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LAYER FI ELD OF THE I NVENTI ON This invention generally relates to -7 JUN 2006
sem conductor device manufacturing nmethods and nore particularly to

met hods for forming a carbon doped oXide |lowk insulating |ayer.

BACKGROUND OF THE | NVENTI ON I n sem conductor fabrication, various |ayers
insulating material, sem conducting material and conducting nmaterial are
formed to produce a nmulti-Ilevel sem conductor device. One of the limting
factors in the continuin evol ution toward smal |l er device size and hi gher

~density has been sigral A ERSERBN Dy SARBA AIGREAR s of i nsul ati ng
materials in which netal interconnects are forned to interconnect devices.
It has becone necessary tOXieButeW-EapHEULANTHGOLAYARB i nsulating |ayers to
allow the insulating |ayer thicknesses to shrink along with other device
features such as nmetal interconnect line width. As a result, the need for
| ower dielectric constant naterials has resulted in the - 2 JUN 2006 2

FIELD OF THE INVENTION

This invention generally relates to semiconductor device
manufacturing methods and more particularly to methods for

forming a carbon doped oxide low-k insulating layer.

BACKGROUND OF THE INVENTION
In semiconductor fabrication, varipus layers of -
insulating material, semiconducting material and conducting
material are formed to produce a multi-level semiconductor
device. One of the limiting factors in the continuing
evolution toward smaller device size and higher density has
been signal delay caused by parasitic effects of insulating
materials in which metal interconnects are formed to
interconnect devices. It has become necessary to reduce
capacitance of the insulating layers to aliow'the insulating
layer thicknesses to shrink along with other device features
such as metal interconnect line width. As a result, the need

for lower dielectric constant materials has resulted in the




devel opment of several different types of organic and inorganic |owk
materials. During the formation of sem conductor devices it is often_ZJUszﬁ
required that the conductive |ayers be interconnected through holes inan
insulating layer. Such holes are conmanly referred to as contact holes

when the hol e extends through an insulating |ayer to an active device

area, or vias, when the hole extends through an insul ating |ayer between

two congliet i ¥Bmbaner Hr MW AEL YN | AYFPLOCESSES sUch ase fOFq5%2apP! &ng
E)

damascene processes, have been inplenented to formnetallization vias and

i nter Cowgéﬂi@?ﬁé&{ﬁ%&éfﬁfg' by dispensing entirely wth the netal

et chi ng process. mascene process is a well known sem conductor
fabrication nmethod for formng nultiple |ayers of netallization vias and
interconnect |ines. For exanple, in the dual damascene process, a trench
opening and via opening_ is etched in one or nore insulating |ayers also
known as an itHEMGEtkE BPTTRELPL| @fePomicprdurter dPNDERED)LI dgepStemhe
insulating |ayers are typically formed over a substrate including another
conduct i xeg&keed ovieat whheh conldeioriias dreyarenod inbescaneetbededhtoughovi de
electrical - 2 JUN 2006
holes in an insulating layer. Such holes are commonly
referred to as contact holes when the hole extends through an
insulating layer to an active device area, or vias, when the
hole extends through an insulating layer between two

conductive layers.

Manufacturing processes such as, for example, damascene
processes, have been implemented to form metallization vias
and interconnect lines (trench lines) by dispensing entirely
with the metal etching process. The damascene process 1is a
well known semiconductor fabrication method for forming
multiple layers of metallization vias and interconnect lines.
For example, in the dual damascene process, a trench opening
and via opening is etched in one or more insulating layers
also known as an inter-metal or inter-level dielectric
(IMD/ILD) layers. The insulating layers are typically formed
over a substrate including another conductive area over which

the vias and trench lines are formed to provide electrical



3 conmuni cation. After a series of photolithographic steps defining vi
openings and trench openings, via and the trench openings are filled
preferably copper, to form vias and trench |ines, respectively.
The excess netal above the trench lipe level is then renoved by well known

a netal,

chem ca

- mechani cal planarization (polishing) (CWP) processes. As

a
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i ndi cat ed, advances in sem conductor device processing technology demands
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sem conductor feature sizes have dimnished to 0.13 mcrons. As featur

si zes dédrisasEn®efBanch. 13 ngiser oisSreaiiEve by s wihhe dixalesst riiet zbnabanes

| ess than about 2.5 will be required. Many of the lowk materials are
desi gned-ha tirendi ghimegteeedf ipothent wemvald dw twel 1 akhoen eakahni ol owner
dielectric constants. Several different organic and inorganic |owk

mat er i al

nee dhaid dagepladealionad andpolishing) (CMP) processes.

As indicated, advances in semiconductor device processing
technology demands the increasing use of low-k (low dielectric
constant) insulating materials in, for example, inter-metal
dielectric (IMD) layers that make up the bulk of a multi-level
device. 1In order to reduce signal delays caused by parasitic
effects related to the capacitance of insulating layers, for
example, IMD layers, incorporation of low-k materials with
dielectric constants less than about 3.0 technology has become
standard practice as semiconductor feature sizes have
diminished to 0.13 microns. As feature éizes decrease below
0.13 microns, materials with dielectric constants less than
about 2.5 will be required. Many of the low-k maﬁeriais are
designed with a high degree of porosity to allow the
achievement of lower dielectric constants. Several different
organic and inorganic low—k materials have been developed and

proposed for use in semiconductor devices as insulating
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proposed for use in sem conductor devices as insulating - 2 JUN 2006 4

mat eri al having dielectric constants |ess than about 3.0 for aCh'eV1?9UNZMﬁ
device integration in, for exanple, 0.13 mcron interconnections.

exenplary lowk material that is incrdeasingly being proposed for 0.13

m cron technol ogy and below, for exanple, is carbon doped oxide (C-oxide)
al so known as organo silicate glass (OSG formed by a CVD process

i ncl udi ngavbei g1t havdingl ettdisceonst aphsianthe 1vd eghHyesnaut! 8N8e for
dependi ng on the precursors and process conditions. C oxide, for exanple,

may be f&éﬂ?gvﬂhbh<§é§i§€trlﬁ% ?@éﬁﬁahs rpveEOQ'r@Q?ﬁQQE abpuf3 2,9 LQ About

3.0.and density of about M8 conpared to die tric constants o

about 4. e of a cnB f si.licon di,oxjid (.e.

doped TE%%?nggnﬂ%égﬁie expe?? ez)}f%elgéievéllo RERE ofe 58ﬁﬁé§ g&FV: 1g ©
materi al s has d several problens in nanufacturlng met hods t hat
nust be Jo%?%%ﬁéng YoriPthE ProBosife pfeserftel By CERPOITE HopRUCBXi déchr e
| ow strength and proclivity to cracking or peellng i n subsequent
stress-iPRRY ngfohnptipBRLari A§ probesseepentioxdidey, (CFoxiskdmallso dnavircal

as organo silicate glass (0SG) formed by a CVD process
including where the dielectric constant may be varied over a
range depending on the precursors and process conditions. C-
oxide, for example, may be formed with dielectric constants
over a range of about 2.0 to about 3.0. and density of about
1.3 g/cm® compared to dielectric constants of about 4.1 and a
density of about 2.3 g/cm® for silicon dioxides (e.g., un-

doped TEOS).

As might be expected, the development of porous low-k
materials has presented several problems in manufacturing
methods that must be overcome. BAmong the problems presented
by carbon doped oxide are low strength and proclivity to
cracking or peeling in subsequent stress-inducing
manufacturing processes including, for example, chemical
mechanical planarization (CMP). However, as the dielectric
constant decreases, there is‘ a concomitant decrease in

hardness. Lower hardness films present serious integration




mechani cal planarization (CW). However, as the dielectric constant
decreases, there is a concomtant decrease in hardness. Lower hardness
filnms present serious integration - 2 JUN 2006 5 chall enges as resultZ diN 2006
| ower adhesion to other filnms and CVMP5 inconpatibility. Above a critical

| ayer thickness of the carbon doped oxide, depending on the hardness of
the carbon doped oxide and the induced stresses, the carbon doped oxide

becones SMSCRIM ddi eaéorééﬁf_’tlﬁi RG QRHRIN G S A3 ophi Stﬁ@}fg@ﬁ@msognﬁh% P

insulating | ayer. Approaches to protect the | ow Insulating nmateria
| ayers, ce t o ing laye qyer t
|nsulat|ng %ngpggqUéh péggggega g ﬁgqc' |cgggﬁfir? e %e 8 the

silieon oxynitride 8h% S|I|con car pi de %SIC Wil e ca
| ayers ‘ﬁ5§%rha808899 §8¥%%Ss ﬁ@dé88|f¥bthﬁ 'd@ ﬁﬁlﬁﬁflﬁ§%r§ag
contributes undesirably to the overall capa0|tance of the nulti-Ievel
devi ce. 99PeRMdP¥idA, apﬁetﬁ&bp+%@u¢%§eﬁ§rﬁé@ésmoﬁﬂﬁbeémrbﬁmI90E¢de@ﬁ#¢@ in
preventing crack initiation and propagation through carbon dope oxide
| ayers dercanest susrebatiblel ythi ghabkitgl eaessingdetrasppophacbesatdure
decrease the «cracking susceptibility of the carbon doped oxide | ayers has
of the insulating layer. Approaches to protect the low-k
insulating material layers, have included the practice to add
a capping layer over the insulating layer including for
example, silicon nitride (e.g., SiN), silicon oxynitride
(e.g., SiON) or silicon carbide (SiC). While capping layers
have had some success, the addition of the capping layers
contributes undesirably to the overall capacitance of the
multi-level device. 1In addition, the capping layers have not
been fully effective in preventing crack initiation and
- propagation through carbon dope oxide layers due to its
relatively high brittleness. Other approaches to decrease the
cracking susceptibility of the carbon doped oxide layers has
been hybrid multiple layered insulating layers composed of,
for example, alternating layers of carbon doped oxide and

relatively higher dielectric constant layers of, for example,

fluorine doped oxide (e.g., FSG).



been hybrid nmultiple layered insulating | ayers conposed of, for exanple,
alternating |layers of carbon doped oxide and relatively higher dielg?thh@ 6
constant | ayers of, for exanple, fluorine doped oxide (e.g., FSGQ. - ﬂ W -
2006 6 It would therefore be advantageous to develop a nmethod for formng
a carbon doped lowk insulating layer in a nultiple |ayer sem conductor
devi ce that has inproved hardness and cracking resistance while

mai ntai ni ng ore | QYBNENG Ha r K SECHET & LRI oud thS dte@%rﬁ;féagrg ﬁ@tﬂgjlc(ie(:t

of the invention to present a nethod for formng a carbon ped | ow

| nsul at i0g; | @] g d o TWLHRLE | @Yelq Saleandyglon deyl e Lhat, has,

i nprove ar dness nd cracking r ance i I'é "mai nt'ai ni ng -or I6MEr9ng a
dielectrjc .constant while overconn t her deficiencies and shortcom ngs
of “the. SRR Tdvaf R OttRsRoRAARY e Shet | RRENETERCTSabAF B8 oPhe
foregoing and other objects, and in accordance wth the purposes of the
present dYetiaking resistance while maintaining or lowering a

dielectric constant.

It is therefore an object of the invention to present a
method for forming a carbon doped low-k insulating layer in a
multiple layer semiconductor device that has improved hardness
and cracking resistance while maintaining or lowering a
dielectric constant while‘overcoming other deficiencies and

shortcomings of the prior art.



enbodi ed and broadly described herein, the present invention
nmethod formng a dielectric insulating layer with a
constant and increased hardness for
a first enbodi nent, the nethod includgs providing a sem conductor wafer

having a process surface for formng a dielectric insulting |ayer
t hereover; depositing according to a CVD process a carbon doped oxi de

| ayer the CVD process including an organo-silane precursor having Si-O

provi des a
reduced dielectrjfj
sem conduct or devi ce manufacturi ng.

UNI ng(]ﬁ

groups and Si-Ry groups, where Ris an alkyl or cyclo-alkyl group and y
t he nunber of R groups bondng&§R§i?Fa@gE ?ﬁggﬁ&ggNthe carbon doped oxide
ment f a’p

| ayer to a hydrogen pl asna

rea or erio

t he carbon daoped o

ide | ayer thickness including reducing the carpon doped
oxi de | ayer elaecé'fjr?‘éecoﬁ}?a LA T Mer eaa'f%:"i\{lngj"?q"ri*‘eI cé’r%d(ﬁf:%pe&“’dﬁi ae

| ayer

2 JUN 2006°BLFAUERt i"oht i thepePBEPP8RSUfer §hodFeoanh dervrteepn, as
description of the preferred enbodi nents of the invention which are
furt her <fexedidddabdl dwdadlgonjesctibadwhelreting the present invention

provides a method forming a dielectric insulating layer with a
reduced dielectric constant and increased hardness for

semiconductor device manufacturing.

In a first embodiment, the method includes providing a
semiconductor wafer having a process surface for forming a
dielectric insulting layer thereover; depositing according to
a CVD process a carbon doped oxide layer the CVD process
including an organo-silane precursor having Si-O groups and
Si-Ry groups, where R is an alkyl or cyclo-alkyl group and y
the number of R groups bonded to Si; and, exposing the carbon
doped oxide layer to a hydrogen plasma treatment for a period
of time thereby reducing the carbon doped oxide layer
thickness including reducing the carbon doped oxide layer
dielectric constant and increasing the carbon doped oxide

layer hardness.

These and other embodiments, aspects and features of the

of time thereby reducing

har dness. These and ot her enbodi nents, aspects and features of the -



acconpanyi ng Fi gures. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a graph
representing thickness reduction and dielectric constant changes for_ﬁé 2006
carbon doped oxide dielectric insulating |ayer according to an enbodi QN

of the present invention. Figures 2A82F are cross sectional side view
representations of an exenplary enbodi nent of the present invention at
different steps in a manufacturing process to forman insulating layer in

a mul tiplgrbayebrsencpndugkor ,davl e ﬁﬁ&%rr‘yﬂgo{ia di‘@oﬁﬁb%di rﬁfé%%gggphe

invention. Figure 3 1s a process flow diagraminc Ing several e ment s

e 31 | ofiment o
of the pigsepiotguentyons, DETALLED DESCRLETL O, CF, THE. PRECERRED ENODLVENT

Al t hough esent 1'nventi i's “explaine

darmascene process i i]1 be appreciated that the - 2 JUN 2006 9 net hod
accormrﬁ}%?ﬁtﬁéﬁw%&gkbefnfﬁ%gﬁﬁp?gr%ﬁ%QWnénaq?ﬁ@%nCHFQPaﬂ%ﬁ% the
insulating material is not limted to a danascene process or the

parti culaFConRRast Torr ¥ 8RSy a dual damascene, for exanple, a via first
process. Rather, the present

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph representing thickness reduction and
dielectric constant changes for a carbon doped oxide
dielectric insulating layer according to an embodiment of the

present invention.

Figures 2A-2F are cross sectional side view
representations of an exemplary embodiment of the present
invention at different steps in a manufacturing process to
form an insulating layer in a multiple layer semiconductor

device according to an embodiment of the invention.

Figure 3 1s a process flow diagram including several

embodiments of the present invention.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Although the present invention is explained by reference

to a dual damascene process it will be appreciated thatvthe



invention applies to any sem conductor feature manufacturing process where
a lowk (< 3.0) carbon doped oxide may be advantageously treated acco} dihhiiig
to an embodi ment of the present invention to reduce a dielectric constant
and increase a hardness and consequedtly, crack propagation resistance in
subsequent stress inducing nanufacturing processes. Further, although in
maki ng exenplary reference to a damascene process by referring only to a

singl e lmyeio@racessdihgWicbl the paHyeal atefbdfddn t her SEAghenbayen op-gcess
may be repeated in nultiple levels and layer for formng a miulti-|evel

Se”iCOWE%%IECQ@Y&C@nsN@%%@ﬁ%rm&%é%%%?gﬁggggﬁxqggﬁgg%%&gﬁg?dhgﬁg%cgie

expl ai ned by reference to a copper ructure, 1t

ill b i t al i ncl udi ng.for _exanple, copper
21 oys. RO Htm® it RSk e Moty Sray At 8oas ) he CaTEALRE ¢ he
damascene netal fjlling. In a first enbodi nent of the present invention, a
di el ect ri% i FEAHTRg 1Bydt2 plefstabPy o5 Shr bonRaEBEd roxFBE -PPEIBRE2006

10 or organo silicate glass is formed on a substrate for producing an
di el ect ritVeHstPat PRELL&Pertd ey mapmicpageictor feature manufacturing

process where a low-k (< 3.0) carbon doped oxide may be
advantageously treated according to an embodiment of the
present invention to reduce a dielectric constant and increase
a hardﬁess and consequently, crack propagation resistance in
subsequent stress inducing manufacturing processes. Further,
although in making exemplary reference to a damascene process
by referring only to a single layer process it will be
appreciated that the single layer process may be repeated in
multiple 1levels and layer for forming a multi-level
semiconductor device. Moreover, although the exemplary
embodiment is explained by reference to a copper filled dual
damascene structure, it will be appreciated that other metals,
including for example, copper alloys, aluminum, and tungsten
metals may advantageously be used as the damascene metal

filling.

In a first embodiment of the present invention, a

dielectric insulating layer, preferably of carbon doped oxide




sem conductor device. Following formation of the dielectric insulating

| ayer the dielectric insulating layer is subjected to a hydrogen plasum 7008
reduce the thickness and dielectric constant of the dielectric insulating
l'ayer. In one enbodinent, the carbon tbped oxide is fornmed in a CVD
process using organo-silane precursors. By the term ~organo-silane
precursors is meant precursors including Si-O groups and Si-Ry groups,

where Rés afirghkyl ofleyele abkylss greupranchad t e nanbgﬁbgfcrlat@r OY¥RS:
bonded to Si. In one enbodinent, the R group is a nethyl (CH3) group. In

anot her ;&ﬂ@@éiﬁsnkultBQeQ%QﬁH94§'hﬁ@%l%&%ﬁ%%SQE %?CL#QE% Ang Ekolevel

tetra-sil oxane giroup including a cyclic arr fourI dI-O ngu
IN a pre the N9 silane__precurso nc e east
one of 6% a- ﬁg%ﬁ :Pcygﬁgtv etra- foxaﬁ%g %8rmatlon ot £hi ileiecﬁr
tetra-net clo etra-sil oxan | n ,anot her_ enbodi nent rocar bon
precurso]rr§>y %&Rﬁngay?ﬁr%bﬁaﬁ&@ 5t 16 %ﬁﬁ%@%ﬁk%%elaéﬁkehé shkd e&ltRFne
gases |nclud|ng, for exanple, nethane, ethane, ethane, acetyl ene,
pr opane,t@nd ﬁMﬂﬁ9ﬁ§%ﬂEﬂ%ﬂ@@dtpoﬁﬁﬁ?%ﬁwtbﬁa§@uﬂkﬂﬁﬂ8n%wd d2eleNt2006 11
organo-sil ane precursor mxture in a CVD process to formthe

- constant of the dielectric insulating layer.

In one embodiment, the carbon doped oxide is formed in a
CVD process using organo-silane precursors. By the term
‘organo-silane’ precursors is meant precursors including S$Si-0O
groups and Si-Ry groups, where R is an alkyl or cyclo-alkyl
group and y the number of R groups bonded to Si. In one
embodiment, the R group is a methyl (CH3) group. In another
embodiment, the organo-silane precursor includes a cyclo-
tetra-siloxane group including a cyclic arrangement of four
Si~-O0 groups. IN a preferred embodiment, the organo-silane
precursor includes at least one of octa-methyl-cyclo-tetra-

siloxane and tetra-methyl-cyclo-tetra-siloxane.

In another embodiment, hydrocarbon precursors including
for example one or more alkane, alkene, and alkyne gases
including, for example, methane, ethane, ethane, acetylene,

propane, and propene are added to the gas phase to form an




to form carbon doped oxide precurosr rsors including methaned tetra-ne
includes at | east one of is insulating layer. formation carbon doped_oéﬁh\{i@nﬁ
Preferably, at |east one oxygen containing precursor gas is also ad

the organo-silane precursor mxture ihcluding for exanple, 02, 03, CO

C02, H20O and the like. In another enbodinent, the CVD process is one of a
pl asma enhanced CVD (PECVD) process. The process tenperature of the

subst r atecgayo + 8hyené r preabedbrO nG ttuadbouh 450v8 pWy& s Preberabhy chabout
100 C to about 350 C. For exanple, in an exenplary enbodi nent, gas feeds

to a PEG\W pé%eggrggﬁn‘gggedi nglsude Ep,f@c%%??@s%gaﬁ]ﬂéihh?ﬂ%f re‘%%‘élht%‘ar zf at

a flowrate of about 1000-5000 sccn a ocarbon gas at a ow rate

about 1Q0- )0 ScC gen- co t ai ni na. pr rsor at a flowr rate of
about 18%%%88“%0%%%1 pga[v}:/e?f%l/s app %leo i glrpsrlgﬁag 5} HD6Ut 100 to 2000

Watts and a process pressure is i ntained at about 2_to about 20 Torr.
The car Hg‘?%’%agfple%rl %&fﬂ%%m %‘?di%xjg&éfer%ﬁ%é’%&téﬁ L82§tt RNEk REYgHf
about 500 to, about 6000 Angstroms. In one enbodinment, the carbon doped
oxi de |§W§$§%nln@ PORCIFEQTr1I0as 1s also added to the organo-silane

precursor mixture including for example, 0z, O3, CO, CO,, H0

and the like.

In another embodiment, the CVD process is one of a plasma
enhanced CVD (PECVD) process. The process temperature of the
substrate may range from about 0 °C to about 450 °C, more
preferably, about 100 °C to about 350 °C. For example, in an
exemplary embodiment, gas feeds to a PECVD process chamber
include one or more organo-silane precursors at a flow rate of
about 1000-5000 sccm; a hydrocarbon gas at a flow rate of
about 100-5000 sccm; and an oxygen-containing precursor at a
flow rate of about 100-5000 sccm. RF power is applied in a
range of about 100 to 2000 Watts and a process pressure is
maintained at about 2 to about 20 Torr. The carbon doped
oxide layer is preferably deposited to a_thickness of about

500 to about 6000 Angstroms.

In one embodiment, the carbon doped oxide 1layer is




deposited in a nmulti-step process where a hydrogen plasma treatnent as
expl ained belowis carried out follow ng each deposition step. For
exanmple, if the final thickness of the |IMD layer is about 6000 Ampﬁﬁiﬁﬁﬁ,
in the nulti-deposition process, at |least about a 1/3 i.e., 2000 Ang ns
of the carbon doped oxide |ayer is qgeferably deposited foll owed by a

hydr ogen plasma treatnent. Foll ow ng "deposition of the carbon doped oxide

| ayer, in one enbodi nent of the present invention, the deposited |ayer is
subj ected to a hydrogen plasma treatnent. Preferably, the hydrogen plasm
t r eat meMCRACS 9 gApras8ide psdam PresessntwheBy tthehY@FaveRi gh-3¥essur e
| meant including process pressures fromabout 10 nTorr to about 50 Torr.
The hyditagatmsirds nast reeatesinted sbpilefieriabl gacareidedowut foilihwihg stdstrat e
tenperature fromabout 0 C to about 450 C, nore preferably, about 350 Cto

about 40@@pCsitydrogerep s added examre ,PEGVD kbambhan1at hd dknewsr atfe fom
about 100 to about 1000 sccm nore preferably, about 400 to about 700

scem masip preferally about 6800 SEEPE £ Abma, PrOfeeRe PLESIU RIS @hgut 10
nmforr to about” 50 Torr, more preferably, about 1 to about 10 Torr, nost

o e Shtp o 105Gy HIR Y Chodsn BLAsR, AR T hoh e LiE st (o
carbon doped oxide layer is preferably deposited followed by a
hydrogen plasma treatment.

following deposition of the carbon doped oxide layer, in

one embodiment of the present invention, the deposited layer
is subjected to a hydrogen plasma treatment. Preferably, the
hydrogen plasma tgéétment is a high pressure plasma treatment.
By the term ‘high pfessure’ I meant including 'process
pfessures from about 10 mTorr to about 50 Torr. The hydrogen
plasma treatment;is preferably carried out with the substrate
temperafure from about 0 °C to about 450 °C, more preferably,
fébout 350 °C to agoﬁt 400 °C. Hydrogen is added to the PECVD
chamber at a flow_rate from about 100 to abouf'loOO sccm, more
preferably, about 400 to about 700 sccm, most preferably about
600 sccm, at a process pressure from about 10 mTorr to about
50 Torr, more preferably, about 1 to about 10 Torr, most
preferably, about 5 Torr. The hydrogen plasma trea?ment is

carried out for a period of about 20 seconds to about 600

seconds, most preferably about 60 to about 180 seconds at an



seconds, nost preferably about 60 to about 180 seconds at an - 2 JUN 2006
13 RF power of about 100 to about 500 Watts. It is believed the hi%g
pressures of the hydrogen plasna treatment together with tenperat urledIN 2006
all ow the hydrogen to diffuse at high& rates throughout the carbon doped
| ayer thereby increasing the thickness over which the hydrogen penetrates.
It is believed the hydrogen treatnent substitutes hydrogen for oxygen

bonds |e@dbdget0ckhapBatt nal o larss ofgo fidrexanpie, 16Yeka eShoxane
structures to increase the carbon doped | ayer density thereby increasing

the car bondapedLayer Bar diessydiodan beligred thendhe! eebiigoconstant s

reduced by replacing a portion r ogen. tional an
AC or bi as be plied to.the wafer substrate to,assjst hydrogen
penetrgf#%mﬁef%ggﬁiinﬁﬁgfwb ?8&/#36%&@#@9 ke Hiﬁég%ﬁeaﬁﬁuﬁhﬁ%he¥hrﬁg Sbout
10 kHz or. a DC bias may be applied having peak voltage from about 0.5 kV
to abouttBEORYLGHEN HeBoGatlent KaRed f illaner Fohededipl éncreReimhgthe
Figure 1 is shown a graph of an exenplary hydrogen plasna treatnment of a
car bon ddpeekosseeoveénywhichMdhleayeidrageey epqnetra tesecohts iks beddievatied on

t he
the hydrogen treatment substitutes hydrogen for oxygen bonds

leading to the partial collapse of, for example, cyclo-
siloxane structures to increase the carbon doped layer density
thereby increasing the carbon doped layer hardness. It is
believed the dielectric constant is reduced by replacing a
portion of the oxygen with hydrogen. Optionally, an AC or DC
bias may be applied to the wafer substrate to assist hydrogen
penetration. For example, a low frequency AC bias of about 10
Hz to about 10 kHz or a DC bias may be applied having peak
voltage from about 0.5 kV to about 20 kV when depositing thick

films.

For example, referring to Figure 1 is shown a graph of an
exemplary hydrogen plasma treatment of a carbon doped oxide
layer (IMD layer) where time in seconds is indicated on the
horizontal axié. The thickness reduction of the exemplary IMD
layer in Angstroms is indicated at the left vertical axis and

the dielectric constant of the IMD layer indicated at the




hori zontal axis. The thickness reduction of the exenplary IMD layer in
Angstrons is indicated at the left vertical axis and the dielectric
constant of the IMD |ayer indicated at the - 2 JUN 2006 14 ri ght vertd W 2006
axis. The "as-deposited' starting thitkness of the IMD | ayer was about

5200 Angstrons. Data line Al with acconpanying data points represents the
reduction of thickness in Angstrons of the exenplary IMD |ayer with

hydr ogen pj1as e rt {1 &2t "BpLs [ | "Bpe Daka- Béﬂ@%l‘e‘gdangté‘ £ RQr €RER nfe@<§
dielectric constant of the IMD | ayer neasured as a unc ion o rogen

plasma tieal fRAL 1y AalWacdilf e eps apguerelal!y gyallable e'e
?o Iary

const ant neasur ene devi ces. gure 1, W ng t

| t_enbodi ment has _been found that
i ol oot % oe%ﬁsr%%‘rﬁgea%a”*?%“epoﬁﬂawg%'n?%%ﬁéaewFﬁf%ﬁ?%augﬁ@%np g@§&§|k9e,séduced

fromabout 2.75 to about 2.5 after. about 60 seconds of treatnment with
hydrogeﬁﬁﬂ%@ﬂ%ﬁé@@%r&ﬁn& & &P BB dINBnt ayert i tiy redroganepiiasna | n
ot her exenplary hydrogen plasnma treatnents, |NMD |ayers (carbon doped
oxi de) wWingstarentast deposiRakh Ul@¢@chilandoh§taepreSegteaherdlbhantabout
2.5 have exhibited reduced dielectric constants

constant of the IMD layer measured as a function of hydrogen

plasma treatment time by two different commercially available

dielectric constant measurement devices.

As shown in Figure 1, following the exemplary hydrogen
plasma treatment embodiment, it has been found that the
dielectric constant of the carbon doped film can be

"advantageously reduced from about 2.75 to about 2.5 after
about 60 seconds of treatment with hydrogen plasma according
to one embodiment of the present invention. In other
exemplary hydrogen plasma treatments, IMD layers (carbon doped
oxide) with an ‘as-deposited’ dielectric constant of greater
than about 2.5 have exhibited reduced dielectric constants
following hydrogen plasma treatment to below about 2.5 (e.g.,
as low as 2.3) with a dielectric constant reduction from about
6 percent to about 9 percent. In addition, it has been found
in various exemplary embodiments that a hardness increase of

about 33 percent compared to the ‘as-deposited’ carbon doped



fol | owi ng hydrogen plasma treatnent to bel ow about 2.5 (e.g., as |ow as
2.3) with a dielectric constant reduction fromabout 6 percent to about 9
percent. In addition, it has been found in various exenplary enbodifgiit 06
that a hardness increase of about 331percent conpared to the , _
“as-deposited carbon doped - z JUN 2006 15 oxide can be achieved fol | ow ng
t he hydrogen plasna treatnents according to the preferred enbodi nents.

Consequediti¥e @anCBEb9BhHEPEd exhdeyk N Eﬁ%ehyWEbgﬁé %§%§3%3§QQ%§%%%&EC

constant and an increased hardness i s advantageou ocu |
subj ect i g, . e ban. qgggg xigx1 | ayers, to a rogen asma
treat nent p(?ggégg gg(éor |nggt(§3 pre e(?ree %oeaa%"gédl?%gehts Sf’%tsﬁ er{}/e 'igﬁ‘l. As
a result,_ the carbon doped ox'ﬁ | ayer has.ipproved di nmensi opa stahility
with incFeaeed %%Paﬂesgx?ﬂglu§ ﬁg ggﬁﬁﬁheVngEiétaﬂ% 1B cr%t?lFﬁFFﬁftlon
and propagation in subsequent processing steps including, for exanple,
CWP. ReftH3rRPt 02RflgaRed NEAcafcsLR AN ShorAvanRbageoysdyi oradusiede
view representations of stages in nanufacture of a dual damascene
struct urky asedi¢iaignd anecexenprame eabbdnmedvped toxd dur edegerisnveat aon.
There are several
hydrogen plasma treatment process according to preferred
embodiments of the invention. As a result, the carbon doped
oxide layer has improved dimensional stability with increased
hardness inéluding a higher resistance to crack initiation and
propagation in subsequent processing steps including, for

example, CMP.

Referring to Figures 2A through 2E are shown cross
sectional side view representations of stages in manufacture
of a dual damascene structure according to an exemplary
embodiment of the present invention. There are several
techniques for manufacturing damascene structures including a
dual damascene process such as via first fabrication, self-
aligned fabrication, and trench first fabrication. In a
typical damaséene process, for example, a dual damascene
manufacturing process known in the art as a via-first process,
conventional photolithographic processes using a photoresist

layer is first used to expose and pattern an etching mask on




techni ques for manufacturing damascene structures including a dual
damascene process such as via first fabrication, self- aligned fabripqgmgmﬁ
and trench first fabrication. In a typical damascene process, for exanple,
a dual damascene manufacturing procesgs known in the art as a via-first
process, conventional photolithographic processes using a photoresist

| ayer is first used to expose and pattern an etching mask on - 2 JUN 2006

16 the syid age-efca bard nask hﬁ)é%r 1O4RSY VAM@ﬂwé FEﬁLECHEE ectric

insulating (IMD) layer, for etching a“via openi'ng 1hrough the oW

di el ectrii ¢ Qﬁﬁl i y ub uently a simlar [Ocess, | eg o]
defi ne élF?ghc rg%egﬁﬁ%ﬁtﬁé¥e?é ?ggnggcdéﬂ%W%HWﬁfzf %ﬁ%@n%%%é?ﬁ% Hé Vi a
openi ng after ﬁhi h .trench ning js anisotrapicall tched into the
IMD | ay otk FRETREE 4 ot b7 BROBA el IS operi HFSTHERNLY obeRi Ay aRd
trench opening are then subsequently line with a barrier layer of, for
exanpl e REGRSF MG (43908, tandigfinedani trenel aopenimef ekhbty icoppermed an
el ectrodeposition process to formvias and trench lines. The surface is
t hen prefwrabyingl amat i zedonpa schieng calharechaniaednphgnaafitzat i emi(@@BVPR to
‘renpve excess netal and better define the trench lines and prepare the
trench opening is anisotropically etched into the IMD layer to
include a portion of the wvia opening. Thé via opening and
trench opening are then subsequently line with a barrier layer
of, for example tantalum nitride, and filled with metal,
preferably copper by an electrodeposition process to form vias
and trench lines. The surface is then preferably planarized

by chemical mechanical planarization (CMP) to remove excess

metal and better define the trench lines and prepare the

multi-level device for further processing.

Referring to Figure 2A, in an exemplary dual damascene
process, for example a via-first process, a substrate 20, for
example a dielectric insulating layer having a conductive area
22 1is provided, for example, a copper filled trench line.
Next, an etching stop layer 26 is provided over the substrate
20 including the conductive area 22 formed of, for example
silicon nitride (SiN), silicon oxynitride (SiON) or silicon

carbide (SiC) to act as an etching stop in a subsequent




multi-level device for further processing. Referring to Figure 2A, in an
exenpl ary dual danmascene process, for exanple a via-first process,_azJUNZUDE
substrate 20, for exanple a dielectric insulating |ayer having a
conductive area 22 is provided, for Ekanple, a copper filled trench |ine.
Next, an etching stop |ayer 26 is provided over the substrate 20 including
the conductive area 22 forned of, for exanple silicon nitride (SiN),

Si|iCond@@@ﬂﬁiéﬂkhﬁéié}QiQroﬁéﬁiﬁ?g aﬁérgkgﬁeﬁskﬁ}oEBhagts@%s@%u%h@@&ng

stop in a subsequent - 2 JUN 2006 17 operation where Via openings are
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i
i nsul ati ng | ayer, ef erably of carbon dope 0 forn1cPosed

conmuni i ith the conductive area 22, The etching stop |ayer 26 is
typicalﬁ%g%éﬁkﬁgﬁ%xp yp%%g%ﬁcé?p%§p8§l§%po§Pt?8ﬁmu§?ﬂﬁg?oFOQQQEﬁﬁPE}OﬁECVD,
or low pressure CVD (LPCVD) to a thickness of about 300 Angstrons to about
1000 AngbtTbnslesGonducdists i AgeRo 48 -gur neA e H@Insh AECHe Gl off ol St he
etching stop layer 26 a first lowk dielectric insulating |ayer 28A,
pr ef er afl¥pCx bk Yoredosed aski B ighdmidial wvaporordewos £t Lane ymisour ors
outline in the preferred enbodi nents

example, PECVD, or low pressure CVD (LPCVD) to a thickness of

about 300 Angstroms to about 1000 Angstroms.

Still referring to Figure 2A, following deposition of the
etching stop layer 26 a first low-k dielectric insulating
layer 28A,'preferably a carbon doped oxide including the
organo-silane precursors outline in the preferred embodiments
is deposited in A PECVD process to a thickness of about 3000
Angstroms. Following deposition of the first carbon doped
oxide layer 28A, the first carbon doped oxide 1layer is
subjected to a hydrogen plasma treatment according to the

preferred embodiments.

Referring to Figure 2B, following the hydrogen plasma
treatment process, a second carbon doped oxide layer 28B of
about 3000 Angstroms is deposited over the first carbon doped

oxide layer and subjected to another hydrogen plasma treatment



is deposited in A PECVD process to a thickness of about 3000 AngstregslyN 2006
Fol | om ng deposition of the first carbon doped oxide |ayer 28A the first
carbon doped oxide layer is subjected to a hydrogen plasma treatnent
according to the preferred enbodi nenigs. Referring to Figure 2B, fol:low ng

t he hydrogen plasma treatnent process, a second carbon doped oxide |ayer
28B of about 3000 Angstrons is deposited over the first carbon doped

oxi de | ayerodiud SRk R84 O SRRl BLE, NYET 0088, BLASER 1 LEERL HERh Tt 21 YN,2006

18 procéss to conplete mation o Irst dielectric insulating l'ay
(IND | ayer) ... | i 11_ be appreciated that two dielectric insulating |ayers
§IND Ia%%ﬁgsrr&%ﬁ%xga eﬁf' one for formng the vias therein and one for
forming the trench lines therein. It will be further appreciated that if
two | MD | ayers are used, preferably the carbon doped oxide is at |east
used for the trench [ine IMD |ayer as the effects of signal delay

capaci tance é&fff evtdlarke geparecifadred rehah Itwre dighslctrprophgaviehinpn the
case of using two IMD layers it will be appreciated that an etching stop
or cappilmydayer(IMdy bmyers) may be used, one for forming the vias

therein and one for forming the trench lines therein. It will
be further appreciated that if two IMD layers are used,
preferably the carbon doped oxide is at least used for the
trench line IMD layer as the effects of signal delay
capacitance effects are greater for trench line signal
propagation. In the case of using two IMD layers it will be
appreciated that an etching stop or capping layer may be
provided between the IMD layers, for example, formed in the

same manner as etching stop layer 26.

Still referring to Figure ZB; following deposition of the
carbon doped oxide layers e.g., 28A, 28B to form the IMD
layer, an etching stop layer 30, for example silicon
oxynitride or silicon carbide is formed in the same manner as
etching stop layer 26 is deposited over the first IMD layer
e.g., 28A and 28B. A dielectric anti-reflectance coating
(DARC) (not shown), for example silicon oxynitride, 1is

preferably deposited over the etching stop layer 30 to reduce




provi ded between the IMD | ayers, for exanple, forned in.the sanme manner as
etching stop layer 26. Still referring to Figure 2B, foll ow ng deposiz'ﬁ

of the carbon doped oxide |layers e.g., 28A, 28B to formthe IMD |ay A,N&WB
etching stop layer 30, for exanple sildcon oxynitride or silicon carbide

is formed in the same manner as etching stop layer 26 is deposited over

the first IMD layer e.g., 28A and 28B. A dielectric anti-reflectance

coating uﬁme&nqtlmw)eflwtlwmhe sﬂﬂé&@@eﬁt’fyrﬁﬁéﬂ@flthégrgﬁﬁigr abl'y
deposited over the etching stop |layer 30 to reduce - "2 JUN 2
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I I tride, . th
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be adjusted b adjustlng the silicon oxynitride processing variables as is
known i P he dARCREPYIET ngSt SN YERESELY thie &hehi Agsirep | agEiegbivs
photol i t hographi cally patterned for anisotropically etching a via opening,

for exampiapenlieppryi hheacdedpng tstwp oleyefDoVrface may be adjusted
by adjusting the silicon oxynitride processing variables as is

known in the art.

Referring to Figure 2C, the etching stop layer 30 is
photolithographically patterned for anisotropically etching a
via opening, for example, by applying a deep ultraviolet (DUV)
photoresist overlayer (not shown) active to wavelengths of
about 248 nm or less. following photolithographic patterning,
a conventional anisotropic plasma etching process including,
for example, hydrofluorocarbons and fluorocarbons having a
carbon to fluorine ratio of about 2 to about 4 is used to
first etch through the etching stop layer 30; through the
carbon doped oxide layers 28A and 28B; and.through etching
stop layer 26 to form a via 31A in closed communication with
conductive area 22.

Referring to Figure 2D, a similar second
photolithographic process is then carried out to pattern

trench openings overlying and encompassing the via opening




phot oresi st overl ayer (not shown) active to wavel engths of about 248 nm or
| ess. follow ng photolithographic patterning, a conventional anisotropic
pl asma etching process including, for exanple, hydrofluorocarbons andyN 2006
fl uorocarbons having a carbon to flugyine ratio of about 2 to about 4 is
used to first etch through the etching stop |layer 30; through the carbon
doped oxi de | ayers 28A and 28B; and through etching stop layer 26 to form

a via 31AAN chesed compAi i i Ict | ve 2. Ref i to
Figure 2D, a siﬁ?ﬁar secondgﬁiﬁg?OF?%ﬁogggg%?g&% o] géggfé'tﬁe§%g§#5?28 out

to patt LT h i vier | yi nco i n he.vi,a opening 20 -
2" 30N 2008 LA By PO e A A T R R e Bobacs " & pEFbhett ¢
resin may, optional be deposit nd etched back to forma, via plug (not
shown) fﬁé}iﬁgug p{ﬁ/?‘% oft 8?’“§hef9€3r LR3I & tRPT SR el t%evi"éaop*é?mf%gggm
and to prevent out-diffusion of absorbed nitrogen species fromthe | M

| ayer caabteCbf thentVdrf PRI t B1Bhend ehehprenensatawy T het psbeessf

Still referring to Figure 2D a trench opening is anisotropically etched
to formadioehed opehrpgeBlBpveityi njrand BreomMassilager capable of

interfering with the trench line patterning process. Still
referring to Figure 2D a trench opening is anisotropically
etched to form a trench opening 31B overlying and encompassing

the via opening to form a dual damascene structure.

Referring to Figure 2E, following formation and cleaning
of the dual damascene structure to remove residual organic
material, the dual damascene structure is filled with, for
example, copper filling 34 according to an electro deposition
process, and chemically mechanically‘planarized to complete
the formation of a dual damascene. Included in the process is
the formation of a barrier/adhesion layer 32, of for example
tantalum nitride, followed by deposition of a copper seed
layer (not shown) over the wafer surface including the
barrier/adhesion layer 32 prior to electrodeposition of copper
filling 34. Duiing CMP the barrier layer 32 and a portion of
the etching top layer 30 at the wafer surface is polished

away.




the via opening to forma dual damascene structure. Referring to Figure 2E
followi ng formati on and cleaning of the dual damascene structure to r&rftN&00s
residual organic material, the dual damascene structure is filled wth,

for exanple, copper filling 34 accor2ing to an el ectro deposition _
process, and chem cally mechanically planarized to conplete the formation

of a dual damascene. Included in the process is the formation of a

barri er/adhesi on | ayer 32, of for exanple tantalumnitride, followed by
deposition of a copper seed Iayer (not shown) over the wafer surface

i ncl udi ng thehef’é‘ffi%/ adhes| B ayer; 32 prior 1o 'o%% '0deposi i Q %Tm
B f

copper filling 34. During e barrier Iayer a portion

etchin 4 t-he f urfac ollshed 2 JUN 2006
21 Refgnég%#gygélégygg L e mhm%n ?08 oRFﬁFEBFaﬁnQ%ﬂﬁ%&ﬁhg d8ver al
enbodi nents of the present invention. process 301, a sem conduct or
waf er prioc¥ssS I Q%neal%e%+69?ﬁ%ﬂt°¥owaf8FnPﬁ@C§S§|éPééﬁﬁﬁclﬁn§€P§ﬂﬁﬁ§
| ayer thereover. In process 303, a carbon doped oxide dielectric
i nsul at i fRyF | &pemingr af edh%l?ct@ﬂ@dlbyuéaPEmD papeessthacéodeng In
or gano- si | ane

process 303, a carbon doped oxide dielectric insulating layer,

preferably formed by a PECVD process including organo-silane
precursors according to preferred embodiments is deposited.
In process 305, a hydrogen plasma treatment according to
preferred embodiments is carried out to dehsify the carbon
doped oxide and to increase the hardness thereof; As
indicated by directional process arrow 304, processes 303 and
305 may optionally be repeated in a multiple layer deposition
process to form the dielectric insulating layer (IMD layer).
In process 307 a capping layer or etching stop layer is
provided over the dielectric insulating layer. In process
309, a dual damascene structure is created including steps of
anisotropically etching via and trench lines, filling with
metal, preferably copper, and CMP to complete the formation of

the dual damascene.

The preferred embodiments, aspects, and features of the

invention having been described, it will be apparent to those



precursors according to preferred enbodinents is deposited. In process

305, a hydrogen plasma treatment according to preferred enbodiments. ?&UNZME
carried out to densify the carbon doped oxide and to increase the hardness
thereof. As indicated by directional 2process arrow 304, processes 303 and
305 may optionally be repeated in a nultiple | ayer deposition process to
formthe dielectric insulating layer (IMD layer). |In process 307 a capping

| ayer orskeithéagist afhd ayet ithatpr oundeduveradine: died echbis fiikskliakisng -

| ayer. In process 309, a dual danmascene structure is created including

steps ofan@nin@dopteal biiseledy Nhi RadRd F1ensht! ideSartihli NGt lEhe
netal, preferably copper, and CMP to conplete the formation“of the dual

danasce f erred. t n
vent P HEDE L EReCCLAVBALLIR 85, MPPECH SsedNG SRR B imad g
22 skllleq%ln the art that nunerous vari ations, nDdlflcatlons, and
SUbStItLH may be made wit hout departing fron1the spirit of the

i nvention as disclosed and further clained below - 2 JUN 2006



23 CLAIMS What is clainmed is: 1. A nmethod for manufacturing a sem conductor
‘device 5 conprising the steps of: providing a seniconductor wafer havinigNa006
process surface for formng a dielectric |ayer thereover; depositing
according to a CVD process a carbon dopeqﬁioxide | ayer the CVD process

i ncluding an organo-silane 10 precursor Having Si-O groups and Si-Ry

groups, where Ris an al kyl or cyclo-al kyl group and y the nunber of R
groups bonded to Si; exposing the carbcwrIsped oxi de | ayer to a gas
treatment containing hydrogen for a period of tinme; 15 formng a

photoresi st |ayer overlying the dielectric insulating |layer; and exposing
and patterning the photoresist layer to forman etching mask. 20 2. The

nmet hod of cl Y iswpkriied €Re organo-sil ane precursor species includes a
cyclic arrangenent of at least four Si-O groups. - 2 JUN 2006
1. A method for manufacturing a semiconductor device

5 comprising the steps of:
providing a semiconductor wafer having a process surface
for forming a dielectric layer thereover;
depositing according to a CVD process a carbon doped
oxide layer the CVD process including an organo-silane
10 precursor having Si-O groups and Si-R, groups, where R is an
alkyl or cyclo-alkyl group and y the number of R groups bonded
to Si;
exposing the carbon doped oxide layer to a gas treatment
containing hydrogen for a period of time;
15 forming a photoresist layer overlying the dielectric
insulating layer; and
exposing and patterning the photoresist layer to form an

etching mask.

20 2. The method of claim 1, wherein the organo-silane precursor
species includes a cyclic arrangement of at least four Si-O

groups.




24 3. The nethod of claim 1, wherein the organo-silane precursor species

~ includes at |east one of octa-methyl-cyclo-tetra siloxane and
~tetra-methyl-cyclo-tetra-siloxane. 5 4. The nmethod of claim1, whereingtig 2006
-or.gano-sil ane precursor is mxed to for gy an or gano-si |l ane precursor

m xture including hydrocarbon precursor “gases including at |east one of
net hane, ethane, ethane, acetyl ene, propane, and propene. 10 5. The nethod
of claim4, whefbenmétisodrgfand-adiml Anewhereein Stdre drigehur eiXanet peecunegdwdes
an oxygen containing species as an oxidant. 6. The nethod of claimb5,
wherei n the eredans iitollydes aat 13 chaggstomme off @ a-0@th@D-c@ORd-tatera20 7.
The nmethod of claim1l, wherein the carbon doped oxide Ilayer dielectric
const ant f ol séhpP¥Rpe adstebrafmegblbsiddleg tesratsddexepan about 3.0. 20 8.
The met hod of claim 1, wherein the CVD process includes a plasma according
to a PECVD process. - 2 JUN 2006 25 9. The nethod of claim1l1, wherein the

gas t reaSI ment _ _ _
4. The method of claim 1, wherein the organo-silane precursor

is mixed to form an organo-silane precursor mixture including
hydrocarbon precursor gases including at least one of methane,

ethane, ethane, acetylene, propane, and propene.

10 5. The method of claim 4, wherein the organo-silane precursor
mixture further includes an oxygen containing species as an

oxidant.

6. The method of claim 5, wherein the oxidant includes at

15 least one of 0,, 0;, CO, CO,, and H,0.

7. The method of claim 1, wherein the carbon doped oxide
layer dielectric constant following the step of depositing is
less than about 3.0.

20
8. The method of claim 1, wherein the CVD process includes a

plasma according to a PECVD process.




contai ning hydrogen is a hydrogen plasma treatnent further containing
"plasma. 5 10. The nethod of claim9, wherein the hydrogen plasna,treaf@éHNZMB
o is carried out according to a plasma including process conditions
~including supplying hydrogen at a fIOM/r?Be of about 100 sccmto about.
5000 sccm a process pressure of about mlforr to about 50 Torr; a
process tenperature of 10 about O degrees Centigrade to about 450 degrees
Centi grade; 9and, ThgpphgthgdarriRFcéremgyl at vaepewer -ofie almst toatwembout
500 Watts. 11. The nethod of claim 10, wherein the hydrogen plasma 15
treat ment isceatpir@inouhydreseni g o hydrogsha dlashaditrgaprmeeesSusolrli ti ons
i ncl udi ng supplying hydrogen at a flow rate of about 400 sccmto about 800
sccm  a proceEsstpirigwupéagha. about 1 Torr to about 10 Torr; a process
tenperature of about 250 degrees Centigrade to about 400 degrees
Centigrade. 20 12. The nethod of claim 10, wherein the hydrogen pl asma

treatne is carried out from about 10 seconds to about. 600 secopds. - 2
JUN 2006 26 10. The method of claim 9, wherein the hydrogen plasma

treatment is carried out éccording to a plasma including
process conditions including supplying hydrogen at a flow rate
of about 100 sccm to about 5000 scem; a process pressure of
about 10 mTorr to about 50 Torr; a process temperature of
10 about 0 degrees Centigrade to about 450 degrees Céntigrade;'
and, supplying an RF energy at a power of about 100 to about

500 Watts.

11. The method of claim 10, wherein the hydrogen plasma
15 treatment is carried out according to a plasma including
process conditions including éupplying hydrogen at a flow rate
of about 400 sccem to about 300 sccm; a process pressure of
about 1 Torr to about 10 Torr; a process temperature of about
250 degrees Centigrade to about 400 degrees Centigrade.
20
12. The method of c¢laim 10, wherein the hydrogen plasma
treatment is carried out from about 10 seconds to about 600

seconds.



~13. The nmethod of claim9, wherein the hydrogen plasma treatnent is
"carried out for a sufficient period of time to reduce the carbon doped JUN 2008

~oxide layer dielectric constant from 5 about 1 percent to about 30-

-percent. 14. The nethod of claim9, wherﬁiGn t he hydrogen plasma treatnent
is carried out for a sufficient period of"tine to increase the carbon
doped oxi de | ayer hardness fromabout 5 10 percent to about 50 percent.
15. The method of claim1l, wherein the steps of depositing and exposing
are sequentially repeated to forma dielectric insulating layer. 15 16. A
met hod for maAuf aGher imgrleodsent caridiiot 09, deMmeceincaiimer | sydwpddre Btapsa of :
provi ding a sem conductor wafer having a process surface for formng a
di el ectric | &yeatmérmy ebyerarRiddepusifamep ascifidiiagtt peni@VDoHr bivssta
carbon doped oxide |ayer the CVD process including an organo-sil ane
precur sor havefycsi tie geaxipmn atnbeS -aRyjidgr dapsr WhelectRics cpnstant JENP006
27 al kyl or cyclo-al kyl group and y the nunber of R groups bonded

5 about 1 percent to about 30 percent.

14. The method of claim 9, wherein the hydrogen plasma
treatment is carried out for a sufficient period of time to
increase the carbon doped oxide layer hardness from about 5

10 percent to about 50 percent.

15. The method of claim 1, wherein the steps of depositing
and exposing are sequentially repeated to form a dielectric

insulating laver.

15
| 16. A method for manufacturing a semiconductor device
comprising the steps of:
providing a semiconductor wafer having a process surface
for forming a dielectric layer thereover;
20 depositing according to a CVD process a carbon doped

oxide 1layer the CVD process including an organo-silane

precursor having Si-O groups and Si-R, groups, where R is an




‘to Si; exposing the carbon doped oxide |ayer to a plasma treatnent for a
period of time to reduce dielectric constant 5 and increase hardness~@fJUN 2006
the dielectric insulating layer; formng a photoresist |ayer overlying the
-dielectric layer; and exposing and patt(izni ng the photoresist |ayer to.
forman etching mask. 10 17. The nmet hod“6f claim 16, wherein the '
organo-silane precursor species includes a cyclic arrangenent of at |east
four Si-O graargl db &&loFhekyetdmathipofnal @i thd Gundaer of Nk t heupsgdnodsd | ane
precursor species includes at |east one of octa-nethyl-cyclo- tetra
si | oxane andtbesia- nethyl-cyclo-tetra-siloxane. 19. The nethod of claim 16,
wherein the organo-silane 20 precursor is mxed to forman organo-sil ane
precursor m xt ur eexpebadtngie drechrhordquest upsbde gdsesri ntd udi nglasmd east
one of methane, ethane, ethane, acetylene, propane, and propene. - 2 JUN
2006 28 20. Theahmemodfadf a|wpémmoto ofiwntdmei Fot hedorgadbekidtang constant
5 and increase hardness of the dielectric insulating layer;
forming a photoresist layer overlying the dielectric
layer; and
exposing and patterning the photoresist layer to form an
etching mask.
10
17. The method of claim 16, wherein the organo-silane

precursor species includes a cyclic arrangement of at least

four Si-O groups.

15 18. The method of c¢laim 16, wherein the organo-silane
precursor species includes at least one of octa-methyl-cyclo-

tetra siloxane and tetra-methyl-cyclo-tetra-siloxane.

19. The method of c¢laim 16, wherein the oxrgano-silane
20 precursor 1is mixed to form an organo-silane precursor mixture
including hydrocarbon precursor gases including at least one

of methane, ethane, ethane, acetylene, propane, and propene.




precursor mxture further includes an oxygen containing species as an
oxidant. 5 21. The method of claim 20, wherein the oxidant includes atZ JUN 2008

. least one of 02, 03, CO CO2, and H20. 22. The nethod of claim 16, wherein

-t.he carbon doped oxide |layer dielectric gonstant followi ng the step of.

depositing is 10 less than about 3.0. 2§. The met hod of claim 16, wherein
the CVD process includes a plasma according to a PECVD process. 15 24. The
met hod of cl aiom 1Bhe whertdiad t hé pthsim tioeat weeteirs ahvy dbogenops dkare
treatment containi ng hydrogen. 25. The nethod of claim 24, wherein the
hydr ogen pl apmrecutrseat meikture cdnricbdrouinaociesdi ayg too@wepl asmataieingi ng
20 process conditions including supplying hydrogen at a flowrate of about
100 sccmto sbeoieh@d0ancexidamtpr ocess pressure of about 10 niforr to about
50 Torr; a process tenperature of about O degrees Centigrade to about 450
degrees Centigrade; - 2 JUN 2006 29 and, supplying an RF energy at a power

of about_ 100 to about 500 Watts. 26. The nmethod of claim 24, wherein the
hydrogeé pl agda The method of claim 20, wherein the oxidant includes at

least one of 0,, 0,, CO, CO,, and H,0.

22. The method of claim 16, wherein the carbon doped oxide
layer dielectric constant following the step of depositing is

10 less than about 3.0.

23. The method of claim 16, wherein the CVD process includes

a plasma according to a PECVD process.

15 24. The method of claim 16, wherein the plasma treatment is a

hydrogen plasma treatment containing hydrogen.

25. The method of claim 24, wherein the hydrogen plasma
treatment is carried out according to a plasma including
20 process conditions including supplying hydrogen at a flow rate
of about 100 sccm to about 5000 scnm; a process pressure of
about 10 mTorr to about 50 Torr; a process temperature of

about 0 degrees Centigrade to about 450 degrees Centigrade;




5 treatnment is carried out according to a plasma including process

“condi tions including supplying hydrogen at a flow rate of about 400 sédHN 2006
...to about 800 sccm a process pressure of about 1 Torr to about 10 Torr;a
~process tenperature of about 250 degreeZQCEntigrade to about 400 degrees
Centigrade. 10 27. The nethod of claim 24 wherein the hydrogen pl asma
treatnment is carried out fromabout 10 seconds to about 600 seconds. 15
28. The net haddpf sap@iyningd anWMrer enBrieabydr pgesr pifasiautct Leat benabose
carried out for a sufficient period of tine to reduce the carbon doped
oxi de | ayer @oelwsxttrs.c constant from about 1 percent to about 30 percent.
20 29. The nethod of claim 24, wherein the hydrogen plasma treatnent is
carried out for a sufficient period of tinme to increase the carbon doped
oxi de |l ayer hardness from about 5 percent to about 50 percent. - 2 JUN
2006 30 30. ?he n8bhhodedhodl aifm ¢baimhédei whelreint e Ofydequesi tPhepmaand

exposin% are sequentially repeated to forma dielectric insulating |ayer.
treatment 1is carried out according to a plasma including

process conditions including supplying hydrogen at a flow rate
of about 400 scem to about 800 scem; a process pressure of
about 1 Torr to about 10 Torr; a process temperature of about

250 degrees Centigrade to about 400 degrees Centigrade.

10
27. The method of c¢laim 24, wherein the hydrogen plasma
treatment is carried out from about 10 seconds to about 600
seconds.

15 28. The method of c¢laim 24, wherein the hydrogen plasma
treatment is carried out for a sufficient period of time to
reduce the carbon doped oxide layer dielectric constant from
about 1 percent to about 30 percent.

20 29. The method of claim 24, wherein the hydrogen plasma

treatment is carried out for a sufficient period of time to
increase the carbon doped oxide layer hardness from about 5

percent to about 50 percent.



5 31. A nethod for manufacturing a sem conductor device conprising th
~steps of: providing a senm conductor wafer having a process surface forZ JUN 2006
formng a dielectric |ayer thereover; 10 depositing according to a CVD
process a carbon doped oxide |layer the D process including an precursor
m xture including a precursor having a cycl o-sil oxane group, at |east ~one
hydr ocar bon gas sel ected fromthe group al kanes, al kenes, and al kynes, and
an oxygen containing species selected from 15 the group 02, 03, CO (02,
and H2O, and exposing the carbon doped oxide |ayer to a high pressure
hydrogen pl asfa t ffeat mehbod ovf aclpam A ofwhiermint biee ediepsr educiepgsibhincar bon
doped oxi de |l ayer thickness including reducing the carbon doped oxide

| ayer di el ecenfic expasinmt aaﬁdsemnmléa's|rwg>etahedcapb@nrmopedlékﬁﬁérifayer
hardness. - 2 JUN 2006 31 32. Te nethod of claim 31, wherein the precursor
having the épenbatindokaner group includes at |east one of octa-nethyl-
cyclo-tetra-siloxane and tetra-nethyl-cyclo-tetra-siloxane. 5 33. The
method & claim 31, wherein the carbon doped oxi de

31. A method for manufacturing a semiconductor device
comprising the steps of:

providing a semiconductor wafer having a process surface
for forming a dielectric layer thereover;

10 depositing according to a CVD process a carbon doped
oxide layer the CVD process including an precursor mixture
including a precursor having a cyclo-siloxane group, at least
one hydrocarbon gas selected from the group alkaneé, alkenes,
and alkynes, and an oxygen containing species selected from

15  the group O,, O;, CO, CO;, and H,0; and

exposing the carbon doped oxide layer to a high pressure
hydrogen plasma treatment for a period of time thereby
reducing the carbon doped oxide layer thickness including
reducing the carbon doped oxide layer dielectric constant and

20 increasing the carbon doped oxide layer hardness.




| ayer dielectric constant followi ng the step of depositing is |ess than
about 3.0. 34. The nethod of claim 31, wherein the hydrogen plasma 102 JUN 7006

..treatment is carried out. according to a plasma including process conditions

f;including suppl ying hydrogen at a flowrate of about 400 sccmto about 800
sccm a process pressure of about 1 TorPlto about 10 Torr; a process
tenperature of about 250 degress Centigrade to about 400 degrees

Centigrade. 35 35peThech®d o Ofaiel a1 Jherhfr ehd g uRKEAE0ESHRIRY agiR
treatnent is carried out from about 10 seconds to about 600 seconds. 20

36. The net hegcdb- €1 Bixtandl, gadigy eidc TR shysd 0p&4: P! @sdrBof t bedhREthyls
carried out for a sufficient period of tine to reduce the carbon doped

oxi de | ayer dieledatira-sinsiaant ahd® tetZaltbkRP0Gv3d204 08T at-Bahoeeut 2. 5 and
i ncrease the carbon doped oxi de | ayer hardness from about 5 percent to
about 50 percent. 38. The nethod of claim 31, wherein at |east one of an AC
and 5 DC bias is applied to the sem conductor wafer.
5 33. The method of claim 31, wherein the carbon doped oxide
layer dielectric constant following the step of depositing is

less than about 3.0.

34. The method of .claim 31, wherein the hydrogen plasma
10 treatment is carried out according to a plasma including
process conditions including supplying hydrogen at a flow rate
of about 400 sccm to about 800 sccm; a process pressure of
about 1 Torr to about 10 Torr; a process temperature of about

250 degress Centigrade to about 400 degrees Centigrade.

15
35. The method of claim 34, wherein the hydrogen plasma
treatment is carried out from about 10 seconds to about 600
seconds.

20 36. The method of claim 31, wherein the hydrogen plasma

treatment is carried out for a sufficient period of time to

reduce the carbon doped oxide layer dielectric constant to
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32

less than about 2.5 and increase the carbon doped oxide layer

hardness from about 5 percent to about 50 percent.

38. The method of claim 31, wherein at least one of an AC and

DC bias is applied to the semiconductor wafer.




