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circuit performance is being continually inproved by

i ncreasi ng device sw tching speed, increasing

i nterconnection density and reduci ng cross-tal k

bet ween adj acent conductors. Sw tching speeds have

been increased and cross-tal k reduced by enpl oyi ng new

dielectric thin filmmterial having |low dielectric

constant, such as porous carbon-doped silicon dioxide.

I nt erconnecti ons have been increased by increasing the

nunber of interconnected conductive |ayers and

reduci ng feature size (e.g., line widths, hole

di aneters). Connecting between such deep | ayers

entails high aspect . ratio (deep and narrow)

conduct or openings or "vias". Such fine features have

requi red photoresist (for photolithography) adaptable

to shorter wavel engths. Such photoresist tends to be

thinner and nore prone to forminperfections such as

hol es_or strlatlons durin igﬁﬁgégk até? CKSIDE
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dielectric inter-layer insulation film in order to
deposit a protective fluorocarbon pol ynmer on
t hephot oresi st. The pol yner nust be renoved fromthe
waf er after the etch process in order to avoid
cont am nat i ng Iater rocess steps_that nust be
erformed on t @& ébUNﬁH%?é?% el NYENELPNet ch pol ymer
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! YL 1 { MP¥Blo 9P by idcreasing 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



difficult to remove all of the deposited polymer. This

i s because sone pol yner penetrates through a gap
woebtomers3t he waf er edge and a ring collar procees/usei7/006449

at the wafer pedestal periphery, and accunul ates on

the wafer backside at the periphery. Such a gap is

required to avoid interference with the electrostatic

chuck (ESC) that forcibly clanps the wafer to a cool ed

surface to neet the tenperature control requirenents

of the plasma etch process. The wafer edge-to-ring
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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 liguid 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 material 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



at nosphere. This greatly increases the dielectric
constant of the insulator, renoving its nmain

wadvantsge. Such damage i s apparent as under cuPCTMG27/006449
the dielectric layer sidewalls viewed in a profile
I mage. This undercutting is reveal ed upon di pping the
wafer in dilute acid follow ng the post-etch clean
step. Another problemis that such an oxidizing
process does not conpletely renove the backside
pol yner, even after 60 seconds, according to our
cairéestdwgatiwi 1y 002l ngheepliared whyatwats:metced tlea

way of conpletely and_quickly renovin J r,from
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_electrostatiC chuck in an etch reactor chanber. The
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dielectric layer while depositing protective
fl uorocarbon pol yner on the photoresist mask. The
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céﬁﬁfﬁké&?cgﬁa 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



gas and introduci ng a hydrogen-based process gas and

appl ying RF source power to the overhead el ectrode.
woheld7ifiis3pi ns in the el ectrostatic chuck are erCemsSemd7/006449

to rai se the workpi ece above the el ectrostatic chuck

and expose a backside of the workpiece to plasma in

the reactor chanber, so as to reduce pol yner

previ ously deposited on the backside, until the

pol ymer has been renoved fromthe backsi de. BRI EF

DESCRI PTI ON OF THE DRAW NGS [004] FIG 1 is a block
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dlscovery of an etch. process for a low dielectric

emoval steb i TGretRoR EioteE BHaRINE hot yer
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|nsulator I or ous car bon- doped silicon
Pl desooding, e G TG + han 60 sbconds. A

etch process enbodyi ng the invention is deplcted in

FIG 1, while FIG .2 depicts one exanpl e of
[C05] 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 deplcting the radial
distribution of polymer thickness obtained in the
invention (flat line) and before the polymer removal;

step (curved line).

DETAILED DESCRIPTION OF THE INVENTION
[oo08] 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 1n 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



thin filmstructure that can be forned using the

processof FIG 1 . A photoresist nmask 10 depicted in
woehw7/121433 deposited on a dielectric layer 12, pChasSpmskoc449

10 having an aperture 10a corresponding to a feature

18 that is to be etched in the dielectric [ayer 12 .

This corresponds to the step of block 70 of FIG 1

The feature nay be a narrow via 18. The via 18 extends

through the dielectric layer 12 and through a barrier

| ayer 20 to expose the top surface of a copper line
of2Z1GlLhd di el eshstoréayet mask Lowddipdlsacid iin cCPDSt aft is

mat eri al, such_as. porous carbondgped silicon dioxide
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, the via 18 of FIG 2 is fornmed by etching away. the ]
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a quoro-carbon-contalnlng process gas. This step is
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depicted in FIG 3 for processing a wafer 28. The etch
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RF-driven by an RF plasma source power generator 33a & -
natgegh Sech npedahtsogenc Kol sdnl idartedsphdfctbhticks

oot oL LELA et e ol il ol gkl 2aPopc
thicaggh the thin f£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



generator 37a through an i npedance match 37b, and a
ring collar 38 or process kit underlying the
woeoi7phessal portion of the wafer 2 8 extendi ngPOELSHE7/006449
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 theelectrostatic chuck 34 by
conventional lift pins 58 . Wiile the wafer 28 is
cl anped to the electrostatic chuck 34, the gap 39
between the collar 38 and the backside of the wafer 28
elmteﬂmmmtm ecieckndd by chavesidiamZ38 Wifh pins 58.
fer-cla n nGti f t ctrost t] huck 3
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28 Al ternatively,

[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 wvapor. Plasma source
power (e.g., 162 MHz RF power) is applied to the ceiling
electrode 32 (block 76 of FIG. 1). Before the source
power is applied, the lift pins 58 are extended to 1lift
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



the order of steps of blocks 76- and 78 may be

reversed.) As a result, a reducing plasma i s generated
wonod7ne1sshanber that reduces carbon in the backeras2007/006449

polymer film40 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 ation of free hydrogen in the

chanber is increased nore with the addition of water

than with the addition of furtherhydrogen. W have
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egégs for a very short period of tine (e.g., 6
r %é&%), during which all of the backsi de pol yner
film40 is conpletely renoved. tOO 1] It is a
i.scovery of the gresent i nvention that a reducin
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reduction of the carbon in the porous carbon-dope
silicon dioxide dielectric material (the insulator

foloavier 12 of FLG aikcpvkgglgk-gﬂéfﬂfggéﬁyrﬁﬁvgﬁFfbﬁ'that
4 corresponds to the initial condition of the warer
a BERGINY pherharedt d4 -8, 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—carboﬁ
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



| ar ge anount of backsi de polyner. The flat curve of

FIG 4 was obtained after the polyner renoval step, in
wohowhie3reduci ng chemstry i s enployed i n t heperais2007/006449

reactor of FIG 3 , and indicates a conplete renova

of all backside polyner wthout requiring transfer of

the wafer 28 fromthe etch reactor. Thus, one

surprising result is that the reducing chem stry works

effectively without an external heat source (like a

heat ed substrate) . Another surprising result is that
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the etch profile was obtained. For those wafers
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no nore nmor less (a negligible anmount)
thwse waferssingwhdshl tthies pdfdt 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
(a negligible amount).The most surprising result is that
the polymer 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. Application-
(Serial No. unknown .as application filed concurrently
herewith) entitled PLASMA DIELECTRIC ETCH PROCESS
INCLUDING EX-SITU BACKSIDE POLYMER REMOVAL FOR LOW-
DIELECTRIC CONSTANT MATERIAIL 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



t he pol yner renoval process using hydrogen gas and

wat er vapor efficiently renoves the entire backside
woabyneis3iayer 40 (e.g.,, within 40 to 60 secORdE)USAI07/006449

relatively low tenperature. In related co-pending U S.

Application (Serial No. unknown as application filed

concurrently herewith) entitled PLASI XI A DI ELECTRI C

ETCH PROCESS | NCLUDI NG EX- SI TU BACKSI DE POLYMER

REMOVAL FOR LOWDI ELECTRI C CONSTANT MATERI AL By Cerardo
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and fact is suited for cooling the wafer.
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elther require an I nor I nate anount o
waﬁgnnn§p¢m;@é@k@adghpmnngw would either require an
inordinate amount of time to remove the backside polymer
£ilm 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



film40 or would be unable to conpletely renove it.
Qur discovery is that the process is very efficient,
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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 may
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ar ge op ation O ree yarogen. ot rr sSOon nma
vepd Prah BT g eSS o oyl ToEey i ¢ TRTTy dart
prodbsatl drp=ait i fedy tOMwPhessHaEe peagtide0& dMlac@beve

di scussed bel ow, so that the conbination of |ow
Suppgdsing FNFHFGh Y seBEFat-BHeRpedivt ELFRE HrRERIzUre

an@b¥eatitigrany Needs4peheatmpbeavater.. Conventional
pol ynmer renoval processes have enpl oyed very high

waf er tenperatures in conbination with very high

[oehanber pressil eSxdBple, o2 TREM backbide By PCLSRoval
departs from conventi onal gr actice to achieve

stegr o HIRFisuctbss’ Byabper 8ri AF0] Mawteh b diF pPeeset e
pofld rel afively {ow makeryhemppativge td Adl3]lcd M ong
exanpl e 'of the backsi de pol yner renoval step of bl ocks
elpgtrpgleai? 78 Ypeoetaht se8FtRE 98ufdé -potlerwitely. 2089
solfe ol thamnaumtiecahs B, Sed B3 S R ol
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 £ilm 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
dissoclation) 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
hydrogen 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). It may be possible to eliminate the water vapor
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seem of hydrogen gas and 100 seem of water vapor was
supplied by the gas panel 32a at a chanber pressure of
woeQW7mi183Thi s process renoved the entire backsPd®&uUs2007/006449
polymer film40 (FIG 3 ) in 60 seconds, the film 40
havi ng reached 400 Angstrons in thickness prior to
renoval . We have found that 300OnT is an idea
pressure, (since our experinents indicate |ower
pressure increases dissociation) and that raising the
chanber pressure to as high as 900 ml or reducing it
frbel ome 30 rbitepise|qls | Hethaligh estithsa thogererial ,ndthe
rocess gas is primarily pure hydrogen gas, a |large
pr%%?FFSﬂ'of whi ch di ssociates into free hydrogen. Water
vapor content is a fraction of the hydrogen content of
t he_process gas, and is adjusted to maxi m ze the free
L0834 8] ogenAESfter! ofof HehgaR3C a8 ARIPLAYEG oy it 40 of
FIQDP! BCAhsCWeE QrersPREd I paBg el . afhervWabeitvapored | aov
rate is typically only a fraction of the hydrogen gas
SeEPBRASP at Enead 4t R BSOS BrRreehehraFtRe oW R BIh Whe

watBe Dydieoehd | st Ss€ 261t NchBBKkeRATP LB ARNEL)watdt 28
e possible to elimnate the water vaporfromthe

may b
is ng§§s§1§§§,r°£§‘%affcﬁbF‘gﬁ1lklﬁcﬁ1@mEﬁ6i Ee reenshusiiefd riditock
gol Q@14 AT igr ald Af-dhe-barkside BeLymels fiHdA 4% Oformed
FIG 3 has been renoved (e.g., after about 40 to 60
toseepads) Phatwresist pipat 582ar BoFerrRevVed i Hictqriyhe

baéﬁsi\ﬁ@f g‘blﬁﬁ.éxo Jé}ﬁo@éf%{&?ﬁ at jI'fLeC Rrk}a‘io%‘én—%%é;he
wafer 28 i$ then electrostatically clanped to the
prehesk 34s( blsockeBrotd FrG-hlagmonAaf profeas praspesynd RE
bidEeBole L *l?“ gx&féf%cﬁ'ﬁ@ot PnkeOPUEPBALALAY Hnddiats asy

not “renove Ing the
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 wafer. 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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backsi de pol ymer renoval step. The hydrogen-water

process gas is replaced with ammoni a process gas and
weRodrilassspower is applied to the el ectrostati crciwsko3406449

by the RF bias power generator 37a of FIG 3 (block 82

of FIG 1) . This step is continued until al

phot or esi st has been renoved (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, 16 and 78 of FIG 1 has

wheemyed1katded hies packsi de pol yner 40 and the
phot oresi st 10, then the photoresist renoval steps of
bl ocks 80, 82 and 84 may be elim nated. [0015] The

progess of diesndverth _Cr’lﬁrbéeg§etv!’2|thf h-2tiahi Nthded fye
Eorous and non-porous The process if the invention is
POg¥BRE TEHC e lohi $RUBBEHLPSF ous and nonporous car bon

doped MRIAIG AR ASUE ERKLERERANMERGG. B [dLan-adped S
.al so useful for etching other Iow k dielectric

sifareri e dauchiekeporbaslaxpde (e.g., porous silicon
di oxi de) ge i} £ Ch PROLESSsTBY ?‘és &d & JAFNY Fr the
via, a trench or a conbination of the two. Wiat 1Is

workailee®i/is: 1 . A plasma etch process with in-situ

ek oe SRl IR ALor FOTREL bR B0 Sbnaric
chigickl det @re dtplerredetoni aAgambphiot or esi st mask on a

SRt ntedoLg! £ oL BIRLISARLL IR 1 550700
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

and introducing a hydrogen-based process gas, 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
chamber and applying RF source power to said overhead
electrode, so as to reduce polymer previously deposited

on said backside, until the polymer has been removed from

sald 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.
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i ntroduci ng a fluoro-carbon based process gas and

applying RF bias power to said electrostatic chuck and
weRowaursse power to an overhead el ectrode to ePCl/US2007/006449

exposed portions of the dielectric |layer while

depositing protective fluoro-carbon polyner on the

phot oresi st mask; and renoving said fluoro-carbon

based process gas and introduci ng a hydrogen-based

process gas, extending lift pins in said electrostatic

chuck to raise the workpi ece above the electrostatic

chuck- to %&@o@éoéeﬁécpil@éaﬁms%mWh@WﬁkmlééedtUHEIasna

e a r d appl yi ng RF source power to
fxlél}&dé}? \)é : E HRer pvafd

ectrode so as to reduce polymer
previ ously dep03|ted on sai d backside, until the

pol yer [ i s lhe
R e e
maxnﬁazmhm@ 3atuambemh@a®35uﬂﬁrduknmgxnemqvabdoétsadd

sai d_hydr oge as. Is of a
oqhuifinctd ST BER IR S B A dr b seg e on
tﬁéenmmﬁmyofshahdMEdeZﬂwﬂilkthmm.process of Claim?2

further conprising maintaining a chanber pressure
during renoval of said polyner fromsaid backside at a
| ow @hanbmheppe&&erses @T tJienion derwiodrdimdsadd ehamber

mlliTorrg. The process_of dai wherejin said
PRIRTET bP cOBUFBS SR A RE Tt oL ohT L E657 %

mlliTorr. 6 . The process of Claim4 further
conprisin% . o
6. he process of Claim 4 further comprising
establishing a wafer temperature immediately prior to the
step of extending said 1lift pins below about 60-100

degrees C.

7. The process of Claim 1 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.

8. The process of Claim 1 wherein said hydrogen

process gas contains pure hydrogen.

9. The process of Claim 1 wherein said hydrogen

process gas contains both hydrogen gas and water vapor.
10. The process of Claim 1 wherein the step of

introducing a hydrogen—based process gas comprises

flowing hydrogen gas at a first rate and water vapor at a

13



establishing a wafer tenperature imedi ately prior to

the step of extending said |ift pins bel ow about
woQewn@isdegrees C . 7 . The process of d ai m 1rEumskmr/o06449

conpri sing: renoving said hydrogen-based process gas

and i ntroduci ng a photoresi st renoval process gas, and

appl ying RF bias power to said electrostatic chuck so

as to renove all photoresist fromsaid workpiece. 8 .

The process of Caim1l wherein said hydrogen process

gas contains pure hydrogen. 9 . The process of Claiml
sewlerkiratsai thiy di ogeasipaogens rgad neOieri s Potherein said

.hydrogen gas and water, vapor., 10. The process of Caim
flfgﬁuﬁaﬁ§1?¥ﬁﬁi %psﬁfdiﬁ?EBBﬁcFﬁﬁea hydr ogen- based

process gas conprises flow ng hydrogen gas at a first

rate and water vapor at asecond rate into a plasnma

generat i Ng'F RFVFSSTherelhadli dOf Wharsidt Sakeeblsst rate

isSdokesaoKl tab eridds SheaPLeedss Hatd.ai m 10 wherein
said first rate is nore than ten tines said second

rate. 12. The process of Claim 10 wherein said first

ratgds mMue pHeedl bENBIa3al doSRERNG IRlLaid3riIh8 rate
process of Claim2 wherein the RF source power applied

isdfoiney thien refovinest spbfy Fecondomadai-d backsi de of
sai d workpiece is on the order of about 2000 Watts.
14. A plasma etch process with in-situ backside
pol yirfer rEmvRFocedfppfsCagimpRowindingg ra tiee kPF egeurce

pdRY N L84 DR PRBefhe removal of polymer from said
backside of said workpiece is on the order of about 2000
Watts.

14. 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
and introdpcing a hydrogen-based process gas of hydrogen
gas and a fractional additive amount of water wvapor, and

extending lift pins in said electrostatic chuck to raise
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silicon oxide dielectric layer; defining a photoresist
mask on a surface of the workpiece; clanping said
worokpiiesse onto an el ectrostatic chuck in an ePCl/US2007/006449
react or chanber; introducing a fluoro-carbon based
process gas and applying RF bias power to said
el ectrostatic chuck and RF source power to an over head
el ectrode to etch exposed portions of the dielectric
| ayer while depositing protective fluoro-carbon
pol yner on the photoresist mask; and renoving said
thé | WeErRpLarkordease d iy alesst gastantci nhno#udiongpose a

hydr Qgen- based, process gas_ of dr ogen s and
bafkSiaPoREl Sadd) HARF ARSI SO VATEF VRpBRS ZFCTOT
ch@%b@BdLﬁﬁdiﬂ?pﬂyﬂﬁgifIﬂﬁﬁf?@éE§bWéﬁtaEia oIBFC kf te@iuency
rai set he_wor kpi ece above the electrostatic t
andyBEYETa I5&s Ve e SHFWH? pF%%SFBg& é’é&yﬁc% ﬁ'e"
saigasterhekantalectrsia P i gifFasatihge apQeay dfaratHr
frequency and power |evel on the order gﬁ t hous qg§ of
(

Pr@EfuEet 6Ns AN RFite it dMeREFede hd™ et ita 5 F ow

esEABREH i PILSS Wil 10Mwd Aer Of dfpe PhtivBdneds afhat |dBdwt r60-
Il e establishing a bul k wafer tenperature |ess than
108h6goTEe6S 00 TR BesC FeIYEe aBOLYNPEIREE AW hEF

dePb&YQUSIoh depasit Ltk §Nasal Gnbagkehde pdiRindr thes been
pol ymer has been renpved from sai d backside. 15. The

reppyeds § roin GaiidAckyrd@Per conprising: renoving said
hydr ogen- based process gas and i ntroducing a

phot or esi st renoval process gas, and
15. The process of Claim 14 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.

16. The process of Claim 15 wherein said

photoresist removal process gas is ammonia.

17. The process of Claim 14 wherein the step 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 salid second rate.

18. The process of Claim 17 wherein said first rate

is more than ten times said secocond rate.

19. The process of Claim 17 wherein said first rate

is more than 20 times said second rate.
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appl ying RF bias power to said electrostatic chuck so

as to renove all photoresist fromsaid workpi ece. 16.
woheorpnsess of Cl aim 15 wherein said phot or esPET/US2007/006449

renoval process gas is ammonia. 17. The process of

Claim 14 wherein the step of introducing a

hydr ogen- based process gas conprises flow ng 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. 18. The process of

d aizrﬁ 17 T/%\%rlerﬂcgaistﬁ?i Cdpimafld iwhemzion thlae REnsource

. f a im1l7.
o PG FRPLpbTE e Hinoldd BOFSHRlr Lo glia
bankaxdh ¢ﬁlea2@ wahkppeceeis oin @ mxddemhef eabotihe2000
saurce ppo pplied durin the re f pol yner
W%F onlséf %a%ﬁgﬁg ErFqggpg m&gkﬁ o Wg&%dnﬁﬁe or der
of about 2000 Watts and said VHF frequency is about
162 MHz.
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