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METHOD TO FORM AN L—SHAPED_SILICON NITRIDE SIDEWALL

- SPACER
RELATﬁD U.S. PATENT APPLICATION

U.S. Patent Application-SeriallNumber

(CS—99¥063) to Y. Pradeep et'al-filed on - 3 .
BACKGROUND OF THE INVENTION
(1) Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and more pérticularly, to a
method of forming a silicon nitride, L-shaped, sidewali

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

Sidewall spacers are used in semiconductor
manufadturing. These spacersfprotect underlying.featﬁres
during processing Steps-. In_partiéular, silicon nitride
sidewall spacers édjacent to-transiétor gate.electrodes-are _

- used as masks to protect .underlying source and drain



regions during doping or implanting steps.  As the physicali_
geoﬁetry of semiconductor devices shrinks, the spacing

between the gate electrodes becomes smaller and smaller.

Referring now to Fig. 1, a cross-section of a
partially completed prior art integrated ci;cuit device is
shown. A semiconductor substrate 10 is shown. Two

transistor'gate electrodes 22 are formed'overlying'the

-semiconductor substrate 10. The transistorigate_electrddes-“

22 comprise a polysilicon gate layer 18'ove:lying,a_gaté,
oxide'layer.14._ A liner bxide,layer 26. is deposited or
grown overlying the tranSistbr'gate eléctrodes 22 and the

semiconductor substrate 10. A silicon nitride layér 30 is

" deposited overlying the liner oxide layer 26.

Referring now to Eig, 2, a conventional_éilicbn
nitride spacer etch is performed; Sidewail spacers are
fofmed'by this.etching:step.. Note.thé prbfile 34 or'Shépe
of the spacers. Thé'spacer width at the top is.on;y
slightly less than the spacér'ﬁidth af-the'bottom{ Where
adjacent transistor gates are very narfdwly spaced, it may
be difficult to fill thé gap between these spacers with a

dielectric layer. The nearly vertical prdfile-of the



spacers may'cause voids to form in the dielectric material

if the transistor gates are too narrowly spaced.

Referring to Eig, 3, a second prior art example is.
shown. A'semiconductor substrate 40 is provided. Two
tfanéistdr gafe eleétrédes 52 are formed'ove:lying fhe.

-sémicohductbr substrate 40. The transistor gate electrodes
52 comprise a polysilicon gate iayer 48-ove£1ying'a gate -
oxide layer 44. A liner oxide layer 56 is.depoéited'
.overlying the traﬂSistor'gate eiectrodes 52 and the
semiconductér substrate 40. A silicon nitride-léyer_GO is
deposited overlying the 1inerloxide'layer 56.'.A.second :
siliéon dioxide layér 64 is deposited overlying the.siiicén

nitride layer 60.

Referfing'nowltolfig} 4, a two—layer spabér_etch is
.performed on the device. The.secohd silicon dioxide léyerﬁ
64 is_ahisotropically'etched to.create,a:rounded spacéf
profile.68.- Here, Qe;see_how it is:easier to échieve good
- Spacer P?ofilés when using siiiconwdioxide:rather than
silicon nitr_ic_ie.' The silicon nitride layer 60 is stched

through to separate spacers.-



Referring now to Fig. 5, a post—etch wet chemical
clean is performed._Here,.the'disadvantage of the
' additional_silicon dioxide layer is apparent. The wet
chemical clean removeS'a.pqrtidn of the second silicon
dioxidé layer 64. 'The'resulting pﬁofile 64 is shown. This
two.layér'spacer b:bcesé,has four significanﬁ problems.
Fi:st, two laYérs must be deposited and.the-topal tﬂickness
of the two layers 1iﬁité thé séacihg 6£-the transiStdr
gates. Second, the spacer etch is more_compliCated-becéUSe-'
two differeht_méterials.must-be etched. Tﬁird, the finalﬁ
shape of the spacers deﬁends oﬁ,postfetéh chemical -cleans.
- This is éspeéially true_if hydrbfluoric'acid (HF) is used
in £he post-etch“clean; Fqu;th,-thefaddition of-thé éécond
'silicoh dioxide layer adds ﬁo-the thermal_budget of ;hé .'
précess. This is significant because this layef would be
.addéd folloWing.the'implantation.of the lightly-doped drain
' régions of the transistors. Thé.édditional thermal cycle

can change device performance.

 Several prior art apprbaches diSdlose methods to forﬁ
and fabricate sidewall spécers.. U.S. ﬁatent'5;728,596-to
Prall feaches_the formation of a spacer layer that is used
in forﬁing'buried cdntactstjU.S, Patent 5,858,865_to _

Juengling et al'discloses.a spacer etch to facet the



(CS-99-063) to Y. Pradeep et al fiied_on

corners of the silicon nitride. This is used in the

formation of contact plﬁgsg U.S. Patent 5,605,864 to Prall

. teaches a process to form a removable spacer that is used

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

Patent Application Serial Number

teaches a method of using'OXidized silicon overlyind

‘'nitride to form L-shaped spacers.

SUMMARY OF THE INVENTION

A.principai object of.the p:esentﬁinvention 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 preéent,invention is.to :
provide a method to fabricate silicon nitride sidewall.
spacers with L-shapéd_profiles that-improve dielectric

material gap_fill,

‘Another further object of the present invention is to

'prbvide a method to_fabricate L-shaped silicon nitride



sidewall spacers without adding a silicon dioxide layer

overlying the silicon nitride.,

In'accordance'with the dbﬁects'of this invention,.a
new method of forming'silicon_nitiide'sidewall'spacers has
been achieved. An isolaﬁion region is prbvided overlying a.
séﬁiconductor-substrate. Conductivértraces-are proﬁided-
overlying the insulatpr layer. A line;-éxide laiéf is
'depbsited'ovérlying fhe conductive tfaces aﬂd the insulator-:
layer. A silicon nitride la?er is déposited overlying the
liner okide 1ayer. The_silicdnlnitride layer is
anisotropically etched'doﬁn tqlreduce fhe veitical
thiékness:of the'silicon qitride layer while not ékpoéing
the”underlying_linér oxide layér. The éilicon'nitride' 
la&er is etched through to fdrm_éilicon.nitride sidewall
_spaéérs adjacent to the cpnductive.traces. Tﬁis etching
through results in a tapered, L—éhaped sidewali 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;



Figs. 1 through 5 schematically illustrate in cross-
section partially completed prior art integrated circuit.

devices.

Figs. 6 through 10 schematically7illustrate_in cross-

'sectioﬁal representatioﬁ'the'preferred embodiment 6f the

" present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

'The.emquiméntldis¢losésIfhe'applicafion of the
present invention to the formation of silicon ﬁitridé:
sidewall spacérs ih the ﬁaﬁufacture §f an integrated
circuit device. It should be clear to those eiperiencéd in.
the art that the presenﬁ invention'cén be appiied and |
ektehded‘without deviatingif:omjthe scope of thé-b;esenf

invention.

Referring now particularly to Fig. 6, there is shoWn_a

‘cross section of a partially;compieted integrated circuit

"device of the preferred embodiment. In this embodiment,

the present invention is used to form silicon nitride



sidewall spacers in the fabrication of narrowly-spaced

MOSFET transistor gates. Alternatively, the key process

steps could be used to create silicon nitride sidewall

,spacers_for a variety of situations where a conductive

trace is formed overlying a substrate. A semiconductor
Substraté 80, typiqally consisting of monocrystalline
silicon, is provided. Two narrowly-spaced transistbt géte

electrodes 92 are formed ovérlYing'the semiconductor

‘substrate 80. FEach MOS transistor gate electrode 92 is

made up of a gate_oxide_layer 84 and a-polysilicon gate
layer 88. Each MOS transistdr'gate electrode 92 is formed
in a conventional way. First, é thin géte oxide layer 84

is either grown or deposited overlying the-semiconductor

- substrate 80. The polYSilicoh gate layer 88 is then
. deposited, typically by a chemical Vapor_deposition (CVD) -

_proéess, overlying the gaﬁe oxide layer 84. The-

polysilicon gate layer 88 and the gate oxide layer 82 are
then patterned.to form the individualfMOS'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”.



grown or deposited overlying the MOS transistor gate
electrodes 92 and the semicondﬁctor substréte 80. . The
;'liner-oxide layer 96 improves thé adhesion of the
subsequently formed si1icon.nitrid¢ layer 100. The.liner-.
oxide layér_comprises.siiiQOn'dioxide that may be fofmed by
a CvD depbsitibn brocéSé.or by.a thermal-oxidation; .The"
liner oxide layer preferably.has a thicknéss of between

about 50 Angstroms and 250 Angstroms.

A siliCon_nitride_layer 100 is forméd'overlying the
1iner oxide laye; 96. _This is an importént feature of the -
present in&ention because the sidewall spacer-will.be
formed in £his}léY¢r.' The silicon nitride layé: 100 ma&_be
formed by a CVD process, as*ié cohveﬁtional in the art. In
the prefe:red embodiment,_ﬁhé éilicon nitride layer,lod is
férmed ﬁo é thicknesé éf befween'about 4Q0 Angéfrpms and

_1,000-Angstrgms.

Réferring.ﬁdw téffig..s} anothexIimportant'feature of
'the preseﬁt invention;is shown. The silicon. nitride léyer
100 is anisotropically gtcheqldowﬁ to reduce the vertical
'thicknéss of the silicon‘nit;ide 1ayef 100 while not
exposing the undéflying liﬁer oxide layer 96. The vertical-?'

" thickness of the silicon nitride layer 100 after this



etching step is_between about 200 Angstroms and 1,000
'Angetroms. The etching step comprises a timed reactive ion
etch (RIE) with a fluorine-based chemistry. Particularly,.
the RIE step chemistry for thia step'oompriseelone_of the

group of: SFs, NFs, CFs, and CHF;.

Referriné now to Fig..9,'the.silicon nitride layer 100
is etched througn to fOrm_silioon nitrioe sidewali:Spacers |
- adjacent to tbe.tranaistor gate electrodea §2. This
etching results. in a.tapered; L—shaped-sidewall'profile
108;_ A RIE_ia.nsed wrth an etobing_chemistry comprising Clz'n
and O, in combination with an inert gas, suchlae He and Ar.
Endpoint.detection is used, along with_alperCentage |
overetch. The preferable gae flows'used in:this process
comprise: Cl, flowing at between about 50 scem and 200 sccm
or a molar percentage of between about 30% and 70% 02
flow1ng at between about 1 sccm and 10 sccm or a molar
percentage of between about 0. 5% and 3 5%, and an inert éas
flow1ng at .between about 50 sccm 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-aooumulates on the .

sidewall during the etch. This polymer inhibits laterai_

10



etChing and results in the desired L-shaped sidewall.
profile. 1In addition, the anisotropic etching down step of
Fig. 8 and the-etching throngh step of Fig. 9 are performed
in the same etch chamber as a sequence of insitu processes
ThlS polymer can be removed by post- etch cleanlng such as -
dilute hydrofluorlc ac1d (HF) This cleaning will not

affect the 8111con-n1tr1de sidewalls.

Referring now to_Fig;.lo, an interlevel dieiectric'
layer 112 is deposited.overlying the transistor gates'§2,
sidewall spacers 100 and the liner oxide layer-96, ' The
interlevel dlelectrlc layer 112 may be silicon dioxide or a

low dlelectrlc constant organic or 1norgan1c material.

It ‘1s possible to modlfy the proflle 108 of the
51dewalls by modlfylng the process parameters of the
.present 1nventlon,. Flrst, the'flnal profile of the siiicon.
nitride Sidewalls-Can befcontrolied by changing the fixedl
etch time used in the flrst, or’ anlsotroplc etch down, . step
- of the 51llcon nitride layer 100. This will change the’
startlng point of the taper portion 110 of the spacer;
Second, by modifying the gas flow rates and_ratios in the
;second, or etching through, step, the slope of the taper .

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

11



step etch time is decreased, the height of the taper
portion 110 will be increased. Alternatively, if the
oxygen flow is increased during the second step, the slope

of the tapered portion 110 will be reduced.

Noﬁ the specific adﬁantages of the present-inventian
oﬁef the prior art can be listed. Comparad-with the
conventional nitride spacer proéesslshown in Figs;'i'and-z;_:
there are.two advantages tOZﬁhe précess of fhe pfesent
':invention. First, a thinne; silicoﬁanitride layef is
required to obtain thé desired spacer width. This is very
 desirable for devices With-narrbwly—spaéed gate'electrodes.
Second, for-the present invéntion,_the'width at the tbp of
. the spacer is significantly.sﬁaller-than width at the
_ boﬁtom. This is a significant‘advantagelbecausa the gap
,betﬁeen twoladjacent_spacers is more open and is.therefora
éaaier_fill'with the interlevel dielectric matefialIWithoﬁt |

creating voids.

'Compafed with thé prior art L—shaped sidewall.spaaer
method af Figs. 3 fhrough.s,_there are fbur_advantages ﬁd_
the pracess of the.present invention. aFirst} the film
stack réquired to create the spacer is leéss limited by the

availaﬁle inter-gate eléctrodé space. Second, only a_'

12



'simple film stack is needed; thus saving process cycle
time. Third, the exclusion'of the second silicon dioxide
layer eliminates the.additional thermal proceSsing
represented by the Silicon dioxide'deposition step. This
added thermal budget could have a detrimental effect uponi
the previous process 1ayers, 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 con31stent 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 inventionu_ Scanning electron microscope (SEM)
inctures confirm that optimal spacer proflles can be

achieved using the process.

As shown ih'the preferred embodiments, the-preseht_
'invehtion provides a very manﬁfacturable process for
fabricating silicon'nitrideisidewall spacerS-in'an
integrated circuit device. The present invention improves
the device densitylby'imprOVing dielectric gap £fill between .

adjacent polysilicon gates or traces. It aiso represents. a

13



distinct improvement on the existing art for silicon

nitride space technoiogy.

"While the-inventionlhas been particularly'shown and |
desoribed with reference'to the preferred embodiments |
thereof, it will be understood by those skilled in the art
:that various changes 1n form and details may be made
without departing frothhe spirit and scope of the

invention.

14
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CLAIMS

‘1. A method to fabricate silicon nitride sidewall spacers

in the manufacture of an integrated circuit device
qomprising: |
providing an insu1ating layer Overlying_a
semiconductor substrate;
pfoviding.condugﬁive traces overiying_said iﬁsulating
layer;- | |
forming a liner oxide léyer overlying said éonductivé
traces apd said ihsﬁlating layer; . |
forming a'silicon”nitridé layer oﬁerlying said liner.
oxide layer:; |
_an;sotropically etching down éaid silicon nitride -
layer to.reduce the vertical thickness of said_sili¢§n
nitride layer while”not eiéqsiné underlying said liner
oxide_layer:_ | B |
thereafter etching through said éilicon_nitxide layer
to form silicon nitride'éidewall spacers adjaéent'to said
éonductive traces; and |

" completing said integrated_circuit device.

2. The method according to Claim 1 wherein said conductive
traces comprise oné of the group of: transistor gates and

polysilicon traces.

W
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-3. The method accoxdiﬁg to Claim 1 wherein said liner'oxide
layer is deposited to a thickness of between about 50

Angstroms and 250 Angstroms.

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

400 Angstroms and 1,000 Aﬁgstroms,

5. The method according to Claim 1 whefein said steb ef
anisbtropicaily etching.dewn said silicon nitride layer.fo
reduce said verticel thickness:of'said silicon nitride
1ayer is performed uSLng a reactive ion etch w1th an

. etchlng chemistry. comprlslng one. of the group of SFG, NFm

6..The-method accordiné to-Cleim 1 wherein said step'of an
anisotropically etqhing_dewn said silicon nitride 1ayer to
reduee said.vertical thickness of said silicon.nitride
layer results in said-verticai-thibkness'of said silicon. .
nitride layer of-between.abOut 200 Angstfoms and_l,OOb '

Angstroms.
7. The method accbrding to Claim 1 wherein said step of

16
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etching through said'silicon nitride layer to form silicon
nitride sidewall spacers is performed using a reactive ion
etch with an etching chemistry comprising Cl; and Oz in

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 acc§rding-tolclaim 1 wherein sgid-étep of
anisqtfopidally-étchiné.down said siliéon nitride layer to
reduce thé verticai thiékness of séid silicon nitride layer
aﬁd said step éf_etcﬁing thfough.Said si;icon.niﬁride layer
to form éilicoﬁ nitridé_sidéwali spaéers are perfofméd |

sequentially and insitu..

'10. A method to fabfi¢até L—shépéd silicon nitride sideﬁéil
Spacer$ in thé manufacture of an integratediéircﬁit deviEe
comprising: |

: providing'an ihsuLatiﬁg layériéverlying é
| semiconductor suBst;ate;_ |

providinglconductive tface$ overlying said.inéﬁlating
layer; | |

forﬁing-asiiner oxide layer overlying said conductiﬁef‘

traces and said insulating layer;
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forming a silicqninitride layer overlyihg said liner

. oxide layer;

anisotropica;ly'etching down said silicon nitride:

layer to reduce the vertical thickness of said silicoh

nitride layer while not exposing underlying said liner

oxide layer wherein said anisotropically etching down is

 performed using a reactive ion etch with -an etching

-cheﬁistry comprising one of the group'of: SF¢, NF3, CF4, and -

] CHF3;

' thereafter etching through said silicon'nitridellaye;'

" to form silicon nitridefsidewall_spacers adjacent to said

conductive traces wherein said etchihg through is performed
ﬁsing a reactive ion etch with an etching chemistry
comprising Cl, and O, in combination with an inert gas; and -

completing said'integrated circuit device.

'11. The method according.to Claim 10 wherein said.

conductive traces comprise one of the group of: transistor

gates and polysilicon traces.

12. The method according to Claim 10 wherein said liner

-_oxide layer is deposited to a thickness of between about 50

Angstroms and 250'Angstrqms.

18
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13. The method according to Claim 10 wherein said silicon
- nitride layer is deposited to a thickness of between about

400 Angstroms and 1,000 Angstroms.

'-14..Thé'meth6d according_td ClaimilO“whereih'séid step of a
anisotropicéily etching dqwn.said silicon nitride.lafer'té
reduce séid vertical thiékness of saidﬁsi;icon nitride
‘layer results iﬂ said vertical thickness of said silicon
_nitride 1éyer'of.between ébout 200.Angs£roms énd 1,000

Angstroms.

15. The method acc0rding to Claim 10 wherein.saia step of
_anisotrdpically_etchiﬁg_déwn said'siiiéon nitride ia§er to'
reduce said vertical thickﬁess of said3siiicoﬁ nitride |
layér_and séid step of étching.through said silicon ﬁiﬁridé-
layer to form silicdn hitride sidewéll spacéfs are |

performed_sequentially_and insitu.

16. A metﬁod-t§ fab%icate silicon hitrideisidewall spacers
in the manufactufe of ah:integréted circﬁif device
comprising: .
providing aﬁ insuiatihg layerléveriying a
semiconductor Substrate} | ' o N
T
LT —
* ¢ L ,!'s s :
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providing condUctiVe_traces.overlying said insulating

layer:;

forming-a liner oxide layer overlyihg said conductive

‘traces and said insulating layer:;

forming a silicon nitride layer overlying said liner
oxide layer;
anisotropically etching down said silicon nitfide

layer_td'feduce the vertical thickness of said silicon

_ nitride layer while'not_expdsing'underlying said liner

oxide-layérjwherein said_anisotropically etching_dqwn is
performed using a-feagtive ion etch with an gtching
Chemiétry'comprising bhe'oi.the groué of: SFG, NF3, CF;, and |
CHF3; P
thereafter etching fhfough.said silicog nitridé:layer

to'form_silicon nitride sidewéll'space:s 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 silicon nitride sidewall spacers have a’

tapered, L-shapéed profile ; and

completing said integrated circuit device.

17; The method according to Claim 16 wheﬁein-said step-of.é.

anisotropically etching down said silicon nitride layer tq'
. : _

T



reduce said vertical thickness of said silicon nitride
layer results in said vertical thickness of said silicon
nitride layer of between abdut 200 Angstroms and 1,000

Angstroms.

.18. The métﬁbd.accordihg to Claim-lG whereinlsaid:step qf
anisotropically etching d&wn.said.silicbn.nitride-layer to
reduce said yertical thickness of said-silic&n.nitrideL

| layer.and séid.step'of etching thrdugh said silicoﬁ nitfidéj_
layer to form silicon-nifrideisidewall spacers are |

performed sequeﬁtially énd insitu.

19. The method-according.to'Claim 16 wherein said liner
oxide layer is-depoSitéd to a thickness of between about 50

Angst;oms and. 250 Angstroms.

20.  The method according to Claim 16 wherein said silicon

" nitride layer is depositéd_té a thickness of between about

400 Angstroms;énd i;OOO'Angstroms.f

~ N

21 -



