A STRUCTURE AND METHOD OF LI NER Al R GAP FORMATI ON
BACKGROUND OF | NVENTI ON 1) FIELD OF THE | NVENTI ON The
enbodi ments of the invention relates generally to
fabrication of sem conductor devices and relates to
ai r-gap-containing netal/insul ator interconnect
structures for Very Large Scale Integrated (VLSI) and
Utra Large Scale Integrated (ULSI)seni conductor

devi ces and packagi ng, and nore particularly to
structures, nethods, and materials relating to the

i ncorporation of voids, cavities or air gaps into
multiple levels of multilayer interconnect structures
for reducing wiring capacitance. 2) Description of the
Prior Art Copper interconnects are forned using a dual
damascene process. The incorporation of |owk
insulator material may be acconplished by depositing
an etch stop layer 1 and a first |ayer of |owk
dielectric material over a copper interconnect. This
may be followed by an optional etch stop barrier

i nsul ator and then a second | ayer of lowk material. A

e ot Ry READ 0 E AT ERvEIRG AP Fp il *

first layer of lowk dielectric material to reach the
copper interconnect. A trench is then etched into the
second |l ayer of lowk material to aid in form ng

anot her | ayer of copper interconnects.

BACKGROUND OF INVENTION

1) FIELD OF THE INVENTION

The embodiments of the invention relates generally to fabrication of

semiconductor devices and relates to air-gap-containing metal/insulator interconnect structures
for Very Large Scale Integrated (VLSI) and Ultra Large Scale Integrated (ULSI)semiconductor

devices and packaging, and more particularly to structures, methods, and materials relating to the

incorporation of voids, cavities or air gaps into multiple levels of multilayer interconnect

structures for reducing wiring capacitance.

2) Description of the Prior Art

Copper interconnects are formed using a dual damascene process. The

incorporation of low-k insulator material may be accomplished by depositing an etch stop layer
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Barrier metal and copper are deposited by sputtering,
chem cal vapor deposition (CVD), electrochem ca
deposition, or a conbination of these nethods. The
deposi ted copper, and possibly the barrier netal,
wi Il then be planarized using chem cal mechani cal
polishing (CMP) to form copper interconnects. Ar
gaps have been used for intra-level insulators for
copper, while using silicon oxide or lowk at the
inter-level dielectric layers. The air gaps are forned
by deconposing sacrificial polynmer. However, prior
art air gaps can be inproved. The inportance of this
and a fischpercdllovsldicdetrid satenaldencechppyr inkecoandoe idiisn@ay be followed by
technol ogi cal devel opnent directed to the subject, as

an opt@elUIBN@Obdaycrlif@l e v & RRt@Rtla@Adf lohveletaictial. A via is then
literature. The nore rel evant technical devel opnents

etched tArouPR tHRAL&RY 1dylet SFBIU SaCRR Qf%’ et&l s@%ﬁ%ﬁ@insulator and the first
considering the followng. US 20020158337 Al- Babi ch,

I

layer o dietMlid nb@ iﬁl“t ir{atcﬁ E}Feoc’%pﬁé‘rtintéltc{)h%w "SrencR W tﬁéﬁ“&t&%d into

air gaps and ne od Yor na -"an ai'r-gap-contal ning

i nt.erconnect, Wi ri. structure is described .
the seqofd ShSE P Frig ety BB it wiolhef B & 413 58es injprgonnests.

. levels, and a conposite solid plus. air-gap dielectric

Barrief WeiaL%n%OPP‘?{q"“f QBT by spiospg R Tisat woar depogiggn (CVD)

Ellis; et at. Interconnect structure with air gap
eEectrqg:bﬁﬁ@@li dspesiign pr yeemapigdpnal dkese methods. The depos1tecig copper, and

possibly the barrier metal, will then be planarized using chemical mechanical polishing (CMP) to
form copper interconnects.

Air gaps have been used for intra-level insulators for copper, while using
silicon oxide or low-k at the inter-level dielectric layers. The air gaps are formed by

decomposing sacrificial polymer. However, prior art air gaps can be improved.

The importance of this technical subject is evidenced by the extensive
technological development directed to the subject, as documented by the relevant patent and
technical literature. The more relevant technical developments in the patent literature can be
gleaned by considering the following.

US 20020158337 Al- Babich, et al.- Multilayer interconnect structure
containing air gaps and method for making - an air-gap-containing interconnect wiring structure
is described incorporating a solid low-k dielectric in the via levels, and a composite solid plus

air-gap dielectric in the wiring levels.




i US 20020127844 Al - Gill et al. - Miltilevel
i nterconnect structure containing air gaps and net hod
for making. US 6,495,906 Snmith, et al.- Sinplified
process for produci ng nanoporous silica - relates to
| ow di el ectric constant nanoporous silica filnms and to
processes for their manufacture. A substrate, e.g., a
waf er suitable for the production of an integrated
circuit, having a plurality of raised |ines and/or
el ectronic el enents present on its surface, is
provided with a relatively high porosity, |ow
di el ectric constant, silicon-containing polynmer film
conposi t L6rR00UB 164678 022e, Al aicad, Inetcoahect stNamope/ithus gap
dielectric films with graded density and process for
compatibkiwith wikatded viafrs - rel ates to nanoporous dielectric
films and to a process for their manufacture. A
substrate having a plurality of raised lines on its
surface is provided wth a relatively high porosity,

| ow di el gt 5doa0 R4 AL Gl &t'a@omlﬁgf%él'z}?tleggpx&% s}fﬂﬁfuxe

conmposition positioned between the raise i nes and

contaitijfi égﬁg%ﬁlz%d e‘%o‘&%xol%lh}{ high dielectric constant,
SITIC

con ing )0osi tion positioned on the
lines. US 6, 423 630 Catabay,et al .- Process for
formng low K dielectric materi al betmeen netal |ines

- A proc di scl.osed for formng low k dielectric
rater] o DRGS0 SR § by St s arsesedy: polsgoporous

apart netal |lines previously fornmed over a dielectric
silica | glades toflovgdiclectric constant nanoporous silica films and to processes for their

manufacture. A substrate, e.g., a wafer suitable for the production of an integrated circuit, having
a plurality of raised lines and/or electronic elements present on its surface, is provided with a

relatively high porosity, fow dielectric constant, silicon-containing polymer film composition.

US 6,670,022 Wallace, et al.- Nanoporous dielectric films with graded density
and process for making such films - relates to nanoporous dielectric films and to a process for
their manufacture. A substrate having a plurality of raised lines on its surface is provided with a
relatively high porosity, low dielectric constant, silicon containing polymer composition
positioned between the raised lines and a relatively low porosity, high dielectric constant, silicon

containing composition positioned on the lines.

US 6,423,630 Catabay,et al.- Process for forming low K dielectric material

between metal lines - A process is disclosed for forming low k dielectric material between and
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integrated circuit structure. US 6,642,138 Pan, et

al .- Process of naking dual damascene structures using

a sacrificial polynmer - A nmethod is provided to

deposit and pattern a sacrificial polynmer, and form

metal |ayers. A double hard mask is used to pattern

and etch the sacrificial polyner. The double hard

mask may be formed at tenperatures bel ow 400. degree.

C. The sacrificial polyner is capable of being

deconposed to becone air gaps during annealing. US

6, 342, 722 Armacost, et al.- Integrated circuit having

air gaps between dielectric and conducting lines. US
over a glutd®y ePacedpart mstal Hhes-pravhibusiy fovedd esppéielectric layer of an

interconnects with lowk dielectrics and air gaps. 4
integraSIAVMARY st@ietuFElE | NVENTI ON The enbodi nents of the

present invention provides a structure and met hod of

a sem conductor device with liner air gaps next to

i nterconnects and dielectric |ayers. An exanple nethod

embodi meng ¢HAMNES ﬁ%ﬁ QL MpAGe& HnlkBHIduhCadnB¥E&he ¥R uds using
| ower dielectric layer and a | ower |nterconnect over a

a sacmga gﬁl&e‘? %efﬂ%rd vfd@& ﬁf&g@ﬂgﬁé{d s‘p g@;%%' Fgrlt'icnalﬁaﬁgmer and

Ic layer. openi n ewal

ectr acrlflc | i.n ve
form i1 ¥ b8 B R ey ks end bt R oo R s Th
c:loubleI hg}delags qgaeycge #ormed at rtngx(ljpe:mtures below 400.degree. C. The sacrificial polymer

is capable of being decomposed to become air gaps during annealing.

US 6,342,722 Armacost, et al.- Integrated circuit having air gaps between

dielectric and conducting lines.

US 6,423,629 - Ahn, et al.- Multilevel copper interconnects with low-k

dielectrics and air gaps.




that fills the opening. At sonme point in the process,

we renove the sacrificial spacers to formair |I|iner
gaps. There are three exanple options for the process
to formthe sacrificial liners. The above and bel ow

advant ages and features are of representative

enbodi nents only, and are not exhaustive and/ or

excl usive. They are presented only to assist in
under standi ng the invention. It should be understood
that they are not representative of all the

i nventions defined by the clains, to be considered
[imtations on the invention as defined by the
clainms, or |im SEHMMARYQFEHHEMNVENTFIQN t he cl ai ns.
For instance, sone of these advantages may be

nmut ual | y TRoambadiineiito bythe ipreséh atvehti@yproaidest stheture and method of
simul taneously present in a single enbodi nent.

a semisbiiubF HokiceSOMBlRAUADLAORN! ANiBtcABRAJcGaRH Gid RtrfN8yers.
aspect of the invention, and inapplicable to others.

Fur t her mar.e, .G %ﬁﬁ&ﬁba%&%ﬁhﬁen@éorﬁ%egm&@% diQ¥&QAL 119 over a

have not been di scussed herein. wever, no I nference

lower ?%&g{rg\}%%{ %rrlcf %%wre? gl%ﬁ%r%ngxg%ttohlgls ae Sdl% tlsa(fé! %ﬁg ﬂmﬂ%&%tﬁggnge&}

I ose no I SCUSSe erern ot

o S5 PR M O BRI B Te r

. .considered dispositive in determ njng equival ence.

liner ip\ganed oMe the Bt Bl FdNIGEHORIMCRYEEINGT ATHPPPPEHIOPRRPL is formed
wi || becone apparent in the follow ng description, .

that fifly herppévengd raiongpoind Huthe pesesshwee enzivadhe sgerificial spacers to form air

liner gaps.

There are three example options for the process to form the sacrificial liners.

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented only to assist in
understanding the invention. It should be understood that they are not representative of all the
inventions defined by the claims, to be considered limitations on the invention as defined by the
claims, or limitations on equivalents to the claims. For instance, some of these advantages may
be mutually contradictory, in that they cannot be simultaneously present in a single embodiment.
Similarly, some advantages are applicable to one aspect of the invention, and inapplicable to
others. Furthermore, certain aspects of the claimed invention have not been discussed herein.
However, no inference should be drawn regarding those discussed herein relative to those not

discussed herein other than for purposes of space and reducing repetition. Thus, this summary of
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Brief Description of the Drawi ngs The features and

advant ages of a sem conductor device according to the

present invention and further details of a process of

fabricating such a sem conductor device in accordance

with the present invention will be nore clearly

understood fromthe followi ng description taken in

conjunction with the acconpanying draw ngs in which

li ke reference. Figures IAthrul L are cross

sectional drawings for illustrating an exanple

enbodi nent for formng a line air gap of the present

i nvention. Figures 2A, 2B and 2C are cross sectiona
featurddraankdgstaes sholildust batdnnigemd dspaotid inex@nmpingg equivalence.

enbodi nent for foam ng the sacrificial liner of the
Additipfig $€Mired Andert irtazes bf QU fRSniA, wilBeafde 3papheinah®sslowing

sectional drawings for illustrating an third exanple
descrifTROFHMBAE drh®ingh AhliRdeh hbelagAeri ficial liner of the

present invention. 7 DETAILED DESCRI PTI ON OF THE

PREFERRED EMBODI MENTS L Overvi ew The exanpl e

enbodi ments of the present invention will be described

in detail wth reference to the acconpanying

drawi ngs. The exanpl e enbodi nents of the present

i nvention provide structure and a nethod of formng a

liner air gaps for interconnects. Enbodi nents show an

integration schene to formliner air gaps adjacent to




and/ or surrounding netal |ines and vias. The presence
of liner air gaps can significantly reduce the
effective intra-netal dielectric constant. Note, the
description and clains may describe | ayers and

i nterconnects as first, second, (e.g., levels) etc.,
but these are relative terns and | ayers or

i nterconnect can be forned at any level. An exanple
enbodi nent for fabrication of Iiner gap in a

sem conductor device is described below. There are
three preferred non-limting options to formthe
sacrificial lines. (See figures IH 11, 1J (1st
option), figures 2A-2C(2"d option), figures 3A-3C(3" d
option). ) Forman ILD |ayer Referring to figure IA,
we form an interBeéEDediiphiof bf the Diayneigs20 over a
substrate 10. 8 The substrate can includes a

sem condggl QatSetbaH e SiRBHo NP RLNIS: RPReQEcordRE & the
addi tional |ayers, such as epitaxial |ayers,

presen.g a}g'lg?t?dgfdgld f&?ﬁr Eg%@yﬁa}r@%s % g ali)lj(ied.a:ﬁgg IsLIcﬁ ra@@ﬂic%ﬂfglcw?%evice in

subs ustrated as a

i ngl i nplif he dr aw d .
sccoria el 1 b Ot GG Py e i e

.relevant. to.this inyeption. The i terleyel.%ierc ric
desc11Qtchn[§5ikqna19§9njp1§ctlﬁp gflgi;rt HISTOTBHRUE BEVRES ot like reference.

Figures [ A thru 1L are cross sectional drawings for illustrating an example
embodiment for forming a line air gap of the present invention.

Figures 2A, 2B and 2C are cross sectional drawings for illustrating an second
example embodiment for forming the sacrificial liner of the present invention.

Figures 3A, 3B and 3C are cross sectional drawings for illustrating an third

example embodiment for forming the sacrificial liner of the present invention.




material, oxide or other dielectric material. Forma
| ower interconnect Next, we forma | ower interconnect
22 in the ILD | ayer. The |ower interconnect can be a
W plug contacting the substrate surface. Forma |ILD cap
| ayer We then forman interlevel dielectric cap | ayer
26 over the interlevel dielectric |layer 20. The cap
| ayer is preferably conprised of SiNor SiC. The cap
| ayer preferably has thickness between 200 and 1000
A. A purpose of the cap layer is to act as an etch
stop and Cu diffusion barrier. forman |IMD1 | ayer W
forman inter nmetal dielectric 1 (I1MD1l) |ayer 30 over
the ILD cap layer 26. The inter netal dielectric
| ayer laterally separates interconnects on the sane
| eVBETATDEDI DESCRIFTTON OF Ui BRI ERRED DMBGDINVIESTS
| ayer. The inter level dielectric layer is preferably
conprised of a |lowk material such as SilK TM or
Coral TMor MSQ or other lowk nmaterials. The inter
nmetal dielectric preferably has a thickness between

. 2000 andp?@Qfw Forma ML trench through the | MD1
| ayer Referring to figure 1B, we forma M trench

[ 2 th h the |
(openi ng%"hg’ exagnplieoéJ odt1m§nts C')\QLG present invention will be described in detail

with reference to the accompanying drawings. The example embodiments of the present
invention provide structure and a method of forming a liner air gaps for interconnects,

Embodiments show an integration scheme to form liner air gaps adjacent to
and/or surrounding metal lines and vias. The presence of liner air gaps can significantly reduce
the effective intra-metal dielectric constant,

Note, the description and claims may describe layers and interconnects as
first, second, (e.g., levels) etc., but these are relative terms and layers or interconnect can be
formed at any level.

An example embodument for fabrication of liner gap in a semiconductor
device is described below. There are three preferred non-limiting options to form the sacrificial
lines. (See figures 1H, 11, 1J (1* option), figures 2A — 2C(2™ option), figures 3A — 3C(3™

option). )

Form an ILD layer

Referring to figure 1A, we form an interlevel diclectric layer 20 over a

substrate 10,




| ayer 30 over the ILD cap layer 26 to expose the ILD
| ayer 20 and plug 22. The ML trench 32 has sidewalls

on the M1 IMD | layer 30. Forma M sacrificial |iner
Referring to figure ID, we forma ML sacrificial liner
37 over at least the sidewalls of the M1 trench. The
sacrificial liner can be preferably fornmed any one of

the three options (discussed further below). In a
first option process shown in figure |l C and figure |
D (option 1), the sacrificial liner 37 is fornmed by
1) formng a sacrificial |layer 36 over the trench; and
2) anisotropically etching the sacrificial |ayer 36
t o f or m Thesubalcate tancirgludes memmiddhdudtoesubsicate findcmay include one or
| ayer can be the pore sealing material for porous
more ddditiogalllowrk suchhe epigxidl ldyersalsolaAyg (SOBMaRE ardie®o MR Ieched on
after deposition of next IMD layer to forma liner air

the suls@ite, FOrtildreths eaRntte aNtubthitéChs QR RGydr @ sitPBfy the drawings and
sacrificial liner layer are described further bel ow

explartiod, sinEQAIMY @ h aldifbndl ?4\5/@118 F L KLGOPREL hik iitl\/lelf’lﬁ](gl.t he
t E, we t

rench Referring to figure 1 E, orma firs

(level) Tﬂé %Ee(}ﬁoa%?etlec%rf’c ﬂﬁﬁ)ilgeir ps%ret:fgr%bly formed of an low K

material, oxide or other dielectric material.

Form a lower interconnect

Next, we form a lower interconnect 22 in the ILD layer. The lower

interconnect can be a W plug contacting the substrate surface.

Form a ILD cap layer

We then form an interlevel diclectric cap layer 26 over the interlevel
dielectric layer 20. The cap layer is preferably comprised of SiN or SiC. The cap layer
preferably has thickness between 200 and 1000 A. A purpose of the cap layer is to act as an etch

stop and Cu diffusion barrier.

form an IMD1 layer

We form an inter metal dielectric 1 (IMD1) layer 30 over the ILD cap layer

26. The inter metal diclectric layer laterally separates interconnects on the same level, The inter




trench 32. The first level interconnect 44 40 can be
conprised of a liner 40 and a netal first |evel
i nterconnect 40. The liner is preferably conprised of
Ta or Ti, TiNor other nmaterials. The liner
preferably has a thickness between 50 and 400 A The
liner 40 is not formed of a sacrificial material. The
netal first level interconnect 44 is preferably
conpri sed of copper or other conductive materials.
The metal first level interconnect 44 is preferably
formed by a deposition or ECP and CVP pl anari zati on
process. Optional renoval of sacrificial layer In an
metal dipfettoinad n képer apa@. sdAbe intdrdéval dinetter lakr is grefeblyemmpeskd of a
at this point in the process. The sacrificial
low k fateginl sakh sailEM eroved TM oMY opoitet Bwhiomhfeeals. The inter
process. Figure | F shows the liner air gap 45 forned
metal @Ek@t’fm&;?@eﬁ@@'}l‘ﬁ h HiddnedsiRBY®n 360@GLAI soeeAved. 11 Form
1 cap | ayer over the first |level interconnect As
shomn in figure IF, we forma IMD 1 cap |ayer 50 over
the first level interconnect 44 40. The IMD | cap
| ayer 50 can be conprised of silicon nitride or SiC

Forn?9%1 PeRER" AR g B b idjepess between 200 and 1000
angstrons.

Referring to figure 1B, we form a M1 trench (opening) 32 through the IMD1
layer 30 over the LD cap layer 26 to expose the ILD layer 20 and plug 22. The M1 trench 32

has sidewalls on the M1 IMD1 layer 30.

Form a M1 sactrificial liner

Referring to figure 1D, we form a M1 sacrificial liner 37 over at least the
sidewalls of the M1 trench. The sacrificial liner can be preferably formed any one of the three

options (discussed further below).

In a first option process shown in figure 1C and figure 1D (option 1), the
sacrificial liner 37 is formed by 1) forming a sacrificial layer 36 over the trench; and 2)
anisotropically etching the sacrificial layer 36 to form the sacrificial liner 37. The sacrifictal
layer can be the pore sealing material for porous ultra-low k. The sacrificial layer can be

decomposed after deposition of next IMD layer to form a liner air gap.
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Forma dielectric |ayer Subsequently, we forma (e.g.,
I MD2) dielectric |ayer 54 over the IMDL cap |ayer 50
and IMD | layer 30. The inter netal dielectric is
preferably conprised of a low K material (K< 3)
car bon- doped sil oxanes (OSGs), such as Silk TM from
Dow Chem cal (Mdland, Mch.), or Coral TM Novel |l us
and preferably has a thickness between 4000 and
10,000 A. forman opening in the IMD2 dielectric |ayer
As shown in figure 1 G we forman interconnect
opening 56 in the IMD2 dielectric |ayer 54 to expose
the IMD 1 cap | ayer 50. The opening preferably has a
dual dan#ibeemendaighbirdwptiona farithe sacahdhl lowehiyerpre 8@paribed
and a line trench opening 56B. forma sacrificial
furthet bol®@y. over the sidewalls of the opening 12 As shown

in figure IHand Il (and figures 2C and 3C), we forma
sacrificial |iner over the sidewalls of the opening.
Preferably, at least a portion of the sidewalls are
about vertical. The sacrificial liner is distinct

Forn} erbﬁlebmrﬁérddn@ebmfﬂrn Hhetepeni ficial differs from
the inter netal dlelectrlc (1 VD) Iayer at | east

because he%rr?r%gct[) gluf‘:el . we fgrm a rﬁrs% (level) interconnect 44 40 filling the

trench 32.

The first level interconnect 44 40 can be comprised of a liner 40 and a metal
first level interconnect 40. The liner is preferably comprised of Ta or Ti, TiN or other materials.
The liner preferably has a thickness between 50 and 400 A. The liner 40 is not formed of a
sacrificial material.

The metal first level interconnect 44 is preferably comprised of copper or
other conductive materials. The metal first level interconnect 44 is preferably formed by a

deposition or ECP and CMP planarization process.

Optional removal of sacrificial layer

In an optional step, the sacrificial material can be removed at this point in the
process. The sacrificial material can be removed at other points in the process.

Figure 1F shows the liner air gap 45 formed after the sacrificial liners 37 are

removed.
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property that allows the liner to be renoved or
deconposed in a subsequent step. Also optionally, the
sacrificial l|iner substantially smaller horizontal
width than the IMD or ILD I|ayer. Liner |ayer
typically follow the shape of the interconnect or the
i nterconnect opening in the dielectric |ayer.
I nt erconnect openings are typically forned in the ILD
and I MD layer, not in the liner |ayers. Conpared to
liner layers, IMD |layers or air gaps typically occupy
a mpjority of the horizontal space between
i nterconnects on a level. There are 3 preferred

Foroptai IMI1 Eap Idyermivey théérstdevefintérabnheckr.  OPTI ON 1- -
FIGURES 1H AND Il In a first option, (dep sac |ayer,
ani so et Qo)LL 6 if gl%%?ylém fdrfiS rmfbépu 154 &50loh88he it lefel

61B i s forned See figure 1H) fornming a

mtc:lcozlﬁlg [ |4]§1|46| ﬁle I:R@Fr a%pquc?\é%rcaﬁ Qg C(ﬁﬁp“aﬂy ?8{ sﬂTJb%'}ng (02)51(3 and

'sotropi ca sacriticlra
orn1s | fi acers 61A 61B on the
m£&”§$%§%ﬁﬂﬁ§kﬁﬁsgﬁ3@ﬂb 1@h@a@¥ 8%%& the first |evel
|nterconnect 44 40. 13 An advantage of Option 1, is
is no copper exposure to air after t he

Fomblééjé?fﬁﬁ fG {®ffof sacrificial materials. For a dual

damascene shaped opening, the sacrificial spacers

pr ef er abBybseqomgiy, wetbrafa (vigg IMDEhdivlcspachys BlAcathd IMDI cap

line trench spaces 61 B
layer 50 and IMD1 layer 30. The inter metal dielectric is preferably comprised of a low K
material (K< 3) carbon-doped siloxanes (OSGs), such as Silk TM from Dow Chemical
(Midland, Mich.), or Coral TM Novellus and preferably has a thickness between 4000 and

10,000 A.

form an opening in the IMD2 dielectric layer

As shown in figure 1G, we form an interconnect opening 56 in the IMD2
dielectric layer 54 to expose the IMD1 cap layer 50.
The opening preferably has a dual damascene shape with a via trench opening

56A and a line trench opening 56B.

form a sacrificial liner over the sidewalls of the opening
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OPTION 2 - FIGURE 2A, 2B AND 2C In the option 2, the
sacrificial liner 261A 261B is preferably forned by
(a) etching the cap layer 250 in the opening 256 in
the IMD [ ayer 254 to expose the first (level)

i nterconnect 240 244. Then we (b) forma sacrificial

| ayer 260 over the opening. Referring to figure 2B, we
(c) anisotropically etch the sacrificial layer 260 to
formsacrificial spacers/liners 261 A 261 B on the
sidewal | s of the opening and expose the first (level)
i nterconnect 240 (liner 244) . Figure 2C, shows an

i nterconnect 70 and liner (e.g., barrier |ayer) 268
fornmed. Alskap indigare B aahtl {dvbfizanee 2C8Ad € Weolomed. sacrificial
The sacrificial spacers/liners 261A 261B are renoved

liner ob/& thekieSPRCETthg dp&ning PPAAWZPat 16T $Ididn of the SHIRESIsIA; about
3B, AND 3C In a third option, (selective sac |ayer

verticlepo) referring to figures 3A and 3B and 3C, the
sacrificial liner 361 is forned by (a) etching the cap

| ayer 354t Qag;ggﬁgigﬁ €k ﬁ%i&fn@ﬁ%om Gl !)r)ILqu 'égérc’?%%ﬁmal

44. Then we orma sacri |C|a ayer 3 using a
ve Lt1.0n g} ver C e

differsstﬁ ﬁﬁbﬁteﬁfng ae§'1{slect iC (I f}} I(g%g ft egse; becaglFe %rg s%cﬁﬁ’sclgal ?n?r has a

HETERRE T
property that allows t e liner to be removed or decomposed in a subsequent step. Also
optionally, the sacrificial liner substantially smaller horizontal width than the IMD or ILD
layer. Liner layer typically follow the shape of the interconnect or the interconnect opening in
the dielectric layer. Interconnect openings are typically formed in the [L.D and IMD layer, not in

the liner fayers. Compared to liner layers, IMD layers or air gaps typically occupy a majority of

the horizontal space between interconnects on a level,

There are 3 preferred options for forming the sacrificial liner.
OPTION 1 -- FIGURES 1H AND 11
In a first option, (dep sac layer, aniso efch) See figure I, the sacrificial liner
61A 61B is formed by (a) (See figure 1H) forming a sacrificial layer 60 over the opening.
Then we (b) anisotropically etch the sacrificial layer and the cap layer 50 to
form sacrificial spacers 61A 61B on the sidewalls of the opening and expose the first level

interconnect 44 40,
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44. For exanple, referring to figure 3A, we formthe

sacrificial layer 361 over the dielectric |ayer(s)

(not over the conductive interconnect 44) using a

sel ective deposition process. As shown in figure 3B,

a liner layer 368 and a netal |ayer 370 are deposited

t hereover. As shown in figure 3C, the sacrificial

| ayer 361, liner layer 368 and netal |ayer 370 are

pl anari zed (preferably by chem cal - nechani cal polish

(CW)). A cap layer 80 and dielectric |ayer 84 are

formed thereover. The sacrificial |layer 361 is renoved

to from spacer gaps 372. The sacrificial |ayer 361

can be r edmadydntage aifyptivoilntis that thbre iprocepst. exposure to air after the

Conposition of the sacrificial |ayer For cases were
decomiphgtid:MY daaxyferialinsatdrinisred of a | ow k naterial that has

pores, such as Silk TM from Dow Chem cal (M dl and,

Mch.), Bbﬁ&&aﬂi@ﬁﬂ%@&le%aﬁﬁ%bﬁﬂ% MRS QEH RIS spaReh &@fcﬁlbiy

TM by Novel l as, the sacrificial Tiner is preferably

compl%earmﬁ%@n&fs Q&:?@G@?Qﬁd m& uéﬁ@ﬁ k& gipsuch as

Paryl ene- N ion or Q. sitions of the
sacr|f|C|aI r di thods 15
The sacr|f|0|3¢$ﬁyégr cgﬁEﬁﬁag%ﬁbfﬁgégﬁ% a materia
t hat can reno

In t%e option VZG the Yatificial liner 261 A 261B is preferably formed by (a)
etching the cap layer 250 in the opening 256 in the IMD layer 254 to expose the first (level)
interconnect 240 244.

Then we (b) form a sacrificial layer 260 over the opening.

Referring to figure 2B, we (c) anisotropically etch the sacrificial layer 260 to
form sacrificial spacers/liners 201 A 261B on the sidewalls of the opening and expose the first
(level) interconnect 240 (liner 244) .

Figure 2C, shows an interconnect 70 and liner {(e.g., barrier layer) 268 formed.
A cap layer 80 and IMD layer 84 are formed.

The sacrificial spacers/liners 261 A 261B are removed to form spacer gaps

272A 272B.

OPTION 3 - FIGURES 3A, 3B, AND 3C
In a third option, (selective sac layer depo) referring to figures 3A and 3B
and 3C, the sacrificial liner 361 is formed by (a) etching the cap layer 350 to expose the first
(Ievel) interconnect 44, Then we (b) form a sacrificial layer 361 using a selective deposition
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heat treatnent, light treatnent, or e-beam or chem ca
reaction. The sacrificial liner can be conprised of
carbon which preferably requires oxidation at 450C.
For exanpl es of carbon materials, see Anand, et al.
Use of gas as lowk interlayer dielectric in LSI's :
Denonstration of feasibility, |EEE transactions on

el ectron device, Vol. 44, no. 11, Nov 1997, pp. 1965

to 1971. The sacrificial liner can be conprised of
functionalized pol ynorbonene which deconpose at 425 C
or above. For exanple, see Kohl, et al., Air Gaps for

El ectrical Connections, Electrochem cal and solid

over theStaptiayet 854 @rdshe 1M1)2 giplectdidyd( AF9BYt.noChrhide fiest dlepdl pmtcrconnect
of sacrificial materials and renoval nethods include

44, poly (methy nethacrylate) (PMVA) and paryl ene (e.qg.,
pol y- par a- xyl yl ene sol d under the trademark

" Par al y| gpecampls hefEWMti; Refi 5 8IDK e Bytmhe @tigiciaPlay&B6$ over the
oxygen ashing, and/or [ow tenperature

dielec{r'rce}g)y%y(@] @gpmdsﬁ Q{eec%nd&%e gffézgcﬁltnhﬁ 4 Ak Q&E&ﬂ@@@%‘o?ﬁ%l@ Brocess.

mat eri a such as BF odrich's Unity ~ Sacrificia

| . ' _
(350 00 deupn e TR B FSTRAG LY U IARTPES & Ubfosiea

volatiles. In the case of Unity TM, the volatiles
thereoyelt yal |y diffuse through the bridge |ayer. Diffusion
h h [ I Kohl l.
through a bridge [ayer was denpnstrated hy Ko 3&%Vgr?aﬂ

for strdSeOPes Itbss? 36 HG sadEiyl Suer i i ilage
deposited by | ow tenperature PECVD. 16 Form a second
layer Yideet plemarieed Gngfseably by chemical-mechanical polish (CMP)).
A cap layer 80 and dielectric layer 84 are formed thereover.

The sacrificial fayer 361 is removed to from spacer gaps 372. The sacrificial

fayer 361 can be removed at any point in the process.

Composition of the sacrificial layer

For cases were the IMD layer is formed of a low k material that has pores,
such as Silk TM from Dow Chemical (Midland, Mich.), Black Diamond by Applied materials
and Coral TM by Novellus, the sacrificial liner is preferably comprised of pore sealing

material, such as Parylene-N, Orton or MSQ.

Compositions of the sacrificial layer for different removal methods
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Referring to figure 1J, we forma second | evel
interconnect 70 68 filling the opening 56. The second
| evel interconnect 70 68 is preferably conprised of a
netal liner (e.g., Ta, Ti or TaN, Ru, Ru oxide) 68
and a netal second |evel interconnect 70. The netal
liner is preferably a Ta | ayer forned by PVD. That can
be followed by a Cu seed | ayer depositions with PVD
foll owed by ECP Cu and anneal and CVMP. Preferably a
Cu seed layer is then deposited with PVD. Next, netal
second |l evel interconnect 70 is preferably fornmed by
ECP Cu. Then the interconnect is anneal ed and
pr ef er ablie pkafani lped chy be kempusdd-of mectanil dal cqpdieirsinoved by a
(CWP). Forman IMD2 cap |ayer Referring to figure 1 K
heat treatinentMiglg t@MmcMIdr cdpan ayehemdddi aaetiont he second | evel
i nterconnect 70 68 and the I MD2 |ayer 54. Forma | MD3
| ayer Referring to figure 1 K we forma |IMD3 | ayer 84
over the IMD2 cap |ayer 80. Renove the sacrificial

spacers tqQ Eﬁ‘aﬂmﬁﬂ lﬁnelr Eee ls\é\é of SAPHE WhilG r%refg:rabiy requires

sacr|f|C|a I ners/ spacers 61A 61B to formair
ox1dat1§g0§4? R B9T Cgpa EZ$2 gf Célg)%g 1ﬁ%terpaﬁse§eeen/-t&t?ain?] ge!r{gy eUsteh)j§as ﬁow -k

interlayer dielectric in LSI's : Demonstration of feasibility, IEEE transactions on electron device,

Vol. 44, no. 11, Nov 1997, pp. 1965 to 1971.

The sacrificial liner can be comprised of functionalized polynorbornene
which decompose at 425 °C or above. For example, see Kohl, et al., Air Gaps for Electrical

Connections, Electrochemical and solid —State letters, 1{1) pp. 49-51(1998).

Other examples of sacrificial materials and removal methods include poly
(methy methacrylate) (PMMA) and parylene (e.g., poly-para-xylylene sold under the trademark
"Paralylene™)which may be removed by organic solvents, oxygen ashing, and/or low temperature
{(.about.200.degree. C.) oxidation, and norborene-based materials such as BF Goodrich's Unity
Sacrificial Polymers. TM., which may be removed by low temperature (350-400.degree. C.)
thermal decomposition into volatiles. In the case of Unity TM., the volatiles actually diffuse
through the bridge layer. Diffusion through a bridge layer was demonstrated by Kohi et al. for

structures comprising Si0; (500 nm) bridge layers deposited by low temperature PECVD.
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The sacrificial material can be renoved by nmany
processes such as: heat treatnent (e.g.
deconposition), light treatnent (e.g., electromagnetic
radi ati on, deconposition), e-beam chem cal reaction
or selective etch (e.g., for single damascene
structure) Formadditional levels Referring to figure
I L, another |evel of interconnect with spacer gaps 90
92 are forned. Figure 1 L shows a cap |ayer 80, I|iner
86, interconnect 94, spacer gaps 92 90, dielectric
| ayer 84 and cap | ayer 98. The spacer gaps 92 90 can
be formed using any of the options described above.
Formhaddietond #dvedléntelrsomfiec¢tnt er connect and |iner air gaps
can be fornmed. The sacrificial liner is distinct from

a |'MD or Rl’:ﬂLEQ d’lgﬂ? ?%,ure lhe\(? %[;nll % &b evAl 1Btfeﬁrroﬁ%efcf g ﬁfﬁng the

inter neta tric ayer at |east because
a3 SRR DL B0 TR GBI R s .
tiona sac i fici [.i ner has
Ta, Tip B8 R 108 Sy Pk B ezt Bl BRAMREA t he 1 LD

and | MD Iayers Li ner |caIIy follow the sha
of the i hbereghheds Iefﬁf@ )ghga Tﬁ ay el oTRe Y P cThah‘gﬂélrbe
I nt erconnect opens are typically forned in the ILD and

followked/By b &persd laptr deposithoas pgthiIAViH2 followé by ECOPNDY drglypenenl and CMP.
typically occupy a nmgjority of the horizontal spacer
bet ween Preferably a Cu seed layer is then deposited with PVD.

Next, metal second level interconnect 70 is preferably formed by ECP Cu.

Then the interconnect is annealed and preferably planarized by chemical-

mechanical polish (CMP).

Form an IMD2 cap layer

Referring to figure IK - forming an IMD?2 cap layer 80 over the second level

interconnect 70 68 and the IMD?2 layer 54.

Form a IMD3 layer

Referring to figure 1K, we form a IMD3 layer 84 over the IMD2 cap layer 80.

Remove the sacrificial spacers to form air liner gaps

We remove the sacrificial liners/spacers 37 61A 61B to form air liner gaps

T2A 72B; and if present, remove the sacrificial spacers 37 to form air liner gaps 43.

17




I nterconnect on a |level. The enbodi nent's sacrificial
liner layer typically has a thickness between 100 and
1000 A. This contrasts with the inter nmetal dielectric
I ayer (m nimum design rule) horizontal thickness that
can range between 0.06 and 0.35 m For exanple in a
0.13 m ground rul e product, the sacrificial liner
woul d preferably have a horizontal thickness between
100 and 800 A. In a 0.13 pmground rule product, the
m ni mum di stance between interconnect would between
about 0.18 and 0.22 m The inter netal dielectric
| ayer would fill substantially all the horizontal
di st anceThetasgfmal hatciizitcen bormnectd by ey prtesconnlesd heat
typically has a horizontal width between 0.01 and 0.2
treatmBt (4.8 dbdongposition)g ARht Bdatifert 8 beectRhaymett rhdietien, ni mum
design rule, but between 0 and 100 % i n other areas.
decompB&tiSyP @HeAB Rherichll rBRtioRbF sd@Bvdash e, bpkihgWidRGascene
non-limting advantages: The liner air gap structure
Stmctlﬁ.%quld have nmuch better reliability performance
conpared to conplete air gap structure. The
intra-metal dielectric constant and the reliability
n be balanced by running the liner air
F°”ﬁ§$&@@@%2&$F%ﬁ in IMD or by choosing different | NMD
materials wth different E values and mechani cal
pr oper t i Bsterrmgdofigher [ La ppotheipevst ellisterroaneshwifh gpacer gaps 90 92
tolerate nore nechanical stress applied during
are forpredclEigeimd L shawha aap 1@ 860 lingraltt, hitqybremedt & edpapmtzapsd2cHn
be built.
dielectric layer 84 and cap layer 98. The spacer gaps 92 90 can be formed using any of the

options described above.

Additional levels of interconnect and liner air gaps can be formed.

The sacrificial liner is distinct from a IMD or ILD layer. The sacrificial
differs from the inter metal dielectric (IMD) layer at least because the sacrificial layer can be
removed or decomposed selectively with respect to the ILD and IMD layers.

Also optionally, the sacrificial liner has a substantially smaller horizontal width than the ILD
and IMD layers. Liner fayer typically follow the shape of the interconnect opening in the

dielectric layer. Interconnect opens are typically formed in the ILD and IMD layer, not in the
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19 The advant ages of sone of the exanple enbodi ments
i ncl ude sone of the follow ng advantages: Liner air
gaps can effectively reduce the intra-netal dielectric
constant., and hence RC delay and cross-talk etc.
The liner air gap structure should have nuch better
reliability performance conpared to conplete air gap
structure. Wth dielectric support, higher |evel
metal structure can be built. Wth the shrinking of
devi ces, copper interconnect is needed to apply |ow k
as IMD materials to mnimze the RC delay, cross
tal k, and power dissipation. Formation of air gap in
liner ldyoss. BEDLayent tgpicdhnectpy s mjoeityubittherbdrzosal sHat@arbetfeen
m ni m zing RC del ay. However, there are nmany issues
intercdnfsp@aizaddey reliability issues) associated with
conplete air gap (formng air gap in between netal
| i nes) copper interconnects. In the above description
nunmer ous specific details are set forth such as flow

rates, PiesaHiRiAe]! Al @hg@gg@ﬁ@%lgth% 2 tH k@ Hefween 100

to provide a nore thoroug
sent inventign. Lt wl|l bvi ous, .however, to one
and 1R TR <R e et e dEE kS g IR Sviepeficbe
. practiced without these details. |In other instances,
horizopja] fhigkpeswmhab paicengs ehivesn Ol amb@ RS sais dior pednlainged- At pm
in order to not unnecessarily obscure the present
ground mNeprbihat, the sacrificial liner would preferably have a horizontal thickness between
100 and 800 A. Ina0.13 um ground rule product, the minimum distance between interconnect
would between about 0.18 and 0.22 um. The inter metal dielectric layer would fill substantially
all the horizontal distance between the interconnects. The interconnect typically has a

horizontal width between 0.01 and 0.2 pum. The line air gap ratio can be 100 % in the minimuimn

design rule, but between 0 and 100 % in other areas.

The embodiment’s liner air gap has the following non-limiting advantages:
The liner air gap structure should have much better reliability performance
compared to complete air gap structure.

The intra-metal dielectric constant and the reliability performance can be
balanced by running the liner air gap proportion in IMD or by choosing different IMD materials
with different E values and mechanical properties.

The hiner air gap structure should tolerate more mechanical stress applied

during processes, such as CMP so that higher level metals can be built.
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20 Al'though this invention has been described rel ative
to specific insulating materials, conductive
mat eri al s and apparatuses for depositing and etching
these materials, it is not limted to the specific
materi als or apparatuses but only to their specific
characteristics, such as conformal and nonconfor nal
and capabilities, such as depositing and etching, and
other materials and apparatus can be substituted as
is well understood by those skilled in the
m croel ectronics arts after appreciating the present
i nvention Gven the variety of enbodi nents of the
present ilhyehtah@ges ofsbmdeste ichedyle thbodiabaty énclude some of the
description and illustrations show not be taken as
ﬁﬂm“&hﬂkmmﬂgfghe scope of the present invention defined
by the ainms. While the invention has been
. p]?l[tlgl] eﬁf"#ag)rs ¥ SRR %?%ug@ﬁ‘é Hﬂt&elq?t\ﬁf &iaecrtﬁé %]‘%Elﬁﬁ, anli®ence RC
e preferred enbodi nents thereo
%ﬂgerstood ?%ktgose skilled in the art that varlous
é@gcﬁﬁ Fmoand details may be nmade wit hout
departing fromthe s it and co e OL the _inventi
* 1 '1hq linet AF gpRIEEFC e Bhsy L{h%m 1 B i fap L Pesoamg compared to
simlar arrangenents and procedures, and the scope of
t ¢renpeip eridaristelclirtrs t her ef ore shoul d be accorded the
broadest interpretation so as to enconpass all such
o Madihfdidationgpamchigienidvalr marl sangenent be auid.
procedures. 21

With the shrinking of devices, copper interconnect is needed to apply low k as
IMD materials to minimize the RC delay, cross talk, and power dissipation. Formation of air gap
in the BEOL interconnect is the ultimate solution of minimizing RC delay. However, there are

many issues (especially reliability issues) associated with complete air gap (forming air gap in

between metal lines) copper interconnects.

In the above description numerous specific details are set forth such as flow
rates, pressure settings, thicknesses, etc., in order to provide a more thorough understanding of
the present invention. It will be obvious, however, to one skilled in the art that the present
invention may be practiced without these details. In other instances, well known process have

not been described in detail in order to not unnecessarily obscure the present invention.
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What is clained is: 1. A nethod of fabrication of

liner gap in a sem conductor device; conprising the

steps of : a) formng a dielectric |ayer over a

substrate; then b) form ng an opening in said

dielectric layer; said opening has sidewalls of said

dielectric layer; then c) formng a sacrificial |iner

over the sidewalls of said opening; then d) formng

an upper interconnect filling said opening; and then

e) renoving said sacrificial liner to formair |iner

gaps. ill 2. The nethod of claim| wherein before the

step of renoving said sacrificial liner, which further

i ncl udes Attboughrilys &veaipon lay beernodeseritedirelatingge specific insulating

i nterconnect and said dielectric |ayer. 3. The nethod
materig@l, @haidivd maheaBiand Sgyacht e rrigpdiamgand urhind aERs aRREials, it is

shape with a via trench and a line trench; said upper

not liniRHeS BRAP&SHC hdteANTBF dpphuREs Bt BREAb tﬂe'ir%ﬁémﬁ@éha@ac‘f@fsﬁés such
upper interconnect; said openi ng exposes a | ower

as conquxtngf | & afotnfon al, EH@C 51“9%9 g&ch(‘ajs%éﬂsln’%ﬁ'{mﬁ @ﬂcﬂinﬁaﬁn‘a other

sacrl | ner

matengiﬁa %%lprpéll a? S clap %bsﬁtuﬁerd a5 és we EQ ecper (I%((:il bgl ﬁi?sg % leil in t]h% rm
on t he S|demalls of sald openi ng

Cri
mmm‘g‘ﬁé{r"&?b%’gseaf?r PPRKE?Iatf BT ST EE ot

Given the variety of embodiments of the present invention just described, the
above description and illustrations show not be taken as limiting the scope of the present
invention defined by the claims.

While the invention has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the
invention. It is intended to cover various modifications and similar arrangements and
procedures, and the scope of the appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and similar arrangements and

procedures.
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5. The method of claim1 wherein said sacrificial
liner is fornmed by (a) formng a sacrificial |ayer
over said opening, and (b) anisotropically etching
said sacrificial layer to foamsacrificial liners on
the sidewalls of said opening and expose a | ower
i nterconnect; and said sacrificial liner is conprised
of via trench spacers and line trench spacers. 6. The
nmet hod of claim 1 which further includes before step
(a): formng a lower dielectric layer and a | ower
i nterconnect over said substrate; formng a |ower cap
| ayer on said lower dielectric |ayer; and said opening
is formed by etching said dielectric |ayer and said
| ower cap |layer to expose said | ower interconnect,
and formng a sacrificial |ayer over said opening, and
ani sotropically etching said sacrificial |ayer and
What 22l ntpper cap layer to form sacrificial liners on
the sidewal |l s of said opening and exposing said | ower
interconnect 7. The method of claiml| wherein said
1. A n}e %El off Ta%h@!ltlon orf'%lf‘liﬂl apiitt 11? b g%gschydu QL H&\p& @or%@?s&{g thg Et@;!;s of :
eposition ove
hod of claim1l wherein

a)ﬁganaagﬁ%Fﬁﬁi@¥3HOV?6§WQ§%%SFF§ed of pore seallng

mat eri al . | %Ef net hod of claim,1 wherein_sajd
b) fogniagpp PB?%"Pg 10 $pi dielsctais hayier: sid opening hasisideivalls elisaid diglpetric
be renoved by a heat treatnent, |ight treatnent.

elapesathen or cheni cal reaction. 23

¢) forming a sacrificial liner over the sidewalls of said opening; then
d) forming an upper interconnect filling said opening; and then

e) removing said sacrificial liner to form air liner gaps.

2. The method of claim | wherein before the step of removing said sacrificial liner, which further
includes forming a cap layer over said upper interconnect and said dielectric layer.

3. The method of claim 1 wherein said opening has a dual damascene shape with a via trench
and a line trench; said upper interconnect is comprised of a metal liner and a metal upper
interconnect; said opening exposes a lower interconnect.

4. The method of claim 1 wherein said sacrificial liner is formed by (a) forming a sacrificial
layer over said opening, and (b) anisotropically etching said sacrificial layer to form sacrificial

liners on the sidewalls of said opening and expose a lower interconnect.
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10. The nmethod of claiml wherein said sacrificial
liner is conprised of carbon. 11. The nethod of claim
| wherein said sacrificial liner is conprised of
functionalized polynorboinene. 12. The nethod of
claiml wherein said upper interconnect conprised of a
barrier liner and a netal upper interconnect. 13. The
nmet hod of claim| wherein said air |iner gaps have a
wi dt h between 100 and 1000 A and the m ninmum
hori zontal distance between said upper interconnect
and an adj acent upper interconnect on the sane |evel
is between about 0.06 and 0.35 m 14. The net hod of
5. Theohahad df ovhier leviersiai caid pgreificiahtier coforreat bshia$ farming a sacrificial
hori zontal wi dth between 0.01 and 0.2 m 15. A nethod
layer ®kr faabopenaig and () ahis@tecsm@alp etching sSidFhEHTGHI Ciyef totBMh ERiificial

conprising the steps of : a) formng a first IMD
liners | QYBE sRYRAIPIShTY E;u aﬁd@@o&)a IHREMhREAnsEeRah
through said firs | ayer to expose the top surface

said S&%Ilﬁ(éjlq l(?ne‘?‘ig Ws@d of %Q'txgnéhr gf ?smmn%greﬁ I?sﬁ)\sé?é (4.5 on

|rs ayer ; then ormng a
) dewal | s of said
6. The HF&& ({10&1%‘&1 ng ch %}Tﬁﬂer lﬁdgd(?si refso efﬂ?ﬁ éab‘connect filling
a first | MD cap | ayer

23 Ie(rj tsgie C%:I}gtsz{] I%Qfﬁ{e @F%&Elg :ézg%r andidgwenipterconnect ove):/r said substrate;

forming a lower cap layer on said lower dielectric layer; and

said opening is formed by etching said dielectric layer and said lower cap
layer to expose said lower interconnect, and

forming a sacrificial layer over said opening, and

anisotropically etching said sacrificial layer and said lower cap layer to form

sacrificial liners on the sidewalls of said opening and exposing said lower interconnect.

7. The method of claim I wherein said sacrificial liner is formed by forming a sacrificial layer
using a selective deposition over said dielectric layer,

8. The method of claim | wherein said sacrificial liner comprised of pore sealing material.

9. The method of claim 1 wherein said sacrificial liner is comprised of a material that can be

removed by a heat treatment, light treatment. e-beam, or chemical reaction.
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f) formng a second IMD dielectric |ayer over said
first IMD cap layer and first IMD layer; then Q)
form ng an opening in said second IMD dielectric |ayer
to expose said first IMD cap layer; then h) formng a
sacrificial liner over the sidewalls of said opening;
then i) formng a second interconnect filling said
opening; then j) formng a second | MD cap | ayer over
sai d second interconnect and said second I M | ayer;
k) formng a third IMD | ayer over said second | NMD cap
| ayer; 1) renoving said sacrificial liner to formair
l'iner gaps. 16. The nethod of claim 15 wherein said

10. Tho preattiodgpflalaem d vehgedin daideseodivenl ihape conprived of/¢ambdm ench
and a line trench; said first [evel interconnect is
conprised of a liner and a netal first |evel
i nterconnect; and and said second interconnect is

11. The MBHIdSEdI20h 1avHRBSiRIsaldisA@Ifica tind i5BSAprised 6F Gittbtionalized
i nterconnect. 17. The nmethod of claim15 wherein said

polync86thédel i al liner is formed by 1) formng a
sacrificial |layer over the trench; and 2)

12. Thgg%eg% ro?@ia?ﬁll !%e?eth? I@Jﬁg gl?pcé?En%r%@n%rejztfcig&ipﬁgedl ¥t Iiflﬁg’ra a

sacriti Cl

metal upper interconnect.

13. The method of claim 1 wherein said air liner gaps have a width between 100 and 1000 A and

the minimum horizontal distance between said upper interconnect and an adjacent upper

interconnect on the same level is between about 0.06 and 0.35 pum.

14. The method of claim | wherein said upper interconnect has a horizontal width between 0.01

and 0.2 pm.

15. A method of fabrication of liner gap in a semiconductor device; comprising the steps of :

a) forming a first IMD layer over a structure;then

b) forming a trench through said first IMD layer to expose the top surface of said structure;

said trench having sidewalls on said first IMD layer; then
c) forming a first sacrificial liner over at [east the sidewalls of said trench; then
d) forming a first interconnect filling said french; then

¢) forming a first IMD cap layer over said {irst interconnect; then
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25 18. The nmethod of claim 15 wherein said sacrificial
liner is fornmed by (a) formng a sacrificial |ayer
over said opening, and (b) anisotropically etching
said sacrificial layer and said cap layer to form
sacrificial spacers on the sidewalls of said opening
and expose said first interconnect. 19. The nethod of
claim15 wherein said sacrificial liner is conprised
of a material selected fromthe group consisting of.
pore sealing material, carbon, and pol ynorbornene. 20.
The nethod of claim 15 wherein said sacrificial |iner
is conprised of a material that can be renoved by a
f) forlmaiat a sacead HéDtdieltdatghtayer et nad fipst EMOmap ddyer salctinsoD dayer;
e- beam exposure. 21. A nethod of fabrication of |iner
gagn i n a sem conductor device; conprising the steps of
: a) formng a first IMD |ayer over a structure; then
g) foldin &h H’%éih%gamtsﬁlﬁ@%nﬂ hr@u@bles@at thybd toekpdsVBaik IYQNMMIPcap layer;
expose the surface of said structure; said trench
hayi ng sidewal I's on said first |IMD |ayer; then c)

forn1ng a sacrificial liner over at |east the
fi
R R R i R

. .I'st a er..over. said fi | evel

) fo’?“l’ﬁ‘%? %%ﬁ‘ilfjel@fegcoc“ﬁécﬁ fiflyngrsgid Apsping ¢ g%pcond | MD | ayer over
said flrst I MD cap | ayer .and fjrst INMD | ayer; then

J) forpwgng srgouhINBEAR et QY cs sidiseseco P pbei a@fi sl spcongt é’% layer;
to expose said first |NMD ca? | ayer ; then

k) forming a third IMD layer over said second IMD cap layer;

f) removing said sacrificial liner to form air liner gaps.

16. The method of claim 15 wherein said opening has a dual damascene shape with a via trench
and a line trench;

said first level interconnect is comprised of a liner and a metal first level
interconnect; and

and said second interconnect is comprised of a metal liner and a metal
second interconnect.
17. The method of claim 15 wherein said sacrificial liner is formed by 1) forming a sacrificial
layer over the trench; and 2) anisotropically etching said sacrificial layer to form said sacrificial

finer.

25




h) formng a sacrificial liner over the sidewalls of
said opening; then i) form ng a second | evel
interconnect tilling said opening; 26 1) said second
| evel interconnect conprised of a netal |iner and a
nmetal second |evel interconnect; then j) formng a
second I MD cap | ayer over said second | evel
i nterconnect and said second IMD |ayer; then k)
formng athird IMD | ayer over said second I MD cap
| ayer; 1) renoving said sacrificial liner to formair
liner gaps; and renoving said first sacrificial
liners to formair trench Iiner gaps. 22. The nethod

18. ThefnetodiofcRiim Wiferlsrein sad dactificsd lihaveformed ey @ rfmmaitg a sacrificial
conprised of a liner and a netal first |evel

layer ovBt @fCepenRg! and®) afib@ropdatiodtchingchidisaardikiavhgeednd saidiodp layer
sacrificial liner is conprised of via trench spacers

to form@ BedrifibiaNat &rE e heSRRGBNSof sdill- optiag BRY HRsOfaiChidi Middonnect.
wherein said sacrificial liner is forned by (a)

19. ThE LfldABr SR 1 »(/S?efr?dx VR4 s&iiclaPHad: §&m§fﬂ%@<§@f SAbrill ERLied

|nt er connect, orm ng a SaCFI I Cl ayer over

and anlsotro i cal n ald
o QbR P R S B R0 For
sacr.i fi

20. Thg Wt@gﬁgggng g Sglpeqrrég t(s)aﬂ?{ %z?cgllﬁg%lﬂ ﬁlé%t is Scompl iSe Io? ar Tﬁlteriap%at can be

removed by a heat treatment, light treatment, chemical reaction, or e-beam exposure.

21. A method of fabrication of liner gap in a semiconductor device; comprising the steps of :

a) forming a first IMD layer over a structure; then

b) forming a trench through said first IMD layer to expose the surface of said structure; said
trench having sidewalls on said first IMD layer; then

¢} forming a sacrificial liner over at least the sidewalls of said trench; then

d) forming a first interconnect filling said trench; then

e) forming a first IMD cap layer over said first level interconnect; then

f) forming a second IMD layer over said first IMD cap layer and first IMD layer; then

g} forming an opening in said second IMD dielectric layer to expose said first IMD cap layer ;
then

h) forming a sacrificial liner over the sidewalls of said opening; then

i) forming a second level interconnect {illing said opening;

26




25. The nethod of claim 21 wherein said sacrificial
liner is fornmed by (a) etching said first IMD cap

| ayer to expose said first interconnect, (b) formng a
sacrificial layer using a selective deposition over
the sidewalls of said first IMD cap | ayer and said
second IMD dielectric layer, but not on said first

i nterconnect. 27 26. The nethod of claim 21 wherein
said sacrificial liner is conprised a materia

sel ected from the group consisting of. pore sealing
mat eri al, carbon, and pol ynorbornene. 27. The nethod

of claim?21 wherein said sacrificial liner is
conpr i sleédaidfseanditvel intcanhent caaprited of s ety Gokrtapd a nieéd tsecond
treatnment, light treatnent, chem cal reaction, or

e- beam@xpasuwoanecZ8henlThe net hod of claim 15 wherein
step (1) further includes renoving said first

) fo;%ﬁﬁg b Eéc@h@ MDbi c@? Tayer &2r saill ScciRd ROM iRkrceh@icNMniXaN@ERINIMD
step (i) and before step Q further includes; renoving

szg.&éhrst sacrificial liner. 28

k) forming a third IMD layer over said second IMD cap layer;
I) removing said sacrificial liner to form air liner gaps; and removing said first sacrificial

liners to form air trench liner gaps.

22. The method of claim 21 wherein said first level interconnect comprised of a liner and a
metal first level interconnect.

23, The method of claim 21 wherein said sacrificial liner is comprised of via trench spacers and
line trench spacers.

24. The method of claim 21 wherein said sacrificial liner is formed by (a) etching said first IMD
cap layer to expose said first interconnect, (b) forming a sacrificial layer over said opening,
and (c) anisotropically etching said sacrificial liner and said first IMD cap layer to form
sacrificial spacers on the sidewalls of said opening and expose said first interconnect.

25. The method of claim 21 wherein said sacrificial liner is formed by (a) etching said first IMD
cap layer to expose said first interconnect, (b) forming a sacrificial layer using a selective
deposition over the sidewalls of said first IMD cap layer and said second IMD dielectric layer,

but not on said first interconnect,
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26. The method of claim 21 wherein said sacrificial liner is comprised a material selected from
the group consisting of: pore sealing material, carbon, and polynorbornene.
27. The method of claim 21 wherein said sacrificial liner is comprised of a material that can be

removed by a heat treatment, light treatment, chemical reaction, or e-beam exposure.

28. The method of claim 15 wherein step (1) further includes removing said first sacrificial liner.
29. The method of claim 15 wherein step (i) and before step (j) further includes; removing said

first sacrificial liner.
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