1 METHOD TO | MPROVE PROFI LE CONTRCL AND N/ P LOADI NG | N DUAL DOPED GATE
APPLI CATIONS by Inventors, Helene Del Puppo, Frank Lin, Chris Lee, Vahid
Vahedi, Thomas A. Kanp, and Alan .1. MI|ler BACKGROUND OF THE | NVENTI ON

[ 0001] The present invention relates to an inproved nmethod for plasma
etching shallow trenches and/or gate structures in the fabrication of

sem conduct or devices. [0002] During thelmanufacture of sem conductor-based
products such as integrated circuits, etching and/ or deposition steps nay

be used t MEBTFTHODLPTO [vERES EayRGEU ENEIGNTEROIN AN 3 ST RIndus ING

substrate. A convention etchtﬂﬂggﬁgigdune i,nvol ves the use of one or nore
etch gases energi zed iMtdUAb ATE ARRLICHBEM St ching of a

| ayer of material. Such plasm etching has been used to provide shall ow
trench isolation of individual transistors in an integrated circuit. After
etching the trench, the trench is filled in with a dielectric material.
Commonl y assigned U.S. Patent Nos. 58/2%t8/309 and 6, 287, 974 di scl ose a

shal | ow t r entblenplDasRepiet Ehamgl.ipr Okes see, MaBOBY uH e, Whnutaat Haepofind
transistors, it is conventional toAkkchatile pattern of a photoresist |ayer
into an underlying hard mask | ayer, strip the photoresist |ayer, and etch
the pattern of the hard mask into a polysilicon |ayer down to a gate oxide

| ayer. See, for exanple, j Iﬂfﬁbﬁﬁﬁ)ﬁ?ﬂjigi %%%ﬁ%é During polysilicon
etch, e.g., reactive ion Epghrﬂgﬂmﬁﬁm53€37—§h§ﬁﬁﬁ4¥Ca| profile is

achi eved by passivating the polysilicon lines laterally while etching the
exposed [P0V STHd paRend ayentiMmertlheal byan Therd@akmefhopassi Mashoreidhiid REaltde
etch process may |lead to bowed or re- entrant polysilicon |ines, undercut

at the rHEERPFAGLN IERCHHUPRESHP Sieelabrgatipg|af semicradiedipidpvigest he  bot t om of
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taperedx prgfl gégandng Sot at t emgggg(§ﬁ£§%gp§%@§§i fhd%lll éé&? 68821
Addi t i oradiling afidor degdsitttopedpapplizaticdns, bwhkop i ehereniyciy pesnadriaiapi ng
regi ons cof‘eéist‘qua‘subﬁtrate,,the etchi ng behavior of the djfferent
doped r SGTUIHEIAIISOSHIHREr 7 CoRBHYORALREPYE RIRFIURRYVPB%E tho Ut BF PR or more
di ffereng@ssid eherbinBUGRS aChlhdih£ &hicdbMBRS| @Bs%@re't&‘]tizﬁb‘paisa 1z§fé¥' WeBdr2® Such
differently doped regions. Furthernore, etch rate mcro-Iodading may al so
occur, plaserelishingbat bacolysed appovideghghew tienttegolatipn of individual transistors in an
integrated circuit. After etching the trench, the trench is filled in with a dielectric material.
Commonly assigned U.S. Patent Nos. 6,218,309 and 6,287,974 disclose a shallow trench
plasma etching process.
[0003]} In manufacture of transistors, it is conventional to ctch the pattern of a photoresist ayer
into an underlying hard mask layer, strip the photoresist layer, and etch the pattern of the hard
mask into a polysilicon layer down to a gate oxide layer. See, for example, U.S. Patent No.
6,283,131, During polysilicon etch, e.g., reactive ion etching processes, the vertical profile is
achieved by passivating the polysilicon lines laterally while eiching the exposed polysilicon
layer vertically. The lack of passivation during the etch process may lead to bowed or re-
entrant polysilicon lines, undercut at the mask/polysilicon interface, as well as notching at the
bottom of the polysilicon lines. At the same time, excess passivation may lead to tapered
profiles and a foot at the base of the polysilicon lines.
[0004] Additionally, for dual doped applications, where different types of doping regions co-
exist on a substrate, the etching behavior of the different doped regions also differs.
Consequently, this may lead to profile differences which induces critical dimension variations
between the differently doped regions. Furthermore, etch rate micro-loading may also occur,

thereby negatively impacting gate integrity.



2 [0005] In view of the foregoing, there is a need for a nethod and
apparatus to provide a proper passivation |level to ensure a notch free
etch profile. In addition, there is a need to mtigate profile differences
and etch rate mcro-loading for dual doped silicon etch processes. SUMVARY
OF THE | NVENTI ON [ 0006] Broadly speaking, the present invention fills these
needs by introducing a passivation enhahcing gas during an etching
operatiﬁﬁ @@ order to prevent notching. It should be appreciated that the
present HOAYRNG e CAfh oG IS Misse B 145droie PEUROAMDERPPRIFEISUAIDHY 8% aFpper
appar at USy..: S A re.a | 1. Sqveral;: i.n tve .enbodi r
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sem conductor substrate on a sybstrate support in a plasma etch chanmber and
pl asma etching a shal | ow trencXUMMARY OF HHEENVENT than Imwith a

wi dt h of than 0.5 min a silicon .layer on the sem conductor substrate
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critical dinension control by controlled silicon deposition across the
sem condiBfesraiasihat hetmesRbMyENbyndes troplemanigdon thBICt@h W Bindichgling @008]
Accor di .Qn di, ... the siliconscontai ni g i pld ed to the
ehanber apranRy R SRRy siice, i Flebled e RO VM B SR R ek

si | i con itveanioh aleadeacribdditel@i ] i con containing gas is supplied to the
chanber 6@@& second flow rate durin% etching of a mddle region of the

si i con [PRWAh methed of sedingha shallqve Sisnelb it AisiiGng 1gxe insludesppinnedingon sigle
chamber sghi dndbdibl dhvkl-QW ohat ipdihik gg [ﬁﬁf?ﬁ:‘ P?lldg’rfna 3ichQ¥G nb_EIe%(PEla%a bRRing a
silicon trench layer, the first an ? Ir ow rates being greater théh

t he secshdldv oenchab®ing halcpihraftiess than dgtre wish prvefidraless ff 6ct umeintosilicon
provide,top roundin q%lthe trench and/or the third flowrate is preferably
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region q(ﬂml!i&ﬁscdnﬁﬁﬁingrg%@ QMO fisddN@ cdhaBOC BrABP LB @N 4RI ot BRI AR sion
regi on conprises less than 30% of the trench depth and/or the sidewalls of
t he trefemrdrty gingipped sdicommlepenglien afrofothe se@ontivctansubsbaldi amdfor provide fop st
fl ow rg@@oigmﬁﬁfggéiye to taper sidewalls of the upper region of the
trench at an angl e

of f%ss t han 80, the second flowrate is effective to
taper t [E008] dewveddisy @forchenbbdddéne, hegiion@bntahend saNeBu@ilicano tanglagbef at a

greater than 80, and the third flowrate is effective to taper sidewalls of

the | owdfst iR thakn dgfing échine E hAratiPBgT Engifire 0bfLhg eslicophAnE0 layFor thexahigsive,

the fir §$nt£ilnmﬁ éef%t & %Blip@ to the chamber at a second flow rate during etching of a middic
region of the silicon trench layer, and the silicon containing gas is supplied to the chamber at a
third flow rate during etching of a lower region of the silicon trench layer, the first and third
flow rates being greater than the second flow rate. The first flow rate is preferably effective (o
provide top rounding of the trench and/or the third flow rate is preferably effective to provide
bottom rounding of the trench. Preferably the upper region comprises less than 30% of the
trench depth and/or the bottom region comprises less than 30% of the trench depth and/or the
sidewalls of the trench are slopped at an angle of 70 to 89°. In an embodiment, the first flow
rate is effective to taper sidewalls of the upper region of the trench at an angle of less than 80°,
the second flow rate is effective to taper the sidewalls of the middle region of the trench at an
angle of greater than 80°, and the third flow rate is effective to taper sidewalls of the fower
portion of the trench at an angle of less than 80°. For example, the first flow rate can be
effective to taper sidewalls of the upper region of the trench at an angle of 72 to 82°, the second

flow rate can be effective to taper the sidewalls of the middle region of the trench at an angle of



effective to taper sidewalls of the upper region of the trench at an angle
of 72 to 82, the second flow rate can be effective to taper the sidewalls
of the mddle region of the trench at an angle of 3 82 to 88, and the
third flow rate can be effective to taper sidewalls of the | ower portion of
the trench at an angle of 72 to 82. [0009] The silicon containing gas can
include Sid4 , SiBrd , CH3SiH3, HSid3,3Si2H6, Sif-4, SiH2C2 SiHio

m Xt ures e etch gas furt al so i ncl ude .
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chanber at a flowrate of 5 to 500 sccm and the silicon containing etch
gas condfPeYsTig| gilidors upphined Lo tdneinchidniietlat SiBrf | @MzS&ﬁe HBiCls, S HLO Oy,

scem mmo et as, conprise 0 e, . CF4
ro ar SREERSRER AN MetedrndnEfch P dp SR R Rua Bt A TypidgSiiconining
ener gi zgghsiselcRted Pbas O, SURE, eCly, cnp{}n{;t ISvel MC GRURL G Naeicer. T 1R U @RGYred
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Al ternative e an epi ayer, rained
silicon alnat;her emboélrsariu dmnetgiergmamOmpais&yem on,, HBIS, rarg IS(IC,hAaSNg SFnet e
crystal silico 0011]. A nethod of etching a gate structure on a
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structure in l'i con ["ayer~on the sem con ctor substrate using' an
gas mhldﬁwﬁMﬂﬂUMbihna silicon containing gas. [0012] In the gate etch, the

etch ga ncl.ude .HBr He, CF4, N2 NF3 Ar

Eher cor T HRCHISE 7% 51 B tivhg! 68 Heario O s et honagit rask such
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stack preferably conprises a |ayer of polycrystalline silicon

(pol ysi Firgigeq sibaom layet eicoiliopi-sernwneimeiayet be agobsyrioysichlas gt Ciysiohsiliegrer
i's bet E an underlying gate oxide and an overlying hard or soft nask

| ayer such as a silicon nitride nask |ayer or photoresist. In an

enbodi mpriL1] anmigpperof pahidonNgat stri@uRnysédrieSitiukay 8libstlate @ELMACHsWpbRRta
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|nduct|vely coupling radi o frequency
a silicon containing gas.

{0012} In the gate etch, the etch gas can include HBr, O, Cly, He, CFy, Na, NFa, Ar, or mixture
thereof and/or the silicon containing gas can include SiCly SiBry, CH3SiHs;, SizHs, SiFy,
SiH,Cly, HSiCl3, SiHy, or mixtures thereof. The gate stack preferably comprises a layer of
polycrystalline silicon (polysilicon) on a silicon wafer wherein the polycrystalline silicon layer
is between an underlying gate oxide and an overlying hard or soft mask layer such as a silicon
nitride mask layer or photoresist. In an embodiment, an upper portion of the polysilicon layer
is etched without the silicon containing gas and a lower portion of the polysilicon layer is
etched while supplying the silicon containing gas at a flow rate of [ to 100 sccm. Preferably,
the etch glass is energized into a plasma state by inductively coupling radio frequency energy
into the plasma chamber and/or the chamber is at a pressure of less than 100 mTorr. During the
gate etch, the silicon-containing gas can be used to enhance profile control and/or critical
dimension control by controlled silicon deposition across the semiconductor substrate. In a
preferred process, the gate structure is etched in three steps, the etch gas including Clz, HBr, O,

and CFy during the first step, the etch gas including HBr and O, during the second step and the



into the plasma chanber and/or the chanber is at a pressure of |ess than
100 mlorr. During the gate etch, the silicon-containing gas can be used to
enhance profile control and/or critical dinension control by controlled
silicon deposition across the sem conductor substrate. In a preferred
process, the gate structure is etched in,three steps, the etch gas

i ncluding C12, HBr, 02 and CF4 during t%e first step, the etch gas
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oi g SEOLRIR B8 LB d BB IRORlY R Ml A oRhe o ol BgbitrR entraion
descri pitiand aogtitive fol | owi ng detail ed description are exenplary and

expl ana{ %rg Pnly and are not restrictive of the invention, as
0016} In still yet another embodiment, a method for enhancing a polysilicon to oxide

selectivity during an etching process is provided. The method initiates with providing a
substrate to be plasma etched in a chamber. Then a plasma is struck in the chamber. Next, a
thin layer of a silicon containing oxide is deposited over a gate oxide as the substrate is being
etched.

[0017] It is to be understood that the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of the invention, as

claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

(0018] The accompanying drawings, which are incorporated in and constitute part of this
specification, illustrate exemplary embodiments of the invention and together with the
description serve to explain the principles of the invention.

[0019] Figure 1 is a schematic illustration of a stack of layers on a silicon substrate prior to

forming a shallow trench isolation feature.



cl ai med. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0018] The acconpanyi ng

drawi ngs, which are incorporated in and constitute part of this
specification, illustrate exenplary enbodi ments of the invention and
together with the description serve to explain the principles of the
invention. [0019] Figure 1 is a schematig illustration of a stack of |ayers
on a silicon substrate prior to formng“a shallow trench isolation
feature. schemat ustration of a shallowtr
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[0021] Figure 3 is a schematic illustration of a shallow trench isol atl on

feature Et‘mn@%@dﬁ“o@iﬂ icon substrate. [0022] Figure 4 is a
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brof 1o g £ A 3ng e BTN u3%) B SR tE bR SR e BrBorERie vo o
shal | ow mlllemmbssa)tbatl on features etched with a silicon- containing gas.

[ 0024] Ft:q%%g 6 is a pho% crograph of shallow trench isolation features
which in Fiegps 4dndt BBRPBR PEUARIAghallgo 2synck; igelpdory feajurgs Jumisgat ibowst a
silicon gg,@t@bg@[ydh@gbgtt&{lack of layers thereon prior to carrying out a
gate etc ££026 Figure 8 Is a schematic illustration of a silicon

subst r at WOR3) Figyress Isi ccghmtorhicromieptanishaok ysith sohtibayernsret behedwigtchiehn-

t hr ough t%tﬁngate oxi de. [0027] Figure 9A is a sinplified schematic diagram
of an et©h Fi¥f's without the use of a silicon containi ng gas in the

et chi ng @ag4Fixtitd! @ iU rHhBehiBR PUA! ofeiaNowt®ihch (092830 FQUEE R Sichid
phot oni croqqqa )F% of an tetched gégtg}efﬁfoeaturg WltL CD COHI][I’Oa 0029% Eﬁlgﬁrtgpl

is a si I’ﬁﬂdi tem lepadisgsect i onal schematic di agr amillustrating a dual doped
gace, SIS At PSR- Skel et U BT SEPLY DAL ARt aeS
[ 0030] Fiagyire dut h ghe echsi nplified schemati c di agram of an etch chanber
conf | gur{ﬁHZ(E]oFiglE:gw Clise aaschts,xhlatllcc ?lrl]us(fr%{:gr? Io?lan%h%gr? sglla{;rulart]c? h?gmovs%coent gnnde and
process. g
polysilicon layers thereon etched through to a gate oxide.
[0027] Figure 9A is a simplified schematic diagram of an etch profile without the use of a
silicon containing gas in the etching gas mixture during the over etch step.
[0028] Figure 9B is a photomicrograph of an etched gate feature with CD control.
[0029] Figure [0 is a simplified cross sectional schematic diagram illustrating a dual doped
gate structure that has been etched with a silicon containing gas utilized to mitigate etch rate
differences caused by the dissimilar doping regions.
[0030] Figure 11 is a simplified schematic diagram of an etch chamber configured to provide a

silicon containing gas during an over etch process.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] Several exemplary embodiments of the invention will now be described in detail with

reference to the accompanying drawings. In the following description, numerous specific
details are set forth in order to provide a thorough understanding of the present invention. It
will be understood, however, to one skilled in the art, that the present invention may be
practiced without some or all of these specific details. In other instances, well known process
operations have not been described in detail in order not to unnccessarily obscure the present
invention.

[0032] Many plasma ctch applications rely on the generation of a passivation layer to obtain the

desired feature profile. The primary mechanism for profile control involves the balance of etch



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0031] Several exenplary
enbodi nents of the invention will now be described in detail with
reference to the acconpanying drawings. In the foll ow ng description,
nunmerous specific details are set forth in order to provide a thorough
under standi ng of the present invention. It wll be understood, however, to
one skilled in the art, that the presentﬁi nventi on nmay be practi ced
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Mor eover volatile silicon etch byproducts are transported fromt he
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and criti fal n5| on. 0035 ny shallow trench applications require top
and/ or BétY ﬁ‘di”ﬂ'@ unforgnit ﬁf’tcﬂﬁd feagirg profigondieidliGsl BEaesiahal | ow

trench pagss) mgrsﬁguw @xfch&}?aﬁﬂfhﬁ&%ﬂggﬁl&%r ”ﬁ{dﬁor byt %np{du%g pO[?ESC panp, SR, or

roundlng is by Creating redeposition Bypro uc s. The use o ner spacers
807,789 describes a shatlow trench with tapered profile and rounded corners. The primary

mechanism for rounding is by creating redeposition byproducts. The use of polymer spacers
for top rounding of shallow trench isolation regions is described in U.S. Patent No. 5,801,083,
Commonly assigned U.S. Patent Nos. 6,218,309 and 6,287,974 describe top rounding of
shallow trench isolation features. According to one embodiment, a method of etching a shallow
trench in a silicon layer includes supporting a single semiconductor substrate on a substrate
support in a plasma etch chamber and plasma etching a shallow trench having a depth of less
than | pm and a width of less than 0.5 pm in a silicon layer on the semiconductor substrate
using an etch gas which includes a silicon containing gas.

{0036} Thc plasma may be produced in various types of plasma reactors. Such plasma reactors
typically have energy sources which use RF energy, microwave energy, magnetic fields, etc. to
produce a medium to high density plasma. For instance, a high density plasma could be

produced in a transformer coupled plasma (TCP™) available from Lam Research Corporation
which is also called inductively coupled plasma reactor, an electron-cyclotron resonance (ECR)

plasma reactor, a helicon plasma reactor, or the like. An example of a high flow plasma reactor



for top rounding of shallow trench isolation regions is described in U S.
Patent No. 5,801,083. Commonly assigned U S. Patent Nos. 6,218,309 and
6, 287,974 descri be top rounding of shallow trench isolation features.
According to one enbodi nent, a nethod of etching a shallow trench in a
silicon layer includes supportlng a single sem conductor substrate on a
substrate support in a plasma etch chanber and pl asma etching a shal |l ow

trench halﬁ adeth OE@#G% n 1 tmand width of less than 0.5 min
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outside the dielectric on top of the reactor. The plasma generating
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froma si devvaII of the reactor. Such a substrate support is at one end of

a supportPSHRIR HBORE dBeY HohideghehuckingrapprEg %’r‘fhsﬁcﬁl ¢lpeitostave chnek (BSC) and
substratie sHRPRE! /d%ukﬁ%:pguﬁo Jeiihl W?Wél%lﬁ@% ﬁﬁ‘ ewal {,}{Lf%?] %‘ﬁg ind1& ngrmby

passi ng the assenbly through an-opening In reac The

substr ab@smgpﬁﬁmttodﬁdym iapplyurde am R¥hboki mgthammastazttusiusmgmnasmamge;bxecég@osI Atic

chuck ( Etsgl)ng gas supplied by a gas supply may flow through channels between the window and an
underlying gas distribution plate (GDP) and enter the interior of the chamber through gas
outlets in the GDP. The reactor may also include a heated liner extending from the GDP.
[0039] The process may also be carried out in a parallel plate plasma reactor which includes an
interior maintained at a desired vacuum pressure by a vacuum pump connected to an outlet in a
wall of the reactor. Etching gas can be supplied to a showerhead electrode by supplying gas
from a gas supply and a medium density plasma may be generated in the reactor by supplying
RF energy from one or more RF soutces to the showerhead clectrode and/or a bottom electrode.
Alternatively, the showerhead electrode may be electrically grounded and RF cnergy at two
different frequencies can be supplicd to the bottom electrode.
[0040] It will be apparent (o those skilled in the art that the flow rates of the various gases will
depend on factors such as the type of plasma reactor, the power settings, the vacuum pressure in

the reactor, the dissociation rate for the plasma source, etc.



t he substrate can be surrounded by a dielectric focus ring. The chuck may

include an RF biasing electrode for applying an RF bias to the substrate

during an etching process. The etching gas supplied by a gas supply nmay

fl ow t hrough channel s between the wi ndow and an wunderlying gas

distribution plate (GDP) and enter the interior of the chanber through gas
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whi ch i 3 sﬁgcggtlgﬁ?’.t %si s(%i%lwlnyin Figure I, a silicon substrate 10 includes a stack of layers thereon
including a 100 A pad oxide 12, a 1500 A thick layer of silicon nitride 14, a 600 A thick bottom
antireflective coating (BARC) 16, and a 3200 A thick layer of photoresist 18 which has been
previously patterned to provide an opening 20. In etching shallow trenches on a silicon wafer,
the photoresist 18 will include many openings 20 corresponding (o the desired trench locations.
The silicon nitride layer 14 is opened at the locations of the openings 20 to form a patterned
hard mask.
[0044] In opening the hard mask 14, the BARC layer 16 is opened with a plasma etch. In an
exemplary BARC open step, the chamber can be at a vacuum pressure of 5 mTorr and the
antenna used to inductively couple radio frequency energy into the chamber can be set at 350
watts. The substrate support may include an electrode which provides an RE bias by powering
the electrode with 88 watts. The BARC may be opened using a plasma etch with 50 sccm CFy
for 60 seconds while maintaining the temperature of the wafer at about 60° C. Next, the silicon

nitride layer 14 and pad oxide 12 are opened to form openings 22 with the chamber set at the



cl anped and cool ed by supplying helium (fie) at a desired pressure between
the wafer and top surface of the ESC. In order to maintain the wafer at a
desired tenperature, the He may be nmintained at a pressure of 10 to 30
Torr in the space between the wafer and the chuck. [0043] Figure 1 - 3 show
schematic representations of how a shallow trench may be etched into a
silicon layer. As shown in Figure 1, a s?licon substrate 10 incl udes a

stack of_|ayers thereon. including a 100 d oxi 12,. a 150Q A thick
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sccm 02 for 45 seconds. [0045] As a result of the strip step, the BARC and
phot or esPWdingyrl/ onppdlnarkor eRosragohridsiliaeregenteiningxgie seeh g6 SiClancamaales be
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14 sccnd@reaphpdi#pitoms. Improved critical dimension (CD) and profile control can be obtained by
adding a silicon-containing gas to the etch gas. Figure 5 is a photomicrograph of a trench
structure formed when a silicon-containing gas is used during the shallow trench etch. The
trench structure shown in Figure 5 was etched with 75 scem Cly and 25 scem SiCly. Figure 6 is
a photomicrograph of tapered trenches having rounded tops and bottoms as a result of using a
silicon-containing gas during the shallow trench etch.
[0047] Figures 7 and 8 are schematics representative of a gate etch. As shown in Figure 7, a
siicon wafer 30 includes a stack of layers thereon which includes a 15 A thick layer of oxide
32,2 1500 A thick layer of polysilicon 34, a 200 A thick tayer of silicon nitride 36, and a 2000
A thick layer of photoresist 38, which has been patterned to include openings 40 therein
corresponding o the focations of the gate etch. 1t should be appreciated that the barrier layer is
not limited to silicon nitride. For example, one skilled in the art will appreciate that the
hardmask in gate application is silicon dioxide (SiQ2) or silicon oxynitride (SiOxNy). In

addition, the thickness of the barrier layer may be 300 A, or any other suitable thickness. While



sccm N2 while maintaining the wafer tenperature at about 60 C. In order to
provi de desired rounding and/or profile and/or CD control, a silicon
cont ai ni ng gas such as SiCl4 can al so be added to the etch gas. After
formng the trench structure 24 as shown in Figure 3, the wafer can be
cleaned using a 2 mnute HF dip foll owed by a deionized water spin rinse.
[0046] Figure 4 is a photom crograph of ¥ trench structure forned using 125

sccm Cl12, no.. Si .addition.to the etch gas. As shown in Figure 4, {he
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etch and an over etch. In the breakthough step, the native oxide present
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HBr, do, QL ggtE%QiJe%, §§ gﬁ?oﬁla%iﬁigm%r&uni formy. It will be apparent to one
[0049] Figure 9A is a simplified schematic diagram of an etch profile without the use of 2
silicon containing gas in the etching gas mixture during the over etch step. Etched gate feature
102a through 102¢ include notches 100 at the base of each of the etch-gate features. As
preserving the gate integrity at the end of the etch process when polysilicon stringers are
removed, i.e., during the over-cich step, high selectivity to the oxide needs to be maintained
while performing the over-etch step. As is generally known, gate oxide pitting is a
phenomenon by which the gate oxide, or the gate matertal, is etched selectively in small
localized areas resulting in etching of the silicon underneath, thereby creating pits.

[0050] Figure 9B is an exemplary photomicrograph of an etched gate feature with critical
dimension control obtained by adding a silicon containing gas to the over-etch process in
accordance with one embodiment of the invention. Silicon-containing gas in the silicon etching
gas mixture increases the amount of sidewall passivation in order to mitigate any notching.

Thus, gate feature 102a through 102c are shown having a notch-free base due to the sidewall



skilled in the art that where the chem stry contains CF4, the use of a

br eakt hrough step is not necessary. In the first main etch, the chanber is
set at 10 nTorr and the antenna is set at 800 watts power. The etch gas

i ncludes 50 seem C12 , 175 seem HBr, 60 seem Cf4 and 5 seem 02, 1In the
second main etch, the chanber is set at 30 nfTorr and the antenna is set at
350 watts. The etch gas for the second Hain etch includes 300 seem HBr and
3 seem 02. In.the over .etch, the hanmber is set at 80 miforr and.the
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sili Con-dgi%%%dinbtxg rf1?squs(t7épsoia & scijhec%lneétglg m%lﬁebetzﬁte&-erheindt?lglf?r}ail g@:pgfleading to profile
and critical dimension differences between the various doped regions, i.e., also referred to as
n/p profile loading. Thus, in another embodiment, the addition of a source of silicon on a gas
mixture in the last steps of the etch, e.g., the over-ctch step, decreases the etch rate micro-
foading between different types of doped silicon. In addition, the silicon gas adds more
passivation (o the lines, thereby reducing the impact of the lateral etch differences between the
various types of doped silicon on the profile definition.
[0052] Accordingly, adding a silicon-containing gas in the etch gas mixture during the silicon
etch witl eliminate the notching at the base of the features. Additionally, the silicon-containing
gas In the etch-gas mixture during the over elch step will increase the selectivity to oxide.
Furthermore, a silicon-containing gas in the etch gas mixture during the silicon etch will reduce
the profile differences between the various type of doped silicon present on the same subsirate.
That is, adding a silicon-containing gas in the etch gas mixture during the silicon etch will

reduce the critical dimension bias differences between n-doped, p-doped or undoped lines.



silicon material to be etched. At the sanme tine, the etching species
concentration is increased. As aresult, little passivation is created
during the over-etch step and the existing passivation at the base of the
line can be attacked by the etching species resulting in notching of the
polysilicon Iine. However, the addition _of silicon during the over-etch
step will replace the depleted siliconlﬁreviously supplied by the silicon

mat eri al ed. Figure 10 is a_si Ccro ctlonal
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addi ng aresiuhincoired anTaRiEg gas in the etch gas nlxture during the S|I|con
etch will reduce the critical dinmension bias differences between n-doped,
p- doped or undoped lines. 12 [0053] Figure 11 is a sinplified schematic

di agram of an etch chanber configureg 4 provide a silicon containing gas
during an over etch process. Etch chaﬁber 120 _includes gas inlet 122, top
el ectrode 124, el ectrostatic |dhesstecl28 |SUPLOD hilegr waf er or senlconductor
substrate 126. Et ch chanber ([+20—al-so-iheludes—outl et 130 which may be in
fl ow comuni cation with a pum-;DOWBI 10-5000'W

SiCl, flow 0.1 — 300 sccm
Temperature | -77 Cto 200 C

It should be appreciated that TABLE 1 is exemplary and not meant to be limiting. That is, any
suitable silicon containing gas may be used. Furthermore, depending on the chamber
configuration, the range of parameters may vary.

[0055] In one embodiment, when SiCly or another suitable Sj containing gas is added to the gas
mixture in the over etch step, the polysilicon is still etched, however, a protective deposition
takes place on the gate oxide. That is, a thin layer of SiO,, which may incorporate Br or Cl or
any other suitable element present in the chamber, is deposited on the gate oxide or nitridized
gate oxide. It should be appreciated that a source of oxygen is also provided to form the SiO;
layer. ‘The oxygen source for the thin layer may originate from the introduction of an oxygen

containing gas or the presence of an oxygen containing component in the vessel, e.g., quartz,



for evacuating the etch chanber. Process gas supply 132 is in flow

comuni cation with gas inlet 122. It should be appreciated that a

passi vation enhancing gas, e.g., a silicon containing gas as nentioned
above, may be provided to the chanber through gas inlet 122. Controller
134, which is in comunication with changer 120 and process gas supply 134,
may be configured to detect a passivati‘on starved condition, i.e., an over
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Che cone B8RP, W oS eR it e DRSS et D S DRRELAR SEnah Rl Ouf Rhiuple &
cont ai ni Jlgogja@ntg@uﬂdaai@bﬁﬂic HBOmalit oxheatl dadre ragpiRr batuipphetRld G@NtHOd kR lacd 34
may detect the ga55|vat|on starved condition t hrough any suitabl e endpoi nt

det ect | oW!lSHVEKaetear olysiliconandwaidecheehmps ass, ey therd o clehiaglipht gatef
the sili i t _ ontr.oll 1 |

pur pose. o o 8 e O os i o Bl RGO S el BBRaRE iy
the int reshist innmphvtdeasd ld[@g}hyCQat aiuﬂirﬂg gasny 6xide, o8y, Q. siliase recess and
sumari zed . n T BL 1. TABLE Pressure Q.5-200 mlorr Power 10-5000 W
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or the presence of an oxygen containing conponent in the vessel, e.g.
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It shoul'd be appr ect at hat t I Vi

pol ysi | iopontiamef dxi plesdaeomm:onnfmaswém;, the @nyentibarsdoulel mo tet@hsmgedofs bdisg
gate limited to the particular embodiments discussed. Thus, the above-described embodiments
should be regarded as illustrative rather than restrictive, and it should be appreciated that
variations may be made in those embodiments by one skilled in the art without departing from
the scope of the present invention as defined by the following claims.

[0058] The invention has been described herein in terms of several exemplary embodiments.
Other embodiments of the invention will be apparent to those skilled in the art from
consideration of the specification and practice of the invention. The embodiments and
preferred features described above should be considered exemplary, with the invention being

defined by the appended claims.

What is claimed is:



oxide, as a result of the deposition of the thin silicon containing oxide
| ayer. Consequently, this results in inproved gate integrity, i.e.,
mnimal if any oxide |oss, less silicordd4recess and significantly reduces
the chances of pitting. Furthernore, the increased etch rate selectivity
wi dens the process wi ndow since the process may operate in a region where
pitting Qbéﬁﬂl ot herwi se occur without the inproved selectivity. [0056] In
anot her enbodi nent, a solid source of silicon may be included in the
chamber in order to provide the silicon for the passivation |ayer. That
i's, durilng an ovemethahfqpracleag avpelveilicbheasd kiraomrebigi aglatehedhidamber,
substantially degleted the solid source of silicon provides the silicon
required for th@‘BH@%P%atlon | ayer in order to prevent notching. For

xampl e, a top el SRR Gliert HRELADLRGANATRS Y. ARLNde the sol id

silicon source, which rmay be trtigger the over etch step by
appl yi ng a radi o fetekjogaglasitRF) bias to the top el ectrode. [0057] The

operstion of the. gretenttsroBRLY St e nebafioch HER G SHERRLREH not be
construed as bei ngntrbdusid ciﬁegl snazoh%nmﬁhgcgah% ACf1OR dh TR bstes 6 USS 8@ndakhus,

t he above-described enbodi nents should be regarded as illustrative rather
than restricti veybiasentmetstsgesr dmb@tea(@pcrre): pad eghingas remaindestafche padpilisen nade

in those enbodi ﬁ'ﬁghfh .00 uc%n lh nnlzeca{?%%{n{gr%é‘st hﬁ?%em %@%ﬂ ccmgcongaﬁrblagt he

scope of the prese I'nven OW hg ai e

The invention hass Jbeelr&ctd&s’ﬁfm lﬂ&dgm’ﬁep ebﬁszstmgt@r Stlsiggm,SSmeBﬂs)s,em’Dét%eﬂa 1
enbodi mrents. O her enbodlnents of the invention will be apparent to those
skilled in the atiostliatn (IE6HS deration of the specification and practice of
the invention. The enbodi nents and preferred features descri bed above
shoul d be consi dered exenplary, with the invention being defined by the
appended cl ai nsThaNmethodsofelamni dvliesein 1de siGhaxd mtaining guebhigthafesrireet ahsohd a

ilicon gate structure.in tch ¢ conprisin 5
defﬁglng a pgtt%Wﬁ“ﬁ%gNEQPFWGXQ %% 1gaPﬁ€ qHﬂ? adehe e?ghed gstrlking a

pl asma; etching substantially all of the polysilicon f|In1that IS

unprotected; and introducing a silicon containing gas at a flowrate
gr eat er 3t han 25Tkg methxlcbf claim 1, wherein the method operation of etching substantially all

of the polysilicon film that is unprotected includes,
executing a first etch to remove a hard mask; and

20 executing a second etch to remove the polysilicon film that is unprotected.

4, The method of claim 1, wherein the method operation of introducing a silicon
containing gas and etching a remainder of the polysilicon film while introducing a
silicon containing gas includes,

25 preventing notching at a base of the polysilicon gate structure.

5. The method of claim 1, wherein the method operation of introducing a silicon
containing gas includes,
terminating the etching of the polysilicon film that is unprotected; and

30 striking an over etch plasma.

6. The method of claim 1, further comprising:
forming a passivation layer from byproducts generated from the etching of the

polysilicon film.



cubic centinmetres per mnute (seem and etching a remai nder of the
polysilicon 10 filmwhile introducing the silicon containing gas, wherein
the silicon containing gas is selected5fromthe group consisting of

Si H3CH3, SiH(CH3)3, and Tetraethyl orthosilicate (TECS). 2. The nethod of
claim1l1, wherein the silicon containing gas originates froma solid 15
source of silicon introduced to the plasnma etch chanber. 3. The nethod of
claim 1,; wherei t ho rat | et.chi S tantiajl. || f .the
ot yel 1 zon 111t e S iksROSEE, R8P, s BHED PRy ORI REbL Yttty iy
renove a hard naslkrisboth dbsexecsdnprig: second etch to renove the
polysilicon filmthat is unprotected. 4. The nmethod of claim1l, wherein the
met hod operation oftifing # glsPirAga&hanbetcon  contai ni ng gas and etching a
remagnder of the b Ligcongfl i i nt j t.al.nk ng
gas ibncl udes, 25 %r?el%{/%% |d%gl %ﬁc@[ﬁaﬁ%k%ﬁctg@b%@ggg?%ﬁg@ ﬂegéﬁﬁﬁ%gﬁﬂg%k g&
structure. 5. The neatecttuofurcinaiuded a nvdvpee polytiheompithadd apedaiet! enlysilicon
introducing a silicon containing. gas includes, terninatjng, the etching of
the polysilicon fil Fienipered (s ;Slr%ct%éﬁtpé’ﬁ/;%?ﬁa Batgangiths R‘udﬁag%ﬂgé)@g?m‘egaég
plasma. 6. The met hggk QhtGh@rfdoustlidfagr conprising: formng a passivation
| ayer from byproducts generated fromthe etching of the polysilicon film
15 7. A nethod offomeiog easisivatendhyardtcen hipnodudts getienged Eomeidn ethhfrfeofahe | y
dop mat eri al of upstrate, conprising. striking.a plasma in a chanber;
5 etefghi ng a dual dogg% Cg??‘ig%t?ISElB?tl{}%ed%’fngtg"ﬁ‘éW?ﬁ%tng’ agfie, wherei n the dual
doped gate structlafigng ACLHERS cantBmEQPEsSk RAb YWEé lcheAPeddimandt avd-depes
polysilicon gate, wherein the n-doped polysilicon gate and the p-doped

pol ysilicon gate afehavsnthemssy uimUsyy. et ched; forming a passivation | ayer
from byproducts generated fromthe etching of the 10 dual doped gate
structure during an over etch; and

8. The methed of claim 7, wherein the silicon containing gas originates from a solid
15 source of silicon infroduced to the plasma etch chamber.
9. The method of claim 8, further comprising:

flowing the silicon containing gas between a flow rate of about 25 standard
cubic centimetres per minute (sccm) and 300 scem.
20
10. The method of claim 8, wherein the silicon containing gas is sclected from the
group consisting of SiH;CH;, SiH(CH,)s, SiHCly and Tetraethyl orthosilicate
(TEOS).

25 11, A method for emhancing a polysilicon to oxide selectivity during an etching
process, comprising:
providing a substrate to be plasma etched in a chamber;
striking a plasma in the chamber;
flowing a silicon containing gas into the chamber while performing an over
30 etch step of the ectching process, wherein the silicon containing gas is
selected from the group consisting of SiH;CHs, SiH(CH3)s, and Tetraethyl
orthosilicate (TEOS); and
depositing a layer of a silicon containing oxide over a gate oxide as the

substrate is being etched.



flowing a silicon containing gas into the chanber during the over etch to
enhance the passivation layer. 8. The nethod of claim?7, wherein the
silicon containing gas originates froml& solid 15 source of silicon
introduced to the plasma etch chanber. 9. The method of claim8, further
conprising: flowng the silicon containing gas between a flow rate of about
25 standard cubic centinetres per mnute (seen) and 300 seem 20 10. The

met hod of, cl ai ' he,;silic tal i ' e t he
ar oup. cani sti nd sP GRS FodbgRd AR dRBR BB L EIREE Sk ot e
(TECS). 25 11. Alioei bedainhdig eibabeirnggae pRIdySis|the aubstratedx ibddgsadhed tocvrk y
during an etching, process, conprising. providing a substrate to be plasm
etched in a chafPde an Qyerielahrigerfghe eleRing #T988s- chanber; flowing a silicon
contgining gas into the chamber while performng an over 30 etch step of

t he etching process, wherein the silicon containing gas is selected from

t he group. consi $he nptiafd @i HEEHBY, whdkiGHE) HettaddbpEedtivaetigbositng hdsiel pfat e
(TECS); and depasiting . a |layer. of a si]licon coptaining .oxide ogyer a gate
oxi do as the  SUBEVHSUEAPEEAEHPEE & fats OXid asibe SHEaRds REAESINEN SR e,
wherein the net P&?siﬁ@&{ L9k ﬁledﬂﬁfﬁ?% {lcRGs@sd AY & prefcr afty bichR STARd 2dtBi N9
oxi de over a gate oxide as the substrate is being etched occurs during an
over etch step ofidehe etching process. 5 13. The nethod of claim11

wherein the nmethod operation of depositing a layer of a silicon containing
oxi de over a gate oxide as the substrate is being etched causes a
polysilicon to oxide selectivity to increase so as to prevent any etching
of the gate oxide.



