A METHOD FOR FORM NG A HARD MASK FOR GATE ELECTRODE
PATTERNI NG AND CORRESPONDI NG DEVI CE BACKGROUND [ 00011
The present disclosure relates generally to the

manuf acturi ng of sem conductor devices, and nore
particularly to a nethod for using hard masks in
patterning one or nore layers in a sem conductor

devi ce. (0002] The sem conductor integrated circuit
(10 industry has experienced rapid grow h.
Technol ogi cal advances in |IC materials and design have
produced generations of |1 Cs where each generation has
small er and nore conplex circuits than those fromthe
previ ous generation- However, those advances have

i ncreased the conplexity of processing and
manufacturing 1Cs and, for those advances to be
realized, simlar devel opnents in |IC processing and
manufacturing are necessary. For exanple, an ICis
formed by creating one or nore devices (e.g., circuit
conponents) on a substrate using a fabrication
process. AsMETHOQR OB FORMINSUC HARH/MASK FOR GAUECEed
to the ELEGCTRODE BPATTERNINGAND CORRESFONDING DEVAEEaNd
shape of different features of the device becone
_critical. [00031 In one exanple, polysilicon is often
used as a gate electrode in a transistor device. As
BAGKGROYND dt h shrinks to bel ow 100 nanoneters, the
roughness of the line edges ("line edge 1 roughness"”,
[6801] ERThopresehidigpbisyrs rdlites@angatyao tie mepabfcterimrbfaemizbyductor
affects the perfornmance of the transistor device.
dgyjessi dnit owkd partichERY mermghoddorusing|hylirhdskin pgigdrging one or more layers
different effective gate |lengths, thereby nodifying
in heemigoadustas ewiceper f or mance. This nodification can
result in a degradation in transistor delay tinme and
(8M2Lir afThosemeewndustor intdgrited circuit (IC) industry has experienced rapid growth.

Technological advances in IC materials and design have produced generations of ICs where each
generation has smaller and more complex circuits than those from the previous generation.
However, those advances have increased the complexity of processing and manufacturing ICs
and, for those advances to be realized, similar developments in IC processing and manufacturing
are necessary. For example, an [C is formed by creating one or more devices (e.g., circuit
components) on a substrate tsing a fabrication process. As the geometry of such devices is
reduced to the submicron or deep submicron level, the size and shape of different features of the
device become critical.

[0003] In one example, polysilicon is often used as a gate electrode in 2 transistor device. As

the gate width shrinks to below 100 nanometers, the roughness of the line edges (“line edge



[ 0004 One solution for reducing LERis to use a Si02

oxi de hard mask when patterning a |ayer of

polysilicon. In a typical process, a polysilicon |ayer

is put down over a silicon substrate, the silicon
substrate typically including a plurality of isolation
regi ons, such as a shallow trench isolation (STI)

filled with Si02. After the polysilicon layer is
patterned using the oxide hard mask, the hard mask is
removed with a hydrofluoric acid (HF) wet etch process
adapted for renoving Si02. Since the HF wet etch is
roaamlsﬁe@r 15R) pldhoralyrificsn gate struetugg aduersaly affasts| e perareange of the
the isol ation reglons such as formng divots in the
tragpistor fayisg5 3psHICallY SERLER gie # Bolysiicop sely Hibfysany cfietiveraatsdensths,
solutiogn is to use a hard mask forned of a nitride,
thgrgshmediigehoransysionperoRass o Flis madifieatiop catrespitde 2 degradation in
renove the hard mask after_ patterning the polysilicon
trangistor delay fipe 34 spigpeon cufienti(Idhot adversely affect the

Si 02 isolation_ regions. However, the H3P04 wet etch
IDB%C esQngraltips for r@éﬂé&%ﬁ% istty userAPiQR exdeha meskavliss patiepring a

the previously patterned polysilicon |ayer as well
'az@ of mé)f%'fcpv o LRI Prosese. 2 palysidicqrglayer is put #fé»freoveamsﬂl@e substrate,
nificant gate |l ength variatigns and oth

T AR A e e MR R i‘qgé’“éfsu‘ihr?é a shallow trench

et che ysilicaon | ayer, especially conparing
lswétf%(gB‘S?H@i withpiin f bF P?lxww faygy ippaticyise urtag e o¥ide hard

oxi de. sem conduct or Al so, the etching of the
magk, G At matkds FFW"B%W“%H PuREF acid GIF)gteheirh prageswidapted for
00061 Accordln S deS|rabIe to provide an
refnﬁﬁf‘% %gy\éietr?fé?f‘ Eodatest fof ’@P’l‘ﬁ"ﬁé ngz Halsa adnegrly affects
for atternln ate el ectrode or for patterning
thstsﬂ'éﬁ “pf6$19'§5r fl}‘%aﬁ ogpingdivats ésthe 371 BRI EF DESCRI PTI ON OF
#OOO?l Asgﬁ‘ts of the present disclosure
1039% be%lt AlFHRE TSI SR Y IdRReTIPRA PP tR ke pignask formed of a

read with the acconpanying figures.

descriptio
nifridey 5&“&%& gf“%a! tvaEelors. 4 webeleht ﬂaw&%tomweghe hard mask after

pattermning the polysilicon layer, such as H3PO4, will not adversely affect the S102 isolation
regions. However, the H3PO4 wet etch process has poor selectivity and also etches a portion of
the previously patterned polysiticon layer as well as the siticon substrate. As a result, there can
be significant gate length variations and other distortions due to the roughened profile of the
etched polysilicon layer, especially comparing n-type metal oxide semiconductor (NMOS) to p-
type metal oxide semiconductor (PMOS). Also, the etching of the Si substrate may be
undesirable for other reasons.

[0006] Accordingly, it is desirable to provide an improved system and method for forming a

hard mask for patterning a gate electrode or for patterning other polysilicon structures.
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the standard practice in the industry, various
features are not drawn to scale. In fact, the
di mensi ons of the various features may be arbitrarily
i ncreased or reduced for clarity of discussion.
(00081 Figs. 1-4 are cross-sectional diagranms of a
sem conduct or device being fornmed according to an
enbodi ment of the present invention. [00091 Fig. 5 is
a graph conparing deposition tenperature used for
formng a nitride hard mask to the correspondi ng etch
rate of the nitride hard mask in a dilute hydrofluoric
aci d. 100101 F|o 6 is a gr aph _show ng deposition
BRIEE DESCRIFELON OF THE DRAWINGY, r at e used for formng
a nitride hard mask to the corresponding reflective
0008 ofASHeHa OFiHE Pressat s ePUrRRsIo S g tp peet o empliomagetailed
100111 It is to_be understood_ that the follow ng
drssintivn yihen rdvith e apcomparing feusst It issreRbatizadthad in gpcordance with
exanples, for_ inplenmenting different features of the
“ﬁ\?@ﬁ‘i"%ﬂa"t@ﬁ é’c‘i‘? }“E“Stfé(x‘é?ﬁ‘ﬁ!‘seféatEfFS T H?ié‘l‘?é‘fﬂtg S‘alllfd In fact, the
arrangenents are described bhelowto sinplify
AIreaEphs of Hiesaneys dabirespryhg ahitgaril Bb‘P“E%J"E‘i‘ %‘emd‘h‘rﬁ‘? @F gharity of
exanpl es and are not intended to be limting. In
Jes'"bn, the present disclosure may repeat reference
raI or letters in the various . exa .. This

PR Figh 4% oSt el Gretads o S imon e o gping formmed
cla Lt and ges not initself. dictate a relationship

1o EhEmkp, We&bggtEWSﬁf‘HﬂYﬁngmand/ or configurations
3@?1“ PG s et eﬁﬁ%‘wﬁ rRe AT temeaRE Pr bl Bhmingaptie tad
SRt B BN (58 A eI H B LG HSroTiF Ser
0ot o lg'ﬁﬁ% B0 SPROE PR IR 1 CPibpe 8&8319&/ rate used for

(g%fon%?i élfétﬁ Vr(ﬁwSkﬁg C[]Igﬁtc)rlggstijogd?n% rgfllerctsntfe ma?ex o'?el"le mtrlde hard mask.

DETAILED DESCRIPTION

[0011] It is to be understood that the following disclosure provides many different
embodiments, or examples, for implementing different features of the invention. Specific
examples of components and arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are not intended to be limiting. In
addition, the present disclosure may repeat reference numerals and/or letters in the various
examples. This repetition is for the purposes of simplicity and clarity and does not in itself
dictate a relationship between the various embodiments and/or configurations discussed.
Moreover, the formation of a first feature over or on a second feature in the description that

follows may include embodiments in which the first and second features are formed in direct



direct contact. [00121 Referring nowto Fig. 1, one
exanpl e of a sem conductor device that can benefit
from the present invention is a netal -oxide
sem conductor field-effect transistor (MOSFET) 10.
O her exanpl es of devices that can benefit fromthe
present invention include diodes, floating gate
transi stors, capacitors, resistors, and so forth.
100131 In the present exanple, the MOSFET 10 is forned
on a substrate 12, The substrate 12 may include
silicon, silicon-on-insulator (SGQ), silicon with
def ect i ve crystalline, Ge, SiCGe, strained Si,
congitty midmey aBioGks udesmbodisiets @ whielh addiinen! faharsarayde rﬂ@md
suitable materials. The substrate 12 may be n-ty
intecfopieg the firgy and gseonddppsres, puod g} the st @r@tﬁsfqﬂatf@ttw rwywblae in
provided with one or nore isolation features 14, In
direckoontaglr ance of the present exanple, the isolation
feature 14 is a shallow trench isolation (STIL O her
[0082] anpRSeTingndwideFig. de ente esxmpla pf pimisondyctar device thabcadenefit from
structures, field oxide, and/or_ structures that are
the prssqubighvéntion st rsqsﬁsn@crdats@nif@dworefieéfb@ffq%taanwtor GPEEED 10. Other
device areas. It is understood that an isolation
exafnples of devices thesrcan eagefitfean the piepgst wiaen sludp figdespfloating gate
invention, but is nerely described for the sake of
Hm@ﬁ@ﬁ%ﬁ@ﬂﬂ@@@@@fmﬁnmﬁﬁpﬁﬁﬁ#ance of the exanple a gate
oxi de | ayer 16 is deposited or forned over
[00&3] s t Indpeepraspat emeplg,aﬁ@M&SFEB 19 i fermed gn ﬁragbsrrﬁe |1%;d“éhea?ubstrate
variety of materials, including but not limt
12 may inelode silicon saecocsn@@)ﬂatos (S9Ly é&fc?ﬂ Wigh defectivg fmysta*%*il% ﬁ&&h("e
oxynitride (SiON) and  Si OC. Fornatlon of
strairis@ S straineg,Side qﬁf&l}é{Ga@ e,wmdm @ndferetipss éﬁllﬁﬁleugﬁte“als The
oxidi zing the substrate 12.to formthernmal silicon
subgisteil mashieer-tyPe 99nes 9f ikyPe A¥edher mal silicon oxide in
Ni trogen anbient to form silicon oxynitride. In Sane
[00&4th o dT eeubsitater]d mpythe PERVIded With P orgye ERlatdgn fegtyreg)}4h dp
enbodi nents, 4
furtherance of the present example, the isolation feature 14 is a shallow trench isolation (ST1).

Other examples include local oxidation of siticon (LOCOS) structures, field oxide, and/or
structures that are formed in the substrate 12 to electrically isolate device areas. It is understood
that an isolation feature is not required to implement the present invention, but is merely
described for the sake of example.

[0015] In furtherance of the example, a gate oxide layer 16 is deposited or formed over the
substrate 12. The gate oxide layer 16 may include a variety of materials, including but not
limited to, silicon dioxide (Si03), silicon nitride (SiN), silicon oxynitride (SiON), SiC, CN, and
Si0OC. Formation of the gate oxide layer 16 may include‘ thermally oxidizing the substrate 12 to
form thermal silicon oxide, then nitridizing the thermal silicon oxide in Nitrogen ambient to form

silicon oxynitride. [n some embodiments, no gate oxide layer may exist. In other embediments,



a gate dielectric may al so be provided over the gate
oxi de layer 16. The gate dielectric may be a high-k
dielectric (having a dielectric constant greater than
that of the gate oxide |layer 16, e.g., greater than
3.9). [00161 In furtherance of the exanple, a
polysilicon |ayer 18 is deposited on or over the gate
oxi de layer 16. The polysilicon |layer 18 may be forned
through a variety of nethods, such as CVD, plasnma
vapor deposition (PVD), ALD, or other suitable
nmet hods. I n one exanple, the I|ayer of polysilicon 18
may be created at approximately between 470'C to
a gpirphatsctyRgmaplsogie peavivgt pyas thealgewide Jayerst 6o fTh ggte dislectric may be a
besi des polysilicon can be used and still benefit from
higihledipleetsefirving p disiseitie sonsiancgreaiirtzpn cheh oilibe garecadrlayer 16, e.g.,
insulative layers. [00171 Above the polysilicon |ayer
graggerfgn 3.9har d nmask 20. In the present enbodiment, the
hard mask 20 is a filmfornmed of a nitrogen-containing
(004 er ila furthergras of Sre gramele epelysieondiyer Eois depsited aeor over the gate
(SiN). The hard mask 20 is forned i.n a manner so that
oxide laysii Gy The gelysibieontiavgr 18/mepspbefornpyd dredghigomeriety oFmpthogst such as
etch. In one enbodinent, the silicon nitride hard mask
CYB, nagma yapqrdepogifion (PMDY, HFD oty ather oable mettpdsg dn pusrpsample, the
mnute at a dilution ratio of HF-.H20=1 .100 (the HF
layeg ofrolysidigon Honwdrstorestddahdppenxiimaiely bayweant4@Aietodt70iGe As an
(25'C). Also in the present enbodinent, the hard mask
aligativs, dtlyar hpds ofdasersitiesidésrpolysiliodn cabbetsed @adGill bemafit fom ghegpresent
| ow pressure chem cal vapor deposition (LPCVD)
inyeiyere gsiudiog condiuetiyeend inbdatvg lgyeison (1) bel ow. HCD+NH3
--> SixNyHz (1) 100181 The hard mask 20 can be forned
(08| marfpoué¢ the polpnlicoplayeretisies haril mebkudfi. iy thelpseserd embodiment, the
enhanced CVD, rapid thermal CVD, atom c | ayer
hadiaposk i20 isgrfilmdpahedef ahittoggpagenigin@gMrateriab suqhres oesHasededriticon
use a nitrogen concentration from about 1-70% (atomc
nifpide (Sai) ddpe fard Thaek 2(is doresd ina mannensg ¢habit basor higloreactivity to a
dopants, such as C, 0, F, d, As, B, H and Ge, and
hygmégcuics{HF);wet etch. In one embodiment, the silicon nitride hard mask 20 has a2 HF etch

rate of about 30-1000Angstroms per minute at a dilution ratio of HF;H20=1.100 (the HF is at
49% concentration) and at room temperature (25°C). Also in the present embodiment, the hard
mask 20 is formed to a thickness of about 10-200 nm using a low pressure chemical vapor
deposition (LPCVD) process according to the equation (1) below:

HCD+NH3 > SixNylz ‘ (D

[0018] The hard mask 20 can be formed by many different processes, including plasma-
enhanced CVD, rapid thermal CVD, atomic layer deposition, and metal-organic CVD. The
processes can use a nifrogen concentration from about 1-70% (atomic percentage). The
processes can use one or more dopants, such as C, O, F, Cl, As, B, H, and Ge, and precursors,

such as SiH4, disilane, dichlorosilane, hexachlorodisilane, bistertiarybutylamino silane, NH3,



such as Si R4, disilane, dichlorosilane,
hexachl orodi sil ane, bigtertiarybutylam no sil ane,
NF13, 5 N2, or other silicon/nitrogen related _
precursors. Different tenperatures can by chosen, as
di scussed below with reference to Figs, 5 and 6, for
different fabrication paraneters, as desired. Al so,
the hardnask 20 can be a single |ayer, can be a
multiple filmstack, can receive various post
treatment anneal i ngs, and/or can receive plasnma
treatnents, as desired. 100191 In the present
enbodi ment, a | ayer of photoresist is provided above
N2, ot ¢ther sdicen/miregen26lated figenrghhotidiflesnidem@pativascapdgnhappks ed
and patterned by conventional techniques, such as
discusger] redpvawith bedtrerice thidgy. iphd/ 6, gerstifgent fiboratou psemeterst dsylesired.
patterning the hard nask 20. It is understood that the
Also, thghaidmask Hhcan hela pagle daye pan befa npiiinlofilositask, Gag regelvk vitvos
inthe art. It is also understood that other nethods
post tigatmepfanpesdines; andiy carerepritedasma trgatmersk, a desiradhd t he
phot oresi st 22 may not exist in some enbodi nents.
[0019] 00 20the Drsiseny embesdipenttadpyee df phietorasiseis prowvided aboye fhiethgtd mask 20.
etch process 30 is used to pattern the hard mask 20.
The phetoresig 23 hasshear appkiahpyidepatierprl Hyicorieniéanghteghmispes sucB@s esing a
be a phosphoric acid (H3PO4) etch for patterning the
photolitipgrantarProce®, forpikesaaentlyipattestiog the hard mseit?rdhis,undensiood that the
first etch process 30 can be a hydrofluoric acid (HF)
applicatiqnang paftcayag of photpresisRe el kiygindknrt 4t iFalgo umerstpfod rat other
t he hard mask 20 has been patterned, a second etch
methogs eapds gsegito pattegpipe hard magk 3&2 anddbe photdresisbA2 may vt eigt in powne
the present exanple, the second etch process 32 is a
embodjmpniat ch process for renoving polysilicon. There are
several different dry etching techniques that can be
[0020])s e @sing el natierRey phetoetsisy 22, i Grst ecleprioergs 30R Byed t pattebetherhard
and plasma etching. It is understood that other
mask PG nlp Vil presei csampe, thefiystpichipsesdss 30 e hed phgsphari¢ anik(H3pPpds
of wet etch. [00221 Referring nowto Fig. 3, after
etch fqrrpétt%pg, the|hprdappsk a\-eHowgyen, fxangtharembadiment; g, firgt etch grocess 30
[
can bet a hr;?irotﬂ?loric acid (HF) etch process.

[0021] Referring now to Fig. 2, after the hard mask 20 has been patterned, a second etch
process 32 is applied to the polysilicon layer 18. In the present example, the second etch process
32 is a dry etch process for removing polysilicon. There are several different dry etching
techniques that can be used, including reactive ion etching (RIE), ion beam and plasma etching.
It is understood that other removal processes can be used, including various types of wet etch.
[0022]  Referring now to Fig. 3, after the polysilicon layer 18 has been patterned, it is time to
remove the hard mask 20. In the'present example, a hydrofluoric acid (HF) etch 34 is provided.
As stated above and discussed more fully below, the hard mask 20 is formed so that it has a

relatively high HF etch rate. In the present embodiment, the hard mask 20 has a HF etch rate



renove the hard nmask 20. In the present exanple, a
hydrofluoric acid (HF) etch 34 is provided. As stated
above and di scussed nore fully below, the hard nask 20
is formed so that it has a relatively high HF etch
rate. In the present enbodi ment, the hard mask 20 has
a HF etch rate 6 that is 20 or 30 tines greater than
the corresponding etch rate of a conventional thernal
oxide film [00231 Referring nowto Fig. 4, once the
hard mask 20 is renoved, there is little if any effect
on the STI 14. This is because the etch rate of the
filler material of the STI 14 is substantially |ower
that is 3905 39 Hecegresicntiandhaomespending eichmisiel 2 gonvantipnaliyermal oxide
deformation (such as in the formof divots) in the
film. STY are |nconsequent|al Al so, the HF etch 34 has

little effect g on an exposed ed 18a of the
[0023#) at tl@fqﬁnwcvstm il& éfP“F%IV‘é harg g‘las ig rq{wgq? tihierg ig dittle if any effect
patterned_ polysilicon | ayer IS uni f orm and
on the¥ Hdf ¢ Thip fsdeequsethy igh SaI‘Faﬂféhe filﬁémétea‘@ or the STE14 s sehstpntially
ate length variation, and there is little Si recess
lowerAgan 155 28 96 0F ARk 2, gt (g e o of v
Referring now to Figs. an etch rate and a

in therséf# ARG ARCP BT RER- X Aésgnthbé{%@h éé b@dm&reffwt(tfﬁew'onfaa exgogs edge
ard mask 20 for I|thograph optim zation. Referrin
18a ogﬁgéeqtpml)[sylcfnblaﬁrd 8. és a gesulfy dhe pARSTRES| pob};ﬂhgox( B@eﬁ 18 w&»ﬂ
(O) deflnes a tenperature range for_ the deposition of
uniforkn agdgraqligtable siggapd stgpe, thegeds filtle 4 any gate length paniatiops aqy fhere is
defines a corres ondi ng_etch rate. For the sake of the
little $jreress oLy agsopiat fed piaa 3&389 4etshe is for a 49%
concentration HF etch with a dilutign ratio of HF: H20
[9024bf RefaineRoneo §isr b¥h o #hiierraegrda reflgction rb‘%ﬂeh fangye selected or
. ference, the etch rate for_ silicon oxide in the
tuncrt i e Ard AP Bhide WhogTaphy 9B IZaltPARRIHINE AP gty e &, 2
. 102 is for_SiN wthout carbon doping and a_second
horizeita! s Erp- TEnw ) Syfitenr FWP'E‘&WEFGH“EGS‘M thgydeppsdtiqne a|§iéN hard
seen, at lower tenperatures (e.g.,. |ess than about
mask 2 ofeyerticy] @xis (/R (A4Rig) Sﬁﬁrteﬁécmﬁs@nﬁlag Rich gatg. Fog gheygakigiof the

especially for the SIiN
present analysis, the’etch rate is for a 49% concentration HF etch with a dilution ratio of HF:H20

of 1:100 done at room temperature. As a point of reference, the etch rate for silicon oxide in the
present environment is about 30 A/min. A first curve 102 is for SiN without carben doping and
a second curve 104 is for SiN with carbon _doping. As can be seen, at lower temperatures (e.g.,
less than about 500°C), the etch rate of the hard mask 20 is very high, especially for the SiN
without carbon doping.

[0025]  Referring specifically to Fig. 6, a horizontal axis includes two values — a flow rate of
Carbon (measured in sccm) listed above a deposition tcmpei‘ature (listed in °C). A vertical axis
(R.L) defines a corresponding reflection index for the SilN hard mask. As can be seen, the

reflection index of the SiN hard mask is tunable by varying one or both of the deposition



wi t hout carbon dopi ng. 100251 Referring specifically
to Fig. 6, a horizontal axis includes two values - a
flow rate of Carbon (neasured in seen) |isted above a
deposition tenperature (listed in C). A vertical axis
(R1.) defines a corresponding reflection index for
the SiN hard mask. As can be seen, the reflection
i ndex of the SiN hard nask is tunable by varying one
or both of the deposition 7 tenperature and the anount
of carbon. The reflection index of the SiN hard mask
can be tuned to a specific anount, according to a
desired val ue from other processing paraneters, [00261
tempqrgjpre apgthg graumpf @X@‘i‘p [Tee redlesiion ihepx efithg Sy hard mask can be tuned
phot ol i t hography process used for patterning the
10 a spRsisie 6["‘@!%%“5%“‘]"8‘)?% fo pdesired yglue fipmpiher piogessips prametpiien t he
hard, mask 20 _has a ref]ective index of 1,90. G ven
100266 h esFér }5‘5 saligef é’fﬂglpé% ErrHer (Bt & phdolishoerpl prosess wepddor matteming
seen that one solution is to have a deposition
the P}P&'ﬁﬁ@r Rygi2é (e Lperterma Beseewhsndthebrd mag9 I'Géprfrﬁgctwﬁiifglﬁx of
hows that the resulting EfR rate is about 700
1.90. '&Hbegtﬂpeéﬁgarﬁg?terﬁpgﬂ@% gtaphs olfg@s Send Agheantbs seenithab one solution is
resulting refractive index is about 1.88. Another
to haV§8|daEqsswn WorpeRtpeokagow 408 Cand ap ershanidgping e Riget shows thatthe
530' C and a carbon gas flow rate of about 600
fesultglé @% rajs i§ aboyt ZG0pResiroms pef W@“F%ﬁ Fig §shomysithat thepresultiae
out 80 Angstroms per mnute and Fig. 6 shows that
feffac{lvfe‘“i‘f‘ééw‘%or'ﬁ’ggsr e‘lﬂ}ogtef fajion pyguld be &o haye g depositioptemppraiupsef
resent exanp it is also desirable to have the HF
aboutéf%ﬁ apdp éﬂfP‘B‘rEaf ﬁ%‘”ﬁaé? off abpi SRO spsmp Fip 5 showscha ths resultisg E/R
the first solution (450' C and no carbon doping) is the
rate ‘Spﬁb%‘ftép Aagstrogis fergaigutejapd Fig. qshaws hatgbeirestbngrgiactive index is

sent exanple. is sinplified and that other
about 47 T T pLESerE GRS S rBS 1o1eve e ot ot b

rng may.  hav i ff rent | evel s of inpartance in
mask aq"ra‘?ib%s@mmw 5t s o 9 B o epienheprafeasd
t he present dlsclosure provi des a nethod for formng a

proceg§ [His Hpdegsteagdy h Qe that the present example is simplified and that other
parameters (such as the amount of carbon in the hard maisk) may have different levels of
importance in different processing environments.

[0027} Therefore, the present disclosure provides a method for forming a hard mask for gate
electrode patterning in a semiconductor device. In one embodiment, the method forms the
semiconductor device by overlying a polysilicon layer with a nitride hardmask. The nitride
hardmask has a relatively high etch rate to hydrofluoric acid as compared to that of silicon oxide.
The polysilicon is then patterned using the hardmask and the hardmask is subsequently removed.
{0028} In some embodiments, the etch rate of the hard ﬁask int a dilute hydrofluoric acid is 3

and 60 times that of silicon oxide. In some embodiments, the etch rate of the hard mask in a



el ectrode patterning in a sem conductor device. |In one
enbodi nent, the nethod forns the sem conductor device
by overlylng a polysilicon layer with a nitride
hardmask. The nitride hardmask has a relatively hlgh
etch rate to hydrofluoric acid as conpared to that of
silicon oxide. The polysilicon is then patterned using
the hardnmask and the hardmask i s subsequently renoved.
100281 In sonme enbodi nents, the etch rate of the hard
mask in a dilute hydrofluoric acid is 3 and 60 tines
that of silicon oxide. In sonme enbodi nents, the etch
rate of the hard mask in a 8 dilute hydrofluoric acid
dilutejhydrpRyagis @pid aphsireen GWUA%M%WW gL o abews 18¢udngstroms
1000 Angstrons per mnute. [00291 In sone
per miisodi nents, the step of forming the nitride hardmask
i ncl udes doplng the hardmask with carbon. The doping
[0029%, ¢ fin W%W“é‘éﬁ“ﬁéhﬁﬁ?@faf?m’angth?)Wffdéthéfdﬁlﬂﬁ‘elEC'F@S doping the
predeterm ned refl ective index for the hardmask. The
hardnﬁlfkt Vifiertesy dhedopirgatiteaasion s Yegtorgst aflarngte tuned gt
froma graoup, consisting of oxygen, chlorine, boron,
predefgapesiyafiectiyeindemieuite hardgask, 4 Ewne“de hardratkicap Alse bdermed using
nﬁodlnents the njtride hardmask jncludes a nitrogen
a dopgxy, 8'@ﬁtgl‘%'ﬂ%cBFP‘ﬂ“P%H@"é{%‘u?h“irﬁ%Q“&%Bﬁlﬁ?gﬁB(B%mfl’G%ﬂ Jrenic.
anot her e a methad far npkin gat e
[0030k+ 1 dr 14 g!g'egﬁéﬁhwmﬂia Brgmaskdeslydepa P@fog?wwetﬂmrﬁrem

i ncl udes providing a substrate with at |east
abc’“tgﬁv 9 %@P’aﬁq/u structure i ncluding a first materi al

an etch rate | te hydrofluoric acid_that
[0031[ I%b gpbod, “ﬁ\ﬁ 1?03 r&agffngrﬁ gq{fﬂsgucn,geﬁgp qune@ltpr
Cla . forned qver the substrate and a hardnmask is
devicg 6%%@6&@# 'f“ﬁ’é"ddB ?VEP Pro¥igie apyfstrafs wathakieast Arg igntation 5
mat_eri al ﬂﬁt has an etch ate i

di | ut
sty G BB naa&na 114565 et s i o oo gl s then

50 Anéﬁém%?%%ﬁgw Bl ar e eveybeuBiins vy herdese

Sin , .
fogmeH overghe po?ysmcon. The hardmask includes a second material that has an etch rate in

dilute hydrofluoric acid that is greater than 100 Angstroms per minute. The polysilicon layer is
patterned using the hardmask and the hardmask is subsequently removed using a dilute
hydrofluoric acid.

[0032] In another embodiment, a semiconductor device is provided, The semiconductor
devices includes a substrate and a shallow trench in the substrate. The shallow trench is filled
with an isolation material and has an upper surface that is divot-free. The shallow trench is
positioned in the substrate so that at one time it is exposed during the fabrication of the
semiconductor device during a hardmask removal process. The semiconductor device also
includes a patterned polysilicon layer. The patterned polysilicon layer has a side edge that is
relatively smooth and straight. The side edge is positioned so that at one time it is exposed

during the fabrication of the semiconductor device during the hardmask removal process.



hydrofluoric acid. [00321 In another enbodinent, a
sem conductor device is provided. The sem conduct or
devi ces includes a substrate.and a shallow trench in
the substrate. The shallow trench is filled with an
i solation material and has an upper surface that is
divot-free. The shallow trench is positioned in the
substrate so that at one tinme it is exposed during the
fabrication of the sem conductor device during a
har dmask renoval process. The sem conductor device
al so includes a patterned polysilicon |layer. The
atterned polysilicon [ayer has a side edge that is
[“033fel &t Jop| eybe i ttp thinsgmiqondicip the isplpgior ngierigldgesiliepn oxide
positioned so that at one time it is exposed during
ha"‘“& ‘h@laflé‘ﬂ}’ loagistontede dilysehugleafivedmasiset or devi ce during the
mask renoval process 9 [0033] In sone
1003419 nbééﬁ‘%ﬁtoﬁly 2T excapnlany pabrdiments ¢ his disnlesuredwvalser déseribed
is asilicon oxide having a relatively low etch rate
in det%ﬂé abpvehese skillecin thecrt will seadtly appooizie]thatany mgHifiesiops ue
few exenpl ary enmbodi ments of this disclosure have been
possibdeds dhejeperpplany smbedigepts withapy materislbysiepasiig frend temoydh ésachings
wll readily appreciate that many nodifications are '
and adyprdagep pidhis diselnaire g ppe erapienthe yer2A? sraybe Widlized for a dummy
materially departing fromthe novel teachings and
Stmc“‘é%l?/%ﬁf?'ﬁ'{:f@%d%w flgtiics tgqt sntas At keast pre ljgliek dgdenp | Adso, featares
| ayer 202 may be utilized for a dumry structure of a
1“%“@ g Sﬁﬁilifé‘td&)éoﬁffe‘\’/‘ﬂbfésﬂeﬁé‘? SRR Hgents candieccombined witlyh- k
ice. Alsg, features illustrated and di scussed
feﬁt“f%ib'&%a%‘ b qlséﬁﬁ%‘lﬂb"t’%w%'f?épeéﬁﬂ sterRsthodiments: Becasdipgly.alld
features illustrated and di scussed above wth
such ﬂ?@éﬁ&é%ftﬂs %5 ienled tochedprdeded Hithin theseonedit Hug Jisclaspe.  such
nodi fications are intended to be included within the
scope of this disclosure. 10 WHAT IS CLAIMED I S:
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1. A nethod for formng a sem conductor device,
conprising: providing a polysilicon |ayer to be
etched; formng over the polysilicon layer, a nitride
hardmask with a relatively high etch rate to dilute
hydrofl uoric acid as conpared to the etch rate of
silicon oxide; patterning the polysilicon |ayer using
the hardnmask; and thereafter renoving the hardmask.
2. The method of claim1 wherein the step of
patterning the polysilicon | ayer exposes a silicon
oxi de structure. 3. The nethod of claimI| wherein the
etch rate of the hard mask in a dilute hydrofluoric
WHAEISICLAIME®dSer than three tines that of the silicon

oxi de. .claiml. wherein the etch rate
o;i t heAﬁg}%qu;%rgﬁw?g%&g}lﬁ%ﬁ e Orﬁflvd?eb?qugrsfng‘ acid is
abpeyidingeepelypilicomisgertdbet etdied;t he silicon oxide. 5. The

alim:? el n tch rate of. the hard

ool oB6r o Bl olBSE) RbIRa Bl f P Sty fielRbbie o

dilutehgdroAvyistacidras couara to theetch catablisilicod 600; Angst r ons  per
1.0 . f cl.ai Wwherein the step of

Plgﬁ%hﬁngg t?ﬁgéﬁgﬁ%férgﬁg%gﬂgﬁl r%l%sq(ardlﬁﬁéf’& es doping the

héhettafies kerpgvitg thahdsdmask7. The met hod of claim 6 wherein

the doping with carbon is done at a flowrate tuned

to a predeterm ned reflective index for the hardnmask.

82. TheThyemedtitnd of flaiot hivherbinwiesstepiofiptieminy the palgsilivan tyas k

[ ok ; ' en concentration from about 10%to
exposgﬂéé%ltﬂzgg g%ﬂe %liutc{upug

3. The method of claim 1 wherein the etch rate of the hard mask in a dilute

hydrofluoric acid is greater than three times that of the silicon oxide.

4. The method of claim 1 wherein the etch rate of the hard mask in a dilute

hydrofluoric acid is about twenty times that of the silicon oxide.
5. The method of claim 1 wherein the etch rate of the hard mask in a dilute
hydrofluoric acid is between about 100 Angstroms per minute to about 1000 Angstroms per

minute.

6. The method of claim 1 wherein the step of forming the nitride hardmask includes

doping the hardmask with carbon.

7. The method of claim 6 wherein the doping with carbon is done at a flow rate

tuned to a predetermined reflective index for the hardmask.

8. The method of claim 1 wherein the nitride hardmask includes a nitrogen

concentration from about 10% to about §0%.
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9. The nethod of claimi wherein formng the nitride
hardmask utilizes a dopant froma group consisting of
carbon, oxygen, chlorine, boron, hydrogen, germani um
and arsenic. 10. The nethod of claim 1 wherein the
nitride hardmask has a thickness between about 10
nanonet ers and about 200 nanoneters. 11. The nethod of
claim1 wherein formng the nitride hardnmask is
performed at a tenperature |ess than 630C. 12. The
met hod of claim1 wherein the step of renoving the
hardmask is perforned wth a hydrofluoric acid. 13.
The nethod of claim 12 wherein the hydrofluoric acid
i & di | thedertiad o4 clam 1 wherpin ferming thagitrideibard@@sk-utiliz&sG@iopant
from 4 groupfeonBiEHRG T ERbo1BKI 08 cRloBRY, Bordh rhy%gé é?-Inaﬁum and arsenic.
sem conductor device, comprising: °pr /B
substrate with at | east one isolation structure
| D& UditiR@netokiiof SthintTBbvRrkidtheld?
ihl ute hydr ofI uoric acid thadtﬂm|Heshat‘](g\hzas,sQH Q}tﬁgbﬁﬁ@ébetween
about Ay panomgtsts agd abqyt 200 nenomeeTs ng a first |ayer over the
substrate; form ng a hardnask over the first |ayer,
tTe har dmask |nclud|n a second material that has an
th rdeaethed of tlaimel wirip formangites nitsideharfmeskiispagiosaddet a
tempeldfiadleds00an/¥30L.r ons per mnute; patterning the first
| ayer using the hardnask; and renoving the hardmask
using a dilute hydrofluoric acid. 15. The nethod of
Clml MTAO ndethioll BEELaiGOMPRdrsih B step BPeébthHQ e h%l:ngslpiig bé%gt)rmed
B en, thg substrate and the polysilTcon Ilayer .
with a H ¥138%f claim 14 wherein the hardmask is a
single filmincluding nitrogen. 12

13. The method of claim 12 wherein the hydrofluoric acid is diluted to a ratio of
about 49% HF:H20 = 1:100.

14, A method for making a gate structure of a semiconductor device, comprising:

providing a substrate with at least one isolation structure including a first material that
has an etch rate in dilute hydrofluoric acid that is less than 50 Angstroms per minute;

forming a first layer over the substrate;

forming a hardmask over the first layer, the hardmask including a second material that
has an eich rate in dilute hydrofluaric acid that is greater than 100 Angstroms per minute;

patterning the first layer using the hardmask; and

removing the hardmask using a dilute hydrofluoric acid.

15.  The method of claim 20 further comprising:

providing a gate oxide between the substrate and the polysilicon layer.

16.  The method of claim 14 wherein the hardmask is a single film including nitrogen.

12



17. The method of claim 14 wherein the hardmask is a
filmformed of silicon nitride and the nethod further
conpri ses: doping the hardmask during formation with
carbon. 18. The nethod of claim 17 further conprising:
determining a reflective index for the hardmask; and
selecting a flowrate for the carbon dopi ng based on
the selected reflective index. 19. The method of claim
17 wherein the first material is silicon oxide and the
second material is silicon nitride. 20. The nethod of
claim 17 wherein the first layer is a polysilicon

layer._21. A sem conductor device conprising:
subst r Bregnethodd slajre i wherei theihardmqek is alfibn fermed ofshﬂgzon nitride

7 andt@h@étﬁoq%&gegmrggg ng filled wwth an isolation nmateri al
and havi ng an gfper surface that is divot-free and

wHeiieg te hifdmagrsuripgforpation withsathersi t i oned in t he
substrate so that it was at one tine exposed during
the fabrication of the sem conductor device during a

ha$-dmakie mabaseirlape bt Bster camprigingar ned pol ysil i con
| aM@rhnmﬁglEre@laéttvSh{&I@ﬂfd? @He)ﬁ%ﬂdlﬂa&o Bd @yer having a side
mﬁge tha% rel ativel %)snnot and strai ght and

Geing t rals e the ggrbon doppdiater op ég selectedhegfledtive index. at
one tinme exposed during the fabrication of the
sem conduct or, devj ce during the hardnmask renoval
pl ¢ eskhe meshod-pf glaigs i wessein &e&rst gelgrialds gifican) oxidmand the second

materidNB kfikeh dift@el SOl ation material is a silicon oxide

having a relatively low etch rate to dilute
hydrof luoric acid. 13

20.  The method of claim 17 wherein the first tayer is a polysiticon layer.

21. A semiconductor device comprising:

a substrate;

a shallow trench in the substrate, the shallow trench being filled with an isolation material
and having an upper surface that is divot-free and wherein the shallow trench is positioned in the
substrate so that it was at one time exposed during the fabrication of the semiconductor device
during a hardmask removal process; | ' ‘

a patterned polysilicon layer, the patterned polysilicon layer having a side edge that is
relatively smooth and straight and wherein the side edge is positioned so that it was at one time
exposed during the fabrication of the semiconductor device during the hardmask removal

process.

22, The‘semiconductor device of claim 21 wherein the isclation material is a silicon

oxide having a relatively low etch rate to dilute hydrofluoric acid.
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