SYSTEM AND METHOD FOR SPUTTERI NG A TENSI LE SI LI CON
NI TRI DE FI LM BACKGROUND OF THE I NVENTION Field O The
WO pooenoi4on The present invention rel ates generBCT/¥S1007/005886
the deposition of a silicon nitride filmand, nore
particularly, to a systemand nethod for sputtering a
tensile silicon nitride film Description O The
Rel ated Art This section is intended to introduce the
r eader SMS TEVANBSMEETHOD FOR SRUTEERINGI at ed
to vari oup FENSHLESIDECONSNITRIDEFIDM which are
descri bed and/or cl ained bel.ow. This discussion is
believed to be hel pful in providing the reader with
background information to facilitate a better
under st andi ng of the various aspects of the present
i nvention. ABACTKIGROUNI OFSHHE INVGENTRON st ood t hat
these statenents are to be read in this light, and not
as adm ssions of prior art. As nost people are
general ly aware, mcroprocessors are essentially

IO Thd S &R%od hat perform specific functions under
The control of software prograns, which nmay be stored
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typically fabricated fromone or nore sem conduct or

materials. The integrated circuits work together to

enabl e the m croprocessor and/or nmenory device to
2§¥1¥Eﬂgﬂ2§xgﬂégﬂﬂ@§¢9¢arious functions within an
el ectronic device. The integratedcircuits are
Thipseaiionys insendeddp dntretics ticierdasia yaTiers RPYF oS ot fhatmay be
t hrough any nunber of .
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 betier 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 circuits that are typically fabricated from one or more semiconductor
materials. The integrated circﬁits work together to enable the microprocessor and/or memory

device to carry out and control various functions within an electronic device. The integrated



sui t abl e manufacturing processes. One of these
manuf acturing processes is known as "l ayering."
wa.200endag general ly refers to adding materi al POI/UR®07/005886
surface of the wafer by a growh process, such as
oxi dation, or through a deposition process, such as
chem cal vapor deposition ("CvD') or physical vapor
deposition ("PVD'), which is also referred to as
circuits arg pypically fabricatethen afemigpdueior wafes spefycsy thrqughranygpmber of
added to the surface of the wafer is a silicon nitride
suitable (daBufdcyuring proceFress dOne of theseamprufyctyfing piacassee isdenpwn as
beneficial uses for SINfilnms in the fabrication of
“layering.Nt Efyeding gendralty refers ibaddiag angiteg! t&Giid suirfaps ofithe vider by a
enpl oyed to create a final passivation |ayer to cover
growth pro6&PhRh af okidafieh,adr@Brotich Gldepoditio pajcest sidheas chemical vapor
underlying integrated circuit and its conponents. In
depositiéd @‘é‘l’_ﬁrq orpiYsfchl VEpolBYp&itseh BPVIPYOwWRRH is also referred to as
interdielectric layers in nultinetallization schenes,
“ i nsul ati on between polysilicon and netallization
Spuneﬁﬂ%yers, as doping barriers, as diffusion sources, as
i sol ation regions, and/or as part of silicon gate
structures. For a variety of applications, it is
beneficial to deposit the SiN filmat or around room
tenperature to mninmze the possibility of
beéabf mahpbsithblilalpgs tha mdaybemided b hecsusfabe ofthichwdftaeis a silicon
SINfilm Until recently, the only techniques for
nitride (dsm? ifflin0 OT HeROARe taS R iy iktaBleMnllibefigfioMinBey fod SiMifiling in the
i nefficient CVD processes. Recent advances, however,
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doping barriers, as diffusion sources, as isolation regions, and/or as part of silicon gate

structures.

For a variety of applications, it is beneficial to deposit the SiN film at or around room
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. Récent. édvances, 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



the ionized gas atons strike the target, they "knock
off' atons fromthe target. These knocked off atons
wao ben/163r1 t owards the bottom of the process cP@rmis2007/005886
where they are deposited on the surface of the wafer
to create a film D sadvantageously, however, the
sputtering of SINfilnms is generally still limted to
sputtering SINfilnms with conpressive stress. As th
the atomebf thedvorking gdsi (Thejionizerbgasratom pre thpp pdarisddo the tP’?ﬁ:?t *When
under conpressive stress have a negative filmstress
the ionizad das atemssaike the tatgetothiew fikinegkdefi! gtomy fFany dhestarget.t Rhaese
integrated circuit in a convex shape. For a variety of
knocked dBRAtb 8 thantll tbaued ke battdne 0§ tHeeprBedys thambgranigirdltifeyl are
with a positive filmstress that tends to bend
deposnedlj BA S Mirfide loBNRS WafePtPcréap@dif. shape) woul d be
advant ageous. For exanpl e, negative channel netal
oxi de sem conductor ("NMOS") gate structures
constructed with tensile SINfilns performbetter than
simlar ones constructed with conpressive SiN fil ns.
As such, a system and nethod for sputtering a tensile
ISiddvhntageovsly, dobevere shersmnenngmﬁzﬁlr@mmmawgwww to
Certain aspects conmensurate in scope wth the .
sputterin@rSini fladd with lcainpedsivaseedsi ovs those elotrdineryt skilbén the arg will
shoul d be understood that these aspects are presented
appreciat® filihy uh@erfyompregiventreschalera ndgativafibniseésssmdpas sncbf tend to
certain forms the invention mght take and that these
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a target conprising silicon . .
films perform bgetter thmnglmllm o%es construcfed 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 aspects 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 aspects that may not be set forth below.



pl aci ng the process chanber into a transition region
between a netallic region and a poi soned region, and

W@ppiAoag a voltage to the target. BRI EF DESCRETUSNOTHOSS86
THE DRAW NGS Advant ages of the invention may becone
apparent upon reading the follow ng detail ed
description and upon reference to the drawings in
which: Fig. 1 is a diagramof an exenplary process
Bﬁmﬁb@rova‘g@@wsyﬂnwﬁﬁ mgihed don HUERAg 2 néﬁq% eqn natrige glm. More
filmin accordance w th enbodi ments of the present
specificallypyiarne emboRingent Xhers iaprpvidst ait¢thed enprging miwdueipg aitypgen
Si N hysteresis curve in accordance with enbodi nents of
gas into & pcpisebamber, whendih die; pré¢eys cinitsr incjudepla targktusimaisinggilicon,
a relationship between nitrogen flow and SiN film
placing thé pRi8ss BambePinX £ Fahsifioh RERaGRsvehanhetalljerregion ard a poisoned
accordance with enbodi nents of the present invention;
region, ant SppKideS WlAEERNMMklhgst rati ng rel ati onshi ps between
procesSs chanbéer pressure and SiN filmstress for
operation of the process chanber in a netallic region,
a transition region, and a poisoned region in

accor dancepirk . SEEPHITRION O ThE BRAWNGE"VNt | on:
andFig. 5 i i i . enpl ary
e ey e e e L

. specific enbodi ments of the present inyention will be
detalledd@%“é mtisadrgPel refeFPngh pc&hp&r?wpgs it B’\H}‘? a conci se
description of these enbodi nents, not all features of
an actual inplenmentation are described in the

specification. It should be appreciated that in the
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 stress 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



devel opnent of any such actual inplenentation, as in
any engi neering or design project, nunerous

WO pge7aemant at i on- speci fi ¢ deci sions nust be nmadeCT/US2007/005886
achi eve the devel opers’' specific goals, such as
conpliance wwth systemrel ated and busi ness-rel at ed
constraints, which nmay vary fromone inplenmentation to
anot her. Moreover, it should be appreciated that such .
Fig. &gy olfloynehrrt diusaatinggmerenlaydpiinisuiedRE spytigeing a tensile SiN
consum ng, but woul d neverthel ess be a routine

film. undertaking of design, fabrication, and manufacture

for those of ordinary skill having the benefit of this
di scl osure. One or nore of the enbodi nents descri bed
herein is directed towards a system and/ or nethod for
SpUutpETAMDED DESCRIPHON OF SPECIFICc EMBEODIMENES
Moré specitfically, in one enbodinent, a threshold
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chanber with a pressure of at least 6.5 mllitorr
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may include a process chanber 12, a voltage source 14,

specific goglassushas cemplance wish pyftre-relatcd apd bysingss-TelatebcubaRts:
as a "throttle" valve"), and a cryogenic punp 20. In

which nmye/agnfroni averimplérhentatior tosanoghss e Murgovanaitbequld be gpprepiated that
a conponent of an Endura(tm system produced by

such a dépglbpaentMifcet inddls beebpiplat ammhtint cGasvmEng tt ayould nevertheless be
California. In alternate enbodi nents, however, the

a routin® LRESaKkif FHRSionafbaation, hAd Mayubenpafér thbseaofairtimary skill
sui t abl e sem conduct or processing

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



systemor may be a stand al one assenbly. Moreover, it
W Il be appreciated that the illustrated conponents of

W0 b@7pexcess chanber assenbly 10 are not i nt enPEUSHOT@5886
excl usive. As such, in alternate enbodi nents, other
sui tabl e conmponents may be included in the process
chanber assenbly 10 and/or one or nore of the

) illustrated conponents may be omtted _or replaced. The

illustrategragd gsperaHy dpegnated by efeienes awagraiﬁ ?-aFE%PSSQE{b?X ‘ﬁS‘ B3y include a
enbodi nent, the target 22 includes a planar-shaped

process eHamibenfl 252 Voleags sourcpdiy s ighs sadmce. ithiacierighle gste valve 18 (also
i npregnated with a | ow | evel of another substance,

known as a¢thragtleombe’”), aod amkegehie pump20. boembrmbadimenis thghproeess
sputter. In alternate enbodi nents, however, the target

assembly ehdthberl® B4)1B¢ a sb@apesera vt A0 EndorpYsestemfprodived by Applied
suitable materials. In one enbodinent, the silicon or

MaterialB QoY Sérati6® Bf §hfth ClsraNOMOEHa Oh Atd¥Rit3libodiaeits, N wever, the
pl ate (not shown), whi ch may be coupled to the voltage
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nore deta ow, | ne enbodi nent, the voltage
14 ' . . .
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. i nclude,_ a pul sed DC supply. The pracess, chanber 12
in altemaecesnbejmehie: Qe SRRSHOMBORoRE PRy RFRG LG FBgoess chamber
behind the target 22. .As those of ordinary skill in :
assembly 18 axdforgng or mepe efthgddustrated Wﬂ?@%@é omitted or replaced.
beconfigured to capture and/or confine el ectrons at
the front of the target to increase the efficiency of
the sputtering within the process chanber 12. The
TiRgpeice2chambenk? ilso irspudesartarpgt 22. Inowwerenghasimanie the target 22
whi ch may be advantageous for creating a tensile SiN
included 4 pihart-§hapkd klaBlog silieen apposiliebedvhibh imagl Hetiopyépriated with a low -
magnet 24 is described in the singular, in alternate

level of QHORGF SRIaBice, 30Yh 84hERR! © MMEAE tAbet ddAUWdtEeaInonBlg iLdutter. In
may conprise the magnet 24.

alternate embodiments, however, the target 22 may be other shapes and/or composed of other

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




Moreover, in still other alternate enbodi nents, the
magnet 24 may be omtted fromthe process chanber 12.
wolaands4gpace shield ("DSS") 26 may be arrayedP@RuUS2007/005886
either side of the target 22. This dark space shield
26, in conmbination with a shield 28, may be confi gured
to protect the interior of the process chanber 12 from
the silicon atons being sputtered off of the target
configur@pto aeptuge apdlor tonfind sjectipns ahihedTapt OF thsrtaresh g ingtepsq thep,
the art will appreciate, the dark space shield and the
efficiencs bf elecspRBering within telprgcesoelambes|12. ddeporenst 34 eHaps for
receive those atons fromthe target 22 that are )
sputtering Rt [dvRirgileRhifes] Whichangyete & anfagbousrfaf ecatng atensHabiéim. It
not inpact a wafer 30 at the bottom of the process
will also %'a%‘g%ciatwﬂm ARKoUMAHES mapha4til destiribed Omthetshmgulat i alternate
knocked off the target 22, only a subset of the

embodin{l%{hgsj‘i ‘éﬁ? Qi fb18haE®ebt indREids ek Rets Ay cougltisthiad mapgitd.

ctories 1 npact the wafer 30. Those atons that do
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n
Spaceé s or t shi e . Eventual |y when

noygh .silicon builds up on the dark space shield 26
p"“mssgﬁﬂﬂgﬁéishield 28, these conponents can be repl aced.

In this way, the dark space shield 26 and the shield
28 protect the inside of the process chanber 12. As

illustrated in Fig.- 1, the wafer 6 30,.wic¢ i ncl.ude . .
et Sropm Skl DSS" 24 may By BT LOR BIh ST tatget 437 Tis
substrate, may sit upon a pedestal 32. |np various

dark spagerbliigldRtis combingtipe withor Hield 28 pgy Wéc?opgg’tuﬁé 1o BERLEGt Lhe
32, may be clanped to the pedestal 32, or may be

interior ef thetprossathambéryl 2dhon kleaalsifi@on atemscging spuitgred qfbefthg darget 22.
next at the operation of the process chanber assenbl )

More spkbifichllf, agaBoszouitis erdifaryraillde thoart wglimppreciates thspdark gpace shield
wor ki ng gas, such as argon, into the process chanber

and the dfeld 78 AL pibANy cdnémgble compoaentd tharegcedlteshoserdtoms fiom the

nitrogen into the process chanber 12. As w ||
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



be described further below, the introduced nitrogen
gas enables the creation of the SINfilm In one
wepdodoent, the flow of both the working gas eemusive7/005886
nitrogen gas may be controlled by nmass flow
controllers ("MFCs"). Moreover, in one enbodi nent, the
anount of working gas and nitrogen gas introduced into
t he process chanber 12 may be neasured in stanpdard
wafer 30chsunatteehad tadhe pedastal 33 rﬁea' ke clagpeity thegprdgsta} 32, or may be
wor ki ng gas and nitrogen gas have been introduced into
electrostatigaliyrchoeles! tohhﬁpedemg 32t he gate value 18 may be
configured to set the process chanber at a process
pressure. For exanple, the gate value 18 may be
configured to set the process chanber pressure at or
TRRRURY fexP bt Wperdidhes i sroass chambearthseerhblyal 0, the gas source 16
transition region, as described further below. In one

may be &Jm%eﬁqetsugﬁlg% \Qbﬂ&%'éﬁa Sdvhesheddh, irfo Gieglotésstdhamber 12, In

equal to 6 litorT mre). It will be appr eci at ed,
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ding on ow rate of The nitrogen and/ or
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punpi ng equi prent may be enployed to set the pressur
gas and pitragen gps bueaskicediiid the procepp ehpmbrr 1gaaay e peasugd ingstandard
provi ding argon and nitrogen into the process chanber
cubic cehBimetats premanpo (fsaéro”punp 20 i s mai ntai ni ng a chanber
pressure above 6.5 n, the voltage source 14 nay be
configured to apply a cathode voltage to the target
22. I n one enbodi nent, the voltage source 14 nay

| Ofidcitie worRitgSRd a%n&tﬁyéhgas KRevevibdeh ifteodiesd intbekk process

further below, a pul sed DC supply advantageously
chambeg g?ﬁh@ $afd ValREd fila9 e cBRfi Qtedtd $bt 'ihd Pocék RBambeCitafitetess
pressure. For example, the gate value 18 may be configured to set the process chamber
pressure at or above a pressure threshold associated with a transition region, as described
further below. In one embodiment, the pressure threshold is greater than or equal to 6.5
millitorr (“mT™). It 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,



under one set of process conditions. In addition, a
pul sed DC supply is al so advant ageous for sputtering
wo@Rdo7nbsa7t arget 12, which may devel op a di el ece€T/TSB0M05886
surface when operating in the transition region
(described in greater detail below). In alternate
enbodi nents, other types of voltage sources, such as a
RF supply, may be enployed if they are configured to
Whavihd gasseure 56 is pravidieg agon aad gitEgeR fEg theprofessdhamber 12
descri bed above, applying a voltage to the target 22
and the cipygeaivapuep 26 és maptainaigonechawibehpressure abgyek@.H gn hatbe veltage
create plasma 34 that will sputter atons fromthe
source 14 aigdie coAfigamd tompplytadetiwmieanltdge toftbe sirket2n latmwemiodiment,
sputtered off of the target 22, they may conbine wth
the voltabB 8ottt 199ty igdaimdt B pulled WO c@sily.CA8 Wil be kizsdribeddurther below, a
Silicon nitride ("SiN') that creates a SINfilmthe
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sputtering off of the target 22, Hgﬁre will _be an id
voltage spuseasusushiasd R supniy.tpayee smployed ifdhey g cepfigitted o provide a

This condition is known as a "poi soned" node. In the .
transitiopoegiones desctibeddisho®i ti on onto the wafer 30 is greatly

reduced or haltedal together. If, however, the

sputtering is at a high enough rate or if there is not

that much nitrogen in the chanber, a nitride cannot

AS aetribad eber, hhslygrd aslageto theaargar 2fomag 2harphitlse argon atoms
condition is known as a "netallic" or a non-poi soned

within tHO4@rkild gad & FediB bRishdaGa@gewilSspattBoatdpdtorh tigsatdee 22 down
sputterrng of netals, which were anpngst the first

onto the WhfeF B@! AssBiddR atoms are sputtered off of the target 22, they may combine with

the nitrogen gas in the process chamber 12 to form silicon nitride (“SiN”) that creates a SiN

film the wafer 30.

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
accumulation of a nitride surface on the target 2.2. This condition is known as a “poisoned”

mode. In the poisoned mode, deposition onto the wafer 30 is greatly reduced or halted



sputtered. As such, it will be appreciated that the
metallic node descri bed herein does not involve the
waeposiuron of nmetals. One technique to det ectP€TES2007/005886
poi soned node is to nonitor the cathode voltage of the
target 22, because the cathode voltage of the target
22 is affected by the nitride being fornmed on the
tar?et 22. More specifically, it will be_appreciated
altogetherh df, howeventhpimtierng iy adAzh proyehrgisrorabihiere ig not that much
function of power applied fromthe voltage source 14
nitrogendh vhelelghnithers ritdde cannot ddcomiuiaie oh thaugyinface ef thertarget 22, This
However, in the poi soned node, the anmount of nitrogen
conditioh fis kinewvp boa ésrtatlicindrer ndrepaisorted modd. MEeetms® metallic mode is a
secondary el ectron generation, which increases the
holdovet AbAfthe GPifiéig dMfedRvARBOSert Agmohgttthel Girst ohdtadsls td-bs
exanple, Fig. 2 is a graph 40 illustrating an

sputtere& X ARRUAH Yt WilNbOYSEREQRUIhAYRY Rrefbdlié ThoBE EcHRE Beint Boes not
one enbodinment. ‘As illustrated in Fig. 2, at or bel ow

involve a]erq]eg)r 098 F3setdisow of approximately 10.4 seem the
cht hode voltage on the target 22 is relatively

constant between 380 volts and 390 volts. At this
cat hode voltage | evel, the process chanber 12 is

erating in.the tallic, node. (referred to.as,a

Bt teehpPe g AtsAeL AR5 o PR inta m uler e Veygge of e
target 22 is not poisoned and sjlicon atoms may. be .

target 23, hgeausedhe Fathede yltaes Pg te teeh 24 i3 1Tctes ‘b‘/rn%’z‘% guide being formed
chanmber 12. |f the nitrogen flow reaches a certain

on the tyrgqted2. (Moge spesifically navéll ge eppreeiatpy thatfhe cathgds voliagggf the
beconme poi soned and the process chanber 12 will enter

target 22 ipofiswtied of pgwenappbied ifirom the yadiage seutce bgidbrdericby thigeurrent
cat hode voltage of the target 22 may drop

flowingShivsighnhd argey 20 Hpwever) ifritlg. pdsahedmdde, 8tGnvaint of ndragen in the
sputtering of silicon atons of the target 22 may be

process $h8abéyleh@ie@dnereadtdh isecbndag b on gedenition] ehichdncreases the

accunul ating on the surface of the target faster than
target clurerft3NdRRcRAM: RS A& 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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However, as is also illustrated in Fig. 2, there
exists a transition region 48 between the netallic
w0 e@rom44¥ and the poi soned region 46. When t heCPUSIETE05886

chanber 12 is in the transition region 48, the cathode

vol tage of the target 22 fluctuates fairly rapidly

with the anmount of nitrogen gas. Further, as will be

descri bed further bel ow, when the pressure within the
down to Proeelss) anH apbieririgof siliconabems of thedatgst 22 oray begreatlyrediced or

a set of chanber conditions, as described above), a
halted, b&dabkd iHemis{aetit eeasnulatiigen thhsutfacene the targetefgstontban iy can be

be a tensile SiN film whereas sputtering in the
sputtered@¥fal | i ¢ or poi soned regions will produce a

conpressive SINfilm As described above, for a

variety of applications, sputtering a tensile SIN film

(a SSNfilmwith a positive filmstress that tends to

Pg) o ek{%@?g LXL B dr YRR F'lé; ﬁt&?@@ﬁgﬁ atPaRAonl 18gion 48 between the

vant’ageous. For exanpl negati ve channel netal
. oxi.de sem conduct or. (" " t 12is in th
mstic S48+ APLIRES R o PR Ny B PO ey 120 e
.. Simlar_ones constructed wth esSi Vv ' j .

transition geggn 18j8e 35%?5& i"%‘t“’eﬁf,"qﬁ]&/\f@{}%e? ?%“ﬁﬁ’#ﬁ?ﬁf%ﬁ@aﬁfé‘?@‘y‘h the

one exanple of an advantage qf spuftering a tepsile vop
amount &ff MtrpReREass fgrthes, as ya r{)e%cr?qﬁ:@éﬂ.aéﬂ%e 0 ewg%ﬁﬁ Jpressure within

Fig. 3 is a graph 50 ill ustrating( a rel agi onship ...
the procérstchembeni 2 issahoe i thigskald oE6R mil|(frs ek ek chagpber ggnditions, as

exenpl ary process pressures in accordance wth one_ . )
describednbodt)neiSiN flm sputtesdrdariod thytrensitien sgiaghyvilhbe a tensile SiN film;

represents SiN filmstress versus nitrogen flow for a

whereasGpafiitiig i ths snutalliofor poiBomdH, regivas il pioduee arqomypgessive SiN film.

remai ns conpressive (i.e., negative) for nitrogen gas
flows from6 seemthrough 2 1 seem(i.e., in the

metallic, transition, and poisoned regi ons). However,

RS dbdckibel hBLRY f5Ya GatiotEofdpplisheshs! BsutekiaghaenyleciNifilen (a SIN
is at 10.4 ml, the filmstress becones tensile (i.e.,

film wit?x%zﬁ Ik ﬁl}m e ds Rt REHIS 8 Bert @Rty inkAaldrs DD EdhidaR@ shape) is
P Priansi ti on regl on.

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, however, 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 scem (i.e., in the metallic, transition, and poisoned regions).
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This relationship between a tensile filmstress and
the pressure of the process chanber 12 is further
w0 kdoasoxat ed in Fig. 4, which depicts a graph BOI/US2007/005886
illustrating relationshi ps between process chanber
pressure and SiN filmstress for operation of the
process chanber in the transition region (curve 62),
in the poi soned reglon 46 (curve 64), and in th
Howevenas allustrataddy awve 84, when e GB?mb%sPTE%‘WS ah 113149“1'1‘11!‘}‘e film stress
is only during the transition region that the film
becomesstensikes(i.of, posicve) Whén theyecsssrelsambayd2|ig opgrating in the transition
positive). Furthernore, as shown in Fig. 4, atensile
region. SIN filmw || also only be created when the process
pressure in the process chanber 12 is above
approximately 6.5 ml. Turning next to Fig. 5, a flow
chart illustrating an exenplary techni que for

'ﬁﬁ%&%ﬁfdd@ﬁlp@:&%@é{ b eenslINirh lstedshndGRO Fﬂb@ﬁﬁ'@ Ofkid protés chamber
e Iment i s |Ilustrated and generally designated by

12 is fm%l%fr ?ﬁ@s@x%?edniﬁrﬁfi% ratiﬁevg}gg i08% g@%@b ﬁﬁﬁﬁahﬁé‘l‘%l&tﬁﬁﬁﬁbﬂ B@tween

e per e process chanber™ assenbl y
trated [ h
e A S PR o a0 65‘%%0%%%?9?“5?%‘%‘2’3?"“
d dt f th y/
oL P A B LRI e B S e
begin w th the gas so ce 16 |ntrodUC|n nit
48 (curvgr ) afgehoyadedis 3 18 RBI e Lle ERATIEeR Fegioh that (g dyi press of
above, the nitrogen gas is |ntroduced at a_ level
the SiN §ilinfbiccpwns tansilp (izoepashiyepr Burkesmorn #5 hovp it Rigo 4 hignsile SIN
transition region 48. For exanple, in one enbodi nent,
film will ko galy lspereated wehenitht predesseredstredgdhe prasesschantben? is above
rate of between 8 seemand 14 seem It wll be
approxif@plg6isah®d, however, that theanmount of nitrogen gas
i ntroduced into the process chanber 12 may depend upon

a variety of chanber and process conditions. As such,
in alternate enbodi nents, other anpunts of nitrogen

it Nk %o i 52k lRw éha?l! 1ﬂﬁ§tra{tﬁ'% R Sefplard Reddefue ¥ar sputtering
intothe transition regio .

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 scem. It will be appreciated, however, that the
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Next, as indicated by block 74, the process pressure

within the process chanber 12 will be set to at |east
wapprosi4smately 6.5 ml. I n one enbodi nent, the PEEUSI00T005886

of the cryogenic punp 20 and the position of the gate

val ve 18 may be adjusted to set the pressure of the

process chanber 12 to at least 6.5 ml. Lastly, the

vol tage source 14 may apply a voltage to the target

amount of Rjtregeni gad inseadsgedinte thscRrovess chambesk MR deppi\apon 3 variety of

one enbodi nent, the voltage source 14 may include a
chamber thdpracess/conglitinriss éd sDChsinpbiernatormbedimsats; ethgpamousts o

voltage to the target 22. Advantageously, unlike an RF
nitrogen g4y be 3uitabls adplat: thegpbdgessl clsnbryt] 2rintpuhe ¢ransitioh region 48.

and may be | ess expensive to purchase and/ or operate.

Lastly, applying the voltage to the target 22 wll

cause the plasma 34 to be forned facilitating the

Ut 6hdiBSe@by bRk TFaNae drBeas E@és&ﬁl@ Wi g the3frocdMich&mber 12

the 1 nvention” may be susceptible to various

will be s%?r%%é Ihe‘rérxg{n gP%@%%%B%gg% ¥ £QbBEmaRaE bb&ration of the

< ( ° een sd wn by way of exanple in the

.draw a . ' i i '

e ST oW REE B Lo e g
not iptended to be |jmted tq,the ]

of the priresg e BBRST RAPLIERst 870 F Lo s et SEE 1R aprly o
nodi fi cations, equivalents, and alternatives falli .

voltage i on aREe72, SpITFICRIEAHE BBERAS ok Reeriey Rl o gao cmBadiment
defined by the follow ng appended clai ns. CLALMS \\hat

the voltage sewge danaysinchude A tife HEYINERHH IR QPPI?IWPBE%‘EFX\SO apply 2 DC
nitrogen gas into a process chanber, wherein the

voltage forthe emgetRambdvaniagepusinsimdike an &t supphp ripsiseg ¢ sppriy 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 all
modifications, equivalents, and alternatives falling within the spirit and scope of the invention

as defined by the following appended claims.

13



pl aci ng the process chanber into a transition region
between a netallic region and a poi soned region; and
wW@ppAgdagL a . voltage to the target. 2. The netPOOUSHE7/005886
set forth in claim1, wherein introducing the nitrogen
gas into the process chanmber conprises introducing
between 8 seem and 14 seem 3. The nethod, as set
forth in claim2, wherein placing the process chanber
into a transition regioﬁﬂﬂgﬂﬂﬁises setting a pressure
of the process chanber equal to or greater than
What is dfipfeddis:mat el y 6.5 nml. 4. The nmethod, as set forth in
claim1, wherein applying the voltage to the target
1. AeRHodsemm@Bpplgy a pul sed DC voltage to the target. 5.
The nmethod, as set forth in claim11, wherein applying
ibthSaue Rl 88 gdnzak ifo b prarhs EliMber Seleraipthy progessichamber includes
voltage to a netal plate. 6. The nethod, as set forth
j [ Js conprising introducing a working gas into
atmgmx?ﬁgﬁ%?icé%%n%hanber.7. The nethod, as set forth in
| ai ’ N . _ . . , da
e IS
. onprising: a process chanber including a target
pomon“£6%3¥¥§? g silicon, wherein the process chanber is
configured to enter a transition regi on between a
APRIYARY ? ¥ONRESi 1B eI poi soned region; a gas source
configured to introduce. nitrogen gas into the process
chanber; and a voltage source configured to apply a
voltage to the target.

2. The method, as set forth in claim 1, wherein introducing the nitrogen gas into the

process chamber comprises introducing between 8 sccm and 14 sccm.
3. The method, as set forth in claim 2, wherein placing the process chamber into a
transition region comprises setting a pressure of the process chamber equal to or greater than

approximately 6.5 mT.

4. The method, as set forth in claim 1, wherein applying the voltage to the target comprises

apply a pulsed DC voltage to the target.

5. The method, as set forth in claim 1, wherein applying the voltage to the target

comprises applying the voltage to a metal plate.

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

process chamber.
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9. The device, as set forth in claim8 wherein the
process chanber is configured to enter the transition
WO e@70084by est abl i shing a process pressure of BECT/USHET/005886
6.5 ml. 12. The device, as set forth in claim?9,
wherei n the process chanber includes a cryogenic punp
and a variable gate value. 13. The device, as set
forth in claim9, wherein the gas source is configured
to introduce nitrogen gas into the process chanber at
a rate of at |east 10 seem 14. The device,_as t
7. Themdthod; as ketiferth 31 cleime eiomprisinggputterng ¢ iensile SiN’film on to
configured to introduce nitrogen gas into the process
wafer. chanber at a rate of no greater than approximtely 14
seem 15. The device, as set forth in claim9, wherein
t he process chanber conprises an Endura(tm process
chanber.16. The device, as set forth in claim?9
8.  AbGhRbAdINS MBYidaBios de@bs ésnsrdilg:i ses a DC vol t age
source. 17. The device, as set forth in claim?9,

%1}853935 hdhGerlifd18Ghe b MrbiEBmpRisiiBisiticoR! whéreRHe pRRERIRamber is

e Vo tage source 'S conflgure to apply t he vol tage

conﬁgurﬁ? jom NGer sl ar%&ge néwf élkl@ re%ﬂ)d fftlla ?d)lgérie@?eglon,

mhere I'n con itride Imis

created b ocess. n

SPHl'tCS Céﬂéﬁlg%(gg)slngé\%l.}%g 8&%1‘0% é,as II{tg P‘L gﬂg(%sp ghdi]ﬁt;e; chlﬁ
chanber inclu tar S S|I|con l acin
%YfétagFé%‘ér%%c%‘%%fB%rto i?R VQ?tgg #‘Fgaﬁ Fegi on bgt vveenga
nmetallic region and a poi soned region; and applying a
voltage to the target.

9. The device, as set forth in claim 8, wherein the process chamber is configured to enter

the transition region by establishing a process pressure of at least 6.5 mT.

12. The device, as set forth in claim 9, wherein the process chamber includes a cryogenic

pump and a variable gate value.

13. The device, as set forth in claim 9, wherein the gas source is configured to introduce

nitrogen gas into the process chamber at a rate of at least 10 scem.

14. The device, as set forth in claim 13, wherein the gas source is configured to introduce

nitrogen gas into the process chamber at a rate of no greater than approximately 14 sccm.

15. The device, as set forth in claim 9, wherein the process chamber comprises an Endura™

process chamber.
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19. The tensile silicon nitride film as set forth in
claim 18, wherein introducing the nitrogen gas into

W0 b@7p03cess chanber conprises introduci ng bet MEEOSRI07/005886
seem and 14 seem 20. The tensile silicon nitride
film as set forth in claim18, wherein placing the
process chanber into a transition region conprises
setting a pressure of the process chanber equal to or
greater than approximately 6.5 nil.

16. The device, as set forth in claim 9, wherein the voltage source comprises a DC voltage

source.

17. The device, as set forth in claim 9, wherein the target includes a metal plate and wherein

the voltage source is configured to apply the voltage to the metal plate.

18. A tensile silicon nitride film, wherein the tensile silicon nitride film is created by the
following process:

introducing nitrogen gas into a process chamber, wherein the process chamber includes
a target comprising silicon;

placing the process chamber into a transition region between a metallic region and a
poisoned region; and

applying a voltage to the target.

19. The tensile silicon nitride film, as set forth in claim 18, wherein introducing the nitrogen

gas into the process chamber comprises introducing between 8 sccm and 14 sccm.
20. The tensile silicon nitride film, as set forth in claim 18, wherein placing the process

chamber into a transition region comprises setting a pressure of the process chamber equal to or

greater than approximately 6.5 mT.
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