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TiN metal hardmask was successfully intégdainto DD
Cu/low k metallization and has been accepted by 28nm
and beyondechnology nodes, where ultraldimaterials
are highly required. However, tirtependent TiFx”
defectsgrowingafter fluorocarbon plasma Dé&tching
challenge therocess integteon [1]. It is well known that
these defects are triggered TiN by CFxbased plasma
with thefollowing exposure irair. Different approaches
wereemployed to overcome this problem includpst
etchqueue time conttpN, purgeof ambient postetch
treatment (PET), etc [2]. In this worik situ “N, plasma
cleaning’methodhas been developgaoviding effective
defect control in TiN MHM Cu/lowk DD process.

The growth mechaniswf TiN HM defectss not fully
understood. But many authors refer t&Xresidue as a
cause of these defechs,-PET cleaningwas employed
andoptimized highly reducing TiFresiduewith no low k
damage and productivity concerns.

MHM DD processingvas carried ouin acapacitively
coupledRFplasmareactor PristineTiN wafers were
used to stud¥F specie content on surfaaedifferentCFx
etchandN,-PET plasma conditionby using XPS, SLIC
(static leaching IC), Auger spectroscopy, defect review
SEM and other analytical techniques. It i@snd by
XPS that FTi bonds arette main contributeto fluorine
content orpostetchTiN HM which arelikely responsible
for “TiFx” defects.Fig.1 shows strong gain N, plasma
TiN surfacedefluorinationwith exposure time, lowarg
pressure anahcreasingsubstratdemperatureSLIC cata
show thatN,-PET can reduce F content in TIN more than
10 times which correlates with XPS res\{igy.2a).
Defectanalyses on TiN HM DD pattern after etwfth no
PET showed lots of defects obsena@hour Q-time.
However,no defectaverefoundeven at 24 hour Qime,

if DD process was completed wity-PET (Fig.2b).
EELS analysiperformingon DD patternshowed <1nm
low k damage added by the optimizegRET cleaning.
The mechanism of NPET cleaningvas also in focus of
this study and will be distssedWe considem,-plasma
TiN HM defluorination as more effecthnRET andwith

no low k damageompared tdH,, H,/N,, NH; and CH
PETSs[2]. The proceshas been successfully tested on
Lam’s Flex™ FL etcher.

In this work, we alsaevelopedan alternativepproachn
preventingTiFx defect growthPristine TiN films were
exposed IrCF/C,Fg/Ar plasma with different CEC4Fg

flow ratios. Cand F deptlprofiles were measure IAES
(Fig.3); C and F chemical states (bonds) were measured
by XPS (Fig.4). Both nthods show that CFx polymeric
film wasgrown up on TiN with thickness ~3nm (AES,
flow ratio approached:1. We assumeCFx polymercan
encapsulatd@iN surface from being exposed in ambient.
The following up test showed thad defectavere found

by SEMat this condition even at 24 hoursti@e (Fig.5).
Defects appeared when the flow ratio was increased, for
example up to 3:1 and morehe strong TiN fluorination
(F-Ti bonds) andlmostno polymer(F-CFx bonds) were

detectedby XPS Fig.4), and growrdefectsobserved by

SEM (Fig.5). A similar approachwith passivation of TiN

surfacebut by usingCH, plasmawas demonstrated in [3].
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Figurel: N2-PET defluorination on TiN versus time, pressure
and temperature collected KPS.
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Figure 2: XPS and 3C analyses resulsn blankefTiN - (a)
and grown defects on MeHM DD patter(b) versusN2-PET.
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Figure 3:C, F depth profilesn TiN after CFy/C,Fg/Ar plasma
exposure at differe€F,:C4Fg flow ratios (by AES)
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\ XPS,at% | C,F chemical states on TiN in CF,/C,F; plasma
CF,:C,Fsflows | C-C,C-H [C-F2-CH2,CF3
= 38

CF4only 6.4 0.7
CF,:C,F3=3:1 7.6 3.1 - 27
CF4:CiFg=1:1 11.0 27.0 42 3.3
Pristine TiN 8.7 0.9 - 0.3

Figure 4:Fluorine and carboan TiN exposed ifCF/C4Fg/Ar
plasmaat differentCF4:C4Fg flow ratios(by XPS)

CF4:C4F8 =]
Figure 5:Defects on TiN at 24 hours-fime afterCF,/C4Fg/Ar
plasmaat differentCF,:C,Fg flow ratios(by topview SEM)

We alsoinvestigatedsurface defluorination arftlorine
crosscontamination effeston TiN blanket and TiN HM
DD pattern ina FOUP as a resulf F volatile speciesAs
an example, TiFx defts appeared on pds2-PET DD
pattern wafers stored in a FOUP together with-R&T
wafer, but no defects found on tpatterned wafers
processed with NPET and stored in a separate FOUP.
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