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A NOVEL DUAL METAL—OXIDE LAYER AS AIR BRIDGE

3 .

BACKGROUND OF THE INVENTION

. Field of the Inventron )

This invention relates generally to the fabrication of sem1conductor devices and
more specifically toa method for reducmg the d1electr1c constant of rnatenals used to

separate conducting leads. and structures in those devices.

2 | Description of the Related Art
As the siie of .-integrated microelectronic circuits continues to shrink, conducting
 structures and leads fabncated within those circuits must be positioned i in closer
proxrmrty to each other both hor1zontally and vertrcally Thrs 1ntroduces the problem of -
mtra-wall capac1tat1ve coupling between those structures and leads whrch both adversely
affects the time dependence of electrical signals (eg by producmg mcreased RC delay in
metallic 1nterconnects) and produces crosstalk between nearby portions of the c1rcu1t
One way to reduce the capacitative couplmg isto lower the d1electnc constant of the -
. material used to separate the co‘_nductmg leads and structures from each other. The

dielectric material most commonly used to separate these leads and structures is silicon



dioxide, which has a dielectric constant of approximately 39 Vacuum, vrhich is the
+ ideal, perfect dielectric, has a dielectric constant of exactly unity (1.000), while air, at
'atmosphenc pressure hasa dlelectrrc constant of 1. 00059
The predommant present art utilrzes s111con d10x1de dielectrics, dep031ted either
by chemical vapor deposrtlon (CVD-o;ude) or by means of plasma assisted deposmon
| (HDP-oxide). These dielectrics have a resulting dielectric constant of between 3 and 4,
In an altemative form of the present art, dielectrics u‘lithl lower dielectric' constants

' than that of silicon dioxide are deposited. These dielectrics are typically spin4coated or
CvD deposited on a thin liner of silicon dioxide that‘is first deposited over the
conducting structures Examples of this present practice 1nclude spm-coatlng ofa
non-porous polymer (eg FLARE a proprletary material havmg a dlelectnc constant
between 2.5 and 3. 0, manufactured by Allied Signal Corp.). Alternatlvely, various

porous matenals can be spm—coated (eg. Xerogel or Nanofoam manufactured by Allied

- Signal Corp -), attaining lower dielectric constants, which still exceed 1.5. Other

materials can be deposited by CVD (eg Black Dramond manufactured by Apphed
Matenals Corp. and Coral manufactured by Novellus Corp ), but these still have
dielectric constants of between 2.5and 3 |

More recent attempts to reduce the dielectric constant have produced methods that

" introduce air into the_ gap-filling dielectric material orjtotall'y. replace the gap-filling
material with air. Orie such method (Havemann et al., U. S. Patent No. 5,461,003)
involves. deposition of a disposable' solid material as a temporary gap-ﬁll, covering said

R materlal witha porous layer, then dissolving the material and allowing it to escape '

o through the porous layer, leavmg behind air-filled gaps. Another method (Gnade et al



- U. S. Patent No. 5,750,41 55 involves _the deposition.of 2 disposable liquid over
~ conducting leads;- A porous film of silica is deposited over the liquid and then gelled, to
~ lowerits porostty. The disposable liquid is then removed through the silica gel. The
- method of Stoltz et al. (U. S. Patent No. -5,407,860) first deposits a non-wetting material
over eonducting leads and the exposed substrate surfaces between them. The non- :
| ) wettmg materral is then selectrvely removed from the tops of the leads and the substrate .
surface, but is left on the sides of the leads A drelectnc material subsequently deposrted
" over the leads does not enter the spaces between the leads, leavmg them filled w_1th air.
Finally, the method of Rostoker.et al. (U . 8. Patent No:..-5 744,399) forms a porous
drelectnc gap-ﬁlhng layer of low dielectric constant by using a composrte material
comprlslng a matrix-forming material and a fullerene When the ﬁrllerene is
subsequently removed from its matrrx by d1sso]ut10n it leaves behmd a1r-f111ed voids
within the matrix.
The present invention is a method for introducing air into the gaps between
| adjacent conducting structures by extracting a disposabl.e gap-filling material t.hrough a
novel arr-bndge structure. The formation of this structure as an 1ntegra1 part of the
| fabncatron process and the subsequent manner of its use, makes the present 1nventron

drfferent from the other inventions described above.
SUMMARY OF THE INVENTION

The object of this invention is to provide a method for reducing the capacitative

coupling between conducting structures such as metallic leads and interconnects in a



microelectronic;s fabrication bj introducing air into the gaps béiween them. This 'ol_iject. is
- achieved by a method comprising the formation of a nove.ll air-bridge structure overa
disposaBle, rezic"_ti?é, gap-filling fnﬁterial, the dissolution of said disposable gap-filling

| material through the air-bridge érid the subsequent escape of its reacﬁqn products'.through

sa_id. air-bridge, leaving air-filled gaps_b_e,hind;
BRIEF DESCRIPTION OF THE DRAWINGS -

Fig. 1 I_shows the cros's-seciioﬁ _c;f a substrate, which can be a quartz substrate ora
substrate alreédy containing a michelect'ronics fébricatioﬁ; upon which-hés been |
- deposited a_patterﬂ of conductipé leads, which could be alﬁminﬁm—copper or ;:opper
: interconnecf_s.j The .sir_r'_lpli(.:ity 6f the pattern is for-'de_'scriptivé ﬁﬁrposes onlj/ and is not
meant to lim_it the rﬁéthb_d of the invention to a particular set of structures.
| Fig. 2 sdes the same sybsﬁate and conducting pattern of Fig.- 1, over which a
1ayer of silicon dioxide has been deposited to éct as a liner.
Fig. 3 shows the s;.me fabrication of Fig. 2, over which has been deposited a
disposable, gap-ﬁlling_-inaterial, which could be a ﬂowabfe, r_eactive,l orga.nic material.'-
' Fig._ 4 showé the same fabricaﬁon of Fig. 3, over whiéh has been 'd;:pos'ited a first
- material layér_, Which (_:ould be a layer of silicon diox.i;ie depositéd by chemical vapor
_ depositién. o |
Fig. 5 shows the same fabﬁcaﬁon of Fig. 4, witha secon_d.rﬁateria] layer now |
_' dei:osited on the first material layer. This second ma;cerial layer can be a metallic layer

* consisting of TiN, or it can be a metallic bilayer consisting of Ti/TiN. .



Fig. 5A sh(‘)ws-a magnified view of a small porhon of the. fabrication 1n Fig. 5.
This magniﬁed .vi-ew shows the 'pihho]es and pores that fo;m_ natl'irally m dé;hosited TiN
layers and TiN)T i bilayers. | . .
Fig. 6 shows the fabricétion of Fig. 5, wheréin the sehond material layer has been
subj ehte_d toa chemical hrocess that extendh and enlarges its pinholes and pores. | .
Fig. 6A shows a magniﬁed view of a émall portibh ‘of the fabﬁcatibh in'Fig. '.6.
The enlarged pinholes and po-re.s produced by the chemical proéesé have penet:rate.d into
the ﬁrst maté_rial layer, rendering it pofpué. '
Fig. 7 shows the fab';icatiori_ of Fig. 6, wherein the second materiél layer has héen
removed;- | | | | :
| Fig. 8 shows the fabriﬁafiqn of Fig. 7, which has now been éubjected to an qugén
plasma etch in order to dihsol\'re the disposab]e gap-ﬁlling material beneéth thé first

material Iayer The reaction products of the d1sposable gap-ﬁlhng material dlffuse out

: through the porous layer and leave behind gaps that are alr-ﬁlled

Fig. 9 shows the equlvaleht stage of the fabnca’alon as in Fig. 8, but now done |
according to a second preferre‘d embodiment of the invention in which the layer lining the

_ c'ondlictihg structures (first shown' in Fig. 2) has been omitted.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is a r_nethéd for introducing air into the gaps hetWeen ’

-neighboring conducting structures in a microelectronics fabricaﬁbn. A first preferred

‘embodiment of this inve_nﬁon wﬂl be described by referring to a series of figures labeled



Fig. 1, Fig. 2, Fig. 3, Fig. 4, F1g 5, Fig. 5A Fig. 6, Fig. 6A Frg 7 and F1g 8 A second
preferred embodiment will be descrlbed with reference to F1g 9.
| Refernng first to F1g 1, there is shown a cross-sectmnal view of a substrate (10),
| on which has been deposrted a pattern of separated conductmg structures (12) The
substrate may bea semrconductor substrate a dielectric substrate, a quartz substrate ora
" microelectronics fabncatlon upon whlch a subsequent fabrication is to occur. The pattern
of conducting structures may be deyices or portions of devices, or metallicnleads and |
' interconnects that comprise one or more of the following: Ti, TiN, 'l'iW, AlCu, tungsten '
or copper leads and interconnects. A typlcal interconnect lead in the present invention
would consist of titanium nitride (T iN) as an antr-reﬂecnve coatrng (ARC) aluminum-
, copper, titanium n1tr1de and titanrum ‘These structures and leads could have herghts of
between 5000 angstroms and 12,000 angstroms and widths of between 0:2 microns and
1000 microns and the space_s between them could have widths of between 0.2 mrcrons
B and 1000 microns.
Fig. 2 shows the fabrication of Fig. 1, aﬁer the deposition of a liner layer (14
such as silicon dioxide, deposited to a thickness of between 100 ang_stroms and 2000
.angstroms by a process of chemical vapor deposition (CVD). |
| Fig. 3 shows the fabri_cation of Fig. 2, after the deposition ofa disposable,

© reactive, gap-filling material (16) over the pattern of cbnduc'ting structures. This material
fills the gaps and rises to at least the height of the conducting structures or sli_g'htly. above
that height, so as to coat their upper surfaces as well. The gap-filling material could-be a

tlowable, organic, reactiye material, such as FLARE .(manufactured by the Allied Signal o



C.

Cbrp.), SiLK (manufagture;d By Dow Chemical Corp.), c;r bt_xckininsterfullerene (CGO;
C70 and cs0). | | | '
L : Fig'7 4 shows thé fabrication of Fig. 3, wherein a first materiél layer (18) has been
. deﬁdsitéd on the gap-ﬁlliﬁ_g material. This material layer could be a layer of CVD silicon
- dioxide or .;layer of silicoﬁ oxynitride, or a layer of doped_silico_ﬁ dibxide such as BPSG
or PSG, deposited to é thickness o_f between 50 angstroms and 20’00 ang;stroms. This first-
material layer will comprise the first layer of a two layer air- bridge struc;cure tobe
discﬁsse& below. | |
Fig. 5 s_hp% the fabrication of Fi'g.-4,' with the depoéition of a second matgriél -
layer (20) on the first la}-'c.ar (18). The second layer can be a layer of TiN dgposited toa
- thickness of between 50 éngstroms aﬁd 2000 éng_stronds or a TiN/Ti bilayer, dépdsited_ to -
-a total thickness of between 50 angstroms gnd éOOO aﬁgstroms. This se;ond iayer : -
cdmpletes the air-bridge structure. |
Fig. 5A is a magnification of 2 small region delineated in Fig. 5. It shov.vs- clearly
pinholes and pores v\'(hos.e. widths‘-range between 20 angstroms and 100 més&oms and
whose formation is inherent in thc.? deposition process 'of the TiN layer or TiN/Ti bilayer.
The -cxplditafidn of these cracks and pores is what gives the air-bridge structure its ﬁhique
role in this inve_ntion.- _ _ . _ |
F ig.. 6 shows tile fabrication of Fig. 5 after the second material layer.(ZO) has been
subjected to a pore-enhancing chemical process that enla;ges aﬁd extends the pinholes '
“and pores into the first material la.yer. Said procéss could be a wet-précess aﬁplication éf -
- adeveloper so’_iution, such as tetramethylannnoﬁium hydroxide .(TMAH) or

tetraethylammonium hydroxide (TEAH), or a dry etching process utilizing fluorocarbon



chemistries (eg. CFsor CF4/CHF3 ). Inthe application of th'e. flnoroc_arbon chemistry it is
expected that some of the titanium nitride would be etched -

Frg 6Aisa magnrﬁcatron of a small region delineated in Fig. 6 It shows the
effects of the pore-enhancement in the second material layer (20). The pinholes and
pores have been enlarged and are extended into and through the first matenal layer (1 8)

- and even mto the drsposable gap—ﬁllrng materral (16)
Fig. 7 shows the fabrl_catron of Fig. 6 after the second material layer has.been
“removed by a hlanket etchingl.process that utilizes chlorine based_ chemistry, such as
BCly/Cl; or BCI3/C12/N2 or chlorine lThis etching process has a TiN:oxide selectivity
greater than 3:1. Another result of this etching process is to enlarge the pores and cracks
_ in the remaining CVD-oxrde layer ¢! 8) and even those that have entered the gap-ﬁlhng

material (16)_. .

' Finally, Fig. 8 shows the fabrication after application of an anisotropic oxygen

- plasma to the surface of the CVD-oxide layer (18). The plasma passes through the porcs

; in this layer and reacts with the drsposable gap-ﬁllrng material below. 1t (16) The gap-
filling materlal forms carbon dioxide, carbon monoxide and water vapor with the oxygen
.radlcals and the reaction products dlffuse out (28) through the CVD-oxrde layer, ]eavrng
.arr-f lled gaps (26) in 1ts place

A second p_referred embodiment of the present invention comprises all of the steps |

_ described in the ﬁrst preferred embodlment, with the exception of the deposition of a

.lin'er layer'described in Fi'g; 2 and lndlcated in subsequent figures as (14). | All succeeding

steps described in Figs. 3 through 8 proceed identically. Fig. 9 shows the final



fabrication as it appeairs wi&out the liner layer, .'with the air-ﬁlled gaps indiceted as (26)
~ and the first m_aiérial layer (18) deposited directly on the conducting structupes' (12).

As is ﬁha}ly understood by a person skilled in the art, the préferreci embodinie‘nfs "
of the present inventipn are illustrative of the present invenﬁqn rather than limiting of the
preéent iﬁventien. Revisions and _mod_iﬁcaﬁons maj' be made to the methods, materials,-'
~ structures and dimensioﬂs through which air ie_introduced into the _gaps befween a_d_:iacent'-

conducting struetures'ih a rﬁicroelectronics fabrication in accord with the preferre&
“embodiments of the present invention, whxle still mtroducmg air into the gaps between
adjacent conductmg structures in a m1croelectron1cs fabrication in accord with the present

' 1nvent1on as prov1ded by the appended claims.
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| 1. A method far introducing: air into the gaps between adjacent condﬁcting structures
ina microelectronics_'fabricétion‘ égmprising: | - |
_depositing a patterned conducting layér ona substraté;
fomﬁng a liner'la);e_r of fhicknésé betﬁegn 100 angstrofns and 2000_ mgsﬁoms on
all exposed surfaces of the éo_nductiiig layer and substrate; N | |
.depositin.'g a dis%posabl_é gap-filling material on saild'linei.'.layer so that the gap- .
ﬁiling material fills all gaps bétwéen ﬁdiacent conduétin'g structures and :ises to at least
the level of the top surfaces of the iir_1er where it covers thé tops of ﬂ;e'cqﬁducting_
_ structures; | . |
depositing a ﬁ;_st niatgrial layer over said disposable gap-filling material;
) deﬁositing _a.Second material layer over said first material layer;
expo_sing said second mgterial layer to a first chemical process;
remolving said second niaterial layer by-'a second chemical _pfoceSs; |
| exposing the first ;hateria_l layer to a reactive blasma, which p_eﬁetrates said 'laygr -
.and reacts with the digposable gap-filling material bé’neatﬁ it;
| dis;dlving tﬁe dispp;al:;le gap-ﬁlling mate._r'ial,t}uougl;x its reaction w1th the plasma;
rembviﬁg fhe reaction products of _thé dissolvéa diqusab.le gap-filling layer by

diffusion through the first material layer, leaving the gaps filled with air.

| ~ 2. - The method of claim 1 wherein the substrate is a quartz substrate.

10
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3. 'I_‘he me_thod of claim 1 wherein thé_ substrate is a semiconductor substrate.
4. The method of claim i.wherein the substrate is an inSulating substrate.
5. The met.hod of claim 1 wherein thé substrate is itself a microelectronics

- fabrication.

6.  The method of claim 1 wherein the patterned conducting layer is a metallic

conducting layer. -

7.  The method of claim 6 wherein the patterened conduc.ﬁng l#yer contains adjacent '

- leads and interconnects.

8. The method of claim 7 wherein the leads and interconnects aré altﬁninum;copper

_leads and interconneé_té_.

9. The method of claim 7 whe}ein the leads and interconnects are éopper leads and

interconnects.

10.  The method of claim 7 wherein the leads and interconnects are tungsten leads and._-

- interconnects.

11
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11.  The method of clair_ri 7 wherein the leads and interconnects are titanium nitride

) (Ti_N) leads and intcrconrrects.

12. The method of claim 7 wherein the leads and interconnects are Ti leads and

interconnects.

13, The method of claim 7 wherein the leads and interconnects are TiW leads and :

.interconnects,

14. The method of claim 7 wherein the leads and mterconnects are a combination’

| 1nc1ud1ng all or at least one of the metalhc substances in claims 8 through 13

15.  The method of claim 1 wherein the liner layer isa CVD-oxide layer formed to a

rhickness of between 100 angstroms and 2000-angstroms.

16.  The method of claim 1 wherein the disposable gap- ﬁll.ing material isa ﬂowab_le,

reactive, organic material.

17. The method of claim 16 wherein the drsposable gap-filling matenal isa
material such as FLARE (manufactured by the Allied Srgnal Corp ), SiLK (manufactured

by Dow Chemical Corp.), or buckmmsterfullerene (C60, C70 and C80).

12
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18. The rnethod of claim 1 wherem the first matenal layer isa CVD-oxrde layer

. formed toa thrckness of between 50 angstroms and 2000 angstroms

19.  The method of claim 1 wherein the second material layer is a TiN layer formed to

a thickness of between 50 angstroms and 1000 angstroms;

20.  The method of claim 1 wherein the second.material layer is a TIN/Ti bilayer,

'formed to a thickness of between 50 anigstroms and 1000 angstroms.

21 The method of cl,airrr I wherein the first chemi?:al process is a pore'-enhancement

process.

22.  The method of claim 21 wherein the pore-enhancerhent process is a wet-process

d_evéloper application of tetramethyammon'iUm hydroxide_ (TMAH). '

23. The method of claim 21 wherein the pore-enhancement process 1s a wet-process

developer application of tetraethylammonmm hydroxrde (TEAH)

24, The method of claim 21 wherern the pore-enhancement process isa dry-etch

process mvolvmg the apphcatron of ﬂuorocarbon chemistries.

25.  The method of claim 1 wherem the second chemrcal process is a selective

_ -chemrcal etch using BCl3/Clz

13
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26, | The method of claim 1 wherein the _reactiv_e plasrna is an oxygen plasma.

- 27. | A method for mtroducrng air into the gaps between adjacent conductmg structures
| ina mxcroelectromcs fabncatlon compnsmg | .
depositing a pattemed _conductmg layer on a substrate;
depositing a disposable gap-ﬁlling material on said patterned conducting laSrer SO |
| that the gap-ﬁllmg matenal ﬁlls all gaps between ad_]acent conductmg structures and rises
to at least the Ievel of the top surfaces of the conducting structures;
deposmng a f rst material layer over said dlsposable gap-ﬁlhng matenal
' depositing a second material layer over sa1d first matenal layer;
exposing said second material layer to a first chemical process;.
' rem'oving said second material layer by a second chemical 'process; e
exposing the first matenal layer toa reactlve plasma whrch penetrates said layer .
and reacts w1th the dlsposable gap-filling material beneath it;
dissolving the disposable gap—ﬁlling material ﬂrrough its reaction with the plasrna;
removmg the reactron products of the drssolved drsposable gap-ﬁlhng layer by

diffusion through the first matenal layer, leavmg the gaps ﬁlled wrth air. |
28.  The method of claim 27 wherein the substrate is a qua1tz substrate. .

'29. . The method of claim 27 wherein the substrate is a semiconductor substrate.

14



. S —
-

ST

| 30.  The method of claim 27 wherein the substrate is an insuiating substrate.

31. The méthp,d of claim 27 wherein the substrate is itself a microelectronics

- fabrication.

32, The method_of claiin 27 wherein the patterned conducting layer is a metallic . _

conducting layer. -

33.. The method of claim 32 wh'éreiz_l. the patterned conducti_ng 1ayer contains adjaCent

leads and interconnects.

34. The niethod of claim 33 wherein the leads and interconnects are aluminum-copper

leads and interconnects.

: 35." The method of claim 33 Wher’eih the léads and'interconne_cts are coppér leadsand

" interconnects.

36, The method of claim 33 _whereip' the lead_s’ and interconnects are tungsten leads

* and interconnects

37, The method of claim 33 wherein -t.he leads and interconnects are TiN leads and |

" interconnects.

15
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~ 38.  The method of claim 33 wherein the leads and interconnects are Ti leads and

interconnects. - -

39, The method of claim 33._ wherein the leads and interconnects are TiW leads and

interconnects.

40.  The method of claim 33 wlrerein the leads and interconnects are a combination -

inclnding all or at least one of the metallic substances in claims .34 througlr' 39.

41. | The method of claim 27 wherein the disposable gap- filling material is a ﬂ'owabl.e,

reactive, organic material.

42, 'The method of claim 41 wherein the disposable gap-ﬁlling. material isa material

- such as FLARE (manufactured by the Allied Signal Corp ), SrLK (manufactured by Dow .

- Chemical Corp ), or buckrmnsterﬁ:llerene (C60, C70 and C80)

43 The method of cla1m 27 wherein the first matenal layer isa CVD-ox1de layer

formed toa thlckness of between 100 angstroms and 2000 angstroms.

44, The method of claim 27 wherem the second material layer isa TiN layer formed

toa thrckness of between 50 angstroms and 1000 angstroms

16
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45.  The method of claim 27 wherein the second material .lay.er is a TIN/Ti bilayer,

' formedtoa thickﬁess of between 50 angstroms and 2000 angstroms.

. 46.  The method of claim 27 wherein the first chemical prbcess is a pore-enhancement

process.

47.  The method of claim 46 wherein the pore-enhancement process is a wet-process

'dc\;eloper application of ietr_arhethyammonium hydroxide (TMAH). -

48, The method of claim 46 wherein the pore-enhancement process is a wet-process

developer application of tetraethﬂamn_ionium hydroxide (TEAH). -

49.  The method of claim 46 wherein the pore-eﬁhanceme_nt process is a dfy-etch

process invol\}ing the application of fluorocarbon chemistries.

50.  The rhethod of claifn 27 wherein the second chemical proéess is a selective

chemical etch using BCI3/Cla.

| 51.  The method of élaim 27 wherein the reactive plasma is an oxygen_ plasma.
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