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advanced and integrated device and con el enent di nensi ons have
decreased, it has becone increasingly gﬁé@ﬁiant wi t hi n advanced i nt egrated
circuits to formvoid-free and gap-filling insulator |ayers upon high
aspect ratio narrow line-width patterned substrate |ayers. Mst- conmonly,

void-free and gap-filling |m¢g§; ROUNRBOPTREIN AN TIONt 0 . be fornmed upon
hi gh aspect ratio narrow |line-w dth patterned conductor layers. As is known

in the art of integrated circuit design and nmanufacture, voids typically
formw thin an insulator layer formed upon a high aspect ratio narrow
| i ne- wi dt hl.pBieldeafthedinyentionr at e | ayer at or near the apertures between

The present'invention relates generally to insulator layers within integrated circuits.
More particularly, the present invention relates to methods for forming void-free and gap-filling
doped silicon oxide insulator layers upon high aspect ratio narrow line-width patterned substrate

layers within integrated circuits.
2. Description of the Related Art

As integrated circuit technology has advanced and integrated devxce and conductor
element dimensions have decmséd,.it has become increasingly important within advanced integrated
circuits to form void-free and gap-filling insulator layers upon high aspect ratio narrow fine-width
pattemed substrate layers. Most commonly, void-free and gap-filling insulator layers are desired to
be formed upon high aspect ratio narrow line-width patterned conductor layers. As is known in the
art of' & mtegrated cxrunt design and manufacture, voids typically form within an insulator layer formed
upon a high aspect rano narrow line-width patterned substrate Jayer at or near the apertures between

the patterns within the high aspect ratio narrow line-width patterned substrate layer due-to
inhomogeneous filling of those apertures with insulator layers deposited through many conventional
methods. The difficulty in forming void-free and gap-filling ®sulator layers upon high aspect ratio

-



the?patferns wi thin the high aspect ratio narrow | ine-w dth patterned

substrate | ayer due to i nhonogeneous filling of those apertures wth
i nsul ator | ayers deposited through nany conventional nethods. The
difficulty in formng void-free and gap-filling isulator |ayers upon high

aspect ratio
narrow | i ne-wi dth patterned substrate | ay2r-s within integrated circuits
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patterned substrate l'ayers incre 0 I nportan
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hi gh aspect ratio narrow |line-w dth patterned substrate | ayers void-free
and gap- f i |pattemed ssbstrateddyetsi@eseshi ch are easily planarized. When

pl anari zed, such void-free and gap-filling insulator |ayers are desirable
since in addition to being nerely void-free and gap-filling they al so

provi de an insulator |ayer requiring mninmal additional processing prior to
fornmi ng upon the i nsAlsaimpoftantarithidatvanced ittegrated sigeuit mahuficture is the ability 4o form
Several met hods, have been disclosed in the art for form ng and pl anari zi ng
upon hi gh A¥p8&ghaspectyatinnarme linewidthpatterned substratedayeesnpid-frae and gapefiling insulator
integrated circujts void-free and _gap- filling {nsulator |ayers. .Fo
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material s Viﬁ&#ﬁteﬂrcﬁ'cﬁﬁ ﬂ?&y se conventional in the art. Unfortunately, the

use of nultiplre successrve deposit and etch cycles for formng such
insulator layers typically requires substantial additional integrated
circuit processing tine. As a tinme saving alternative for

form ng and pl anari ziSegersi@hethdds Bsvedesh diseiosddiih theragt for forming and planarizing upon high

aspect ratio narrow line-width patterned substrate layers within integrated circuits void-free and gap-

filling insulator layers. For example, it is known in the art that void-free and gap-filling insulator
layers may be formed and plaxiirized upon high aspect ratio narrow line-width patterned substrate
layers of deéwased aperture width and increased aperture aspect ratio through multiple successive
deposit and etch cycles of insulator layers which may be deposited through methods and materials
which are otherwise conventional in the art. Unfortunately, the use of multiple successive deposit
and etch cycles for forming such insulator layers typically requires substantial additional integrated

circuit processing time.

As a time saving alternative for forming and planarizing void-free and gap-filling
insulator layers upon high aspect ratio narrow line-width patterned substrate layers within integrated
circuits, there has recently been disclosed in the art insulator layers formed at least in part through



i nsul ator | ayers upon high aspect ratio narrow |ine-w dth patterned
substrate |layers within integrated circuits, there has recently been
disclosed in the art insulator layers forned at |least in part through

-3- a Chem cal Vapor Deposition (CVD) nethod enpl oyi ng oxygen, ozone and
Tetra Ethyl Otho Silicate (TEOS) sour cg material m xtures at
conparatively high deposition pressures and | ow deposition tenperatures.
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by Wang et al. In U.S. Patent No. 5,354,715. Further, Korczynski et al., in “Improved Sub-Micron
Inter-Metal Dielectric Gap-Filling Using TEOS/Ozone APCVD,” Microelectronics Manufacturing
Technology, January 1992, pp.22-27, disclose an analogous Chemical Vapor Deposition (CVD)
method which employs ozone, oxygen and Tetra Ethyl Ortho Silicate (TEOS) source materials for
forming void-free and gap-filling silicon oxide insulator layers at atmospheric pressure. The inc}'eased
pressures einployed by these Chemic&l Vapor Deposition (CVD) methods in forming void-free and
gap-filling silicon oxide insulator layers provide shorter paths through which active species must
travel prior to forming upon a high aspect ratio narrow line-width patterned substrate layer those

siicon oxide insulator layers. Thus, the silicon oxide gap-filling insulator layers so formed are much

more likely to be formed void-free.

From the foregoing it is thus desirable in the art to provide additional alternative
methods and materials through which may be efficiently formed void-free and gap-filling insulator
layers upon high aspect ratio narrow line-width patterned substrate layers within integrated circuits.

It is towards that goal that the present invention is directed.



gap-filling silicon oxide insulator |ayers provide shorter paths through
whi ch active species nust travel prior to formng upon a high aspect ratio
narrow | i ne-wi dth patterned substrate | ayer those silicon oxide insulator

| ayers. Thus, the silicon oxide gap-filling insulator |ayers so forned are
much nore likely to be formed void-free. From t he
foregoing it is thus desirable in the art to provide additional alternative
met hods and materials through which may_kge_efficiently forned voi d-free and .
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patterned substrate layers within i It is towards that
goal that the present i nventi 8 Hw&f@@wﬁm

-4- SUMVARY OF THE | NVENTI ON

The object of the present invention is to provide a nethod for efficiently
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In accord with the object of the present ixivémion, there is provided a methoél for
efficiently forming upon a high aspect ratio narrow line-width patterned substrate layer within an
integrated circuit a void-free and gap-filling silicon oxide insulator layer. To form a silicon oxide
insulator layer througﬂ the method of the present invention, there is first povided a semiconductor
substrate having formed thereupon a patterned substrate layer. F ormed upon the patterned substrate
layer is 2 doped silicon oxide insulaior layer. The doped silicon oxide insulator l_ayer is formed
through a Plasma Enhanced Chemical Vapor Deposition (?ECVD) deposition method undertaken
simultaneously with a Reactive lon Etch (RIE) etch-back method. The Plasma Enhanced Chemical
Vapor Deposition (PECVD) deposition method and the Reactive lon Etch (RIE) etch-back method
simuitanecusly employ a Tetra Ethyl Ortho Silicate (TEOS) silicon source material, a dopant source
material, an oxygen source material and an etching gas.

The present invention provides a method for efficiently forming upon a high aspect
rati§ narrow line-width patterned substrate layer within an integrated circuit a void-free and gap-
filling silicon oxide insulator layer. Through the simultaneous Plasma Enhanced Chemical Vapor
| Deposition (PECVD) deposition method and the Reactive Ion Etch (RIE) etch-back method of the
present invention, a doped silicon oxide insulator layer, as it is formed upon a patterned substrate
layer within an integrated circuit, is formed more slowly and evenly with less susceptibility to forming
voids, The doped silicon axide insulator layer is also formed more efficiently than analogous silicon



i nfegrated circuit a void-free and gap-filling silicon oxide insulator

| ayer. To forma silicon oxide insulator |ayer through the nethod of the
present invention, there is first provided a sem conductor substrate
havi ng forned thereupon a patterned substrate |ayer. Formed upon the
patterned substrate layer is a doped silicon oxide insulator |ayer. The
doped silicon oxide insulator |ayer is=fdrmed through a Pl asma Enhanced
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sinmultaneously with a Reactive lon Etch (R E) etch-back nethod. The Plasm
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of the present invention, a doped silicon oxide insulator |ayer, as it is
formed upon a patterned substrate layer within an integrated circuit, is

formed nore slowy and evenly with | ess susceptibility to form ng voids.
The doped silicon oxide insulator layer is alsofornmed nore efficiently

than anal ogous silicon BRIEF DESCRIPTION OF THE DRAWINGS |
-5- oxide insulator |ayers formed through a sequential deposit and etch

met hod conventional to the art since the Plasma Enhanced Chem cal Vapor
Deposition (PECVD) deposition nmethod and Reactive lon Etch (RIE) etch-back
met hod of the nethod dhe objects, featires andradwntagesoftheprssaent mventivn are understood within
simul taneous]y. Finally, the doped silicon oxide insulator |ayer forned
t hr ough t he HfRoRtsHt ofthe descriptionsset forth belown The descaptiasisupdersiend in cyeiunctiommiththe
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Fig. 1 to Fig. 5 show a series of schematic cross-sectional diagrams illustri;ting the
results of progressive stages in forming and planarizing within an integrated circuit multiple void-free
and gap-filling doped silicon oxide insulator layers upon high aspect ratio narrow line-width patterned
substrate layers in accord with the preferred embodiment of the method of the present invention.

DESCRIFIKN‘C“FIHE]TEETEUU@DIm{EODnﬁENT
The present invention provides a method for forming upon high aspect ratio narrow

line-width patterned substrate layers within integrated circuits void-free and gap-filling doped silicon
oxide insulator layers. In forming such void-free and gap-filling doped silicon oxide insulator layers,



I's, knom in the art to provide silicon oxide insulator |ayers of superior
gap filling properties. BRI EF DESCRI PTI ON OF
"THE DRAW NGS The objects, features and advantages of the
present invention are understood within the context of the description set
forth below. The description is understood in conjunction with the
acconpanyi ng draw ngs, which forma mateéi-al part of this disclosure,

wher ei n: Fig. 1 to Fig. 5 show a series of schematic
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line-width patterned substrate |layers within integrated circuits void-free
and gap-filling doped silicon oxide insulator |layers. In form ng such

voi d-free and gap-fi lThe Bgth6@eRHe predentGention Sigy beemplfed in foriiigSwoid-free and gap-
filling doped silicon oxide insulator layers upon high aspect ratio narrow line-width patterned
substrate layers within various locations within integrated circuits. The method of the present
invention may be employed in forming void-free and gap—ﬁlling doped silicon oxide insulator layers
upon narrow line-width patterned substrate layers within the first insulator layer within an integrated
circuit. The first insulator layer within an integrated circuit separates the active region of a
semiconductor substrate from the first pattened conductor layer within the integrated circuit.
Alternatively, the method of the present invention may also be employed in forming void-free and
gap-filling doped silicon oxide insulator layers upon narrow line-width patterned substrate layers
within second or subsequent insulator layers which separate second or subsequent patterned

conductor layers within the same or other integrated circuits.

In addition to providing void-free and gap-ﬁlli_ng doped silicon oxide insulator layers
upon narrow line-width patterned substrate layers within several locations within integrated circuits,
the method of the present invention may be also employed in providing void-free and gap-filling
doped silicon oxide insulator layers upon mow line-width patterned substrate layers within various

 types of integrated circuits. The method of the present invention may be employed in forming void-
free and gap-filling doped silicon oxide insulator layers upon narrow line-width patterned substrate
layers within integrated circuits including but not limited to Dynamic Random Access Memory
(DRAM) integrated circuits, Static Random Access Memory (SRAM) integrated circuits, Application



-6- the nmethod of the present invention enploys a sinultaneous Pl asma
Enhanced Chem cal Vapor Deposition (PECVD) deposition nethod and Reactive
lon Etch (RIE) etch-back method which sinultaneously enploy a Tetra Ethyl
Otho Silicate (TEOCS) silicon source material, a dopant source material,

an oxygen source material and an etching gas. The net hod
of the present invention nmay be enpl oyed7i-h form ng void-free and gap-
filling doped silicon oxide insulator |ayers upon high aspect rati-o narrow
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Shown in Fig. 1 is a semiconductor substrate 10 upon and within whose surface are
formed isolation regions 12a and 12b which define the active region of the semiconductor substrate
10. Semiconductor substrates upon which the present invention may be practiced may be formed of
either dopant polarity, any dopant concentration and any crystallographic orientation. Typically, the
semiconductor substrate 10 upon which is formed void-free and gap-filling doped silicon oxide
insulator layers through the preferred embodiment of the method of the present invention is a (100)

silicon semiconductor substrate having either a N- or P- doping:

Methods and materials through which isolation regions may be formed within and/or

_ upon semiconductor substrates are also known in the art. Isolation regions may be formed within
and/or upon semiconductor substrates through methods including but not limited to thermal oxidation
methods whereby portions of a semiconductor substrate exposed through a suitable oxidation mask

are oxidized to form isolation regions within and upon a semiconductor substrate, and isolation region



free and gap-filling doped silicon oxide insulator |ayers upon narrow

| tne-w dth patterned substrate layers within integrated circuits including
but not limted to Dynam ¢ Random Access Menory (DRAM integrated -
circuits, Static Random Access Menory (SRAM integrated circuits, :
~Application -7-
Specific Integrated Grcuits (ASICs), Fn?e‘grat ed circuits having within

t hei r f abr idepdsition smekliodls evhérebeai insuldtaraateriad isindepénbently depbsigd ap6slthe istirfite bfa
having within their fabrications bipolar transistors and integrated
circuits h&Umisgndyctas; substrase r anda sutisequenthyn patirpes 40 foompisolation anegiontupbn Ghe de
Sem conduct or.ﬂ%ﬁi CMOS) transistors. ) Referring now to Fig.
1 to Fig. S5 Bct?fsmé%‘ré%n Fgr the preferredrembedipgpliaf thepethad ofthe prssent inyentign.the

Wi thin an R LGN 122 i 18 bR i ar Eroigh 2 Bt Refiod wsareby
. | . . . 1 1 . i o

7 e PSR AR S0 B el SRAFE ol e ot

enbodi Ment apf tefperatur@s iR &out H60 1BSRN1 00 eysicamgrﬁmmdnns&ﬂtﬂmtrégi&& 1%

schematic cross-sectional diagramof the integrated circuit at | ear
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electrodes within integrated circuits formed upon semiconductor substrates are known in the art.
Both gate oxide layers and gate electrodes are typically, aithough not exclusively, formed through
patterning through methods as are conventional in the art of corresponding blanket gate oxide layers
and blanket layers of gate electrode maerials. Blanket gate oxide layers may be formed through
methods including but not limited to thermal oxidation methods, Chemical .Vapor Deposition (CVD)
methods, Plasma Enhanced Chemical Vapor Deposition (PECVD) methods and Physical Vapor
Deposition (PVD) sputtering methods through which may be formed blanket gate oxide layers
typically, although not exclusively of silicon oxide, Analogously, blanket layers of gate electrode” .
materials may be formed through methods including but not limited to Chemical Vapor Deposition
(CVD) methods, Plasma Enhanced Chemical Vapor Deposition (PECVD) methods and Physical
Vapor Deposition (PVD) sputtering methods through which may be formed blanket layers of gate
elegtrode materials including but not limited to metals, metal alloys, highly doped polysilicon and
polycides (polysilicon/metal silicide stacks). For the preferred embodiment of thé method of the
present invention, the gate oxide layer 14 is preferably formed through patterning through methods

as are conventional in the art of a blanket gate oxide layer formed upon the active region of the



i nsul ator layers through the preferred enbodi ment of the method of the
ptesent invention is a (100) silicon sem conductor substrate having either
a N or P- doping. Met hods and materials through which

i sol ation regions may be fornmed within and/or upon sem conductor substrates
are also known in the art. Isolation regi-ons may be formed within and/or
upon sem conduct or substrates through nethods including but not limted to
t her mal oxisetaconductoe sitatiateiDahobgh pthetnab oxidatfonanetizod at anelnpdratoresafiabout 80@ to
exposed through a suitable oxidation nmask are oxjdized to formisolation
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12a and 1ZAfteothe gate elearode 16 das beeh patterred dronpihe blahiet fayen of gardietdctrodesmitedal the
10. Also shown in Fig. 1 is the presence of a gate oxide
| ayer 14 usste elgsirode Ieisitypically employed in patterningithe 2ate avistelayss 14 framithe blankst gate
t hrough whi c}aFmay be forned gate oxide |layers and gate electrodes within
i nt egr at ed % &Y€t s f or med upon sem conduct or substrates are known in the
art.

Finally, there is shown in Fig. 1 the presence of source/drain electrodes 18a and 18b
formed into the surface of the active region of the semiconductor substrate 10 at locations not
occupied by the isolation regions 12a and 12b, the gate oxide layer 14 and the gate electrode 16.
Methods and materials through which source/drain electrodes may be formed within semiconductor
substrates are known in the art. Source/drain electrodes are typically formed within semiconductor
substrates through implanting into those semiconductor substrates dopant ions of sufficient dose and
energy to form into those semiconductor substrates regions of conductivity sufficient for source/drain
electrodes. Arsenic dopant species, boron dopant species and phosphorus dopant species are
common in the art of forming séurce/drain'electrodes. For the preferred embodiment of the method
of the present invention, the source/drain electrodes 18a and 18b are preferably formed within the
semiconductor substrate 10 through ion implanting a suitable dopant specie at an ion implantation
dose of from about 1E15 to about SE15 ions per square centimeter and an ion implantation energy
.of from about 30 to about 80 keV. Upon forming the source/drain electrodes 18a and 18b, thereis ™
formed within and upon the active region of the semiconductor substrate 10 bounded by the isolation
regions 12a and 12b a Field Effect Transistor (FET) comprising the gate oxide layer 14 upon which



Bot h gate oxide |layers and gate el ectrodes are typically, although not
exclusively, formed through patterning through nethods as are conventi onal
in the art of correspondi ng bl anket gate oxide |layers and bl anket |ayers
of gate electrode materials. Blanket gate oxide |ayers may be forned
through nmethods including but not |imteghto thermal oxidation nethods,
Chem cal Vapor Deposition (CvD) nethods, Plasma Enhanced Chem cal Vapor
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tenperature of about 800 to about 900 degrees centigrade to yield a

t ypi cal bl arfiptenalywithin the intlegrated, circuit formédthsaigh thesprefgrred embadiméerns wf the fsthod of the

angstrons. For the preferred enmbodi ment of the nmethod of the present

i nventi on, tgq@exggtvennon, the conformal Pre-Metal Dielectric (PMD) layer 20 is nonetheless preferred since
it will typically provide a superior barrier layer upon which may subsequently be formed a void-free
and gap-filling doped silicon oxide insulator layer. In general, however, the method of the present
invention may be employed in forming void-free and gap-filling doped silicon oxide insulator layers
upon high aspect ratio narrow line-width patterned substrate layers including but not limited to

patterned insulator layers and patterned conductor layers.

" Methods and materials through which conformal Pre-Metal Dielectric (PMD) layers
may be formed within integrated circuits are known in the art. Conformal Pre-Metal Dielectric
(PMD) layers may be formed through methods including but not limited to Chemical Vapor
Deposition (CVD) methods, Plasma Enhanced Chemical Vapor Deposition (PECVD) methods and
Physical Vapor Deposition (PVD) sputtering methods through which may be formed conformal Pre-
Metal Dielectric (PMD) layers of dielectric materials including but not limited to silicon oxide
dielectric materials, silicon nitride dielectric materials and silicon oxynitride dielectric materials. For
the preferred embodiment of the method of the present invention, the conformal Pre-Metal Dielectric
(PMD) layer 20 is preferably formed of a silicon oxide dielectric material deposited through a Plasma



el ectrode 16 is preferably fornmed through patterning through nethods as are
conventional in the art of a blanket |ayer of gate electrode materi al
formed of either highly doped polysilicon or a polycide formed upon the

bl anket gate oxide layer at a thickness Qf about 2000 to about 4000
angstrons. After the gate el ectrode 1B 1as been patterned fromthe bl anket

| ayer of gate electrode material, the gate electrode 16 is typi cay@z
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i ons of suinfulatordayer 22) ard ey dtheevuid-fye dnd gap-filling doped silivon oxideinsalatdd tyers, within
substrates regions of conductivity sufficient for source/drain electrodes.
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wi thin and upon the active region of the sem conductor substrate 10 bounded
by the i sob&omabout36¢0 rabout 5a0Cangstionis. Sinkilacly, thefthetimmk of Thepresent inventibipiovides
conprising the gate oxide |ayer 14 upon which

. value in forming a void-free and gap-filling doped silicon oxide insulator layer upon a high aspect

ratio narrow line-width patterned substrate layer when the aspect ratio of the apertures between the

patterns of patterned substrate layer is at least about 1.0:1.

The first void-free and gap-filling doped silicon oxide insulator layer 22, and any
subsequent void-free and gap-filling doped silicon oxide insulator layers formed within the integrated
circuit formed through the preferred embodiment of the method of the present invention, are formed
through a Plasma Enhanced Chemical Vapor Deposition (PECVD) deposition method undertaken
simultaneously with a Reactive Ion Etch (RIE) etch-back method. The Plasma Enhanced Chemical
Vapor Deposition (PECVD) deposition method and the Reactive Ion Etch (RIE) etch-back method
simultaneously employ a Tetra Ethyl Ortho Silicate (TEOS) silicon source material, a dopant source
material, an oxygen source material and an etching gas.



- 10 --resides the gate el ectrode 16, and adjoining which resides the pair
of' source/drain el ectrodes 18a and 18b. Referring now to
Fig. 2 there is shown a schematic cross-sectional diagramillustrating the
results of further processing of the integrated circuit whose schematic
cross-sectional diagramis illustratedifFig. 1. Shown in Fig 2 is the
presence of a conformal Pre-Metal Dielectric (PVMD) [ayer 20 forned upon
the surface of the iBoth@lastheHEnitanced Chemickl Gaporddépesitidn (PFECVDY depbsitibn methbds and
diagramis illustrated in Fig. 1. Although the use of the conformnal
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Met heds and materials through which conformal Pre-Metal Dielectric (PMD)

| ayers namethods dometching doped silicbr gxide amulaior dayetss The mokeltywithin thewnethod of the
Conformal Pre-Metal Dielectric (PVD) |ayers may be fornmed through methods
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conf or mal

?Jrﬁﬁng a void-free and gap-filling doped silicon oxide insulator layer upon a high aspect ratio narrow

line-width patterned substrate layer.

For the preféxred embodiment of the method of the present invention, the Tetra Ethyl
Ortho Silicate (TEOS) silicon source material is preferably supplied at a flow rate of about 400 to
about 600 standard cubic centimeters per minute. In order to form a doped silicon oxide insulator
layer which is preferably a boron and/or phosphorus doped silicon oxide insulator layer, a boron
and/or phosphorus dopant source material is preferably employed along with the Tetra Ethyl Ortho
Silicate (TEOS) silicon source material. Preferably, the boron and/or phosphorus dopant source
material is chosen from the group of boron and phosphorus dopant source materials consisting of
borane (BH3); diborane (B2HS), phosphine (PH3), Tri-Methyl Borate (TMB; B(OCH3)3), Tri-Ethyl
Borate (TEB; B(OC2H5)3), Tri-Methyl Phosphite (TMP; P(OCH3)3) and Tri-Ethyl Phosphite (TEP;
P(OC2HS)3). Preferably, the dopant source material is supplied at a total flow rate of about 10 to

about 30 standard cubic centimeters per minute.



Metal .Dielectric (PVMD) layers of dielectric materials including but not
lirmted to silicon oxide dielectric materials, silicon nitride dielectric
materials and silicon oxynitride dielectric materials. For the preferred
enbodi mrent of the nmethod ofthe present invention, the conformal Pre-Metal
Dielectric (PVD) |ayer 20 is preferably #3rmed of a silicon oxide
dielectric material depgsited through a Plasna Enhanced Chenmi cal
Vapor Deposition (PEM%M&G,T%%“M Ostirdilicate (TE@S)siticonRoadce naksrial andie
conf or mal Fér -I\/ea(al Di ei_llectri C _S,OPND) | ayer 20 is from about 1000 to about
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formng within an integrated circuit a void-free and gap- " filling dope

si |i con oxiteremetherd ofshepresent/igventipnis preflarably oxggeac Prefartbly, theoxy@en boudce mateiid) is
patterned suhstrate_ |ayer when the width of the apertures between the
patterns ofUPRlied 3t a fow eate of fem abput $09\torabowts] 00 standird oubig Getimetera iperuming 00
angst r ons. (@c&})l arly, the nethod of the present “i nvention provides value
in formng*a Vvoid-free and gap-filling doped silicon oxide insulator |ayer
upon a high aspect ratio narrow line-wi dth patterned substrate |ayer when
the aspect ratio of the apertures between the

Finally, the last component material employed in forming the first void-free and gap-
filling doped silicon oxide insulator layer 22 through the preferred embodiment of the method of the
present invention is an etching gas. The etching gas is chosen of a compositibn which efficiently
etches the first void-free and gap filling doped silicon oxide insulator layer 22 as the first void-free
and gap filling doped silicon oxide insulator layér 22 is being formed. As is known in the art of
integrated circuit design and manufacture, such etching gases typically, although not exclusively, are
formed of materials which efficiently produce fluorine etching species when excited within a Reactive
Ion Etch (RIE) etch-back plasma. Although there are several fluorine containing materials which
efficiently produce fluorine etching species, for the preferred embodiment of the method of the
present invention the etching gas is preferably chosen_ from the group of fluorine etching species

- producing etching gases consisting of C1-C2 per-fluorocarbons, C1-C2 hydro-fluorocarbons and
nitrogen trifluoride (NF3). Preferably, the etching gas is supplied at a flow rﬁte' of from about 30 to

-about 120 standard cubic centimeters per minute (sécm).

In addition to the Tetra Ethyl Ortho Silicate (TEOS) silicon source material. the



patterns of patterned substrate layer is at |east about 1.0:1

The first void-free and gap-filling doped silicon oxide insulator |ayer 22,
and any subsequent void-free and gap-filling doped silicon oxide insulator
| ayers formed within the integrated circuit formed through the preferred
enbodi nent of the nethod of the present-imavention, are formed through a

Pl asma Enhanced Chem cal Vapor Deposition (PECVD) deposition nethod
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Reactive lon Etch (R'E) etch-back nethods for étching doped silicon oxide
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Through employing the method, materials and process conditions outlined above,
there is formed the first void-free and gap-filling doped silicon oxide insulator layer 22 throdgh the
preferred embodiment of the method of the present invention. The first void-free and gap-filling
doped silicon oxide insulator layer so formed is typically and preferably from about 5000 to about
8000 angstroms in thickness. As is shown in Fig. 2, the first void-free and gap-filling doped s_ilicon

oxide insulator layer is substantially but not entirely conformal.

Referring now to Fig. 3 there is shown a schematic cross-sectional diagram illustrating
the results of further processing of the integrated circuit whose schematic cross-sectional diagram is
illustrated in Fig. 2. Shown in Fig. 3 is the presence of a reflowed first void-free and gap-filling doped
silicon oxide insulator layer 22' upon which resides a-planarized Pre-Metal Dielectric (PMD) layer
24, '

Although it is not required within the preferred embodiment of the method of the
present invention, it is preferred that the first void-free and gap-filling doped silicon oxide insulator
layer 22 be reflowed to form the reflowed first void-free and gap-filling doped silicon oxide insulator



present invention lies at least in part in sinultaneously undertaking a

Pl asma Enhanced Chenical Vapor Deposition (PECVD) deposition method and a
Reactive lon Etch (RIE) etch-back method in formng a void-free and
gap-filling doped silicon oxide insulator.layer upon a high aspect ratio
narrow |ine-w dth patterned substrate'Té§ For the
preferred enbodi nent of the nethod of the present I nvention, the Tetra

Et hyl Ot HeyeGe2'i dfpoe refioiing) theiréfloned fisso uoiddreemnd gapafilling dgped fsticaboxidsingidtor d
at a romrrate of about 400 to about 600 standard cubic centineters per -
m nute. | n layese2' providey smarepipnac susface upan whithimay he formed subsequent laysns withii she

preferably .a boron and/o phqsphar us pe con I de insul ator |ayer,
boron and/iBt8t3 ¢t is 5‘%?@3‘%5& da‘llifsq‘é"“g prégxlxcon

glr g?gr\gnltg,é’?(ﬁe Ta(ﬁ@ﬁ%y%/za Sr I Q{ %! S]L| | con sour ce Egt erréwl
of “bor ane. (Al SR ey B e&%@%&’% ?ﬁ@%ﬁkﬁﬁeﬂ%r ' @‘4%8‘#%?&3%‘%%
P(00r0) 3) dnd Ty gl (R T e r’%wr%ézrg% i PRSI (RIE) flow

sour ce nat enéthddswhich\eRipldyGstet heat tf&taadensa OPéekartPseBdnds had (2)18sel Procedsiay tefRW

standard cubic centineters per mnute.
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(TECS) silicon source material and the boron and/or phosphorus dopant
source mat easihgat. Althoughaueofithe above-methndy maybesesaplayed insformning thefreftowed: firsterid-free

and gap-filling doped silicon oxide insulator layer 22' from the first void-free and gap-filling doped
silicon oxide insulator layer 22, preferably, the reflowed first void-free and gap-filling doped silicon
oxide insulator layer 22" is formed through a conventional thermal reflow method wherein the first
void-free and gap-filling doped silicon oxide insulator layer 22 is reflowed at a temperature of from
about 800 to about 950 degrees centiérade for a time period of from about 20 to about 40 minutes.

Formed then upon the reflowed first void-free and gap-filling doped silicon oxide
insulator {ayer 22' is the planarized Pre-Metal Dielectric (PMD) layer 24. Methods and materials
through which may be formed planarized Pre-Metal Dielectric (PMD) layers within integrated circuits
are known in the art. Planarized Pre-Metal Dielectric (PMD) layers are typically, although not
exclusively, formed through planarizing through methods as are conventional in the art of conformal
Pre-Metal Dielectric (PMD) layers. Analogously with the conformal Pre-Metal Dielectric (PMD)
layer 20, conformal Pre-Metal Dielectric (PMD) layers may in general be formed through methods

" and materials including but not limited to Chemical Vapor Deposition (CVD) methods, Plasma
Enhanced Chemical Vapor Deposition (PECVD) methods and Physical Vapor Deposition (PVD)
sputtering methods through which may be formed conformal Pre-Metal Dielectric (PMD) layers of



the formation of a doped silicon oxide insulator layer fromthe Tetra Ethyl
O'tho Silicate (TEOS) silicon source material and the boron and/ or
phosphorus dopant source nmaterial. Although the oxygen source nateri al
may be formed from several oxygen contai n'ié:g mat eri al s; including but not
linmited to oxygen and nitrous oxide, thé 0xygen source nmaterial within the
preferred enbodi nent of the nmethod of the present invention is preferably.
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Ethyl Otho Silicate (TEQCS) silicon source material, the
- 14 - dopant source material, the oxygen source material and the etching
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the results of further processing of the integrated circuit whose schematic cross-sectional diagram is
illustrated in Fig. 3. Shown in Fig. 4 is the presence of a series of patterned first conductonl layers
26a, 26b and 26¢, upon which resides a conformal first Inter-Conductor Dielectric (ICD) layer 28,
upon which in turn resides a second void-free and gap-filling doped silicon oxide insulator layer 30.
The patterned first conductor layers 26a, 26b and 26¢, and the conformal first Inter-Conductor
Dielectric (ICD) layer 28, are conventional to the art. The conformal first Inter-Conductor Dielectric
(ICD) layer 28 is preferably formed through methods, materials and dimensions equivalent to the
methods, materials and dimensions through which is formed the conformal Pre-Metal Dielectric
(PMD) layer 20. '

Methods and materials through which patterned conductor layers may be formed
within integrated circuits are known in the art. Patterned conductor layers are typically, although not



deposi‘tion nmethod and Reactive lon Etch (RIE) etchback nmethod of the
present invention which are preferably controlled in formng the first
void-free and gap-filling doped silicon oxide insulator |ayer 22. These
paraneters include, but are not limted {p: (1) a reactor chamber pressure .
of fromabout 5 to about 10 torr, (2) a radio frequency power of from
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gap-filling doped silicon oxide insulator

the first void-free and gap-filling doped silicon oxide insulator layer 22, the series of patterned first
conductor layers 26a, 26b and 26¢ upon which is formed the second void-free and gap-filling doped
silicon oxide insulator layer 30 also preferably have a width of the apertures between the patterns of
the series of pattemed first conductor layers 26a, 26b and 26¢ of from about 3000 to about 6000
angstroms and an aspect ratio of apertures beiween the patterns of the series of patterned first
conductor layers 26a, 26b and 26¢ of greater than about 1.0:1.

The second void-free and gap-filling doped silicon oxide insulator layer 30 is
preferably formed through methods, materials and dimensions similar to the methéds, materials and
dimensions through which is formed the first void-free and gap-filling doped silicon oxide insulator

¢ layer 22. 'However, the second void free and gap-filling silicon oxide insulator layer 30 is preferably
not reflowed. The second void-free and gap-filling doped silicon oxide itlstﬂafor layer 30 so formed
is also preferably formed through a simultaneous Plasma Enhanced Chemical Vapor Deposition



| ayer "22' provides a nore planar surface upon which may be forned
subsequent |layers within the integrated circuit within which is forned the
reflowed first void-free and gap-filling doped silicon oxide insulator

| ayer 22'. Methods through which doped g Licon oxide insulator |ayers
within integrated circuits may be reflowed are known in the art. Such
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(PMD) layers are typically, although not exclusively, formed through

pl anari zi nprtred thegiianarized Rie-Metal Dicleatric(RMD) lapexi24i n the art of conf or mal
Pre-Metal Dielectric (PMD) | ayers. Anal ogously with the conformal Pre-Metal
Dielectric (PVD) |ayer 20, confornal Pre-Metal Dielectric (PMD) |ayers may

in general be formed_throug t hods,_ and materials i.ncludin
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Di‘el ectri ¢ ptRhdhy f2MEd Sirdligh methods, materials and dimensions equivalent to the methods, materials
and dimensions through which is formed the series of patterned first conductor layers 26a, 26b and
26c¢. '

Upon forming the series of patterned second conductor layers 34a, 34b and 34c, there

is formed through the preferred embodiment of the method of the present invention an integrated
 circuit. The integrated circuit has formed therein multiple void-free and gap-filling doped silicon
oxide insulator layers upon high aspect ratio narrow line-width patterned substrate layers. One of the
void-free 'and gap-filling doped silicon oxide insulator layers (ie: the first void-free and gap filling
doped silicon oxide insulator layer 22) is eésily reflowed to form within the integrated circuit a
reflowed void-free and gap-filling doped silicon oxide insulator layer which provides a more planar



-.16 - dielectric materials including but not limted to silicon oxide
dielectric materials, silicon nitride dielectric materials and silicon
oxynitride dielectric materials. For the preferred enbodi ment of the

nmet hod of the present invention, the pl aﬂar_i zed Pre-Metal Dielectric (PMD)

| ayer 24 is preferably fornmed from a—cbhformal Pre-Metal Dielectric ( PMVD)
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Pl asma Enhanced Chem cal Vapor Deposition (PECVD) nethod. The conformal

Pr e- Met al ard gapefillinig dopedbiliyon @xydeinsifatérdayeesd may be pl anari zed through a :
Chem cal Mechanical Polish (CW) planarizing nmethod or a Reactive lon Etch
(RIE) etch-back planarizing nethod, as is conventional in the art, to form

the planarized Pre-Metal Dielectric (PVD), |layer 24.. Preferably,.th

pl anari zed Pre- Met afs £5 wndestoqd:by PW"P\/%@?“ ‘é&(“? %Hhsme?mef&%’t%“ﬁng%mt
5000 angstr,o ick after it h been planarized.preferabl hr

Chen cal  HSEAR ot e Prssti diveptiogs st Jt S5 oA ot B Prése tvenlith At tihn
Ref erri ngppaw. t [ g ' a i r - hAaRa l:agr am
et o il o B St 16 ooy RO RONSAR 5 Y B8 636400 hatdi
whose schemiirides GhPaRie6ls MtRsh WA S Briued voidlgree!dnd8gl Alilhgoed AliccBsde | n
Fig. 4 is the presence of a seFies of patterned first ctonductor |ayers

26a, 26b aRelatéPlyers/iMfihghifictefeted EfiBodimén of thetRthdd dfthe prodent intencion whide still
Dielectric (1CD)" | ayer "28, " upon which in turn resides a second void-free
and gap- f ifbrniing veidrtst il Igap-Gilling doged iiliconl oxiderindubay@rlayfs throligh apuethadt which is
first conductor |ayers 26a, 26b and 26c, and the conformal first .

| nt er - Conavitbinghe spiit andssope of tige npzthod of gherpresent inweatien; Ay defined bthe appanded ¢laims.
The conformal first Inter-Conductor Dielectric

What is claimed is:



— . :
(1CD)."layer 28 7s preferably formed through net hods, materials and
di nmensi ons equi : t m‘m‘m hods, materials and di nensions through
which is formad\1_ mmam‘ | -Metal Dielectric (PMD) |ayer 20.
Met hods and mat ert ales thr ugh whi ch patterned conductor |ayers may be

formed wthin integrated circuits are knggm. in the art Patterned conductor
| ayers are typically, although not : :

- 17 - excl usi vel ¥methed {89 tbrinthi @ WefedRiicdrd iderigulator et upon a/patiemeds substeate
conventional in the art of blanket conductor |ayers. Bl anket conductor

| ayers may bdayepedpkising: ough net hods and materials including but not
limted to thernal evaporation nethods, el ectron beam assi sted evaporation
net hods, Cheni calfoiiipgupddepsesidonductqraubstratas pasigmed substatgdayesl  vapor

Deposition (PVD) sputtering nethods through which be .f or ned anket
conduct or | ayers dgnmmtmpmmwhsme Hﬁ?ﬁdg@‘\éon% e‘l“ﬁ?t?'g]lﬁy% e

embod frent - of dePHLSikcoR oRGeBatetjavep e Trae et A plasn ool e lomer e
o eSS R poR SRR RS R BB vl S TG B
conduct or | yGeyil flhabi olethdl e plabifif Enbdrded Thbmithl PHock! Difioiigh (PECYD)I N9

conduct or cofmon 1 n the art. Typically, the patterned

first CO”dUCt%oéiﬁUﬁ nfetitiPand? e RéAetivelonEkh f(REY eblpbick MEWBod tsimdfaneonsly 0000
angstrons thick 1n helght upon the surface of the planarized Pre-Metal

Dielectric ( Pé@loﬁﬁ%ﬁrreﬁ'ﬁ-litﬂﬂ@mﬁﬁtaje (TEOS) silicon rsbemge atatatial; jardopant source
structure upon which is forned _ . -
material, an oxygen source material _and an etching gas.

2. The method of Claim 1 wherein the patterned substrate layer is a patterned insulator

layer. -

3. The method of Claim 1 wherein the pattered substrate layer is a patterned conductor

layer.

4. The method of Claim 1 wherein the width qf the apertures between the patterns of the

patterned substrate layer is from about 3000 to about 6000 angstroms.

5. The method of Claim 1 wherein the aspect ratio of the apertures between the patterns

of the patterned substrate layer is at least about 1.0:1.

6. The method of Claim 1 wherein the Tetra Ethyl Ortho Silicate (TEOS) silicon source
material is supplied at a flow rate of about 400 to about 600 standard cubic centimeters per



the first voi d=free—and gap-filling doped silicon oxide insulator |ayer 22,
t he series of pﬁ terned first cohductor layers 26a, 26b and 26c upon which

is formed the s ‘ﬂﬂ,ﬂ””ﬁﬁmnd gap-filling doped silicon oxide

i nsul ator | ayer |y have a width of the apertures between
the patterns of the seri"esSof * patterneg Lirst conductor |ayers 26a, 26b
and 26¢c of from about 3000 to about 6000 angstrons and an aspect ratio of

apertures b n the patterns of the series of patterned first conductor
| ayers 26a, “and 26c of greater than about 1.0:1. The
second void-free and gap-filling doped silicon oxide insulator layer 30 is

preferably fornmed through net hods, materials and di rrensions simlar to the

Vol 3°??ee”§"n§rgaﬁ‘?ﬁP‘ﬂ°“n§“§§§§‘ﬁ§?‘ h AP GAnt ch ne iSos ofl blgroup,
br of or by CspueBE R‘%‘ea?ﬁgf’%%%%ﬁﬁfé‘éﬁﬁ@f‘ﬁ%”‘ﬁ SB?PH“?’. phosiEte G

silicon oxi ';iﬂ.M&ﬁyi B&x@fe H9)3).0T8Eihyl 'Bbré’tlefi?EB" 8 Gmm?ﬁgn?ﬁfmgthyl

through a sinul taneous Pl asma Enhancéd Cheri cal Vapor posi t

- 18 - ( PEPhdsphite(XMP1 P 3 mmt Pabsphite (PEPEP@TAHR)B). et ch- back
nmet hod enpl oying a Tetramlgbglp Otho @ql | czgthg (KTE )(Usﬁ:l | co)n source
material, a dopant source naterial, an oxygen source material and an
et chi ng gas. Referri ng nowto Fig. 5 there is shown a

schemati ¢ c8.0ss- Theiethodbf Claigl sviterein the dopdrit source heateriabisisupplietl at | floverate
processing of the integrated circuit whose schematic cross-sectional
di agram i s of about 10 to about 30 standard cubic centimeters per minute (sccm).

9. The method of Claim 1 wherein the oxygen source material is oxygen.

10.  The method of Claim 1 wherein the oxygen source material is supplied at a flow rate

_ of from about 500 to about 1000 standard cubic centimeters per minute (sccm).

11.  The method of Claim 1 wherein the etching gas is chosen from the group of etching
gases consisting of C1-C2 pét-ﬂuorocarbons, C1-C2 hydro-fluorocarbons and nitrogen
 trifluoride (NF3).

12.  The method of Claim 1 wherein the etching gas is supplied at a flow rate of from
about 30 to about 120 standard cubic centimeters per minute (sccm).

13.  The method of Claim 1 wherein the Plasma Enhanced Chemical Vapor Deposition
(PECVD) deposition method and the Reactive Ion Etch (RIE) etching method are
simultaneously undertaken at a reactor chamber pressure of from about 5 to about 10 torr and



illustrated in Fig. 4. Shown in Fig.: 5 is the presence of the second

voi d-free and gap-[fi§ mc“ ﬂﬂﬂt“lm\ll con oxide insulator |ayer 30 upon

whi ch resides a pl H I1 ter-Level Dielectric (ILD) layer 32.
The planarized first Ihtér-Mevél Dielectric (ILD) layer 32 is preferably
formed through nmethods, materials and_djgrensi ons equivalent to the :
nmet hods, materials and di nensions through which is fornmed the planarized
Pre-Metal D j gfyff(; Finally, there is
shown in F%?&%&?ﬁgﬁeﬁ@% 0 nallggl%urti:‘;ggt‘(’)?b?ouatt—itogrvflaett'second conduct or

| ayers 34a, 34b and 34c. The series of patterned second conductor |ayers
34a, 34b and 34c is preferably forned through nethods, materials and

di mensi ons qui vahe fiettiod of CRir % twWheftin thetickines|of thedloged!$ikioon Dikide tnsulatorugyer
which is formed the series of patterned first conductor |ayers 26a, 26b and
26¢C. is from about 5000 @5 absut '300Y afgsroas! i es of patterned second conduct or
| ayers 34a, 34b and 34c, there is fornmed through the preferred enbodi nent
of the method of the present invention an integrated circuit. The
integrated circuit has fornmed therein multiple void-free and gap-filling
doped si | i cdf. oxiAdmethod fdr fvrming adaped siligomoxideghsulatqrdayter upén o patternesl/substrate

| ine-wi dth patterned substrate |layers. One of the void-free and '
gap- fil | i nglayepwithinianiintegratedi airsuit comprsing: | ayers (ie: the first void-free
and gap filling doped silicon oxide insulator |ayer 22) is easily reflowed
_ to formwithin tferming upema semicondyugtor substratef angitegrated cirquitethenfagrgted-circuit i ng
doped silicon oxide insulator |ayer which provides a nore planar

- 19 - subshAving at lggss one fansister formedithereiier s within the integrated circuit

within which is fornmed the vojd-fre .
forrmrrx?g wtithin the integrateg circuit a patterned substrate layer,

formir_xg upon the patterned substrate layer a doped silicon oxide insulator layer, the
doped silicon oxide insulator layer being formed through a Plasma Enhanced Chemical Vapor
Deposition (PECVD) deposition méthod undertaken simultaneously with a Reactive Ion Etch
(RIE) etch-back method, the Plasma Enhanced Chemical Vapor Deposition (PECVD)
deposition method and the Reactive Ion Etch (RIE) etch-back method simultaneously

employing a Tetra Ethyl Ortho Silicate (TEOS) silicon source material, a dopant source

material, an oxygen source material and an etching gas.
16.  The method of Claim 15 wherein the transistor is a Field Effect Transistor (FET).

17. The method of Claim 15 wherein the patterned substrate layer is chosen from the
' groui) of patterned substrate layers consisting of patterned conductor layers and patterned

insulator layers.

18.  The method of Claim 15 wherein: -



and gap-filling dope | . i nsul ator | ayers. : As

I's under st ood by Illed in the art, the preferred enbodi mnent of
the nethod of thﬁl@ﬁﬁﬁ“ﬂﬂ”hﬁ'ﬁ,&on is illustrative of the nmethod of the
present invention ¥ L s 'J%i ting of the method of the present
i nvention. Revisions may be made to netl20ds, materials, structures and
di mensi ons through which is formed void-free and gap-filling doped silicon
oxi de insul ator et ] ipf
t he present inveﬁ%ﬁ?t%r%%wggﬁﬁ%ﬁ%é%% d-fregggﬁ%ergg%%frla?ngﬁgoﬁed
silicon oxXifeemiaB&ut 700 to kBR'6DO0 Bhgt@staret hod which is within the spirit
and scope of the nethod of the present I1nvention, as defined by the
appended cl ai ms. the aspect ratio of the apenuiﬂﬂﬁébbtv!}&nﬁh@?mbﬁxsi of the patterned substrate layér
met hod for form ng a doped silicon oxide insulator |ayer upon a patterned
substrate isaykastabowr1.611n9: form ng upon a sem conductor substrate
a patterned substrate |ayer; form ng upon the patterned substrate
| ayer a doped silicon oxide insulator |layer, the doped silicon oxide
i nsul ator |ayer being fornmed through a Plasma Enhanced Chemi cal Vapor
Deposi ti on 1PECVIhe method of Claim hewherein tiredEsttatithyl QrihoSilicateFEES) silicomsaurce
Reactive lon Etch

material is supplied at a flow rate of about 400 to about 600 standard cubic centimeters per

minute,

20.  The method of Claim 15 wherein:

the dopant source material is chosen from the group of dopant source materials
consisting of borane (BH3), diborane (B2H6), phosphine (PH3), Tri-Methyl Borate (TMB;
B(OCH3)3), Tri-Ethyl Borate (TEB; B(OC2HS)3), Tri-Methyl Phosphite (TMP; P(OCH3)3)
and Tri-Ethyl Phosphite (TEP; P(OC2HS5)3); and,

the dopant source material is supplied at a flow rate of about 10 to about 30 standard

cubic centimeters per minute (sccm).

21.  The method of Claim 15 wherein:
the oxygen source material is oxygen; and,

the oxygen source material is supplied at a flow rate of from about 500 to about 1000

- standard cubic centimeters per minute (sccm).

22.  The method of Claim 15 wherein:
the etching gas is chosen from the group of etching gases consisting of C1-C2 per
fluorocarbons-carbons, C1-C2 hydro fluorocarbons-carbons and nitrogen trifluoride (NF3);



(RIE)."etch-back nethod, the—+Pasma Enhanced Chemi cal Vapor Deposition
(PECVD) deposition nethod and the Reactive lon Etch (RIE) etch-back nethod
si mul t aneousl y m“ E“ﬁ‘)\ ra Ethyl Otho Silicate (TEQCS) silicon
source materi aumm ~ material, an oxygen source material and
an etching gas. * *The met hod of Claim1l wherein the patterned
substrate | ayer is a patterned i nsul at or,, | ayer. 3. The net hod of
Claim1 wherein the pattered substrate |ayer is a patterned conductor

| ayer. 4.and, The nethod of Claim1l wherein the width of the apertures
between the patterns of the patterned substrate |ayer is from abou 000
to about 6000 antheetching gas is Supplied aradlowsatesd from about 30 to ahput K30 standar @8’&
ratio of the apertures between the patterns = of the patterned substrate

| ayer is atcentimetersperumingie:(sccm). 6. The method of daim1 wherein the
Tetra Ethyl Otho Silicate (TECS) silicon source material is supplied at a
flow rate of about 400 to about 600 standard cubic centineters per

- 21°- nminute. , .
" nij&e The method of Claim 15 wherein the Plasma Enhanced Chemical Vapor Deposition

(PECVD) deposition method and the Reactive Ion Etch (RIE) etch-back method are
simultaneously undertaken at a reactor chamber pressure of from about 5 to about 10 torr and

a radio frequency power of from about 300 to about 700 watts.

24.  The method of Claim 15 wherein the thickness of the silicon oxide insulator layer is

from about 5000 to about 8000 angstroms.



7. *The nmethod of Claim1l wherein the dopant source material is chosen
fromthe group of dopant source materials consisting of borane (BH3),

di borane (B2H6), phosphine (PH3), Tri-Methyl Borate (TMB; B(OCH3)3),
Tri-Ethyl Borate (TEB; B(OC2H5)3), Tri-Methyl Phosphite (TMP; P(OCH3)3) and
Tri-Ethyl Phosphite (TEP; P(OC2H5) 3). 8. The met hod of Claim 1 wherein
t he dopant source material is supplied at a flowrate of about 10 to about
30 standard cubic centineters per mnute (sccn). 9. The net hod of
Claim 1 wherein the oxygen source materi 2% i s oxygen. =~ 10. The nethod of
"Claim 1l wherein the oxygen source naterT Ts supplied at a flow rate of

from about 500 to about 1000, ' ' i IS per mnute (sccn.
11. The nethod of Claiml @%ﬁ%ﬁ%ﬁﬁﬁuﬁ vbigghose&%%@ﬂgmc
group of STMURICANEOYSSREPOSEH ANBt - 1 r ; =

BATTRNEY QUUSATE pATES

hydr o- f | uor ocar bons ENFYLATQR HAEER UPQN TRATE The net hod of

G aim 1 wherein theagiydTor QBaing ivéidlﬂeiaﬂ&igiﬁ-ﬁlﬁné&%rsﬁhﬁl&ﬁ%%ﬁxﬁﬂ%?ﬁgy& 30

to about 120 standard cubic centinmeters per mnute (sccn).
met hod of ufrid patémed bstiate layee within Siteprted Riauit. Ebmuedampbn Yagmiconduotes sibstrate
(PECVD) deposition nethod and the Reactive lon Etch (RIE) etching nethod
are si nul ismpatteshed substeatd lakern Fatmed upen thecpattemedriubstrage daystis @ doped siligonoxidat 5
to about 10 torr and . . )

insulator layer. The doped silicon oxide insulator layer is formed through a Plasma Enhanced

Chemical Vapor Deposition (PECVD) deposition method undertaken simultaneously with a Reactive

Ion Etch (RIE) etch-back method. The Plasma Enhanced Chemical Vapor Deposition (PECVD)

deposition method and the Reactive Ion Etch (RIE) etch-back method simultaneously employ a Tetra

~ Ethyl Ortho Silicate (TEOS) silicon source material, a dopant source material, an oxygen source

material and an etching gas.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION) _



- 22 - a radio frequency power of froniabout 300 to about 700 watts. 14.
The nethod of Caim31 wherein the thiickness of the doped silicon oxide

i nsul ator layer is from about 5000 t'd about” *8000 angstrons. 15. A
met hod for form ng a doped silicon oxide insulator |ayer upon a patterned
substrate layer within an integrated circuit conprising: form ng
upon a sem conductor substrate an integrated circuit, the integrated
circuit having at |east one transistor fornmed therein; form ng
within the integrated circuit a patternedipubstrate |ayer; form ng

upon the patterned substrate |ayer a doped silicon oxide insulator |ayer,
the doped silicon oxide insulator |ayer being fornmed through a Plasm
Enhanced Chem cal Vapor Deposition (PECVD) -deposition nethod undertaken
sinmultaneously with a Reactive lon Etch (RIE) etch-back nethod, the Plasm
Enhanced Chem cal Vapor Deposition (PECVD)__depgsition nethod and the
Reactive lon Etch (RIE) etch-back nethod| sinultgneously enploying a Tetra

Ethyl Otho Silicate ce enial, a an sourcF
material, an d@Qer—sfour ce mat er efjchilng gas 16.  The oeth@b
of Claim 15 wherein tfhe transi st F elq Efff ect Tr gnsistor (FHT).

17. The net hod of t at tler n i S
chosen fromthe group| of patterned gubstrate Y'ayers|consisting of tterned

18. The net hod of

batterned i nsdl at or ll ayers.

1T

18a 14 16 18b

conductor | ay nd
Claim 15 mherg¥?:
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- 23 - the width of the apertures between the patterns of the
patterned substrate layer is from about 3000 to about 6000 angstrons; and,
the aspect ratio of the apertures between the patterns of the patterned
substrate layer is at |east about 1.0:1. 19. The nethod of C aim 15
wherein the Tetra Ethyl Otho Silicate (,IEOS) silicon source material is
supplied at a flow rate of about 400 to out 600 standard cubic
centineters per mnute. 20. The net hod of C aim 15 wherein:

t he dopant source material is chosen fromthe group of dopant source
materials consistin —h n ' ‘PH3),
Tri - Met hyl BOQ_Q‘; B(OCH3)3), Tri-Ethyl Borate (TEB;, B(OC2H5)3),

Tri-Methyl Phosphite (1I'IVP; P(OCH3) 3) and_Iri-Ethyl Phosphite (TEP;
P(.OC2H5) 3) ; and, t-he—dap ce materl s supplied at A flow
rate of about 11q pbout 30 standard _cubic centinmeters per minutfe (sccnm.

280
21. The net of aim15 wherein: hg oxygen source neterial is
aﬁj f TLteri al

oxygen; and,

3’% urce supp, wrate
of from about1§%0 t o Jabout 1000\ pldcubic | ers per m ute1 2b

(sccm. 11
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22. ~The nethod of Caim15 wherein: the etching gas is chosen from
the group of etching gases consisting of Cl-C2 per fluorocarbons-carbons,
Cl- C2 hydro fluorocarbons-carbons and nitrogen trifluoride (NF3);

-24- and, the etching gas i.s supplied at .a flow rate of from about
30 to about 120 standard cubic centinmeters per mnute (sccm. 23. The
nmet hod of C aim 15 wherein the Plasma Enhanced Chem cal Vapor Deposition
(PECVD) deposition nethod and the Reactiv®3 on Etch (RIE) etch-back nethod
are simultaneously undertaken at a reactor chanber pressure of from about
5 to about 10 torr and a radio frequency power of from about 300 to about
700 watts. 24. The nethod of C aim 15 wherein the thickness of the
silicon oxide insulator layer is from about- 5000 to about 8000 angstromns.
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