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BACKGROUND OF THE | NVENTION [001] Integrated circuit

performance is being continually inproved by

i ncreasing device switching speed, increasing

i nt erconnection density and reducing cross-talk

bet ween adj acent conductors. Swi tching speeds have

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

new dielectric thin filmmterial having | ow

di el ectric 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 wdths,

hol e di ameters). Connecting between such deep | ayers
entails high aspect ratio (deep and narrow) conductor
openings or "vias". Such fine features have required
phot oresi st (for photolithography) adaptable to
shorter wavel engths. Such photoresist tends to be
t hi nner and nore prone to form_inperfections ch A%
PHRRMRoPEELECTRIG «H%s?%%ﬁ%%é‘ﬂ “‘&?’é?e@?%;& _Qﬁ( SIDE
prRISIER REMOYALLFER LOWARIFLECIR TSy COBRN FRIAL
fluorocarbon chem stry during the plasma etch of the
dielectric inter-layer insulation film in order to
deposit a protective fluorocarbon polynmer on the 1 WO
2007/ 120573 PCT/ US2007/ 008578 phot oresi st. The

pol ymer must be renobved fromthe wafer after the etch
process in or d&AGKGRRNR @bntaki ARYENGIONat er process

[Go£PS thag 'E‘égfra%dp%&f&fdiﬁtﬂ i eris doengfore,
a post-etcﬁ pol ymer renoval step is perforned.
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., line 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 film, 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
W0 200pe2EIBe sone pol yner penetrates through a B@EpUS2007/008578

between the wafer edge and a ring collar process kit
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 contro
pﬂf?uﬂéﬁn@mts mﬁﬁfbelphasnmuemcme prepeessd fThemwaherwafer
edge-to-ring collar gap is too narrow. for plasm fo
2 Shittort bR PERGOES RR BOCFTerd A icheodktat nat Pna
1é%ﬁ;cﬂ<5¢ﬁ@céigf,i BgepBetpast lmats(th beo Ips o resd Ve shepwafer.
erefore, a conventional approach ta this problemhas
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materials (such as polyner and photoresist), followed
dIFE EFpbE ngo FRBOXSS 8L RIl ithE Feresidigs ¥efep LHAS
i S OYuSe SSRAT Bbe yhRlraerRltk dtex pasd Weh "aséapdbetween
chanber having a ﬁeape waf er support pedestal
theypefer opdeel anfvel ¥ imggleoafeP1Gfet df L edt (Bhg, wafer

pax0s £51 NRE G fRBFGES hnl LR AmSIARI £ JENRE PhBSHBbackside
source. This process does not harm a conventiona

atlighecPeriPhatryri alSushcl? S8Rsill oL esi B, a%ALeh i s
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does catastrophic harmto the newer Iow, dielectric

foonsh Nt clazpSatde wafer 41 &wepkad pppface to meet the

e &REOPRE H0BCHoRelnodOn A ifen IS QX4 2 sflCEL 8hT Y
0 the post-etch clean step renoves the carbon from
prdeessar bBhedvpde rsiddasort ah it ec et krecgapP cifatepi aARrrow

fctnlgepga%azggwpla%gﬁﬁt%cyn%sw&%)gé?é 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 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



carbon eventual ly being replaced by water fromthe

at nosphere. This greatly increases the dielectric
w@oemwstizosv3 of the insulator, renmoving its mai n PCT/US2007/008578

advant age. Such damage i s apparent as undercutting of

the dielectric layer sidewalls viewed in a profile

i mage. This undercutting is reveal ed upon dipping the

wafer in dilute acid follow ng the post-etch clean

step. Another problem is that such an oxidi zi ng

process does not conpletely renove the backside
caoHTeiveremed]l B tiecing sepaaded bycearteirndf ram dihie

i nvestigation.,[002] Therefore, what . is needed is a
A RS ol bt 61 97 SALL o ORF S aP By TS 15 om
cdriavf esf Braekshéel hbat, deesoRahgdam@gadilie advantage.
| ow-di electric constant insulator material wt

ou :

Suchy Hanade oy BWPPFEEPFoBEsYNIFr RS v e fectric
1 VENT LN, d 003] vepbasii gt phoghiaeesmalod. etmhisg a

porous carbon-doped_silicon oxide dielectric |ayer
ungs Rt Lot Hre]YeR LREsKPPE CaPPiag e PR | IR ot Lute
acBlLhedERSI Phg BiePgbboratha 21ELW0sagAr bathdased si6blem
_process on the workpiece to etch exposed portions of
ig Hehatk etech rit CXAJEF1RAI PEOFESSs oGy ot vetely

rdrl AR O e rboK OL¥NBH1 yRE rt he vieholaiesi sdo Bsdondbien,
in an ashing reactor, polyner and photoresist are

aqENEASD by he'df | hEVERE L IRSARPi-ece to over 100 degrees
C, exposing a peripheral portion of the backside of
sai d workpi ece, and providing products froma plasma

[af2h hydrByene ppoeesyhgss iso neeskfst é Tar BKY c<dht ai ned

drfb AL ITPT 2 AR RARKP LS ERL VARG RIIAMEY ki Gk i@t vkt
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insulator material without requiring any extra process

time.

SUMMARY OF THE INVENTION
[003] A plasma etch process for etching a porous
carbon—-doped silicon oxide dielectric layer using a
photoresist mask is carried out first in an etch reactor
by performing a fluoro-carbon based etch process on the
Workpiece to etch exposed portions of the dielectric
layer while depositing protective fluoro-carbon polymer
on the photoresist mask. Then, in an ashing reactor,
polymer and photoresist are removed by heating the
workpiece to over 100 degrees C, exposing a peripheral
portion of the backside of said workpiece, and providing
products from a plasma of a hydrogen process gas to
reduce carbon contained in polymer and photoresist on
said workpiece until the polymer has been removed from a

backside of said workpiece. The process gas preferably



3 WO 2007/ 120573 PCT/ US2007/ 008578 contai ns both

hydr ogen gas and water vapor, although the primary
w@oemwstizasoent i s hydrogen gas. The wafer (wor kptBEUS)007/008578

backsi de nay be exposed by extending the wafer [ift

pi ns. BRI EF DESCRI PTI ON OF THE DRAW NGS [004] FIG 1

is a block flow diagram depicting a process enbodyi ng

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
cameeiris droth OB¥HrBbén ¢Asdepidc wste mpregess, s4 bphofighhthe

i.nvention erformed i n_ashi ng chaner . 08] FIG
PAE}ehi %?gsgléPsggz§Ss?‘é’gr&getnh@%lsﬁven |eonWE[£p)%$f or med
(Wox lgpi asd) ngachatter mby ae akperseat ibye exerdrodimgnthéen

ich the wafer backsi de edge is exposed w thout
W%ﬁﬁ{f?‘b R%P8nd the Iift pins. [009] FIG 5 is a

graph depicting the radial distribution of polymer
t hi ckness obtai ned in the _invent] |.ine) and
prior to thgﬁiﬂ%nRQSQ§ﬂﬁﬂﬁﬁN %?é%§€cééé§&NF§ne).
(d6P0] FlErGg6 depisChS baoRkoFassi Ry Syrdemépicting a
accordance with a further aspect of the invention.

PTG § EENPRSERNPTIFOR @B VEELOVENTI ON 4 WO 2007/ 120573
PCT/ US2007/ 008578 [0011] The invention is based upon

our discovery of an_ etch process for a low djelectric
[QQRkt ant HBPer RaPepicts 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. 4A depicts a process step of the invention

performed in an ashing chamber.

[008] FIG. 4B depicts a process step of the invention
performed in an ashing chamber in an alternative
embodiment in which the wafer backside edge is exposed

without having to extend the 1lift pins.

[009] FIG. 5 is a graph depicting the radial
distribution of polymer thickness obtained in the
invention (flat line) and prior to the polymer removal

step (curved line).

[0010] FIG. 6 depicts a processing system in

accordance with a further aspect of the invention.

DETAILED DESCRIPTION OF THE INVENTION



i ncluding a post etch polynmer renoval step that

t horoughly renoves both backsi de pol yner and
wEhbevoresss st w th no appreciabl e damage to t heCT/082007/008578

di el ectric constant insulator layer (e.g., porous

car bon-doped silicon dioxide or a porous

organo-silicate material), and does so in |less than

60 seconds. An etch process enbodying the invention

is depicted in FIG 1, while FIG 2 depicts one

exanple of a thin filmstructure that can be forned

fosing therpeocrsenefionl @s bashPhHr esistdi®skvdPy of an
depicted in FIG 2_is deposited on a dielectric |ayer

eyl PYpee fiskoI02hdfin§igt egFritur® TR Yo rfaspbhat ng
1ﬁéléﬁlﬁéaéu?§s@8eEEﬁtpbﬂyh%eréﬁdﬂgijéﬂbﬁrEhat

dielectric layer 12. This corresponds to the step of
thpreyanby oFe’FPBeslbOti‘héaFé‘étHﬂee BT aa'h%rPBRFQFﬁsmt

wﬂ%& ddeaybred8aBXbehdfadd A hd heli®l cd &t pikay¥Bhstant

2 and through a barrier layer 20 to expose the top
1@ﬁw$®t@ro¥aaeéo¢seg i POrEMS CcHfPMN wlwedieilager is

afox Pue db £l QCf)B!\:Bu%oB% o srmtleaataé SR 25) PO&AYS does
carbon-doped silicon dioxide. The barrier |ayer 20

sereyn bkesf| Fhan €Ar Begendsn t He K RFCERBEKSPROGY NG
tﬁgcingﬁnEDgan§ ééquH@dalﬂzﬁfbfcﬁrﬁ%hfWé pighi Bddepicts

ortion of the dielectric material 12 1ying
O@%o@éamhéedaéhédthn@efhkﬂlﬁfﬁPqﬁQﬁﬁmﬁQﬁtaC@Dub?oformed

ugﬂﬁsoeﬁgom £ R @GRS 19as.a TSt St&ePi s KaLki ¢d

In a plasnma etch reactor, such as a capacitively
d@l@upted ipl B3Fm @t e-i:» icsRELoirt &5 qmeatqlm%l%i@bret:eélawﬁr 12,

thid Ghad! 20 HBLIAES n%p%oe@f o ELGBnGERG! o6 af
has a W an overhe ectro /gas
fseht:weehéadtﬁatf ed; tioy ke getschprheln 3gke atitle REctriigedalygr
180 RERPLARIR. SQULERS RONG), JCNALAIOF PR3k 8UE 8. 1.
I rpedance mat electrostatic c th
Thaa fehenmalmabebbradmaaiow 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 low dielectric constant
material, such as porous carbon-doped silicon dioxide.
The barrier layer 20 may be silicon carbide. In the step
of block 24 of FIG. 1, the via 18 of FIG. 2 is formed by
etching away the portion of the dielectric material 12
lying above the dashed line, 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



5 WD 2007/120573 PCT/ US2007/ 008578 controlled by a

D. C. chucking voltage controller 36a and driven by an
wWRRIbIaS7Hener at or 37a t hrough an i npedance nRETOSBELY08578

and a ring collar 38 or process kit underlying the

peri pheral portion of the wafer 28 extendi ng beyond

the chuck 34. The gap 39 between the collar 38 and the

backsi de of the wafer 28 prevents interference by the

collar 38 wth wafer-clanping function of the

el ectrostatic chuck 34 when a D.C. chucking voltage is
cc&fkpl'bl iﬁﬂecﬂo?yhe Bl ect E:ﬁd&fklaﬁg Pty d heoret €61 56 2p36& and

ock 24 of Fl t he uor o-carhb cess

AhGEb T4t 88 KA BLSFmIRBSFPIGr0 A BT Beh Spebrasdange
mdeRY i BTb Pr afiar BOR+ higCaopalymas- foar Prig-sheck £6 &h@érlylng

form a protective layer 11 on the photoresi st
the ®e5iPheRalpBPFRdrlf Ofnithg PdEesd redf/fe?“‘?h?%u’aﬁyond

tﬂéﬁhﬂﬁéﬁr3400|hﬂé gap 8o bermeam anlagsl baeksgsdend the
ynmer layer 40 on the backside of the wafer 28.

bc“tcéssllque | pft ﬁ@engitf%t éf, PEleyERt42 igft g ronce naywaker

cEBds senpyed Laeprtbeabehchamkariaf &t Gnd and
laced 1in an ashlng4chanber 29 illustrated in FIG
|

tnpetapicnehpgk didstiheet o -6 it hgvehhaseris
péd H& cAé e%écttli‘%tde' Behas puert ahovad €£n sg@@ﬁr be

and is desig heat the wafer to very hig
b%%ﬁ@e?ﬁt%feEIFe gs, t20 fl¥eFceEca ORI PFYPS pFassur e
d£§%&h1a§§¥e£ﬁkngrﬁ%iea&qud%gﬂdgﬁ%éhré%@ﬁesﬁéé§g§ and

source 54 as a relatively inexpensive. expedient. (ln
hewntenser casbenchichamedyrelr - fHming mrectdsl thag form

V@cﬁ{ew gePrECESE 14€ ert%teur%dit%re@ét& ”JF@CSEPHE' 2.
per ormance, and therefore nust
Th#eawlzmeatfermhugkS®¢qm§aﬂcnﬂyaﬂm§WWﬂwghtbha wafer-
collar gap to form an annular backside polymer layer 40

on the backside of the wafer 28.

[0012] In the next step, block 42 of FIG. 2, the wafer
28 is removed from the etch chamber of FIG. 3 and placed
in an ashing chamber 29 illustrated in FIG. 4A. The
principal distinction of the ashing chamber 29 of FIG. 4A
is that it has a heated wafer support 50 and is designed
to heat the wafer to very high temperatures (e.g., 400
degrees C) and high pressure (e.g., several Torr), and
employs a remote plasma source 54 as a relatively
inexpensive expedient. (In contrast, the etch chamber of
FIG. 3 must cool the wafer to a precise temperature to
attain acceptable etch performance, and therefore must
employ the electrostatic chuck 34 to clamp the wafer to a
cooled surface, the chuck 34 typically being capable of
heating the wafer to only 60 degrees C, the reactor

operating at very low pressures, in the milliTorr range.)



cool ed surface, the chuck 34 typically being capable
of heating the wafer to only 60 degrees C, the
WO e@ctizns73 operating at very | ow pressures, in PEEUS2007/008578
mlliTorr range.) 6 WD 2007/120573 PCT/ US2007/ 008578
The ashi ng chanber of FIG 4A has a heater 52 inside
the wafer support 50 capable of heating the wafer 28
to hundreds of degrees C. A renote plasma source 54
generates a plasnma froma process gas provided by a
process gas supply 56. The wafer 28 may be lifted and
THoVEseth @névahbersofp@IG .5@bhas fa heemeants dDnahs pdasthe

58. The ashi cha r of G,_.4A i s conventi
watir TURPOEbuY GRRBPIFOD CaPESHIdS HISIAE Tt enta7b
hiiWr & €Cé F 0degrabsi Ll usthr alead tieh gilaEGmaA A Alecops 4 onal
and not necessar|ly required in the ashlng chanber .

IS A R PhAPTFe iBHe 2 PROCESH 3 TRADEYST BY S 4B

pFBYede g£8PLaYEUyi Bet eadhef walte A Rk £ hswrbel feédFhfx
4A. The ashing chanber of FIG. 4B differs fromthat

lyyrergqs onpei hher RUPPPAtEPE PaB Lithte SRITEN Sippdt tPERS 8-

Tﬁ@saﬁﬁﬁﬁﬁ”@ﬁsﬁlbébabf iFgd.e9% HhRadhantfod e, WatBE bias
so that the ﬁerlphery of the wafer backside is

P%ﬁﬁ%s%%mﬁf?ﬁ68t3 avPRE faPedadre mateh i3to pppd. e¥pgtrode

3¢hel et Pht EHGindB1icS Q@NWeR itdlona BEhdByo 0t
necessarily include the ESC el ectrode 36 and _bias

neRRFagbhEr BEER137E &P flccRIART \GhaTRRT ng Thedn
ar@gfxﬁségvéSJﬂbag Cha@b%rshqfngﬂéﬁanﬁ%rt&@ si€ep o8 Rhocke

ext end |ng ft pins may be elim nated.

eTMﬁFdlhnﬁﬁéaﬁe?{f §b@p,a5611<§><9< dprferr|qf HIGthéA. The
a@@%@ éﬁamegwsvf Frem 4@ Qs‘lﬂ%e@s Fang diiee phst @t@SI gh in

are renoved. This step begins b
tkpaﬂacmgﬂﬁe waf erthzswelrfetm§qmréd Ifleas suppbametpr that

1¥”igss than that of the wafer 28, so that the periphery
of the wafer backside is exposed without having to extend
| the lift pins. The chamber of FIG. 4B is conventional,
and may not necessarily include the ESC electrode 36 and
bias power generator 37a or match 37b. When using the
modified ashing chamber of FIG. 4B, the step of block 44c

of extending the lift pins may be eliminated.

[0013] In the next step, block 44 of FIG. 1, the
backside polymer film 40 of FIG. 3 and the photoresist
mask 10 of FIG. 2 are removed. This step begins by
placing the wafer 28 on the heated wafer support 50 with
the 1ift pins 58 retracted so that the wafer 28 contacts
the wafer support 50, and then heating the wafer 28 to a
very high temperature (e.g., 200-300 degrees C),
corresponding to the step of block 44a of FIG. 1. Next,
in the step of block 44b, hydrogen gas and water vapor

are introduced into the remote plasma source 54 and



the lift pins 58 retracted so that the wafer 28
contacts the wafer support 50, and then heating the
worden2@33to a very high tenperature (e.g., 2BOFBSM07/008578
degrees C), corresponding to the step of block 44a of
FIG 1. Next, 1in the step of block 44b, hydrogen gas
and water vapor are introduced into the renote plasna
source 54 and 7 WO 2007/120573 PCT/ US2007/ 008578
pl asma RF source power (on the order of 7500 Watts) is
applied to the renote plasma source (RPS) to generate
pBasph aRFasoliragnpopieaduetns the gprdeneuif al 390fwatttsheis
each the |nter|or of . the as anber 29
B S0 5P LB TBRRPoRIGRna PR B Sheto | 4=PganEed
plasmaer Ph]aBmabplrﬁgiu@tlsdl(Za‘a@ andaddwlsﬁ)enweld thenrps 54
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eV DECSHegaSiReGaUS® ipolRatkr ueserré‘cmtrwht hpath8e than

ul ation of free hydrogen in the nmber is
bEHeg caxbaiABHS At TR romaee VAERT - wi The

rédecadgi hgentofi sf uhididygdiy.dr agen.s \Wrdeyeapbsetyedinclude
this phenonenon with optical em ssion spectronetr
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b&WAr 888Ad thBe RBGNIJoA aMildh tdre ek th par8fewat Br the

vapor. This increase in hydrogen in_the ashing
C}éﬁa}%érlﬁnéf@éf%@%é‘oqeat‘@té’t APHbE yARr Oﬁswater than

wi{€dUeRs. aEBQt@%t oft R dleacky g . Flfre RlvikSoblerved
extend the |lift pins 58 to Ilft the wafer 28 above

thhe PRLBPMSDPPoM tH0 oRtd G rBHs B sePe e hEoRar sy, which

iRackstds. aTB'l%p%to%ftaoqﬁartré 6hAEadOri @ VREYh 8'.99§En
period of time (e.g., 60 seconds), during mhch

1ppetmegpiEksied@ Lyl )Fri‘@r Fdd ik e jof CHRPE Bt ‘éP?OFemﬁéés
ihdrb8sd dhsaoueyed itheHy esgiind nviehhboP thate@ses the

rate at which polymer is reduced. The next step (block
44c of FIG. 1) is to extend the 1lift pins 58 to 1lift the
wafer 28 above the wafer support 50 and thereby expose
the wafer backside. This step is carried out for a very
short period of time (e.g., 60 seconds), during which all
of the backside polymer film 40 is completely removed.

It is a discovery of the present invention that a
reducing chemistry (e.g., hydrogen-based) may be employed
in the ashing reactor 29 to completely remove backside
polymer and photoresist in less than 60 seconds.
Apparently, the hydrogen in the process gas reduces
carbon in the polymer by forming hydro—-carbon 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).



reduci ng chem stry (e.g., hydrogen-based) nmay be
enpl oyed in the ashing reactor 29 to conpletely
wo ewonzsbacksi de  pol ynmer and phot oresi st i n | BREUS10ATI008578
60 seconds. Apparently, the hydrogen in the process
gas reduces carbon in the polynmer by formng
hydr o- car bon conpounds, but perforns very little or
no reduction of the carbon in the porous carbon-doped
-silicon dioxide dielectric material (the insulator
| ayer 12 of FIG 2). 8 WD 2007/120573
[ T4 1S200@£0885@8 fojubidl 4jhade they evd tunchédainghstepf ef

eat i step k 44a is | ant be ause at
bf%ﬁa\}érygﬁf &7 lf“g%g u1be SAHE o S]h% <5 e"ﬁ% af process
témﬁesaaukeﬁgehe bbﬁ@medumempvﬁm(ﬁtd&@@@eténekhe Lewger
dielectric coE i nsul at ar,

r
c{mEr cHELR By Bt dogE Grbihd Vel dfobas taopABPtant
11$$ILﬁDeﬁt<SE ILSytahatL2t e raduCiNg ridredBEk ageyoRased
stry yas found to nore thoroughly and quickly
n?%%b%é tRelBYBRsi de pol yner than a conventi onal
OXIdIZIng chemi stry. Qur neasurement of backside
t hi ckness from two dlfferent wafers is

[&I’}%]st r at BROFRSEhELIHTART ofS NGt stherneedeedpachrve

hmr&d;&n bakeflr esemist N &dPdd P dfmd A& ¥BbebuBhil9r and
erform ng the _polynmer renoval step, and indicates

q%l?g}geraweaﬁt the Mesdadidre BRIXRS (EHAi Al FGREERERoRa L

oR0as2¢0§dcA%indsziryd  hoh ridfurehind | saEKS gk Eb(fymer
5 was obtained in the nmethod of FIG 1,_in which

thigkeeng ERem sy diffegmitoyrf s the Ja%h‘ﬂﬁﬁrﬁéSE‘t ép the

gzéi?has@ Fdi cat es The Gl eta Famyalrad. a!slrég%gbel%s
mer. Thus, one surprising result is that
th%dg@pﬁgtéﬁgnp§t¢@ r prior to performing the

polymer removal step, and indicates a large amount of
backside polymer remaining after a 60 second oxidizing
etch step. The flat curve of FIG. 5 was obtained in the
method of FIG. 1, in which a reducing chemistry is
employed in the ashing reactor 29, and indicates a
complete removal of all backside polyﬁer. Thus, one
surprising result is that the reducing chemistry works
faster than the oxidizing chemistry. Another surprising
result is that the reducing chemistry causes no
observable damage to the low dielectric constant
insulator material 12 (whereas the oxidizing chemistry
causes catastrophic damage to the low dielectric constant
insulator maferial). Damage to porous carbon-doped
silicon dioxide dielectric thin film was ascertained in
our investigations by carrying out the dielectric etch
step, then carrying out the backside polymer removal step
and finally dipping the wafer in dilute HF. Thereafter,

a scanning electron microscope image of the etch profile



faster than the oxidizing chem stry. Another

surprising result is that the reducing chemstry
we2uw3a5md observabl e damage to the | ow di el eRCT/U82007/008578

constant insulator material 12 (whereas the oxidizing

chem stry causes catastrophic damage to the | ow

dielectric constant insulator nmaterial). Damage to

por ous carbon-doped silicon dioxide dielectric thin

filmwas ascertained in our investigations by

carrying out the dielectric etch step, then carrying

wditod i hegksi g8 rpehyrer waderelprddissanduidingl tie
di pping the wafer in dilute H-. Thereafter, a
canvgitt Hepal etk i 8h 2APer BOSSpE HTa e oM her Freprofil e

t MO 20077 4RE5£8 cRCHAHS20Q7/1@0R8RE8 rerasa Db ai Aege FOr

those wafers processed using the conventiona
UREG TP YT hiNPo’L - ENeh efehyre STEMRRRACS ¢ e GURT - t BT

i &d PEpEiLeihmanesn enealedd altds vHEles cid t hogyREr
the etched structures. However, for those wafers_in
refd il t HECPoSTPAPYEShac RSIGYE g6l il istehpnayesyepittle

uﬁﬁ@%&ﬂ@giﬂgrSguagﬁgg%hQ@fgﬂéhpdgaa@lééfﬁéh—doped silicon

undercutting or damage to the porous carbon-doEed
dsexidenwadi xisdblwad nvitdieh|SEM rAinaneSEM | BHagesteh t he

prpf Ll -i i e-t han
pE3E 1o P Ehb! fndehEutTIne tetrh i i £ °RE o2 AR00% less
(2 hoeolghibhd amblingient This tskereniovaso ofherpweah- Baded
j at _al. Si ' [ n I

R L A e S e B T R
pladvant ajetofi st ramsived isigultengduslygvith the baepsaéfle

bl ock 42 i at an opportunity is created to clean
p?%%ﬁ?ﬁtg?péyggf the etch reactor of FIG 3 before

perform ng each etch step. The cl eaning may be
[Bgig?rnEdOne advantage of transferring the wafer 28 in

the step of block 42 is that an opportunity is created to
clean the interior of the etch reactor of FIG. 3 before
performing each etch step. The cleaning may be performed
using a plasma containing species (oxygen or ammonia or
others) that rapidly etch polymer from chamber interior
surfaces. The advantage of such an intervening chamber
cleaning step is that polymer from prior etch steps will
not accumulate in the chamber to release fluorine or
other materials during subsequent etch steps. Therefore,
the etch chamber is cleaned in the step of block 46 upon

completion of the wafer transfer step of block 42.

[0017] The invention can be employed not only to solve
the problem of backside polymer removal in the presence
of low dielectric constant insulator films, but also to
triple or quadruple etch productivity without a

proportionate increase in capital expense. In
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using a plasma containing species (oxygen or anmoni a
or others) that rapidly etch polyner from chanber
w0 paoen2wr3 surfaces. The advantage of such an PCT/US2007/008578
i nterveni ng chanber cleaning step is that polyner
fromprior etch steps will not accunulate in the
chanber to release fluorine or other materials during
subsequent etch steps. Therefore, the etch chanber is
cleaned in the step of block 46 upon conpletion of
the wafer transfer step of block 42. [0017] The
cémW@mtiﬁnamaprbeteﬁploy&@ mﬁtnré3p1asmaﬂa%chtp50cess

r obl em of cksi pol ymer val e
odg Ot e ki bhL FhE Dandt Shen by aneri 1y | er S5gt “BRE,
di®lettiptemategtiadr tpl €ciCh pn@lzllmi Iallthyerw:lh hofibra
proportionate increase in capital expense. .10 WO
e%@@%aéosvsapcﬁeézéﬁ?ﬁé@gsmﬂn% tew ‘KS’rE\%t FRE,
réevENt bf et RbapRBLereR iRt0GRSS pdIBaidi 1Yy ahtAshhag
main step of etching through the dielectric materi al

rRICEJF m BO9Ka2BPUE PSS, S&Giprishi heQnsefeRds
wefactpEnt and eaachudiing Wddrddie dreaomad sémbbfder (240

phot oresi st and pol yner in an ashlng reactor, took

S%%reﬁ ho@e§§céﬁﬁ§t éf“ iRiec IR D RRATTRE: WePR SHERPVERY
ot he @ébyﬂgrr gaat photdd dika rm«udprst(@ﬁothéeceaqé)s less

were spent in the etch reactor. The discovery of
tham y A r SARENHRoEHFe SiedhansmvAal L it ieke t3mt 49 aﬁ%§°P€§sma kes

pbHan, 60 se50rd3 2R3 REFRARS @fcddddd €i@SodOraegoBden
makes possible a 3-fold or 4-fold increase in overal

PEPGUCE BY bEYCHILENL Y ilitdie 1inqredsckeacaPi e kaprpgnse -

Ffépeésif‘llugi:@at@s' oS tiftLs; Hayed dths1 { Shegconphi §h§gngle
In a single tool, a central wafer transfer unit 10

t¢>@lcoapc@atr@lowefeapsmrr@glsffeearcttmlqolzo%f1% heoupped to one
gﬁfhﬁtfgahEoE|§b24cﬂthe type depicted in FIG. 4 and

three or four etch reactors 104a, 104b, 104c, 104d, of
the type depicted in FIG. 3. The tool of FIG. 6 is
operated in accordance with the following procedure:v
during the 240 second time duration of a single etch step
performed by the four etch reactors 104, the ash reactor
performs, successively, backside polymer and photoresist
removal on four different wafers previously processed by
the four etch reactors 104, and at the end of the 240
second etch process performed simultaneously in the etch
reactors 104, the ash reactor 102 is ready to repeat the
same task on the current set of four wafers processed by

the four etch reactors.

{oois] In one example of the backside polymer removal
step of block 44, 7500 Watts of RF source power was
applied to the remote plasma source 54 of the ashing

reactor 29 (FIG. 4) while 7500 sccm of hydrogen gas and
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three or four etch reactors 104a, 104b, 104c, 104d, of

the type depicted in FIG 3. The tool of FIG 6 is
wWo@p®raresd i n accordance with the foll ow ng prop€duUSm®N7/008578

during the 240 second tinme duration of a single etch

step perfornmed by the four etch reactors 104, the ash

reactor perforns, successively, backside pol yner and

photoresi st renoval on four different wafers

previously processed by the four etch reactors 104,

and at the end of the 240 second etch process
33mr§@cfrma@if skavetanapusl walsh slppldteeh td eaed okss 194, while

t he reactor 102 is ready to repeat the sane task
thsh ac%é”&%rf%ﬁ‘t?tgét CHAMPE G PRESSVE prifcess ey the
gdridifa Bt Chhé egebeess [BE1Ekohn whnereXxHWIep9fs4 h@enerates

backsi de pol yner renopval step of block 44, 7500 Watts
tht ReEYtrtes PoWBAThay p&ﬁﬁlﬂ&?qqgﬁqmg%%ﬁ%?el%?%gnﬁ
pé%%&éﬁféﬁ-@ﬁléhed§§ﬁb&9at%%aQBQb 23 dd! il eyater

7500 sccm of hydro% as and 11 WO 200 /12 %
VRO (52007 D08578 1350 é@@npéfﬁﬁﬁeﬂYQEﬂﬁﬁ“mﬁ%ntent of
tk?é'&ﬁlé@@séoggge ERa Eié \é(ﬁ' h%te@%cﬁ%ﬁ%ff@%l% free

nber pressure was orr general, the process
hxg%rsoqerrom%t@ntt pé Rbs 54’Sgeﬁ§r dnekicatrd Pasam Prtical
el dSRA | Yo UL ERKEERQCN 1635 Bl J:LAZIp A PO T 20 O 1 5
I ch dissociates into free hydrogen. Water vapor

tyirahty i enbyf paérhonion e thpdhvgsrPauntea® Biovwt hate

L ocass Wes, 588! 918dhS Leteha iRk 1] &Jge {5€fittle as

dr ogen cont ent o the gas | cated
or@tt@ath eni gseonwgp@etert@rr@tferthemwdmn@n vﬁb@w fabey (as
[ c nly i r

r#a&?e réa)t(aéﬁglgﬁt %]O%)}IQSQRPSIa ?Cpl a r?gsgle%% 2%/(?0%9%19“}%3

thhegiarer avaport feoas thenerogssls gasonae tvieonglet puch a

AdELYPL 098P FLawetats (as
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in the exanple above). It may be possible to elimnate
the water vapor fromthe process gas, although such a
wehb®razsrs not preferred. 12 WO 2007/ 120573  PCT/US2007/008578
PCT/ US2007/ 008578 What is clained is: 1.* A plasm
etch process, conprising: providing a workpi ece having
a porous carbon- doped silicon oxide dielectric |ayer;
defining a photoresist nask on a surface of the
wor kpi ece; in an etch reactor: performng a
fl uoro-carbon based etch process on the workpiece to
wredtchi €exposefeqoittons of the dielectric |ayer while
depositing protective fluoro- carbon polynmer on the
phot oresi sst mask; transferring said workpiece to an
ashing: rgaglesmandtch paiodedsd) RBMAAHE ] : heati ng
the workpiece, to over 100 degrees C, exposing

per i pher PTPB+ELBA éfwPﬁ§plﬁ§€kQQ¥%Qﬁ %MHQFQREK%?EQ%H—

d&bel ps ovi dbRdoRi adueti & 1cemiz Al of a hydrogen
process gas to reduce_ polynmer and photoresist on said

wor kpi ecedghtPEnghe pHoFREesHEs Besk ridhdv e ¥ Fdne a0t the
wdaeksdge; of said workpiece. 2. The process of Claim1l
wherein said hydrogen process gas contains pure

hydr ogen. 1B aTFhg@tpho&€SSTOT:C ai m 1 wherein said

hydrogen — procgss rgamingNtbalf Y- JBEP a4 §8Se 88
wat er vapor.

process on the workpiece to etch exposed portions of the
dielectric layer while depositing protective fluoro-
carbon polymér on the photoresist mask;
transferring said workpiece to an ashing

reactor and in said ashing reactor:

heating the workpiece to over 100 degrees
C;

exposing a peripheral portion of the
backside of said workpiece; and

providing products from a plasma of a
hydrogen process gas to reduce polymer and photoresist on
said workpiece until the polymer has been removed from a

backside of said workpiece.

2. The process of Claim 1 wherein said hydrogen

process gas contains pure hydrogen.

3. The process of Claim 1 wherein said hydrogen

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

exposing a peripheral portion of the backside of the

wafer comprises extending lift pins in a wafer support of

13



4. The process of Caim1l wherein the step of exposing
a peripheral portion of the backside of the wafer
weowpneeses extending |ift pins in a wafer suppp€t/Usfo07/008578
13 WD 2007/ 120573 PCT/ US2007/ 008578 sai d ashi ng
reactor to.lift the wafer and expose a backside of
the wafer. 5. The process of Claim1l wherein the step
of exposing a peripheral portion of the backsi de of
the wafer conprises providing a wafer support in the
ashing reactor having a dianeter |ess than a dianeter
sadfd tdehinvgf esacbor The pideesheolwatleal mank whegede 4 he
step of rovi din roducts froma plasma of a
baﬁ%ﬁ%ﬁ%%ﬁ’%r%h%sgagﬁgs to reduce polyner is carried out
until all polynmer has been renoved from a backsi de of

sai d workpi ece. 7. The _process _of Caim 1l wherein the
st ep ‘of #h%V?H?ﬁ%sﬁr8§u€9§1FanV§ﬁﬂ%%ﬂn$Qﬁ step of

e [QUEh ISOELSBer §ASpbOLhBHUGE ROy MU Sl ethout
until all polynmer and photoresist has been renoved
wfeIMIMP IbF kDi RERV1Ginghe prbesssuePrtaiim 1£hera Hetng

rédBY Y Hdgingeneadhinbbesandsal a3aR Ry Jilom g hydrogen
gas at a first rate and water vapor at a second rate
w3iRto a plasma generating region, wherein said first
rate exceeds said second rate. 9. The process of
Caim8 wherein said first rate is nore than ten
ti ms saitheecebpacsat ef hairmhd phecesd dheadsiew eof
pRAIRI, S3LdabLest £E8hCa b3 alRe I RRIIJES pAbess
gas to reduce polymer is carried out until all polymer

has been removed from a backside of said workpiece.

7. The process of Claim 1 wherein the step of
providing products form a plasma of a hydrogen process
gas to reduce polymer is carried out until all polymer

and photoresist has been removed from the workpiece.

8. The process of Claim 1 further comprising
generating said plasma by 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.

9. The process of Claim 8 wherein said first rate

is more than ten times said second rate.

10. The process of Claim 8 wherein said first rate

is more than 20 times said second rate.
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WD 2007/ 120573 PCT/ US2007/ 008578 11. The process of
Claim 8 wherein said plasna generating region
w@eoupneeses a renote plasma source coupl ed to BEi/US2007/008578
ashing reactor, and the step of flow ng hydrogen gas
and water vapor into a plasma generating region
conprises flowng theminto the renote plasna source.
12. The process of Claim1l further conprising: after
transferring said workpi ece to said ashing reactor,
performng a plasma cleaning step in said etch
reacipdr toheeppveepesl e lhiams Rierdein chatdeplasma
surfaces of said etch reactor. 13. A plasma etch
IHIREEI cBRBEPRI REPIASES & FETHLF A3k pF RBESC each
ch@yidy o Saihonsdeped reladien) @fidant edesproe Eayeing
defining a photoresist mask on a surface of each, .
hy@dregrRceasi Angl HALPTeVOR Feddttet € BRI nFRgeRating

r&d 10K 0 S5 PPBeBaFed WG t NP GERS Ahd Neeriespesl h¥Ra
wor kpi eces in respective etch reactors sinultaneously

Se¥refch exposed portions of the respective dielectric
layers while depositing protective fluoro-carbon
pol ymer on the respective photoresist masks; in an
ashi hg- r eBReoProgesrtofi id aiffe I AUhvitery CTRPESHRI:

succepsi¥er PARS rofr Aihg RlairAlvoikRi&ceso i Hadd bbABng
w ndow not exceeding that required to once perform
reaf ot uBPELeAPBESY Faddd ST IF 170t S FHeRath 8fdf etch

rLEALLPT toNERMLRY 1RA JRIKRHLEE it OVESr 100 H88EE88rfaces

of said etch reactor.

13. A plasma etch process, comprising:
providing plural workpieces each having a
carbon-doped silicon oxide dielectric layer;
defining a photoresist mask on a.surface of
each workpiece;
in plural etch reactors:
performing a fluoro-carbon based etch
process on the respective workpieces in respective etch
reactors simultaneously to etch exposed portions of the
respective dielectric layers while depositing protective
fluoro-carbon polymer on the respective photoresist
masks;
in an ashing reactor, performing the following
steps on successive ones of the plural workpieces in a
time window not exceeding that required to once perform
said fluoro-carbon based etch process in each etch
reactor:
heating the workpiece to over 100 degrees
C;
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C, 15 WD 2007/120573 PCT/ US2007/ 008578 exposing a

peri pheral portion of the backside of said workpiece;
war@70e93 di ng products froma plasna of a hyPeDYS2007/008578

process gas to reduce polynmer and photoresist on said

wor kpi ece until the polyner has been renoved froma

backsi de of said workpiece. 14. The process of Caim

13 wherein the steps performed in said ashing reactor

are carried out while sinultaneously said etch

process is repeated on a successive set of plura

wor kpi eces in &Rpoplitigala @ledipHeadl Prtion of the
S|nultaneousl¥d 15. The process of Claim 13 wherein

back ¢ d? bged pV8€§§§e§§§ ai ns pure hydrogen. 16.

The process of pebaiidihy \y}%@idtssamdmhyadr;og@émapéﬁcess
gas contai ns both hydrogen gas and water vapor.

ﬂ?ﬁ??ﬁ%c@%@c%FscﬂéﬁnFPBﬁﬂﬂHQ§IPQ#%P%ﬂeﬂPQﬁP%?E%§?ﬁQSS on

sPEH | PhEKBL e BT 1heR 10k HeN@ N3stEH da Pfbddie rdRbPEd from a

conpri ses extending lift pins in a wafer support of
bagkgidgdhPhgspédcorkPd &Gt the wafer and expose a

backsi de of the wafer. 18. The process of Claim 13

wherein the step of exposing a peripheral portion of

t he bhcksTle Brocges ﬁépéﬂ%%mﬁﬁfééﬁﬁﬁkW|%P%gsﬁeﬁﬁfer

péyp&%édl PntBgiashishd nd %ﬁoﬂﬂaaw&q:aarpi@amésﬁ LBS$S%e
han a di aneter of the ™ wafer.
31multaneously said etch process 1s repeated on a

successive set of plural workpieces in the plural etch

reactors simultaneously.

15. The process of Claim 13 wherein said hydrogen

process gas contains pure hydrogen.

16. The process of Claim 13 wherein said hydrogen

process gas contains both hydrogen gas and water vapor.

17. The process of Claim 13 wherein the step of
exposing a peripheral portion of the backside of the
wafer comprises extending l;ft pins in a wafer support of
said ashing reactor to lift the wafer and expose a

backside of the wafer.

18. The process of Claim 13 wherein the step of
exposing a peripheral portion of the backside of the
wafer comprises providing a wafer support in the ashing
reactor having a diameter less than a diameter of the

wafer.
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