METHODS OF FORMING INTEGRATED CIRCUIT STRUCTURES USING
INSULATOR DEPOSITION AND INSULATOR GAP FILLING TECHNIQUES
Field of the Invention The present invention relates to integrated circuit
fabrication methods and, more particularly, to methods of fabricating field
effect transistors in integrated circuit substrates. Background of the Invention
Conventional techniques to increase the levels of device integration on
integrated circuit substrates can often lead to reductions in device yield and
device reliability. Some of these reductions in device yield may be caused by
the formation of voids or gaps within electrically insulating layers and also
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within electrical interconnects that may extend through one or more
electrically insulating layers. In particular, the conformal deposition of
relatively thick electrically insulating layers on closely-spaced integrated circuit
structures having relatively narrow aspect ratios may lead to the formation of
voids in the spaces between the integrated circuit structures. These voids
can result in the formation of electrical shorts between electrical interconnects
and other integrated circuit structures formed on the substrate. One attempt
to address this problem includes the use of thinner insulating layers, however,
the use of thinner insulating layers may lead to increases in parasitic
capacitive coupling between adjacent integrated circuit structures, which can
lower device operating speeds. Etch-back and other planarization techniques
have also been developed to make the surface profiles of deposited
insulating layers more uniform and limit the range of peaks and valleys in the
surface profile. Unfortunately, such planarization techniques may not be
effective when the layers to be planarized are located very close to a primary
surface of an integrated circuit substrate.

Summary of the Invention
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surface of an integrated circuit substrate. Summary of the Invention -1
Embodiments of the present invention include methods of forming integrated
circuit structures and devices using insulator deposition and insulator gap
filling techniques, to thereby define insulating layers having more uniform
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onto an integrated circuit substrate having integrated circuit structures
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Accordifg to aspects of these

According to some of these embodiments, the depositing step includes

depositing the electrically insulating layer onto the integrated circuit substrate
using a plasma deposition process. In particular, the depositing step may
include depositing a silicon nitride layer using a first plasma that receives an
inert gas (e.g., argon gas), a nitrogen containing gas and a silicon containing
gas (e.g., SiH4) as source gases. In addition, the thickening step may include
redepositing portions of the silicon nitride layer using a second plasma that
receives the inert gas and the nitrogen containing gas, but not the silicon
containing gas, as source gases. According to aspects of these
embodiments, the plasma bias power used to establish the second plasma is
greater than about two times a plasma bias power used to establish the first
plasma. The thickening step may also be followed by a step of depositing
additional silicon nitride onto the silicon nitride layer using a third plasma
equivalent to the first plasma. Another thickening step may then be
performed, which follows the step of depositing the additional silicon nitride.
Additional embodiments of the present invention include methods of

forming field effect transistors by forming first and second insulated gate
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embodiments, the plasma bias power used to establish the second plasma is
greater than about two times a plasma bias power used to establish the first
plasma. The thickening step may also be followed by a step of depositing
additional silicon nitride onto the silicon nitride layer using a third plasma
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recessing a first portion of the deposited electrically insulating layer. This
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electrieilyéntoutlagi figshtetpoisitimotecheidiust pwitidas bombarding the first portion
of the electrically insulating layer with a sufficient quantity of plasma ions to
thereby physically remove electrically insulating material from the first portion
of the electrically insulating layer and redeposit the removed electrically
insulating material onto a second portion of the electrically insulating layer.

Additional methods of forming integrated circuit devices include

depositing an electrically insulating layer having an undulating surface profile
with at least one peak and at least on valley, using a first plasma established
in a plasma deposition chamber. The composition of the first plasma is then
adjusted by lowering a concentration of at least one source gas supplied
thereto (e.g., SiHa), to thereby cause recession of the at least one peak and
redepositing of material removed from the at least one peak into the at least
one valley. This adjusting step may also be followed by a step of readjusting
the composition of the first plasma by increasing the concentration of the at
least one source gas supplied thereto, to thereby cause deposition of
additional electrically insulating material on the at least one peak.

Brief Description of the Drawings
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of the electrically insulating layer and redeposit the removed electrically
insulating material onto a second portion of the electrically insulating layer.
Additional methods of forming integrated circuit devices include depositing
an electrically insulating layer having an undulating surface profile with at
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Description of the Drawings. IGS. -1 B are cross-sectional views of
interfflBTAe SRARIRSGFHEUrs R tHoACAYBHANY fiTRgeiBaFalithe
devicpgsenpiitivgtion.embodiments of the invention. FIG. 2A is a flow
diagram of process.steps that illustrates methods, of forming integrated
circuit devices acc%e e iBieS JHATE Rt rred?ifmb rCﬂmgnpion. FIG. 2B is
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invention. Detailed Description of Preferred Embodiments The present
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accorgifrarsingoeiavdngsHoud i pseferae.enbodineattoahe embodiments
set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of
the invention to those skilled in the art. In the drawings, the thickness of
layers and regions are exaggerated for clarity. It will also be understood that
when a layer is referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers may also be
present. Like numbers refer to like elements throughout.

FIGS. 1A-1B illustrate methods of forming integrated circuit devices
according to first embodiments of the present invention. As illustrated by FIG.
1A, a plurality of integrated circuit structures are formed at side-by-side
locations on an integrated circuit substrate 10. These structures may include,
but are not limited to, structures having relatively narrow aspect ratios (i.e.,
narrow width-to-height ratios), such as passive electronic devices,
interconnects, insulated gate electrodes, etc. These insulated gate
electrodes are illustrated as including a gate insulating region 12, an
electrically conductive gate electrode 14 and a gate capping layer 16.
Electrically insulating sidewall spacers 18 are also provided on sidewalls of
the gate electrodes 14, as illustrated.
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the invention are shown. This invention may, however, be embodied in
different forms and should not be construed as limited to the embodiments

set forth herein. Rather, these embodiments are provided so that this
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undulating surface profile with at least one peak (e.g., on top of each gate
electfBl f SHIAA It DNANE QRS SRR R AP 358 Between the

gate dlestnatiesly, Aosesilibog titride layer may be formed in a deposition chamber
using a chemical vapor deposition technique (e.g., PECVD).

Referring now to FIG. 1B, a step is then performed to selectively thicken
portions of the electrically insulating layer 20 by redepositing portions of the
electrically insulating layer 20. This redepositing includes transferring
portions of the electrically insulating layer 20 from the peaks to the valleys, to
thereby define redeposited insulating regions 22. This transfer of insulating
material from the peaks to the valleys may occur in the plasma processing
chamber, with the peaks of the electrically insulating layer 20 acting
essentially as sputter targets for charged ions (e.g., nitrogen ions) generated
within the plasma processing chamber. These charged ions impact and
dislodge the insulating material from the peaks in the electrically insulating
layer 20 and at least some of this dislodged material redeposit in the valleys
of the electrically insulating layer 20 to thereby define redeposited insulating
regions 22. The electrically insulating layer 20 and the redeposited insulating
regions 22 may then be exposed to a sufficient dose of UV radiation to

thereby improve a tensile strength of the insulating regions 22.
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some embodiments of the invention, the electrically insulating layer 20 may

be a silicon nitride layer. This silicon nitride layer may be formed using a

plasma deposition process (e.g., HDP (high density plasma) process). This

plasma deposition process may include establishing a first plasma in a
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plasma deposition technique, for example. Other deposition techniques may
also be used. This at least one electrically insulating layer extends on the
integrated circuit structures and in the gaps (e.g., spaces) extending between
adjacent ones of the integrated circuit structures, Block 34. Based on this
deposition step, the resulting electrically insulating layer may have an
undulating surface profile with at least one peak (e.g., on top of the integrated
circuit structures) and at least one valley (e.g., in the spaces and gaps
between the integrated circuit structures). In alternative embodiments of the
invention, the electrically insulating layer may be formed using a dual-stress
liner fabrication technique, which may accompany formation of CMOS
integrated circuits having closely adjacent NMOS and PMOS transistors.

The electrically insulating layer is then selectively thickened, Block 36.
In particular, portions of the electrically insulating layer extending in the gaps
between the integrated circuit structures are thickened by transferring
electrically insulating material from the peaks of the electrically insulating

layer to the valleys of the electrically insulating layer. This material transfer
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In particular, a second plasma may be established in the plasma processing
chamber using an inert gas (e.g., argon gas) and a nitrogen containing gas
(e.g., N2 gas), but not an appreciable amount of a silicon containing gas, as
source gases. The second plasma may be established as a relatively high
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integrated circuit structures). In alternative embodiments of the invention, the
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deposited to extend on the insulated gate electrodes and in the gaps (e.qg.,
spaces) extending between adjacent ones of the insulated gate electrodes.
Based on this conformal deposition step, the resulting silicon nitride layer may
have an undulating surface profile with at least one peak (e.g., on top of the
insulated gate electrodes) and at least one valley (e.g., in the spaces and
gaps between the insulated gate electrodes).

The silicon nitride layer is then selectively thickened, Block 56. In
particular, portions of the silicon nitride layer extending in the gaps between
the insulated gate electrodes are thickened by transferring silicon nitride
material from the peaks of the silicon nitride layer to the valleys of the silicon
nitride layer. This material transfer step is performed by using the peaks of
the silicon nitride layer as sputter targets for high energy ions (e.g., N+ ions)
established in a high density plasma. The use of the peaks of the silicon
nitride layer as sputter targets causes recession of the peaks in the silicon
nitride layer and a redeposition of silicon nitride material into the valleys. As



The electrically insulating layer is then selectively thickened, Block 36. In
particular, portions of the electrically insulating layer extending in the gaps
between the integrated circuit structures are thickened by transferring
electrically insulating material from the peaks of the electrically insulating

layer ity stiatedlley thefdpeisisciioakpidheasiepsalfesiraiad hyaltdorishefd 56
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circuit fabrication process at the semiconductor watfer level, Block 40. FIG. 2B
is a fIBWRAGESAH T FHRBIS_ RGP Mat iNadiaetianLeibaseU e EHNRg
integraiREVFiECHIdiARYiIces, according to embodiments of the present
invention. As illustrated by Block 52, a highly integrated array of insulated
gate electrodes are formed on a surface of an integrated circuit substrate. At
least one silicon nitride layer is then deposited on the integrated circuit
substrate, Block 34. This deposition step may be performed using a chemical
vapor deposition technique or a plasma deposition technique, for example.
Other deposition techniques may also be used. The silicon nitride layer is
deposited to extend on the insulated gate electrodes and in the gaps (e.qg.,
spaces) extending between adjacent ones of the insulated gate electrodes.
Based on this conformal deposition step, the resulting silicon nitride layer
may have an undulating surface profile with at least one peak (e.g., on top of
the



insulated gate electrodes) and at least one valley (e.g., in the spaces and
gaps between the insulated gate electrodes). The silicon nitride layer is then
selectively thickened, Block 56. In particular, portions of the silicon nitride
layer extending in the gaps between the insulated gate electrodes are
thickened by transferring shiitth WirideH ifateAMEIMIgHe peaks of the silicon
nitride layer to the valleys of the silicon nitride layer. This material transfer
step is performed by using the peaks of the silicon nitride layer as sputter
targets fot-HiJRERBYH IGTEIRI G0 MeRfiads derltai StF sn CPRIBHSRG K Steps
plasnad. The use of the peaks of the silicon nitride layer as sputter targets

causes repession oh s pealin e sllieon. aide axerand s iedeppition
of silicon Nithte Materal nto he vaHeys. YT st ated 9t?1e decision
BlocksBBstiatestzgid #lastriarily npBRitks|ayeaha\vay amyrskiiaijngatataoe profile

defing,arsafficientvdtiskislicannitde axevafdldiigal process steps may

then be performed to complete an integrated circuit fabrication process at
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CLAIMED IS: 1. A method of forming an integrated circuit device, comprising
the steps_of: depositing an electrically insulating layer onto an integrated
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surfagegusifiley the electrically insulating layer onto the integrated circuit substrate

using a plasma deposition process.

3. The method of Claim 1, wherein said depositing step comprises
depositing a silicon nitride layer using a first plasma that receives an inert

gas, a nitrogen containing gas and a silicon containing gas as source gases.

4. The method of Claim 3, wherein the inert gas is an argon gas and the

silicon containing gas is SiH4.

5. The method of Claim 3, wherein said thickening step comprises
redepositing portions of the silicon nitride layer using a second plasma that

receives the inert gas and the nitrogen containing gas as source gases.

6. The method of Claim 5, wherein a plasma bias power used to establish
the second plasma is greater than about two times a plasma bias power used
to establish the first plasma.



with at least one peak and at least one valley; and thickening a portion of the
electrically insulating layer by redepositing portions of the electrically
insulating layer from the least one peak to the at least one valley using a
sputter deposition technique that utilizes the electrically insulating layer as a

sputter tafgéheometioghetidaivrf T Miareinasiddincsaringepesitmtpiaved by a
compiieasdrpRaiing HritsansatyinsHainthiaae SO HRiHRIAE G Lsing a

circuit substrate using a plasma deposition process. 3. The method of Claim
1, whiEPBsE 3 &Y aIs SR e iia¥MEepositing a silicon nitride layer
using a first plasma that receives an inert gas, a nitrogen containing gas and
a sili gQntaipin as source gases. 4. The.method of Claim 3, wherein
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methétbba Tl siecB)dvnewdicdgdithriRelintpsRissenyrRids lesdbipositingn
portiqpggfae siicon bidedaysndaingraisesNdspasn Wb rrsivradhe

inert gas and the nitrogen containing gas as source gases. 6. The method of
CIain%SPQ\?r‘Fé}%iW% PREARIRR ISR FYSE 3T A SHANT ALIE SyEs i Hngshinet
IS greaiarddeonahasiil i tyarscieptasias Siasipavyap sadctnabtaiisabae
first pSIaesmn% i-r?s7l'a1ehcf rgteetré?% ,[% laim 5, wherein said thickening step is
foIIowe&%y a s%'ep 0 %eposﬁmg 88gitional silicon nitride onto the silicon
nitride layer using a third plasma equivalent to the first plasma. 8. The
method of oipETo e 1R il SRRSIIRG slg sdRstRg srbfpeaniidusane)

second insulated gate electrodes at side-by-side locations on an integrate
circuif SinsEHaRE VaRRr WRRPEINSRIAHE S ANAP Sfopl2YRH SRS HEP SERRRF BHE
electideplosisthatiniclay anageagibeon nitride layer on the first

10. A method of forming an integrated circuit device, comprising the steps
of:

forming first and second integrated circuit structures on an integrated
circuit substrate;

depositing an electrically insulating layer onto the first and second
integrated circuit structures and into a gap extending between the first and
second integrated circuit structures; and

thickening a portion of the electrically insulating layer located in the gap by
transferring portions of the electrically insulating layer extending opposite the first

and second integrated circuit structures into the gap using a sputtering process.
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and second insulated gate electrodes and in a gap between the first and
second insulated gate electrodes. 9. The method of Claim 8, wherein said
depositing step comprises using a chemical vapor deposition process and/or
a plasma deposition process to deposit the silicon nitride layer. 10. A method
of forming an integrated circuit device, comprising the steps of: forming first

and secopfl MRUARGHGEF CISHUAH (BRPE R8I BISHNG StLH sobphiale

depositing an electrically insulating layer onto the first and second integrated
circuitSRRRIN@ IS RisATrE 'QféBSé‘J%HHQi iRyt g et fﬂ‘é?ﬂ}?degé%ﬁ%ed ata
integfatg howeuibstl eieshepththitdenitig aimpstion cfrtieisdeatdosibiring
insulatingoavet [neaiedin e dan by analering Rdions sfihe elpclricall
insulﬁlng ayer extending op}lposHe Re fivdtan seco%aplﬁ?egra ed circuit
struckgesnaioteurajed cisint strsistitesntipibeqsn udiogla sprtenieghdastss

Claimnl iR St ILARPHIBIRIGP HAEMAISES SSRRRI IO ifalbt

insulatin%_layer using a first plasma established at a first power level; and
wherd¥P desHERRITh 3B e RbRRWS e ferring portions of the

electrically insulating layer extending opposite the first and second integrated

ciroult strigtyies Inigthe 9an.sing & spullering pracess lnabinaides, 1o
establishing a second plasma at a second power level at least” two times
greatgashamtiiegiirs cpotaingveds EhdTheiinetheehtsiGha rpablas\derei gaees;

first pIAShEFSRIVRS QELBM hIaMA SUERRETLRIRLHYY L ARRkGgaiticon

containing gas as source gases; and wherein the second plasma receives
an inSATGAISIRA @SN RISGSILeRIGAME YRS, J5t RS SMEEH E8R8Sining gas, as

source gases.
13. The method of Claim 10, wherein said depositing step comprises
depositing the electrically insulating layer using a plasma-enhanced chemical
vapor deposition process.

14. The method of Claim 13, wherein the plasma-enhanced chemical
vapor deposition process and the sputtering process are performed in

different processing chambers.

15. A method of forming an integrated circuit device, comprising the steps
of:

forming a silicon nitride layer having an undulating surface profile, on an
integrated circuit substrate; and

sputter depositing silicon nitride into at least one valley in the undulating
surface profile, using at least one peak in the undulating surface profile as a

sputter target.
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13. The method of Claim 10, wherein said depositing step comprises
depositing the electrically insulating layer using a plasma-enhanced chemical
vapor deposition process. 14. The method of Claim 13, wherein the
plasma-enhanced chemical vapor deposition process and the sputtering

process die peeoreieadrofdirire idprdteresinspishapnbieramsiingetiafd of
formigg AR IEE8 AAB S it SaNICE HRIPRIARINSREMERRLIAG St Rofile to

silicon nitride layer having an undulating surface profile, on an integrated

circuit SE5904 R'a5ME SHHAPAFIUERIR RN nitride into at least one valley

in the undulating surface profile, using at least one peak in the undulating

surface profie s o, spA e ARt 1 10, The pihod oLEIBIM 13, wherein
said sputter depositing step” comprises exposing the atieast one peak'in the

undukxirapiagrinedntegfidend chiosdciis ivtde ieadistailang a tasgeinirgBitropen
The ngethge-8hGdaen 16, wherein said forming step comprises exposing the
integrated circuit substrate to a first plasma containing nitrogen and silicon
ions. 18. The method of Claim 17, wherein an RF bias power used to

establish1& e secnathpleshGidiBrogreaigidhan abGR bive imesraz&desablish
powey to_esta Iislh the fjrstrgl sq . 19. Th? metthod of Cﬁal;r’%.l& Wher(?in the
: thg second p Fsma IS greater ?ﬁn ﬁbau t\%o imes an ias 8ower. 0
first and Sécond’'plasmas are ~established 1h the same plasma processing

chamégrirbfish Ahmbisicelasifarming an integrated circuit device, comprising
the steps of:

19. The method of Claim 18, wherein the first and second plasmas are

established in the same plasma processing chamber.

20. A method of forming an integrated circuit device, comprising the steps
of:

depositing an electrically insulating layer on an integrated circuit substrate
using a first deposition technique; and

recessing a first portion of the electrically insulating layer using a plasma
redeposition technique having different process conditions relative to the first
deposition technique, by bombarding the first portion of the electrically
insulating layer with a sufficient quantity of plasma ions to thereby physically
remove electrically insulating material from the first portion of the electrically
insulating layer and redeposit the removed electrically insulating material on a

second portion of the electrically insulating layer.

21. The method of Claim 1, wherein said recessing step is followed by a

step of exposing the electrically insulating layer to UV radiation.
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depositing an electrically insulating layer on an integrated circuit substrate

using a first deposition technique; and recessing a first portion of the

electrically insulating layer using a plasma redeposition technique having

different process conditions relative to the first deposition technique, by

bomxadirntp thetied pbaliimdf, tneasribtsiigl fenesiiagrijanyeemmtisassufficient

quanaefﬁfegm\e%m@ BsiRANPIRENAMPISHY JemPXSiRIESESARRaBIRIHS in
al fro

materi m the first portion of the electrically insulating layer and redeposit
the réhRAIRRERABEN iHRAMERRG Aier oin 2B HBriSiRFRTRPrises
electrichlistimg ul abngp tayion 2 tHd érrelhechablaineAngvhetgioesaidtion of at
recessing step.is followed b step_of exposing the electrically insulati

ayer B DA ata 015 il Thefhen s B St el i,
step teaapoRe pedkpusitingehesitiootat aiBtenial renmey kR &ousihg at fieesplama
establisheshiB 1R ARG, chamber; and wherein said thickening
step comprises adjusting a compasition of the first plasma by lowering a
concentration of at least one source gas supplied thereto, to thereby cause
recessior2sf Tihe aiettaatalGlyeekoandh sesiapesiiag wtimatedplisdoioved fspra
the at |east.one peak into the at least one, valley. 23. The method of Claim
25, oG R ee e SEROM e cleie Rl
compesitentitibie ¢irtheridaastoyne smasthgad eupplied theadtm of theyetoyeast
one SOICE GasuSHRAGKLIAIRIC 1BdRrTERy inuRRSZRRSLIRN 6h Ascikiopak:

electrically insulating material on the at least one peak. -1
one peak.
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