13 MAY 2004 METHOD TO FORM AN L- SHAPED SI LI CON NI TRI DE SI DEWALL SPACER
BACKGROUND OF THE I NVENTION (1) Field of the Invention The inventd®mMAy 28
relates to a nethod of fabricating sem conductor structures, and nore
particularly, to a nethod of formng a silicon nitride, L-shaped,_S|QemaII
spacer in the manufacture of integrated circuit devices. (2) Description of
the Prior Art Sidewall spacers are used in sem conductor manufacturing.
These spacers protect underlying features during processing steps. In

articular, silico i C tr or gate
glectrodes are usg gé6&g§£§ﬁ¥g pro ﬁgﬁ%ﬁééFﬁgbﬁ ﬁﬂ@ﬁ#@é§§ﬁ%%éi§ 1

MAY 2004 regions during doping or #ﬁ@éﬁpg steps. As the physica

geonetry of sem conductor devices shr the spacing between the gate

el ectrodes becomes smaller and snmaller. Referring nowto Fig. 1, a _
cross-section of a partially conpleted prior art integrated circuit device
is

BACKGRCUND OF THE INVENTION

{l) Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and more particularly, to a
method of forming a silicon rittride, L-shaped, sidewall

spacer in the manufacture of integrated circuit devices.
(2) Description of the Prior Art

Sidewall spacers are used in semiconductor
manufaéturing. These spacers protect underlying features
during processing steps. In particular, silicon nitride
sidewall spacers adjacent to transistor gate electrodes are

used as masks to protect underlying source and drain




shown. + A sem conductor substrate 10 is shown. Two transistor gate

el ectrodes 22 are formed overlying the seniconductor substrate 10.J3MaAY 2004
transi stor gate el ectrodes. 22 conprise a polysilicon gate |ayer '18
overlying a gate oxide layer 14. A liner oxide |ayer 26 is deposited or
grown overlying the transistor gate el ectrodes 22 and the sem conductor
substrate 10. A silicon nitride layer 30 is deposited overlying the |liner
oxide layer 26. Referring nowto Fig. 2, a conventional silicon nitride

spacer et Chrdgi @ Ba&ﬁﬁgfc?;ﬁm%eiﬁﬁﬁﬁﬁﬁﬁ@r&e‘g’f?g "RR Pl P RN the-

step. Note the profile of the spac e sp

top is onlYoedildiglt by Lesseddiabiieasnaces ygﬁ;srgg%ggf t‘lhgesn;g%é%@g‘ gere

adj acent transistor gates are very narro ifficult to

fill the g t Qgﬁﬁﬁ ith iel tic_layer., The nearly
verti cal p%%tg\éﬁ? er hggggﬁsl %egno%gcé}rbea%esﬁgﬁ%§ %%%sema\%lied:s' to formin
the dielectric material if the transistor gates are too narrow y spaced.
Referring to Fig. 3, a second prior .art exanple is shown. A sem conductor

substrate 40 isRB%%%Eggg'an“%o Fig. 1, a cross-section of a
partially completed prior_art integrated circuit device is
shown. A semiconductor substrate 10 is shown. Two

{ | transistor gate electrodeé 22 are formed overlying the
semiconductor substrate 10. The transistor gate electrodes
22 comprise a polysilicon gate layer 18 ovérlying a gate
oxide layer 14. A liner oxide layer 26 is deposited or
grown overlying the transistor gate electrodes 22 and the

semiconductor substrate 10. A silicon nitride layer 30 is

deposited overlying the liner oxide layer 26.

Referring now to Fig. 2, a conventional silicon

~

nitride spacer etch is performed. Sidewall spacers are
formed by this etching step. Note the profile 34 or Shépe
of the spacers. The spacer width at the top is only
slightly less than the spacer width at the bottom. Where
adjacent transistor gates are very narrowly spaced, it may
be difficult to fill the gap between these spacers with a

dielectric layer. The nearly vertical profile of the




transi stor gate el ectrodes 52 are formed overlying the

| ayer 48 overlying a gate oxide |ayer 44. A liner oxide |ayer 56 is

sem conduct or

substrate 40. .The transistor gate el ectrodes 52 conprise a polysilhquAg%ﬁﬁ

deposi ted

overlying the transistor gate el ectrodes 52 and the

sem conductor substrate 40. A silicon nitride layer 60 is deposited
overl'ying the liner oxide layer 56. A second silicon dioxide |ayer
deposited overlying the silicon nitride |layer 60. Referring now to-

a two-layer spacefs qaé:ﬁaa%sep%ia{: g&e@;ﬁfe gta dayi 66 1em%i%e&gggr§éii

di oxi de |l ayer 64 1s anisotropica

profile 68.
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nitride layer 60 is etched through to separate spacers. 3 18 MAY 2004

Referring nowto Fig. 5, a post-etch wet. chem ca

i con di oxi de

Here, the disadva Of the_.additi | sil
apL:rent? TLZame§5€§¥§%ﬁ§a|°§Fé§h ‘ékg&%§°§hp8Ff?Enﬁ eﬁﬁ@Pi géﬁdssi

shown. A semiconductor substrate 40 is provided. Two
transistor gate electrodes 52 are formed overlying the
semiconductor substrate 40. The transistor gate electrodes
52 comprise a polysilicon gate layer 48 overlying a gate
oxide layer 44. A liner oxide layer 56 is depoéitéd
overlying the transistor gate electrodes 52 and the
semiconductor substrate 40. A silicon nitride layer 60 is
deposited overlying the liner oxide layer 56. A second
silicon dioxide layer 64 is deposited overlying the silicon

nitride layer 60.

Referring now to Fig. 4, a two-layer spacer etch is
performed on the device. The second silicon dioxide layer
64 is anisotropically etched to create a rounded spacer
profile 68. Here, we see how it is easier to achieve good
spacer profiles when using silicon -dioxide rather than
silicon nitride. The silicon nitride layer 60 is etched

through to separate spacers.

clean is perforned.

i con



di exi de | ayer .64. The resulting profile 64 is shown. This tw |ayer spacer
process has four significant problens. First, two |ayers nust be deposited
and the total thickness of the two layers linits the spacing of @ MAY 2004
transi stor gates. Second, the spacer etch is nore.conplicated bécause two
different materials nust be etched. Third, the final shape of the spacers
depends on post-etch chemcal cleans. This is especially true if-
hydrofluoric acid (HF) is used in the post-etch clean. Fourth, the

addition of the §§§e%ngsinb¥chg -[E;ii(gxif,deal g%ggf:gg?&? J& t%%g&ggirrggdggdget of |

the process. This i'ssI"gniticant becduse ayer o

followng the inmplantation of the lightly-dgped drai regi ons of the
transi stors.CE e %Sd&?eﬁfgr%ﬂ 8’[’ h%?ﬂ%’l %cpésaggﬁmé%%% enf' g\?i ce performance.

Several prior art appraaches discl ose nethods_to form d fabricate
o doval | " spataflofPE SATAER, dLCL R a o R S n Y KB or mat i on of

a spacer VIa £l th t.isaus%d Di n form 9 tr)lurie é:on.tact - ..S.nPatent
5,858,865 { BROBLII I T THOUPS of GBI L7 BACEPS STRSPcD SHILEP  he 4 My
2004 Cornergig;i g‘ 5?&3 %%? n%ﬁéiégéuigyﬁ% Lgogffg éi‘fg“%hcwn. This
two layer spacer process has four significant problems.
First, two la?ers must be deposited and the total thickness
iﬁ of the two layers limits the spacing of the transistor
gates. Second, the spacer etch is more.comﬁlicated because
two different materials must be etched. Third, the final
shape of the spacers depends oﬁ post-etch chemical cleans.
This is especially true if hydrofluoric écid (HF)} is used
in the post-etch clean; Fou:th, the addition of the second
silicon dioxide layer adds to the thermal budget of thé
process. This is significant because this layer would be
added following the implantation of the lightly—~doped drain

(_' regions of the transistors. The additional thermal cycle

can change device performance.

Several prior art apprecaches disclose methods to form
and fabricate sidewall spacers. U.S. Patent 5,728,596 to
Prall teaches the formation of a spacer layer that is used
in forming buried contacts. U.S5. Patent 5,858,865 to

Juengling et al discloses a spacer etch to facet the



formation of contact plugs. U S. Patent 5,605,864 to Prall teaches a
process to forma renovabl e spacer that is used to inprove the buried
contact process. Co-pending U S. Patent Application Serial Nunber 33 MAY 2004
(CS-99¢063) to Y. Pradeep et al filed on 09/439,368 15 Nov 1999 teaches a
met hod of using oxidized silicon overlying nitride to form L-shaped
spacers. SUMVARY OF THE | NVENTI ON A princi pal object of-.the present
invention is to provide an effective and very manufacturabl e met hod of
fabricating_silicon pifri [ |l _spacers.in.the nufact ure of

i nt egr at ed g?%&%??sépﬁﬁd%ﬁgi%éfggﬁ?%E¥l 1t lﬁrégeﬁ?eéfaﬂa Fon is to
provi de a thod to fabricate silicon nigride sid pacers wth

L- shaped prg-Fw%El??mﬁ i %895 8#%?%tt¢2§f Pﬁ%?@kigxgééﬂﬁé% P. PEAbt her
further objgct of the resen%'i vention is provide a nethod to fabricate
- shaped si FPEGRoRIT rITRE5S) RISy removablespacsr that is used

to improve the buried contact process. Co-pending U.S.

Patent Application Serial Number  09/439,368
15 Nov 1999

{CS-99-063) to Y. Pradeep et al filed on

teaches a method of using oxidized silicon overlying

- nitride to form L-shaped spacers.

SUMMARY OF THE INVENTION

A principal object of. the present invention is to
provide an effective and very manufacturable method of
fabricating silicon nitride sidewall spacers in the

manufacture of integrated circuits.

~

A further object of the present invention is to
provide a method to fabricate silicon nitride sidewall
spacers with L-shaped profiles that improve dielectric

material gap fill.

Another further object of the present invention is to

provide a method to fabricate L-shaped silicon nitride




si dewal | spacers w thout adding a silicon dioxide |ayer overlying the
si.licon nitride. 6 According to a further aspect of the present invention,
there is a nmethod to fabricate L-shaped silicon nitride sidewall 3@&0%
in the manufacture of an integrated circuit device conprisi ng:,‘%? d ’S
an insulating |ayer overlying a 5 sem conductor substrate; providing
conductive traces overlying said insulating layer; formng a |liner oxide
| ayer overlying said conductive traces and said insulating |layer; 10
forming a silicon' nitride |ayer overlying said |liner oxide |ayer;.

ani sot r opi cal.| hj . SAI i Lis Nigt kL I uce the
vertical t h?&%%"égisfo%é%ﬁ %"‘Q}ﬁ{i‘%\g%sédnc?:t%ﬁ]ge Sﬁ'g%g(r?n v%lﬁsg'dr%? a&)%gosi ng
underlying said,liner .15 oxi Ig&/@{id@er ein said anisotropically etching

e
down is pePFSFREHYNR SA ?‘g?a%tlve i'of etch with an etching chenistry
conprising one of the group of: SF6, NF3, CF4, and



CHF3; thereafter etching through said silicon nitride layer 20 to form
silicon nitride sidewall spacers adjacent to said conductive traces wherein
said etching through is perforned wusing a reactive ion etch with an
etching chem stry conprising Cl2 and 02 in conbination with an inert gas
and wherein said silicon nitride sidewall spacers have an 25 L-shape
wherein the width at the top of said spacers is significantly smaller than
the width at the bottom of said spacers; and conpleting said integrated
circuit device. 6, A A cording to a further aspect of the present invention,
there is a nethod i O-FHS Fe&t Bumsher eopeati of itte widenaldvespiagers in the

manuf acture of an Integrated circuit .device conprising: providing an

insul ating |ayer over 'R & *EMLENEEIGA Sdberrviteidepsoieiaiing conduct i ve
traces overl yi ng 5%@4:&:5' muk@hg%gactuLé%%rén integrated circuit device

comprising:
providing an insulating layer overlying a
5 semiconductor substrate;
providing conductive traces overlying said insulating
layer;
forming a liner oxide layer overlying said conductive

traces and said insulating layer;

10 forming & silicon nitride layer éverlying said liner .
éxide layer; |
anisotropically.etching down said silicon nitri@e--
dayer to reduce the vertical thickness of said silicon
nitride layer while not expesing underlying said liner
15 oxide laYe£ whergin said anisotropically etching down is
performed using a reactive ion etch with an etching )
chemistry comprising one of the group of: SFs, NF3, CFy, and
CHF3; - -
thereafter etching tﬁrough said silicon nitride layer
.20 to form silicon nitride sidewall spacers adjacent to said
conductive traces wherein said etching through is performed

using a reactive ion etch with an’etﬁhing chemistry

comprising Cl; and O; in combination with an inert gas and
vherein said éilicon nitride sidewall spacers have an

25 -Lnshqu wherein fhe width at the top of said spacers is
significantlx,smalleg than £hg width at the Bottom of said ’ ‘

Spacers; and

completing said integrated circuit device.
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formng a liner oxide |ayer overlying said conductive traces and said

I nsulating |ayer wherein said |iner oxide 10 layer is fornmed to a

t hi ckness of between 50 Angstrons and 250 Angstrons; formng a silicon
nitride layer overlying said |liner oxide [ayer wherein said silicon
nitride layer is formed to a thickness of between 400 Angstronms and 1, 000
Angstrons; 20 anisotropically etching down said silicon nitride |ayer to
reduce the vertical thickness of said silicon nitride |ayer to a thickness
of . between 200 Angstronms and- 1, 000. Angstrons whil e not exposing

underlying saigcoirtidngoxbde FayeheRSadhesealt amLtrlidgtt HQWahisal d
silicon nitri d&elrayee gto formsilicon nitride sidewall spacers adjacent to

said .conductive traces ; and conpleting said integrated circuit device.
.66 I n accordance wirdtHolle tobfeict scatfe tdiildconvent rbte @i devellngihed ref
formng silicon nitride sidewall spacers has been achieved. An isolation
region i s proimdate masnlfgcbgra oSerm dondyeheedsubsduiat elev@arduct i ve traces
are provided overlying the insulator layer. 'A liner oxide |ayer is
comprising:
providing an insulating layer overlying a

semiconductor substrate;

providing conductive traces overlying said insulating:

layer:

forming a liner oxide layer overlying said conductive
traces and said insulating layer wherein said liner oxide
10 layer is formed to a thickness of between 50 Angstroms and
250 Angstroms;
forming a silicon nitride layer overlying said liner
oxide layer wherein said silicon nitride layer is formed to

a8 thickness of between 400 Angstroms and 1,000 Angstroms;
20 anisotropically etching down said silicon nitride

layer to reduce the vertical thickness of said silicon
nitride layer to a thickneéa qf_bé;geen 200 Angstroms and .
1,000 Angstroms while not exposing underlying said
liner oxide layer; :

'25 thereafter etching through said silicon nitride layer

to form silicon nitride sidewall spacers adjacent to said
. conductive traces ; and completing said integrated circuit

device.
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-deposited overlying the conductive traces and the insulator. |layer. A
silicon nitride layer is deposited overlying the |iner oxide |layer. The
silicon nitride layer is anisotropically etched down to reduce the
vertical thickness of the silicon nitride |ayer while not exposing the
underlying liner oxide layer. The silicon nitride I|ayer is etched through
to formsilicon nitride sidewall spacers adjacent to the conductive

traces. This etal BgcokBipt@hites#hbSobfedts apereds knsbapesh sidewal |
profile, and the integrated circuit device is conpleted. BRI EF DESCRI PTI ON -

OF THE DRAWNCRER NS s AESHRHYY1NG cBhamt PPsdd Wikled12 sBi&sialnpart of
this description, there is shown: 6Gz 1 13 MAY 2004 Figs. 1 through 5

schemat i callger LIUSELaHS 14h GRiStiBA! ki PR 1] Jbyigeapbetedyid ¢f art
integrated circuit devices. Figs. 6 through 10 schematically 1llustrate in

cross- sectdonal, HeRESS LAl QR ot hecBRahet 164 ibedi BRAt pRbvidis Present

i nvention.
4 overlying the insulator laver. ' A liner oxide layer is

‘deposited overlying fhe conductive traces aﬂd the insulator:
layer. A silicon nitride layer is deposited overlying the
liner okide layer. The silicon nitride layer is
anisotropically etched down to reduce the vertical
thickness of the‘silicon nitride layer while not ekposing
the underlying liner oxide layer. The silicon nitride
layer is etched through to form silicon nitride sidewall
‘spacers adjacent to the conductive traces. This etching

(_ﬁ _ through results in a tapered, L-shaped sidewall profile,

and the integrated circuit device is completed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The enbodi nent di scl oses the
application of the present invention to the formation of silicon nitride
sidewal | spacers in the manufacture of an integrated circuit device. It
shoul d. be clear to those experienced in the art that the present ﬂHﬁ&hVHmmﬂ
can be applied and extended w thout deviating fromthe scope of the
present- invention. Referring now particularly to Fig. 6, there is showm a
cross section of a.partially conpleted integrated circuit device of the
preferred enbodi nent. In this enbodinent, the present invention i's used to
formsilicon nitride 7 X13 MAY 2J sidewal| spacers in the fabrication of
narrow y-spaced MOSFET transistor gates. Alternatively, the key process
steps coul d be uBEgEt ol dhearehsh| schamatiitaaldy $1lteskfdte gpacerssfor a
variety of situations where a conductive trace is fornmed overlying a
substrate. Aesbhdrritictaddy sobpietad B0 on ok caihtggrunsi stirggidf
nmonocrystalline silicon, is provided. Two narrow y-spaced transistor gate
el ectrodes devaeesfornmed overlying the seni conduct or '

Figs. 6 through 10 schematically illustrate in cross-
sectional representation the preferred embodiment of the

[ present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiment discloses the application of the
present invention to the formation of silicon ﬁitride
sidewall spacers in the manufacture of an integrated
circuit device. It should be clear to those experienced in

the art that the present invention can be applied and

f“l

extended without deviating from the scope of the present

- invention.

Referring now particularly to Fig. 6, there is shown a
cross section of a partially completed integrated circuit
device of the preferred embodiment. In this embodiment,

the present invention is used to form silicon nitride



substrate 80. Each MOS transistor gate electrode 92 is made up of a gate
oxi de layer 84 and a polysilicon gate |ayer 88. Each M35 transistor gate.
electrode 92 is formed in a conventional way. First, a thi n,gatﬁﬁmmzﬁf}l’
layer 84 is either grown or deposited overlying the sem conductor
substrate 80. The polysilicon gate |layer 88 is then deposited, typically
by a chem cal vapor deposition (CvD) process, overlying the gate oxide

| ayer 84. The polysilicon gate |layer 88 and the gate oxide |ayer 82 are

L, PaL e b oC bR, LI S0al VR LS st gate, ol ot rodes 02

Additional steps to or exa u an o Co S e
Ref er 11 ng. nal L EFEGASLo00 st ant BEPALL R Ve hEnfr BRErREG4RAN: | on s
he NDS ¢ 1 arZEioF CHAT o0 GFETH 1-0UBE 85S Al 116 SERF CORUBLATIEubSt rate B0,
G111 con' i { PSSRy SPF 107 THREN PePLCGATHES APEECcanEPIANE S | con’ di oxi de
that may betﬂ%Egegsb¥ormed overlying a substrate. A semiconductor
substrate 80,.typically consisting of monocrystalline
silicon, is provided. Two narrowly-spaced transistor gate
{ electrodes 92 are formed overlying the semiconductor
substrate 80. Each MOS transistor gate electrode 92 is
made up of a gate oxide layer 84 and a polysilicon gate
layer 88. Each MOS transistor gate electrode 92 is formed
in a conventional way. First, a thin gaté oxide layer 84
is either grown or deposited overlying the semiconductor
substrate 80. The polysilicon gate layer 88 is then
deposited, typically by a chemical vapor deposition (CVD)
process, overlying the gate oxide layer 84. The
(Af polysilicon gate layer 88 and the gate oxide layer 82 are
then patterned to form the individual MOS transistor gate
electrodes 92. Additional steps to form, for example,

source and drain regions in the semiconductor substrate 80

are not shown for simplicity of illustration.

Referring now to Fig. 7, an important aspect of the

present invention is shown. A liner oxide layer 96 is



a,CVD deposition process or by a thermal oxidation. The liner oxide |ayer
preferably has a thickness of between about 50 Angstrons and 250 -
Angstrons. A silicon nitride layer 100 is forned overlying the |jper oxide
|ayer -+96. This is an inportant feature of the present invention ﬂ@d@@@@m4~
the sidewal |l spacer will be formed in this layer. The silicon nitride

| ayer 100 may be forned by a CVD process, as is conventional in the art.
In the preferred enbodinent, the silicon nitride layer 100 is forned to a

t hi ckness of betmeeﬁ about 400 A %§trong aqg 1, 00Q Angstrons. Referring
now to Fi g.9%" " a {5t §P°?h%%‘?t%‘fﬁr BRPuFBE OfO% HE 3BSESERE FAVRNti on i's shown.
The silicon nitride layer 100 is anisotrogically et ched down to reduce the

vertical tHHIHRFESESP 2t AR SHIG SSRIAPRARGECT s trasewhPt e TR exposi ng the
underlying Jiner oxide. layer 96. The vertical thickness of the silicon
nitride | aye 06" felaYHT 7O LPIOVRY oD/ iongO8t BPSi s bet ween about
200 Angstrons and 1,000 _ Angstronms. The etching step conprises a tined
reactive i oiFPSERIRNCRVEFOTIYh SL1icesr PABTHIR ddVeFe P8t r yTheakinegul arl y,

oxide layexr comprises silicon.dioxide that may be formed by
a CVD deposition process or by a thermal oxidation. The
liner oxide layer preferably has a thickness of between

i about 50 Angstroms and 250 Angstroms.

A silicon nitride layer 100 is formed overlying the
liner oxide layer 96. This is an important feature of the
present invention because the sidewall spacer will be
formed in this layer. The silicon nitride layér 1060 may be
formed by a CVD process, as ié conventional in the art. In
the preferred embodiment, the silicon nitride layer 100 is
formed to a thickness of between about 400 Angstroms and

1,000 Angstroms,

e,

Referring now to Fig. 8, another important feature of
the present invention is shown. The silicon nitride layer
100 is anisotropically etched down to reduce the vertical
thickness of the silicon nitride layer 100 while not
exposing the underlying liner oxide layer 96. The vertical

thickness of the silicon nitride layer 100 after this




the RTE step chem stry for this step conprises one of the group of: SF6,
NF3, CF4, and CHF3. Referring nowto Fig. 9, the silicon nitride |ayer 100
is etched through to formsilicon nitride sidewall spacers adja&%{h to the
transi stor gate electrodes 92. This etching results in a tapered® 4 Y4h28Hd
sidewal | profile 108. A REis used with an etching chem stry conpri sing
Cl2 and 02 in conbination with an inert gas, such as He and Ar. - Endpoint
detection is used, along with a percentage overetch. The preferabl e gas

flows used | hj r ocess onprise: C.2 flow ng at between about 50 sccm
and 200 scc%gc{cl)"}né %%Efparlspé)Fggrﬁ?%g%D%‘ft l?étov\éﬁﬂsﬁggﬂﬁ A6otafd%70% 02 -

fl ow ng at etmgen abo%é 1 %C§n1and 10 sccm.or a nol ar. percentage of -

bet ween abott'99-590and 3594 CanF aiFSth&GMPgases i dwitng &LaBEiRerCRbout 50

sccm and 200, scc a .nol ar __percentage of between about 30% and 70% The
process used“tH ér%@{ﬁ) t"ﬂTr{g’uﬁhfi‘ﬁ%”s’ﬁ"lt@%ﬁdnf:???ﬂ%trlfay@@%@@%@ﬁ%ﬁat es a

ri ch pol yner, whj ccumul ates on_the sidewall during the etch. This ‘
polynerinhEB?t%f$d%§¥hF:f@l§§rxmﬁﬂﬁdﬁlSeFEﬁPn@mﬁﬁﬁfﬁﬁhﬁpﬁsoﬁnt$%e desi red

L- shaped si dewal |
P group of: SFe, NFi, CFs, and CHFj.

Referring now to Fig. 9, the silicon nitride layer 100

{_ is etched through to form silicon nitride sidewall spacers
adjacent to the transistor gate electrodes 92. This
etching results in a tapered, L-shaped sidewall profile
i08. A RIE is used with an etching chemistry comprising Cl;
and O, in combination with an inert gas, such as He and Ar.
Endpoint detectién is used, along with a percentage
overetch. The preferable gas flows used in this process
comprise: Cl; flowing at between about 50 sccm and 200 sccm
or a molar percentage of between about 30% and 70%, O,

( _ flowing at between about 1 scem and 10 sccm or a molar
percentage of between about 0.5% and 3.5%, and an inert éas
flowing at between about 50 scem and 200 scem or a molar

percentage of between about 30% and 70%.

The process used to etch through the silicon nitride
layer 100 generates a rich polymer which accumulates on the

sidewall during the etch. This polymer inhibits lateral

10



prpfjle. In addition, the anisotropic etching down step of
etching through step of Fig. 9 are perforned

sequence of

af fect the
interl evel
gates 92,

interl evel

in the same etch chanber

Fig. 8 and the

as a

insitu processes. This polymer can be renoved by posQ!@kﬁﬁ.ﬂmé
‘cl'eaning such as dilute hydrofluoric acid (HF). This cleaning w I'l " n :

silicon nitride sidewalls. Referring nowto Fig. 10, an

dielectric layer 112 is deposited overlying the transistor

sidewal |- spacers 100 and the |liner oxide |ayer 96. The
dielectric. layer 112

be s .
constant or an & 8 ST ArgaHite ﬁﬁ?gg?a.?sﬁﬁeq <~ FBeERDI 4 addi fy t he
profile 108 of .the sigdewal].s by nodifying the process paraneters of the.
FEISsR 4k nbe g

pr esent i nvERPLORS: Fi

r n&e pFH§QtEF OB ct RECRING BWR BEepi 9é

silicon dioxide or a lowdielectric

sidewal | s C%ﬁgbe coq%rolled'by changing the fixed etch tinme used in the

first, or a

ot Popf

This w il change the startingmgoint of the taper portion 110 of the
a

spacer. Sec8niPepPMROATN (G

or etching

altered. |fXP{3r

)

thtough step, the slope of the taper portion 110 can be
%;()g?ﬁﬁ &an Ré FepQyed py post-etch cleaning such as

dilute hydrofluoric acid (HF}. This cleaning will not

affect the silicon nitride sidewalls.

Referring now to Fig. 10, an interlevel dieiectric
layer 112 is deposited overlying the transistor gates 92,
sidewall spacers 100 and the liner oxide layer 96. The
interlevel dielectric layer 112 may be silicon dioxide or a

low dielectric constant organic or inorganic material.

It is possible to modify'the profile 108 of the
sidewalls by medifying the process parameters of the
present inventionf First, the final profile of the silicon
nitride sidewalls can be controlied by changing the fixed
etch time used in the first, or anisotropic etch down, step
of the silicon nitride layer i00. This will change the
starting point of the taper portion 110 of the spacer.
Second, by modifying the gas flow rates and ratics in the
second, or etching through, step, the slope of the taper

portion 110 can be altered. If, for example, the first

11
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18 MAY.2001 step etch time is decreased, the height of the taper portion
110 w Il be increased. Alternatively, if the oxygen flowis increased
during the second step, the slope of the tapered portion 110 Mﬁ||J§EMﬁY2mM
reduced. Now t he specific advantages of the present invention over the
prior art can be listed. Conpared with the conventional nitride spacer
process shown in Figs. 1 and 2, there are two advantages to the process of
the present invention. First, a thinner silicon nitride layer is required
to obtain the desjred spacer width. This is ver desirabl e for devices

wi th narrowPyeBpREEY Yt 161 defrerrd. t@@b&ﬁaghzoﬁftqﬂﬁ FE8SENt i nventi on,
the wwdth at the top of . the spacer is significantly smaller than wi dth at
the bottonPoFhien| %W@#énpﬁi&%ﬂﬁe%ﬂﬁhntgdéeﬁ@%%ﬁﬁﬂébhéfgébe bet ween two"
adj acent spacers is nore gpen-and is therefore easier fill with the
interlevel BFEPERtIIW At dPFaPased HBWRINIC CBEt PREPVDI TSP CoRpaBéEPRi th t he
prior art L-shaged sidewal | spacer. nethod of Figs. 3 through 5, there are
four advant 2§eki¢ o“2RIFEDPEEESIN o}1Q HE 13r BSehedy¢R@Ention. First, the film
stack required to create the spacer is less limted by the

Now the specific advantages of the present invention
over the prior art can be listed. Compared with the
conventional nitride spacer process shown in Figs. 1 and 2,
there are two advantages to the process of the pfesent
invention. First, a thinner silicon nitride layer is
required to obtain the desired spacer width. This is very
desirable for devices with narrowly-spaced gateielectrodes.
Second, for the present invention, the width at the top of
the spacer is significantly sﬁaller than width at the
bottom. This is a significant advantage because the gap
between two adjacent spacers is more open and is therefore
{ ' easier fill with the interlevel dielectric material without

creating voids.

Compared with the prior art L-shaped sidewall spacer
method of Figs. 3 through 5, there are four advantages to
the process of the present invention. First, the film
stack required to create the spacer is less limited by the

available inter-gate electrode space. Second, only a

12



avai l abl e inter-gate el ectrode space. Second, only a 12 3.3 MAY 200 sinple
filmstack is needed, thus saving process cycle tinme. Third, the exclusion
of the second silicon dioxide layer elininates the additional th&eMaY 2004
pr-ocessing represented by the silicon dioxide deposition step. This added
t hermal budget could have a detrinental effect upon the previous process

| ayers, specifically the lightly doped drains. The process of the present
invention elimnates this concern. Fourth, the spacer shape of the present
invention process is_nore consistent than the shape generated by the prior
art approaclPimphe &htTiEradierds srededef et sevinbervetcess eurdleg step (Fig.
5) is elimnated. Experinental results confirmthe process of the present

i nvention. $¢&8ni n§hEFéctiten ecdpesenpel (13@\V)secphdt sit Biscwomioxidehat

opti mal spacer profiles can be achieved using the process. As shown in the

preferred ed3¥8rnRhiBinates shesadditionahttinermploproesssingery
manuf act urabl e process for fabricating silicon nitride sidewall spacers in
an integratéarereeted Riehee sitTheopraéseridd Wepnsibion nprepvees This

added thermal budget could have a detrimental effect upon

the previous process layers, specifically the lightly doped

drains. The process of the present invention eliminates
{ this concern. Fourth, the spacer shape of the present

invention process is more consistent than the shape

generated by the prior art approach. The earlier mentioned

effect of the wet cleaning step (Fig. 5) is eliminated.

Experimental results confirm the process of the
present invention. Scanning electron microscope (SEM)'
pictures confirm that optimal spacer profiles can be

achieved using the process.

As shown in the preferred embodiments, the presentr
invention provides a very manufacturable process for
fabricating silicon nitride sidewall spacers in an
integrated circuit device. The present invention improves
the device density by improving dielectric gap fill between

adjacent polysilicon gates or traces. It also represents a

13



t he device density by inproving dielectric gap fill between adjacent ‘
polysilicon gates or traces. It also represents a 13 "MJS MAY 7004% ﬂm’rgg&
i nprovenent on the existing art for silicon nitride space technolo

Wil e the invention has been particularly shown and described with
reference to the preferred enbodi nents thereof, it wll be understood by
those skilled in the art that various changes in formand details may be
made w thout departing fromthe spirit and scope of the invention. 14 018

MAY 2004 CL@@@W% SAeFBVBRE.L oo A QaLEcShyT £O0 AU Hidecgdeval | spacer s

in the manu an rnfegrat ciredi comprirsing: providing

an insul atl‘?]gt]!l %\é Itghﬂgofo \;3 sem conduct or substrate; providing
conducti ve tTaces o yi'ng sail P nsul at i ng |ayer; :

While the invention has been particularly shown and
.described with reference to the preferred embodiments
thereof, it will be understood by those skilled iﬁ the art
that wvarious changes in form and details may be made

without departing from the spirit and scope of the

invention.
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formng a |iner oxide |layer overlying said conductive traces and said
insulating layer; 10 formng a silicon nitride |ayer overlying said_liner
~oxide layer; anisotropically etching down said silicon nitride | ay@ra May 200
reduce the vertical thickness of said silicon nitride |ayer while not
exposi ng underlying said liner 1.5 oxide |layer;. thereafter etching
through said silicon nitride layer to formsilicon nitride sidewall

spacers adj acenf,f{Q said conductive traces; and conpleting said integrated
circuit deviceq % Th t@od cqordinga-to Claim1 wherein said conductive

traces conprise'o%émgﬁh? e Yr TE5PEet PARETR arltgadess aderal! yariddersn
to Caim1l wherein said

traces. 15 J-3igmg£gQ%§u%. Ihe ne%hod accordin ( . .

liner oxide |ayer 1s deposSited o & tMiterrased ofinativedsvabout 50
Angstrons and gg £%%§tnons. 4. The method according to Claim1 wherein
said silicon RPLT] qgéyer is deposited to a thickness of between about

providing an insulating layer overlying a
5 :semiconductor substrate;
providing conductive traces overlying said insulating
layer;
¢ forming a liner oxide layer overlying said conductive
traces and said insulating layer;
10 forming a silicon nitride layer overlying said liner
oxide layer;
anisotropically etching down said silicon nitride
layer to reduce the vertical thickness of said silicon
nitride layer while not exéosing underlying said liner
15 oxide layer;
thereafter etching through said silicon nitride layer
to form silicon nitride sidewall spacers adjacent to said
conductive traces; and

completing said integrated circuit device.
2. The method according to Claim 1 wherein said conductive

traces comprise one of the group of: transistor gates and

polysilicon traces.
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400 Angstrons and 1, 000 Angstronms. 5. The nethod according to Claim1l
wherein said step of anisotropically etching down said silicon nitr'gja

| ayer to reduce said vertical thickness of said silicon nitride Lé; AYs 2004
perfornmed using a reactive ion etch with an 5 etching chem stry conprising
one of the group of: SF6, NF3, CF4, and CHF3. 6. The nethod according to
Claim 1 wherein said step of an anisotropically etching dow said silicon
nitride |layer to reduce said.vertical thickness of said silicon nitride

| ayer results in ggid vertical thickness of said silicon 5 nitride |ayer
of between aboUt 209 %‘?1@%?4 GRSCEAINT, B G- 3Afgdt Mgl safitk Limekodxide
according to ﬁiain1l erein said step of 16 3 3 MAY 2004 etching through
sai d silicon mi¥§deS §FBPStEed otr%asitﬁilébﬁesﬁicﬁ ing&wepdeahbht sphicers i s
performed using a reactive ion etch with an etching chem stry conpri sing
C12 and 02 in BIFHTRFatPEn2ef tAneEtromert gas. 8. The nethod according to
Claiml wherein said silicon nitride sidewall spacers have a tapered,

L- shaped profile.

4. The method according to Claim 1 wherein said silicen
nitride layer is deposited to a thickness of between about

400 Angstroms and 1,000 Angstroms.

5. The method according to Claim 1 wherein said step of
anisotropically etching down said silicon nitride layer to
reduce said vertical thickness of said silicon nitride
layer is performed using a reactive ion etch with an

5 etching chemistry comprising one of the group of: SFs, NFs,

CF;, and CHFs.

6. The method according to Claim 1 wherein said step of an
anisotropically etching down said silicon nitride layer to
reduce said vertical thickness of said silicon nitride
layer results in said vertical thickness of said silicon

5 nitride layer of between about 200 Angstroms and 1,000

Angstroms.

7. The method according to Claim 1 wherein said step of

16




‘9., The: nethod according to Caim1 wherein said step of anisotropically
2tching down said siligon nitride layer to reduce the vertical tthk?ghﬂh'KM4
of said silicon nitride layer and said step of etching through said

silicoh nitride layer to formsilicon nitride sidewall spacers are

performed sequentially and insitu. 10. A nmethod to fabricate L-shaped

silicon nitride sidewall spacers in the manufacture of an integrated
circuit device conprising: providing an |nsulat|ng Iayerloverly;Pg a 5
sem conduct or subst 4t €irdIQVisdi By [ ctl ra es over S
insulating |ayer; f%rml;lgg(?l Sl%grsoggg FO§VERYSH g QF& EohéoeRi ve

d L13 Nﬁ 2004 10 formng a silicon -
N tride layer ovSTol ﬁ%i%%aﬁyghac&%x. S5 gweﬁawf:sra Foprastiyeeton ng

duce th ertical thickness of said
down said siligem,n i et%%? O&éﬁ%%ﬁfiJﬁ8§P¥§?+ﬁﬁ:Q%zdanﬁrﬁw 3

silicon nitride |ayer 1l 1e no
5 combination with an inert gas.

8. The method according to Claim 1 wherein said silicon

nitride sidewall spacers have a tapered, L-shaped profile.

9. The method according to Claim 1 wherein sgid step of

anisotropically etching down said silicon nitride layer to

reduce the vertical thickness of said silicon nitride layer

and said step of etching through said silicon‘nitride layer
5 to form éilicon nitride sidewall spacers are performed

sequentially and insitu.

10. A method to fabricate L-shaped silicon nitride sidewall
fié spacers in the manufacture of an integrated circuit device

comprising:

providing an insulating layer overlying a

5 semiconductor substrate;

providing conductive traces overlying said insulating
layer;

forming a liner oxide layer overlying said conductive

traces and said insulating layer;

17



15 oxide layer wherein said anisotropically etching down is performed using
“areactive ion etch with an etching chenistry conprising one of the ngpzﬂ&
of: SF6, NF3, CF4, and CH F3, thereafter etching through. said silid A_ 0
nitride layer 20 to formsilicon nitride sidewall spacers adjacent to sald
conductive traces wherein said etching through is performed using a

reactive ion etch with an etching chemstry conprising Cl2 and 02 in

conbination with an.inert gas and wherein said silicon nitride sidewall
p of said spacers is

5 ghave an - shape .wherein, the width at the top of sai
SPgﬁﬂ isi({:)aﬁrl y srré?fljglrgq ﬁagnsl\tiﬁgow U se dR¥epoP YoM Em%: sirdd dpmesrs: and
conpl eti ng 8@1 ifge rated circuit device. 18 18 MAY 2004 11. The method
according to %ﬁ%inn%%%vmerein said conductive traces conprise one of the

roup of: transistor ates.and polysilicon traces. 12. The method
gcco?ding to O armid éF@%ﬁys%.?PﬁqgngP”“oﬁﬁﬂ% $iayigon aigspesited to a

thi Ckn§SS Oia?&% ES & u%lét tﬁg véA\Ptgiséarlogﬁigﬂgeszs?oofAr]sgas:i.tdr gT]S.'icon |

nitride layer while not exposing underlying said liner

15 oxide layef whérein said anisotropically etching down is
performed using a reactive ion etch with an etching
chemistry comprising one of the group of: SFs, NF;, CFy, and _
CHF3; |

thereafter etching through said silicon nitride layer

20 to form silicon nitride sidewall spacers adjacent to said

conductive traces wherein said etching through is performed

using a reactive ion etch with an etching chemistry

comprising Cl, and O, in combination with an inert gas and
wherein said éilicon nitride sidewall spacers have an

25 lL—shape wherein fhe width at the top of said spacers is
significantly,smalle; than the width at the bottom of said

Spacers; and

completing said integrated circuit device.

18



18A J3 MAY 2004 13. The nethod according to Claim 10 wherein said silicon
nitride |ayer is deposited to a thickness of between about 400 Angstrons
and 1,000 Angstrons. 14. The nethod according to Caim10 wherein B8 fhast BB,
of a anisotropically etching down said silicon nitride |ayer to reduce
said vertical thickness of said silicon nitride |ayer results in said
vertical thickness of said silicon 5 nitride |ayer of between about 200
Angstroms and 1,000 Angstrons. 15. The method according to Cl aim 10
wherein said step of anisotropically etching down said silicon nitride

| ayer to reduce said vertical thickness of said silicon nitride |ayer and
said step of ldt.chMhrgmehhodighecsaiding kbcoDah t10 d@eBekayssiio formsilicon
nitride sidewal | spacers are performed sequentially and insitu. 16. A :
net hod to falbwoindateisé| tenfedidohipdessi Senadt IRAGELSp bP: toefEnyfacture of
an integrated circuit device conprising: providing an insulating layer
overlying a gateenhf@nsbOfi«in iTeRstrates .

12. The method according to Claim 10 wherein said liner

oxide layer is deposited to a thickness of between about 50

Angstroms and 250 Angstroms.

| 18A



19 "1j, 3 MAY 2004 providing conductive traces overlying said insulating.
layer; forming a |liner oxide |ayer overlying said conductive traces

and' sai d insulating | ayer wherein said |iner oxide 10 layer is fo&ﬁ%@ﬁﬁdm%
t hi ckness of between 50 Angstrons and 250 Angstrons; formng a silicon
nitride | ayer overlying said |liner oxide |ayer wherein said silicon
nitride layer is formed to a thickness of between 400 Angstrons and 1, 000
‘Angstrons; 20 anisotropically etching down said silicon nitride |ayer to
reduce the vertical thickness of said silicon nitride layer to a thickness
of between 2003And8€r BREheMRCCPrIdDgARgsEldie Mhivherabt sxipbsiingcender | ying
said liner oxide laye 25 thereafter etching through said silicon nitride

| ayer to for Aidinidgohayrs ridaepogétati tspaddriskadsacentbdiwesai Gbout
conductive traces ; and conpleting said integrated circuit device. 17. The .
met hod accordi4%y PoIetuems Idie8PnAsasdromBt.ep of ani sotropically etching

down said silicon

14. The method according to Claim 10 wherein said step of a
anisotropically etching down said silicon nitride layer to

reduce said vertical thickness of said silicon nitride

B layer results in said vertical thickness of said silicon
5 nitride layer of between about 200 Angstroms énd 1,000
Angstroms.

15. The method according to Claim 10 wherein said step of."

anisotropically etching down said silicon nitride layer to

reduce said vertical thickﬁess of said silicon nitride

layer and said step of étching through said silicon nitride
5 layer to form silicon nitride sidewall spacers are

performed sequentially and insitu.

16. A method to fabricate silicon nitride sidewall spacers
in the manufacture of an integrated circuit device
comprising:

providing an insulating layer overlying a

5 semiconductor substrate;

19



nitride |layer to reduce said vertical thickness 'of said silicon nitride

| ayer is performed using a reactive ion etch with an etching chemstry
conprising one of the group of:: SF6, NF3 , CF4 . and CHF3. 20 " 13}8mfAY 2004
2004 18. The method according to Claim 16 wherein said step of

ani sotropically etching dowm said silicon nitride |layer to reduce said
vertical thickness of said silicon nitride |ayer and said step of
etching-through said silicon nitride layer to formsilicon nitride
sidewal | spacers are perfornmed sequentially and insitu. 19. The nethod .
accordi ng to O ai maeevdire copdudtive eqxrasfest beeedfing sdichiingullRteHgh said
silicon nitride layer to form silicon nitride sidewall spacers adjacent
to said conductayertraces is performed using a reactive ion etch with an
etching chemstry conprising Cl2 and 02 in conbination with an inert gas.
20. The method acd6rdiRg Boldnar meaBleherysim ovairdyisyl sabd cotdicteisi dewal |
spacers have a tapered, L-shaped profile. 21

traces and said insulating layer wherein said liner oxide
10 layer is formed to a thickness of between 50 Angstroms and
250 Angstroms;
forming a silicon nitride layer overlying said liner

Oxide layer wherein said silicon nitride layer is formed to

a thickness of between 400 Angstroms and 1,000 Angstroms;

20 anisotropically etching down said silicon nitride
layer to reduce the vertical thickness of said silicon
nitride layer to a thickness of bétyeen 200 Angstroms and
1,000 Angstroms while not exposing underlying said

liner oxide layeq

25 thereafter etching through said silicon nitride layer

to form silicon nitride sidewall spacers adjacent to said

.conductive traces ; and completing said integrated circuit

device.
17. The method according to Claim 16 wherein said
step of anisotropically etching down said silicon

nitride layer to reduce said vertical thickness of said

silicon nitride layer 1is performed using a reactive

lon etch with an etching chemistry comprising one of the group of-:

SFGI NF3, CFq, and CHF3

20



4.3 MAY 2004

18. Tﬁé method according to Claim 16 wherein said step of
anisotropically etching down said silicon nitride layer to
reduce said vertical thickness of said silicén nitride
layer and said step of etching' through said siiiCOn nitridg
layer td.form silicon nitride sidewall spacers are

performed sequentially and insitu.

19. ' The method according to Claim 16 wherein-séiq
#tep of thereafter etching through said silicon nitride layer to form.
‘silicon nitride sidewall spacers adjacent to said conductive traces
is performed using a reactive ion etch with an etching chemistry

icomprising Cl, and O, in combination with an inert gas.

20. The method according to Claim 16 wherein said

silicon nitride sidewall spacers have a tapered, L-shaped profile.

-
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