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SYSTEM AND METHOD FOR SPUTTERING
A TENSILE SILICON NITRIDE FILM

BACKGROUND OF THE INVENTION

Field Of The Invention

The present invention relates generally to the deposition of a silicon nitride film and,

more particulatly, to a system and method for sputtering a tensile silicon nitride film.

Description Of The Related Art

This section is intended to introduce the reader to various aspects of art that may be
related to various aspects of the present invention, which are described and/or claimed below.
This discussion is believed to be helpful in providing the reader with background information
to facilitate a better understanding of the various aspects of the present invention.
Accordingly, it should be understood that these statements are to be read in this light, and not

as admissions of prior art.

As most people are generally aware, microprocessors are essentially generic devices
that perform specific functions under the control of software programs, which may be stored
in one or more memory devices that are coupled to the microprocessor and/or other
peripherals. These microprocessors and memory devices generally include many different
types of integrated c.ircuits that are typically fabricated from one or more semiconductor
materials. The integrated circt'lits work together to enable the microprocessor and/or memory

device to carry out and control various functions within an electronic device. The integrated
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of art that nmay be related to various aspects of the present
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2007/ 1 hdiSgd? US2007/ 005886 circuits are typically fabricated on a
sem conduct or waf er surface through any nunber of suitable

manuf act uri ng processes. One of these manufacturing processes is
known as "layering." Layering generally refers to adding material to
the surface of the wafer by a growh process, such as oxidation, or

t hrough a deposition process, such as chenjcal vapor osi.ti.on ..,
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to as "sputtering. " One of many suitable layers_t . b
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There are a variety of suitable and beneficial uses for SINfil in
the faftricationef ipteeratdegicnite oF o examples SINESimeparpe emplsysd f 9rfate g&{/‘albe
enpl oyed to create a final passivation |ayer to cover a conpleted

i nt egr Ressivasion dayer tor@vprptasenleted integraed cFPwHbto metsefthe Bty inteeistrd
its conponents. In addition, SiNfilns may al so be used as . .
i nt er dewtwitand its ¢amyranentsn Imagdditions SHY Bl a may alse bp apsskas interdiglesiriaiqyeys in
between polysilicon and netallization layers, as doping barriers, as
di f f us monitimetiliztion scheinsslaa nsuletion detoresn palysilieen apd lpaﬁaﬂlzeﬁiorsiawr&cﬁ%
gate structures. For a variety of applications, it is

benef i dopingtherritenes diffushoa sSindes, iak faoation regiens. al/eras partofpdicar 628 t o
mnimze the possibility of heat-elated danage to any netal |ayers
beneat latrdtereSi N film Until recently, the only techniques for
depositing roomtenperature SiN filns were via fairly inefficient. CVD
processes. Recent advances, however, have facilitated the deposition
of SINfilms using PVD or sputtering. In sputtering, a working gas,
such as argon, is introduced into a process chanber that contains the
vafer 10 0e g guekaghaptyficaligh, flis bBABRPI Rllodd hEIRIRAIRb: LbRRIDOAS

a "target"). ecftricity I's theh used to ionize
temperature to minimize the possibility of heat-related damage to any metal layers beneath
the SIN film. Until recently, the only techniques for depositing room temperature SiN films ‘
were via fairly inefficient CVD processes. Rg;,cent, ‘adva.nces, however, have facilitated the
deposition of SiN films using PVD or sputtering. In sputtering, a working gas, such as argon,
is introduced into a process chamber that contains the wafer to be layered and a slab of the

desired film material (known as a “target”). Some form of electricity is then used to ionize



WO 2007/ 103471PCT/ US2007/ 005886 the atons of the working gas. The
ioni zed gas atons are then attracted to the target. Wen the ionized
gas atons Fal target, they "knock off' atoms fr .
These knocﬁ%ﬁhﬁf?&gsons then fall towards the bottom of /@ﬁg$@%%§i
chanber where they are deposited on the surface of the wafer to
create a film D sadvant ageously, however, the sputtering of
SINfilnms is generally still limted to sputtering SINfilns with
CONPr 6§86 hivths T HgSworkfse 480 The ddniteddian atoynssiké then atiratted tathe tavgbt. When
appreciate, filnms under conpressive stress have a negative film
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circuit in a convex shape. For a variety of applications, however, a
t ensi l1goskdy &5 bivndsanst Muftbivirdeitebottoposithé p@ctsslchutbsradsrd thay ateends
to bend underlying layers in a concave shape) woul d be advant ageous.
For examplifed MaHakirtRe R \eAferBicidatOx filg. sem conductor ("NMOS') gate
structures constructed with tensile SIN'filns performbetter than
simlar ones constructed with conpressive SiN filns. As such, a
system and nethod for sputtering a tensile SINfilmwould be
desirabl e. SUMVARY OF THE | NVENTI ON " - Certain aspects
comensurate in scope with the originally clained,invenﬁio re set
forth bel owPisrdvastrsapusly, dowsvely be sBytarmgof S &lms ispeprally sl ?‘8§€Fﬂ ed
merely to provide the reader with a brief su ry of . ep&gin f.Qrns
the i nwaitietinSRY §ives with eompressiMasirashre 88 thesp eEPrinapesiio ! PRAEMEd to
limt the scope of the.invention. |ndeed, the _invention may enconpass
a var | enpyecite.dpsomden spmprersivesessieve a pegabive [l sfrgip and, as stch, tend t

bend undetlying layers of the integrated circuit in a convex shape. For a variety of
applications, however, a tensile SiN film (a SiN film with a positive film stress that tends to
bend underlying layers in a concave shape) would be advantageous. For example, negative
channel metal oxide semiconductor (“NMOS”) gate structures constructed with tensile SiN
films perform better than similar ones constructed with compressive SiN films. As such, a

system and method for sputtering a tensile SiN film would be desirable.

SUMMARY OF THE INVENTION

Certain aspects commensurate in scope with the originally claimed invention are set
forth below. It should be understood that these aspecis are presented merely to provide the
reader with a brief summary of certain forms the invention might take and that these aspects
are not intended to limit the scope of the invention. Indeed, the invention may encompass a

variety of aspecis that may not be set forth below.



WO 20071103471PCT/ US20071005886 There is provided a system and
met hod for sputtering a tensile silicon nitride film More

speci fi cal w208 093¢ enbodi ment, there is provided a megdydekI007/005886
conprising introducing nitrogen gas into a process chanber, wherein

t he process chanber includes a target conprising silicon, placing the
process chanber into a transition region between a netallic region
and a poi soned region, and applying a voltage to the target. BRIEF
DESCRI PTI ONT'@fe EHiFoDaald $yeem and methorifpn spuiigens siensikesiliqopaviridefilnpgllore
beconme apparent upon reading the follow ng detail ed description and
upon r sfeeifiealtys it aneteveodiveenitsthere isprovideda method coppgsing infroducing rijpgam of
an exenpl ary process chanber assenbly configured to sputter a tensile
Si N fi kamibte agrcesddnabenivihereimihe provesstchambertihdudes edzmatt compasing siticon,
Fig. 2 is a graph illustrating an exenplary SiN hysteresis curve in
accor dphciag tietplophadintenint ofradsiipnpegeebitwienemntiabiv;region and #pggsongd i s
a graph illustrating a relationship between nitrogen flow and Si N
film stegimSaddodpplying £xsitipt & the pirgeess chanber pressures in accordance
wi th enbodi nents of the present invention;

BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the invention may become apparent upon reading the following

detailed description and upon reference to the drawings in which:

Fig. 1 is a diagram of an exemplary process chamber assembly configured to sputter a

tensile SiN film in accordance with embodiments of the present invention;

Fig, 2 is a graph illustrating an exemplary SiN hysteresis curve in accordance with

embodiments of the present invention;

Fig. 3 is a graph illustrating a relationship between nitrogen flow and SiN film stress
for two exemplary process chamber pressures in accordance with embodiments of the present

invention;

Fig. 4 is a graph illustrating relationships between process chamber pressure and SiN
film siress for operation of the process chamber in a metallic region, a transition region, and a

poisoned region in accordance with embodiments of the present invention; and



Fig. 4 is a graph illustrating relationshi ps between process chamnber
pressure and SiN filmstress for operation of the process chanmber in
a metal | i cypSgdPiiz47f transition region, and a poi soned gagiRhH00ssss
accordance with enbodi nents of the present invention; and WO

2007/ 103471PCT/ US2007/ 005886 Fig. 5 is a flow chart illustrating an
exenpl ary technique for sputtering a tensile SiN film DETAILED
DESCRI PTI ON OF SPECI FI C EMBODI MENTS One or nore specific
enbodi ment sFigf 5 isheflgw elsanillustmatingtaneremplary tsehrdewsclor srdteing adgnsile Sk
effort to provide a concise description of these enbodi nents, not al
f eat urfgdgm.of an actual inplenmentation are described in the
specification. It should be appreciated that in the devel opnent of
any such actual inplenentation, as in any engi neering or design

proj ect, numerous inplenmentation-specific decisions nust be nade to
achi eve the devpETpdLED BESCORIPTIONEOF, SEECIFIGSERBODIMENTSY t h
systemrel ated and busi ness-rel ated constraints, which nmay vary from
one i npl enephabi @brd Pedfio bhdbdinldnesasitis prebdnt Stventich Wil taxpibrsexbesit tetbw.
that such a devel opnent effort m ght be conplex and tine consum ng,

but wo £ é??df%gﬁ@}iséé chRiIR deSiHiptidg offities tabbdigients, siealldeptures of an
fabrication, and nmanufacture for those of ordinary skill having the

benef i {o1@f1 it Bilenetliafich @%UWeSeribed in the specification. It should be appreciated that in the

development of any such actual implementation, as in any engineering or design project,
numerous implementation-specific decisions must be made to achieve the developers’
specific goals, such as compliance with system-related and business-related constraints,
which may vary from one implementation to another. Moreover, it should be appreciated that
such a development effort might be complek and time consuming, but would nevertheless be
a routine undertaking of design, fabrication, and manufacture for those of ordinary skill

having the benefit of this disclosure.

One or more of the embodiments described herein is directed towards a system and/or
method for sputtering a tensile silicon nitride (“SiN™) film. More specifically, in one
embodiment, a threshold amount of nitrogen gas is_introduced into a process chamber with a
pressure of at least 6.5 millitorr (“mT"). Once the nitrogen gas has been introduced and the
process chamber pressure is set, a voltage is applied to a silicon target to facilitate sputtering

of a tensile SiN film.

Turning initially to Fig. 1, a block diagram of an exemplary process chamber

assembly configured to sputter a tensile SiN film in accordance with one embodiment is



One or nore of the enbodi nents described herein is directed towards a
system and/ or nethod for sputtering a tensile silicon nitride ("Si N')
film Morewgpgehiheal |y, in one enbodiment, a threshol dp@fpebh7fEsss
nitrogen gas is introduced into a process chanber with a pressure of
at least 6.5 mllitorr ("nml"). Once the nitrogen gas has been

i ntroduced and the process chanber pressure is set, a voltage is
applied to a silicon target to facilitate sputtering of a tensile Si N
film illustrated Fud pénsepliyrdesigndted by wi@eupe mimegalg 0o dlhe @ssaopblind Gmag nclude a
exenpl ary process chanber assenbly configured to sputter a tensile

Si N f i process chambedn e @ oligetsonme 1édgeatisnuree. 16sa vap@ble gate valve 18 (also
2007/ 103471PCT/ US2007/ 005886 il lustrated and generally desi gnated by
r ef er ekievmamefthtotd®’ valle), asd e mlylogertio pumy 20n dh onkeembglimerts thephegebe r
12, a voltage source 14, a gas source. 16, a variable gate valve 18
(al so kssemblyahambéi 10 mby bei comparesh) of arEndure T ysystemi proguea b2 Gpplied one
enbodi nent, the process assenbly chanber 10 may be a conponent of an
Endur afaigriaty/Sbparation @ Seta 0YarApTHlifeaidVHh altembie efibopiniaitd, howederShat a
Clara, California. In alternate enbodi nents, however, the process
chanbeproaessefilnperlddsdiibly 00 nidHe paft cXanbthers sustdble aithRosdittar@Rchiesding
processi ng systemor nmay be a stand al one assenbly. Mreover, it wll
be appsRednbehal Bah stah@ aidnk dssemdlye dVisROPENRRHE bafpplaciatet dea His tlastrdal
assenbly 10 are not intended to be exclusive. As such, in alternate

enbodi g@ApSnentdihe Fiocésa RhAnBRARRAMN $0 AR Yok Mitdnded tifexchusivee AV REBSS
chanber assenbly 10 and/or one or nore of the illustrated conponents

may  beirPilidrifsle@bodifihACEer suitable corhBendiitsIBES be HORABSIn the pRce& chamber
includes a target 22. In one enbodi ment, the target 22 includes a

pl anar a&RABRAIShorQne Bk kicg®5f @6 iIRRNSH bbﬁgﬂmen‘tﬁhﬁyhbé@ﬁitﬁﬂ or replaced.
i npregnated with a | ow | evel of another substance, such as boron, to

make the target’ conductive enough to sputter. In alternate
enbodi ments, however, the target 22 nay be other shapes and/or

conposed of gk E}@gccmhfaﬁllglued@%&fnicﬁidés 2} efi‘@@. ﬁ{”@kﬁ.dérﬁlf‘daimeﬁth?e $arkétoen

or polysilicon“slab 1s nounted on a netallic backing plate (not

shown) ; i it : e . .
)t T PR U S8l BRI 00 BRNGRR (oA st v

bel ow, I'n on

enbodi praj of %@&% §g§5@23,§§%m&§?,wmﬂs u&q&f L OMnBEchR AR o phtter. In

vol tage to cking ate to facilitate the sputtering of
S 11 CORBLONRAMNE bhALHR! 8 furadi3a3hd A Rh&. SARAIREBILSmpdshE of other
vol t age source may i ncl ude a ptlse supply.
suitable materials. In one embodiment, the silicon or polysilicon slab is mounted on a
metallic backing plate (not shown), which may be coupled to the voltage source 14, as
illustrated. As will be discussed in more detail below, in one embodiment, the voltage source
14 may be configured to apply a DC voltage to the metallic backing plate to facilitate the

sputtering of silicon atoms from the target 22. In alternate embodiments, the voltage source

14 may include a pulsed DC supply.

The process chamber 12 also may include a magnet 24 arrayed around and/or behind

the target 22. As those of ordinary skill in the art will appreciate, the magnet 24 may be



The process chanber 12 al so may include a magnet 24 arrayed around
and/ or behind the target 22. As those of ordinary skill in the art
W | | appregigglgyi0sie magnet 24 may be WO PCT/US2007/005886
2007/ 103471PCT/ US2007/ 005886 configured to capture and/ or confine
electrons at the front of the target to increase the efficiency of
the sputtering within the process chanber 12. The magnet 24 allows
for sputtering at |ower pressures, which may be advant ageous for

cr eat | copfiguted s b4pguiBlaidior konfinetelestrpns afithofrprt ofthn @egeatadgcrerygithe

al though the magnet 24 is described in the singular, in alternate
enbodi effisiescy @ftie Spitteaink svithimihe pragss drdinbeuilaal Threamnagres 24halovesiopr i se
the magnet 24. Moreover, in still other alternate enbodi nents, the
magnet sp’&&exmieg/atbewemji»rtessadest whith inkey beradeasageohnfupereatigg a tensile SIN lar.klt
space shield ("DSS") 26 may be arrayed on either side of the target
22. Thiyal sles ke sresaeditek ditRfuich it magniet 2bisi descritietifin theshigolad, i28]temmate
be configured to protect the interior of the process chanber 12 from
the sibheaiimaheEnyaitigle snnbtesfandioidhalahages may getprd2 thavbaget 24.
specifically, as those with ordinary skill in the art wll

appr eCiikédvet, he stitfbhe s flaiRate Binbbdimantd, thb enaghétcelddn2Bbasmeitteyl fiooathicy
consunmabl e corrponents that receive those atons from the target 22
that ap@csRehhgbad0ff the target 22 with trajectories that do not

i npact” a wafer 30 at the bottom of the process chanber. In other
words, when the silicon atons are knocked off the target 22, only a
subset of the knocked off atonms will be knocked off such that their

trajectories dAPasdce ShRIVEDES "B mI}BS radl@h cithéd sidbofind tatgenB2.0Mhishe
wafer 30 will end up on either the dark space shield 26 or the shield

28. EBv @&ﬁ%&éeyshw 96, qa%aﬁsufahbﬁ GOB alYicidiss, Uiyt doRdgaled ko spaecethehi el d
26 and the shield 28, these conponents can be replaced. In this way,

the dagg %cf‘?hélgposésg cREMBAA 2t 0 B1R1s8lcdn 26 BiSEtputtBRdiofSifdee atget D2.
process c rrber As illustrated in Fig. 1, the wafer 30,

whi ch HRye 'sﬁ%lim?'aassth&ec@ﬂh mﬁfa&y Q11 B 1 artSwilllt apBHe@iafes MeGRAC RO thicld

substra upon a pedestal 32. In various enbodi nents, the
and the shield 28 are typically consumable components that receive those atoms from the
target 22 that are sputtered off the target 22 with trajectories that do not impact a wafer 30 at
the bottom of the process chamber. In other words, when the silicon atoms are knocked off
the target 22, only a subset of the knocked off atoms will be knocked off such that their
trajectories impact the wafer 30. Those atoms that do not land on the wafer 30 will end up on
either the dark space shield 26 or the shield 28. Eventually when enough silicon builds up on

the dark space shield 26 and the shield 28, these components can be replaced. In this way, the

dark space shield 26 and the shield 28 protect the inside of the process chamber 12.

As illustrated in Fig. 1, the wafer 30, which may include a silicon wafer or other

suitable semiconductor substrate, may sit upon a pedestal 32. In various embodiments, the



WD 2007/ 103471PCT/ US2007/ 005886 wafer 30 be unattached to the
pedestal 32, may be clanped to the pedestal 32, or may be

el ect r ost aWoOc&dVy3g¥hucked to t he pedestal 32. L 0 ORGC TGS 20605886

t he operation of the process chanber assenbly 10, the gas source 16
may be configured to supply a working gas, such as argon, into the
process chanmber 12. In addition, the gas source 16 may al so introduce

it i th h 12. ,As.will,.be d i furt

Dol 0w Serre 3 Be bOGRRGT i e BHRTRL A2 Hhivis e STESRRHAPEE of HEY BEL
fil I { i h | f both th Ki dth
n:tngs@mgﬁgﬂﬁégﬂﬁﬁgﬁgﬁ?wﬁF58 S%@%ﬁassofIOM/goﬁ?;o:Pgrga?"SECS")?

Mor eover, in one enbodi nent, the anmount of working gas and nitrogen
gas introduced into the process chanber 12 may be neasured in
standard cubic .centinmeters per m_nute ("sccni). ce the

wor ki ng gasl-askinsnextay s @agaflﬁa\?éﬂwéweﬁ%@}am?ﬁb%ﬁ@hkyol% % 235 SRRE!16
chanber 12, the gate value 18 may be configured to set the pyoces
chanbemayie sonfigyeekte sypRlyAwerkinggassughpt FEoR ARoghg Brogess &gmﬁéﬁn‘éy i‘be
configured to set the process chanber pressure at or above a pressure
t hr esheddition; dhr-gastsemrogil S may alsauingpdycs mitreasn sio thespraesse chasakerigr Aganlt
bel ow. I n one enbodi nent, the pressure threshold is greater than_or
equal bedescabed furthevkalow: fhpintroducedpifrpeqregas sprdes the etration ofthe SN fifpat
the threshold pressure | evel may vary depending on the flow rate of

t he ni {n oepesmbndirnent, thedlw obloth theaverkingizar andiba pitrogen gapway Phgonisbled
t he deposition rate, and so forth. In one enbodi ment, the position of
t he gabp maa$ flewtntroljerh € MOCE 3t Mpreayet,de phe ¢rabediments Giecasroust ebwerkingat
or above the chanber pressure threshold. It will be appreciated,
howev e gps ariiatitrpgenagas éntrrstuecdinto thepeovess chamber 12may hp measuyprbin signdard
punpi ng equi pnent nmay be enployed to set the pressure of the process
chanberuli2 centiNRt&6 @7r HdBdny (REMIS2007/ 005886 Wien t he gas
source 16 is providing argon and nitrogen into the process chanmber 12
and the cryogenic punp 20 is maintaining a chanber pressure above 6.5
nl, the voltage source 14 may be configured to apply a cat hode

vol t age t o t bact thegetrkRi gak and nérogambgatiaen beentihzoduskd inje thequowes 14
may include a pulsed DC supply. As will be described further below, a
pul sed che&mbetdl theadicanihigEomsy e cordfpues ta s¢trthmpiotess ehambércn a prdchssn
the process chanber 12 under one set of process conditions. In

addi t i QiRessiepFbs@nINe, TPty vilne A8 amydd vaniiggedtossef the psguess @rmainbgr of f
the target 12, which nay develop a dielectric SiN surface when

oper at ipgpessird at beatiokaapréssrd thieghoddadsoeisied mhikch tramsigionatgion,ce tesckibed
below). In alternate enbodi nents, other types of voltage sources,
such asyahdbeR# Pnlbne BRiboARn@Nhe yresurd thidsRyldds grearniliagor eghial @ 6.5
provide a transition region, as described bel ow.

millitorr (“mT*). Tt will be appreciated, however, that the threshold pressure level may vary
depending on the flow rate of the nitrogen and/or argon gas, the chamber volume, the
pumping speed, the deposition rate, and so forth. In one embodiment, the position of the gate
valve 18 may be adjusted to facilitate a process pressure at or above the chamber pressure
threshold. It will be appreciated, however, that in alternate embodiments, other suitable types

of pumping equipment may be employed to set the pressure of the process chamber 12.



As descri bed above, applying a voltage to the target 22 may charge
the argon atons within the working gas to create plasma 34 that w |
sputter atwostérvmerihe target 22 down onto the wafer 30pcBes®iiiosss
atons are sputtered off of the target 22, they nay conbine with the
nitrogen gas in the process chanber 12 to formsilicon nitride
("SIN') that creates a SINfilmthe wafer 30. As not ed above,
the gas source 16 may be configured to intrqduce nityogen %a iptao

t he processWdgathsagas sourgelp Ff'g}’@bﬂ!‘%ﬁ’eﬁfﬁﬂgaqdd“??%?&t”émttﬂ%chﬁf 1‘?‘ er 12
However, the introduced nitrogen, as_a reactive gas, nay affect the

t ar getangizhe pypgenippenp 20 3 mgin %lﬁ@giaﬁh?’aéﬂdﬁﬁﬁs}’ﬁe@g%"eﬁ5\mﬁ the ¥pltage
also and it will react with the silicon target 22. |If the reaction
rate teurdseldmaybs cadiguredity epplyncagiede velingedp thetarget e aynme cabrdigRedt-f
of the target 22, there will be an accunulation of a nitride surface
on t hethe aplage @arcedimaycionkide b onlspd Dichowalya BSsavillhsi deseréepd faghra beloyy, a
t he poi soned node, deposition onto the wafer 30 is greatly reduced or
hal t edpul@ ROGYPHP 3ATARGECLR? 0BT 8 TesHdtien regipatwithin thef proershelamber B e
sputtering is at a high enough rate or if there is not that nuch

ni t r ogeder Pn¢ ke of hawkerconditions. r indeditmnnopul sclddGhshppie ivalsq #dvanizgéans dor
of the target 22. This condition is known as a "netallic" or a

non- poimmersg offdie taldee 12 enlicivetagldevdopre deldctricaSiNgiudfave when oparetine in the
sputtering of netals, which were anongst the first materials to be
sput t efrgxhitidisregionlidesctibad inl grizserajemidmlat)e dn aliernate ke bodinadnts, otheo tiwes of
descri bed herein does not involve the deposition of netals.

One t e¢dlnipggBurces, eadhesta RIA euppdy, snryas exdeyeddf they aermionbguredl ¢o pawiiede
vol tage of the target 22, because the cathode voltage of the target
22 is ahisedetion, iddesaitaditdiovaei ng fornmed on the target 22. Mre
specifically, it will be appreciated that the cathode voltage of the
target 22 is a function of power applied fromthe voltage source 14
di vided by the current flow ng through the target 22. However, in the
poi soned NDAR,deldied ABEWY, agiilyink arveiiege tolthd fagzep2D ary shaiga tizerpdeatoss t 0
an increase in secondary el ectron generation, which increases the

tar get waihid 2R twakide 38E1RAERS plabiBa GaNAEE] ¥plitcagRmsHm et fown 2
is a graph 40 illustrating an exenplary SiN hysteresis curve 42 in

accor dgpeahdialer 806 ARERAGH RSHs ardSphttdrdibdir 8f B8 tirBetP2gthey maytconibideakitv
a nitrogen gas fl ow of approxinatefy 10.4 sccm the cathode voltage

on t he yl Akif8kerlsas i tHeSirddeky Slarntsed 18 tRHUrmhial 6 aRrid8 0 STNPY thatdebt@&DSIN
volts. At this cathode voltage |level, the process chanber 12 is

oper at ifpg thdwkfrespetal lic node (referred to as a netallic region 44).
In this netallic region 44, the target 22 is not poisoned and silicon
atons may be sputtered fromthe target 22 within the process chanber
12.

As noted above, the gas source 16 may be configured to introduce nitrogen gas into
the process chamber 12 during sputtering to create .the SiN film. However, the introduced
nitrogen, as a reactive gas, may affect the target 22. More specifically, the introduced
nitrogen will ionize also and it will react with the silicon target 22. If the reaction rate to the
target 22 is fast enough — faster than the sputtering off of the target 22, there will be an
accumnulation of a nitride surface on the target 22. This condition is known as a “poisoned”

mode. In the poisoned mode, deposition onto the wafer 30 is greatly reduced or halted
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If the nitrogen flow reaches a certain level (e.g. approxinmately 14
sccn), the target 22 may becone poi soned and the process chanber 12
w | enterw®ol/wetied regi on 46. In the poi soned regi onPEABUSHITO5886
cat hode voltage of the target 22 may drop substantially (e.g., in
Fig. 2, W) 2007/103471PCT/ US2007/ 005886 down to 310 volts) and
sputtering of silicon atons of the target 22 nmay be greatly reduced

or halted, bec e the nitride is accunpul ati,ng on .the surface of .the
t ar get 2Hogether- ﬁg‘ﬁwﬁer’égﬁ SH}%‘B%%{%@F@&F%‘F‘P%" rhic or K8 F‘?fﬁ‘gt el o
illustrated [n Fig. 2, there exists a transition.reqgi.qn 48 b en
t he rrefnaqosﬁ%mr@gﬁgﬂnﬁfzﬁ AR S ERpRh s Had R i Sioe i e %ﬂ@z}és
chanber 12 is in the transition region 48 tge cg%hode vok,t age, of the
t ar get COBIHONistnayaLs pameallic g adop-RpieRed medgnbhs ierpmeialic i%as.
Further, as will be described further below, when the pressure within
t he pr Beldecerdrumshe sputiening efiyactalsawhigh serppmongst e dirsiimatsrials o beet  of
chanber conditions, as described above), a SiN filmsputtered during
the tr spdieradorAs wighoit will Pe aprreciated thef fhie nptallic made dgFratbed berep dacs Pphg
in the netallic or poisoned regions will produce a conpressive Si N
film involve thg depositionsddneiidve, for a 'variety of applications,
sputtering a tensile SINfilm(a SSINfilmwth a positive filmstress
that tends to bend underlying |ayers in a concave shape) is
advant ageous. For exanpl e, negative channel netal oxide sem conductor
("NMOS") gaQmedeqhniquerie deteetribe peisansd mgdetis toanenitas they eathiqdeyoltpes ¢fdhen
better than simlar ones constructed with conpressive SINfilms. It
wi | | béarggPRebicansecthe hathedeevoltaghof the fhrgeti22 isratledied Wtide ajtridp being formed
advant age of sputtering a tensile SINfilm and, as such, not
i nt ended theotatget @3%.cMes¢ wecifically, it witl be apprécdated Bhatithh c8bodd valiwee afthag a
rel ati onship between nitrogen flow and SiN filmstress for two
exenpl #rget®2ds efengpioasf power dppliat fomdheeeltagetshuron é4 dividdadi byghe curgent
illustrated by curve 52 which represents'SiN filmstress versus
ni t r og€lowihgtkrdugph the tingarizer Homessuirethe posoidniiodd, e aBidint of miiregercinghe
remai ns conpressive (i.e., negative) for nitrogen gas flows from6
sccm t pragghclaintee oy io. a8 increase il seconday klectrod gaesitiphowhich irdrgsesstbaed
regi ons).

target current and decreases the cathode voltage. For example, Fig. 2 is a graph 40 illustrating

an exemplary SiN hysteresis curve 42 in accordance with one embodiment. As illustrated in
Fig. 2, at or below a nitrogen gas flow of approximately 10.4 sccm, the cathode voltage on the
target 22 is relatively constant between 380 volts and 390 volts. At this cathode voltage level,
the process chamber 12 is operating in the metallic mode (referred to as a metallic region 44).
In this metallic region 44, the target 22 is not poisoned and silicon atoms may be sputtered

from the target 22 within the process chamber 12.
If the nitrogen flow reaches a certain level (e.g. approximately 14 sccm), the target 22

may become poisoned and the process chamber 12 will enter a poisoned region 46. In the

poisoned region 46, the cathode voltage of the target 22 may drop substantially (e.g., in Fig, 2,
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WO 2007/ 103471PCT/ US2007/ 005886 However, as illustrated by curve 54,
when the chanber pressure is at 10.4 ml, the fil mstress becones
tensile (iwe2popmsii ve) when the process chanber 12 i spopesabimgsssn
the transition region. This relationship between a tensile film
stress and the pressure of the process chanmber 12 is further
illustrated in Fig. 4, which depicts a graph 60 illustrating

rel ati onshi ps between process chanber pressure and SiN film stress
for opdovat fodk Oofolts handspytiering efistipen ptams qiihe rash 47 maybeesgtly requesd ok
62), in the poisoned region 46 (curve 64), and_in the nmetalljc region
48 ( cuhatied @BFausashehitide is acqumylating onithe sucfase of thetrnggt ferfer thanK&pn Pon
region that the filmstress of the SiN filmbecones tensile (i.e.,
posi t i spjtereffwff hermore, as shown in Fig. 4, atensile SINfilmwll

al so only be created when the process pressure in the process chanber
12 is above approximately 6.5 nil. Turning next to Fig. 5, a
flow chart illustrating an exenplary technique for sputtering a

tensi | e SI Ndbivkvar a5 iaaboritiettediin Fig. 2rtberereistt aramsition egipn4f %a'b’@@nélwd
general |y designated by reference nuneral 70. In one enbodi nent, the
t echni gigalliregion 4danfichd prisewd bsgiors. pWher S wheash elranhes 2 ip tho
illustrated in Fig. 1. In alternate enbodi nents, however, other

sui t abkgnsitsEaebionds, Medhtiodproces sf thetargets? nflyctirgesshiplyoppidlytwiitpthef or m
t he techni que 70. As indicated by block 72 of Fig. 5, the

t echni aMeuftQfiByodefghs) MirtHer taesvilias dswribekfitther bilowdwhémie pressugg svithin
and argon gases into the process chanber 12. As stated above, the

ni troge fﬂ@éiesé ShantHek 0dUcssbvat tidedtalbdf GEIRT (foremset b cipinthee corlitignspees s
chanmber 12 into the transition region 48. For exanple, in one

enbodi gRRtibed MOVERS STNURIGEspIAYreil diinghhe eransitiom grivrgai] txt 2 wodilediNrElime
of between 8 sccmand 14 sccm It wll be appreciated, however, that
the whereas sputtering in the metallic or poisoned regions will produce a compressive SiN film.

As described above, fé:r a variety of applications, sputtering a tensile SiN film (a 8iN
film with a positive film stress that tends to bend underlying layers in a concave shape) is
advantageous. For example, negative channel metal oxide semiconductor (“NMOS") gate
structures constructed with tensile SiN films perform better than similar ones constructed
with compressive SiN films. It will be appreciated, hox;vever, that this is merely one example

of an advantage of sputtering a tensile SiN film, and, as such, not intended to be exclusive,

Fig. 3 is a graph 50 illustrating a relationship between nitrogen flow and SiN film
stress for two exemplary process pressures in accordance with one embodiment. As
illustrated by curve 52 which represents SiN film stress versus nitrogen flow for a chamber
pressure of 5.3 mT, the SiN film stress remains compressive (i.e., negative) for nitrogen gas

flows from 6 sccm through 21 sccm (i.e., in the metallic, transition, and poisoned regions).
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WO 2007/ 103471PCT/ US2007/ 005886 anmount of nitrogen gas introduced
into the process chanber 12 may depend upon a variety of chanber and
process cowdi20res471As such, in alternate enbodi nents, ptiies20em0sess S
of nitrogen gas nmay be suitable to place the process chanber 12 into
the transition region 48. Next, as indicated by block 74, the
process pressure within the process chanber 12 will be set to at

| east approximately 6.5 nil. Ln one odi.nent, the operatj.o t he
cr yogeRoweRsings Hostiate Brenrge -7 tﬁ‘? ¢ WebaPés'\?%fs\Péqﬁé rﬁtytgﬁ g‘Im stress
adjusted to set the pressure of the progess chanber 12 to at |east 6
5 niT. bersmey lensie (ivolRogigeek wientibe ProcRinchapmpen | s PBPRERE I e fresiioh get
22, as indicated by block 76. As described above, in one enbodi nent,
t he vofrass¥e source 14 may include a time varying pul sed DC supply
configured to apply a DC voltage to the target 22. Advantageously,
unli ke an RF supply, a pul séed DC supply does not require matching and
may be | ess expensive to purchase and/ or operate. Lastly, applying

t he vol t age This relaonshingeatwoen sjepsileclisgreshandihg rrgs3a of Befpsodest Fhaghber
facilitating the sputtering of the SINfilmonto the wafer 30.

Wi | e tRés furtherillbsraterbip Rip 4 wdidpdapistea gropl 8P ilinsyatugiicldtionshipneteean
alternative forns, specific enbodi nents have been shown by way of
exanpl erdcasstchembtierkssgs ad@iNdUm sieenfod eperatidreef the priwess dhamberdh the
However, it should be understood that the invention is not intended
to be kinsitiedregont(tarvp4R), e tegrisooedmegitinddl (owmd 64 Rand iy the miedallic region
invention is to cover all nodifications, equivalents, and

al t er naBi(wese 66)l |AsnhowntihFig. g#hi isqily darizgiie $eogitomfegidrethatthefilm omesaof
defined by the foll ow ng appended clains. CLAIMS 1. A nethod (70)
conpr i sha®iN film becomes tensile (i.e., positive). Furthermore, as shown in Fig, 4, a tensile SiN

film will also only be created when the process pressure in the process chamber 12 is above

approximately 6.5 mT.

Turning next to Fig. 5, a flow chart illustrating an exemplary technique for sputtering
a tensile SiN film in accordance with one embodiment is illustrated and generally designated
by reference numeral 70. In one embodiment, the technique 70 may be performed by the
process chamber assembly 10 illustrated in Fig. 1. In alternate embodiments, however, other

suitable assemblies and/or process devices may be employed to perform the technique 70.

As indicated by block 72 of Fig. 5, the technique 70 may begin with the gas source 16
introducing nitrogen and argon gases into the process chamber 12. As stated above, the
nitrogen gas is introduced at a level sufficient to place the process chamber 12 into the
transition region 48. For example, in one embodiment, the gas source may introduce nitrogen

gas at a flow rate of between 8 sccm and 14 sccm. It will be appreciated, however, that the
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(72) introducing nitrogen gas (16) into a process chanber (12),
wherein the process chanber (-12) includes a target (22) conprising
silicon; WO207Wp47pl aci ng the process chanber (12) i ntBCHUS208#B54850N
region between a netallic region (44) and a poi soned region (46);

(76) applying a voltage (14) to the target (22); and sputtering a
tensile silicon nitride filmon a wafer (30). 2. The method (70), as

set forth in_clJaim1l1, .whe t h
into t3RCYSH 8E 8%@8%5%8?0{“1??? "&%ﬁ%rﬁré]cergg‘fum e %?n%q’e scct#%}
?gg) 1?ﬂh§§q rﬁnbaqq%ogqggggrgé ?cgr%a( 7gs?uch E}g a gr%atl;%r tbgdfn?en S, 0 er a:rho $6F In

nitrogen gas may be suitable to place the process chamber 12 into the transition region 48.

Next, as indicated by block 74, the process pressure within the process chamber 12
will be set to at least approximately 6.5 mT. In one embodiment, the operation of the
cryogenic pump 20 and the position of the gate valve 1§ may be adjusted to set the pressure
of the process chamber 12 to at least 6.5 mT. Lastly, the voltage source 14 may apply a
voltage to the target 22, as indicated by block 76. As described above, in one embodiment,
the voltage source 14 may include a time varying pulsed DC supply configured to apply a DC
voltage to the target 22. Advantageously, unlike an RF supply, a pulsed DC supply does not
require matching and may be less expensive to purchase and/or operate. Lastly, applying the
voltage to the target 22 will cause the plasma 34 to be formed facilitating the sputtering of the

SiN film onto the wafer 30.

While the invention may be susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings and have
been described in detail herein. However, it should be understood that the invention is not
intended to be limited to the particular forms disclosed. Rather, the invention is to cover ail
modifications, equivalents, and alternatives falling within the spirit and scope of the invention

as defined by the following appended claims.
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(12) into a transition region conprises setting a pressure of the
process chanber (12) equal to or greater than approximately 6.5 nil.

4. The nmethod (70), as set forth in claim1, wherein (76) applying
the voltage (14) to the target (22) conprises applying a pul sed DC
voltage (14) to the target (22). 5. The nethod (70), as set forth in
claim1l1, wherein (76) applying the voltage (14) to the target (22)
conprises applying the voltage (14) to a netal plate. the process
chanmber (12). CLAIMS

L. A method (70) comprising:

(72) introducing nitrogen gas (16) info a process chamber (12), wherein the process
chamber (12) includes a target (22) comprising silicon;

(74) placing the process chamber (12} into a transition region between a metallic
region (44) and a poisoned region (46);

(76) applying a voltage {14) to the target (22); and

sputtering a tensile silicon nitride film on a wafer (30).

2. The method (70), as set forth in claim 1, wherein (72) introducing the nitrogen gas

(16) into the process chamber (12) comprises introducing between 8 sccm and 14 scem,
3. The method (70), as set forth in claim 2, wherein (74) placing the process chamber
(12) into a transition region comprises setting a pressure of the process chamber (12) equal

to or greater than approximately 6.5 mT.

4, The method (70), as set forth in claim 1, wherein (76} applying the voltage (14) to

the target (22) comprises applying a pulsed DC voltage (14) to the target (22).

5. The method (70}, as set forth in claim 1, wherein (76) applying the voltage (14) to

the target (22) comprises applying the voltage (14) to a metal plate.
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7. The nmethod (70), as set forth in claim1, wherein the tensile Si N
filmtends to bend in a concave shape. -

6. The method (70), as set forth in claim 1, comprising introducing a working gas into

the process chamber (12).

7. The method (70), as set forth in claim 1, wherein the tensile SIN film tends to bend

in a concave shape.
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