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Fung-M ng Lee BACKGROUND [1] In the fabrication of sem conductor-based
devices (e.g. integrated circuits or flat panel displays), |ayers of
material are alternately deposited onto and etched froma substrate surface
(e.g., the sem conductor wafer or the glass panel). As is well known in the
art, the deposition of material l|ayer(s) and etching of the material

| ayer (s) may be acconplished by a variety of techniques including
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etching, the actual deposition or etching of the su strate takes ace
inside a plasm processing q?g@ﬁﬁgﬂggﬁgggg ﬁg@ﬂg position or etchlng
process, a plasma is fornmed 2? e gas to deposit a
material |ayer on the substrate or to etch areas of substrate that are

unprotected by the etch mask, |eaving behind the desired pattern. [2]
Silicide filns are used to provide [ByJnvertgisst ance i nt erconnection paths

whi ch are | TBAERRHTah ShAGART il RarkBR Sl ERLENIRNSE andf LBk RERIREIANCE doVi ces.

One structure is a polyci gate of MOS transi stor. nsists of a

refractory netal silicide (e.g., WBACKGRSIND MbSi 2, or TaS|2) on top of a
doped poly-silicon layer. In an’ exanpl e process, such a structure reduces
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substrate that are unprotected by the etch mask, leaving behind the desired pattern.

[2} Silicide films are used to provide low resistance interconnection paths which are
important in order to fabricate dense, high performance devices. One structure is a polycide
gaic of the MOS transistor. It consists of a refractory metal silicide (e.g., WS,, TiSi,, MoSiy,
or TaSi;) on top of a doped poly-silicon layer. In an example process, such a structure
reduces the interconnect resistivity to less than the 15-30 ohms/square exhibited by doped
poly-silicon that has no silicide. As minimum geometries decrease, intercommect resistances
increase. For technologies with minimum geometries of about half a micron, introducing a
refractory metal polycide process significantly lowers gate interconnect resistance. In
" minimum geometry features, tungsten silicide is the material of choice for its low sheet

resistances and thermal stability.

[31 The current existing tungsten silicide etching process has a severe etch rate micro-
loading problem. Tungsten silicide in an isolated feature area is etched at a higher rate then
in the dense feature area. Due to the severe degree of micro-loading, longer over-etch
operations are required at the expense of increasing the risk of gate oxide punch through,

which reduces device yield.



whi ch reduces device yield. 2 [4] In view of the foregoing, there is a
need for a nethod that provides an inproved tungsten silicide etching
process with a reduced etch rate mcro-1loading effect. SUMWARY [5] The
enbodi nents descri bed bel ow provides an inproved tungsten silicide etching
process with a reduced etch rate mcro-loading effect. It should be

appreci ated that the present invention can be inplenented in nunerous
ways, including in different plasma etgching systenms. Several inventive
enbodi nents of the present invention are described below. [6] In one
enbodi ment , [‘ﬁ e HE Phihe deregoinggthere|ing epeds for aoutthod tiamt proviibs @t Eupravedr ovi ded.

Scrl ik icqo_%ggiﬁrrgf&g{ ocessi ng chanber,

The met hod mgétm&idékﬂMhQ%B&sﬁyﬁi%& e
the substrate having a netal silicide layer forne ereon and a patterned
mask defined over the metal silicid8uMMary The nethod al so includes

supplying an etching gas m xture of a fluorine- containing gas, a
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coupled to a _substrate support, wherein e patte e di sposed
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The nethod further includes supplying an etching gas Xtu

a Cl2 gas, SH™REEgasto thyihyoring-coniaiging 2454s hetresep rhoshtopbat &5si ng chanber
71 In addition, the method includes generating a plasma in the plasma processing
chamber using the supplied etching gas mixture to etch the metal silicide layer in regions not
covered by the patterned mask, the patterned mask defining dense regions and isolated
regions, wherein the generated plasma is configured to remove the metal silicide layer in the

dense regions and the isolated regions at a rednced etch rate micro-loading,

[8] In another embodiment, a method for etching a layer formed on a substrate is
provided. The method includes providing a substrate into a plasma processing chamber with
an RF power supply disposed above the plasma processing chamber and a bias power supply
coupled to a substrate support, wherein the patterned substrate is disposed on the substrate
support, the substrate having a metal silicide layer formed thereon and a patterned mask
defined over the metal silicide layer. The method further includes supplying an etching gas
mixture of a NF; gas, a Cl, gas, an N, gas, and an O, gas to the plasma processing chamber,

wherein the ratio of the N gas to the NF; gas is between about 5 to about 15.

[9] In addition, the method includes generating a plasma in the plasma processing
chamber using the supplied etching gas mixture to etch the metal silicide layer in regions not

covered by the patterned mask, the patterned mask defining dense regions and isolated



wherein the ratio of the N2 gas to the NF3 gas is between about 5 to about
15. [9] In addition, the nmethod includes generating a plasma in the plasna
processi ng chanber using the supplied etching gas m xture to etch the
metal silicide layer in regions not covered by the patterned mask, the
patterned mask defining dense regions and isolated 3 regions, wherein the
generated plasma is configured to renove the netal silicide |layer in the
dense regions and the isolated regions at a reduced etch rate

m cro-loading. [10] OQher aspects and %dvantages of the invention wll
becone appaégdis, e hé genefatel pRWAAY colfipatd Bdert®salid fdtal Gllicidt Rl¢&hin the

conjunction wth, the acco nyi.ng drawi ngs, .illustrating by way of exanple
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ref erence ol Sctalledi dgsibior, itken is teonjaictiomiwithl deentenpalyhi}] dizivipgs,e 1 shows
an exenpl ar. te stack. wit ungsten sjilicide and phot omask on a
Slbotrate. HedfhgnyBecateale b PERAR AT I HEEHEN o Per e Tn the dense
feature area. [14] Fi gurBriik DPhavwaraioNGETHR Gsilicide in the
isolated feature area. [15] Figure 3A shows tungsten silicide foot. [16]
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[ 19] Fi gur ewfburahweniet ched gate stack in the dense feature area. [20]
Figure 5B shows etched gate stack in the isolated feature area. [21] Figure
6 shows an [EXenphae\l shbvasabexemgihyngte Sisalt @ith tbp@dnciicidengs pBnorsdsk bsbde.

DETAI LED DE%fcgltPTl ON OF THE EXEMPLARY EMBODI MENTS [ 22] Several exenplary
enbodi nent $"¥°6#“an i nproved tungsten silicide etching process will now be

described. (14 Wl bg ARRRUS ek NOSE i kb rbALhg, art that the present

i nvention
[14]  Figure 2B shows etched tungsten silicide in the isolated feature area.

[15] Figure 3A shows tungsten silicide foot.
[16] Figure 3B shows tungsten silicide etch residue between features.
[¥7] Figure 4A shows fluorine radical etching WSi, surface.

[18] Figure 4B shows fluorine radical not being able to etch nitrogen-passivated WSiy

surface,
[19] Figure SA shows etched gate stack in the dense feature area.
[20] Figure 5B shows etched gate stack in the isolated feature area.

[21] Figure 6 shows an exemplary plasma etching system to etch tungsten silicide.

DEYAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[22] Several exemplary embodiments for an improved tungsten silicide etching process
will now be described. It will be apparent to those skilled in the art that the present invention

may be practiced without some or all of the specific defails set forth herein.



may be practiced without sonme or all of the specific details set forth
herein. 4 [23] Figure | shows an exenplary gate stack with tungsten
silicide and photomask on a substrate 100. The gate stack can be used to
formvarious types of devices. For instance, sone nmenory devices, such as
DRAM may use this starting structure. In the exenplary gate stack, an
oxi de layer 110 is deposited on the substrate 100. On top of the oxide

| ayer 110 is a polysilicon layer 120. A tungsten silicide layer 130 is
deposi ted above the polysilicion |ayer* 120. A patterned photoresist |ayer
or hard magis)l ayigire 148owsSanf @e:ﬂpdrycguﬁrstaahﬁitm wigsdnaslicidsiand ghd@ndshyet 130.
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(Figure 2B). severity ( of .micr ding effects can be conpared by etch
rate mcro- ogé‘pishlmnm lde’h |§Dh8‘ésl CS’ at‘gd first by subtracting the remai ni ng

tungsten si fi
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the result I@ﬁmswﬁ@qtaabsqnbnthbydlffemce neth ageinttheget eith denkd featekes anldun:ﬂlness in
tE{‘ghdregfg %&e@fagﬂﬁ”ﬁmg& }'e%re% %R'aaéu afd! el?o sﬁrﬂé’?ch%?e}}lz &&delggﬁﬂg%g;&%ﬁ%or mul a.
convent i onatlhngﬁt@rnglgu@r{WéSileCcﬂbjé ewhmtngwﬁm&bghemmmmmﬂa@ agathape as hi gh
as 40% [Zﬂthlaﬁents@ﬁeaj sol ated feature area (Figure 2B), the Wi . surface (A
) is nore open and I's nore exposed to the etching chemstry. In contrast,

in the densggsf eRbuELr AhGPoH ﬁio%aﬁ:mﬁﬁ\)etchéd%gst@ﬁ ﬁﬁcuﬁﬂml%ﬁé WEENEMRR ofegat ures
rel atlvely |s | ess accessible to the etching chemstry as the area A; near
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difference in etching rates in these two area
the remaining tungsten silicide thlckness in the dense area (I—Id) from the remaining tungsten

silicide thickness in the isolated area (Hi) and then dividing the result of subtraction by the
average tungsten silicide thickness in the dense area and in the isolated area. Equation (1)

shows the formula,
Etch rate micro-loading = (Hi - Hd} / ((Hi + Hd)/2) x 100% ()
For conventional tungsten silicide etching process, microloading can be as high as 40%.

[26] In the isolated feature area (Figure 2B), the WSi, surface (A;) is more open and is
more exposed to the etching chemistry. In contrast, in the dense feature area (Figure 2A}, the
area Ag between the features relatively is less accessible to the etching chemistry as the area
A near the isolated feature. Therefore, the etching rate in the dense area is relatively lower
than the etching rate in the isolated area. The difference in etching rates in these two areas
results in micro-loading. As described above for some tungsten silicide etching processes,
the etch rate micro-loading can be as high as 40%. Due fo the severe degree of micro-
loading, longer over-etch operations are required to ensure that tungsten silicide between

features in the dense area is cleared everywhere across the substrate (or wafer). Longer over-



results in mcro-loading. As described above for sone tungsten silicide
etching processes, the etch rate mcro-|loading can be as high as 40% Due
to the severe degree of mcro- |oading, |onger over-etch operations are
required to ensure that tungsten silicide between features in the dense
area is cleared everywhere across the substrate (or wafer). Longer over 5
etch can result in gate oxide punch through in the isolated feature area.
Gat e oxi de punch through would result 4n yield loss. In addition to gate
oxi de punch mgr u tun%sten silicide foot or etch residue are seen on
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enbodi nment |I-ﬁ1gl% fmg%lg C@ iall1 nin as, ..such as NF3, SF6, C2F6, or
CF4, a chlo ne CoRPR Hith iy ihhayg 2 Ste”o?‘hqliél"whﬁlgrﬂf?qeﬁ%hﬂ%@nt ai ni ng
gas, such agumipal Imprommgaffe@xg' gléxninate Bite bXitid Hungid Sarouph Clingd&n Qificid@ Rfde an

optional ipefdn9as,.such as He, Ar, Ne, Kr, or Xe. Fluorine radicals from
the fluorine-containing gas and chI ori ne radi cal s from chl ori ne- cont ai ni ng

gas prowde c e ticul ar suited to etch
Wi .. FI uorlzzla Fgg?fggﬁgﬂaﬁoﬂo@%“gtti:ltof“\’/ea%chlg'hm ﬁ?l gﬁ’h uwa“ce%@ng B4 et chi ng
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chi ori ne- coplgaiibhg Qs t Ni t r agen- cont ai ni ng
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3, preferabl )il bet ween about 0.5 to about Uor ine:
etch, since they can help form an etch polymer to protect the etched feature sidewalls from

eiching by fluorine radicals. Oxygen-containing gas helps the dissociation of fluotine-
containing gas, chlorine-containing gas, and nitrogen-containing gas. Nitrogen-containing

gas helps to slow down the WS, etching in the open area (or isolated feature area).

[28] In one example, the fluorine-containing gas to chlorine-containing gas flow rate ratio
is at between about 0.3 to about 3, preferably between about 0.5 to about 1.5. The fluorine-
containing gas to oxygen-containing gas ratio is at between about 1 to about 10, preferably
between about 5 and about 7. The nitrogen-containing gas to fluorine-containing gas ratio is
at between about 5 to about 15, preferably between about 6 to about 10, and most preferably
between about 7 to about 9. Inert gas flow is between 0 scem (standard cubic centimeter per
minute) to about 200 sccm. The total gas mixture flow is between about 150 scem to about
1000 scem, and preferably between about 300 scem to about 600 scem. Wafer temperature is
between about 20°C to about 75°C, preferably between about 25°C to about 60°C. The

process pressure is between about 3 mTorr to about 15 mTorr, The power is between 200



contai ning gas to oxygen-containing gas ratio is at between about 1 to
about 10, preferably between about 5 and about 7. The nitrogen-containing
gas to fluorine-containing gas ratio is at between about 5 to about 15,
preferably between about 6 to about 10, and nost preferably between about
7 to about 9. Inert gas flowis between O sccm (standard cubic centineter
per mnute) to about 200 sccm The total gas mxture flow is between about
150 sccmto about 1000 sccm and prefirabl y between about 300 sccmto
about 600 sccm Wafer tenperature is et ween about 20C to about 75C,

pref erably gt veshaunldoo tvad HeGuishae biab OQtagd Bdetwermawans (0rels wrboits bet ween

about 3 nT about 00 6 to about
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300 volts, tandsutingfplrabdeysityes vueeden albaltE’ i0BomdEt petam’about 200 volts. In
one enbodl ment, the resulting plasma density is between about | E9 to about
| E' per cng29][ 280 ohen spenific sypeoilifvient, eleh Gubirimenentainifge ghd do NEnethe otednwi ng gas
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m xt ur e. [aﬁﬂemzonrsrtmmﬂzygmdmteg passivate the WSi. surface fromthe
fluorine etching chemstry. Figure 4A shows the W5 x surface being etched
by f1 uori nd30IFi Yuisemaitly sieo vespassivateathn Wikix suifiop fow the fuosing etiriee ghassisivat ed (or
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flowrate, a larger portion of Wsurface sites are protected (or
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Therefore, mdBey LRELAREHe RlckSBREAH nitbedni8d %%e%&&dtﬁd@ay%tﬂ%&?%&nﬁé@dx surface
in the isolated feature area from aggressive fluorine radical attacks and

sl ows down ' He VEsehrstes babeeen denpniatugsiog inggpa Aashaviria Figpe2A) THrcEehcr eased
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increased etching rate in this area due to its exposure to the etching

cheni stry. feom pgpgessivy furing spical pifreksasndslong qoxa %ﬁ&‘iﬁﬁ% Ty e dsol®fl pet ween
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protection; therefore, the etching rate is reduced tqQ a.  |esser degree than
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other hand, the area A4 (as shown in Figure 2A) between the features in the dense feature
area is less exposed to the nitrogen protection; therefore, the etching rate is reduced to a
lesser degree than the isolated feature area. However, the etch rate of the dense feature area
is also less than the isolated feature area due to its less exposure to the etching chemisiry,
The;e.fore, the increase mitrogen in the gas mixiure significantly reduces or completely
removes etch rate micro-loading. In one embodiment, the improved etching method reduces
the tungsten silicide eich rate micro-loading to between about 0% to about 20%. In another
embodiment, the improved etching method reduces the tungsten silicide etch rate micro-

loading to between about 0% to about 20%.

[31] Figures 5A and 5B show side-by-side scanning electron microscope (SEM) photos of
cross-sectional samples of dense features (Figure 5A) and isolated feature (Figure 5B) taken
from an eiched wafer. The tungsten silicide etched thickness in the dense feature area
(Figure 5A) is about 134 nm. The tungsten silicide etched thickness in the isolated feature



is also less than the isolated feature area due to its | ess exposure to the
etching chem stry. Therefore, the increase nitrogen in the gas m xture
significantly reduces or conpletely renoves etch rate mcro-loading. In
one enbodi nent, the inproved etching nethod reduces the tungsten silicide
etch rate mcro-loading to between about 0% to about 20% In anot her

enbodi nent, the inproved etching nethod reduces the tungsten silicide etch
rate mcro- |oading to between about 0%to about 20% [311 Figures 5A and
5B show si de-hy-si de_scanning el ectron m croscope (SEM photos of
cross-sect i &l (Fégﬁ‘f‘?pffés‘s 3P0 dBE &3¢ @y uAbRost qu@]lﬁgb rgpmigrpdoadiog lbag bebnf eat ur e

(Fi gure 5B) dhiken by fhe aew ARgseheiiere wafiarprockie tungsten silici de etched
t hi ckness in the dense feature area (Ifigure 5A) is about 134 nm The

tungsten sil[BAi dBuetchedmbsdika Bels fatd mictoladingPratbR dafaSBikUE:Genbed Fefoin( Fi gure
513) is als erQ etch rate mcro-1oading has been

ut. 134.rim . Al nost z
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al nost  zer o fedt el atchtresidue e alsd pastiviagiupydocess capability, extended overetch
is not required and gate oxide punch through is greatly reduced. In
addi tion, tu3ijstBmesed kilivide etcliigptiesartisid eboe ¢a@ teCptefonied Al RGN 90k | of

reduced. [ 33k si i cide etching described above can be performed in
vari ous type_sc o%”lg%%b%ﬁi ngiglclzrﬁarrtl)sezrls‘c’&wlm—‘f1 U 18“’60fjif‘bP " RORHIPE S SE a
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t hat can be £t .C t ilicide wth e roocess. descri bed
above. The 6@%%1%%?@%%%&%315}1 r% g% %rpr%cﬁfuﬁgsreaafﬁloriéqu&a?\)% uiehupalsd pl asm
et chi ng r eadlegna eirlting wediardes ingludsasplenppowesH RizoboasiaerA 6@ frdyuémgi 0

frequenc I d RE _hj power supply 628 provide
powgr toycr gg? )epoand g%@%?ﬁ#dug%eﬁ%ﬁé%ﬁ Sauggfﬁabéﬁfmé'fdrgﬁ”g%p Qi FRiEEI s ma
chanber 604 nflpepce s plastse Ghereated within REmaphweler §04 pinioad chyodpasme thsrppl y 624
is at about ! I C e controller by a
power contr gcll‘%é ?&&%@gbyspﬁg\%niﬁgﬁ %lg attsaﬁﬁ‘gc} ¥B€ @@ﬂﬁ&?@ ﬁw?fé;f‘?ﬁ& %34(°ﬁ‘bt
shown) . RF Boteatrolsy by e posarsopiradier tesshpwmemdtbe taed by b REAZattoeated (dear t he
| asma chanbgkm). 4 A\ 4 | rovided to separate
p 'ivn% Q@Apowepsuﬁggﬁ@ﬂ}&q@ar P»fre %{]%%\%29%0316? by tg? %asazggéanmg

coil 622 frgm plasnma cha 1604 \ e al 'owi'ng "energy bm coi |
622 to pl ash HaRDEmsERment Winday 67his pRIvided tosseprsste coisaRP fioyn B@Maickanarent | gur ed

to supply apo4dimil aGdidhe dnlre? RS Qs34 jco(i)lalslm chamber 604.

[34] The RF bias power supply 628 is configured to supply an RF signal to an electrostatic
chuck electrode 626 located within the plasma chamber 604 creating a direct current (DC)
bias above electrode 626 which is adapted to receive a substrate 627, such as a semi-
conductor wafer workpiece or a glass panel that is to be processed. The RF bias power
supply 628 can be controller by a power controller (not shown) and be tuned by a RF maich
network (not shown). The plasma processing reactor includes a gas supply mechanism (not
shown), which includes a source or sources of etchant gas or gases (not shown) attached via a
gas manifold (not shown) to supply the proper chemistry required for the etching process to
the interior of the plasma chamber 604, A gas exhaust 632 is coupled to an exhaust pump
634 to remove exhaust gas and particles from within the plasma chamber 604 and to

maintain a particular pressure within plasma chamber 604.

[35] A temperature controller 680 controls the temperature of heaters 682 provided within
the chuck 626 by controlling a heater power supply 684. In general terms, in plasma
chamber 604, substrate etching is achieved by exposing substrate 627 to ionized gas



chuck el ectrode 626 | ocated within the plasm chanber 604 creating a direct
current (DC) bias above el ectrode 626 which is adapted to receive a
substrate 627, such as a sem - conductor wafer workpiece or a glass panel
that is to be processed. The RF bias power supply 628 can be controller by
a power controller (not shown) and be tuned by a RF match network (not
shown). The pl asma processing reactor includes a gas supply mechani sm (not
shown), which includes a source or souy ces of etchant gas or gases (nhot
shown) attached via a gas nmanifold (not shown) to supply the proper

chem stry reeqpéunddipfaoma)tuhder edcolnn.nThemtahing pmocese statshwehen rtﬁe@ase@are@énvbghe pl asma
chanber 60 215 xhaust 634, t0 renove
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t enperat ure_.cont nLral s, r heat 82 provided
wthin t hem%%ﬁ%i&mﬂ%gby con?mn 1Iulln %rtné géw?d%%\%/l\rle&?b elewf)ge @gind% i gener al
terns, in pl BSrves ahabiiele @J4p ceutlyd tireadimctaincdnd regergy oﬁmlm Metdimynte)fpom ng
substrate c he
etching pr %ﬁ%gétggtﬁgﬁ@ﬁgﬁg%%pﬁép ggp%g %n{g%ﬂ\%%‘%ﬁmgﬁﬂ a%#;ge qr-garrber

604. RF po%kwmwmmkﬁé?@dmmveammhﬂamxmmnﬂbw&m@he reactive gases whi ch

i ncludes a fluorine-containing gas, a chlorine-containing gas, an

oxygen- contl@ni Ayorpagefersed qmbpg mfd#@nwmlﬁnng suitghlg p&ﬁm@ptop@mg toohigrt gas.
The power dgl $306Medeieth @ §REC 2ORBviiA oM REI éb@&a% FUbsidufit € 627 to

control the directionn and energy of ion bonbardnment o substrate 627.
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of the SUQ@MﬁI?a@%Ze&I@SrﬁEHHM@O FBEEE1 13hd OO P&&M%e@m}ss@ B8tiod 961 10 one
preferred embodi nent” of the invention, a sui'table pl'asma processing tool is

the 2300 Véyneyen ficige @ﬁa@ygéeé%ﬁbeéghewawwobyu%rﬁ bty walGlicish at i on of
Fremont,  Gadn sk Tis) M@K, ARTadi). Sn 6fe dnfbBdiRl-RASHEWRE A5RSS h&gstﬁaﬁéﬂx)e% AROWN in

Fi gure 6 can be found in cormonl y assigned U.S. “Patent . 6,939, 811 and
U. S. Patentca‘hﬁ?ntaBmﬂimeStﬂliorﬁﬁﬁysaddl tion to tungsten silici de t he above

descri bed c n also he used to etch _other netal SI|ICIdeS such
as TiSi2 w’é “%ﬂ{ghr iforeeomg iGRIQRHES BreRdricribedri saipy detqil fgrapurpages of

nﬁn fst oi ¢ hlcﬁuﬁ@t d’ﬂtﬁd@d’ﬂdldmg,&ﬂ wiDBd @jpﬁrelﬁtﬂhw GerBl @b@e@ﬁnd&h&@?fc&?ods 3} vhl t houg][1
the foregoi nﬁuceg wiil Itﬁe scggﬁ? otb tgee Qpp d'S 8 f ed ./-{crclo rdingly, tgg E)r%éent en?go egtgoses °

are to be considered as illustrative and not restrictive, and the invention is not to be limited to

the details given herein, but may be modified within the scope and equivalents of the

appended claims.



clarity of understanding, it will be apparent that certain changes and

nodi fications may be practiced within the scope of the appended cl ai ns.
Accordingly, the present embodi nents %re to be considered as illustrative
and not restrictive, and the invention is not to be limted to the details
gi ven herein, but may be nodified within the scope and equival ents of the
appende%,cl aicgs_ %..V\hat is clainmed is: Cains 1. A nethod for etching a

| ayer fYMELH SHMeedSinstrate, conprising: providing a substrate into a

pl asma piggessi ng chanber, the substrate having a nmetal silicide |ayer
formed thereon and a patterned nask defined over the netal silicide |ayer,
wher ei nlt he Asnethod fdrietchifg 4 yenfoimedoen 2 sWistrategepreprasingk; suppl yi ng an
etching gas mxture of l.uori ne- cont ai ni n as, chl.ori.ne-cont ai ni-ng
Gae aonitr ofienidttne Sinstals i PEVEE MiveRyesoabrn e A e FER et o e
pr ocessk;ifgide QRaFIBfmed MIRF @ 4 Phiténed ntdiR dUhEP 908 GRhatkNkiligidedsydr0 t he
fluorine-contalning gas is between about 6 to about 10, a ratio of the

f | uor i nehewmint the mata) sgesdetlayar heparhdfor gatestedut ai ni ng  gas bei ng bet ween about
0.5 to about 1.5 .and a gati o of. the gl gﬁ{oi.ne-cotnt ai ni ng gﬁ% Ago) th[e. .
oxygen- cont aPHPhgRg L ClFaimeRas dRREER CLBJTPTBS RN AR 8271 2 SATTGRARY ARy a
plasma by thGitRIpBS-EBntRInRELe 3, d CAR BRPEenURnBSnihE €2a8 UB Piht Qflaspi £ BrdBss@idS

m xture to etch™the netal” Silicide | ayer in regions not covered by the

pat t er nelthnmtes k wheneinRE ratpw wé thd ettvogen-calteining? 96 twathesfluaingtrontainiy @asnést t s

bei id t te the. pl .. RE .bi | i di
Che. SubBEEFE A 1S BrRdD: A BioTeiie s s DR ey o5 SR e abRRnEL00
volts t asabagg bmeﬂ%b§l§tzo. LEhit T 58nP% BldSrYM 1368nd-SortSRBgfs 69 Me Ol

direction and energy of ion bonbardnent toward the substrate, the patterned
mask debkydengondensgegasdgingyisteenh dboot Atceabone@iamds, wherei n t he generat ed

plasma is configured to renoye _the netal siligide.layer in.the dense
Feqi ons and. SHRSHHGE s 80 B HaSTE Pioceab SR FSPAAE sPUS LS HIRERRy ¢ o
reduce gal@ Ol 4 M altéi'lriﬁﬂ'gﬁar&f inl88i088h& Bl bydhe PitberA&RE RAL, 8h RE ai m

1, wherein the ratio of nitrogen-containing gas to"the fluorine- containing
gas bet pewer Ehwedn foub2@boatts idabomtl 100G wetts heing peovideal to-deoadterthe plabmat on
t he

an RF bias power supply providing the substrate with a direct current (DC) bias voltage
between about 100 volts to about 300 volis, wherein the DC bias voltage is used to control
direction and energy of ion bombardment toward the substrate, the patterned mask defining
dense regions and isolated regions, wherein the generated plasma is configured to remove
the metal silicide layer in the dense regions and the isolated regions at a reduced etch rate

micro-loading to reduce gate oxide punch through of the gate stack.

2. The method of claim 1, wherein the ratio of nitrogen-containing gas to the fluorine-
containing gas between about 6 to about 10 reduces etch rate micro-loading effect on the

substrate.
3. The method of claim 1, wherein the total etching gas mixture flow is between about
150 scem to about 1000 scem, the wafer temperature is between about 20°C. to about 75°C.,

the plasma processing chamber pressure is between about 3 mTorr to about 15 mTorr.

4. The method of claim 1, wherein the metal silicide is tungsten silicide.



substrate. 3. The nmethod of claim1l1l, wherein the total etching gas m xture
flowis between about 150 sccmto about 1000 sccm the wafer tenperature
is between about 20C. to about 75C., 10he plasma processi ng chanber
pressure i s between about 3 mflorr to about 15 mflorr. 4. The nethod of claim
1, wherein the nmetal silicide is tungsten silicide. 10 5. The nethod of

claim1l_ wherein the s, mxture further conprises,an inert gas,  wherein
the i nert gaé‘ﬁf’én‘%tg‘l"bg? é"&lmr i)rﬁv T’fgmgﬂ’&u%asc p&ﬁ%‘elbforfl_ﬁfls_eﬁr, N&{E&Eﬁ and
Xe. 6. giﬂ IR AkOFasGs &ididd I TASERyh BEnsidtineTor PR; ASTNAIKY G g2 | S one
selected fromthe Group consisting of NF3, SF6, C2F6, or CF4. 7. The

met hod of claim 1, wherein the chlorine containing gas is selected fromthe
group consi stjng and. HCl . net hod .of claim]1, erein the

of C1 8.. The
rati o of- t he THF PSSRl nYRgeigdbe o RsCoOrAIgs 638 1 it St R s
bet me”gﬁﬁ%‘&nﬁstf@ﬁmfsﬁg, 9, bheprethod of claim1, wherein the reduced
adi ng

etch rale Cro- I's aboUt greater than 0% and up to about 20% 10.
The nethod of claim 1, wherein the reduced etch rate mcro-loading is about

greater _ than 0% and. u 0 aboui 10% 1 A nmethqd for etchin | ayer
formed én a EQFtT’é‘?tﬁ%ogﬁif’é‘Pr]at@,erE’&nﬁ?Fiéﬁl%&e AL S & §glﬁ%t?ﬁ12f°@1?{ 0a
pl asma o%@%%ﬁéi&ﬂlgc SliMcfh an RF power supply disposed above the
pl asma frocessi ng chanber, 'the RF power supply providing RF power between

about 200 watts to about 1000 watts to generate an etch plasma, and a bias

power supply coupled to_ a substrate support .to provide direct current (DC)
bi as voPt ageﬁi‘ét%@?ﬁ oS Al 10PhSEHR $he Gtk §f the BHTABST-CenplR BT & the

directi ﬁ'pﬂ 'Cﬁ!ﬁﬁ&éf% i R QARAL T B Yo #War d the patterned substrate,

wherein € pattern substrate I's disposed on the substrate support, the
substrate having a netal silicide |ayer forned thereon and a patterned nmask
defined over the netal silicide |ayer, wherein the netal silicide |ayer is

part of 9a gaille stetad ofqlaim 1si Waerein the radung ¢fsh raty micredoyting isngpguiggreater, 12
gas, an ogas to the plasma processing chanber, wherein a
i R R0 ful P

ratio o € NF3 gas i s between

10. The method of claim 1, wherein the reduced ctch rate micro-loading is about greater

than 0% and up to about 10%.

11. A method for etching a layer formed on a patterned substrate, comprising:

providing a substrate into a plasma processing chamber with an RF power supply
disposed above the plasma processing chamber, the RF power supply providing RF power
between about 200 watts to about 1000 watts to generate an etch plasma, and a bias power
supply coupled to a substrate support to provide direct current (DC) bias voltage between
about 100 volts to about 300 volts to control direction and energy of ion bombardment
toward the patterned substrate, wherein the patterned substrate is disposed on the substrate
support, the substrate having a metal silicide layer formed thereon and a patterned mask
defined over the metal silicide layer, wherein the metal silicide layer is part of a gate stack;

supplying an etching gas mixture of a NF; gas, a Cl; gas, an N» gas, and an O, gas to
the plasma processing chamber, wherein a ratio of the N, gas to the NF; gas is between
about 6 to about 10, a ratio of the fluorine-containing gas to the chlorine-containing gas
being between about 0.5 to about 1.5 and a ratio of the fluorine-containing gas to the

oxygen-containing gas being between about 5 to about 7; and



about 6 to about 10, a ratio of the fluorine-containing gas to the

chl orine-containing gas being between about 0.5 to about 1.5 and a ratio
of the fluorine-containing gas to the lloxygen-contai ning gas bei ng between
about 5 to about 7; and 11 generating the etch plasma in the plasma
processi ng chanber using the supplied etching gas mxture to etch the netal
silicide layer in regions not covered by the patterne mask, .t he tferned
TSk def i i nEERREHINS TRSGTEM I Tt ableins JEHeBLnE GRERMSE HatTie (scHBP T

pl asm | ds HHixBiffe §O ofcfi TRY Seldl il [BRicHay & ihirekiffs heY&velel GisRed

regi onse%%@%{%g%sgﬁgt egc reg:ﬁc?ns ét a rag“ﬁjt}ce etch ratgem' ro?l%oadi ng to
reduce gaklke, tha pateerpednibsk dofmighdake tdpiorgand iscditet tegidh®, whéreinrtbe pedraséd cl ai m
11, wherein the ratio of the N2 gas, t.g the NF3 gas between abput . t

about 10las@gde eniigursd togemons Q}CdDPtB]a%}ﬁﬂ&? Tayr inflg depsergony and rlﬁO?%?do
wher ei n the ! gt ' (- | QitideSaRESMEE PR Oitoush 3P arcshe t O
about 60 @%ﬁ%ﬂ@&%@%ﬁ%@ gagg@ t::)srgﬁdte%gen ﬁggog‘tl 20C.oug% about 75C. ,
t he pl aspmek.processi ng chanber pressure is between about 3 nmflorr to about 15
mrorr. 14. The nmethod of claim1l1l, wherein the reduced etch rate

m cro-loading is about greater than 0% and up to about 10% 15. The net hod

of claifyll, RSl SNFaildl AS WAGMET AR AR ¥r he NABaEYo (RO, ealiBRbod RN

creates the bias voltage o pat terne strate on™t substrate

suppor t g td @boukh @ rediceoetchtate hcroridddingyher ei n t he substrate support is an
el ectrostatic chuck, which is controlled by a heater power supply.

13.  The method of claim 11, wherein the total etching gas mixture flow is between about
150 sccm to about 600 scem, the wafer temperature is between about 20°C. to about 75°C.,

the plasma processing chamber pressure is between about 3 mTorr to about 15 mTorr.

14.  The method of claim 1, wherein the reduced etch rate micro-loading is about greater

than 0% and up to about 10%.

15.  The method of claim 11, wherein the bias power supply is an RF power supply that
creates the DC bias voltage on the patterned substrate on the substrate support.

16.  The method of claim 11, wherein the substrate support is an electrostatic chuck,

which is controlled by a heater power supply.



