A METHOD FOR FORM NG A HARD MASK FOR GATE ELECTRODE
PATTERNI NG AND CORRESPONDI NG DEVI CE  BACKGROUND [ 0001]
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. %Q%%Bmﬁ WMRW%%S&FOR Galded
to the sEHHCHRADEPAIL A NPSHORBRESPONDIN GSDEEIGRd
shape of different features of the device becone
critical. [0003] In one exanple, polysilicon is often

used as a gate electrode in a transistor device. As
t§4§§%¥¥ﬂ@ﬁ%th shrinks to bel ow 100 nanoneters, the
rﬁ%ﬁhneﬁg of the l'ine edges ("line edge 1 roughness”,
dPOOLER) T8 Piesfat isnlqpute relateracgerely teitha manufastusing ef ssaligpnductor
ffects the performance of the transistor device.

e 4ud gropspariquiRrly ke gethed fr penaherd meskh inguwiteming one or more layers
different effective gate |l engths, thereby nodifying
thRseHcpReyctqr §pVicker f or mance. Thi's modification can
result in a degradation in_ transistor delay tinme and
4@]?)6]( at FgﬁsengOrcthgted 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 IC is formed by creating one or more devices (e.g., circuit
components) on a substrate using 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 crifical.

{0003} In one example, polysilicon is often used as a gate electrode in a transistor device, As

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



f 00041 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
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process has poor selectivity and al so etches a port
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| mproved system and net hod ormng a
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regions. However, the H3PO4 wet etch process has poor selectivity and also etches a portion of

the previously patterned polysilicon layer as well as the silicon substrate, Asa result, there can
be significant gate length variations and other distortions due to the roughened profile of the
etched polysilicon [ayer, 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.

o



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 diagrams of a

sem conduct or device being formed according to an
enbodi nent of the present invention. [00091 Fig. 5 is
a graph conparing deposition tenperature used for
formng a nitride hard nmask to the correspondi ng etch
rate of the nitride hard mask in a dilute hydrofluoric
acid. [00101 Pig 6 is a graph show ng deposition
tenperature and carbon gas flow rate used for formng

a BRIPF pESCRIFTIOASE R DeRAWINGSpondi ng refl ective
index of the nitride hard nmask. DETAI LED DESCRI PTI ON
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di scl osure provides many different enbodi nents,
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i nvention. Specific exanples of conponents and
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addition, the present disclosure may repeat reference
num@@@%g,and/or letters in the various exanples. This
repetition is for the purposes of sinplicity and
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forming a nitride hard mask to the corresponding reflective index of the nitride 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 Ietters 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



[0012] Referring nowto Fig. 1, one exanple of a

sem conduct or device that can benefit from the
present invention is a netal -oxide sem conductor
field-effect transistor (MOSFET) 10. OQther exanples
of devices that can benefit fromthe present invention
i ncl ude di odes, floating gate transistors,

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 (SOLl), silicon with defective
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Ott)t(tz"er gxamples include local oxidation of silicon (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 (Si0;), silicon nitride (SiN), silicon oxynitride (SiON), SiC, CN, and
SiOC. 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. In some embodiments, no gate oxide layer may exist. In other embodiments,



hi gh-k dielectric (having a dielectric constant
greater than that of the gate oxide |ayer 16, e.g.
greater than 3.9). 10016] In furtherance of the
exanple, a polysilicon |ayer 18 is deposited on or
over the gate oxide |layer 16. The polysilicon |ayer
18 may be forned through a variety of nethods, such as
CVvD, plasma vapor deposition (PVD), ALD, or other

sui tabl e nmethods. In one exanple, the |ayer of
polysilicon 18 may be created at approxi mately between
470C to 770C. As an alternative, other types of
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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 - SixNyHz (D

[0018] The hard mask 20 can be formed by many different processes, including plasma-
enhanced CVD, rapid thermnal CVD, atomic layer deposition, and metal-organic CVD. The
processes can use a nitrogen 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,



5 N2, or other silicon/nitrogen related precursors.
Different tenperatures can by chosen, as discussed
below with reference to Figs. 5 and 6, for different
fabrication paranmeters, as desired. Also, the
har dmask 20 can be a single layer, can be a nultiple
fil mstack, can receive various post treatnent
anneal i ngs, and/or can receive plasnma treatnents, as
desired. [0019J In the present enbodi nent, a |ayer of
photoresi st is provided above the hard mask 20. The
photoresist 22 has been applied and patterned by
con entlon t echni such_.as using
N2R B %ﬂma tsﬁsﬁwﬁt ersorso il fig&éf‘d’é’f%’iriﬁ BBbY Shosrnes
t he F % I s_understood that the
dls%‘\‘ﬁ?ﬁ? avivo raﬁ‘?&“bﬁ‘aff’t s Y Gfor SHETSE B8Tiegtion pargmetersias depired.
in the arg IS o under stood_t hat other nethods
Alsp.dhe edmps 809@ ‘ifaw Sayshec2R 8 & TiBle i stagkcran Fresive various
hot or esi st.. 22 may not exist in some enbodi nents.
Pos| RGURPTt BRPHLIEEREVHEET 47918 PI3FBE Bralmyndy adesired. £ j ¢ st_
etch process 30 is used to pattern the hard mask
WGHA t sy REESERt e e AN 2 lftYﬁreofwh?tglteﬂetliswoblfieb@@ge @eheﬁmask 20.
phosphorlc acid (H3PO4) etch for patterning the
TherP&Ptafeﬁ‘a%%? g0 W%Wra“d P%‘i‘em‘?é?h etnveHiaditsrbpiaucs; e as using a
first etch process 30 can be a hydrofluoric acid (HF)
phofgfi EﬁgfaPcheggﬂss [fwzwmé@bémiﬁewglgﬁwa%maﬁkgw 3t is ypdestood that the
the hard mask 20Q has bheen patterned, a second etch
BPPWB%%@ Pgﬁerpglgagmq%sl&t & WHEkngE|ig deprtc B Hlegundersigod fhat other
t he present exanple, the second etch process 32 is a
metdy Cfé’t Rerpspt 9RalEn thsrhapdaasks i2RAng d1eypipipegisi?2 Myetos oxist én some
several different dry etching techniques that can be
embgdigi§ntsi ncl udi ng reactive ion etching (R E), ion beam
and pl asma et ching It is understood that other
(0020 nmléﬂmgﬁhwé@geé Phca?re% 28 skt eitcfhmrcmqrﬁsﬁg is/asefl pttery edard
of wet etch. [00221 Referring now to Fi 3, after
maSk R@ Behsyrricncaampleyde fsgetplaroprse?0 ¢wabe @ phesghorictaciddH3PO4)
time to. renove the hard mask 20. In the present
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can be a hydrofluoric 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.
f0022]  Refemring 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



As stated above and di scussed nore flAly below, the
hard mask 20 is forned so that it has a relatively
high HF etch rate. In the present enbodi nent, 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 thermal oxide film [0023[ Referring now
to 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 lower than the etch rate of the hard
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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 carbon 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°CY), 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 temperature (listed in °C). A vertical axis
(R.1.) defines a corresponding reflection index for the SiN hard mask. As can be seen, the

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



[ 00251 Referring specifically to Fig. 6, a horizontal
axis includes two values - a flowrate of Carbon
(measured in sccn) listed above a deposition
tenperature (listed in C. A vertical axis (R 1.)
defines a corresponding reflection index for the SiN
hard mask. As can be seen, the reflection index of
the SiN hard mask is tunable by varying one or both of
the deposition 7 tenperature and the anmount of carbon.
The reflection index of the SiN hard mask can be tuned
to a specific anpbunt, according to a desired val ue
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paraf@fePsdch @s the amount of carbon in the hard mask) 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 mask in 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



sem conduct or device by overlying a polysilicon |ayer
with a nitride hardmask. The nitride hardmask has a
relatively high etch rate to hydrofluoric acid as
conpared to that of silicon oxide. The polysilicon is
then patterned using the hardmask and the hardmask is
subsequently renoved. [00281 In sone enbodi nents, the
etch rate of the hard mask in a dilute hydrofluoric
acid is 3 and 60 tines that of silicon oxide. In sone
enbodi nents, the etch rate of the hard mask in a 8
dilute hydrofluoric acid is between about 100
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formed over the polysilicon. The hardmask includes a second material that has an etch rate in

dilute kydrofluoric 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.



10032] In another enbodi ment, a sem conductor device
is provided. The sem conductor devices includes a
substrate and a shallow trench in the substrate. The
shallow trench is filled wth an isolation materia
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 hardnmask renoval
process. The sem conductor device also includes a
patterned polysilicon |ayer. The patterned pol ysilicon
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scope of this disclosure. 10 VHAT IS CLAIMED IS: 1. A
method for form ng a sem conductor device, conprising:
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providing a polysilicon layer to be etched; form ng
over the polysilicon layer, a nitride hardmask with a
. relatively high etch rate to dilute hydrofluoric acid
as conpared to the etch rate of silicon oxide;
patterning the polysilicon | ayer using the hardmask;
and thereafter renoving the hardmask. 2. The net hod
of claim1l wherein the step of patterning the
pol ysilicon | ayer exposes a silicon oxide structure.

WHAT RecrRied it claim 1l wherein the etch rate of the
hard mask in a dilute hydrofluoric acid is greater

t hani-t hr e& meithﬁééonfhmnm senheondidtorelovice Rimoprising: The
[ etch rate of the hard
Eﬁgﬁaéggpﬁbgl&mﬁggggﬁﬁﬁ%ﬁg% acid is about twenty
t | mefrhing bvepfthetdokyssicr lagan, andirde harBmaskivathnitlagatlyofigh etch rate to
wherejn the rate of .the hard nask in a
aifi oo e b compered e R G enilieragie: 100

An gslsahaﬂﬁlgmwpd@smébﬂap& u%QF’HIe hiRRsKBgSt rons per
m nute. 6. nmet hod of claim 1 wherein the step of

for nﬁhﬁgafteh@nmng.ﬂefémr@raakmsk i ncl udes doping the

hardmask wi th carbon. 7. The nethod of claim6 wherein

the doping wwth carbon is done at a flowrate tuned

t o &. pr edBtesnethaied ched | edieieinghé nieheot phitarnibhibe halydiima kayer

8. The.nmeth of claiml wherein the nitride hardmask
@?ﬁ%f688§m£x t78§8%  concentration from about 10%to

about 80% 11 9. The net hod of clain11 wherein form ng

the nitride hardmask utilizes a dopan

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 ¢laim 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
hydrofiuoric 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 80%.

11



froma group consisting of carbon, oxygen, chlorine,

boron, hydrogen, germanium and arsenic. 10. The

nmet hod of claim 1l wherein the nitride hardmask has a

t hi ckness between about 10 nanoneters and about 200

nanoneters. 11. The nmethod of claim|l wherein form ng

the nitride hardmask is perforned at a tenperature

| ess than 630C. 12. The nmethod of claim1l wherein the

step of renoving the hardnmask is performed wth a

hydrofluorjc acid. 13. The nethod of claim 12 wherein

the Rydrof P%l?fi%%d ofctaimil vhgrein foapng the gitridg hagimgpk utiizes,a dopant
frén8 Yogklup B Tlind Ofbarbbhl; oxfediBlIIQ he | ik or R 6Mn Brelfinfim, and arsenic,

structure of a sem conductor device, conprising:

providing a substrate wwth at | east one isolation

strugt ur e ncl udj a firnst.mterial that . has.an etch

Pat 0 n arpOEetid e  sfdtenlls Ghd piatB nad B RS kfveen
abAngiKX TanemBet@re enddbbuti 280 nhhidtery a first | ayer over the

substrate; formng a hardmask over the first |ayer

t he hardmask including a second naterial that has an

et chir at eThdmbhdd¥reiaiy 4 AbleObintin 2k Qitﬁﬁ%rdnﬁis@{sfﬁtﬂtﬁ{ned ata

than 100 Angstrons per minute; patterning the firs

tenpgrafurajeisthpntB@Char dmask; and renovi ng t he har dmask
using a dilute hydrofluoric acid. 15. The nethod of
claim 14 wherein the hardmask is a single film
i ncliadi ngThs mhetbgisof claind 6 whidem thedtdpod rafiovidgahehatdinask is performed

ﬂ$e$%%§1the hardmask is a filmformed of silicon
Wit}  PYGR MO8 -he met hod further conprises: doping the
har dmask during formation with carbon. 12

13, The method of claim 12 wherein the hydrofivoric acid is diluied 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 etch rate in dilute hydrofluoric 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 14 wherein the hardmask is a single film including nitrogen.

16. The method of claim 14 wherein the hardmask is a film formed of silicon nitride
and the method further comprises:

doping the hardmask during formation with carbon.

12



17. The nmethod of claim 16 further conprising:
determning a reflective index for the hardnmask; and
selecting a flow rate for the carbon dopi hg based on
the selected reflective index. 18. The nmethod of claim
16 wherein the first material is silicon oxide and the
second material is silicon nitride. 19. The nethod of
claim 16 wherein the first layer is a polysilicon

| ayer. 20. The nethod of claim 19 further conprising:
provi ding a gate oxide between the substrate and the
polysilicon layer. 21. A sem conductor device
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of the isolation material; a patterned polysilicon

| ayer, the patterned polysilicon layer having a side
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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 filled with said
isolation material is exposed to a dilute hydrofluoric acid during a hardmask removal step of the
fabrication of the semiconductor device, the hardmask having a relatively high etch rate to the
dilute hydrofluoric acid as compared to the etch rate of the isolation material;

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 isolation material is a silicon

oxide.
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