhe10DMAE00 aslidesr. IhefdxQpid fARicERFEREWittEhs re%%tﬁx%&dﬁow&- I'n
anot her 30 SEP 2004 WO 01/ 75932 PCT/ US01/ 03663 enbodi nent a hydrogen and

ni t r oge AP 3 the pepjst raski 38 dstep pod)a e khe wefeimd embbdinent,dhe flowtdf thecygen as a
| asma r fromthe renote a source.. Wien the chanber wall 12 is

g uf ;‘5 i Ci é%ﬁlég gogéﬁ},e efcﬁ]egaﬁlsggrﬁ%% Fﬁﬂ??ﬂg ARera °aé"rfﬁ‘°§%‘?‘¥§ég-‘2§9‘ﬁf%e st opped
and1$ he 16 & GlcElMIeE so kiat ke §tﬁ§ﬂﬁ§59fhetreﬁst'iﬁ%k 30 &dco ﬂhghe(f’sd%lély%gs chemati c

view of an etch chanber 40 of another preferred enbodinment o
i nvent i te Qygen wsiieals lnombtherdnbodiswat, thehia stu plasmhandyebe Wld in

combination with the remote plasma to provide stripping. In another embodiment, for

the stripping gas, a hydrogen and nitrogen mixture may be used separately or in

combination with oxygen.

20 To discontinue the stripping step, the flow of the reactants from the remote
plasma source 24 is stopped. The wafer 26 is removed from the etch chamber 10 (stép
206). To clean the polymer residue 32 from the chamber wall 12 the chamber wall
heater 22 heats the chamber wall 12. In a prefemred embodiment, the chamber wall is
heated to a temperature of 80° to 300° C. In a more preferred embodiment of the

25  invention, the chamber wall is heated to a temperature of 120° C to 200° C. In a most
preferred embodiment of the invention, the chamber wall is heated to a temperature of
150° C. Oxygen is provided to the remote plasma source 24 fro.m the stripping gas
source 25. The remote plasma source 24 dissociates the oxygen creating oxygen
radicals, which are flowed into the etch chamber 10, so that the pressure in the chamber

30 is between 100 and 1,000 milliTorr. The oxygen radicals react with the heated chamber
wall 12 to clean the polymer residue 32 from the chamber wall 12 (step 208). In another

5



conprises a chanber wall 42, an electrostatic chuck 44 connected éo@aSEaGl?BQ
frequency ) energy source 46, an anode 48 that is grounded, an etchant gas
sour caw6@u7enf i nenent rings 52 and a renote plasma sowcgRrdafiosegnected to
a stripping gas source 10 55. The electrostatic chuck 44 which acts as a
cathode at the bottom of the etch chanber 40 and the anode 48 at the top of
t he et ghmedanditn ﬁﬁﬁ)% hﬁﬁﬁrtxﬁg?ﬁ i ne_ the.pl.asnma region
to a snal |l area. }qzﬁg%%gr?fﬂ?neneﬁ ri nges 2 %ﬁ%egtgg%%g@we&s%fg?%gﬁ Be plasma
r egi on Wigh ¢xyigeh es a plasfuiarseurch éropd ths remate plaema sks@ep) Wohdn e Bhash® wiger the
center 2& _the. eéch ch egﬂgo and away fromthe chanber wall 42. The

conf i nérenPUEPFisELY slsandhe glaspa fiogyihe pmets alaswma saurcs 24 i stoppel asl the ng shaped
pl at es gdhathafbher FPRGES BRI Nk Ha@Ar FOW gaps between the confinenent .
rings 52. In this exanpl'e, three confinenent rings 52 are shown, but one
or nore confinenent rings may be used in other enbodi ments. The narrow
gap8 bet weekIGh2 icosthemetieniow ofmwidhihaadpr 406 Rlodssrpréfesd r eachi ng the

chanber ) 42, .gince the gaps are so small that nobst plasma passing

Wi t hin Qd‘&éﬁﬁ%ﬁ\ﬁ‘?’fenﬂ@nmBﬁ&@ﬂ@@@a%&heieﬂ@h&mﬂem& confi nenent
ring 5 ; HBEbR} A58 . r |1, 42. .Fl 4 is a flow
cha?t (%?]B? gzhrgc;eaperatb |Bic‘)n of ztﬁlzagbﬁ)ﬁta%%ghr}g%?ﬁﬁ@gﬂ%ﬁd? HPLPRICE nhodi nent

of t he (RRyemetgyosourde 463 ke andds 48stharis plodde) ah BRhahiesk ko8kakoc chuck 44
wi thin and near the_bottom of the etch chanber 40 (step 401). The wafer 56

has a SSMUHCEIRETRETSS anfes reywte plgsma sorem S romected e o stipping gassmuoki de or a

ni {4l dezl Lhe.dielectric Layer, 58 is covered by a

regdljst g?fag%g%%can £tgca%5%#8 %ﬁhééhoal%éﬁ a@&%ﬁ?#%@@@@s&tﬁﬁﬁ%&g@@ﬁ by the
resi st 40mad tEGmolleAs at the 16 6fthe BRAGRIMYE BiLESRANAY séﬂ%gﬂﬁgf% Rhshbe )
dielectric layer 58 that is not covered by the resist S O (step 402).

Thi s i Beglammiceionda agmnailaseg. iheaanbnahenitings §2 s@rrounidotht kidegdbfihechanber 40,

so tha - ' tch chanber js betyween 20 and 200 6 30 SEP

004 IR PREGE Rnbeane By R, koo HE phsBeakrobs eRustRhent  of

the i niendinthanibee A0 bad awhy fof 1B SRS Sval 42] 'm&gﬁﬁ?ﬁ&ﬁ%%@h generic
e e an

mol ecul ar formula of CYFx and oxygen. The anmount o as used
i slknobpmade phauastz and age forngd es vng suped phtesithatprospaded! witk nefréwant gas
B Prospa g
S0UT CCat LBNAATHE Corthhehlltr Shel's 7 N2 TS oxatipe, three coninement Hgs 55 ace - 7
shown, but one or more confinement rings may be used in other embodiments. The

narrow gaps between the confinement rings 52 keep the plasma from reaching the
chamber wall 42, since the gaps are so small that most plasma passing within the gap

20  will be extinguished by a collision with a confinement ring 52 before the plasma reaches
the chamber wall 42.

FIG. 4 is a flow chart of the operation of the etch chamber used in a preferred
embodiment of the invention. A wafer 56 is mounted on the electrostatic chuck 44
within and near the bottom of the etch chamber 40 (step 401). The wafer 56 has a
25  dielectric layer 58, such as an oxide Iayer'of silicon oxide or a nitride layer, where part of
the dielectric layer 58 is covered by a resist mask 60 and part of the dieleciric layer 58 is

not covered by the resist mask 60.

Next the etch chamber 40 etches away the part of the dielectric layer 58 that is not
covered by the resist mask 60 (step 402). This is accomplished by flowing an etchant gas
30  into the etch chamber 40, so that the pressure in the etch chamber is between 20 and 200

6



. 5 provides a radio frequency signal to the electrostatic chuck 44,3 whi§H 20
Creates radio frequency waves between the el ectrostatic chuck 44 and the

gr oundggy g)ds; 48, which energizes the etchant gas. Th‘f’cgﬂ%ro hésg etchant
gas dissociates into ions, which are energized by the radi o Trequency

wave, creating a plasma within the chanber and surrounding the wafer 56.

Since t r-i.s_w thin the pla the partg of the dielectric 10 | ayer

58 t hat Qrgyyefgnrgt Inc%s g{eg%r%yeq%gﬁp%@g?@w&f% é’reeﬁt‘élﬁ’ﬁfr@é CRRIASESSt nce t he

el ectr Oﬁlafd&x&ﬂlghkvﬁﬁa@ﬂgﬁﬂﬁoﬂéﬂfaﬁ?orﬂfﬁa@f@%ﬁ 4 o ‘%&1. eh?ehz&ﬁ‘&mﬂ%g sour ce
, onen e

50 formand in the plasma around the wafer, thése co S provi an in
situ pl &eeeichant gas ussd is knoin inftke priarhirh JTipr cickems gasis pedvwidez by 8 efhanH 2,

conf | neARRTOFF AL pmBtigq e Rsbianembe 41 croapiio Feo ednfouseci |y
et ched, pldvadtahliioteeity P bickRoShaPaR . ShRRIDML Ig oener ati on

of the Iin situ plasnma. The note plasma source 54 1S s nected to

the et cliregheurlyovaveabétwion thelietrgitatih enmkadenddhe Foanddd modbas WesRLt he
renote plasma sour %854 and the interior of the chanber 40 nust be
suf fi ci ERFEIECP Hiegichagt 833,110y ensrerpd plohant gan Bissogntesinjqyions,whick ates 20

created. ehDL8; c le.t,0 pass fromthe renote

pl asma g%égg%zgﬁgg toﬁ%oﬁ%@%ﬁ%{{e’ gﬁ‘ﬁ%@@ﬁ%ﬁ%&?%%@ﬁ@%ﬁ% ng lost. The
renot e plreemalinihe eaf&scn@inceubewats E@ﬁtﬁnﬁh@?ﬁ!ﬁﬂﬁh@baﬁ‘oﬁtﬂgﬁﬁﬁc c

di s har9e or_sone other high density dissociative renote source. An

exahpl eldyFr 33, et aremohsover the rgsist mpsk 69 menetohedxsTyX Sihcesbbur n,

Ma h . i ided to t te pl 54 f th
) 28 str EeeRSERs heBh UicB e Shesd e, ETe i B Bt UebERapds (he
OXygen usesdi ikOplagny 8olnd 8@ ivedéS the¥didpatehtsrowad ah i &

ch. ghanmber
40, so that the pressure in the chanber is between 100“&%“%’0%’68
mi | | i Toresult pfthesighingprogesscapalymenrssidne 68, fomed dvirsthe resistknaSR 60andt ri p anay

t he resj (ste 04). Ln the preferred, epmpodijrent, the flow of

the et cﬂﬁg’%{g&?J rg%?hgp‘@ g@?’c’ﬁméﬁ)a%né]&?%i%n e’ﬁﬁﬁ‘%%&e%ﬁ“&ﬁ?ﬁﬁ’k%ﬁb@ﬁ requency
30 ener gy isstficienthPetche kdhigEst i §Y: RS | st mask
60 i s acconplishe eby d?ﬁigt%xygenelfg(tji calzgti%‘qgg ‘{d%@%o]égeth%%%éﬁ%&é%urce 54

and i n efthg ipsiisplasman anot her WD 01/ 75932 PCT/ US01/ 08668 embodi ment, a
hydrogen and nitrogen m xture nmay be used separately or in conbination

W th oxygen a_pl.as source.fkromthe renopt as ource. To
di scont i nue fASTHEYE #’E‘%‘Pﬁﬁ"‘é‘f’% g 1§ %Bé’“ﬂ Wﬁqte‘ﬁ?gtlhia S%Etcgf‘ﬁlgerf"l’@hﬂ@ he renote
pl asma thestightthé 4nédeid. The bAtrPhdttreen the remote plasma source 54 and the inferior of

the chamber 40 must be sufficiently large so that a sufficient number of oxygen radicals

20  created in the remote plasma source 54 are able to pass from the remote plasma source 54
to the interior of the chamber 40 without being lost, Tile remote plasma source 54 may
use either a microwave or an inductive discharge or some other high density dissociative
remote source. An example of such a remote source is an ASTRON by ASTeX of
Woburn, Massachusetts. Oxygen is provided to the remote plasma source 54 from the

25  stripping gas source 55. The remote plasma source 54 dissociates the oxygen creating
oxygen radicals, which are flowed into the etch chamber 40, so that the pressure in the
chamber is between 100 and 1,000 milliTorr. The oxygen radicals react with the resist
mask 60 to strip away the resist mask 60 (step 404). In the preferred embodiment, the
flow of the etch gas from the etch gas source 50 and power from the radio frequency

30  energy source 46 is continued, so that the stripping of the resist mask 60 is accomplished

by the oxygen radicals from the remote plasma source 54 and in sitn plasma. In another

7



pl asma are stopped. 5 The wafer 56 is renoved fromthe etch chanbe? go 0 200
(step 406). To clean the polyner residue 62 fromthe confinenent ri ng§ 522,
an oxxgﬁg) AL gitrogen/ hydrogen etchant gas is flowed into the etch chamber
40 so WRRE pressure in the chanber is between 100 BGTAUSPLE8S8 i |1 i Torr .
The amount of the etchant gas used is known in the prior art. The radio

.frequency energy. source 46 provides a radio frequency signal to the 10
el ect r gErRdIReRt, 3 Axdrogen g RifroserBEuremaal e Ysed gepanatylywanie sombinatien t he

el ectr ogat,d the grounded .anode 48 ,.ch energi zes the

et chant gaéﬁgleﬁgagéﬁé%sélﬁdz%g'g cee%?:lﬂglﬁ e ge Hm%m%?%SW#@qhaﬁgﬁl%i ch are
ener gi zedppiyg biep, thadio® dABELRBGYts S the e8RS As &Sﬂ?aq L dbNsikhe
chanber and surroundi ng the wafer 56. Since tﬂhﬁeﬁllnorsal&tu p\@atéér:yﬁlépconfi ned
to a srﬁi@ﬁm%@gismpﬁic the electrostatic chuck 44, the anode 48, and the 15°
confinement rings 52, the in situ plasma i s dense and energetic enough to

cl ean the sidue 62 .fromt onfin nt rings 52. Wen the

confi nement pﬂeyn‘ggfegégésrrgmogﬁ #Pmtg]ﬁ?{éscﬁ?[gé‘?’fﬂ%t%i‘lﬂ%i Qcleimuth®n i s st opped
and th & 16880067 fithh the coRREnd®Finkd itrogdh/ ek’

enbodi ?rjeoﬁ}fﬁ the in situ pl gsma and Pﬁée %ﬁa{g%&% asrﬁrﬁatrgée 0 %ﬁsed 20 for
cl eani regehant grsris flawad ingo dlre etlachrenbenil® hothat thequedsinredd thd @sepls an et ch
chanber, . wit confined. nlasnp. Wile this invention has been described in
terns &et\g%e\pgro |an§|rie¢ r%gﬁ‘o %%WFQ% g@ﬁéqhé“ta%"é us¢d isdkaowsne the

per mut Hrigpas, ThA | | 4 100 5 of . this

I nvent i%{l)in. It shgﬁlﬁgwgﬁg%ﬁgtgﬁﬁr egﬁaﬁg?b%%%éégqﬁ%l%%%g%&%mm@‘5 ways of
25 10np|edsvtstiatic clivvl 44p whinbscreates mpjpdraauensyswoies bbRvden @seslbetigd@nt i on. It s

therefore . (ntended that .the foll owing appended clains be interpreted as™
i ncl udichljd%\ a%cﬂ'g'ﬁ gf%@&?&??‘lfr@%@éﬁhﬁww@ etghant gai The eergizesks f al | )
W thin  SRkibdek 3 C . b lon.. 30 SEP 2004
VAT | SR S TIBRe) nRGorss BRR I, bl AP B SRAMOR e, " sposed

above areating apasma withiprths chagber andihwetaualingthewaler S6ASRRE thevaasai n t he
dielectric etch chanber, conprises: a chanmber wall; a heater for heating
the ch®MAFER [jEPHITeG tg ﬂﬁ@?@é@f)ﬂ ¥ ibelgerostatic chuck 44, the anode 48, and the

15  confinement tings 52, the in situ plasma is dense and energetic enough to clean the

polymer residue 62 from the confinement rings 52. When the confinement rings 52 are
sufficiently clean, the in situ plasma is stopped and the etch chamber 40 is ready for the

next wafer.

In another émbodiment, the in situ plasma and the remote plasma are both used |

20  forcleaning either in an etch chamber without a confined plasma or an etch chamber

—

with a confined plasma.

While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and equivalents, which fall within the
scope of this invention. It should also be noted that there are many alternative ways of

25  implementing the methods and apparatuses of the present invention. It is therefore
intended that the following appended claims be interpreted as including aﬁ such
alterations, permutations, and equivalents as fall within the true spirit and scope of the

present invention.



an etchant gas source to provide an etchant gas within the chanber 3?%£' 3&
in situ plasma device for energizing the etchant gas into an in si3 EP 2004
pl asma; and a renote oxygen plasnma source connected to the dielectric
chanber to provide a reactant species to the interior of the dielectric
etch chanber. The apparatus, as recited in claim1l, wherein the etchant gas
conpri ses fluorocarbon. The apparatus, as recited in claim?2, wherein the

et cha conpri ses oxygen. The apparatus, as recited in any of
cl ai ms %ngﬁs%&gmsthe renote plasma source conprises: a renote oxygen

gas source; and a renote oxygen plasma activation device, which energizes
the oxygen Ay ébH&rEﬁ]@foF elRh§a di@Pék{tg@f&y&%%p%H raﬁ&/etaf%uﬁstﬁieaécﬂﬁpnsﬁg The

appar at us, as recited in an further rising a heater for
heat i ng t hé® TQeRHRsish champery ef'?@ﬁg@[%f'&ﬁféﬁ gRpe” f%‘?f'sgg The apparatus, as
recited in sathymbdrweliai ns 1-5, further conprising a plurality of

conf | Nementa fobBs Mt e b BaNG T Wibdadldsaabeundi ng & pl asma regi on

wherein the |ne rin are spaced apart fromeach other. 7. A
net hod for %P@H?W’igasa%"“fc@é%?mﬁé??ﬂ %{F'layf HRELE heLramesrd@iy i ¢ | ayer di sposed
above a suhsi diRipRsmibeiei ior ghargizingfthesatdntae lirCar in 6itd ﬁyaema bad di sposed bel ow

an et e IaltoRd BBk Bl Blile INELRII NS uRURLclefph oty paSed Del ow the

et ch nask, I'n an etch
chanbé?aﬂanf?rp@%??nfgtwn’fét"?mhtﬁﬁd@k&ﬁmpﬁ‘P C'*Eaﬁ@eétch chanber creating an in situ
plasma fromthe etchant gas in the etch chanber; etchl ng away parts of

dleletrlc a not dis. bel o mask rating a renote
R R U R e T R e A L S O
chanber, 35tr|pp|ng away the etch nmask, while the substrate is in the etch

chamber; anfle apRRRAK, 80retil? iPUAM, ﬂh&ejﬁﬁt@@téﬂaﬁt dak @Rn&3mMBRdes offyged he Net hod,
as recited in claim7, further conprising the step of providing a plasm to

clean the etch chanber after the st ep of renoving the substrate fromthe
et ch @hanb&he agparaliseasmetited ih argf cleigisti el whereiarthe refnolelpkasmme sduwr@®; wherei n t he
et chap,gass:.f urther conprises

a remote oxygen gas source; and

a remote oxygen plasma activation device, which energizes the oxygen from the remote

oxygen gas source to a plasma.

5. The apparatus, as recited in any of claims 1-4, further comprising a heater for heating the
chamber wall to a temperature above 120°C.

6. The apparatus, as recited in any of claims 1-5, further comprising a plurality of
confinement rings within the chamber wall and surrounding a plasma region wherein the
confinement rings are spaced apart from each other.

7. A method for etching at least partially through a dielectric layer disposed above a
substrate, wherein part of said dielectric layer is disposed below an etch mask and part of said
dielectric layer is not disposed below the etch mask, comprising the steps of:

placing the substrate in an etch chamber;

flowing an etchant gas into the etch chamber;

creating an in situ plasma from the etchant gas in the etch chamber;

etching away parts of dielectric layer not disposed below the etch mask;

generating a remote plasma in a remote plasma source;

flowing the remote plasma into the etch chamber;



oxygen. 10. The method, as recited in any of clains 7-9, further cenfrSEP gl
the step of discontinuing the flow of etchant gas into the etch chanber
before the step of flowing the renote plasna into the etch chanber. 11

The nethod, as recited in any of clainms 7-10, wherein the renpote plasna
generated in the renote plasma source is froma gas fromthe group

consi sting of oxygen, nitrogen, and hydrogen. 12. The nmethod as recited in

any of cl ais%pﬁé%%w&yth&’@t‘éﬁ ﬁ%gké%vnfetﬁ% sfdte F%ﬁﬂﬁle‘éi[cﬂ%nﬁw&t%é;g.@ﬂa clean to the

etch chanber, " rises t ep of heating an etc er wall to a
t enper at ur éeMeEAee BlystrajeironTihs elpBChygderas recited in any of clains 8-12,
wherein the step of providing a plasna clean to the etch chanber, further

conprigses e steps of . generating a renote. plas in.the renpte plasna
ourcd -1 IR oere rd o ool TRhE B Rraliohd % BB LS, Dot e

r enot eleph heretchtchamiamefies theesidpdil eenfovivanthelrabdiate e b aishehamber.l . 14. The
nethod, as recited in any of clains 8-12, further conprising the step of,

confining the plasma within confin t ripgs,. and rein the step of
orovi &t ng dngmelind Eredhd Aoty FERpE RS Dhesdin 0F Steudh ey DO bR pe or
f | ow mgygehe etchant gas into the etch chanber; creating an in situ plasm

fromthe etchant gas in the etch chanber; and using the in situ plasma from

the etchant gas to renpve residue fromthe confjinenent rings. 10
10 Thé& methed, as recited in any of claims 7-9, further comprising the step of dis€ontinuing

the flow of efchant gas into the etch chamber before the step of flowing the remote plasma into

the etch chamber.

11. The method, as recited in any of claims 7-10, wherein the remote plasma generated in
the remote plasma source is from a gas from the group consisting of oxygen, nitrogen, and
hydrogen.

12, The method as recited in any of claims 8-11, wherein the step of providing a plasma
clean to the etch chamber, comprises the step of heating an etch chamber wall to a temperature
above 80°.

13. The method, as recited in any of claims 8-12, wherein the step of providing a plasma
clean to the etch chamber, further comprises the steps of:

generating a remote plasma in the remote plasma source;

flowing the remote plasma into the etch chamber; and

using the remote plasma to remove residue from the heated chamber wall.

14, The method, as recited in any of claims 8-12, further comprising the step of, confining the
plasma within confinement rings, and wherein the step of providing a plasma clean to the etch
chamber, comprises the steps of:

flowing the etchant gas into the etch chamber;

creating an in situ plasma from the eichant gas in the etch chamber; and

using the in situ plasma from the etchant gas to remove residue from the confinement

rings.
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