Surface Modification of a Porous Organic Material through the Use of
a Supercritical Fluid TECHNI CAL FI ELD [0001] The present invention
relates to the surface nodification of a porous organic materi al

t hrough the use of a supercritical fluid. Mre particularly, the
present invention relates to formng a very thin, dense |layer on a
free surface of a body or filmthat is nade of or contains a porous
organic material to render the surface snoboth or non-porous and the
body or fil cgﬁpic | Iy stronger. BACKGROUND [0Q002] Porous
organic str g@rgﬁ?@ \ @ﬁ?ﬁfw af adtroys Urganie Matesjal through the Uiseof a
containing porous organi c naterbuperdrithichldluid i ety of industrial
uses. Such porous structures are usually nmnechanically weaker than
woul d be $heyQasaA bfgiihe pores were not present. Moreover, the pores
of the structures often intersect the free surfaces thereof,

rendering that surface rough, non- uniformor erose. Sone potenti al
uses of tg[ﬁ@%lé porl BeiBressn ipEeniios seltesga ithesutiirgtmadificapor fisposaus grgapic enatdyial
rendered nechanically stronger and/or that the free surfaces thereof
be snoot Hhepteh e pserfgsepercrinsal findd Maneipagiculdys éha mepgitrieymeHosrelamsdd ves
the porous structures acting as a dielectric layer in an integrated
circuit (forngng a vrgolga)demeflayer an pfrovweldce o aibody exfdle thitds tladesiftoy caftains a
integrated circuits on a single substrate. Circuit density increase
requires meorsesgnngnadral irgmleothe surfagg sradail ocnomepordus faedithu bedy drdilihe

| ow nanoneter range. To achieve significant shrinkage in the size of
i nt egr at edechamcallytstrbresat. ur es, new or inproved, high-purity, |owK
dielectric materials are required to address capacitance-rel ated
probl ens, such as increased power consunption, signal propagation

del ays arBACKEGBOLRIIkK between the circuits' conductors and

i nt erconnects.

[0002] Porous organic structures, such as a body or film thereof, or structures containing
porous organic materials find a variety of industrial uses. Such porous structures are usually
mechanically weaker than would be the case if the pores were not present. Moreover, the pores
of the structures often intersect the free surfaces thereof, rendering that surface rough, non-
uniform or erose. Some potential uses of these porous structures require that the porous structure
be rendered mechanically stronger and/or that the free surfaces thereof be smooth and non-erose.
One use having these requirements involves the porous structures acting as a dielectric layer in

an integrated circuit (“IC”).

[0003] Efforts proceed to increase the density of integrated circuits on a single substrate.
Circuit density increase requires decreasing the size of integrated circuit features to the low
nanometer range. To achieve significant shrinkage in the size of integrated circuit features, new
or improved, high-purity, low-K dielectric materials are required to address capacitance-related
problems, such as increased power consumption, signal propagation delays and crosstalk

between the circuits’ conductors and interconnects.
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-1 [0004] One prospective class of lowK dielectric materials

i ncl udes porous organic or organic-containing structures into which
there have been introduced a high density of nanopores. Typically,

t hese structures conprise thin layers or films containing a |arge
nunber of small pores or voids that nay be open or closed, the

| atter being preferred. Porous |ayers or filns are deposited or

ot herwi se produced on the substrate for later receipt therein and

t hereon o e conductors (or lLines), pads and_interconnects of the
i nt egr at el{!f"é‘ﬂr cuiqneﬂPﬁB?fPf’%éla&lﬁ)?f l%réﬁémrwd%@ﬂ%ﬂﬁ@u% PREOUS PIARIE Oy

| owering of the K (dielectric constant or relative permttivity) of

t he | ayer T@fMC-FINIGNGBHEICHIEFS IR &vhirdthese byvebpen intgdueecoy high fepsiy %fy gppres.
or closed, sone of themtypically intersect, and are open at, the
free surf hEcally. these SyugEss OmMPFIFY tin [so0s iineeontainpe & BrgpUembesotsmall pores
integrated circuits typically begin as nmetallic patterns on a free
surface off Yoifs thapRakDbe ey Flésqda @ fatter befrig) preferTade Hopaue laygisfonfbmsasg be
a surface of the as- formed |ayer or a surface exposed after etching
of the | ajeeesited peothesivise pradupsstondhasiibeiraee for btbn easeipt thgrein ade Pomion pbihe
process such as electroplating a netal |ayer onto a seed | ayer of the
met al . Theondusseas (dr 4ipes). rads and pitergpringets of the titdgyateshyrsitie sUpporgsoyy the substrate.
deposition ("PVD') of metal onto a previously deposited barrier

| ayer. ThEelmrasiefectladymegring of imtkeadagdtricaopytaw entelating panaitdvirye at the dayerodr
the atons or ions of the netal formng the seed |ayer or the

conduct orfilvi. tWhathe thegtoagsiodthe ddyet drefilmragasties or tlasedy sonithoé tHemagpisallyfistemect,
may be a generally planar portion of the surface of the |ayer or

film butandroreet ypihediet yurtoapf ths bgertdndilbot t om and si dewal | s of a
conductor-containing trench formed in the organic |ayer by etching.
The net al d | . NOS| . | . enter, anhd ont act
t he malIJogﬁﬁpor@%ﬁg%g%ﬂg%mgﬁgpﬁgggkggggg%gngnﬂ¥Re1%?%%%F@CP3§3Sc@@e
to failurg of &he.barri | ayer to Gov hose. pore wal |l s. Thi

creat es 1R SHABREIRITY R preafSveed Y The e SRR Whuracelafe o=
gélezt?gfieofglgmegﬁ%)gélé P}S ep %%g?en{gcgésretagtagfg‘{setc%nsg%f %%que}c‘.omdmétgliip g'e\lltteerns are produced

by a deposition process such as electroplating a metal layer onto a seed layer of the metal. The
seed layer is typically formed by physical vapor deposition (“PVD”) of metal onto a previously
deposited barrier layer., The barrier layer is intended to prevent untoward reaction of the atoms
or ions of the metal forming the seed layer or the conductor with the material of the organic
layer. The free surface may be a generally planar portion of the surface of the layer or film, but
more typically comprises the bottom and sidewalls of a conductor-containing trench formed in
the organic layer by etching. The metal seed layer and the deposited metal may enter, and
contact the walls of pores open at the free surface of the organic layer due to failure of the barrier
layer to cover those pore walls. This creates the possibility of unwanted metal-layer reactions.
The presence of metal in the pores has also been found to have deleterious effects on integrated

circuit operation, particularly in the areas of crosstalk between and among the conductors and the



circuit operation, particularly in the areas of crosstal k between and
anong the conductors and the -2 concom tant waste of power. Further,
whet her or not the barrier layer fully covers the walls of open
pores, the seed layer may fail to fully enter sonme pores. In this
event, during the electroplating process, a void in the conductor

wi |l occur where no continuous seed layer is present. Such voids may
i ncrease the electrical resistance of the conductor to unacceptable

| evels or, if one or %ﬁﬁF v%¥ % g te and/or nerge, open (render

i Scont | niSIEEYTA, BERE AEREED U oOE e oF o ShRechnt AFL TR P et Kol of
dielectric films In I1Cs be nechanjcally strong, especially where
metal contRFEPBES %K RETdivdrise frihesiEIsome BPFS- In gt evesth dwsisahi on,
are contained and constrained in trenches. As noted, the presence of
por es mecHEEHORATING Paessk @V8Iddn BleseRducOr pill prsur WiRERING FaHBIUY Secp dvesisi n
the dielectric filmmy have an adverse or unpredictable effect on
the t herPraereiyahsvidnmenieprisitherlccgicat mesipioe of theepriycioperinageepthee
free surface of the filmmay increase the noisture uptake of the
filmand gedy@atf@ng prangygvpidymégrate ped/¢r s apen (raderdlirssitimoes) thelrenduiciom
to the underlying surface on which it resides [0007] In view of the

f oregoi ngop@gar dirngadsHsnid %t B- 1@9{5\%%&1"3 G5t RAEE bE bR a n]%nstllo% especmlly

fabrication, it may be said tha e porosity can |

diel ectri \thfré }ngﬂaflcoqﬁﬁt&@qﬁ%né 9 Welke the lﬁ&lf?f}ﬁfrﬁw AbagicRa¥e e ntamed and

del eterious eff ects on the qua Ity o ms and or conduct or s
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the underlying surface on which # resides

[0007] In view of the foregoing regarding the use of porous dielectric films in IC
fabrication, it may be said that, while porosity can impart to a dielectric film a desirable low K,
porosity can also have deleterious effects on the quality of the films and or conductors formed

therein and thereon.

[0008] Supercritical fluids, such as supercritical carbon dioxide (“SCCO5”) are well defined
i the art. Supercritical fluids or solutions exist when the temperature and pressure of a solution
are above its critical temperature and pressure. In this state, there is no differentiation between
the liquid and gas phases and the fluid is referred to as a dense gas in which the saturated vapor
and saturated liquid states are identical. Due to their high density, low viscosity and negligible

surface tension, supercritical fluids possess superior solvating properties.



surface tension, supercritical fluids possess superior solvating
properties. -3 [0009] Supercritical fluids ("SCF") have been known
for over 200 years. Presently SCFs are used to clean extrenely snal
itenms, in thin filmprocessing and in other applications as

devel oper reagents or extraction solvents. US Patents 5,185,296 and
5,304, 515 descri be nethods in which supercritical fluids are used to
renmove unwant ed organi c solvents and inpurities from thin filns
deposi ted substrates. US P L .5, 665,527 describes a high

r esol ut | HUMRIC hoGHREHitE oS e epozin e el £qlbueprst Plfsently SCFs
used to selectivelg di ssol ve a sol ubl e unexposed portion of a

pol yner i cAARted P slFan X Uphely small 1ens, 1% hEnklE HesstnsAe in ptherrawBlcaHions s ng

a patterned image. In recognition of the superior solvatin _
properti e%evﬁlf’P%lﬁ‘ii’é?‘E? Pl §REATIOP solvenss- WiSPaeniehd 85290 pnd 38645 %‘%@‘Fﬂ%é@t@ds
met hod for renoving inpurities from highly cross-1inked porous

organi ¢ pBMabrsyperciiicrlAuids Aie ksed fr SRovhevegisd pegapiciselypnisgidimperities fom
penetrate the nanoporous structure effectively so as to renove al
traces ofthgrfygemsiderosidaarsubstraies WhPasent 6 865.ahdnseibes § Bigh 0soMHen lithographic
desirability of sealing or closing, or otherw se elimnating, the
open por egethpdnerhidicn jupeyeritival flyidds used foselectvtlytdirsolue gaolilde izpxpeseth asrtion
been recogni zed for sonme tine in the IC arena. Effective procedures
f or achi exfiarpglynieric mperakal wiphdtoresiste dmpraombssiaregtheieby formperatfagenaf intabe In
filmas they relate to integrated circuit fabrication are the subject
of cont i ma¢aggitipoekthe supehier olveling profdraesprf egertritical Vs, BhPpeeSetidd8such
an effective procedure. -4 SUMVARY OF THE | NVENTI ON [ 0011] The
present ideveives omethon feemphatresimpunedsfodh loghlp rosuliikeg parouesrgatihipeiymers.
dense, pore- free layer on a free surface of a structure. The

st ruct ur eA keyhfuattiomsy tHeesugerdyoityl, sofvehtris @rpehaerthé sanopaoes saficiore effoaiivaiyns
a porous organic material. In specific enbodinents, the structure is
a | ow K asto remove all traces of organic solvents and unreacted monomer.

[0010] The desirability of sealing or closing, or otherwise eliminating, the open pores
intersecting the free surface of the organic layer has been recognized for some time in the IC
arena. Effective procedures for achieving this goal without compromising the properties of the
film as they relate to integrated circuit fabrication are the subject of continuing work in the field.

The present invention presents such an effective procedure.



" dielectric organic layer of an IC. Sone of the pores, which nay be
opened or closed within the structure, are typically very smal
(nanopores) and have a high density in the structure. Sonme of the
pores intersect, and are open at, a free surface of the structure.
[0012] The nethod of the present invention contenplates contacting
the free surface of the structure with a supercritical fluid that
i ncludes a solvent for the organic material under conditions
sufficient to initiate solvation of the surface and the walls of

por es opesUMMAe CRTHRCEVENTWNI tions are then i nposed under which
the solvating organic material undergoes a phase transition at the

free surf to formon the surface and over the pores open thereat a
very thi n@ﬁﬁdensér%f: Bip&t BiventQa coperapipies ?rﬁ'?fg‘f’ﬁl a{lprf’@"cf'”@r?d@w hifeddss P
snoot h. ere the structure is a dielectric in an I.C, the dense
layer is SUfFYEPR ﬁ?fFifS‘F Froldstusfyte. (The stRicgye. fihiehpmayciadofptfilm or layer is
significantly increased. [0013] In sone enbodi nents the .

super cri t P8 TP ERNERIRSAROFFUS PESapIG gnaiss Rl d specifls cgtbRdiments B sirusaie i atdopeK
supercritical fluid and the_solvent are separate entities. The phase
t ransiti oHelgtric piganis Byerf o i netres 9fahe resgs. Whick e be eppnps ol desed Mithinthre
_tenperature of the supercritical fluid or by adding a non-sol vent
for the nsé‘ﬂiétluff‘aﬂrettﬁmtaﬁé vefyi peplE franerosds) nddiaye a pigh depsityehgstarsaing. Some of
invention also contenplates a product resulting fromthe foregoing
met hod. -the BREEREDESCRIARTE @Nn @F a RESmRAVYINGStomMsE] None of the
followng Figures are to scale and are exaggerated and stylized to

more cl ggozy il hﬂé%&%@o?ﬂﬂ@g%&én?ﬁﬂv&ln%ﬁ SfterhPGePEHERA,: Jh@%@é‘%drﬂ!?? of the

[0016] Figure 1 is an enlarg stylized, cross-sectioned view of an
organi C, ROEQHSyiITRE &k iticad fifid Slat Infrudes a solvent for the organic material under

conditions sufficient to initiate solvation of the surface and the walls of pores open at the surface.
Conditions are then imposed under which the solvating organic material undergoes a phase
transition at the free surface to form on the surface and over the pores open thereat a very thin,
dense layer of the organic material to render the surface smooth. Where the structure is a
dielectric in an IC, the dense layer is sufficiently thin so that the K of the film is not significantly

increased.

[0013] In some embodiments the supercritical fluid itself is the solvent. In other
embodiments the supercritical fluid and the solvent are separate entities. The phase transition of
the solvating material may be effected by lowering the temperature of the supercritical fluid or

by adding a non-solvent for the material to the supercritical fluid.

[0014] The present invention also contemplates a product resulting from the foregoing

method.



[0017] Figure 2 includes three highly enlarged, stylized,
cross-sectioned views of a portion of the structure of Figure 1
acting as a dielectric layer in an IC and illustrating defects that
may deleteriously affect the 1C due to pores intersecting the
surface of the layer which render it non- snooth. [0018] Figure 3

i ncludes three schematic representations illustrating a process
according to the present invention wherein a non-snooth surface of

the struc i j endered snooth. [0019] Figure
4 is a hi%ﬁ%ﬁ%&b’gﬁﬁ%@g&%@mgsecti oned view of the organic
structures of Figures 1 and 2 the surfaces of which have been

render ed BODBIt h byont BEhPFOLESS MARECHEE stdle afd GelEReeried a8 H19iz8Et0 more
suitable for use in an IC. -6 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE
EMBODI VENT&rlly G0 Ghee Feingiples BLE pleSerdinvtdtioat ure 10, which conprises a
solid organic material having small pores 12 dispersed therethrough.
The struc 10 e arelatively large, self- supporting body of,
the or gané’iﬁﬁﬂt e Figife ﬁ}s ag eﬁlﬁﬁgﬁé’lsﬁ@éﬁd’ BPSSTIE VPG YA O A pIgRTiG Porous material
deposited on or applied to a substrate (not shown). The structure 10
may al so YYRYFrS se a sel f-supporting body or a substrate-supported
thin layer, either of which may include the organic material and

other or@emic OWFidufOr GeRHG (B BANCERrged, Q02 d, ThEs-REfi@Rd IR WA LEa portion
depicted as being closed, that is, not in comunication with eacR

ot her, bulf (RPGACRRY FFiGRMIHELE 8l 4 Mielehit Ry&as bn & RS 18 QsPM&PhALRS-
Sonme of the pores 14 intersect a free surface 16 of the structure

render i NQuelddgioadly hAGS (HEGCRIRO 1oSRQtiRtersE BHE he Qi FRE 88 fie 1aydf WS RN RIREL it non-
pores 14 may occur in the as-formed structure 10 or may result from

etching apRtther treatnent of the surface 16. For sone proposed uses
of the structure 10, it is desired that the free

[0018] Figure 3 includes three schematic representations illustrating a process according to
the present invention wherein a non-smooth surface of the structures of Figures [ and 2 is

rendered smooth.

[0019] Figure 4 is a highly enlarged, stylized, cross-sectioned view of the organic structures
of Figures 1 and 2 the surfaces of which have been rendered smooth by the process depicted in

Figure 3 so0 as to be suitable for use in an IC.



surface 16 be snooth and non-erose, that is containing no sites
whereat pores intersect its free surface 16. [0022] Porous
structures such as the structure 10 containing pores 12 are not as
nmechani cal ly strong as would be a structure of the sane materi al

Wi t hout the pores. Mechanical strength is generally inversely
proportional to the density of pores 12 within the structure 10. For
certain contenpl ated uses of the structure 10, it is desired to

i ncrease nechani cal strength of the structure 10 w t hout

subst ant i BETI1&D PESORIRIIOROPNORATRASIVE IBMBODIMENTS 0023]  Many
organic materials are good electrical insulators and possess a | ow

dielectri onst.ant K. The ence, of spal|l pares 12 can further
Fover t neloRdif "2 HatreF fepicts 2 Jeiith Figh Compyie ¢ sl srespicamateral haing
cont enpl at for e stru t he sent invention is that as
-7 an i ns%ﬁaiﬁ% &Rﬁfﬁ@ddﬁ %EGPE*? c '?’eﬁtfaﬂuf Aﬁ@&ﬂ&ﬁé&e giivebprge.celte ) |

As the size of creases, the need for good electrical

i nsul at i OWPPI‘%W?%]E)Odé[ ?g\ﬁoféaflﬁé‘?aé"é?é%r a b IBiEE ngb? prEERiF Bateripl dspositrden o
deposited on various |ayers of 1Cs have, therefore, been found

expedi entappjigd tﬁ&tsu?ﬁéfé@ég%slgwwrt)oTB%%I‘HC@E@ §0at algo ORPEBf $§H-spporting body or
di el ectric between conductors (lines and pads) of ICs and to decrease
capaci t art¥PHEIRIPROTI9dRIB layen gt BF whiclayinslide de@rasgicimasrial Sidatihes
use is schematically shown in Figure 2A. [0024] In Figure 2A, an

i deal i zedP8¥HQRIIFTEAMQIUbEHIPY-i ses a thin, porous organic |ayer 18
residing on a lower level of an IC or other substrate (not shown).

The struqopsg 10'Th SorédiDark aeﬂ@&ed dseRb hedh et e R cﬁ%ﬁmﬁfan&hv@]tkp&ﬁﬁs
12 are shown to intersect the free surface 16 of the organic |ayer

18. \Wen daﬁe%dbl@éparbo;ea%%%%aﬁg%ﬁ#egérﬁ&ﬁgr afe doﬂteﬁgﬁtedt @SmQBfﬁé ds ¥ €
afe

quite small, having dinensions’in the nano-neter range, and

ft t
orten te rl%ﬂ:e&%rlﬁ-e Qt?%}&% tl ﬂép@lg §t}ucﬁ‘.&réz feﬂ@er%g ﬁsyﬁ%{%@% n%ﬁ—@gg%f)xrou gt?cﬁ%ﬁ; 58S

a pad or el ectrode, IS support
These open pores 14 may occur in the as-formed structure 10 or may result from etching or other

treatment of the surface 16. For some proposed uses of the structure 10, it is desired that the free
surface 16 be smooth and non-erose, that is containing no sites whereat pores intersect its free

surface 16,

[0022] Porous structures such as the structure 10 containing pores 12 are not as
mechanically strong as would be a structure of the same material without the pores. Mechanical
strength is generally inversely proportional to the density of pores 12 within the structure 10.
For certain contemplated uses of the structure 10, it is desired to increase mechanical strength of

the structure 10 without substantially altering other properties thereof 10.

[0023] Many organic materials are good electrical insulators and possess a low dielectric
constant or K. The presence of small pores 12 can further lower the K of a material.

Accordingly, a particular use contemplated for the structure 10 by the present invention is that as



organic layer 18. Typically, the line 20 resides in an etched trench,
the free surface of the bottom 22 of which and a portion of one
sidewal | 23 are shown in Figure 2A. The trench physically constrains
the line 20 between its sidewalls 23. |If danascene protocols are
followed in fabricating the IC, the line 20 is copper which is
deposited on the structure 10 by overfilling the trench and then

pl anari zing the overfill by chem cal - nechani cal polishing ("CwW")
until the top, 24 of the line 20 is coplanar with the free surface 16
of the or YaRMEaayRY-1 geleptp xeqn ifqeraie speiitf Ko st dtthe sizp Pl decreaes, the
line 20 are to first deposit a tantalumcontaining barrier |layer 26
on the botaeBMrEeoplertasa plption agingp IQvh E ibgreases Popis sreydrurass! (pphigdeor
free surface 16 of the organic layer 18. The barrier |ayer 26
prevent s &EpHEL carEias Syers oh K sthaymtiierrdore heen frgnd pxpadieryi i holsieaessdrntip use
the organic |ayer 18. Diffusion of copper into the |ayer 18

conpr oni s¥dnskgon grederagbialeqydn betwees CPIFigleﬂoéﬁt(iiw apthpadd) @l 16 ed to decrease
properties. For exanple, diffusion of copper into the -8 organic

| ayer 18 ¢rascitsecsrpefvsgn thesarondistara 9o distvesed ggiliem fugh h o iKsahfmptimally shpem in
18. Metals other than copper nmay not require the barrier |ayer 26.
The barriBeukdper 26 is deposited in any conventional manner. [0027]
A copper seed layer 28 is then deposited on the barrier |ayer 26 by
physi cal r 1.t5 40 y Y |

Phe bot t B9 and” EERsr i sVE pRlorP | EEmBRIRt E04 90 R0 Boer

| ayer - cover. f f i r . ereafter,.th
copper I%%gﬂééH%gﬂgﬁg%?fg %%ggf@@%%@%ﬁﬁkgxﬁégéﬁPaig?tﬁ@ﬁ“%g%ﬂ%%ﬁﬁ?ﬁ%
the tr encilaeaqi@gd BOAGL! n%ﬁtﬁ&ﬂg% éér’{‘rsr flzlcaefl% %h%wnvtmo }nrt]ersce? tpme 1Erée élyggee%u?%ea%}'% ic

. (8]
pl anari zaton renoves the copper, e copper see

28 and rri,er «haver .26 from.the .surfaces.16,. 22 a 23. .00 I.n

Coal ity il o BleaB0 ot I RRER 100 thelHired 19 oo ek Pt oo
and of the ot aq;@ I%%Ertl8 of Fiqgrq€ 2B and 2C i ntersect the free
surface 1B7VSPTRA Lp PHEOTTRE FECaiyf Y hiften termed nano-pores.

[0025]) A line 20 or other conductor, such as a pad or electrode, of the IC is supported by the
organic layer 18. Typically, the line 20 resides in an etched trench, the free surface of the bottom
22 of which and a portion of one sidewall 23 are shown in Figure 2A. The trench physically
constrains the line 20 between its sidewalls 23. If damascene protocols are followed in
fabricating the IC, the line 20 is copper which is deposited on the structure 10 by overfilling the
trench and then planarizing the overfill by chemical-mechanical polishing (“CMP") until the top

24 of the line 20 is coplanar with the free surface 16 of the organic layer 18,

[0026] The steps effected to produce the line 20 are to first deposit a tantalum-containing
barrier layer 26 on the bottom 22 and sidewalls 23 of the trench, as well as on the free surface 16
of the organic layer 18. The barrier layer 26 prevents copper atoms or ions from the line 20 from
diffusing into the organic layer 18. Diffusion of copper into the layer 18 compromises and

degrades both its insulative and dielectric properties. For example, diffusion of copper into the

8-



sidewal I s 23 and bottom 22 of the trench etched into the organic

| ayer 18. These intersections of nano-pores 14 with these surfaces
can be deleterious to the insulative and dielectric quality of the
structure 10, and particularly of the organic |layer 18, and can
prevent proper operation of an IC in which the organic layer 18 is
present. [0029] Specifically, and referring to the | eft-hand portion
of Figure 2B, there is depicted a situation where, because of the
smal | size of fhe res 14 intersecting, .and open at the surface of,
The. t rencHEBR Eush 3ot frand | Goviare deass fieoRa Pl by ystySr M it
not fully covered the wall of sone of the open cells 14. However,
the PVD sOBRICIPRYERAYNY! FrAUirehy Bardier leysede hba Yagrier dyRsEyis derosiEd 10ABH t he
copper for the line 20 is el ectrodeposited, the pores 14 are filled
t her ewi t hECTYtigRA (14NPEd above, direct contact between the organic

| ayer 18 and copper of the seed layer 28 or the line 20 can

adver sel yjoagfiect A &ppémiedd 1dfer 1€ isaR Rp&HNBE bA 1he bRECPRYdr 26 By BhysidAPvapor
organi c | ayer 18. Moreover, even absent diffusion of copper 1nto the

organi ¢ | @y6itick8PRDORREHer chvaARBEAI nteki®R, dkh@pRRNE2L4hdl sRie GhRSA ol
ot her conductors than intended, and the capacitive effects thereof

may prod - : 1 i i
D030] AL e SR ISR elbah i Eomper

the seed }avers d&udlefodfd ARG SPPLGer b8, (?vl%rfg?ﬁ% tﬁQF}Eﬁcﬂ‘d%’%eﬁ%ﬁ Ehgg&?ﬁ% 16

grai ns 30 have been deposited on the wa e pore

PVD : . . , .
20, "ai souiseiber SR PPN 4 SRR IR AR Mo BRE LSk
smal | S'%ﬁd§£?@95¥8§§qFﬁp$gﬁﬁﬁc&ﬁ% b?ﬂuﬁg'both the barrier |ayer 26

and the see aye rom covering e wall of the pore 14.

El ectropl ated copper will, thus, not fill the pore 14 thereby

creating [@9%%al | Iveiliy40men! th@apopaes| 4 didreetrubiuteHO ih FigareZ0and Stitha

voids 40, it has been found, may mgrate into the |ine 20 increasing

its el ectorgodd layasd B of Bigowes 2B and 2C intersect the free surface 16 of the structure 10 and the
sidewalls 23 and bottom 22 of the trench etched into the organic layer 18. These intersections of
nano-pores 14 with these surfaces can be deleterious to the insulative and dielectric quality of the

structure 10, and particularly of the organic layer 18, and can prevent proper operation of an IC

in which the organic layer 18 is present.

[0029] Specifically, and referring to the left-hand portion of Figure 2B, there is depicted a
situation where, because of the small size of the pores 14 intersecting, and open at the surface of,
the trench bottom 22 or the sidewalls 23, the barrier layer 26 has not fully covered the wall of
some of the open cells 14. However, the PVD seed layer 28 has covered these walls.
Consequently, when the copper for the line 20 is electrodeposited, the pores 14 are filled
therewith. As described above, direct contact between the organic layer 18 and copper of the
seed layer 28 or the line 20 can adversely affect the insulative and dielectric properties of the

organic layer 18. Moreover, even absent diffusion of copper into the organic layer 18, a copper
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or causing a nechanically weakened point. Void formation and

m gration are accel erated by typical post-deposition annealing of
the line 20. Because the thernmal expansion coefficients of copper
and the organic layer 18 are different, and because the bottom 22 and
sidewal I s 23 of the trench constrain the Iine 20, annealing, as well
as thermal cycling of the I1C which typically occurs during IC
operation, may fracture or tear the line 20. [0032] Reference nuneral
42 at the left in Figure 2Cis a |location where the seed |ayer 2

has sI|gh???“@ﬁ?b@@ﬁeﬂﬁﬁCﬁEWéOTQEI%H@“FH%H%¥E@Wﬁﬁhéﬁb@FP@BWBH%@B¥BhaS
been deposited thereon in close proximty with or in contact with
the wal | Gfrephearspdicg grosspfkeor ofhghaleterions Senseaensss ibe Ipossi bil ity of
degradation of the organic layer 18 by diffusion of the copper

t her ei nt opooBdl033]atMe ddheinHighé 20fa Ela@l rsﬁua%@m ei1ﬂ§’w9@r€ﬁ1't§'€ sele@)é?& 286 has
covered the wall of the pore 14, but the seed |ayer 28 has only

partial | yofeRy6fad if fif c¥@inboRdf bk b@pp@p%@m;% hBibk&: PHG@EIbA A WM o@thefpta&

organi c | ayer 18 by copper nay wel e avoided, the resulting void

may | ead {0k iRidws ﬂoc@s§ B%%Bﬁﬂep&qﬁﬁﬁe&éﬁn d1sjcgss[3990%$L alnﬁ atvgﬁ 40,

organic material of the layer 18 contain no pores

rel ativel ¥ Hi@hetiowReNaRLcal strength could be suff|C|ent for its
trenches to properwy constrain the lines 20, notwi thstanding their

vari ant coefficients of thermal expansion. The pores 12,14 may
suf fi ci entOP3L]] owet therdefs obigeuse 26i th rgalhtite dftope prenperenidthas fed to botle tieGarrier
buckl e, creating the possibility of ICfailure. [0035] The present
i nvent i onlayar 80 agbde aceddnndp Bem epveningtheiwag of He porseld. fidacesplatdd agpper will,
surfaces 16, 22 and 23 of the organic layer 18, thus negating the
above- destbns, betdildbe perd dt kgrebp freatige snrdluioat 40vie thendradiddicestlr ihe line 20.
qualities of the lowK organic |ayer 18. Additionally, the present
i nvent i onSuckgaids 40,iirhaa hednrfeyndameay wigrith ertarihe hiam2E mbresdingeimgtideirohl edigance
porous organic |layer 18 w thout
or causing a mechanically weakened point. Void formation and migration are accelerated by
typical post-deposition annealing of the line 20. Because the thermal expansion coefficients of
copper and the organic layer 18 are different, and because the bottom 22 and sidewalls 23 of the
trench constrain the line 20, annealing, as well as thermal cycling of the IC which typically

occurs during IC operation, may fracture or tear the line 20,

[0032] Reference numeral 42 at the left in Figure 2C is a location where the seed layer 26
has slightly entered the pore 14, and the electrodeposited copper has been deposited thereon in
close proximity with or in contact with the wall of the pore 14. This, again, raises also the

possibility of degradation of the organic layer 18 by diffusion of the copper thereinto,

[0033] At the right of Figure 2C, the barrier layer 26 has covered the wall of the pore 14, but
the seed layer 28 has only partially covered the wall of the pore 14. While contamination of the
organic layer 18 by copper may well be avoided, the resulting void 44 may lead to IC failure, as

described above.
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significantly increasing the dielectric constant or K of the |ayer

18. [0036] Referring now to Figures 3A-3C, the nethod of the present
invention is schematically shown. These Figures depict a single pore
14 open at a surface 16, 22 or 23 of the organic layer 18 and in a
stylized manner illustrate the present nethod and its effects. [0037]
The organic layer 18, or any other structure 10 that is a porous
organi c body is contacted by a supercritical fluid 50 that is
appropri g é ressed and held at a suitable tenperature t

ensur e sﬁt’) ri t itclRf PrEgnIF materiglsy hereyes A& Foamae, poqq§é2§ﬂ|ﬁ§rr@laq1\teiyckggher
fluid 50 ma itself be a solvent for the organic |ayer 18, and/or
there rmay™edanipelsdensd ¢oyld bespificient for Bayenchasitgipperlycoasrajeihe lings 20,
co-solvent 52 for the layer 18. The solvent or co-solvent 52 is

pr ef er abl §PtyipEding thefryarian sesfsients efdhermal gxgas@naThe peres Ksbpmion of
supercriticality but may be added after supercriticality of the
fluid 50 Yealicientlsfowasithis eanat@rinina3 By togermg thieline 2Rrie prckleacrsupartey passibitity
fluid has |ow (to zero) surface tension, a density simlar to that
of its |i¢guf-deibrate, and a viscosity and diffusivity closer to its
gaseous state. Supercritical fluids have been used to clean m cro-

and nano- mggﬁlneqhe9ﬁ§ﬁwﬁﬁmﬁ%ngﬂﬁhksleHbgﬁfgﬁ??%%§€§$§§ﬁgﬁg s 140

smal | spaces (due to |l ow viscosity an di ssol ve

or renpbve upﬂ{ces 3B Rh4HR 5&?&"{% St fa qSttﬂuﬂeg{{l ngff%:ls%%%%d Onrdid%ér?éaugrqgf

unwant ed part| ‘es. [ 0039 e supercritic

i tself, 'atlheé in?ulgtl\%%lrﬁﬁmecgrﬂ élnﬁs Ef;!){% fow]'?)oré%mtlﬁ%r SQURngdfxt%naﬁ resen id

50 plus vent or co-solvent supe cr| ca

fluid 50 1n!1én§8111 Iesﬁl?s Pégﬂtof%rm &ca?%%ngtﬁ%hh%ﬂato%ﬁl § he S[zrla er 18pw1hg|)gt

14. The sup ercrltlca vent a 39 SH Of

sur f ace 1 mi%%nt? mgz%a 11{&tﬁi?§l€fﬁ%¥lc g%ﬂsgaflla()fc%(tgjlg % e Of the por e 14.

Duri ng amay fromthe
surface 16 22 or 23 and fromthe wall of the pore 14, as indicated
by the ari06s@ 54 Retemihgtivev to riguees 8 A1R], tiR2maghoRd thaem:restehta'nmtibn of the

schematically shown. These Figures depict a single pore 14 open at a surface 16, 22 or 23 of the

organic layer 18 and in a stylized manner illustrate the present method and its effects.

[0037] The organic layer 18, or any other structure 10 that is a porous organic body, is
contacted by a supercritical fluid 50 that is appropriately compressed and held at a suitable
temperature to ensure supercriticality in a conventional manner. The supercritical fluid 50 may
itself be a solvent for the organic layer 18, and/or there may be added to the supercritical fluid 50
a solvent or co-solvent 52 for the layer 18. The solvent or co-solvent 52 is preferably added to
the supercritical fluid 50 at the inception of supercriticality but may be added after

supercriticality of the fluid 50 has been initiated.

[0038] As is well known, a supercritical fluid has low (to zero) surface tension, a density
similar to that of its liquid state, and a viscosity and diffusivity closer to its gaseous state.

Supercritical fluids have been used to clean micro- and nano-machines, because of their ability to
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pore 14 recede. Utinmately, as shown in Figure 3B, a "cloud" 56 of

t hese sol vated and solvating nolecules is present near the surface
16, 22 or 23 and at the nouth of the open pore 14. The dotted
profile 58 represents the original surface 16, 22 or 232 and the
original wall of the pore 14. [0040] Again, as is well known, the
supercritical state of a fluid is highly sensitive to both
tenperature and pressure, and different |iquids may have vastly

di fferent tenperature and (Pressure paoi nts at which they becone
super cri t PRRaYate REQ-pal; snefcy (dugfe o viscesiyrand bish ﬁtf@ﬁt\'ltbs}ﬁnfiﬁiéssolgi)@dﬁmp@ by
organic material of the layer 18 and the constituents of the sol vent
50 or 50-+H9meRtpE trapgeyefeg tiolﬁfgéla#en%%tr@uaﬂe%qﬂé uggRiechpartinlesor  50+52 i s
abruptly termnated by either lowering its tenperature or its

pressure @030t h ThekufRyerddirng Jouidde (& @L&{sém Gi @atsolqaﬁmrltﬁaaa&fr 18) or the
non-sol vent for the 1layer 18. As used herein, the term "non-solvent"

neans a |éuﬂbﬂcﬂt1&l hih$0 3R @%b Reht 3r EH-ENIRHEN (wHSHBES Gt dhb gﬂJef&McaQ%iatso
than the solvent 50 or 50+52. [0041] The abrupt term nation of

super cri tieghs Sl BF tHe hz%‘/elsﬂj \éﬁt@lt thggmﬁl(’jpoﬁg 12 ZT&fsBﬁ&Erﬁ il somgrsﬁ 05 50 50+52

transition of the nobleculés in the clou 6 at the sur ace

23, as ingdjgat @&lvﬁsﬁtohglg SO UE, z‘é%T 25 BB 1ag£rellsyanh DRRHRR e A%, gﬁqx@mg

in Figure 3C, a nse, non- porous m or 2 menbr

the or ganjf,.igs, %di&&lﬁg BB 1 éroﬂ% h&e ag;%!%ﬁ%%he]x@]r fae16252 8?232:9.? %Ehe WOE

entry to the rning ase transitron an

formati Onofquﬁdégll% : o{r?dggted ﬁ%ﬁ%ﬁﬁk«ﬁ? de%l& Hl&l?ljg grlg BJ?r a(pt%e wall of the

Technol ogy

AC ad.e m ¢ IPQF%E) %:F&:{Fh Ult, é%y Oa7s %gc% 24 rFé“%gE? o QBUS’I I%; chft%]){esr segi\?artff yan? ﬁ%llﬁatmg

her ei nt 0. 'has a h densi

that of tlgglfagu%ga 18 greseelilt near %he surfa%gﬁé (:%?3 Thde z-{t und{?/lé%/ft gng%%gﬁé [e %jl m

60 and the T'ess d , porous’re

grcl gﬁ(rjl Lly(%qg%d Sro%ﬁenb% re]}lre;[egltas t sel Jr%g(i)nrz]ll surfa P6€ {{’;2 a%ll J%h@:%lfllgmaf walFofq er peo§e

14.

[0040] Again, as is well known, the supercritical state of a fluid is highly sensitive to both
temperature and pressure, and different liquids may have vastly different temperature and
pressure points at which they become supercritical. Accordingly, after a time dependent on the
specific organic material of the layer 18 and the constituents of the solvent 50 or 50+52, the
supercritical state of the solvent 50 or 50+52 is abruptly terminated by either lowering its
temperature or its pressure or both, or by adding to it a sufficient quantity of non-solvent for the
layer 18. As used herein, the term “non-solvent” means a liquid or fluid having a different

supercriticality point than the solvent 50 or 50+52.

[0041} The abrupt termination of the supercritical state of the solvent 50 or 50452 effects a
phase transition of the molecules in the cloud 56 at the surface 16, 22 or 23, as indicated by the

arrows 59. Immediately thereupon, as shown in Figure 3C, a thin, dense, non-porous film or
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boundary is shown as the surface 16,22 or 23. The film 60 closes the
pores 14 open at the surface 16,22 and 23 and adds nechani cal
strength to the organic layer 18. The filmor nenbrane 60 has al so
been found to be sufficiently thin so as to not significantly
increase the dielectric constant, K, of the lowK |ayer 18. The free
surface 62 of the film60 is snooth and is suitable to serve as a
surface onto which a barrier layer 26, a seed |ayer 28 and a |ine 20
or ot her duc formed without the deficiencies of a line
20 deposi FEQDEUT SLBHES FigmuneghT et thy B4a] 167 Poal 159 oV enty b
preferred_solvent 50 will be suPercrltlcaI Cx2, as it_is known as a
sol vent fBF PR frapssriing e pgse ransflion pachibe éoriatonef el ¢lespediisisnt s
and "Precision Ceaning with Supercritical Carbon Dioxide for the
el i ni nat i Bpcdlesql lgmbgansdiechnalogy 4n Ediion, st Vianseld¥luldgs Pgipbrs U 99 anddiveer
by Spall et al. in the Proceedlngs of the 1995 Sunmer Nati onal

Meet i ng oftcademis Dablirers. INRSY @/92pE248% | incerroraglinxefereneaslageintor wi | |
usually be preferred to use a co-solvent together with CO2. [0044]

One exanpjogaBf armrnehga Bl meMBhf! 6@has hAehbnst Ty’ tHel Ao f gig r%algdeg YF @e gayer
or the layer 18 of Figures 2-4 is polytetrafluoroethylene ("PTFE"

or Teflon | | I 1
T o Eupcont el s s 00 M BUPE 415

supercritigalg ﬁr&qarmr gla%nr?ityfr%sﬁgﬂtt ﬁébe CtCll;' é&t@:gug %%EIES é‘@fmc?fg par 23

of the organic | ayer -13 t ecu es is

present. umﬂaqgﬁsgq méaﬂfagéléﬁor%’ﬁh "?8&0@&551%#@%& enat}%cted

by adding t e supercritica Pona

e of fect: ed‘ﬁ%"%ﬁn‘i'ﬁ%‘% LPURELARM Ry bRF TIPSRl B o, dfle PR s fifgf

non-sol vent | rgﬁe (%D T]E:Fé@ﬁ g%e@ﬁ? n%%’% AR, B gsts tsﬁglrotgstlg%ng lcan ‘i,l%mfﬁas&the

co2 supercrl I ca erna 1vely, iere

the | ayer e gcthg c&n?trrgtoﬁe iy tRe loﬁleE'I:'dyer ﬂ%e The free surface 62 of the film 60 is smooth and is

suitable to serve as a surface onto which a barrier layer 26, a seed layer 28 and a line 20 or other

conductor may be formed without the deficiencies of a line 20 deposited pursuant to the prior art.

[0043] Typically, the preferred solvent 50 will be supercritical CQ,, as it is known as a
solvent for many materials. See for example the above-cited patents and “Precision Cleaning
with Supercritical Carbon Dioxide for the elimination of Organic Solvents and Reduction of
Hazardous Waste,” by Spall et al. in the Proceedings of the 1995 Summer National Meeting of
the AlChe. Where the solvent 50+52 is used, it will usually be preferred to use a co-solvent

together with CO,.

[0044] One example of an organic material for the structure 10 of Figure 1 or the layer 18 of
Figures 2-4 is polytetrafluoroethylene (“PTFE”) or Teflon® {Dupont) containing small pores 12
and 14. Supercritical CO» solvates PTFE. Accordingly, the CO; solvent 50 is rendered

supercritical and brought into contact with the surface 16, 22 or 23 of the organic layer 18 until
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supercritical fluid solvent 50 may be a fluorine-containing substance
such as HF. The phase transition nmay be effected by addi ng HF bel ow
its supercritical tenperature to the supercritical HF 50. [0046]

Anot her exanple of an organic material is an aromatic hydrocarbon,
such as SiLK(r) (Dow). This aromatic hydrocarbon may be sol vated

wi th a solvent 50+52 conprising supercritical CO2 50 to which a
benzene-cont ai ni ng co-sol vent 52 has been added. Again, the phase
transition that effects formation of the filmor nmenbrane 60 nay be
br ought abeaiub§6 ofFdENgolecudpy apresent. of plesRirpeitiowof the PEEB enodaciles Hamay be
tenperature to the solvent 50+52. [0047] Depending on the organic

mat eri al dfected by sddingtouerdlugiong. shecipasritichleCOay il adli@ ionalCOugbedow the

t hi ckness of about 100nm and the conposition of the solvent 50 or
50+52, t hampgoatitcat feoperkiune Ths phase kreasited moytaldo ba effoméd byt dudok vess tothe
about 5-10nm of the surface 16 or 22 and of the wall of the pore 14
i s di ssolsapeleritioal COWM Wetenhiaghn-sdilecrp fia PEFE aarhs kdnperatirs aef freciie dhat eenders
produce the filmor nmenbrane 60 having a thickness of about 5nm The
sol vat i onC®{ swpercacalel | as the tenperature and pressure of the
process may be manipul ated to produce a dense, non-porous film or

nb ff t t ) 4
Curti o orboaglal s Ahetiliiaty, E‘F‘&é QB ol WRERE B s aRoRe BLP LR 4B g
th d bl. t h t t 10 t he_ | h
as che o wparte L EFUYTSo Bey bERFEptaBing y Gimeg MRt oCHEThcha
wel ! as HERSRPaIGy Pt elsd by At BF BAE day o 08 HONAIEL (e Sipercriial
pol yner - 2‘?@3‘? materials, or non- polyner-containing materials that

nay be s ed by a supercrltlcal fluid 50 or 50452 to produce the
nol ecul ar cloud 56 that is capable of undergoing a tenperature-

and/ or priee4g)r e- AAEMRENHEnbleOF aforBic FRMAN alirb AR BASSbL, 3R & isaKk®
to formthe filmor nenbrane 60. Additiona
(Dow). This aromatic hydrocarbon may be solvated with a solvent 50+52 comprising
supercritical CO, 50 to which a benzene-containing co-solvent 52 has been added. Again, the

phase transition that effects formation of the film or membrane 60 may be brought about by

adding a quantity of CO; below its supercritical temperature to the solvent 50+52,

[0047] Depending on the organic material of the structure 10, such as the layer 18 having a
thickness of about 100nm, and the composition of the solvent 50 or 50+52, the solvation time is
selected until a2 small thickness of about 5-10nm of the surface 16 or 22 and of the wall of the
pore 14 is dissolved, following which the phase transition is effected to produce the film or
membrane 60 having a thickness of about 5Snm. The solvation time, as well as the temperature
and pressure of the process may be manipulated to produce a dense, non-porous film or
membrane 60 having sufficient continuity to cover open pores 14 and sufficient additive
mechanical strength, without adversely affecting other desirable properties of the structure 10 or

the layer 18, such as the dielectric constant of the latter.
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exenpl ars of such an organic material are PTFE, SiLK, PsilLK, D SilLK,
and J SiLK; polyethyl ene; polypropylene; aromatic hydrocarbon
mat eri al s; pol ynucl ear aromati ¢ hydrocarbon naterialss; Flare 2. OTM
(Al'lied Signal); Oion(r) (Trikon); LKD 5109(r) (JSR); XPX(r)
(Asahi); and HSQ or HSSQ (hydrogen sil sequi oxane) and MsSQ or MSSQ
(methyl sil sequi oxane), both silicone-based pol yners. Additional

pol yners and other nmaterials my be selected by those skilled in the
art. Exenplars of solvents 50 and 50+52 include CO2, water, acids,

ni t rogen, [0948jon, Alsrsiiersit disdpa “cagamsrnaicrial supms Hhereiteriafetitsaysed above as
al cohol, ethers, acids, amnes, DVSO (di methyl sul foxide), NW

( N- net hy| vl sypagialsgelaey thepdo pEAny ROIEBS PRAYIRSTF.-PRLymstrbesay Mptesidlsrmssipe] .
[0049] Particul ar enmbodi ments of the invention are described herein.
It is to M&ymgidenrtgnmgdnaterigitthat imay jbpgaratedhy 4 siperotitiqal fiid 88 of p0+SEepe

t hereby. The present invention includes the described enbodinents
and any nmelduct gty lag pldud dfuibetds eapeigle obwalerdingy terhperdradet owilfon gressusd- s
hereof. -15 What is clainmed is: 1. A nethod of producing a very

t hi n, dendsperfdentror @ momsevant-dueenghasg tposiewsty fomghea fign or membrane 60. Additional
mat eri al -contai ning structure having one or nore pores open at its
surface, @xhmploper syphraeorganemugriahge PHEESSIEK Ak dn S&ikpand] SiLK;
conprising: contacting the surface with a supercritical fluid that

i ncl udes mhediyeantpolypropylvee; anatagic hpdrocunsbarmaeinth;, polgnsleatdrbinaticent to
initiate solvation of the surface and of the walls of pores open at
t he surf ag@tocabon mberalel Fred 1.0 (alleh8saal rGmsidE (R0 LKDe 180 \(BR)NG
organic material at the surface to form a thin, dense, pore-free

filmt herm@)qméhb?arﬁm@gfpﬁsw@{y@mge&gm&{dmné) REd MR LR (AR

rendering the surface sno .
silsequioxane), both silicone-based polymers. Additional polymers and other materials may be
selected by those skilled in the art. Exemplars of solvents 50 and 50+52 include CO2, water,
acids, nitrogen, argon, Xenon, propane, ammonia, isopropanol, methanol, alcohol, ethers, acids,

amines, DMSO (dimethylsulfoxide), NMP (N-methyl-2-pyrrolidone) and IPA [N-(3-methyl-2-

butenyl) adenosine].

[0049] Particular embodiments of the invention are described herein, It is to be understood
that the invention is not limited in scope thereby. The present invention includes the described

embodiments and any modifications and equivalents covered by the following claims hereof.
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2. Anethod as in claim1, wherein the supercritical fluid is the
solvent. 3. A nmethod as in claim1, wherein the supercritical fluid
and the solvent are separate entities. 4. A nethod as in claim3,
wherein the supercritical fluid and the solvent contact the surface
substantially sinmultaneously. 5. A nethod as in claim3, wherein the
sol vent contacts the surface after initial contact thereof by the
supercritical fluid, 6. Anethod as in claim1, wherein the phase
transiti ofVist isdimedisyat i ng organic material is effected by |owering
the tenperature or the pressure of the supercritical fluid or both.
7. A nethod as in claim1, wherein the phase transition of the

sol vati nglor gaﬁimethmmfanb@ciﬂw‘efﬁféﬁmddn@ﬁlaﬂm mglrfaoe bheporous organic
SUperC“tIC?erlfcot nig WGt VeInto O(rn’m £ jts snif; H;e

produci ng"& V&ry T hi'he &%ﬁ%ghﬂfﬂ% oh”a g‘l?rﬂﬂé%;é’pS?adspSBF 8fs ! eIOBﬁi‘poriSG
di el ectri eenderisy @eburf#ee gaiistodif @mmalsigont ai ning | ayer havi ng one or
nore pores open at its surface, the open pores rendering the surface

non- snoot h, cofRAIAcEna e upAteih ﬁ@“I’FFFé‘“%lr e thapineindes asspbeng for thec al
fluidt haEnale?i%i WERS chdRRInY Si¥FicieRr to?rtﬂﬁ?]te g@lfvﬁl(?drpt!yf tH@ﬂ.ﬁ"fa]pg Qlﬂfjdftthf’fﬁﬂs
rface an

sufficient to initiate solvation o e su
por es opehotgs opdnent Shershiefees; amhthen hen ef fecting a phase transition of

t he sol vati ng t he.sur to.forma thin ens
bore-ree 1 niniegbe e toiudhbr 88 ot st bolsPii s BRRies e frana
render i ngathig, defss; faae&"re&rfﬁmtthcrecsﬂ‘tm thenstact i thérebetdvgrisgihkiopeepdrkyardhi n

so as to not significantly increase the dielectric constant of the
| ayer . rendering the surface smooth.

2. A method as in claim 1, wherein the supercritical fluid is the solvent.

3. A method as in claim 1, wherein the supercritical fluid and the solvent are

separate entities.

4, A method as in claim 3, wherein the supercritical fluid and the solvent contact the

surface substantially simultaneously.

5. A method as in claim 3, wherein the solvent contacts the surface after initial

contact thereof by the supercritical fluid.
6. A method as in claim 1, wherein the phase transition of the solvating organic
material is effected by lowering the temperature or the pressure of the supercritical fluid

or both.

7. A method as in claim 1, wherein the phase transition of the solvating organic

material is effected by adding to the supercritical fluid a non-solvent for the material.

8. A method of producing a very thin, dense film on a surface of a porous, low-
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9. Anethod as in claim8, wherein the supercritical fluid is the
solvent. 10. A nethod as in claim8, wherein the supercritical fluid
and the solvent are separate entities. 11. A nmethod as in claiml10,
wherein the supercritical fluid and the solvent contact the surface
substantially sinultaneously. 12. A nethod as in claim 10, wherein
the solvent contacts the surface after initial contact thereof by
the supercritical fluid. 13. A nethod as in claim8, wherein the
phase t r aA§isciisToBstantnreans Patarighcanaining fayerkaviry ¢fle of S105¢ PRISY eRFLIits
| overing Llie, L GAPESAYNS BALAL dR EFEW fonUmdofie SUPEGRLT tical fluid.
14. A nethod as iﬁﬁclr}gi m's, V\i/ﬂ%reisn t(ﬂ{a phase t’rcangl tll%n of the
sol vati ng or gasingactingthersuehcs itled Supetaitic ylad tangcludes slivent for the
supercrit Im%?elriaf l!ml’('ileld chdlls 3§ 1¥1%1r1]ttt0 fix%{iat% levzrirt?'c;neorfl tl%! s'urf_ag:'(s7 and of the walls of

pores open at the surface; and then

effecting a phase transition of the solvating material at the surface to form a thin,
dense, pore-free film thereof on the surface, thereby covering the pores and rendering the
surface smooth, the dense film being sufficiently thin so as to not significantly increase

the dielectric constant of the layer.
9. A method as in claim 8, wherein the supercritical fluid is the solvent,

10. A method as in claim 8, wherein the supercritical fluid and the solvent are

separate entities.

11. A method as in claim 10, wherein the supercritical fluid and the solvent contact

the surface substantially simultaneously.

12. A method as in claim 10, wherein the solvent contacts the surface after initial

contact thereof by the supercritical fluid.

13. A method as in claim 8, wherein the phase transition of the solvating organic

material is effected by lowering the temperature and/or pressure of the supercritical fluid.

14. A method as in claim 8, wherein the phase transition of the solvating organic

material is effected by adding to the supercritical fluid a non-solvent for the material.
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