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Field of the Invention

The present invention generally relates to a method: for

forming a. dielectric material layer in an electronic structure

and the structure formed- and more particularly, relates to a
method - for forming a porous dielectric mater1al layer in an

electronlc structure by flrst formlng a non-porous dlelectrlc

"-_materlal layer then partial curlng, patternlng, and flnal curlng

the layer at a hlgher temperature than that used in the partlal

porous dielectric material, and electronic'structure formed by

- such material. .

Bgckg;ound of tﬁa Inwention
In the recent development of semlconductor dev1ces; the
contlnulng' mlnlaturlzatlon of the devices demands the use of
electronlc materlals of more superlor propertles. For 1nstance,
the dlelectrlc materlal used as, an insulating layer "in a

semlconductor.dev1ce, must have a lower dlelectrlc constant 1n

"order to provide-a_smaller signal propagation delay. It is

»

. curing to transform the non—porous dielectric material into a



. therefore important to provide electronic materials that have

sﬁperior insulating properties, such as a reduced,'dielectric'
constant fer current and future semicqnductor device
apﬁlications. |

| | One of the solutions in providing a dielectric material
layer that has improved inSulating property, i.e.” a- lower

dielectric constant, is to use a dielectric material that

‘contains voids. A void-filied, or porousldielectric material has

a lower dielectric constant than the fully dense void-free

version of the same material. However, problems arise in

utilizing porous dielectric materials, i.e. when these materials

are first formed in an electronic device and then are subjected .

to a patterning process by reactive"ion-etching (RIE). The very

nature of the desirable poious structure of these"materials
subject them.to excessive etching when eﬁposed-to;etch gasses
utilized in the ~reactive ion etchirng proéessQ . One solution

proposed to solve this problem is to select low-k dielectric -

'._-matefials that have closed porosity. However, any attempt to

slice. a closed pore material exposes open pores on a new cut

surface. Thus, the pores exposed in such a new cut surface would

. still be subjected to attack by the etch gas used in the reactive -

ion etching process for patternihg'the dielectric méterial layer.
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It is therefore an object of the present invention to

' provide a method for forming a porous dielectric material layer
.in an electronic structure that does not have the drawbacks or

shorteomings of the conventional methods.

It is another object of the present invention to

i prov1de a method for formlng a porous dlelectrlc material layer.

in an electronlc structure that is not subjected to attack by

.reactive jon etching gases during a patterning process.

It is ‘a further object of the present inventioh to

prov1de a method for formlng a porous dielectric material layer

_in- ‘an electronlc ~structure .by first forming a non—porous

dlelectrlc materlal layer, patternlng the layer in a reactlve 1on

' etchlng process and then formlng pores in the dlelectrlc mater1a1

1ayer.

It is another further object of the preseﬁt invention

to provide a method for forming a- porous‘ dielectric material

.leyer';n an electronic struoture by first'patterning a hon—porous

dielectric material layer and then forminge'pores after the

patterning process.
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It is still another object of the present invention to
provide a method for forming a porous dielectric material layer
in an electronic structure by first dep081t1ng a non-porous
dielectric material layer, partially curing the layer at a first .
low temperature, patterning the non-porous dielectric material

layer, and then forming pores and transforming the material layer

~ into a porous structure at a second high curing temperature.

It is yet another object of the present invention to

: prov1de a method for forming a porous dielectric material - layer
in an electronic structure by transforming a dual-phase material
" into a 31ngle—phase, void-fiiled material at a high curing

_temperature;

It is still another further objeot of the present

invention to provide an electronic structure that has a‘layer of

porous dielectric material formed therein whereln the layer of

porous material has a por031ty between about 0.1 vol. % and about

50 ‘vol %.

It .is yet another further object of the present
invention to provide an electronic structure that has a layer of

poreus dielectric material. formed therein = for electrical



_ insulation wherein the porous dielectric material has a

dielectric. constant between about 1 and about 3.



Summary of the Invention
‘In accordance with the present invention, a method for
forming a porous dielectric material layer in an electronic

_ structure and the structure formed are disclosed.

In a preferred embodiment, a method for forming a
porons dielectric"material layer in an electronic structure can
~be " carried ‘out by the steps pf providing a pre-processed
electronic_snbstréte, depositing a layer of non-porous dieléctnic
-métérial“on.top Of:the preeprocessnelectronic,substféte,fcuring
the electnonic.substfaté-at a firgt.tempeiature typiéally abbut
_ZSQYL defining and patterning the layer'of non-porous diélectric
materiéi, ‘and curing the electronic substrate at a second
témpéranure highéi'than.the firsn temperature (typically”abcunﬁ
356T3.to .abont. 450°C) - 'transfonming_ the nnn;porons' dielectric’

material into a porous dielectric material.

In the method for forming a poroué dielécnric'material
layer in"an electronic structnre, tne non-porous ’diélectric
'-_matérial is.substantially a dual-phase mateiiai while. the poroué

._§ielec£ric méterial is substantinlly a single-phase maﬁerial.
The ndn-pprous.diélectric.matérial may be a thsiqal mixture of
a.thermal;y labile material and é thermally stable material. The

thermally stable material sets into a solid at the first curing-



temperature‘, and the thermally labile material dec_omposes and
volatilizes at the second curing temperature._' The method may.
further include the step of forming a mask layer on top of the
iayer_of non-porous dielectric material,_.er the step of forming
the. mask layer of at least one material seleeted frotn the group
- consisting of Si0;, Al:0s, siam-, "S8iC and SiCOH. The method may
. further include the step of forming the mask layer to a thickhess
‘'of not greater than 1'00l nm. The method may further include the

step of providing a pre-processed silicon wafer.

The first temperature used may be between about 100°C
‘and about 350°C,_'_the second terﬁperature used méy be gteater than.
.2500 and hlgher than -the ‘first temperature The method may
further include the step- of photollthographlcally definlng and
patternlng the laye_r of non—porous-dlelectrlc mater_:Lal, or the .
step of depositing th'e n_on-porbus dielectric material by a spJ.n |
'_co_ating ‘method. The _'porous material formed may have a 'porOSity
_ef .between about O;i 'vol.'__% 'and about 50 .vcl. %, or pr’eferab'ly a
porosity between about 5 vol. % and about 30 vol. $. The method
may further incluyde the step of depositing. the' layer of
non-porous _c_lielectric material to a thickness between about 100
nm and about 1000 nm. ~ .The non-porous dielectric meterial

depos:Lted may 1nclude methyl



silsesquioxane (MSSQ), hydrogen silsesquioxane (HSQ), 'silica and
éromatic thermoset polymers such as the SiLK® Semiconductor
.Dielectric or -FlareQ and at least one pore _generating labile

material or porogen of polymeric nature.

In another preferred embodiment, a method fpr forming.a
void-filled dielectric material layer in én electronic structure
may' be carried out by the ope:atiné steps of providing an
:electronic structure that has de?ices built on top, depositing a
'laye; -of a dual-phase dielectric ma;eriai consisting of= a
. thérma;ly stablé material ana a thé#mally'labile mate:ial on top.
of’tﬁe electronic structure, annealing the electronic strucfuie
. ét_é first temperature bétweep theisettingftemperature of the
'_thermally stable'nmtériai.ahd the decoﬁposition temﬁerature of
'-the_thermally'iabile ﬁaterial, photolithographically defining and
'patterﬁingnthé-dualf ph;ée dieiectric ﬁaterial, and annealihg the
. electkonic strﬁqtg;e'at a:second“temperature not less than the
*_decémposition ‘and volatilization temperature  of' the fhermaliy-
lébile néﬁerial forming a singlé~phése, voia—filled dielectxic

material.

‘In the method for forming a void-filled material layer
'in an electronic structure, the first temperature - may be a

. temperature between about 100°C and about 350°C, the segond



-

temperature may be greater than about 250°C and higher than the

first temperature. The thermally stable material sets into a

o soliri at the first annealing temperature, while the thermally

lablle material volatlllzes at the second anneallng temperature.

The method may further include the step of forming a mask layer
on top of the layer. of dual—phase dielectric material. The,
method may.further include the step of forming the mask layer of

at least one material selected from -the group consisting of SiO,,.

'Al,0s, SisNs,, SiC and SiCOH. . The method may further include

. the step of forming the mask layer to a thickness of- not greater:

than 100 nm The first temperature utilized may be between about

100°C and about 350°C, the second temperature. utilized may be

greater than'ZSOY: and higher than the first temperature. 'The
: p;nwthod may further 1nclude the step of dep031t1ng the layer ofz
'.dual—phase dielectric material by a spin. coating technique to a.

thickness between about 100 nm and about 1000 nm. '_The

single—phase,'ﬁoid—filled dielectric material mayacontain voids

df'between about 0.1 vol. % and-about~50 vol. %, and preferably

between about 5 vol. % and about 30 vol. %.

The present invention i further directed to an

electronlc structure that ‘has a 1ayer of porous- dlelectric_

- material formed therein for electrical insulation which includes

a pre- processed electronlc substrate, a layer of porous_



dielectfic material that has a porosity between about 0.1 vol. %

and about 50
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vol.. ¥ formed and patterned on the pre-processed electronic

substrate, and a conductive metal filling the pattern formed in

the'layer of porous dielectric material.

In the electronic structure that has a layer of porous

dielectric material formed therein for electrical insulation, the

porous_dielectric material has a dielectric constant of between
about 1 and about 3, or preferably between about.1;3 and about-
2.6. The conductive ﬁwtal forms an'intercohnect:between two
conouotive regions in the electronic structure,-the COnductive
metal may also form an" ihterconnect in a sihgle damascene
structure 'iﬁ . a semlconductor dev1ce, or ~a dual damascene
structure in a semlconductor dev1ce The conductlve metal may be-

copper, alumlnum, or other metals. such as 51lver, gold and alloys

'thereof

Brief-Descrigtionsof the Drawings

These and other. objects, features and advantages of the

_present' invention will become apparent from the following

detalled descr1pt1on and -the appended draw1ngs 1n Wthh'

Figure 1 is a process flow chart for the present
1nvent10n novel method for formlng a porous d1electr1c material

layer in a 31ngle damascene 1nterconnect structure
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Figure 2 is an enlarged, cross-sectional view of a

.present invention semiconductor structure with an ILD layer and a

hard mask layer formed on top.

Figure 3 is an enlarged, cross-sectional view of the
present invention structure -of Figure 2 with a photoresist layer

formed and patterned on top.

"Figure 4 is an enlerged, 'cross-sectional view of the

'present'invention'structure of Figure 3 with the-hard mask_léyer

patterned.

Figﬁre-s is an enlargedf'cross4sectional view of the
present 1nventlon semiconductor structure of Flgure 4 with the

ILD layer patterned and the photore31st layer removed

Figure- 6 is an enlarged, cross-—-sectional view of the

preseht invention . semiconductor structure of Figure 5 with a

liner layer depoeited.and cepper plated to £ill the via opening.

Figure 7 is an enlarged, cross-sectional view of the
present invention'semiconducter structure of Figure 6 with the

copper layeéer planarized"and a cap layer deposited'on top.

12



Figure 8 1s an enlarged, cross-sectional view of the

‘present invention semlconductor structure of Figure 7 after a

high temperature anneal to convert the ILD to a porous material.

Detailed Déscription_of the Preferxred Embodiment

The present invention discloses a method for forming a

dielectric material layer in an electronic structure, and more

particﬁlarly, discloses a method for forming a porous dielectric

material layer in an electronic structure by first forming a non-
_poroﬁs “dielectric material layer and then"pertially' curing,

patterning, and finally cﬁriﬁg the layer at .a highef temperafure

_than the partial'curing temperature to transform the non-porous

dielectric material into a porous dielectric material.

. The method can be carrled out by first prov1d1ng a pre-

'processed semlconductor wafer, dep031t1ng a 1ayer of non-porous
-dlelectrlc materlal on top of the pre-processed -semiconductor

'wafer, curlng the semlconductor_wafe; at a flrst temperature of

not higher than 350°C, _defininé and patterning the layer of

non-porous dielectric material, and curing ' the - semiconductor =

wafer at a second temperatuie higher than the first temperature
to transform the noh- porous dielectric material ;ﬁto a porous

~dieleetric material. In the preferred embodimentfmethod shown

13
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below, ~the non-porous dielectric material is substantially a
dual-phased material, while the porous dielectric material is

substantially a single-phased material. ' The non-porous

dielectric material may further be a physical mixture of a

thermally labile material and afthermally:stable material.

The present.invention-nmthod may further be used to
form' a _voi_d-filled' dieléctric material layer in an el_ect_ronic
structure by first providing an electronic structure that has
devioes built on- top, dep031t1ng a layer . of a dual—phase

dlelectrlc materlal con31st1ng of a thermally stable material and

‘a thermally lablle materlal on top of the electronlc structure,

' janneallng the electronlc structure at a first temperature high

'1enough to set and SOlldlfy the thermally stable materlal “but

, below the volatlllzatlon temperature of the thermally labile'

material, -photolithographically' defining - and patterning’ the
dual-phase dielectric materia;; .and annealing . the eiectronic_ B
struoture 'At 'a ; second temperature not - - less than '_the
volatlllzatlon temperature of the thermally labile materlal

forming a single phase, void~-filled dlelectrlc material. A

'sultable range for the flrst annealing temperature may be between

about 100°C and about 3500, a sultable temperature for the second-

.anneallng step may be greater than the flrst temperature.
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The inventioﬁ further disoloSes an electronic structure
that has a layer of porous dielectric material formed therein for
elecf:ical insulétion which inciudes a'pre;processed electronic
substrate, a layer of porous dielootric material that has a
porosity befwoén about 0.1 &ol. % and about 50 vol. % formed-and
patterned on the pre-processed electronic substrate, and a
oondﬁctive metal filling the pattern formed in the layer of
porous dlelectrlc mater1a1 The porous dielectric material may
: have a dlelectrlc constant between about 1 and about 3, and
preferably between about 1.3'and about 2.6. The conductive mefal
filiing' the pattern may"be copper, aluminum, oilver. or gold
forming a.lsingle _ damascene lor a dual damascene interconnect'

structure.

The present invention method therefore provides a
procéss which éliminates- the problem of the porous structure
being etched by reactive ion_étohing gases during a dieleotrio
matérial patterning process. The present invention 'mothod'
battérns the poroﬁs material prior to driving out the second
bhaso polymeric nm£efial such that'the'pfoblam of uncontrolled:
_ etch ratés can be avoided.':By'utiiizing thé preséﬁt inveﬁtion
-novel.method, structures can be bUllt w1th porous low -k materlals

such as’ Dendrlglass or porous SlLKLtype naterlals. The problem,

15



occurred in the donventional method is solved by taking advantage
of the properties of the porous material prior to driving out
the second phase material, i.e. the pore?forming agent, {(also
known as porogen) singé the film is hqmoéenéous and does not etch

"away in an uncontrolled manner.

Déndriglaés is a éhemical composition bontaining MSSQ
uﬁethyl—silsesquioxane) and - various émoun;s of a second phase
polyﬁeric materia;,.i.e. a pore-forming agentt Dendriglass can
be made into a porbﬁs-film'with a dielectric'constant in a range
between abdut 1.3 and about 2.6 depending on thé amount o: fhe'
second phaée-material_added to -the fill-n.= .The word “about” uséd

.in fhis'writing_indicatés'a range of valueéubf + 10% from the
'avefage value given. .The-second'phése pblymeric'materialf‘6r'the-
pore¥ formingfagéﬁt( is a material that is-gsuaily a'16ng.chainéd
polyﬁér which can be decomposéd.and volatilized and'driven from
the matrix material, i.e. MSSQ, after the film has been qured in

a first curing process.-

The préSent .invention methoﬁ. can :be carfiéd"out.'by
‘first spin-coating a filh'onto tﬁe surface of a silicén wafer and
 then "hot .plate curing ‘the film at 'ZOOYL _ér. at - & curiﬂg
témperature of less than 356@. Tﬁe film'fdrmed is.a-mixture of

© MSSQ with an embedded bofe-forming_agéﬁt throughout the f£ilm.

16



The film is,hsually deposited to a thickness between about 100 nm .
and about 1000 nm, or preferably between about-300nm and about
600 nm. A hard.mask ma-terial is then deposited on top o.f the.
._Silicon- wafer; The hard mask materlal may be formed of SiO,,
.Alz()a',_ SisNg, Si.C and SiCOH. ‘The hard mask 1ayer is used as an
etch stop and pattern repli‘cation during photolithography and as
a polish sbop during _ch_emical. mechanical bdlishing (CMP) . The
'hard mask can be compesed of more than one iayer of- materia_l',

' however, the total thickness is usually less than 250 nm.

A photoresi.st la&er is the_n applied on_teb of the wafer
and explosed'and cured'-at a temperature of about 200°C. Next, the
.'.hard mask layer is etched in a plasma etchlng process to remove
the hard mask in reglons defined by the mask in regions. on top of :
t_;he D_endrllglass. materlal. Since the’ Dendrlglass..fllm_ has only
been partiaily cured at the lower temperature, .there is no pore
 formation for attack by rhe reactive lon gases. Finally, the.
: cornpletelly .etchedl structure is .heate.d to a __temperarure '-higher '
-than the first bemperature, or preferabZ_Ly higher than 400°C to
450°C, _for a time period long enough to drive .out the seeond
- phase polymerlc materlal from the Dendrlglass resultlng in a’
-porous -l'ow-k dielectric film, The usual metal deposﬂ::.on process -

then proceeds with layers of barrier -metal/seed Cu_/plated Cu.

17



The void content in the final porous dielecfric film is between

"about 0.1 vol. % and

18



about 50 vol, %, or preferably between about 5 vol. % and about
30 vol. $ . The final curing temperature should be higher-than

250°C, and preferably about 400°C to 450°C.

The present invention novel-method can be.oarried out
without the application of the hard mask, i.e.zthe non-porous
Dendriglass material can be -covered with a photoresist ;ayer
.directly, which is. then exposed and oured as in the previously
.described'preferred embodiﬁent. -In this alternate embodiment,
the Dendriglass-film.isfpatterued'in a suitable plasma gas -and
then the photomask.layer is removed. 'The patterned Dendriglass

film is then heated to'a temperature higher than 4odb to 450°C -to

{ drive out the. second phase polymerlc materlal formlng a porous'_

_fllm. Flnally, a hard mask fllm is dep081ted conformally onto :
the _Dendriglass layer by a technlque such as 'chemical vapor
deposition-(CVD) which coats both the top surface and the trenoh
and. via sidewalls. The hard mask layer can be formed by any of

-~ the’ prev1ously descrlbed nmterlals and- serves to coat both' the

- top Dendriglass surface requlred for CMP etch stop, and the V1a

and trench 81dewalls requlred to prevent dlffu31on-pathways into
the Dendriglass.j-A preclean“step to preferentially sputter etch
any hard mask material at the bottom of the trench can be’

.optionally'used prior to

19,



‘depositing the metal layers. . The usual_ metal deposition
processes can then proceed which include the deposition of

barrier metal/seed Cu/plated'Cu.

The éecond phase polymeric material, or the porogen
material, can be a polystyrene, polymethyl methacrylate or a
poly- caprolacténe based material.. The weight average molecular
weight of such polymeric materials ranges-between aﬁout 2,000 and .
.about 140,000. The decomposition temperature of such polymeric

materials is about 2 ZSQYL

Referring now to.figure 1, wherein a process flow chért }
.utilizing-'the present ihventionl novél- method'.for forming a
_'singleJ QamASCéne interconnect strﬁctﬁre_'isi shown. The .
.procéssiné .stepé 10~60 caﬁ be &éfergnced to Figures 2~8,
reSpéctivel&. In the'first step of the-bfocéés, as shown 'in sfep‘
lb of Figure 2;1 a 'semiconQucfor- wafér :70- that has g..mefal
-'coﬁductive‘layer 12 deposited on top is first spiﬁ—cpated witﬁ_an
ILD layer 14 of a silicon oxide matefiai. _Oﬁ top of the ILD

layer 14, is then deposited a hard mask layer 16 by a ghémical
vapor deposition, (CVD)ltechnique. The hard ‘mask can be formed
of a suitable material chosen from Si0; Al,0s SiN,, SiC, SiCOH
:or other_suitaﬁiéﬁhard.mask material. .The purpoSe~6f'thé hard

. mask layer 16 is to ‘act both as an etch'stop. and as a pattern |
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replication layer, ddring CMP and during photolithography,
respectively. The hard mask layer 16 may further be formed by
more than one layer of material, even though the total thickness

should be.less-than-250'nm._ The metal conductive layerllz may he
| suitably formed of a high electrical conductiﬁity materiai such

as copper, or aluminum or alloys thereof.

In the next step of the process, shown in step 20 of
Flgure 1 and Flgure 3, a photore51st layer 18 1s applled to the
top of the hard-mask layer 16, exposed and then cured at a
.temperature in'the order of 2OUC.__Hard'mask layer 16 is then
etched in a plasma etching process to remove the mask in those
regions deflned by the mask on top of the ILD layer 14. 1In the
“conventlonal method, thlS is the step where' the porosrty of the

-Dendrlglass causes its demise, since the’ reactlve gases used in

.. etching the hard,:mask also attack the Dendr1glass°.ahd thus -

“leaving behlnd a glass materlal w1th a h1gh dlelectrlc constant,
k 2-4 0 The etching step for the hard mask 1s shown as Step 30

1y

in Flgure 1 and in Flgure 4.

" The non-porous .ILD layer 14 is then removed in regions
defined in the mask by using a suitable plasma etching method.
This is'shown_in Step 40 of Figure 1 and in Figure 5. - The resist_'.

. layer 18 is further removed after the etching of the ILD layer 14
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for the opening 42. .As sﬁdﬁn in step 35 of Figures .1l and 8, the
completely etched structure 70 is then heated to a temperature
higﬁer than 250°C, and preferably in the 400’ to‘45§C range for a
- time period long'enough.to drive out the second phase polymeric
material, i.e. the porogen material from the Dendriglass
resulting in a porous low-k dielectric film. The conversion of

the ILD layer from non-porous to porous is therefore accomplished

in step 40, or in Figure 5.

In fhe next step of the procesé, i.e. step 50 shown in
figufé 1 and'in Figure 6, a liner_maferial depositién is first
conducted to form a liner 1ayér 52 on top of the hard mask layer
16. The linei layer 52 may be deposiﬁéd'of a matérial such‘aS'

-TéN;”TiN, Ti, Ta;.or.various combinatidhs for aqhie&iﬁg-adhesion'
: and diffusion barriér'propeities. “On top of the-iiner iayer 52,
is normaliy depositeq a :coppér seed layer, (not .shqwn) by
sputtering toffacilitéte,the subsequenf électiopiating §f copﬁer
in fiiiing,the vié opening 72, Afte: the via obéning 52 13_
. fiiled with copper 54, the gléct#onic.ét?ucture_TO'is plaharizéd
by a cmemical_nechanical.polishing method to achieve a planér
surface 56 on top of thé cbppér via 54. Thé porégen méy'be~d£iven

out at this point _ ) s
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if desired, as shown in step 65 of Figure 1. 'A-cap layer 58 of
an insulating material such.as silicon carbide or silicon nitride
is then deposited on top to prevent diffusion and to protect the

electronic dévice 70 from mechanical abrasion or other damages.

The present invention.novel method for forming a porous
dielectric material layer can further be used to form a dual
damascene interconnect in a semiconductor structure. The process
for forminé the dual damascene interconhect in a semiconduotor
structure can be carried out by incorporating a hard mask layer
‘on top of a non—porous dielectric layer and then, either removing
the hard mask layer prior to volatlllzlng a pore formlng agent or
leav1ng the hard mask layer in the semlconductor structure when

the‘hard mask utilized is permeable to the pore-forming"agent.

For. ir.lst.anoe, :;Ln the first_method of forming a duai
damascene interoonnect: with .a- non-permeable hard mask 1ayer,
after a layer of_a:non-porous dielectric'materiai that contains a
'pore¥ -forming agent ie deposited on top of a pre;prooeséed
.eemiconductor structﬁre, a hard mask layer is formed on top-of
the non-porous dielectric material. A cavity for a. duai
damascene interconnect in the non-porous dielectric'materiai is
_then formed and fllled with an electrlcally conductive metal to

" - form the via and llne for the dual damascene 1nterconnect The
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hard mask layer is then removed by an etchingfprocess, of éithef
dry.or wet etching, prior to a curing process conducted at a
temperature .sufficiently high, i.e, higher than 250°C, as. to
volatiliié the pore—ﬁorming agent from the non-porous dielectric
‘material, thus forming a porous dielectrib‘material for thé:dﬁal

damascene interconnect.

Alternéfively, when a hérd mask layer is formed which
is permeabie ‘to the pore—forming- égeﬁt lcontained in. the
non-porous dielectiic méterial, the'hard mask 1ayer_may be leff
.inéidé the .semicondudtor étruéturé during the - curing proéeSs
cénducted at high témberature siﬁce the pore~-forming :agent
volatilizes and escapes ﬁhréu@h-the permgaﬁlé'hérd maék layer.
:Aftér thg'formapion.of-fhe porous dielectric ﬁaterialﬁlayef;'thé
~ semiconductor structure méy be; élanarized"and lén ihsulatipg
material 1ayér, i.e.'a cép iayer, may'be deposited on fbp.as a
_diffusiQn.bairier and protection from ébfasiqn or 6thep~phy§ical

- damages. -

R A suitable hard mask iayer'that is permeable to the
-1pore—' forming agent may. be selected from S51COH, methyl
,-silseéquiqxane: (MSSQ),. hydrogen silsesquioxane - (HSQ} and
diamond-like carbon (DLC). A suitable thickness for the

. permeable hard mask layer should be. less than 250'nm.
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The present invention method may fufther be carried out
by incorporating the porosity as preformed particulateé on the
molecular size scale, i.e. to spin-on a solution with insoluble,
cross-linked, thermally liable particulates.. In this case, the
process could be started with a dense two phase material instead
. of a single phase homogeneous material. The patterning_ and

burnout would be the same as previously stated.

' The-presént”invention novel method for forming a porous
dielectric layer in a.semiéonductor structu:e and the structure

formed by the ﬁethod. have beenf aﬁply'.described in the "above

description and in the appended.drawings of Figures 1~8.

While the present,invéntion has been described in an
'_illustratiﬁe manner, it should be understood that the-términology
used is intended to be in a nature bf,words'of'desciiption-rather\

- than of limitation.
Fﬁrfhermore, ﬁhiie the presént invention- has been °

.described in terms of a'preferred"and’alternate embodiment, it is

to .be appreciated that those skilled in the art will readily



apply these teachings to other possible variations of the

inventions.
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In addition, the- fabrication scheme exemplified for the
Déndriélaés (porous MSSQ) can be practiced using'any ofher porous
dielecﬁric films Qherein the rémnant material is a higher'thermal_
stabiiity organic_ material,_ silica, hydrogen silséééuioxane

benzocyclobutene or combinations thereof.

The embodiment.of the invention in which an exclusive

.property or privileée is claimed are defined as follows;
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Claims '

1. A method for forming a porous dielectric material
layer in an electronic structure comprising the steps of:

providing e pre—proceseed.electronic suostrete,

depositing a layer of nonfporouS-dielectric material on
top of_said'pre—processed electronic substrate,

curing'said electronic substrate at a first temperature.
not higher than 250°C,

deflnlng and patternlng said layer._of non-porous
dielectric material; and

| curing said electronic ' subEtrate. at a second

temperature higher than said first temperature transformlng.sald

non-porous dlelectrlc materlal into-a porous dlelectrlc materlal.

2. A;ﬂethod for formingia porous dielectric_material
1eyer in en electronic structure according to Claim 1, wherein
' eaid non-porous dielectric materlal "being Eubstantially a
'dual—phase material whlle sald porous d1electr1c material belng

-~suhstant1ally a 31nglefphase_mater1al.

’
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‘3. A method'fpr'forming a ‘porous dielectric material
layer in an electronic structure.accordlng'to_Claim 1,.wherein
said non-porous dlelectric material being a physical mixture of a
‘low boiling temperature material and'a high boiling temperature

material.

4. A method for forming a porous dielectric material

layer in ‘an electronlc structure accordlng to Claim 3, wherein

'sa1d h1gh boiling temperature material SOlldlfleS into a s¢lid at

=sa1d first curlng temperature, said low boiling temperature

materlal volatilizes at sald second curlng temperature

5. A method for ferming a porbus'dielectric material

layer in an- electronlc structure accordlng to Clann 1 further

_comprlslng the step of forming a mask layer. on top of .said layer

of non-porous dielectric materlal.

6. A methed'fer forming a porous uielectric‘material
' 'layerl in an’ electronic structure' accordin(j to Claim 5 further
comprlslng the step of forming- said mask layer of at least one
materlal selected from the group consisting of SlOL.Alﬁh, Slﬂh,

"S8iC and SiCOH.
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7. A method for forming a porous dielectric material
- layer in an electronic structure according to Claim 5, further
comprising the step of forming said mask layer to a thickness of

‘not greater than 100 nm..

8. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 1, further

éompriSing the step of providing a pre-processed silicon wafer.

9. A mgthod'fqr-forming a porous dielectric materiai
llayer in an electronié structure according to Claim 1, wherein
said first tempefature is between about 100°C and about 250°C,’

-said 'sécon,ci -temperature is g-reater than 250'_’C.'

10. A method for forming & porous dielectric material -
- layer in ‘an electronic structiire according to -Claim 1 further
_comprising the step of photolithographically_ defining = and

- patterning said'layermof~neneporeus~die1ectriewmaterial;a_ﬁ

11. A method for forming a porous dielectric material’
layer in an electronic structure accordiné to Claim 1 further
comprising. the step - of depositing said layer of non—poroﬁs

dielectric material by-a spin coating method..

30 .



A

12. A method for forming a porous dielectric material
~layer in an electronic structure according to Claim 1, wherein
said porous material formed having a porosity of between about

0.1 vol. % and about 50 vol. %.

13. A method for'forhing a porous- dielectric material
_;ayer in an elec¢tronic structure aocording to Claim 1, wherein'
said poroué dielectric materiai formed preferably 'having a

por051ty of between about 5 vol % and about 30 vol. %.

14. A method for forming a porous dielectric material

rlayer in an electronic structure according to Claun 1. further
comprlelng the step of -depositing said layer of non-porous
.dielectricomaterial to a tﬁickuess.between about 100_nm and about'

-1000_nm;

15. A method for formlng a porous d1electrlc material
.1ayer in an electronlc structure accordlng to Claim 1, where1n 
said non—porous dielectric material is a material selected from
the group con51st1ng of methyl 31lsesquloxane, hydrogen
silsesqguioxane, benzocyclobutene, sillca and arometlc thermoset.
.polym'ers- such as SilK® and 'Flare® eud at least one porogen .of

polymeric- nature.
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16. A method for forming a void-filled dielectric
material layer in an electronic stfucture comprising the_steps
df;

providing aﬁ electronic strUcture having devices'built
on top,

'depositing a-layer of a dual-phase dielectric material
consisting of 4 high boiling- temperature .material and a low
boiling temperature material on top of said eleqtronic structure,
| " annealing said electronic structure at a first
_femperature Ib_etyveen a'-s;-olidifi.cation .temperature of said h--ig_h

' soiliné temperatﬁré'matérial and a'boiliné température of said
zlow boiling temperatﬁre méterial,

.photolithdgraﬁhiqally defining and Ipatterniné §aid |
dual- bhase-dieiectric.material, énd ; | o — |
| I._'anneélihg said -élecﬁronic- structuré.fat a second
tgﬁperapﬁre not less: than the boilihg temperaturé éf said low
boiliﬁg temperature material forminq a single-phase,.void—filled

dielectric material.

17): A method for forming a void-filled dieiectric
materialllayer.in_an électronic structure according to Claim'16,'
swhepein said first'temperature being .a temperature Betweeﬁ 100°C

and 250%Lnsajd second temperature being greater than 250°C.
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18. A method for forming a porous dielectric material
layer in an electronic structure acccrding'to Claim 16, wherein
said high boiling temperature material solidifies into a solid at

said first_annealing temperature, said low boiling temperature

material volatilizes at said second annealing temperature.

19. A method for forming a porous dielectric material

layer in an electronic structure according to Claim 16 further

- comprising the step of formlng a mask layer on top of ald layer

of non—porous dlelectrlc materlal.

'20.- A method fcr'forming & porous dielectric material

layer in. an electronic structure accordlng to Clalm 16 further o

'comprlslng the step of formlng sald mask layer of at least .one

materlal selected from the group con31st1ng of SlOL.AlAh, Slﬂh,

_ SlC and SiCOH.

21. A method for forming a porous dielectric material

_'layer-in'an electronic structure'according to Claim 16 further

.comprising the step of forming said mask lajer to-a thickness of

not greater than 100 nm.
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22. A method for forming a porous dielectric material
layer in an electronic structure.according to Claim 16, wherein

said first temperature is Dbetween .about 100°C and about 250%L_

said second temperature is-gréater than 250°C.

23. A method forlformipg a porous dielectric material
layef in an-electronic structure according to Claim 16 further
comprising the step of’ depositing said layer of dual—pﬁase
dielectric material by a spin coating techniqué to a thickﬁess.

between about 100 nm and ‘about 1000 nm. .

24, A method for forming a porous dielectfic_material
"'1ayer in an eledfrbnic structure according :to Claim 16, wherein
said singlerhase; void-filled_'dielectric mate;ial containing

: véid.of between about 0.1 vol. % and about 50 vol. $%.

~25.- A method fbr_formiﬁg a porous dielectric material
1éYer'in an electronic structure ac¢ording to Claim 16 wherein
said single phase, void-filled dielectric material containing

void b: between. ‘about 5 vol. % and about 30 vol. %.
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26. An_electronic_structure having a layer of porous
dieleotric material formed therein for electrical ineuletion,
comprising:

a pre~processed electronic substrete,

a layer of porous dielectric’meteriai having a porosity
between about 0.1 vol. % and about 50 vol. % formed and patterned
on said pre-processed electronic substrate,.and

a oonducrive metal filling said pattern.formed in said

layer of porous dielectric material.

27. An electronic structure héving a layer of porous
dielectric material formed therein- for electrical insulation
according'to Claim 26, whereln said porous dlelectrlc materlal_

hav1ng a dlelectrlc constant between about 1 and about 3.

28. An electronic structure hav1ng a layer of porouse
dlelectrlc materlal formed thereln for electrlcal insulation
'accordlng to clalm 26,. whereln sald porous dlelectrlc materlal

.preferably having a dlelectrlc constant between about 1.3-and

about 2.6.
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- 29, An electronic structure having a layer of poroue
dielectric material - formed therein for electrical insulation
accordiné te claim 26, uherein eaid conductive metal forms an
interconnect between two conductive regions in said electronic

structure.

30. An electronic structure having a layer ef porous
-dieiectric materiel formed therein for electrical .insulation
- according to Claim 26, wherein said-conductive metal forms an
interconnectjin a-single demascene structure iu said electrdnic-

- 8tructure.

_31h -An electronlc structure having a layer of porous.
'.dlelectrlc material formed thereln for electrlcal insulation
.accordlng to clalm 26, whereln ‘said conductlve n@tal forms an

interconnect in a dual damascene structure in said electronic

. 8tructure.

32. An electronlc structure hav1ng a layer of porous'
'dielectrlc material formed thereln for electrlcal insulation

' accordlng_to claim 26, whereln said conductlve metal is Cu or Al.
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33. A method for forming a dual damascene intercohnect
in a semiconductor structure comprising the steps of:

providing a pre-processed semiconductor structure;

depositing a layer of a non-porous dielectric material

that contains‘a'pore¥forming agent on- top of said pre-processed

semiconductor structure;
depositing a mask layer  on said non-porous dielectric
material;

forming a cavity for a dual damascene interconnect in

said nbn-porous dielectric material;

fllllng sa1d cav1ty for dual damascene  interconnect

with an electrlcally conductlve metal,

remov1ng sald mask layer by an etch.process}-

curing sald semlconductor structure at a temperature

sufflclently hlgh so as to volatlllze -said pore-formlng agent

from sa;d non-porous dielectric materlal and formlng a porous

~dielectric material;

planarizing said semiconductor structure; and

depositing-a dielectric material layér.on top Qf-thé

- semiconductor structure.
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34. A method for forming a dual dﬁmascene\interconnect
in a semiconductor structufe according to claim 33, wherein said
non-porous . dielectric material is selected from the group
consisting of me#hyl—éilsesquioxane (MSSQ), benzocyclobutene,
ﬁydrogen Silsesquibxane (HSQ), silica and aromatic. thermosét

polymers such as SiLK® or Flare®.

35.. A method for forming a dual damascene interconnect
in a semiconductor structure according to claim 33, wherein said

pore-forming agént-is a-poiymeric material.

36.. A method for forming a dual damascene interconnect
“in a semicdnducto;:structure-according to. claim 33, wherein said
“mask'layer is éeiectéd from the grpup.donsistiﬁg of Si0;, Al:0s,

'SisN;, SiC and SiCOH.

37. A method for forming a dual damascene interconnect
‘in a semiconductor strucfure according'to claim 33, wherein said
mask layer is depoéited to a thickness of not greater than_lOO

.nm ) .

38. A method for forming a dual damascene interconnect

- in a semiconductor structure accdrding‘ to claim 33 further
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éoﬁprising theistep of removing said mask layer by a dry etching
or a wet etching technidue. |

39.° A method for forming a duél damascene interconnecﬁ
in é semiconductor structuré according to claim 33' furthe;
pomprising the stép.of.curing said semiconductor stfucture'at a

temperature greater than 250°C.’

40. A method fo;_fofming a dual daﬁascene interconnect
in a seﬁiconductor structure according to c¢laim 33 further
'ébmprising the step of dépositing said layer of. non-porous
- dielectric material thét contains a pore-forming agenf by a spin
_coating'technique to a.tbickness 5etween aboutlloo nm and about

71,000 nm.

41, A method for forming a dual damascene inteﬁconneét
in a semiconductor structure according to claim 33, wherein éaid
- porous dielectric material formed has a pofosity between abqut'

0.1 vol. % and about 50 vol. %.
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' 42. A method for forming a dual damascene interconnect
in é éemicohductor structure-comprising the ‘steps of:
providing a pre-processed semiconductor structure;
depdsitiﬁg'a layer of a non-porous dielectric material-
that contains a pdre-forming agént on top of.said pre-processéd
semiconductor strugture;_
depositing a mask layer on said non-porous dielectric
.matérial,.said-mask layer being permeable to said pore-forming
'ageﬁt; | |
.-forming'a cavity fof a Aua1 damascene interconnect in
_:saia nbn—porous'dielectricimaterial{ |
filling said_ cavit& for 'dual damascene interconnéct
" with an electrically conductive me;él{_'
| plahérizipg éaid.semicondu¢tor.structuref
curing séid semicbndﬁcfdr”strpcture at a tempéraéﬁfe'
suffigiently high such’ that said pore-forming agent from séid
non- pqrous dieléctric material-eécapes through séid maék layer
forming a porbﬁs dielectric material; and - o
deposiﬁing a’dielecffic material layer-on:top of the

semiconductor structure. .
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43, A method for forming a dual damascene interconnect

in a semiconductor structure according to claim 42 further

cbmprising the step of depositing a. non-porous dielectric.

ﬁaterial that contains. a pore-forming_agent by a_épin coating

technique.

44; A-method.for forming_a dual damascene -interconnect
_in' a semicbnductor structure according to_ claim 42 further
comp;ising the step of depositing . a noﬁ—porous dielecfric
materié;__that containS' a .pore-fbrming aggnt._to a thickness

between abqutiloO nm and about 1,000 nm.

45..1A.method for formingua-duél.dama3cene interconnect

in a semiconductor structure according to claim 42, wherein said

'non;pdfoﬁs dielectric material. is selected from the group
consisting 6f methyl-silsesquioxane (MSSQ),,beniocyciobutene;
hydrogen silSésquioxane (HSQ), silica and aromatic thermoset

.~ polymers such as SiLK® and Flare®.

46. A method for forming a dual damascene interconnect
“in a'sem;conducto: structure according to claim 42, wherein said
.pdre-fbrming agent. is - a material 'of. polymeric. nature - that

:vqlatilizes at a temperature higher than 250°C.
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47. A method for forming a dual damascene interconnect

in a semiconductor structure according to claim 42, wherein said

mask layer belng permeable to said pore-formlng agent is selected

from the group consisting of SiCOH, methyl silsesquioxane (MSSQ),

hydrogen silsesquioxane (HSQ) and diamond~like carbon (DLC).

48. - A method for forming a-dual damascene interconnect
in a semiconductor = structure according to claim 42 further

comprising the step of depositing said mask layer to a thickness

- 0of less than 100 nm.

49, A method for formlng a dual damascene 1nterconnect

'fin a semlconductor structure accordlng to claim 42 further

comprlslng the step of'curlng sald semlconductor structure at a

temperature greater than 250°C.

50. A.method'for forming a dual damascene interconnect

- in a semiconductor  structure according to claim 42 further
‘comprlslng the step of - formlng said porous dlelectrlc materlal

. that contalns between about 0.1 vol '$ and about 50 vol. %

porosity.
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