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TUNGSTEN OR TUNGSTEN NI TRI DE 2 ELECTRODE GATES | N SEM CONDUCTOR STRUCTURE
3 BACKGROMNR/@ESIPHE | NVENTION 4 1. Rel ated Applications BCTRISG1/#3P4 i cati o
is a continuation-in-part of U S. Application Serial No. 09/G 14, 396, 6
filed July 12, 2000. 7 2. Field of the Invention 8 The present invention
pertains to a nethod of etching tungsten or tungsten nitride 9 el ectrode
gates in seniconductor structures. In particular, one etch chemstry is
used during 10 the ority of the etching process and a second etch
chekistry I's usr\aam QFEEC maicorumsﬁwmuyqsmsﬂrms Br i ef
Des@ri ption of tE A NDICTOR STRUETURES: wWhol e
typically include self aligne contact structures 14 and gate el ectrodes

whi gh are fabricated fro ering conpositions.
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15 Tungsten nitride filnms have previous as barrier layers, and
tungst en has grga &:G Es%d as a conductor in various sem conductor device
striicturds. Ré¥ ungsten and |7 tungsten nitride have been
dev | opi ng as .gate teri.al resul er d opetries.
"B by | e dasdiengan o hn@Rusfon e o o Aaplivatioh Serinbive: e P59,
dep site 20 (l ess than about 50 A thick) S|I|con oxi de
i no gani§1ﬂ¥§#e§?rﬁkﬂrayer. During patterned etching 21 of the nultiple
filmlayer structure, it is desired to plasna dry etch through the tungsten
or 22 tungsten nitride layer and to stop etching at the surface of the
sil hcon qgide Qﬁtlg-kétt es 23 it inportant that the etch selectivity
for etching o ngsten nitride (in preference 24 over silicon

oxi ge) be hi ghl"he(%\?&nt ﬁﬁl’&n &‘54115 otzy . dtogggc‘%ﬁ% &8&1 # el n%th(ae

ratio of etch OI12/O|S~ eso erl als)
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gate, for exanple, the gate may 4 be in the formof a thin line or pad, and
thelcr osstd p@deds. profile of the etched gate feature 5is preferably one
where the sidewalls of the etched feature are essent wmwm mmmmdi cul ar to
6 an underlying silicon oxide substrate |ayer, for e nmeans t he
tungsten must be 7 corrpl etely etched to the surface of tfuoo®t! i con oxide
suldgt r at 6.1 ay Bri¢fildescriptia ) and Afte 8 bottom of the etched tungsten
sidewal ). Control of the etch process is critical in providing 9 proper

et dBed t ungst e¥enticenductor devices & awhole tupically inglude selifadjgasdisontact sirectires

t hi ckness of the 10 underlying silicon oxide film substrate.

14 and gate electrodes which are fabricated from multiple film layers of differing compositions.

15 Tungsten nitride films have previously been used as barrier layers, and tungsten has been
16 used as a conductor in various semiconductor device structures. Recently, both tungsten and
17 tungsten nitride have been developing as gate materials, as a result of smaller device
18 geometries.

19 In many instances, the tungsten or tungsten nitride film (layer) is deposited over a thin
20 (less than about 50 A thick) silicon oxide inorganic dielectric layer. During patterned etching
21 of the multiple film layer siructure, it is desired to plasma dry etch through the tungsten or
22 tungsten nitride layer and to stop eiching at the surface of the silicon oxide layer. This makes
23 it important that the etch selectivity for etching of tungsten or tungsten nitride (in preference

24 over silicon oxide) be high. (The tenm "selectivity” is typically used to refer to a ratio of etch
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11 One reference describes a dry etching nethod wherein a multilayer film
I ncl udi ng one 12 sel ected fromtungsten, nolybdenum and a silicide

t her eof , we owbeshiasd as the first layer. 13 Underlying the 'PCOTEOI/MBEYEr" is a
second | ayer of polycrystalline silicon, which overlies a 14 silicon oxide
insulation film The etching step for the first |ayer uses a plasnma etchant
source 15 gas nmade up of a first gas selected fromfluorine, sulfur

hexaf |l uori de, and nitrogen trifluoride, 1 G or a m xture gas contai ning
thelfir stra@agf tvaimatesiglsondfugher, sellededce gevomiiesdecyaasnbllar éddng b7 1aypEr ogen
brom de, chlorine, bromne, acid carbon tetrachloride. Etching of the
secédnd | Sfemategalymugiobs B1oy@ peacisenprogiding aprofile sehich permits plasémentfphasma
-etchant source gas nade up of the 19 second gas and a third gas sel ected
from an |9rvices g 2 given Wgaee ysa, Inthe gase of adungsien gate: forenample dhe gate dwygas,
and carbon nonoxi de g J]n the second etch ste t he amount of the third
21 das adifdth theform fs“é‘i'b‘ﬂﬂ‘%’&@‘bﬁ’ﬂﬁlﬂﬁ asessrssetignal Piodils of tha etohed gateeatursen 0
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cterl | s LSEPIRGY, @wﬁﬁﬁﬂ‘e%e%ﬂ@ﬁ Rearcide Sherae 5 (o0 seiciglfeeat freg 1o
a2 cifem capotorEnt e bRy ) Sonfiot §llugeleh rarees pretiepuppbradie
gt B e R 05 S e B gt e
fabry cati g eﬂ&ﬂlgesﬁ?ﬁoﬂ% rellté_ll(l:% s IOt he sputtered tungsten is sai.d to be

nore resis n etch than is CVD tungsten. Anot her
refgrence desc

al |Igned cont ac?hﬁ%? A ne?z?%e?ﬁdﬁél %E@ggtw lelgl% 'S @%Fﬁﬁe&ghdﬁ’ﬁs e
conwent i opddet&t ﬁbﬁﬁﬁiﬁéawclﬁewbaeumtmua sﬂlemettﬁ&eef feanea Qf A Afst i@ékﬂ ng,

using a d2 -- --"Ar etchant gas m xturé pl asma generat’i on.

Fory3f ur t mendeBGaHE IRUTTHsi Rl e MRhiseond! lbﬁerrtﬁqﬂﬁim%s&alﬂhé 8itic6A, WRickoverlfddlaent
No. 5,295,923, to Hori et al.; US. Patent No S99, 725, to Dorleatts et

al .14 and dilién dRadecintuldtion finf) StheMiching steplfon thedirstdayer uses a plasma etchant source

15 gas made up of a first gas selected from fluorine, sulfur hexafluoride, and nitrogen trifluoride,
16 or a mixture gas containing the first gas and a second gas selected from hydrogen chloride,
17 hydrogen bromide, chlorine, bromine, and carbon tetrachloride. Etching of the second layer
18 of polycrystalline silicon is carried out using a plasma etchant source gas made up of the
19 second gas and a third gas selected from an inert gas, nitrogen gas, oxygen gas, silicon
20 tetrachloride gas, and carbon monoxide gas. In the second etch step, the amount of the third
21 gas added to the second gas should preferably be in the range between 0 and 10 volume %
22 of the total etching gas mixture.

23 Another reference discloses a method for fabricating a silicon-based MOS transistor
24 having an inverse;,-T refractory metal gate structure. The gate fabricated comprises a main
25 CVD tungsten portion and a lower sputtered tungsten portion outwardly extending from the
26 bottom of the CVD portion. A Cl,/O, plasma etch is used to etch the CVD tungsten layer and



SUMMARY COF THE | NVENTI ON The present invention relates to a nethod of

et ching tungsten or tungsten nitride in sem conductor structures, and

parti cul avbog20e53%he etching of gate el ectrodes whi ch requiPCa/0ud179&
control over the etching process. W have di scovered a nmethod of etching
tungsten or tungsten nitride which permts precise etch profile control
whi | e providing excellent selectivity in favor of etching tungsten (or
tungsten nitride) rather than a thin underlying oxide |ayer. Typically, the
oxi de i s =schauicacktdlr GRIHAO KON/ Kfie(EN)3 id usedno etchrthe spudiered: tangstériportion,

pent oxi de, zirconi um oxide, and conbi nations thereof. The nethod appears to
be abpl i chhe sputisreditnpgstemlayer issaigstoast agia shighl toyetebicthe aoderdiing datioyoxide
-physi cal vapor deposition qsif%/% or chem cal] vapor depositiaon gc,\/D). In

par t3 cul alayemfiomniop; damagec prtstheyfabiietiondureress tinepartigwan the sifutterad
tungster or tungsten nitride etchi ngj process (the main gatchbi enpl oys the
-use bf a {ypademissaid ledegnereypustaniiin &1/Qs rrachye ipnfetgicthpw issCVBitungsten. speci es
are typically generated froma conbination of sulfur hexafluoride (SF6) and
ni t rogen (N2) ,g-mathph refpreneg flescribes ¢anethednof febyimsting sidswallfspacers fora el 5 G
789 10 11 12 13 14 15 1G 17 18 19 20 21,22 23 24 25 2ti WD (12/ OES539
PCT/Q JSU. aligned sontaat hplsy dhmetal, suchoas tuegsteu- R ighsd usiag ecenyentional etchbankn
tetrafluoride (CF4?I. Toward tile end, of the majn etching pracess, a second
chert st r yPogedyks vithquiziie dise p %p'ecrtemfeama%%ﬁ@m%gz-eﬁgmﬁp sspédietchan e
geneJ at ed fromCI% %d Qz. This final portion of the etch process may be
ref et red B% MR OrRIAIMY geraion o5 since etching is carried out to at

| east the surface.underlyj e ngst e r ngsten nitri r,

t hi ?second etch lf{g}'ﬁrst#bé}%ﬁ{]/&6lb¢°?'8%§?'}’;lllgere#\rlgﬁe‘@ref:ﬁflotot Ql? s@%ﬁyﬁﬁhere
t he, pl as , Ce poneriral 8, ased
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sel gectivi t in preference over an underlying oxide layer (in
thelelrcangeg’?fv'ﬁ’?% tgﬁ%,?é%g‘lrl' tungsten : silicon oxide, for exanple) nmay be

obt ai ned when a sufficiently high concentration of 02 is used in
conbination with a sufficiently high plasma density. In particular, when
thej£Z concentration i s gr estyMARGN 3o vHE BOVINTION! Une in the pl asma
source gas, further increases in OZ content have a limted effect at plasna
dengi ti es bel owhepméntdnvention relaesto a hestitodsef didigngtungsten srifuhpster nitrigoiwer
input to energize the active oxygen species. To obtain selectivity in favor
of §4 chi ngerhi¢oghictr soictuvdsgshdpartichiailg ¢o tled eithiug of gaterelechdded whivh requirke

| ayer, it is necessary to increase both the oxygen content of the plasna
soul§e gapreaise coiml soerrthe etohing provess. i Wd have disemtesedemniethnd of aichingi thegspéms na.
Fox exanple, at a plasma density of about 1.6 x 1011 e/cnB, and a substrate
bi a6 vol t ageungktenhrwide-whRich \pefinito precid® aiv¢inpmifile domticlsyhileapraviding eseelient

pl asma source gas oxygen content from about 30 vol une percent to about 40
vol Ufre peseaectivityrin darcarsofatcliing hmgsten i(or twgsien nitiide) mther draptd thip wedeghying,
relative to silicon oxide fromabout 40 : 1 to about 75 : 1. However, at 40
vol 18re pepxidafaye, Typically, hesixidsria selected fromisilicon oxidgsdicanoxypitide, targalym o~
e/cm, the selectivity for etching tungsten relative to silicon oxjde
unekbect epenforide ziseeniumioxisle, ansknembysntions thegokp dize megipd-appearpforiespplicable
carrying out the "overetch" step at the conditions i ch produce e

hi g?«'ést sta bwgston oy tungster aitside fuhefherdappsifrg Rykplawsiqal yapor d@ﬂ%ﬂtéftﬂcﬂ’égb) or
tungsten or tungsten nitrjdzc&g)sture profile may be affected by the rapid
tu

kten ehemicalyaper daposition out 1800 ~ per ninute -
22 In particular, an initial etch chemistry, used during the majority of the tungsten or
23 tungsten nitride etching process (the main etch), employs the use of a plasma source gas
24 where the chemically functional etchant species are typically generated from a combination
25 o.f sulfur hexafluoride (SF;) and nitrogen (N,), or in the alternative, from a combination of




4 |l 23 (45G789 1011 12 13 14 15 16 17 18 19 20 21 22 23 ' 24 25
2G WO | 12/ O&S39 PCT/ USOL/ -4979 at the conditions which produce 175 : 1

t ungst enWO 831/065819n oxi de sel ectivity). To enabl e mai nt enaRCEUSH1I/$98% ur e
profile while renoving residual tungsten "feet" at the base of a feature,
It may be advantageous to etch under conditions winch provide a | ower
selectivity, of about 30 : 1 tungsten : silicon oxide, for exanple, and a
tungsten etch rate of about 1000 A per mnute, and then change process

condi t i orbtregentifidueride(NIh), ghlotinel€Cla), and cadiametrafluskide {6F,). ITdwand shieemd: of
silicon oxide and a tungsten etch rate of about 10 - 15 A per minute for a
li mt ed tthenenain eichingdpracess, 2 recoad chemisyryds sed ewhighdhe thiemicelly fungtionalat
-surface surrounding the etched feature in general. Wen the underlying

di ePectr if'é°11a35&9f=°168ﬁ‘ﬁr&e§%f§t M%Cﬂﬁpééht dhisdnal partipe okthaietahdrasesg made t he
sour,ce gas cggpositiop and process condithpns,descr'bed above provide an

val mdst i deferieddtoas @Et‘?‘(ﬁr‘%ﬁﬁf BiocgiSe ARG et Migsis e aut toaat; lsast the swidagel vi ng
t | toxi de | . Thi traordinarily high t ten : tantal
bonBoxi deidenigdfie ¥, o aSien pRRHEr Hivevin Bk e ek <hemie S|

| to b el ative, t di i i de | Th

t anal um POARER he IR 1T i ey o PRt Go@en FOMERL A plas D out

1007A preferably within th%.rgnetge of ﬂbout 30 Ato about 50 A. The thinness
of the oxHEFCPIYSE 2tedhcisasad ip fieseqend sleR-er ns of increasing a seni conduct or

device sheed e RN SEREDRE s Bl L MELP S S 7 Bl ™
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emboyed, copcRtitABOR i§ YréAE @A BB PO %8 tyOVMime % A6H pﬁ%ﬂfaegﬁur(‘:@gas??uﬂﬁﬁd'
When t he underlying oxide | ayer conprisés tantal um pentoxi de, tungsten

et a3 r at enereakP RO, HXBht RaRAd linited'éfece MplRghardehibivebelvhi dhaul®k NDRINERY a
tungsten : tantal wn pentoxide etch selectivity of about 75 : 1 or better.
| n 1dar t i chdcatise there igimshfffviact power inputidesmetyize the active oxygen species. To obtain

15 selectivity in favor of etching tungsten or tungsten nitride relative to an underlying oxide
16 layer, it is necessary to increase both the oxygen content of the plasma source gas and the
17 source power applied to create and maintain the plasma. For example, at a plasma density

18 of about 1.6 x 10" e/cm?, and a substrate bias voltage of about - 90 V (about 90 W applied

19 bias), an increase in plasma source gas oxygen content from about 30 volume percent to
20 about 40 volume percent produces an increase in selectivity for etching tungsten relative to
21 silicon oxide from about 40 : 1 to about 75 : 1. However, at 40 volume percent O,, if the
22 plasma density is increased to about 1.8 x 10" e/cm?®, the selectivity for etching tungsten
23 relative to silicon oxide unexpectedly increases from about 75 : 1 fo about 160 : 1.

24 Although carrying out the "overetch" step at the conditions which produce the highest
25 selectivity protects the underlying oxide layer, the etched tungsten or tungsten nitride feature
26 profile may be affected by the rapid tungsten etch ratles oblained (about 1800 A per minute



WO 02/ 0(5539 PCT/USOL/.~979-4 1 using a plasma source gas having a

vol unetric percentage of OZ of about 20 % wth a plasma 2 density within
the rangevehzaedseat 4.0 x 10" a /cnB to about 6.0 x 10' a PCEIUSOH4IYPDASNE
source 3 power within the range of about 400 Wto about GO0 W a substrate
bi as power of about 4 175 W and a process chanber pressure of about 4
mlforr, for exanple. To enable 5 maintenance of feature profile while
rempvi ng residual tungsten "feet" at the base of a 6 feature, it may be
advdnt agedulic conditipasswhichepraduge Eiondl tangstent osikican oxide selgctisity) hdoetrsble For
7 exanple, the final etch co ginti, ns may provide a selectivity of at |east
1782 1 t@ﬁ'@éﬁt"éﬁ%@&?ﬁ‘aﬁmﬁ While sanovipg residusl tungstps: Heele @t ther base af4 | ess
-t han, about 1000 A per mnute. This 9 etch se|lectivity and etch Tal e can be
obt & ned By itRpYDe A aRaE s te Eiclh ModerapnAtions Wlpowide s lowseralestvise of

- pl adima sothba it hisgsGnd iiean o i lor bufuplati niuagstga ich e odsoRt 175 w
R e N S R T
feadt: bed Hapaih angptes Wfop Satis SHa  ivesken igiole.Hahabt o L & ped nnite T
o her o FafRE Tut ot dhe B ot e SRbrid SO et ol PR 0 Do ChiiRes Stafiine
tungsten tﬁ%g&gggfeﬁﬁﬁghig&sﬁﬁlph I's stopped in sufficient tine to avoid

et chi ng an under I con oxide substrate. 20 Figure 3 shows a

h ti f t t .« 1
chage | n the. SHER" GR SERRART dMciE Myer ol AL PBRbEAS we e
et ofyy NG | Hsvefol It iheEbut@ ga0 BbhPotidPald oot bashiols ddiEiid db698 pRdIe

substrate. G

1L an almost infinite selectivity for etching tungsten relative to the underlying tantalum
12 pentoxide layer. This extraordinarily high tungsten : tantalum pentoxide etch selectivity
13 allows a thinner tantalum pentoxide dielectric layer to be used (relative to a corresponding
14 silicon oxide layer). The tantalum pentoxide layer typically may have a thickness of less than

15 about 100 A, preferably within the range of about 30 A to about 50 A. The thinness of the

16 oxide layer can be important in terms of increasing a semiconductor device speed.

17 We have discovered that tantalum pentoxide is more resistant to ion bombardment
18 than silicon oxide; this permits a higher substrate bias power to be used during the tungsten
19 overetch step when tantalum pentoxide is used as the underlying oxide layer. The use of a

20 higher bias power (from about 100 W up to about 300 W) during the overetch step provides

21 improved profile control (i.e., a more vertical profile is obtained), while maintaining 2 high
22 selectivity for etching tungsten relative to the underlying tantalum pentoxide. When a higher
23 bias power is employed, a plasma source gas having a lower oxygen content can be used.

24 When the underlying oxide layer comprises tantalum pentoxide, a tungsten etch rate
25 of about 2000 A per minute can be achieved while maintaining a tungsten : tantalum
26 pentoxide etch selectivity of about 75 : 1 or better. In particular, one etch process includes



WO 02/ U(i 5539 PCT/USUL/-4979 1 Figure 4 is a graph show ng that au increase
i n oxygen content of a plasma source gas 2 has a dimnishing effect on the
etch rat v@02/665539 i con oxi de substrate, when all other pr®@C&F8S0849794

vari ables are held constant. 4 Figure 5A is a graph showi ng the effect of

i ncreasing the plasma source power on the 5 etch rate of tungsten; the etch
rate of silicon oxide; and on the selectivity (in ternms of an Gincrease in

etcrl rate of tungsten relative to the etch rate of silicon oxide) during an
overlet ch YS! HRaSTRhENGERAS HaVigE A velymetinnessentsge pEOapiabput) %, with aplasme. 8
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substrate 2. relative thicknesses of m st ac yers e not

shoyn to GdlamBricpefdeftaps ofB, s1ubdat 20, wmam%%ﬂéiggéfra%ﬁwﬁx 00 et her

etching through a major 4 portion of the tungsten 6 /[ tungsten nitride
60G 1dur i ngplakifia §Guire vt of kit 200 W, a substrate bias power of about 175 W, and a process

12 chamber pressure of about 6 mTorr, for example.

13 BRIEF DESCRIPTION OF THE DRAWINGS

14 Figure 1 shows a schematic of the plasma processing apparatus which was used to
15 carry out the etching processes described herein.

16 Figures 2 A and 2B show schematics of photomicrographs of etched tungsten when
17 no overetch step is used, i.e., there is no change in the etch chemistry toward the end of the
18 tungsten etching, and the etch is stopped in sufficient time to avoid etching an underlying
19 silicon oxide substrate.

20 Figure 3 shows a schemalic of a photomicrograph of etched tungsten where there is
21 a change in the etch chemistry toward the end of the tungsten efching, and etching is
22 permitted to continue to the surface of the silicon oxide substrate.




5 Figure GC shows the sem conductor structure Q0 after performance of tile
overetch G step. The entire thickness of the tungsten (08 / tungsten
nitride @dBoNessiveen et ched through, 7 exposing the upper PSEATSAU 704 t he

t ant al um pent oxi de | ayer &04. 8 DETAI LED DESCRI PTI ON Or THE PREFFERED
EMBODI MENTS 9 The present disclosure relates to a nethod of etching
tungsten or tungsten nitride in 10 sem conductor structures. In particular

t he ;net hod pergd.ai n 4.0 .the, etching of feature sizes 11 of less than 0.5 ,um
wher'e contr ol 1501?\5 ljét“(:'gaggpgéb?‘yﬁnlgghag?“ {AFFREES WhPX¥Een G gha Ri2gp SUIPLE3t i ve
12 o a thi : j S S, . ut..50 A). of an underlyi ng oxide
is 0219 pr il%r%l E%ﬁ#&%@a"ﬁ@é““#ﬁ% I?grén&%f@% luorxtl‘f?e ?%Fﬁ% Ve @?8&‘@/ Pr(?g?ﬁ?t al
‘lings, tr isags in a l4 dielectric layer, as well as other
structurégﬁ%ﬁggﬁéﬂg$gaﬁ§h@%e t opography of the substrate 15 surface. 16 In
particular, an initial etch chem stry, used during the mgjority of the
“tungsten or 17 tungsten nitride etching process, is typically one enpl oying

a plgasma sour qagEIRS ACKR ARRFApH shEwik tlﬁé eﬂfé’c@éfin@fé@siﬁ%‘ﬁé&ﬁ%@ﬁﬁ%ﬁ&eﬁ:ﬁg{a sclﬂiﬂey.

functional etchant speci'es. The halogen is typic { _ chlori ne,
or Gombi naét Mile of ARIESIeh; thé efhiliiafelo AilfconXidd; hd Gnf the QEleBBviBPES téihs!oF an0
preferably used) because tile fluorine is capable of renoving OX|§es and

ot hgr 1 esheluse inbich Pate df Mpslel TEMmiv (big: Ael FabCer silicontidd) dfhE Bn blerkichi S
exposed to air during processing. If tile 22 plasnma source gasS used during
t he 7mai n diep) gdier theedoipes comcedOtforniotaboutA0K by Jod@mene. species 23 (for
exanple, if Cl2 is used), a breakthrough etch step enploying a plasm
generated from 8 12345G7 8910 11 12 13 14 15 16 17 18 19 20 21 22
23 24 . 25 2G WO (12/06ss39 PCT/U S01 /~979~ a fluorine-containing gas nay
be MBeeded in dfigare IB iy & tiveedinensionalygrapin slowvide thngstent éteh satb &it ambeerstchf ace
prior to etching of the tungsten |ayer. Typical process conditions for the
br edkt hr cierh agadhnetion efplasing snusce pover and@xygemflomates all otlfer viidablepheldess
chanber pressure; 300 - 1000 Wsource power; 40 - 200 Wsubstrate bias
povidy ; arfenste. substrate tenperature. Other fluorine-contaitling gases,
such as SF6 or NF3, for exanple, can be used in place of, or in conbination
with, CF4. A non-reactive diluent gas, such as, for exanple, argon, nay be
useq in conmbingtio ith th .fluorife-ﬁoqtaLnin as. ,A tgpiqal durat | on
tortlthe breaktHBWERY ‘sedprer-dimesional srapteshpowing o de etpli-rats HgEC¥erelehi n
etch is preferah erforned using a plasma source S e the chem.cally
Furtet i ondite ot Adte Lo REstn SuaratuRaBar Rt 0, A, all e andey B “and
nitrogen(%NZ% or froma conbination of NF3, Cl2, and CF4. These etch
chéﬁ:ﬁri 0 PBvide a rapid tungsten etch rate with excellent etch profile
characteristics, and do not require the performance of a breakthrough etch
prior to the main tungsten etch. For exanple, in one enbodiment, the main

SO et o f | el SN Jhed AhEEn ARt IRIIN Mot TaCARA thia JE0e |
100 ssccmyn M@Bﬁca@ﬁgmag}g%&ﬁé%m& Qea@waggnﬁa%v MR, WTBie @m{abfep;é@}]gs

for ‘N2 typi'calFy range out 30 sccmto out 100 sccm as we
prq%prrngg L[piretric ratio of SF6 : N2 generally ranges from about 20 : 50
t o about : 10. The process chanber pressure ranges from about 2 mlorr to
about 20 mforr, and is preferably nmaintained at a pressure within a range
of about 2 mlorr to about 10 niforr. The substrate tenperature ranges from
abqgt 20C to algute §B0§howd b Ibephitirig baniRendictisresiritieg6qD Esreperfsiming nae
apparatus costs are |lower and the possibility of danage to a gate oxide is
redgced. ehilsodimphi 6fltliel metiied sfuhe énvenues foeighingf tuagstalouhien?he wivdedyiapout
2000 W and the applied substrate biasing power ranges fromabout 40 Wto

. abagt 20QdiViéctfic Tyer isaantalipl gestexideo U leesepnvmrdiictoy piroctiitey600chelndes;, frotteppower
that is responsible for sustaining the plasma by providing a nmajor portion
of 20he erterbgitompa paitered stliven nisude lxdrd syelclager G132, 2 haitepned silicon oxynilride ARC

21 layer 610, a tungsten layer 608, a tungsten nitride wetting layer 606, and a tantalum



WO 02/ 065539 PCT/ USO01/~979.1 1 chanber, while the term "substrate bias
power" typically refers to the power applied to the 2 substrate to attract
hi gh enenvgy opbaassma species toward the substrate.) Using ceagiusoossB within
the ranges just described, adjusted for apparatus variables, a tungsten or
tungsten 4 nitride etch rate ranging from about 1500 to about 4000 ~ per
mnute is obtained. During 5 the etching of fine (about 0.15 ,umin w dth)

lines, the profile the line sidewal |l relati to G the underlyin

subdt  at deatefdver S04, allepamegonnionshbuden dhecebitte uknreses o Wi ch
may ., 7 bepllorgeg(lnear t he b@se ?f t?e sidewall). 8 Toward the end of the

et cRi ng pHBCRAK layers are 1ol SERRRTA 39S 5 Used in which the 9 chenical Iy
-functional etchant species are generated from Cl2 acid QZ. The process
during etch 10 of the remaining portion of the tungsten may be referred to

t ch . . , _ ;

2 A OV et CRBRACES Shodl U6E oy bt B0k ik ul S P oL
dgrlyi 3 thi. ] 13

opt fonal 1rist & GELARSEn ARV Rster e XRE MM S EBVITHEL ™) 67 1 2

source power are 14 increased during the second step. 15 To obtain a

satisfactory etch rate for the tungsten or tungsten nitride and the desired

1 Gesel 6Cti vi tas | . Laii .

si | Paon oxi do HERE ACRwshy Snfohilicler BEER oD oAt Y shihafil 4 VHE LR

C12/6Cz S%tp(.: %ﬁéﬁﬁmtm Khés bB e AigshlcB8 / idgidfridd (U H:S bfgé%e%&lf& thiBagh, 20 %

up to abou % Preferably, the volunetric percentage o In a | Z
19 gour C&xg8sng e ihpsr §m%fi1{&ah@mﬁPelﬁéxi%@lﬁea@@ut 45 % However, to
obtain the benéfit 20 of the OZ content specified above, the plasma density
in the etch process chanber nust be 21 sufficiently high. W have

determ ned that a plasma density of at |east about 8 x 10" e'/cnB 22 ( a
pl agma sour ce DEPERILED BESCRIBICOW OF BHESNERE RFED EMBODBHMAENKS chanber
23 available fromApplied Materials, Inc., of Santa Clara, Califonia) is
reg9ired to obfle preseat disclesurt rélatlesiia ametmdiofglchheg tupgsiereor ungstar ititedige of
oxygen above 20 % (The term 25 "decoupl ed pl asna source" or "DPS' as used
herléi n r efesrisondoctar plrecimes e lic partipplar, shemethiol pectaing épeeichingof fealue sizas t he
i nduct i velfy coupl ed RF source power used to generate and nmamintain 10, WO
02/1GSS3 o ffessthamfF «nm rdete aonirohpbeleinselaetivity of Wingsten gnumngsiep pitdde relatiye

sem conductor_ substrate to direct hjgh engrgy 2 specjes toward the,

subkk r at etp. 2 shinayer; @ypisally dess shaps abept G ?ﬂg‘?fea‘byé&élyéq'ﬁ SFids is O ImAY 4

two-step overetch process, 4 For € le, after the main etch step, .a first
0ve1r32t CE @%/;@F;taﬁgg, E e Eeg}‘;]f ifgﬁu@ﬁgygléﬁ%egqgs &)ntgetgl bp"é‘sﬁgﬁ@sﬁﬁ'& oéﬂglg)gs ina | 'O

of B r arieleckiedrg BLDEl % Rue st sy maGS UF Ui lGotatliFO b afReR™ ©

typically rggges from?7 about 8.0 x 10" e'/cnB (800 Wapplied source power
andl3 pr o®6E88e-chanber pressure of 8 4 - G niorr) to about 1.G x 10" a /cnB

ol . Tho pr BoAteaaE AoRIs Bl ghEnRl: ﬁ%ﬁ&@@?é@ﬁ%@@%ﬁ S fiedbwitesn oo
unth - o clongeiaifale Riing bt SR B R bl Bt ool
i;ﬁ@f I ?fm)ﬁjgt%aas b Fh QUL AR FRRLARA o ol PR haioHh Km0

i W i i DTS ool b Forphafiisthelcle, W g, 8 RfprBig BERME ppetkt oo 74
ot O 1 osi Pera e AL I i bR ol L 8t VAL P

- Sigpyi Ti capgly, gheh bggs& Ql‘l(n?aéeh@f the lightenlif @SS ekpesed 1o a%difrintggﬁoéééi;iﬂg.olf de film

thickness 1% etch n the second overetch step, the | selectivity in

favgy of sl MhrtdsHaSiseNd@ing O GRkiEMnBdiéd bleleste Uads nog inchuderTlusniie shatigsg
-oxide film19 is critical. It is desired to renpbve tungsten or tungsten

ni t3j de r@si Ekiengle,APTLHS ubtd)] a breakihesughGial stéphenploymganpldeni gererated from
surroundi ng the et'ched feature without etching through the thin oxide 21

| ayer. Again, the chem cal etchants in the plasnma source gas are 2 and
02, where the 22 volunetric percentage of OZ in the mxture typically
ranges from about 3G %to about 41 % 23 The plasma density typically
ranges fromabout 1.G x 10" a /cnB to about 2.0 x 10" a /cm, ' 24 with the
ot her process conditions being the sane as those specified above for the
first 25 overetch step. A tungsten etch rate under these process conditions
is about 1750 ~ per 2G mnute, while the selectivity (W: SiOX) is about
175 : 1. Increased plasma source gas OZ 11




WO U2/ UCS531 PCT/USU 1 /-4979-4 1 content and increased plasma densities
are expected to be useful as well. 2 The selectivity of 175 ; 1 obtained
usi ng t hav@onoe@ds® conditions just described nmay 3 be conp&CEWUSM /#9794 he

sel ectivity obtained using other process conditions which, at first 4

gl ance, do not appear to be significantly different, but which provide
surprisingly different 5 results. For exanple, a change in the 02 flow rate
to provide a volunetric concentration of G QZ of 36 % in conbination with
a pllasma ddhstihy-cofitaihifg gasl@iay be /nesded(inTor@0o\Emope dw @agsidn 8xidé fromh e
selectivity of about 75 : 1; and a volunetric concentration of 02 of 20 %
in & conbubstratersunfach phomtoatehinglefihe tyngsfen layerx TyPicabproceds coddifiOndNor the
-provides a W: SiOx 9 selectivity of about 28 : 1. As these data indicate,
therk®e is breakiheoyshceteld arenes &lloavsi n5Q6 2001 meti CFj;y4 i 10f mTorr rbeest chhmger
tungsten or tun%sten nitride relative to silicon oxide which 11 occurs as a
‘resudt t of piesssres 390 nd 000 souyeppowearodl +200e6Wasubisttdie biak pewer; dad S0? @ salxtrace
particular 12 ranges sinultaneously. This is further illustrated in the
Exarpl es (pmperated. S¥hesdluonige-rordainingasdsasush as 88e of YFpdor ¢xaniple)gat be ussd
tungsten nitride |layer may alternatively 14 conprise tantal um pentoxide,

zi r @ni uninplaesof, o ingombiration,withy (GF,d &, nanesaetive dituest gascsuchas foe exapgplee
have di scovered that, when the underlying oxide |ayer conprises tantalum
pentoxi deargpmanay beised i eprabinatipscwith the fosineseniaining gaseA éypitad ducation fomg
the fungsten overetch step. The use 17 of a higher bias power (about 100 W
up t%o abome%xwﬂvw&lwtph&pqmowe £Q,seconds. pr ovi des 18 i nproved proFl e
control (i.e., nor e verti,call . profi F i s_obtained), while nmaintaining a

hi gi¥ 19 sel ect T9F t4pepish mauneleh ispre e‘f‘;’ yirsrlogmed psipe & plge sauregaswhese s ¢ he

ol e« PR, FBEGH By st He i S BB IR o
oo/ BB ¢ oflipath 0 SRR BRI pf N ol 6 s By i ity e
abolt 106 o2 NigsRa BRI, GO LRI Wololt choftfor SR8 Sofioo O thay 1 o
abotd 200 bloriiled o Pl BRERBLAARG! prict (P IRRULAulAdN dioi e T ange of about 2

otr. Tumgsten etch rates of  greater 26 than 1000 |~

peri4nnute are ' : ' iHSAtN thel i idCAt TR
P S S 8 SR S

t anfsal um ' Ashavalasle & 7 | fpdd f the
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16 30 sccm to about 100 sccm ina CENTURA® DPS™ processing chamber. The volumetric
| 17 flow rates for N, typically range from about 30 sccm to about 100 sccm as well. The
18 prefelred. volumetric ratio of SF,: N, generally ranges from about 20 : 50 to about 60 : 10.
19 The process chamber pressure ranges from about 2 mTorr to about 20 mTorr, and is
20 preferably maintained at a pressure within a range of about 2 mTorr lo about 10 mTorr. The
21 substrate temperature ranges from about 20°C to about 100°C, with lower temperatures
22 being preferred, since apparatus costs are lower and the possibility of damage to a gate oxide
23 is reduced. The applied plasma source power ranges from about 200 W to about 2000 W,
24. and the applied substrate biasing power ranges from about 40 W to about 200 W. ( The term
25 "plasma source power" typically refers to the power that is responsible for sustaining the
26 plasma by providing a major portion of the energy to ionize the neutral species in the



used in this specification and the appended cl ains, the singular fornms "a",
"an", and "the" include plural referents, unless the context clearly

di ct at es vob hreass®e. Thus, for exanple, the term"a sem cordudisor/497pHhcl udes
a variety of different nmatei 7als w uch are known to have the behavi oral
characteristics of a sem conductor. 7 1. 8 9 10 11 12 13 14 15 1G 17 18 19
20 21 22 23 24 25 AN APPARATUS FOR PRACTI CI NG THE | NVENTI ON The enbodi nent
etch processes described herein were carried out in a CENTURA I ntegrated

Progessi Rfany&y File AYePdehal E%strﬁ@@iﬁ%&d%ﬂg isrgdéﬁsz to ltl’flﬁpo%ﬁkgﬁﬂgﬁ i ar a,

California. Although the etch process cha in the

pregent edubdradé fo abrashBiph dn@rg?ﬁﬂ@dﬁﬁi Specied towaidrife ubsifake Pf U%mg ohfitions
-processors available in the industry should be able to take advantage of
the3et ch willfiitisd fangee et daRALEE adjitted ol Apsaas IdtiatibdTRMinfRerPbRhgRERCESS
paranmeters. The equi pment shown in SChEITB.?I c in Figure 1 includes g

Decagupl editiidasmh rdeuanging BRT alut 1 B0 to Adud 2600 Aheeiniuty Mobifingd. Péringt the
Proceedi ngs of the Eleventh International Synposium of Plasnma Processing,
May57, 19Rdzicling offAn@EbbitshEduinrin WidihEliess, tRYr6filecdheddsd sl RIRRLIHJS,
Vol une 9G 12, pp. 222 - 233 ( 199G . The plasma processi ng chanber enabl es
t he6pr oc alsurigrigihganbdralewuifa¢ie Demichl al o 88T to/el°qdischinting Cedt" SWHRMPmay
schematic of a side view of an individual CENTURA DPST' ~' polysilicon etch
chaffber DbedFormidimeat tie basenbthe side@alipnsi st s of an upper chanmber 104 having a
ceram c done 10G and a | ower chanber 108. The | ower chanber 108 includes a
mon8pol ar el efiawmddhe endlodidhe ¢tERIGE protosscesebdd cliamisirg is msedonuwhithitheé o t he
chanber via gas injection nozzles 114 for unifoi~rn gas distribution.
Chafber phemsalle funstiorsl eichautspecisg are genersted-ftovyBlnd £;uThe prontss dirisgsitlem
(riot shown) using a throttle valve 118. During processing, a substrate 120
i s 10nt r of heremaining prrtipp akthe tungatss mayde r@ﬁﬁrredjgm an| everetgipproqyss, siee the\n

02/ 11G5539 PCT/USQOL/-1'179-4 1 substrate 120 is held in place by peans of ~
a dati c ctehls sarigd et 4 e Bwlaesaf ay updeslying fibn spidace and mady etck furadlimitety
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FE 1 ON 12 Figure 2A shows a cross-sectional” side view

schgmat | Gofierdhin 20 90\@oldBAELTN. PrefkabY, tholuhltic mgéxﬁ?gee{lg Glisaal/pgttern

is I'ines 203 and spaces 205. The l.ine width is approxi ma 4 0.1 ~cm

anqot he SpARe owk AliftuleTaRis T MBYueBY %tc2aboutis %4 N EloWevHG tol6Kainthé belRgit a
thin 15 ( ~ 4§ A) silicon oxide |ayer 213 on a silicon substrate 202,

ovepl yi ngrhé O?Q@nt@ﬂti shecified] @bove] thelfiasmd dergityt if3he etch prucdss kharsbier @hust begst en
204, a 400 |~ tluck image-focusing antireflective coating 17 (ARC) | ayer
2081 and subfisrtlyiliele RWRhaot detemtinédihatsd slasrhagensitybl atHeasesbous@d 108 epamt eni
the 18 etched structure 200. The tungsten |layer 204 includes a thin (~ 100

| ~pavet t i(ngplasmearsoofce Pdwenngaban 800tWiide CENTURABNDPEM plocassilg chandehesi on
of the tungsten to the silicon oxide |ayer 20 213. The tungsten nitride is
et @Bed duivailghlé Hions Aqplied ddaterids.clus., af Sahta Clang Lalifornis) ds eéquized to obiain used
-herein, the term"tungsten layer" refers to a |ayer of tungsten optionally
i n242 cortienafit from icréasingt hervolyaeiric \ieresntagg ef axyeemmeverl fos r(The. term 23
Figure 2B shows a nore three-dinensional view of the sanme etched structure
2085 24 <Mesauplpdiplasmasquied ari"BPSH ap pseddtereip selgtsdp @ plastRge PR IR ot t om
of a trench (space 205), 25 and the smmot her upper s%rface 24 (9f the

ovéhl yi ngsepﬁewp@mlg{ontawﬂwt@glyoméplzg&ﬁ f3YreP pyver used to generate and maintain
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WO 02/ (1 GSS39 PCT/ USOL/ ~979~ 1 Fi gures show a remai ni ng unel ched tungsten

t hi ckness 214 overlying upper surface 210 of 2 silicon oxide |ayer 213. The
unet ched wainyetses? t hi ckness 214 is about 0.023 ~cm 3 ThePCUTAF8T/ET9L04 etch
was carried out using only a single etch chem stry, in which 4 the etchant
species in the plasma were SF~ at 30 sccmand N2 at 50 secm (There was no
S second etch chem stry used to etch the final portion of the tungsten

| ayer 204 to the surface G 210 of oxide layer 213, i. e., there was no
overlet ch &alsmednnd the biay pavesr applipd o 8 sewicondueintipulistate teeditech bighodieogys :

The etch $ropess ca@?ber ressure was about 4'nmforr; the 8 substrate

t enper at URECIRE Lowasd the falghe pl asma source power was about 500 W the 9

-suba}rate bi as o“pr was abqut 80 The etch, profil e obtained was good,
with the si dewaPRIERalNE QUSRS ? flrsls QUeERich SRR IS tose p byenstap| qversiclomiogess! ayer
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enabl es 19 cl oser placenent of device s ures on a~glven surtace area.

20 sho k N oF e , f t of
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phof pr esi ginpefihirel whgdd foftdboRE20 A2 abdat FOEA, eTRe SpPE sabsHaREBTRSihE pOlverd

phot om crograph of etched tungsten 300 where there 23 is a change In the

et cfp chenaapésyfidm \wbét 40N 16 a1 200 Ive, wmgs;b@muaﬁ&lwmﬁiﬁm&d@e rangB$] a@fusiedmer | S
24 permtted to continue to the surface 310 of the tlun silicon oxide |ayer
31313 Agai appatdngs vatiables] a2odt'Uwhich dornstat tetbotiemwd shesliediecan bofentdvedswils3 and
spaces 305. The lute width is approximately 2G 0.120 ,um and the space

w did i s spntaningdabhelige Profild3 the merlithlB8Sttp 90F prafilencl uded a thin IS WO
0210(5S39 PCT/US01/~979~ 1 (~ 45 f~) silicon oxide |layer 313 on a silicon
subbirat e 302, Subseqamtly, 2 sicod overelch onfinishipg step istamieta; torcled0 4tohiresidye
tungslet>/twi gsten nitride, as described above with reference to 3 Figure
2), 1@a 400from: the skrfaceefanfupdedying thinwoxiderfilas witheut ganifisapt(eiehing indg tre Ho6,

and a 4 photoresist |ayer residue 308. 5 The tungsten 304 etch was carried
out1Usi ng(lesadhas hYecfdhe thin oxdde filpy thickessis etghed). ~ b the seqond ayeretehesten, dhg ng,
the chem cally, reactive etchant species in {he plasma were SF6 at , 0 sccm
and!dz at selestiyity: in fayorof etchinedungstenr tugesten nitgde telyye foan ypdeplyinggxids flg cn
process 8 conditions were as follows; The etch praqcess cﬂgnbe&hﬂress re was

abolf 4 nisstiticak Jbisglesiverkto igmove bgstenof funsgies “étﬁﬁﬁfes!fb’@; 1qmp theflatshefacs, i r ce
0 t bstrate, 10, bi b 0 W, Th tch

porg 105 FH0,M he Sbsral 40,0 s ppver, i gt S0 Tha LSt
Cungbt on Ben el iRl SSotAn BF PlRRG suta &% Ll Opapirte ol | e
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(I 2 crolimBticaetopnled SED, il b Rk BBl R R0 iR oA, D' S
304, ied t i . I i 1 hem g

St SThd pElngHonsty Hifledty RufiRotPadle LT Ofer REGH 2 Y X RACHIHP,
-aboyg 70 &/?tﬁqhg%%eq?pr?%esg c_Bh&ii- ohéh 1thh@l§91m3 aéQhﬁg‘gcsrpecigea%o% ey MeOmeps 17

as fol T ows: e et e

condi tions were ch”process cha pressure was about G

mrogg; th vq;]rﬁtcﬁlé Al ﬁmkﬁgﬁp@(cﬁtrHtreeurW@ﬁ‘tlfégé’glt;)océ&%ogﬁmﬁmﬁ|i§§9611t310}‘50(-‘2€ peewer

-was 600 e substrate 19 bias power was out W The etch profile
obt g4 ned uas, tseleWiidi 8 S10desabbutelvs! €1, 2Rcthsddfaghs farbcd @, 303
fro%d silicon tg’ﬁ@(haé %Bbsglte?ﬁlgy g\gz Sgu?f acgme bei ng aboupﬂ89 to 90. g21 2'I'he
tw gsten etch rate was about 1500 ~ per mnute. The etching was allowed to
continue 22 until the upper surface of the silicon oxide substrate 310 was
slightly etched. It was 23 determ ned thpat the silicon oxide etch rate was
about 19 ~ per mnute. The etch rate 24 selectivity of tungsten : silicon
oxi de was about 79 : 1. Tungsten residue was cleared off the




25 space 305 open areas, but there was a slight tungsten "foot" (not shown)
at the bottom of 26 tungsten lines 303 in the areas where the spacing

bet ween Wmezosa® | ess than that shown in 16 WO 02/ UGE580TRSIT/Y7801
[:1'179-4 1 Figure 3 (in the nore dense areas). Subsequent experinentation
denonstrated that 2 adjustnment of the 02 flowrate to 45 scan, the plasnma
source power'lo 1800 W and the 3 process chanber pressure |0 3 nmlorr
results in renoval of the "foot". 4 Figure 4 is a graph 400 show ng the
et ch rat ecqisnbapd Hisreasedplasny demsities are gxpesiadde bausefubaswelbt i on of t he

G agh 400 wer ¢ TR EAPBADIRS 5 Hupined Ses Domresess exneansdest darcyibedmayn vas
-depgsited_on 7 a iI.Ic n fer. TH?.totaI. flogw of Cz acid Ox used was 110
scorh and’s REmRAIpd it g sfecBiing ahtained whing plerprosses eendigioss mdyiclpat first

| qul at b i vidi t.h M. sh . 1S 402 9 by th t al fl
160 % com SRR EtepPrgony Sbicerny et bicHRRh grabis eammesitizonyced
duri th il i,de et chi. foll ., The et )
chariber PPELSLFEr SRS R BBE &1 O fov i o BeTida o ol Bpearaien ebout
50C, th I 12 abqut . ~ I bi
e Sabout Ot Tt el shpBEh a1ce BeefR Aensifyatd o & 10525 Biohf o, maddect
bt & ned i, ' : I ate, wi.ith the et .at i out 14
at dbout 4oV G0k AMARIIBCRale A L s ibBelrdoRtetigh S50 8 200 iat ex
di ' | d it Ve DI
source ponamitllHt i JIASERaRRFDL1 5 LT B R (305 ) BB R o Pt o
rat @ oversep@yjiy BT abBai™Ss 1.71.Fi/&”ﬁ]‘ése‘sgat%?Héicgl%amé{/é&?aﬁ nﬂgﬂg{%?lgﬁgﬁﬁgﬂeglﬁt of

i ncreasing the plasma source power 1 own in S on t he

et gip r at esePdctivith & Fdr O ktdhhipoigdtn 6H U sted Bitridl feliveld inlEI%n %é witich ©f
&zt out

Si Ox (shown by curve 510), at™ a Constant ow rate of a sccm The
20 19t ch reycarsebnir&sultiofdatéhsiindbe a¥yed TRWraR i@ thspiaia déasAP B ARG articitars hows
the selectivity for 21 W: SiOx as a function of [t)he pl asma source power,
i | 11ast r atradgdswimuitaeobdll, This ik fiertiosn dibisateddn tKkeZExdnipled poidedl bédwsccm The
nom nal selectivity is showmn on axis 506. As can be observed 23 from graph
5003 an i ncr edBlee oxide laysnandeplyigethp duvegstenes whingstdnmitilei lagsr dasealiemativelgst en
etch 24 rate, a decrease in SiOx etch rate, and an increase in selectivity.
Hovidver , compsise @ntdlumpentaxisdepzrcofiiuppoxide oy silipon oxyalitpile dnsead of siticoipoxide. of
about 100 W the selectivity of W: SiOx is only 2G about 40 : 1. The
pr ddess cWahieg digpaversdithatykendboundeglyinpaxide layat comprises bantalem pentoxide wmt
02/ 06SS39 PCT/ US(I11/-4979 1 tenperature was about 50 C.

1 a higher substrate bias power can be employed during the tungsten overetch step. The use

17 of a higher bias power (about 100 W up to about 300 W) during the overetch step provides

18 improved profile control (i.e., a more vertical profile is obtained), while maintaining a high
19 selectivity (at least 75 : 1) for etching tungsten relative to the underlying tantalum pentoxide.
20 Tybically, a plasma source gas having a volumetric percentage of O, within the range of
21 about 20 % to about 50 % is employed, with a plasma density within the range of about

22 2.0 x 10" e/cm® to about 1.8 x 10" e/om®. In the exemplary DPS system, this can be
23 achieved using a plasma source power within the range of about 200 W to about 1800 W, a
24 substrate bias power within the range of about 100 W to about 200 W, and a process chamber
25 pressure within the range of about 2 mTorr to about 10 mTorr. Tungsten etch rates of greater
26 than 1000 A per minute are typically obtained using this process regime to etch tungsten over

12



2 Figure SBis a |lu~ee-dinensional graph 530 showi ng tungsten etch rate in

au overetch 3 step, as a function of plasnma source power and oxygen flow

rate, alweobvkessssvari abl es held 4 constant. In particul ar, PCRaISaafieEw4 et ched

was a sputtered tungsten |layer overlying a silicon 5 wafer. The process

chanber pressure was G nifon~, and the substrate tenperature was about G

50C. The tungsten etch rate uilits (AAmn.) are shown on axis 534, the

pl asma source power 7 units (W are shown on axis 532, and the 02 flow rate

uni tIs ( sannderlging taaluorpemioxiddldter. 8 Curve 538 clearly shows that an

increase in OZ now rate al one fromabout 30 sccmto about 9 40 sccm wth

pl a8ma sour ce poaprefane td thodstaitad deatriptivoudl the BRAnples, iinshoabbbondtad tHayrgst en

10 etch rate fromabout 1170 ~/mu. to about 1500 //m n. A sinultaneous

i ncPease Yspd gpthig sprcification and thermppersisd chims dbersingulab forms4's" S'an'tnand fithe"

i ncrease in asma source power front about | 2 1 GO0 Wto about 1800 W

“i ncfleas edﬂtlh& plyrahEaferants; wiless hecontestielaasbidictatey gtlwmnne Tlousa fwexartple] the0

| ~/min. 14 Figure 5Cis a three-dinmensional graph S40 show ng silicon oxide

et cR Tal defny’ wlmwmepetlaﬁu@qsedma@ of diffasentimepterifls whigh ate lknownde hpeadbe aci d

oxy en flow rate, all qther variables 16 held constant. In particular, the
r et deBavi Céﬁf§?tF’ilﬁft9ﬁ°§ﬁl§§%1’f°89@“Qﬁ<§'V| ng a | ayer of 17 thermal silicon
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PCT/USIII/-t979-1 1 Table I, below, provides a summary of various process
conditions and the tungsten 2 (or tungsten nitride) etch rate which is
expect edW@IBBSHIIt ai ned at t hose process conditions. 3 TaBCEUSOEHISIH shows
the selectivity relative to silicon oxide which is expected to be obtained,
4 and the etched sidewal|l profile angle which is expected to be obtained. 5
Tabl e | Txpical Process Conditions During Final Portion Etching f Ove_
retchl 6 of Tungsten or Tungsten Nitride V~ith Unde~ving il'con Oxide Layer
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andProcess Condjtio dProcess ndi ti,on PreferredResul t Range and

Restl tsRaﬁ?a‘éOSémt? %&ﬁgébﬁ%hod@a'sw ymiyem@@volmmcoq@@@ze kiyexnot

RS R el S B i o b st )2
203, - 6S 00 -, 30001400 -_1800S Bi P 40 -
Sogko - SubabsiTa0 R Biensaists By AieRtv0r 2 WalbpbRags A seobassses fha uipe -

Si 10 @ 4 toe %@gl 11?10 :orl rtos%iES : JhEtched E’r’(rppy | e ,Verltical rv%rtical
prot i} cTAPNE b RGEIELIOIRS Sl Sagran e Srebicliciepmaerte

rlyi J ; t ,

Cofe P e Pl MO8 OBl e ke

st ead BBl bb S AR AP g T 124 bOSRARL 85 P RIROR Dok LOP

i our e, AUl el (SRR deNS I, Aleivfer 88 Ecd Fiuh A BE bl T °

foes ' HON. l,hgl ud
Phi h (500 e B IE ppladhfBe SR Mg PIokAR shufle deiel Bl B ] ©

ovey | yi N@iakidhtnhétnd TB0 @R Sfitdfed B%&@_épa@ﬁécbﬁnﬂl oésﬁcmrﬁ.k wel ting |ayer of
tungsten nitride G06, 5 a 700 ~ thick layer of tungsten 608, a 300 A thick
i mage- focusing antirellective coating 6 (ARC) layer G 10 (in this case,
silicon oxynitride), and a 1500 A thick silicon nitride hard 7 mask | ayer
6121 whi tlh i s EXAIPLESQF BVIBODIMEN TS OR THEUNMVENPION The silicon nitride
hard mask 8 | ayer 612 and silicon oxynilride ARC | ayer 610 have been

pri&vi ousl y paFigee2A showngci®sd-sctionad sids vienaseheratictdian aiched thfigsteh stidicthge 14 15
16 17 18 19 20 21 22 23 24 25 26

13 200, where the etched pattern is lines 203 and spaces 205. The line width is approximately
14 0.165 um, and the space width is approximately 0.21 xm. The structure includes a thin

15 (= 45 A) silicon oxide layer 213 on a silicon substrate 202, overlying silicon oxide layer 213
'16 - isa1650 A thick layer of tungsten 204, a 400 A thick image-focusing antireflective coating
17 (ARC) layer 206, and the residue 208 of a photoresist layer which was used to pattern the
18 etched structure 200. The tungsten layer 204 includes a thin (~ 100 A) wetting layer of
19 tungsten nitride (not shown) which aids in adhesion of the tungsten to the silicon oxide layer
20 213. The tungsten nitride is etched during the same etch process as the tungsten. Therefore,
21 as used herein, the term "tungsten layer" refers to a layer of tungsten, optionally in
22 combination with a thin underlying layer of tungsten nitride.

23 Figure 2B shows a more three-dimensional view of the same etched structure 200,
24 showing the surface finish 222 of the elched tungsten in the bottom of a trench (space 205),
25 and the smoother upper surface 224 of the overlying photoresist layer residue 208. Both
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Et ching of the tungsten G08 / tungsten nitride (06 was carried out using
two etch chem stries. During the first portion of the etching, the

chenm cal WO pBaSE39ve et chant species in the plasna were SFeCatUsRO498aNn and
NZ at 45 sccm (i.e., 31 volume % SF~, & volune N~). OQther etch process
conditions were as follows: The etch process chanber pressure was about 4
nmlforr; the substrate tenperature was about 50C, the plasnma source power was
200 W the substrate bias power was about 175 W The tungsten/tungsten

ni trli de effigires sosv wesmaihingtur2GN6d tungsten thidkiiegs 2 P o St ipper kR 588 of
almost all (at |least 950 ~) of the initial 1000 ~ conbi ned tl ucl ui ess of

t he 2t ungsiikkeon@aledayer?2d3t efhanetéhed taiBtendhickhesh @d4 isabogt 0J02S in.r st et ch
-chem stry, with a small anount of tungsten / tungsten nitride residue
retBai ni ng at Thectupgrien 24 etch was cemied oat uding iy sifigle biehrohemistiynn whithst en
Q08 / tungsten nitride G)6 was carried out using a plasma in wuch the
“cherfi cal | e eishantispecies inhiha plasprecvers Ske pe3PswduastiNg aoithscans o (Floere gas nof C Z
at a flowrate of about 72 sccmand 02 at a flow rate of about 18 scan.

QO hér et ctecqdatedsehenisinl used ia etole the final pottionwf theTmogsiern laypr 2etothe hurfiver
pressure was about 4 niforr; the substrate tenperature was about 50 C, the
pl adma sothlcel peiderlaygis2 1800 evythergewas e tovatetchbrarsep onb) vRthenlotwht progéssW
The tungstet~/tungsteti nitride etch rate was about 1871 ~ per mnute. The
et cHi ng veesdidopsieee esoiadlensi nliee elah iprocesrechapphsr prassiraceasofbouhé mEerrathem 21
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U2/ Bess3gupeiateigtpperatyteywas abeiti e C; Ajeplasma sppree powshay abouhsd) Waisthehown

in Figure . 11, was determn t he tantal um pentoxide etch rate was
ot 20 wbiate Hes oSt MREDRIG Wa e cihasoht Py i 9en.onih ba sidewel
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11 however, there was some tapering of the profile at the base of the line, since the tungsten was
12 not etched all the way to the surface 210 of silicon oxide layer 203, The tungsten etch rate
13 was about 1500 A per minute. The term "tapered" profile, with reference to an etched pattern
14 of lines and spaces, refers to a cross-sectional profile where the width of the line is wider at
15 the base of the line than at the top surface of the line. A "vertical profile" is one where the
16 side walls of the lines are perpendicular to the surface of the silicon oxide substrate. An
17 ;'undercut" profile is one where the width of the line is more narrow at the base of the line
18 than at the top surface of the line. A vertical profile is typically preferred, because it enables
19 closer placement of device structures on a given surface area.

20 As shown in Figure 2B, the etched tungsten surface 222 at the bottom of spaces 205
21 exhibited a rougher finish than the line 203 upper photoresist residue 208 surface 224.

22 Figure 3 shows a schematic of a photomicrograph of etched tungsten 300 where there
23 is a change in the etch chemistry toward the end of the tungsten 304 etching, and etching is
24 permitted to continue to the surface 310 of the thin silicon oxide layer 313. Again, the etched
25 tungsten structure was a pattern of lines 303 and spaces 305. The line width is approximately
26 0.120 um, and the space width is approximately 0.165 um. The structure included a thin
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When the underlying oxide | ayer conprises tantal um pentoxi de, we have

di scovered that we can use the sane source gas conposition and process
condi t i N0 AU0GSAIY t he tungsten overetch step as those whi eATWSHE4AISEd When
silicon oxide was used as the underlying |layer. Since the tantal um
pentoxide is resistant to ion bonbardnent which occurs during anisolropic
etching, we can achieve an alnost inCnile selectivity for etching tungsten
relative to an underlying tantal um pentoxide |layer. This extraordinarily
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sem conductor device speed. Qur discovery that tantal um gentoxide is nore
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selectivity of -at | east 175 : 1 tungsten : tantal um pentoxi de, where the
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bel ow. 23 WD (12/0(aa39

20 of the etched lines 303 from silicon oxide substrate 302 surface 310 being about 89° to 90°.

21 The tungsten etch rate was about 1500 A per minute. The etching was allowed to continue
22 until the upper surface of the silicon oxide substrate 310 was slightly etched. It was
23 determined that the silicon 6xide etch rate was about 19 A per minute. The etch rate
24 selectivity of tungsten : silicon oxide was about 79 : 1. Tungsten residue was cleared off the
25 space 305 open areas, but there was a slight tungsten "foot" (not shown) at the bottom of
26 tungsten lines 303 in the areas where the spacing between lines was less than that shown in
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PCT/U SO1 /-4979-4 1 Table Il1. Tun@Sl en Overelch wily Unclerl~ru~~~

Tant al um Pent oxi de Laver 2 Devel opnent Data 3 4 56 7 8 9 10 11 12 13 14 15
|G 17 18WQ020658% Run # 1 2 3 45 6 7 Cz Flow Rate (sccmPCTAISPR4IT24 72 72
72 72 O Flow Rate (sccm 18 18 18 22 26 18 18 Vol. % Oz 20 20 20 23.4 2G5
20 20 Process Chanber Pressure (mforr) 4 4 G4 4 4 4 Plasma Source . Power
(W 200 200 200 200 200 400 600 Substrate Bias Power (W 175 100 175 175

175 (175 1 : C Opsfdsi 0
CLIRR . A Gl v i K R St R R G o

5.3 2. 7 264jd&méhi off 800, Horatele43 kdbind, Mhe Pladma Sodrcd pBwer BP1do%We afdule 79 1

22 Table II'l, below, provides a sutninary of various process conditions and
't he 3 ungspebesdZhiabert pragaitetd 3 niTordedulRVR k&thevul bf Blee'fydir ch is expected to
be obtained at those process 24 conditions. Table IIl also shows the

sel ettivity foFigatehisla graphiGstowitgihg etobratei(§liowdeon &40 f gifichPotiddag! Um
“pent oxi de which is expected to be obtained, and the etched sidewall profile

angl® 26 whinction of the phstradotiee has ebigen Now.raid4showdddis 4695 3fhe data shown

6 in graph 400 were obtained by elching a layer of silicon oxide only, which was deposited on
7 a silicon wafer. The total flow of Cl, and O, used was 110 sccm, and the volume % of
8 oxygen in the plasma source gas may be calculated by dividing the sccm shown on axis 402
9 by the total gas flow 100 sccm and multiplying by 100. The other etch process conditions
10 used during the silicon oxide etching were as follows: The etch process chamber pressure
11 was about 6 mTorr; the substrate temperature was about 50°C; the plasma source power was
12 about 1600 W; the substrate bias power was about 80 W. Graph 400 indicates that there is
13 a diminishing effect obtained by increasing the O, flow rate, with the etch rate leveling out
14 at about 19 A per minute between about 35 sccm and 40 scem of O,.  We later discovered
15 that it was necessary to increase the plasma density (plasma source power) to obtain the full
16 benefit of an increase in the O, flow rate over about 35 sccm.
17 Figure 5A is a graph 500 showing the effect of increasing the plasma source power
18 (shown in Watts on axis 502), on the etch rate of tungsten (W) (shown by curve 508) and on
19 the etch rate of SiO, (shown by curve 510), at a constant O, flow rate of about 20 sccm. The
20 etch rate units in each case are shown on axis 504. Graph 500 also shows the selectivity for
21 W : Si0, as a function of the plasma source power, illustrated by curve 512, at the constant
22 0, flow rate of 20 sccm. The nominal selectivity is shown on axis 506. As can be observed
23 from graph 500, an increase in plasma source power results in an increase in tungsten etch
24 rate, a decrease in SiQ, etch rate, and an increase in selectivity. However, at an O, flow rate
25 of 20 sccm, up to a plasma source power of about 1600 W, the selectivity of W : SiO, is only
26 about 40 : 1. The process chamber pressure was about 6 mTorr, and the substrate
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PCT/ USQOL/ -1979-1 1 Table I11. Tvnical Process Conditions During Final
Portion Etchin_g (Overetchl 2 of Tun stg eyor Tungsten Nitride. Wth~Xi n~
Tant al umwWRn2/ensd¥e Lager 3 4 56 7 8 9 10 11 12 13 14 15 PGIAROL®790 20 21
22 Process Condition andProcess Condition BroadProcess Condition

Pref erredResul t Range and Resul t sRange and Resul tsTotal Gas Fl ow(sccm 30 -
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generated 4 From Cl12 and O2, wherein the volunetric percentage o

said plas TR SRR ho w8 thdt 88 ficréasSin 3 (16w ¥ ARGE idiPatitu@ 30Bc s RSadont | S
at least 1.6 x 10" e'/fcnB. 1 2. The nethod of Caiml, wherein said plasm

densi By i s 40ktahNeith Plasiap BOYcE JoreSItdd E6hstanp avéioupl,660 W,dasreast8 Rk Mhgstes-
The nethod of Claim1, wherein said etch selectivity is greater than about
100 101, 2 ewhirate\ionuabut il ¢7@A/mientocabeuiof5002 /imsn. aA simlginedk iMoresvedn $Biftbw
pl asma density is at least 3 1.65 x 10" a /cmi. 1 4. The nmethod of Caim 3,
wher diln sairale filoasateut 3t séony ta aboobd ascomglatzl/inagepse/inpiasmasourcepoep hoar abohut at
| east 1650 W '

12 1600 W to about 1800 W, increased the tungsten etch rate from about 1170 A/min. to about

13 1750 A/min,

14 Figure 5C is a three-dimensional graph 540 showing silicon oxide etch rate in an
15 overetch step, as a function of plasma source power and oxygen flow rate, all other variables
16 held constant. In particular, the wafer etched was a silicon substrate having a layer of
17 thermal silicon oxide on iis surface. The process chamber pressure was 6 mTorr, and the
18 substrate temperature was about 50°C. The silicon oxide etch rate units (A/min.) are shown
19 on axis 544, the plasma source power units (W) are shown on axis 542, and the O, {low rate
20 units (sccm) are shown on axis 546. Curve 538 shows that an increase in O, flow rate alone
21 from about 20 sccm to about 40 scem, with plasma source power held constant at about
22 1600 W, decreased the silicon oxide etch rate from about 37 A/min. to about 19 A/min. A
23 simultaneous increase in O, flow rate fiom about 20 sccm to about 45 scem, and increase in
24 plasma source power from about 1600 W to about 1800 W, decreased the silicon oxide etch
25 rate from about 37 A/min. to about 10 A/min.
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1 5. The nethod of Caim1l1, wherein said etch selectivity is greater tha~i
about 175 : 1, 2 said volunetric percentage of OZ is al least 45 % and
said pl awaodessi®y is at least 3 1.8 x 10" a /cnB. 26 WOT(USR1/03$639
PCT/LIS() 1 /~979~ 1 G The nmethod of Claim5, wherein said plasm density
I s obtained by applying a source 2 power of at |least 1800 W 1 7. A nethod
of selectively etclliltg tungsten or tungsten nitride relative to an
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oxi de conprises silicon oxide, and 2 wherein a volunetric percentage o
in sagd se¢euiwyiedaBediy ESlEctiag fiof SoRBSE! 1 i WduBs® 0. YAbMmuRhnedas m%?ease

10 in oxygen flow rate from about 30 sccm to about 45 sccm, and increase in plasma source
11 power from about 1600 W to about 1800 W, increased the selectivity from about 50 : 1 to
12 -about 175 : 1. For example, a selectivity of about 100 : 1 is obtained when the O, content
13 is about 40 %, and the plasma source power is about 1670 W. A selectivity of about
14 175 : 1 is obtained when the O, content is about 45 % and the plasma source power is about
15 1800 W. An increase in the selectivity to 175 : 1 was unexpected in view of the much
16 smaller increase in selectivity obtained when only the oxygen flow rate was increased..
17 To better appreciate this surprising increase in selectivity, it is belpful to compare
18 " Figure 5D with Figure 5A. Figure 5A showed that when the oxygen flow rate was held
19 constant at about 20 sccm, and the plasma source power was increased from about 800 W up

20 to about 1600 W, the selectivity of W : SiO, increased from about 19 : 1 to about 40 : 1.

21 Further, as illustrated in Figure 5D, an increase in oxygen flow rate from about 30 sccm to
22 about 40 sccm, with the plasma source power held constant at 1600 W, provided a selectivity
23 increase from about 50: 1 to about 80 : 1. It was only with the synergistic combination of
24 increased oxygen flow rate and increased plasma source power that a selectivity of 175 : 1
25 was achieved.
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vgl urﬁeg r5 i Oc/ (t:)on Tehlé L.aTypieabProtEssi ConditkBe @
about 6 by vo
pCT/ UsOL/ . ~979- Lk’%ﬁm@%& GO bndste

conprises tantal um penl oxide, 2 and wherein a voI unetri c per cent age of Oz

in said rscho Ja ] 50 Yo 1
20. zhe t h‘é‘%"ﬁ# IR BT Pm@ﬂ%ﬁl&' hifhrted, Sroe;%fs&ém B bt’rgtegreg
t ant & um 2_pent oxiHEand whellei ngo apdfhesyis s 4 ofRéag%laféi eflts pl asna
rang frag Ox 10 a/cm to about 1.4 x 10" e"/cnB. [he
met 993 of g&%%oﬁ \/\herel n ajlpl asma source powelfl ranges &m about 2 200 W
t.o about 186@"\%) 1 22. The neflhod of ¥ 24 19, wierein sdSd 1¥8der | yi ng
oxXi conp aI um 2 petoxi de, and a subsfirate bias power range$
fr o). about %ﬁ bout 300
>20 - 60 30-50

13 Vol. % O, in mixt. of O,

14 and Cl, >20 - 50 30-40

15 Substrate

16 Temperature (°C) 20-100 40 - 60

17 Process Chamber

18 Pressure (mTorr) 2-20 3-6

19 Source Power (W) 800 - 3000 1400 - 1800

20 Substrate Bias Power (W) 40 - 200 80 -100

21 Etch Rate W or WN,

22 (A/min) 1000 - 3000 1500 - 2000

23 Selectivity

24 W : SiO, 10:110200:1 100:1to175:1

25 Etched Profile, Vertical or vertical profile

26 Tapered or Undercut (°) 88 -90° 89 -90°

27 The dielectric layer underlying the tungsten or tungsten nitride layer may altematively

28 comprise tantalum pentoxide, zirconium oxide, or silicon oxynitride, instead of silicon oxide.

29 Figure 6 illustrates an embodiment of the method of the invention for etching tungsten, when
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1 23. A nmethod of selectively etclung tungsten or tungsten nitride relative
to an underlying 2 oxide layer in sem conductor structures, conprising: 3
pl asma e 021¢p5339f i rst majority portion of said tungsten BETHUSAYEEN
nitride using a first 4 plasma source gas conprising fluorine species; and
5 plasma etching a remaining portion of said tungsten or tungsten nitride
using a second 6 plasma source gas conprising chem cally functional

etchajit specie ﬂgener%@gd fromCl2 a 24. The pethod of d aj ni

ro vher o AT BRCH g A (lfimentbotronfons Gl Consrditing
and’ cgpbfﬁ{%%% e 89 Prods gy S Biermalion e o Feveptionpdtherne
Sonihg 2 FERhk foeFEs AR BAL bl RbRGEL oS 5633)21 @%ﬁl%@%%@gvﬁsﬁﬁ%he
e Py g b iRl SRR 38 5 o A RRSMEpE P fo Gl e gﬁé'sma
N2 i rf sai d*foPdt %ﬁé&aﬁgp ofiheRlen 56874 o MBIk rafiipeuing dntterlBlikPottng
inderTyi ng CRREEIEF 6B b @is ke sildbn SxhificeS, ga\/\ﬁereﬂ]ﬁ%gk PR Biepog Rard
ol b 25 %'%?‘ﬁ"ﬁ‘ﬁ?&%@ PRIt 8 Qi 836, e SRk N b o
27 e e W08 BFL Shd Bilcompohilu ARE Mo 0he as‘?rf%“ﬂ%@ﬁ?ﬁﬁ“%?gﬁe@%gém% Lo

e'/cngg. 1 ?e@lmlﬂi&lﬂﬁmﬁtﬁéaz@ aim 29 vvherel n said plasna density ranges
fromabout 2 8.0 x 10" e'/cnB to about 3.0 x 10" a /cnB. 1 31. The nethod

of Q@i m 30, wheihing sRihe tﬁﬁ@m@emixgsteﬂ ANGES A @A akieed odt Bsiflg ¥wd Gich
e'/cn83 to about 2.0 x 10~' a /cnB The nethod of C aim 27, wherein a

pl aspR soutlgnipiee rDidmthe Hrstpoiticbefihe 2tcBRE, iheichedivally read0fie Wehai species

12 in the plasma were SF; at 20 sccm and N, at 45 scem (i.e., 31 volume % SF, 69 volume %
13 N,). Other etch process conditions were as follows: The etch process chamber pressure was
14 about 4 mTorr; the substrate temperature was about 50°C; the plasma source power was 200
15 W; the substrate bias power was about 175 W. The tungsten/tungsten nitride etch rate was

16 about 2000 A per minute, As shown in Figure 6B, almost all (at least 950 A) of the initial

17 1000 A combined thickness of the tungsten 608 / tungsten nitride 606 was etched using this
18 first etch chemistry, with a small amount of tungsten / tungsten nitride residue remaining at
19 the bottom of the feature.

20 Etching of the remaining tungsten 608 / tungsten nitride 606 was carried out using
21 a plasma in which the chemically reactive etchant species were produced from a source gas
22 of Cl, at a flow rate of about 72 sccm and O, at a flow rate of about 18 sccm.  Other etch
23 process conditions were as follows: The etch process chamber pressure was about 4 mTorr;
24 the substrate temperature was about 50°C; the plasma source power was 400 W; the substrate
25 bias power was about 175 W. The tungsten/tungsten nitride etch rate was about 1871 A per
26 minute. The etching was allowed to continue until the upper surface of the tantalum
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W O 02/ 065539 PCT/USOL/-19TlI-t 1 33. The nethod of C aim 32, wherein said
pl asma source power ranges from about 2 800 Wto about 2000 W 1 34. The
met hod ofW@LHPGHPE, wherein a plasma density of said et chZRT/USOHLIR i s at
least 2 8.0 x 10' a /cm8. 1 35. 'fhe nethod of Claim34, wherein said

pl asma density ranges fromabout 2 8.0'x 10" e'/cnB to about 3.0 x 10" a
/cnB. 1 36. The nethod of C aim 34, wherein a plasnma source power ranges

sad Snder PEIRGAS VLo RN B elfhed of o FRRMESE horas eeditue Bt g
whi Nl S CRirfdiel pRitbxidSellfl ri@vils BOGR IR AU i 6 QIR e ke R Hl-Eak

Y
functional etc i Specl es genera IS carrile n"tvvo

‘stepsz 4 V"t‘%@%ﬂn%eﬁ@k%&i dbofiC91P ept Tg%'éﬁﬂ pgcgmg%b{ameq ‘Léga%fo@%ﬁmﬁw.ges

fromgreater than 20 % by 5 volune to out % by vol une, an erein the

vol ungtric concemidmthé Andedfyiddoxide Ry& : an
“about 35 % by volune to ablfglljr'gaZ%é %%y vgﬁﬁ%ﬁ%ﬁ%ﬁﬁﬁﬁﬁtﬁnﬁgﬁsﬁﬂﬁw,

wheresn a plad fdRakl §85the YarHdEduee $RIcEmpbsifibn ahE g6ty i 10°
a /cnB to about %. 6 X 1102'1' a /cmgﬁanglbv\ﬁer%i n g*"%f)sgsﬁ'zd‘gg‘%g“t%‘?gggﬁ“h‘gs%‘éi d

3 secgnd siQetelch @&?%s flioRewARMUerb usdil whekDsilidhn! diide W 129 4S thd -uﬂdé’rlﬁgéila?er.
/cnB8. 31 WO 02/ U( 5539 PCT/ USUL/: 4979~ 1 39. The nethod of Caim ,

whereyn a BfiieMheS Qfahiin PR3ESxideI 14 Resigtantdd 11615 thosiRRIMANIRAIcR. b ABAHE
800 Wto about 1G00 W aizd wherein a plasma source power during said
secong 3 stRisokapi@eshihpone edvcichie: &R0 alWdsOindinne selcliofly Wr elchiith tuhBReRldiod Of
Cl aim 24, wherein said underlying oxide conprises tantalum 2 pentoxi de, and
wher ebn a v‘ohbnmternlying eantanmagpatodidéayemn Fhis éxgaordidript highratusgsencetagatund
ranges from about 20 % to about 50 % 1 41. The nmethod of C aim 40, wherein
sai d 1ander Ipgntogidecitchesebastipity sdews athinhartaalwenpantoxide layadtoecused frefativeds na
density of said etchant plasma ranges fromabout 3 2.0 x 10~ a /cnB to
aboutl11. 8 » contspendingsiliconaxidehyerieThoantwidipantoxitte, laydrdypicallyshasitbickmess
source power ranges from ag;)ut 2 200 Wto about 1800 W MB. The )rket hod of
d ai h240, whdessithansahogt 40Q & Ipyelagbbxwithinciberngeeal abent 30 Miioaheuh 58)4.ddhe and

a substrate bias power ranges from about GO Wto about 300 W

13 thinness of the oxide layer can be important in terms of increasing a semiconductor device
14 speed.

15 Our discovery that tantalum pentoxide is more resistant to ion bombardment than
16 silicon oxide permits a higher substrate bias power to be used during the tungsten overetch
17 step over an underlying tantalum pentoxide layer. The use of a high bias power (from about

18 100 W up to about 300 W) during the overetch step provides improved profile contro! (i.e.,

19 a more vertical profile is obtained), while maintaining a high selectivity for etching tungsten
20 relative to the underlying tantalum pentoxide. When a higher bias power is employed, a
21 plasma source gas having a lower oxygen content can be used.

22 When the underlying oxide layer comprises tantalum pentoxide, a tungsten etch rate
23 of about 2000 A per minute can be achieved while maintaining a tungsten : tantalum
24 pentoxide etch selectivity of about 75 : 1 or better using a plasma source gas having a
25 volumetric percentage of O, of about 20 %, with a plasma density within the range of about
26 4.0% 10" ¢ / cm® to about 6.0 x 10'® e/cm?®, which may be achieved in the exemplary DPS
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1 44. A nmethod of selectively etclung tungsten nitride relative to silicon
oxi de during the 2 etching of sem conductor structures, conprising: 3

pl asma etvwobivzigssa3orej ority portion of said tungsten nitri deCuAisag4a9pl asma
source gas 4 conprising fluorine species; arid 5 plasma etclung a remai ni ng
portion of said tungsten nitride using a second plasnma G source gas
conprising chem cally functional etchant speci es generated fromdd z and QZ,

wherdin o 3\%&?@“@%’%“(@"%‘? 33 e ol PRl 8, Pdp W1 s
S
oher 8 sergapate DR e BB R 2 9"3?355 haftber A E WA o 0LF 01 oui

-using a fle{b%h Iy ’Pd)é}{aﬁf‘e 4 tﬁ%&%ﬁ&tﬁfeﬁi‘blﬁl@ﬁlﬁfe@d@fg ﬁagﬂ“ﬁfte}e

conbi nati on o F~ NZ, an a conbinatio
The nethod gad G e 'Baéla"of d"féﬁﬁﬁé Nt My Be Bhga?ﬁ%egwt%' ddjust &ﬁt@t@é&ﬂit%s toward

-application of a 2 plasnma source power Wor greater

met had of ReanMoffhe at/elerybflemupie OHe GiRAICREH é@fditﬁﬂsuﬁaya;hewde%e%chvltyerhlme
or 2 greater, and wherein a plasnma density of said etchant plasnma i's about

1.8 » 10" l%aétql'lﬁ Qrtugdée fabiatum [péﬁtoxfﬂléewﬁa’ehﬁ?éju@ steh 8icHrété.is WhettRhabsad d
pl asma density is created by application of a 2 pllasna source~power of 1800

W or mgr eat pjoo A péPminhte® TGt selcdivitg all @lvhngietdan Getodinimdd byadeg @?Jlasma
nitride, wherein an etch selectivity 2 of greater than about 75

obt aigned r&Juaéd ¥4 Havirga fojuatetiid pérogtiadelon Qo about20 Ve weth bpla@mﬁ&ieﬂ@t}eof

pl asma source gas conprising chemcally functional etchant species which
are 4 genestue2l 0fxriof eZed®,avttci¥an betachieved it bie exemnpheey DPS chanbansimge pldsn2 i n
said plasma source 5 gas ranges from about 20 % to about 50 % and wherein
‘a plHsma dsuscetpowea nfabout 20N bsubstidtechiss powedof zbouit S Wo anda procgssghamber”
e'/cnB. i 50. The nethod of Cl aim49, wherein said plasna density is

obt ailned byressupé 9f ahpub6 MEWOr ce power within the range of about 200 Wto
about 1800 W 33

12 Experimental results obtained by varying particular process parameters (O, flow rate,
13 process chamber pressure, plasma source power, substrate bias power) during tungsien
14 overetching are presented in Table II, below.
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WO [ 12/11G539 PCT/USOL/ . 1979~ 1 51. The nmethod of C aim 49, wherein a

substrate bias power

nmet hod ofw@hzoass®L, wherein a substrate bias power

to 2 about 200 W 1 53. The nethod of Cdaimb52, wherein a substrate bias
ranges from about 100 W2 tv about 200 W 1 54. A nethod of

power

ranges fromabout GO Wto 2 about 300 W 1 52. The

r anges pCratshi/syeout 60 W

sel ectively etching tungsten nitride relative to tantal um pentoxide during

2 the_ etching of
ty portiono
conpr £si ng quorlne speC|es

mayj or?

sai d tungs
-chem cal ly

tIO

4
n of

funct | onal echant speC| esgenerat eRuf #o0m dz and 02, 7 “wher gi
centration r gmge t—50—%0-by—vohure—ar
bl asna den5|t| 2.0 x

24

conpr|5|qg 3 ~ plasna etching a
d d . a h

said OZ co d 8
wherein a 10
e'/cnj to X cnB. 5p. The ne 0 3
said first ] WYB?mpor said p| asnma eg chlng P is carried dut using a
first4pl asfr&s"%‘ﬁhr ce gas od 14 on t W& grpup’%onisi st ngl of72 72
conbi pati on O w and a comb} nat1onf of NF3[  CIZ, jand CF4 I SG
The ngthod g%ﬁ%i %?54 I h sajd pla den ity is obtained by appl yi ng
a 2 source within nge_bf pbo 20 | 8 w| 348 \\o
U2/ 11 &5S39 MO [ ~97Y~ 57 T pt o] 5 er gj,n 3 strjate
bi as ﬁv\er W }°J§2 hn%g 6D \Iéllﬁ rﬂ r‘ ?%i M\nr é(&?? hgjomﬁl‘ hod of
Cl ai.n851, \Mpajceds!Chambetbqt r at e pi as povver ranges frolm about] GO Wtlo 2 abaqut
200 V¢ 1 59 prekge @EIdOd Jlof 4L al m 32, Whegein| a gubsfrase b asy povFr jJanges
f rom about otHt—20P—W
10 Plasma Source :
11 Power (W) 200 200 200 200 200 400 600
12 Substrate Bias |
13 Power (W) 175 100 175 175 175 175 175
14 Substrate
15 Temperature (°C) 50 50 50 50 50 50 50
16 W Etch Rate
17 (A/min.) | 634 | 384 | 1014 | 4m 42 | 181 | 2198
18 Ta,O, Etch Rate
19 (A/min.) 22 12 5.7 53 4.7 20 28
20 W : Ta,0; Etch
21 Selectivity 29:1 29:1 178: 1 90: 1 9:1 94:1 79:1
22 Table I1I, below, provides a summary of various process conditions and the tungsten
23 (or tungsten nitride) overetch rate which is expected to be obtained at those process
24 conditions. Table III also shows the selectivity for etching tungsten/tungsten nitride relative
25 to tantalum pentoxide which is expected to be obtained, and the etched sidewall profile angle
26 which is expected to be obtained.



1 60. A sem conductor gate structure conprising a |ayer of tungsten and an

underlying 2 | ayer of tantal um pentoxide,

deposited on a silicon substrate,

wher ei n 30 02/06&p3%al um pent oxi de 3 | ayer has thickness of PesASHHgTIBbOUL
100 A. 1 61. The sem conductor gate structure of Caim @, wherein said
tantal um pentoxi de |l ayer 2 has a thickness witlun the range of about 30 ~1
35

to about 50 ~.
. Al 9F . AL. &R AYER.
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CLAIMS

We claim:
1 1. A method of plasma etching tungsten or tungsten nitride, wherein an etch selectivity
2 of greater than about 75 : 1 is obtained relative to an adjacent silicon oxide layer by using a
3 plasma source gas comprising chemically functional etchant species which are generated
4 from Cl, and O,, wherein the volumetric percentage of O, in said plasma source gas is at least
5 35 %, and wherein a plasma density is at least 1.6 x 10" e/cm®.
1 2. The method of Claim |, wherein said plasma density is obtained by applying a source
2 power of at least 1600 W,
1 3. The method of Claim 1, wherein said etch selectivity is greater than about 100 : 1,
2 said volumetric percentage of O, is at least 40 %, and said plasma density is at least
3 1.65 x 10" e/cm?.
1 4, The method of Claim 3, wherein said plasma density is obtained by applying a source
2 power of at least 1650 W.
1 5. The method of Claim 1, wherein said etch selectivity is greater than about 175 : 1,
2 said volumetric percentage of O, is al least 45 %, and said plasma density is at least
3 1.8 x 10" e/cm’.
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1 7. A method of selectively etching tungsten or tungsten nitride relative to an underlying
2 oxide layer in semiconductor structures, comprising:

3 plasma etching a first majority portion of said tungsten or tungsten nitride using a first
4 plasma source gas comprising at least one halogen-based chemically functional etchant
5 species; and

6 plasma etching a remaining portion of said tungsten or tungsten nitride using a second
7 plasma source gas comprising chemically functional etchant species generated fromCl, and
8 0,.

| 8. The method of Claim 7, wherein said underlying oxide is selected from the group
2 consisting of silicon oxide, silicon oxynitride, tantalum pentoxide, zirconium oxide, and
3 combinations thereof.

1 9. The method of Claim 8, wherein said halogen is selected from the group consisting
2 of fluorine, chlorine, and combinations thereof.

1 10.  The method of Claim 9, wherein said first majority portion of said plasma etching is
2 carried out using a first plasma source gas selected from the group consisting of a
3 combination of SF; and N,, and a combination of NF,, Cl,, and CF,.

1 11. The method of Claim 9, wherein said underlying oxide comprises silicon oxide-, and
2 wherein a volumetric percentage of O, in said second plasma source gas is greater than

3 20 % by volume.
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1 13.  The method of Claim 9, wherein said underlying oxide comprises silicon oxide, and
2 wherein a plasma density of said etchant plasma is at least 8.0 x 10" e/cm’. |

1 14.  The method of Claim 13, wherein said plasma density ranges from about

2 8.0 x 10'° e/cm® to about 3.0 x 10" e/cm?’.

1 15.  The method of Claim 14, wherein said plasma density ranges from about

2 8.0 x 10" e/cm?® to about 2.0 x 10! e/cm’.

1 16.  The method of Claim 13, wherein a plasma source power ranges from about

2 800 W to about 3000 W.

1 17.  The method of Claim 16, wherein said plasma source power ranges from about

2 800 W to about 2000 W,

1 18.  The method of Claim 9; wherein said underlying oxide comprises silicon oxide, and
2 wherein said etching which is carried out using said plasma source gas comprising said
3 chemically functional eichant species generaled from Cl, and O, is cairied out in two steps,
4 wherein a volumetric concentration of O, in a first step ranges from greater than 20 % by
5 volume to about 35 % by volume, and wherein a volumetric concentration of O, in a second
6 step ranges from grealer than about 35 % by volume lo about 45 % by volume.
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about 20 % to about 50 %.

1 20.  The method of Claim 19, wherein said underlying oxide comprises tantalum
2 pentoxide, and wherein a plasma density of said etchant plasma ranges from about

3 2.0x 10%e/cm? to about 1.8 x 10" e/cm’.

1 21.  The method of Claim 20, wherein a plasma source power ranges from about

2 200 W to about 1800 W.

1 22.  The method of Claim 19, wherein said undeérlying oxide comprises tantalum
2 pentoxide, and a substrate bias power ranges from about 60 W to about 300 W,

| 23, A method of selectively etching tungsten or tungsten nitride relative to an underlying
2 oxide layer in semiconductor structures, comprising:

3 plasma etching a first majority portion of said tungsten or tungsten nitride using a first
4 plasma source gas comprising fluorine species; and

5 plasma etching a remaining portion of said tungsten or tungsten nitride using a second
6 plasma source gas comprising chemically functional etchant species generated from Cl, and
7 0,.

1 24.  The method of Claim 23, wherein said underlying oxide is selected from the group
2 consisting of silicon oxide, silicon oxyniiride, tantalum pentoxide, zirconium oxide, and
3 combinations thereof.
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2 comprises silicon oxide, and whereln a volumeluc percentage of O, in said second plasma
3 source gas is greater than 20 % by volume.

1 28.  The method of Claim 27, wherein said O, volumelric percentage ranges from greater
2 than 20 % to about 45 %.

1 29.  The method of Claim 27, wherein a plasma density of said etchant plasma is at least
2 8.0 x 10"e/cm’.

1 30.  The method of Claim 29, wherein said plasma density ranges from about

2 8.0 x 10" e/cm? to about 3.0 x 10" e/cm®.

1 31.  The method of Claim 30, wherein said plasma density ranges from about

2 8.0 x 10" e/cm® to about 2.0 x 10'! e/cm?,

1 32.  The method of Claim 27, wherein a plasma source power ranges from about

2 800 W to about 3000 W.
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1 33. The method of Claim 32, wherein said plasma source power ranges from about
2 800 W to about 2000 W.

1 34,  The method of Claim 28, wherein a plasma density of said etchant plasma is at least

2 8.0 x 10" e/cm’. |

1 35.  The method of Claim 34, wherein said plasma densily ranges {rom about

2 8.0x 10 e/cm® to about 3.0 x 10" e/em’.

1 36.  The method of Claim 34, wherein a plasma source power ranges from about

2 800 W to about 3000 W.

1 37.  The method of Claim 24, wherein said underlying oxide comprises silicon oxide, and

2 wherein said etching which is carried out using said plasma source gas comprising

3 chemically functional etchant species generated from Cl, and O, is carried out in two steps,

4 wherein a volumetric concentration of O, in a first step ranges from greater than 20 % by

5 volume to about 35 % by volume, and wherein the volumetric concentration of O, in a

6 second step ranges from greater than about 35 % by volume to about 45 % by volume.

1 38.  The method of Claim 37, wherein a plasma density during said first step ranges from

2 about 8 x 10" e/cm?® to about 1.6 x 10! e/cm’, and wherein a plasma density during said

3 second step ranges from about 1.6 x 10" e/em’ to about 3.0 x 10" e/em’.
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1 40. The method of Claim 24, wherein said underlying oxide comprises tantalum
2 pentoxide, and wherein a volumetric percentage of O, in said second plasma source gas
3 ranges from about 20 % to about 50 %.
1 41, The method of Claim 40, wherein said underlying oxide comprises tantalum
2 pentoxide, and wherein a plasma density of said eichant plasma ranges from about
3 2.0 x 10'%e/cm? to about 1.8 x 10" e/cm’.
1 42.  The method of Claim 41, wherein a plasma source power ranges from about
2 200 W to about 1800 W.
1 43.  The method of Claim 40, wherein said underlying oxide comprises tantalum
2 pentoxide, and a substrate bias power ranges from about 60 W to about 300 W.
1 44. A method of selectively etching tungsten nitride relative to silicon oxide during the
2 etching of semiconductor structures, comprising:
3 plasma etching a majority postion of said tungsten nitride using a plasma source gas
4 comprising fluorine species; and
5 plasma etching a remaining portion of said tungsten nitride using a second plasma
6 source gas comprising chemically functional etchant species generated from Cl, and O,,
7 wherein said O, concentration is about 35 % by volume or greater, and wherein a plasma
8 density of said etchant plasma is about 1.6 x 10'" e/cm® or greater.
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2 greater, and wherein a plasma density of said etchant plasma is about 1.8 x 10'" e/om® or
3 greater.

1 48.  The method of Claim 47, wherein said plasma density is created by application of a
2 plasma source'power of 1800 W or greater.

1 49. A method of plasma etching tungsten or tungsten nitride, wherein an etch selectivity

of greater than about 75 : 1 is obtained relative to an adjacent tantalum pentoxide layer by

using a plasma source gas comprising chemically functional etchant species which are

2
3
4 generated I‘rm’n Cl, and O,, wherein the volumetric percentage of O, in said plasma source
5 gas ranges from about 20 % to about 50 %, and wherein a plasma density ranges from about
6

2.0 x 10" e/cm® to about 1.8 x 10" e/cm’.

1 50. The method of Claim 49, wherein said plasma density is obtained by applying a

2 source power within the range of about 200 W to about 1800 W.
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2 about 200 W.

1 53.  The method of Claim 52, wherein a substrate bias power ranges from about 100 W
2 to about 200 W.

1 54. A method of selectively etching tungsten nitride relative to tantalum pentoxide during
2 the etching of semiconductor structures, comprising:

3 plasma etching a majority portion of said tungsten nitride using a plasma source gas
4 comprising fluorine species; and

5 plasma etching a remaining portion of said tungsten nitride using a second plasma
6' source gas comprising chemically functional etchant species generated from Cl, and O,,
7 wherein said O, concentration ranges from about 20 % to about 50 % by volume, and
8 wherein a plasma density of said etchant plasma ranges from about 2.0 x 10" e/cm® to about
9 1.8 x 10" e/cm?’.

1 55.  The method of Claim 54, wherein said first majority portion of said plasma etching
2 is carried out using a first plasma source gas selected from the group consisting of a
3 combination of SF; and N,, and a combination of NF,, Cl,, and CF,.

1 56. The method of Claim 54, wherein said plasma densily is obtained by applying a
2 source power within the range of about 200 W to about 1800 W. |
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537.  The method of Claim 54, wherein a substrate bias power ranges from about 60 W 1o

about 200 W,

58.  The method of Claim 51, wherein a substrate bias power ranges from about 60 W to

about 200 W.

59.  The method of Claim 52, wherein a substrate bias power ranges from about 100 W

to about 200 W.
60. A semiconductor gate structure comprising a layer of tungsten and an underlying
layer of tantalum pentoxide, deposited on a silicon substrate, wherein said tantalum pentoxide

layer has thickness of less than about 100 A.

61. The semiconductor gate structure of Claim 60, wherein said tantalum pentoxide layer

has a thickness within the range of about 30 A to about 50 A.
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