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BACKGROUND OF THE | NVENTION [001] Integrated circuit performance is being

conti nual | Yy 5ger/@Mesh by increasing device switching spegdusidisbicas N9
i nterconnection density and reducing cross-talk between adjacent

conductors. Sw tching speeds have been increased and cross-tal k reduced by
enploying new dielectric thin filmmaterial having |ow dielectric
constant, such as porous carbon-doped silicon dioxide. Interconnections
have been increased by increasing the nunber of interconnected conductive
| ayers and reducing feature size (e.g., line widths, hole dianeters).
Connecti ng between such deep | ayers entails high aspect. ratio (deep and
narrow) conductor openings or "vias". Such fine features have required
photoresist (for photolithography) adaptable to shorter wavel engths. Such
phot oresi st tends to be thinner and nore prone to form inperfections such
as pin holes or striations during the dielectric etch process. This problem
is addressed by enploying a fluorocarbon chem stry during the plasm etch
of the dielectric inter-layer insulation film in order to deposit a
protective fluorocarbon polyner on the 1 WD 2007/111837 PCT/ US2007/ 006449
phot oresi st. The pol ymer nust be renoved fromthe wafer after the etch
process in order to avoid contamnating |ater process steps that nust be

performed i i Wieiimer Rt B PROCHSS TNRLOBIRY HiR'srr BARKsIbEP ' S

performed. = poryMRR REMOVAL FOR LOW-DIELECTRIC CONSTANT MATERTAL

BACKGROUND OF THE INVENTION
[001] Integrated circuit performance is being

continually improved by increasing device switching
speed, increasing interconnection density and reducing
cross-talk between adjacent conductors. Switching speeds
have been increased and cross-talk reduced by employing
new dielectric thin film material having low dielectric
constant, such as porous carbon-doped silicon dioxide.
Interconnections have been increased by increasing the
number of interconnected conductive layers and reducing
feature size (e.g., ;ine widths, hole diameters).
Connecting between such deep layers entails high aspect .
ratio (deep and narrow) conductor openings or “vias”.
Such fine features have required photoresist (for
photolithography) adaptable to shorter wavelengths. Such
photoresist tends to be thinner and more prone to form
imperfections such as pin holes or striations during the
dielectric etch process. This problem is addressed by
employing a fluorocarbon chemistry during the plasma etch
of the dielectric inter-layer insulation f£ilm, in order

to deposit a protective fluorocarbon polymer on the



However, in the post-etch polynmer renoval step, it is difficult to renove
all of the deposited polyner. This is because sone pol yner penetrates

t hrough a gap between the wafer edge and a ring collar process kit at the
waf er pedegha gphery, and accunul ates on the wafer kside at

peri phery. 830?1072?13;21? is required to avoid interference P%afftﬁzqqq/‘gomw

el ectrostatic chuck (ESC) that forcibly clanps the wafer to a cool ed
surface to neet the tenperature control requirenents of the plasm etch
process. The wafer edge-to-ring collar gap is too narrow for plasma to
penetrate and renove the polyner fromthe wafer backside during the
post-etch polyner renoval step. Therefore, a conventional approach to this

probl em hgsho eI 14 NP S A O6Hh Y 8- dnldJd2e ﬂ%?&s ;thf]ecmaffaryner

renmoval step, to oxidize carbor-containing materials as pol ynmer and
phot or esi st§5e¥ GtDREFIDPERPPINGLD tHEafafter dvedd qandaaRnaediing This step
can enpl oy1 fe S GRUAM S T &ld Bl It ISP Y Ik £ AMUD Bn HhThelediavi ng a

heat ed waf er %¥§$ort pedestal capable of relatively high wafer tenperatures
(e.g., 300TRATSIARE dedy Ry~ ¢h ROLEISH IReMYRdt & Yimsi Restfiagaedrhi s

process dogsud\Air Naidn tife GWEN{ONalo ikl e Gldildv Jmtard @l such as silicon
di oxi de, which is a strong material. However, such an “oxidi zi ng process

does cat ast+opHrel harin 1etRe #ehe?f 1w dfRsIsdded edamsant Thsul at-or
material s £k ASuROT iige ﬁéifﬂ& daned: Sldd<L Ah AR de.gah el Zi ng

chem stry of the post-etch clean step renoves the carbon fromthe
car bon- dopetf sf3feerrWOxIHe i BtrEtF el amtRuqaass tiid atywWirnorLer 837

PCT/USZOO7§£&K¥¥§& periphery, and accumulates on the wafer backside
at the périphery. Such a gap is required to avoid
interference with the electrostatic chuck (éSC) that
forcibly clamps the wafer to a cooled surface to meet the
temperature control requirements of the plasma etch
process. The wafer edge-to-ring collar gap is too narrow
for plasma to penetrate and remove the polymer from the
wafer backside during the post-etch polymer removal step.
Therefore, a conventional approach to this problem has
been to employ an oxygen plasma in the post-etch polymer
removal step, to oxidize carbon-containing materials
(such as polymer and photoresist), followed by dipping
the wafer in liquid HF acid. This step can employ a
separate relatively inexpensive “ashing” chamber having a
heated wafer support pedestal capable of relatively high
wafer temperatures (e.g., 300 or more degrees) with a
simple remote plasma source. This process does not harm
a conventional dielectric matexial such as silicon
dioxide, which is a strong material. However, such an
oxidizing process does catastrophic harm to the newer low
dielectric constant insulator materials such as porous
carbon-doped silicon dioxide. The oxidizing chemistry of
the post-etch clean step removes the carbon from the

carbon-doped silicon dioxide dielectric material, the



carbon eventually being replaced by water fromthe atnosphere. This greatly
increases the dielectric constant of the insulator, renoving its main
advant age. Such damage is apparent as undercutting of the dielectric |[|ayer
sidewal | s wewsgiigsra profile inmage. This undercuttingprgkaiedlsgd upon

di pping the wafer in dilute acid follow ng the post-etch clean step.

Anot her problem is that such an oxidizing process does not conpletely
renove the backsi de pol yner, even after 60 seconds, according to our
investigation. [002] Therefore, what is needed is a way of conpletely and
qui ckly renoving polymer fromthe wafer backside that does not danage the

| ow-di el ectric constant insulator material w thout requiring any extra
process ttaeboﬁmuﬁflil—ﬁeihb’%ﬂ:ﬁhéﬁ)ﬁﬁj vfhtpé:asﬂﬁomttllﬂe process with

i n-situ backsi de oly ;Lempya begins with ce_having a porous
carbon-dop%g glPh%gﬁ' d?e?%%%¥| n?ﬁﬁ%ﬁe%uéb%idbg% GFEEFst mask on a
surface ofcbhetmntkpfethe ihSulmnokpleemoﬁSn@Iﬁm$edabmt@dﬁaneé@®lrostatlc
chuck in a react or rocess, i ncl ydes i ducing a
l'or o- car BBRELAEBASH b caEPaAB A ApRET G oD ot R Bre PETha
eIectrostanayezhsmaeaaﬁlsrvEEwsduiﬁeappmsfllécumwg@verhﬁﬁd el ectrode to etch
exposed porti.ons Eg i el ech C Ia¥er whil e g% osi Ling, pr $ ciive
f1uoro- calBSR-GBFyHEF 6ﬁ FRESBHGHOMBEN sPLRRERT BrbEsi® FUrther
includes r eobdi Aglibeifhbubhe- pasheatbaselesmi osess. gaﬁoandrlprmnﬁuﬁlng a
hydr ogen- bagedyRLOCGSR 93503241 23RB' YLBEBE SOUL 50RO 8Ly overhead
remove the backside polymer, even after 60 seconds,

according to our investigation.

[002] Thexrefore, what is needed is a way of
completely and quickly removing polymer from the wafer
backside that does not damage the low—-dielectric constant
insulator material without requiring any extra process

time.

SUMMARY OF THE INVENTION
[003] A plasma etch process with in-situ backside
polymer removal begins with a workpiece having a porous
carbon-doped silicon oxide dielectric layer and a
photoresist mask on a surface of the workpiece. The
workpiece is clamped onto an electrostatic chuck in an
etch reactor chamber. The process includes introducing a
fluoro-carbon based process gas and applying RF bias
power to the electrostatic chuck and/or RF source power
to an overhead electrode to etch exposed portions of the
dielectric layer while depositing protective fluoro-
carbon polymer on the photoresist mask. The process
further includes removing the fluoro-carbon based process
gas and introducing a hydrogen-based process gas and

applying RF source power to the overhead electrode. The



3 WD 2007/111837 PCT/ US2007/006449 |ift pins in the electrostatic chuck are
extended to raise the workpiece above the el ectrostatic chuck and expose a
backsi de of the workpiece to plasma in the reactor chanber, so as to reduce
pol ynmer prewo mowinsszdeposited on the backside, until thecpekyoeéci@s been
renoved fromthe backside. BRI EF DESCRI PTION OF THE DRAWNGS [004] FIG 1 is
a bl ock flow diagram depicting a process enbodying the invention. [005]

FIG 2 depicts a device forned by the process of FIG 1. [006] FIG 3
depicts a preferred plasma etch reactor for carrying out the invention.
[007] FIG 4 is a graph depicting the radial distribution of polyner

thi ckness obtained in the invention (flat |line) and before the pol yner
renoval ; stép PéDFvéR FPReplepE¥ApLeEDi pESREPTRON Xt qREed NGENTI ON [ 008]

The 'nVentkaﬂséstﬁésﬁgrﬂBQQCQUEbgbéceﬁér¥1Qét@95t§%59 PhAERSSngoOr a | ow
dielectric constant material includ |ngﬁa ost etc yner renoval step

that thor 65§RP§ PekBFESiB&CREI BBepyPy Feﬁ?thonBlﬂ%mﬁgéntEh?he | ow

di el ectri c regpebantnhAsLkat @b hayge (8dflce PO PHSr SREPPPnEPped silicon
di oxi de), and does so in | ess than 60 seconds. An etch process enbodying

the invent A6ROF&tedepnctbs PAckpader, upht} etive Geodymepi kes brenexanpl e of a
thin film sbndeblr exbRatheaBabfshigened using the process 4

BRIEF DESCRIPTION OF THE DRAWINGS
[004] FIG. 1 is a block flow diagram depicting a

process embodying the invention.

[005] FIG. 2 depicts a device formed by the process
of FIG. 1.
[006] FIG. 3 depicts a preferred plasma etch reactor

for carrying out the invention.

[007] FIG. 4 is a graph depicting the radial
distribution of polymer thickness obtained in the
inventiocon (flat line) and before the polymer removal;

step (curved line).

DETAILED DESCRIPTION OF THE INVENTION
[008] The invention is based upon our discovery of an
etch process for a low dielectric constant material
including a post etch polymer removal step that
thoroughly removes backside polymer with no damage to the
low dielectric constant insulator layer (e.g., -porous
carbon-doped silicon dioxide), and does so in less than
60 seconds. An etch process embodying the invention is
dépicted in FIG. 1, while FIG. 2 depicts one example of a

thin film structure that can be formed using the process



WO 2007/ 111837 PCT/ US2007/ 006449 of FIG 1. A photoresist mask 10 depicted
in FIG 2 is deposited on a dielectric layer 12, the nmask 10 having an
aperture 10a corresponding to a feature 18 that is to be etched in the

di el ectri cwa0er111837 Thi s corresponds to the step of bPoTksH07@b4Bl G 1.
The feature may be a narrow via 18. The via 18 extends through the
dielectric layer 12 and through a barrier layer 20 to expose the top
surface of a copper line 22. The dielectric layer is a |owdielectric
constant material, such as porous carbon- doped silicon dioxide or porous
organo-silicate material. The barrier layer 20 may be a |low dielectric
constant material such as nitrogen doped silicon carbide that is capable

of bl ocki ngfdF¥¢usl en %fph%FﬁFeféﬁbﬁE¢§keﬁQnﬁﬁp%Q#QﬁuﬁﬂtEﬁﬁifﬁriﬁlI m
structure. déaoébee&t@ﬂ? Qfdpéﬁéétzgc péyﬁ G2 LtddGnddie 1@ ﬁévagGar2 s

formed by etching away portion of” the dielectric material 12 [ying
bel ow t he 2PPERIER 1Qat%@rb‘h§l@%@s#‘%tt¢ aa/eﬁeqtolrmsmqtlaatpl bsriwe dfe a

fluoro-carpepre@ni R PhO%qPEPEEER 1 83Bay JP'f% ls% cEALLEh Lt d n a pl asma
etch reactor, such as a capacitively co asma etch reactor of the

type depi thedstep FPE b%"ﬁbﬂﬂr@ée%‘?ngla vﬁ?%rf%tu%é“wcw g eact or of

FIG 3 hasn§r§bﬂe¥@£|1§0 @HeOVﬁéhﬁﬁdexééﬁﬁérEK¥3&5§ Showe! bead 3iz- fed by a
gas panel 32a and RF-driven by an RF plasma source power generator 33a

t hrough anlpEpEdbfcerdatBroBgh, aaﬁaéFé%¥r%%Y%I|%0c%®c%x8qsemﬁﬁ¢l%ﬂplnterna

el ectrode 3Gr-e98LT 8kl §dcBYp8rPiine shucking yolidger LON £Q4E €5 36a and
driven by an RF bias generator 37a thrggﬁh an i1 npedance match 37b, and a

ring col | APW3gielepEséessORPEaDRIBREGFhRl ¢ helPerapheprpus carbon-

doped silicon dioxide or porous organo-silicate material.
The barrier layer 20 may be a low dielectric constant
material such as nitrogen doped silicon carbide that is
capable of blocking diffusion of metal (copper) atoms
through the thin £ilm structure. In the step of block 72
of FIG. 1, the via 18 of FIG. 2 is formed by etching away
the portion of the dielectric material 12 lying below the
opening in the photoresist layer 10, using a plasma of a
fluoro-carbon~containing process gas. This step is
carried out in a plasma etch reactor, such as a
capacitively coupled plasma etch reactor of the type
depicted in FIG. 3 for processing a wafer 28. The etch
reactor of FIG. 3 has a sidewall 30, an overhead
electrode/gas showerhead 32 fed by a gas panel 32a and
RF-driven by an RF plasma source power generator 33a
through an impedance match 33b, an electrostatic chuck 34
with an internal electrode 36 controlled by a D.C.
chucking voltage controller 36a and driven by an RF bias
generator 37a through an impedance match 37b, and a ring
collar 38 or process kit underlying the peripheral
portion of the wafer 28 extending beyond the chuck 34.
The wafer 28 may be lifted (dashed line wafer 28 of FIG.
3) and lowered (solid line wafer 28 of FIG. 3) onto the



portion of the wafer 28 extending beyond the chuck 34. The wafer 28 may be
lifted (dashed |line wafer 28 of FIG 3) and |owered (solid |ine wafer 28 of
FIG 3) onto the 5 WD 2007/111837 PCT/ US2007/ 006449 el ectrostatic chuck 34
by convent womb7dimgr pins 58. Wiile the wafer 28 is cl popeskodpooslae

el ectrostatic chuck 34, the gap 39 between the collar 38 and the backsi de
of the wafer 28 prevents interference by the collar 38 with wafer-clanping
function of the electrostatic chuck 34 when a D.C. chucking voltage is
applied to the electrode 36. During the etch step of block 72 of FIG 1,
the fluoro-carbon process gas dissociates into sinple fluoro- carbon etch
speci es and_heavi er or carbon-rich polyner- formng species that forma

prot ect i veelageFo34abhct Abuckhdt oPesFervamt bynal G1 Pt mhes pd ymer - f or ni ng

speci es tgayeL Eﬂéowgfeih?s“@geélgﬂ%é&rtQaPhéOei&E?}@Q gppdl @hycpacksi de
pol ymer |ayer 40 on the backsid he waf er I'n the next step,

bl ock 74 oB4FI Ehe1g9aphd® pehivepenchhdorobtatedd #ed t%erbﬂﬁbéud¢r@ﬁ1the et ch

reactor chapbeyaagd 58PHRESENYS! nde RYLLOEE ﬂ%OEﬁéScS§§a¥ﬂ§@ wicwal |
proportion of water vapor. Plasma source ower (e.g. RE power) is

appl i ed t owpRercel pIR§NIcFEREFAAR D theoekeTbrostater 99UCBe$6re t he source

pover is appkhed, pthe bhhEkRPhgSvaBrage £xtgepgefediordi the LhecWREGE 28 above
the electrostatic chuck 34 to expose  the wafer backside (block 78 of FIG

1). (Al terd&tivBr§ingt hBeopleh 8FeBt efsPbpchl bekaf 7BIGndl78thay be
reversed. ) £188r8-E88Bbh, pRok8dYCHAY 8L 35HBiLEe SRSt 88mblet BRuOro-

carbon etch species and heavier or carbon-rich polymer-
forming species that form a protective layer 11 on the
photoresist 10 of FIG. 2. The polymer—-forming species
travel through the wafer-collar gap to form an annular
backside polymer layer 40 on the backside of the wafer
28.

[009] In the next step, block 74 of FIG. 1, the
fluoro-carbon process gas is removed from the etch
reactor chamber and replaced with a hydrogen process gas
with a small proportion of water vapor. Plasma source
power {(e.g., 162 MHz RF power) is applied to the ceiling
electrode 32 (block 76 of FIG. 1l). Before the source
power is applied, the lift pins 58 are extended to lift
the wafer 28 above the electrostatic chuck 34 to expose
the wafer backside (block 78 of FIG. 1). {Alternatively,
the order of steps of blocks 76. and 78 may be reversed.)
As a result, a reducing plasma is generated in the
chamber that reduces carbon in the backside polymer film
40 to remove this film. The reducing agent is hydrogen.
It is preferable to include water vapor in the hydrogen
process gas because it has been found that the population
of free hydrogen in the chamber is increased more with

the addition of water than with the addition of further



chanber that reduces carbon in the backside polynmer film 40 to renove this
film The reducing agent is hydrogen. It is preferable to include water
vapor in the hydrogen process gas because it has been found that the

popul at i onwo3hoAt1e87 hydrogen in the chanber is increasescmog00mioédds t he
addi tion of water than Wth the addition of further 6 WO 20071111837

PCT/ US2007/ 006449 hydrogen. We have observed this phenonenon with optical
em ssion spectronetry, which indicates a disproportionate increase in the
hydrogen |ine magnitude with the addition of water vapor. This increase in
hydrogen in the etch reactor chanber increases the rate at which polyner is
reduced. (0010] The wafer 28 is held in the lifted position by the lift

pi ns 58 i nhydrecgeduciWg phwsnebserved vigrls gtordomepesn odi tif dptdecdle. g., 60
seconds), i i t he backsi de polyner film40 .is ¢ letely
removed. %%ﬁ%?owéﬁgcgéé?géﬁzérﬁh%‘%tJf'nréé%‘?%’s%yntaidrﬁ/se%]t‘?%%rttlh%?&rg; reduci ng
cheni stry {nceease hin hyhle ogrdr pgec ebbneg asdgmisyudd everipl tye dadai iompl et el y
renove backsi I in . seconds. parently,, the hydrogen
in the pr oégs‘ggtggsyﬁéﬁbes&gggb%%%?%el%gq§%e?ge§$ Jfr(l)rj‘grr'ti'eng@’ifﬁ/r(lzlr o- car bon
conpounds, rattperfoameveincreasés e netedictwiniclofpoljmeexcatdon in the
porous car Pg@l-l%gged silicon dioxide dielectric material (the insulator

| ayer 12 o 2) [ 0012] The steep curve of FIG 4 corresponds to the
initial condition of the wafer backside and indicates a |arge anmount of

backsi de pobyygy- Th I at gCur Fl 4 s pbtained after the pol ynmer
r ermoval Stgp, IL mhigﬂéa gfg ¥g 9& he£% in gﬁ% fﬁfteg posSition by
the 1lift pins 58 in the reducing plasma for a very short
périod of time (e.g., 60 seconds), during which all of

the backside polymer film 40 is completely removed.

[0011] It is a discovery of the present invention that
a reducing chemistry (i.e., the hydrogen process gas) may
be employed to completely remove backside polymer in less
than 60 seconds. Apparently, the hydrogen in the process
gas reduces carbon in the polymer by forming hydro—carboﬂ
compounds, but performs very little or no reduction of

the carbon in the porous carbon-doped silicon dioxide

dielectric material (the insulator layer 12 of FIG. 2).

[0012] The steep curve of FIG. 4 corresponds to the
initial condition of the wafer backside and indicates a
large amount of backside polymer. The flat curve of FIG.
4 was obtained after the polymer removal step, in which a
reducing chemistry is employed in the etch reactor of
FIG. 3, and indicates a complete removal of all backside
polymer without requiring transfer of the wafer 28 from
the etch reactor. Thus, one surprising result is that
the reducing chemistry works effectively without an
external heat source (like a heated substrate). Another

surprising result is that the reducing chemistry causes



reducing chemstry is enployed in the etch reactor of FIG 3, and indicates
a. conplete renoval of all backside polyner wthout requiring transfer of
the wafer 28 from the etch reactor. Thus, one surprising result is that

the reduci mg sioeniisdry works effectively without an expegigloof)fRispsour ce
(l'i ke a heated substrate). Another surprising result is that the reducing
chem stry causes 7 WD 2007/111837 PCTI US2007/ 006449 no observabl e damage to
the low dielectric constant insulator material 12 (whereas the oxidizing
chem stry causes catastrophic damage to the | ow dielectric constant

I nsul ator nmaterial). Damage to porous carbon-doped silicon dioxide
dielectric thin filmwas ascertained in our investigations by carrying out
t he dieIecnoiobeérhabkéepama@entoathgiI@wcmdelémttmmkséﬂet@mtyner removal

PR ICETOR AT SRREAE RERIREN: ol

el ectron n1croscope I mage %
waf ers proceased uatagtrbphlcodamageonaltnalIbW|®gep®etr£¢cho@@tymer renova

t echni que, ., h81§£ fklal#nagss éevegled Iar rnder uttlng of the

et ched st r (BT UF &S ver thode WArRes %ﬁ @st etch
backsi de pehymeon déamwdé duebeenphoyeula fEﬁmcwmg ahearsaiyedVEmy little
undercuttln? o& 90% e,Dorous ggrbon iec . X|de was
visible in the gﬁﬁf es of F e“etth %ro? t%%e chut? g bei ng no

nore than Stapwothéessar@alnggbuglbhe banhmideThelymer semprasisgepesult is
that the BaLYBEh.f¢IYRLORRGCERS HSERE DYdRPOSDe U8 ANPhYBLEEre¥APO!

efficiently renoves e poI
a scanning electron microscope 1mage of the etch profile

was obtained. For those wafers processed using the
conventional oxidizing post—etch polymer removal
technique, the etch profile images revealed large
undercutting of the etched structures. However, for
those wafers in which the post etch backside polymer
removal step employed a reducing chemistry, very little
undercutting or damage to the porous carbon-doped silicon
dioxide was visible in the SEM images of the etch
profile, the undercutting being no more than 2 nm or less
{2 negligible amount).The most surprising result is that
the peolymer removal process using hydrogen gas and water
vapor efficiently removes the entire backside polymer
layer 40 (e.g.,, within 40 to 60 seconds) at relatively
low temperature. In related co—pending U.S. Applicatidn-
(Serial No. unknown .as application filed concurrently
herewith) entitled PLASMA DIELECTRIC ETCH PROCESS
INCLUDING EX-SITU BACKSIDE POLYMER REMOVAL FOR LOW-
DIELECTRIC CONSTANT MATERIAL By Gerardo A. Delgadino, et
al. and assigned to the present assignee, use of a
hydrogen and water vapor process gas in removing backside
polymer is performed after heating the wafer to a high
temperature (e.g., 100 to 400 degrees C), as it would be

expected such a high temperature is required. The



| ayer 40 (e.g.,, within 40 to 60 seconds) at relatively |ow tenperature. In
rel ated co-pending U S. Application (Serial No. unknown.as application
filed concurrently herewith) entitled PLASVA DI ELECTRI C ETCH PROCESS

| NCLUDI NG ¢ 2b711d183ACKSI DE POLYMER REMOVAL FOR LOW Dl EhdEfigsdoba/do6d¥e TANT
MATERI AL By Gerardo A. Del gadino, et al. and assigned to the present

assi gnee, use of a hydrogen and water vapor process gas in renoving

backsi de polyner is perforned after heating the wafer to a high
tenperature (e.g., 100 to 400 degrees C), as it would be expected such a

hi gh tenperature is required. The 8 WO 2007/111837 PCT/ US2007/ 006449

present invention, however, carries out the polynmer backside renpval step
with hydr ogesseamd ivat@it vapporhowdest Staardied atettte efAninggr i N whi ch t he

|l ow dielectri,c . constant jnsulator filmwas etched in the precedi ng step.
Such an efk(g: C]?Sela% o?er?ﬁl‘é?ib C1 LY k?’?%llﬂ%gﬁrh KK ‘(/ﬂ?oerr tenperat ure at
a | ow t enperatistery elny. thdedtovh 60eadify dagreassHO)thearibw herefearerid S

el ectrostatic chuck.34 .is in abl e of heati.n he waf er,beyond 60 degrees,
and in fa%rtmsl%a%%i%%%‘J%%Foﬁo%ﬁrﬂgw?%ee%ee% .l’gﬁé}eefporreec,em SHYFe 1ift pin
ext ensi on Stelp o dtackrd8codr Rhist Toé sablperdfoomerichdd i i fige thel waf er above
the electrostatic chuck 34, the fer is at a reJatively cold tenperature.
Convent i on‘g? X pecIRTT ottt d %ey\?,a"ﬁ:%erﬁ%eer%tg}{ﬁeogé% %rd Q/‘?/V]a?“ére; japor pl asma
chem stry Wl degréderCy egand etlaerefonws ditated sarmtodt0fid | sladlo Ienove t he
backsi de poly. | 40 or_woul d_be unable to c etely remove,it. Qur
di scovery ?és ﬁ%?p%ﬂﬁ%g]p?gc%%astllggv%t}?/ &t %%iebeerﬁcfmfgﬂ)\ﬁ%%yees’ and,

in fact is suited for cooling the wafer. Therefore, when

the lift pin extension step of block 78 of FIG. 1 is
performed lifting the wafer above the electrostatic chuck
34, the wafer is at a relatively cold temperature.
Conventional expectation would be that the hydrogen and
water vapor plasma chemistry would either require an
inordinate amount of time to remove the backside polymer
film 40 or would be unable to completely remove it. Our
discovery is that the process is very efficient, removing
all of the backside polymer film 40 within only 40.to 60
seconds, a surprising result. One reason that the
polymer reducing (hydrogen-based) chemistry was so
efficient despite the low wafer temperature may be that
the RF source power applied to the overhead electrode 32
of FIG. 3 is of very high frequency (VHF) range, or 27
MHz to 400 MHz, and specifically in the present example
162 MHz, which tends to contribute a very large
proportion of its power (about 90%) to ion dissociation
in the plasma and therefore attains a very high degree of
plasma ion dissociation and a large population of free
hydrogen. Another reason may be that the backside
polymer removal step is carried out at a relatively low
pressure (e.g., 500 mT) as discussed below, so that the

combination of low pressure and high dissociation



all of the backside polynmer film40 within only 40. to 60 seconds, a
surprising result. One reason that the polyner reducing (hydrogen-based)
chem stry was so efficient despite the | ow wafer tenperature nmay be that

the RF soukgepfygés7applied to the overhead el ectrode 3gcr@§200)/696443 | S Of
very high frequency (VHF) range, or 27 Mz to 400 MHz, and specifically in
the present exanple 162 MHz, which tends to contribute a very |arge
proportion of its power (about 90% to ion dissociation in the plasm and
therefore attains a very high degree of plasnma ion dissociation and a |arge
popul ati on of free hydrogen. Another reason may be that the backside

pol ymer renoval step is carried out at a relatively low pressure (e.g., 500
nl) as di sstssbiddmeltdve moddmst, tdleviadimy ratyl oreeafl doowdgateshigr e and hi gh

di ssociation. 9 WO 2007/ 111837 PCIT/ US200Q7/ 006449 expedites the process,

obvi ati ng “éannfye]?w'eed‘z%nar%{]étaltorfanjé p?ﬁg‘f“éerr. TERRYEmt PERST AV MY S enpval

processes dmpieoyeaipleaxype chivgi waifegh twafperrateimeer dinufcesadihaaadin wdtthon wit h
very high chamber .pressures (e.qg., 2 Torr). Thys, qur rocess departs from
conventi onal - pr alc‘%l?ccg"af ea%fé%?/%sd%?ﬁ pri- ‘Hggsg%fé:gs" b)}gﬁ;’pse'r g a | ow
chanber prassaess daphried aftanel gohosm viafrerl tprEeeriaiainge dikyE2 | n one
exanpl e of _the backsi de pol r removal step of blocks 74, 76 and 78, 2000
WACLS of RV N (e, Y, CER eh  Ua SRS e S RS cei |1 ng

el ectrode 8 ofeldeiwtlh I@actafenftdigarsdjunshi | e 2000 scan of hydrogen gas

and 100 scan of water vapor was supplied by the gas panel 32a at a chanber
pressure of

[0013] In one example of the backside polymer removal
step of blocks 74, 76 and 78, 2000 Watts of RF source
power {(e.g., at 162 MHz) was applied to the ceiling
electrode 32 of the etch reactor of FIG. 3) while 2000
scem of hydrogen gas and 100 sccm of water vapor was
supplied by the gas panel 32a at a chamber pressure of
500 mT. This process removed the entire backside polymer
film 40 (FIG. 3) in 60 seconds, the film 40 having
reached 400 Angstroms in thickness prior to removal. We
have found that 300mT is an ideal pressure, (since our
experiments indicate lower pressure increases
dissociation) and that raising the chamber pressure to as
high as 900 mT or reducing it below 30 mT yields inferior
results. In general, the process gas is primarily pure
hydregen gas, a large portion of which dissociates into
free hydrogen. Water vapor content is a fraction of the
hydrogen content of the process gas, and is adjusted to
maximize the free hydrogen content of the gas, as
indicated by an optical emission spectrometer. The water
vapor flow rate is typically only a fraction of the
hydrogen gas flow rate, as little as one tenth or one
twentieth of the hydrogen flow rate {(as in the example

above). 1t may be possible to eliminate the water vapor
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500 ml. This process renoved the entire backside polynmer film40 (FIG 3)
in 60 seconds, the film40 having reached 400 Angstrons in thickness prior
to renmoval. W have found that 300mT is an ideal pressure,(since our

experi ment gyd Zﬁﬁkﬁ | ower pressure increases dissociapj QH%”BHHML%
er

raising the c pressure to as high as 900 mrl or re ucing It bel ow 30
nml yields inferior results. In general, the process gas is primarily pure
hydrogen gas, a |l arge portion of which dissociates into free hydr ogen.

Wat er vapor content is a fraction of the hydrogen content of the process
gas, and is adjusted to nmaxim ze the free hydrogen content of the gas, as

i ndi cated by an optical em ssion spectroneter. The water vapor flowrate is

typically sy thd ddddl Qad N1 thslioudns dhdidatiey me little as one
tenth or one twentieth of the hydrogen flowrate (as in the exanple

above). |tPHREPHeEDossible to elininate the water vapor 10 WO 2007/ 111837
PCT/ US2007/ 006449 fromthe process gas, although such a choice is not
preferred. [0014] After all_of the backside polynmer film40 of FIG 3 has
been remvEP¥H g, Rt AbbRT 4he PITY S ‘K svdomer 4% 140 Ris 58 are

retracted gxGJ €3 Uids theen Wedbvad Cé’ he. et BThal i40 adwicdo 34, and the
wafer 28 is th electrostatlcall anped to the chuck 34 (block 80 of
FIG 1). ATRer gt essisiRPS s ‘irPel?? FEHRGHEE 1 T Pifot or esi st

that was nedfdeny egh die Ngldderodaeksd Ay WEr drRovdd W@ 2Ehe

Ny dr ogen VR & B S I8t Sl £y A o A TR GRS Sl and FF
80 of FIG. 1). A further process step is then performed
to remove photoresist that was not removed during the
backside polymer removal step. The hydrogen-water
process gas is replaced with ammonia process gas and RF
bias power is applied to the electrostatic chuck 34 by
the RF bias power generator 37a of FIG.. 3 (block 82 of
FIG. 1). This step is continued until all photoresist
has been removed (block 84  of FIG. 1). This step removes
any remaining photoresist from the Qafer. If it is found
that the backside polymer removal step of blocks 74, 76
and 78 of FIG. 1 has removed both the backside polymer 40
and the photoresist 10, then the photoresist removal

steps of blocks 80, 82 and 84 may be eliminated.

[0015] The process of the invention is useful for
etching both porous and non-porous The process if the
invention is useful for etching both porous and non-.
porous carbon doped materials (such as carbon-doped
silicon). It is also useful for etching other low k
dielectric materials such as porous oxide (e.g., porous
silicon dioxide). The etch process may be one for

forming a via, a trench or a combination of the two.
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bias power is applied to the electrostatic chuck 34 by the RF bias power
generator 37a of FIG 3 (block 82 of FIG 1). This step is continued until
all photoresist has been renmoved (block 84'of FIG 1). This step renoves
any remai ni ng photoresist fromthe wafer. If it is found that the backside
pol ynmer renoval step of blocks 74, 76 and 78 of FIG 1 has renoved both the
backsi de polyner 40 and the photoresist 10, then the photoresist renoval
steps of blocks 80, 82 and 84 may be elimnated. [0015] The process of the

i nvent i onwist usefimkd fsor etching both porous and non-porous The process if
the invention is useful for etching both porous and non- porous carbon
doped material s (such as car bon- doped silicon) It is also useful for

etching ofher lOV\{a aetc cEsznh ig)- 51tu ba l(Sld% [1yne RS T o rlsm (e.g., porous
8 be'ohe 1or o NG P

silicon dioxidé)? a, a trench

or a COI’Tprﬂﬁ!'ﬁdu@g'la O/Brktph“&e M\mg iikar'ﬂihlaﬁo;beﬁi séllcah oRide ld&.lectrloqapéraml@txh process
with in-situ backside poly renmoval , conpri sing: prOV|d|ng a wor kpi ece
havi ng a EBYPBGASUBREP S %ur%%ofdie? werkpicss edampipg Faagz BOrkpiRse oAty a

phot or esi gf..Bsk 1CQH aléflfe?cqﬂ%&ftor chﬁnM\er‘ﬁHb@ﬁ @dTB'cQH)o %bgdgpdclé&' ece onto

an electrostatic c I'n an etch reactor I ntroducin
fl uoro- carghmandtmapbmgdﬂbbmsgowgas saddleatmqﬁtqzncm@u@klfanmm?ssqmmwoweotcsan d
electrostatiﬁ nd RF source over he dﬁé}ectrode to etch

exposed pSYENET hE Herreeidin 8ﬂr%§QFWfq%tr lBeiwhilsglerpiitttect i ve

f1 uoro-cag R@&up@hwf%rca%ntaa@ﬂm%@meeﬁio%lem%sk and r&REMNS 894 8abd- f | uor o-
car bon based process gas, cooling said workpiece to a tenperature bel ow 100

degr ees Ccarbprebasei n@cgﬁgabrceglsrwr@ld \Morskauede ©rdrideeratuge beéb\@vl/OG(d@glnﬁB @nd
i ntroduci n ucmg% [Eng, sure 1?1%&1% %ﬂgg?gépgv%%’%m en I Pgdulcllft ns In said

el ectrost & 0 Taise the worKkprece ove r%?%llc chuck to
expose a bawlprdatessafas saxichdwWQrnikppiece shid gidcassaeid shuthe raise the workpiece

above the electrostatic chuck to expose a backside of said workpiece to plasma in the

reactor chamber and applying RF source power of a VHF frequency in a range of 27-400

MHz to said overhead electrode, so as to reduce polymer previously deposited on said

backside, until the polymer has been removed from said backside.

2. The process of claim 1 wherein said RF source power applied to said overhead
electrode upon introduction of said hydrogen-based process gas is of a VHF frequency

over 100 MHz.

3. The process of claim 2 wherein said VHF frequency is about 162 MHz,

4, The process of claim 2 further comprising maintaining a chamber pressure during
removal of said polymer from said backside at a low chamber pressure on the order of
hundreds of milliTorr.

5. The process of claim [ further comprising: removing said hydrogen-based

process gas and introducing a photoresist removal process gas, and applying RF bias

power to said electrostatic chuck so as to remove all photoresist from said workpiece.
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react or chanmber and applying RF source power of a VHF frequency in a range
of 27-400 WMHz to said overhead electrode, so as to reduce polyner

previ ously deposited on said backside, until the polynmer has been renoved
fromsaid backside. 2. The process of claim|l wherein said RF source power
applied to said overhead electrode upon introduction of said hydrogen-based
process gas is of a VHF frequency over 100 MHz. 3. The process of claim?2
wherein said VHF frequency is about 162 MHz. 4. The process of claim2
further conpri si I (Wel! han r I . val of said
pol ymer f?bn1s??%q%ggﬁgﬁggﬂgpggﬁvgaggﬁEkgggggﬁgggaggg%ﬁﬁ¥ﬁgﬁg?der of

hundr eds &fdmopdd.i Torr. 5. The process of claim| further conprising:
renovi ng sai d hydrogen-based process gas and introduci ng a photoresi st
removal process gas, and applying RF bias power to said electrostatic chuck
so as to W?”D}/eH@'p!rooQEkoéfQﬂﬁﬁ'lsxtvhefréiﬂ%iﬁ%'yglro‘ég{?{Bb&@%as detitfins JJaE process of
claim1 wherein said hydrogen process gas contains pure hydrogen. 7. The
process ohydiogémgas anfhaietst magai d hydr ogen process gas contains both hydrogen
gas and water vapor. 8. The process of claim1l wherein the step of

i ntroduci ng a hydrogen-based process gas conprises flow ng hydrogen gas at
a first rate andheWadREs Mapim 12lh@cinegoNe ¢fahPoduding athydR @B Fascdeeead | Ng
region, wherein said first rate exceeds said second rate. 9. The process of
cl ai m 8 wigat @nprisgs o wing Sydiogenegdssit arbirse rathan Welar apped asgPandgaigamd a rat e,

10. The pr f. .l al e i I rate. | e than 20 tines

sai d secoﬁg&ﬁég?g#m§¥ﬁ£ghg\%?g%gggd@Ehgrékﬁgghﬁﬁgﬁgyﬁﬂg%%‘RF source power
applied during the renoval of polynmer from said backsi de of said workpiece
is on the order_of about. 2000 tts. . 12. A plasma etch process with in-situ
backsi de Pol yneﬁherpé%mf,cad%%%r?lﬁg?ld]fé%wmlﬁ@reéh%tfewmeéé%d RPNty a

car bon-dopgg silicon oxide dielectric |ayer; defining a photoresist nmask on
a surface of the workpiece; clanping said workpiece onto an

10. The process of claim 8 wherein said first rate is more than 20 times said second
rate.
11. The process of claim 2 wherein the RF source power applied during the removal

of polymer from said backside of said workpiece is on the order of about 2000 Watts.

12. A plasma etch process with in-situ backside polymer removal, comprising:
providing a workpiece having a carbon-doped silicon oxide dielectric layer; defining a
photoresist mask on a surface of the workpiece; clamping said workpiece onto an
electrostatic chuck in an etch reactor chamber; introducing a fluoro-carbon based process
gas and applying RF bias power to said electrostatic chuck and RF source power to an
overhead electrode to etch exposed portions of the dielectric layer while depositing
protective fluoro-carbon polymer on the photoresist mask; and removing said fluoro-
carbon based process gas, cooling said workpiece to a temperature below 100 degrees C,
reducing gas pressure in said chamber to below 500 mT and introducing a hydrogen-
based process gas of hydrogen gas and a fractional additive amount of water vapor, and
extending lift pins in said electrostatic chuck to raise the workpiece above the

electrostatic chuck to expose a backside of said workpiece to plasma in the reactor



el ectrostatic cluck in an etch reactor chanber; introducing a fluoro-carbon
based process gas and applying RF bias power to said electrostatic chuck
and RF source power to an overhead electrode to etch exposed portions of
the dielectric layer while depositing protective fluoro-carbon polynmer on

t he photoresist mask; and renoving said fluoro- carbon based process gas,
cooling said workpiece to a tenperature bel ow 100 degrees C, reducing gas
pressure in said chanber to bel ow 500 nT and introduci ng a hydrogen- based
process g t N er vapor,
and extegﬁr&krn%ga8ggngg?ﬁ“§§%J%g%£§f%gg?g%wagg ‘h§%¥%g?g?§é@§ e worl cpi ece
above t heanepewdriost at the ocduwoktitoosaerpaSwats baekisivddicad elsaraicwordsepi ece to

plasma in the r actor hanber, . and n F source power of a VHF

P eouency HeCaP T ERGePTaTosT 06 HbT b TrEar P ER B Rt o

t housands ghoMatiom §ad sRIsdeover head el ectrode, so as to reduce pol yner

previ ously deposited on said backside, until the polynmer has been renoved
from said backside. 13. The process of claim12 further conprising: renoving
sai d hydrqggen [.0 S| [ enmova
process ggg aﬁ%ﬁiﬂxfg“ﬁ%%%ﬁlgqggﬁ COh 1m?gr§g?% gf%@?&&o a ﬁ%e%huck SO as
to renove padcbsspgias)hm ﬁ&b&ﬁmﬁg’@lﬂhcﬁ(&bﬂst\/{@h&m peRess ghd and BgplpimgeEsisiapf cl aim 13
wherein said photoresist renoval process as is ammonia, 15. The process of
claim 12 \Rﬁ%fi?fetf’ﬁalf*ﬁée%“?%ﬁ‘co‘fhuﬂﬁ%q%ﬁd&é‘?‘?\‘@veé Ihgosggéh igasBif Woikskess gas
conprises flow ng hydrogen gas at a first rate and water vapor at a second
rate into a plasnma generating region, wherein said first rate exceeds said
second ratlé. 16lhePherepr dodsm 16f windran maid phathesiei mmeaaldrédessgasriate is nore
than ten tines.said second rate. 17. The process of claim 15 wherein said
first rat @ "Hore than 20 tines said second rate. 18. The process of claim
12 wherein the RF source power applied during the renoval of polymer from
sai d backsi de of said morkplece is on the order of about 2000 Watts and

sai d VHF flfequelheprosssetimlgimlgavhgpin thestep of introducing a hydrogen-based

process gas comprises flowing hydrogen gas at a first rate and water vapor at a second

rate into a plasma generating region, wherein said first rate exceeds said second rate.

16. The process of claim 15 wherein said first rate is more than ten times said second
rate.

17. The process of claim 15 wherein said first rate is more than 20 times said second

rate.

I8. The process of claim 12 wherein the RF source power applied during the removal

of polymer from said backside of said workpiece is on the order of about 2000 Watts and

said VHF frequency is about 162 MHz.
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