J2 APR:2004 METHOD TO ENHANCE GLOBAL PLANARI ZATI ON OF SI LI CON OXI Dy %SHE&EACE
FOR | C DEVI CE FABRI CATI ON BACKGROUND OF THE I NVENTION (1) Field of 204
~Invention The invention relates to the field of integrated devices, and
more specifically to a method of planarizing silicon dioxide surfaces in
Integrated Circuit devices. (2) Description of Prior Art For planarization,
a dry or wet etchback process can-be used and has found w de application

in the fabEragb 00 PREANSERNIGIOBALC POANERT ZAN oW oEhenicedn NeahmnisoRFACE
Polishing (CWP) is an approach that has yiel ded very good planarization

performance and that has beemk Wwcdekyrtss ethprild@riagt ors that affect CWP can
be classified in two groups. Chem stry related paraneters include slurry
type, pH value of slurry, the solid content of the slurry, slurry flow and
process tenperature. Mechanical related factors include polish pressure,

back pressure, platen speedi@drBafnt ¥PerupNthivekBPeofVMP process, the step
hei ght of wafer topography can be reduced well in excess of 100 Angstrom 1

12 APR 2004 Fqr; d@eRsSHRE l;gnari zation there are two nmajor
considera@éons}eCne 'S thef§€$F?hg of gaps wi th high aspect

The invention relates to the field of integrated
devices, and more specifically to a method of planarizing

silicon dioxide surfaces in Integrated Circuit devices.

{2} Description oflPrior Art

For planarization, ardry or wet etchback process can be
used and has found wide application in the fabrication of
semiconductor circuits. Chemical Mechanical Polishing (CMP) is
an approach that has yielded very good planarization performance
and that has been widely used. The factors that affect CMP can
be claséified in two groups. Chemistry related parameters
include slurry type, pH value\of slurry, the solid content of
the siurry, slurry flow and process temperature. Mechanical
related facfbrs include polish pressure, back pressure, platen
speed and pad type. With the CMP process, the step height of

wafer topography can be reduced well in excess of 100 Angstrom.




rati os.” The other is to achieve actual global planarization. The increasing
need to formplanar surfaces in sem conductor device fabrication hz_a@z IAF,ﬂ
to the devel opnent of a process technol ogy known as Chemnical Mechanica 2004
Pl anari zation (CMP). In the CMP process, seniconductor substrates are
rotated, face down, against a polishing pad in the presence of abrasive.
slurry. Mest commonly, the layer to be planarized is an electrical .
insul ating | ayps: ay&ld Aol c86h! ¥EakdF Gl e ¥hERS  ard il Raglbstrate is
rotated agai nst the polishing pad, the abrasive force grindS away the
surface ofo0eai St Ald NBrbAYSM the ABMI ANl YapEheriicals grodpauagds wi thin
the sl uyryou%gergo a cherﬁ’i.ca? re%ctl onln%nth pﬁg corrponéLr?t%s'o? the

| nsul ati ngat RYer H0 SHINGE B LA &P GIRY Bl op kY SAIRlLhY 58l ecti ng
the chem cal™ conponents of the slurry, e poFi shing process can be nade
nore selective to one type of material than to another. For. exanple, in
the presence of potassium hydroxide, silicon dioxide is renoved at a
faster rate than silicon.nitride.. The ability tg 0 | the selectivity
of a CWP pr ocggbse h:%{J'sC eé%lgg Fﬁ%‘?e%%eﬁ gl elalnﬁrt ﬁtelrf% érgl (?'La i on of conpl ex
integrated circuits. 2 1.2 APR 2004 A conmmon.requirenment of all

br ocesees PELERITIins” dSTRSPr Rramhe ChH OPM §HorP shibt Save LpRmeRE Rt of

f’g;';h' 058806t A dHredlogy"RHbEE ' 19 diN8luar' hehRafPSL] 3R22E0,800 RN the

(CMP). In the CMP process, semiconductor substrates are rotated,
- face down, against a polishiﬁg pad in the presence of abrasive .
slurry. Most commonly, the layer to be planarized is an
electrical insulating layer overlaying active circuit devices.
As the substrate is rotated against the polishing pad, the
abrasive force grinds away the surface of the insulating layer.
Additionally, chemical compounds within the slurrf undergo a
chemical reaction with the components of the insulating layer to
enhance the rate of removal. By carefully selecting the chemical

cbmponents of the slurry, the polishing process can be made more

P

selective to one type of material than to another. For example,
in the presence of potassium hydroxide, silicon dioxide is

. removed at a faster rate than silicon nitride. The ability to
control the selectivity of a CMP process has led to increased

use in the fabrication of complex integrated circuits.



tniformy fromedge to edge on the substrate. To ensure that a plapar
surface i s obtained, the electrically insulating |ayer nust be uniddrARR, 2004
tenmoved. Uniform polishing can be difficult because several nachine
paranmeters can interact to create non- uniformty in the polishing process.
‘For exanmple, in the case of CMP., msalignnment of the .polishing wheel with
respect to the polishing platen -can. create regions of non-uniform '

pol 91110, 2T RReukd, ST o0l APS, ORI RS, B9 RN TS

paranet ers, such™as non-oirbogeneous sTurry c

the plate [ ur can.also create non-uniform poljshing.conditions. The
pur pose o?”g%%fs%‘?%Sbecﬁﬁﬁfﬁé{’f‘g?’o?%f’r%‘?‘g- z#hiti’\?ec% a‘I’IL‘ pdcf'}dgs‘d]llé’t?alan

pl anari zation. The ability.to achieve, good planarity is of critical

i mpor t anc& ForF T plrndc‘é’éfgili}? ?ﬂ’%’gr]a Hy® WFPREaPLfetprRtidsh Fhe layer

pl anarizatip t be sinple to yuse and flexible in where,,within the
sequence B?lg%%‘}%bn%?& 8’58&&5%% Frhg- 5 sLBsSraLe stEpEnsurec dhagea

appl i ed. Ii is current practice to first chemically soften the surface
that is (BLERARISHERAed® PBFROIER Ly SrediRAREa 5l bY AHATY LARinoh 1gvekhe
surface. 3 12 APR 2004 Figs. 1 and 2 show cross sections of a typical

seni conduBtdy Re (ifaraly rameaeedd UYniferm @odnahdng ket hehidifficullayer 16,

of for instance a dielectric, has been deposited. Fig.
because several machine parameters can interact to create non-

- uniformity in the polishing process. For example, in the case of
CMP, misalignment of the_polishing.wheel with respect to the
polishing platen can create regions of non-uniform polishing
across the diameter of the polished surface. Other machine
parameters, such as non-homogeneous slurry compositions and
variations in the plateﬁ pressure, can also create non-uniform

preolishing conditions.

The purpose of applying cMP therefore is to achieve loéal
and global planarization. The ability to achieve good planarity
is of critical importance for the process of lithography while
the process of planarization must be simple to use and flexible
in where, within the sequence of semiconductor manufacturing
processing stepg,it can be applied. It is current practice to
first chemically soften the surface that is to be planarized

followed by mechanical planarization of the surface.




2 shows’ the cross section before planarization. As a matter of distjnction
two different patterns of netal |ine deposition are shown, thatiSLEEdﬁﬂgmm
pattefn of three adjacent and in close physical proxinity metal |ines 10
and a isolated pattern where a single netal line 20 is deposited whereby
-no other netal lines are-inits proximty. It is clear fromthe profile of
the surface of deposition 12 that planarization aspects differ between

the surface of plgyer: bad haknbs apeys ddwe-dsnserpat £ﬁ5{bapf metal lines 10

and the surface of layer 12 that i.s above the single netal line 20. O
speci al - CoBGEEShAdtdie s&&ﬁeeﬁ'réa&ieﬁ fdeal fﬁn%r €3018nk nzi gnﬁ%ﬁsg

di f f er ent patterns of-nmetal Iines, since |n t |s area 16 the deposition 12
exhibits ﬁaﬂé@plsﬁQQEW%QeiﬁHEXhEQ éfH%F#% ggrﬂg& 'd %L.%ﬁ the | onest
point of this curving inwar e |cu o reac en planar92|ng

aver 12.1Fgou2 e{pv&o@.scggéélas%éegc éﬂ% -SLLYoforpnst rakest he

result of t anari zati on process y I'n Cross

o il et e L M IS, B

(Fig. 1) curves. 1nward resu Fi g.
4 in the r qn 1 represents

SéorTBFan%#|€%€ggﬁﬂgﬁﬁhg ég?ron?%F%%ﬂ?cgiéﬁ%Fgraﬂﬁﬂﬁ?%Et g Fohe

yleMI h'gﬁéyéf55¥”%ro lmlty metal lines 10 and a isclated pattern where a
single metal line 20 is deposited whereby no other metal lines

i are in its proximity.rlt is clear from the profile of the
surface of deposition 12 that planarization aspects differ
between the surface of layer 12 that is above the dense pattern
of metal lines 10 and the surface of layer 12 that is above the
single metal line 20. Of special concern is the planarization of
the area 16 in between these‘two different patterns of metal
lines, since in this area 16 the deposition 12 exhibits a deep
and wide curving inward of its surface)whe:eby the lowest point
of this curving inward may be difficult to reach when |

planarizing layer 12.

Fig, 2 shows a cross sectio; that clearly demonstrates the
result of the planarization process. Esbecially noteworthy in
this cross section is the area 18 where, due to CMP dishing, the
surface of layer 12 (Fig. 1) curves inward resulting in a not

planar layer in area 18 (Fig. 2). The “dishing” of the surface




Current .pl anarization practice is highlighted in Figs. 3 and 4. Fig. 3
shows a cross section where a pattern 22 of photo resist or polysil2&PR 98
deposited, this pattern serves as a nmask that buffers the etching of |ayer
16 that is covered by pattern 22. Pattern 22 is a reverse nask pattern of
t he pattern of nmetal lines 10.. The results obtained after etching are
shown in the cross section presented in Fig. 4. It is clear fromthe
cross sectjon.that surfaces 26 and 28 do not neet the qui renent  of good
pl anarity ’dhg:ht orFﬁéOPei‘gl’f‘??beWr REPRPLaREatign ?ﬁ&th%'r FHE @ ant ages
of this reverse nmask etchin and planarization apBroach is that the

process haETHEQRONEHOT YR "i‘;‘iﬁ’d]lé‘ﬁl Poinh P e hiighiy wrdesitdhdie-es t he
use of a reverse nask. US 4,665,007 (Cservak et al.) shows a planarization
nmethod wusing a polyner (positive tone imaging) to fill vaIIeys and CwP
the pol ymer and oxide. This patent uses a positive-inage polyne in

contrast to th&UHGBAt PO IFafdonyBraghire dél yohlipphs). in dﬂérsal B this
patent is close to the invention. 5 12 APR 2004 US 5,077, 234( Scoopo et al.)

shows a plaardi-zEfFon3 nelerl aisiregspheevias wéxer%ngttw@@a\ofophme

I NVENTI ON A principle object of the present invention is to provide a
resist or polysilicon is deposited, this pattern serves as a

mask that buffers the etching of layer 16 that is covered by
pattern 22. Pattern 22 is a reverse mask pattern of the pattern
SR of metal lines 10. The results obtained after etching are shown
in the cross section presented in Fig. 4. It is clear from the
¢ross section that surfaces 26 and 28 do not meet the
requirement of good planarity due to the resulting protruding
spikes 30. Further disadvantages of this reverse mask etching
and planarization approach is that the process has acquired
added complexity and cost while it also requires the use of a

reverse mask.

US 4,665,007 (Cservak et al.) shows a planarization method
using a polymer (positive tone imaging) to fill valleys and CMP
the polymer and oxide. This patent uses a positive-image polymer
in contrast to the inveﬁtion's negative-image polymer (PPMS).

Overall this patent is close to the invention.



-

sinple pethod for planarization. It is another objective of the invention
to providea nethod of sem conductor surface planarization that do{zmxﬁt 00
require the use of reverse nasking techniques. It is another objective o?
the invention to.provide a nethod of sem conductor surface planarization

that does not require steps of etching and stripping. It is another

objective of the invention the provide a nethod of sem conductor surface
pl anari zation that is _.ndependent of sem conductor- circuit structure
density and th&F 2tHelesr&caPPai fatdls) v sShanBhatdt G- +og BRTAGY in the
pl anari zed surface. [It. is another objective of the invention the provide a
met hod: of BS&RY cRkRISTL SSulLR¥8ES pl anari zati on that provi des good 6
12APR2004 pl anari zation control in providing simlar Si-OSi bonding
structures for both PPMSO and oxide layer. it is another objective of the

pr esent

invention to provide a nmethod for forning a planarized

seni conductor structure conpriSHMERYOEVFHENEIEERTIGNon substrate;
providing a pattern of interconnect lines on the surface of said silicon
substrate, said pattern of :

FaalicN

RGN

A principle object of the present invention is to provide a

simple method for planarization.

It is another objective of the invention to provide-a
method of semiconductor surface planarization that does not

require the use of reverse'masking techniques.

It is another objective of the invention to provide a
method of semiconductor surface planarization that does not

require the—use—the steps of etching and stripping.

It is another objective of the invention the provide a
method of semiconductor surface planarization that is
independent of semiconductor circuit structure density and that
therefore eliminates the phenomenon of “dishing” in the

planarized surface.

It is another objective of the invention the provide a

method of semiconductor surface planarization that provides good



i.nterconnect |ines being separated by trenches; depositing a |ayer of
dielectric material over said pattern of interconnect |ines; form g
layer. of negative-image Plasma Polynerized Methylsilane (PPM5) over salpgzm14
| ayer of dielectric nmaterial; exposing the surface of said |ayer of
negative-image PPM5S in a pattern that is a reverse imge of sai d pattern
ofl!ntercogn?cttlines t hat has been provided on the surface of said
silicon substrate, creating a pattern of unexposed . PPM5 th [ i
sai d pat tRFanaFizatiane senseel| Eﬂe%m‘{w&{flghéémgééﬁ %%*&T%Fed?q%.tﬁﬁ?llﬁ'eggﬁr ¥“af;2
of said substrate, mhereb%Eunexposed regi'ons of said negative-inmage PPNVS
can be rewveiiings dovebobheRPMSP and PxidgaldPYeri mage PPVS, enabling the
renmoval by etching of said layer of PPM5 in a pattern that aligns wth
Z?l:ﬂi ggt-ggiggi%%o@@rd I Qﬁﬁbct%ir\,@/idfe(ih@nph:beeaur fincenvfosaial pushsideat e;

: : Xpose ayer of negative-i e PPMS, renovin '
~above sai @ pathed nfor FHEEEDF nqqlﬁggagﬁgfcﬂﬁgu%%%ﬂ %ﬁ%gﬁﬁgggoﬁpyﬁefrom
surface oéoa"%g ind? APR 2094 substrate, creating a pattern of PPMSO that
overlays sal Trenches t hat separate said interconnect |ines; and
pl anari zing said pattern of PPMSO that overlays said

providing a silicon substrate;

providing a pattern of interconnect lines on the
surface of said silicon substrate, said pattern of

interconnect lines being separated by trenches;

depositing a layer of dielectric material over said

pattern of interconnect lines;

forming a layer of negative-image Plasma Polymerized

Methylsilane (PPMS) over said layer of dielectric material;

exposing the surface of said layer of negative-image
PPMS in a pattern that is a reverse image of said pattern
of interconnect lines that has been provided on the surface
of said silicon substrate, creating a pattern of unexposed
PPMS that aligns with said pattern of interconnect lines
that has béen provided on the surface of said substrate,
whereby unexposed regions of said negative-image PFMS can
be removed by development of said negative-image PPMS,
enabling the removal by etching of said layer of PPMS in a
pattern that aligns with said pattern that has been

provided on the surface of said substrate;

etching said exposed layer of negative-image PPMS,
removing said PPMS from above said pattern of interconnect

lines that has been provided on the surface of said



trenches

sem conductor structure conprising: providing a silicon substrate,

silicon substrate having been provided on the surface thereof with a

pattern

trenches;
substrate to fil

that separate said interconnect lines. It is another objective of
the present invention to provide a nmethod for formng a planarizedfs é‘ﬂﬂ#
sal

of interconnect lines, said interconnect |ines being separated by

applying a |layer of dielectric polyner material to said

form ng astbkekateyestroit PRV Qerrtesal drdipegot thet PRbyI®ys |Ayer
to radiation said | ayer of PPM5 using a mask which is identical to a mask
t hat has EE@HCH§%dt?%FcﬁﬁP%E§t%rﬁ?%@éﬁ%ﬁ@?opﬁﬁFts%b%?%tém§%|d i nt er connect

i nes, said

the trenches that separate said interconnect |ines;

exposi ng

radi ati on | eaving unexposed said | ayer of PPVM5S in a pattern
t hat allgns with the pattern of said interconnect lines, to obtain

oxi dation of sBi@n@PMsLng oA} tHatd o3 a @fe%’éﬁ@dtPPWV@@lmmldcr eating a
pattern otrﬁﬂwﬂﬁﬁthbﬁta$¢gﬁﬁamﬂtﬂanﬂmumteg@pﬂaﬁntollm¢%nches t hat separate
said interconnect lines; 7A 11 2 APR 2004 renovi ng sai d unexposed PPM5,

| eavi ng said PPMSO in

It is another objective of the present invention to
provide a method for forming a planarized semiconductor

structure comprising:

providing a silicon substrate, saild silicon substrate

having been provided on the surface thereof with a pattern

of interconnect lines, said interconnect lines being

separated by trenches;

applying a layer of dielectric polymer material to
said substrate to fill the trenches that separate said

interconnect lines;

forming a thick layer of PPMS over said dielectric

polymer layer;

expoging to radiation said layer of PPMS using a mask
which is identical to a mask that has been used to define

the trenches that separate said interconnect lines, said

. radiation leaving unexposed said layer of PPMS in a pattern
that aligns with the pattern of said interconnect lines, to
obtain oxidation of said PPMS, converting said exposed PPMS

to PPMSO, c¢reating a pattern of PPMSO that aligns with said

pattern of trenches that separate said interconnect lines;

TA



place in a pattern that aligns with said trenches that separate said

i nterconnect |ines, creating openings in said |ayer of PPVS that ald@PR 2004
with said pattern of interconnect |ines; and planarizing the pattern of
remai ni ng PPMSO. I n accordance with the objects of this invention, a new

met hod is provided for planarizing silicon dioxide surfaces in

sem conduct or structures. The process starts by defining the structure of
the underlying layer (for instance a |layer of nmetal lines). A |ayer of

oxi de i s depositeshdrthg 4 iRDSInekkestanepms Madé i netadied domsdefihne the
underlying layer in the profile o the surtface of the oxide. A |layer of
PPVB i s depbtfftedidveiPatierngéiiatealionscrith saldtranghes thétmask of the

under | yi ng kay&fate tma’%@éx@sﬁhéﬁ %Heé,edci*é‘a@ir{@tc%ﬁﬂgﬁggeﬁhi gg%ato the

pattern of the underlying |ayer. e unexposed redi ons “the PPM5 | ayer

are renovedliayee ek RRE thedi addgof wihb PRPME pattesn RAVEOtiegcohoertd) . have

a pattern tffﬁ%iéih?ﬁ negative i mge of the pattern of the underlying
| ayer. During , is PPMSO (exposed PPMS) |ayer is renmoved down to the

top surface of tpimnmifding ahet patteunf aterefaimmopxmimsoand hence achi eves
O ooy Eas s b e IO LG9, ol St Ny i e be
rog! UsaecRed LETMSAAORTE LM NG S4B Phy B SRS R 0
semiconductor structures. The process starts by defining the
structure of the ﬁnderlying layer (for instance a layer of metal
lines). A layer of oxide is deposited and, by positive tone
v imaging, etched to define the underlying layer in the profile of
the surface of the oxide. A layer of PPMS is deposited over the
defined structure layer.'Using the mask of the underlying layver,
the PPMS layer is gxposed in a pattern identical to the pattern
of the underlying layer} The unexposed regions of. the PPMS layer
are removed, the exposed regions of the PPMS (where PPMSO is
formed)_have-a pattern that is the negative image of the pattern
of the underlying layer, During CMP, this PPMSO (exposed PPMS)
layer is removed down to the top surface of the profile of the
surface of the oxide and hence achieves global planarization. If
required, the surface thus created can further be planarized to
the point where no more PPMSO is present (the PPMSO “columns”
are removed together with the intra—layér of patterned oxide).
The surface thus created shows excellent planarity, this surface

can be further planarized down to the top level of the

‘underlying pattern, if it is desiraBle to do so.
B .



can be further planarized down to the top I evel of the wunderlying pattern,
i-f it is desirable to do so. 7B . 12 APR 2004 BRI EF DESCRI PTI ON OF THE
DRAWNGS. Fig. 1 shows a cross section of a Prior Art pattern: of t2aAPR 2004
lines together with a | ayer deposited over this pattern, before CW. Fig.
"2 shows a cross section.of a Prior Art pattern of netal |ines together

with a |ayer deposited over this pattern, after CMP. Fig. 3 shows a cross

section of a Prior Art rey, t phot i erlying a | ayer
deposited over a pattern %{%fﬂ%et[}%%cﬁaﬁ%ﬁgh}ﬁgﬁﬁ mb@gm 0ss section of a
Prior Art reverse patterned photo resist (as per Fig. 3) after etching and
stripping of the photo resist. Fig. 5 shows a cross section of the.
formation of a positive tone image of the pattern of the underlying |lines
fol l owed by tHied-dépSEPFFoR SFO%S [S8FEF OB OPPREPT 7%y At $RSkETA efoss

section of the exposure of the |ayer of PPM5 using the pattern of the
under | yi mietdhesineg togepprr 2gh a2 layer deposited over this pattern,

before CMP.

Fig. 2 shows a cross section of a Prior Art pattern of
metal lines together with a layer deposited over this pattern,

v after CMP.

Fig. 3 shows a cross section of a Prior Art reverse
patterned photo resist overlying a layer deposited over a

pattern of metal lines.

Fig. 4 shows a cross section of a Prior Art reverse
patterned photo resist (as per Fig. 3} after etching and

stripping of the photo resist.

A

Fig. 5 shows a cross section of the formation of a positive
tone image of the pattern of the underlying lines followed by

the deposition of a layer of PPMS.

Fig. © shows a cross section of the exposure of the layer

of PPMS using the pattern of the underlying lines.



v

Fig. 7 shows a cross section of the results of etching of the unexposed
regions’of PPMS. Fig. 8 shows a cross section after planarization qof 2tAPR 2004
PPMSO (the exposed region of the PPV5 |ayer). Fig. 9 shows further

pl anari zation of the created surface. 'Fig. 10 shows potential further

pl anari zation of the created surface. DESCRI PTION OF THE PREFERRED

"EMBODI MENT.  Referring now specifically to Fig. 5, there is shown a cross
section of a pattern of an underlying- structure 10 and 20, a |ayer 52 of
oxi de that hasrbgent psidwer aedrand eéchith W myet hesuposidfi wechang pfage of
the pattern of the underlying structure, and a | ayer of Plasma Pol ynerized
Met hyl si | ape (REMRs&d trigibRkSokayems has been CVD deposi ted and

pl anari zed. The | ayer of (PPM5) is sensitive to 148 and 193 nm UV |ight.
Where the above description uses oxide for the layer 52, other materials
can al so be used for this purpose, for instance Spin-On-d ass (SOG and
Spi n- On- Or gani g; POl ¥ "B %sOh 8kBLL L O kardlee! BELAA LI /LRI JeSndhe |ayer
of PPMS. is typically deposited to a thickness of between about 5,000 and
10, 000 An r R PQE v b itive to 193 nm WV I|ight
exposure,g?ﬂggng%ﬁgi?ﬁﬁéﬁ?aofggg§%s§?i%ﬁ?(ﬁéﬁsagg?@gz are the sane as the
conditions for 248 nm W |light exposure. That is the same material (when
usi ng the sanme nmethod of deposition) can be :

Fig. 9 shows further planarization of the created surface.

i,
T

-~ 'Fig. 10 shows potential further planarization of the

created surface.
DESCRIPTION OF THE PREFERRED EMBODIMENT.

Referring now specifically to Fig. 5, there is shown a
cross section of a pattern of an underlying structure 10 and 20,
a layer 52 of oxide that has been patterned and etched using the

positive tone image of the pattern of the underlying structure,

R

2rand a layer-of Plasma Polymerized Methylsilane (PPMS) after this layer has been CVD deposited and
planarized. The layer oflg?M%)is sensitive to 248 and 193 nm. UV
light. Where the above description uses oxide for the layer 52,
othér materials can also be used for this purpose, for instance
Spin-On-Glass (SOG) and Spin-On-Organic polymers or similar loﬁ—
k dielectric materials. The layer of PPMS is typically deposited

to a thickness of between about 5,000 and 10,000 Angstrom. For



equal |l y- sensitive to exposure of both 193 nmand 248 nm UV [|ight. The
suggest ed nethod of depositing |ayer 54, the layer of PPMS, is usindgt2 APR 2004

‘met hyl sil ane as the source being deposited at 13.56 MHz, applying a | ow

‘power ed deposition. The methylsilane is delivered at a flow rate of

A

"_between about 50 and 200 sccmfor the 248 rim imaging, the deposition

rate being 25 to 30 nm/mn. Nornmal deposition requires a deposition of a
100 nm film Fig. 6 shows a cross ction of, the exposure of the |ayer 54
(Fig. 5) pé’flyfgsﬁsggp]f)? ysfeﬁb“ttﬁé’en%?klggeamt %Vcile%"tte SERESUGRdet i ng structure
pattern 10 and, 20. %“C?ﬁ exposure results in oxidative cross-1linking of

the. exp&FSEG+5+BRE OF t4FAPiftdoppRE la¥es vésng the #AMEhaghehexposed PPMB
regions are converted to PPMSO The exposed regions within the PPV5 | ayer
that hav&OPALtEANS RN FAS BEeNVcdhobEt egrooEpVEDasr éshibhl st ed with 62,
t he unexposed re%;i ons are highlighted with 60. Exposure processing

condi t i off§€tgréals ReN dtidindahex gesar vebirophafvsepoghbiionP0camice 400 mJ/ cn?
for a tine of between about 10 and 100 seconds. 10 1 2 APP 2004 FIG 7
shows a EAY3dlEecBeRBLigha &0 gapesepengt tiheth dyfs nof an@PREB PRVBD using a
Cl2 plasma chem stry, which renoves the PPMS while |eaving in place

deposi ti 84gh%2 of PPMSO. The depositions 72 of PPMSO are above and in |ine
wi th the gaps '

The suggested method of depositing layer 54, the layer of
PPMS, is using methylsilane as the source being deposited at
13.56 MHz, applying a low powered deposition. The methylsilane
is delivered at a flow rate of between about 50 and 200 scem for

the 248 nm. imaging, the deposition rate being 25 to 30 nm./min.

Normal deposition requires a deposition of a 100 nm. £ilm.

Fig. € shows a cross section of the exposure of the layer
54 (Fig. 5) of PPMS applying the mask used to create the

underlying structure pattern 10 and 20. This exposure results in

bR,

oxidative cross-linking of the . exposed areas within the PPMS
as a result of which the exposed PPMS regions are converted to
PPMSO. The exposed regions within the PPMS layer that have in
this manner bgen converted to PPMSO are highlighted with 62, the‘
unexposed regions are highlighted with 60. Exposure processing
conditions are as follows: an exposure of between about 200 and

400 mJ/cm® for a time of between aboﬁt 10 and 100 seconds.

10



bet ween the underlying structure 10 and 20. The PPMSO pattern 72 is the
negative i mge of the underlying structure pattern 10 and 20 w ogf tP@

| ower sections of the PPMSO pattern filling the openings the p tPl WBone
oxide imge 52 (FIG 5) previously formed. The pattern of openings that
is created in the layer 54 (FIG 5) of PPM5 aligns with (and is therefore
identical to) the high trench density/low density pattern 10/20 that has
been provided on a sem conductor surface 11. The latter surface is

t ypi cal IBLIG 1t e stunwisaee cobsa seot::mmchﬂtem dutedtopdtg. tEEGlaveshofs t hat

pattern Othat re |n pl ace .after t unexposed ,PPM5 has
been rer%]\?}‘g?fpéjlgr ns “WitH &8n al‘?’&?n %r? LSEEYy hgﬂbﬁ?tﬁ?rﬁ B1° t1He trenches
t hat sepamat eHille 1ieﬁkrehgomﬂeplad:¢art@ép@silﬂ:ttﬁzshlvgho&emmsw pahéern 10 and

the |low density pattern 20. 11 APR 2004 The negative tone |rrag
devel oprfSMOSHHRNS 2t RE PEHE0aRT®I2bP¥R aTHbFoded PPl EGFod<PB0, appl i es

the fol |k9é’t'vi&rprt@f@%ﬁﬁ@ﬂlyﬂ?ﬁé%@i@é@ur@ 14 Ghrcdensi tﬂﬁepb@ﬁg@ etch if
necessary. A C2/HBr/2 ©plasm, flow ng at between about 80 and 200 sccm

with th@amt@:ifmaﬁch&m‘ééﬁ asgaquqglmg%aﬁ/vete‘w apsler13009and 2500 Watts and
an OperastﬂT il ai@%‘ée% bgt &E&”zé‘f\ﬁ#ﬁsh 234 ZRQ- LKL onkl 8 Bnshows the

results pl anari zati on
PPMSO pattern filling the openings the positive tone oxide

image 52 (FIG. 5) previously formed. The pattern of
"openings that is created in the layer 54 (FIG. 5) of PPMS
aligns with (and is therefore identical to) the high trench
density/low density pattern 10/20 that has been provided on
a gemiconductor sgsurface 11. The latter surface is typically
the surface of a semiconductor substrate. FIG. 7 shows that
pattern 72 of PPMSC that remains in place after the
unexposed PPMS has been removed aligns with and is
identical to the pattern of the trenches that separate the
interconnect lines of the high density pattern 10 and the

low density pattern 20.
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pl anari zation has proceeded down to surface 84 where the regions ,82 of the
PPMSO.t hat are protruding into the positive tone oxide inage arelﬂaﬁ\ﬁﬁ anok y
left intact. A surface hard bake and/or an UV cure can precede this

pl anari zation. The surface 84 that is shown in Fig. 8 is essentially 100%
planar since the PPMSO is actually a type of silicon oxide by having a
gimlar silicon and oxide bonding. The PPMSO al so has a simlar CW
renoval rate as J2 APR 2004 that of the oxi de dielectric. This elimnates

probl ens of p@géaqf(fge,&% guagafrﬁa(ﬁé- | ogﬁsnharé?ﬁkfs éﬂaer%ﬁgegpawe

can be up to rees or t the ht source w

id t 5Bl l f
Purt her sott ac RSl P, pebs i B E b kb2 F%nfﬁﬁ@pﬁ‘%ege% a0 1o
f 9 P | ear § t
Sectton tra el aTRLEn LY ven%aor?ttg S A SR on,
di shi f I 52
of “oxi de TH i FIEER iggség*?**%e"ff e, SEPRBN P DR iTy SR pldEhe

wh b | d b h f th

pl g:lgr?/zg 1?3%“ tg In|S ggé Juse e %Zé%%%% %Ph apf %%iqa%{? rIss:lt Iﬁ‘ééﬁgndtente of
th tt f..th 1t t al 10 ,

e oL s B g ek S i, TRk b1 B8 200 Ganci Shoves @ cross

Fig. 8 shows the results of surface planarization, this

o

planarization has proceeded down to surface 84 where the regions
82 of the PPMB0O that are preotruding into the positive tone oxide
image are partially left intact. A surface hard bake and/or an
UV cure can precede this planarization. The surface 84 that is
shown in Fig. 8 is essentially 100% planar since the PPMSO is
actually a type of silicon oxide by having a similar silicon and

oxide bonding. The PPMSO also has a similar CMP removal rate as

11 éA



been continued to surface 98 where no oxide is left on the top surfaces of
the original underlying structure. This step of planarization is %gtm?dm
Considerations that |ead to the continued planarization that has
indicated in going fromFig. 8 to Fig. 9 and to Fig. 10 are dependent on
-and determ ned by specific device 12 12 APR 2004 -3 requirenents and process
paraneters. If for instance the PPMSO that is produced in the above

i ndi cat ed net r| c d?%é%%}eﬁlgonﬁh%n 1&9&%184:% gﬁ%lem%a%tfl y different

fromthe ox e dielec e process up thé m ni num

t hat d T the . fab t

of 1 nt ogr REGHEFE % Sidre: o et ﬁﬁ%eer%sﬁces B e PR 8P oo
t h 10. |t t killed

St et Be i e#ﬁme H b R e LS A rags

consi st ent W|t letter and spirit of t e _pr sent invention and within

h
t he scopePbfv Hlu% ap SXRIERFP AT WhiaYSE™PtRited only by the fol | owi ng

clainms, construed in accordance with the patent law, including the
doctrine of equi valents. 13 1 2 APR 2004

Fig, 9 shows the results of further surface planarization,
this planarization has proceeded down to surface 96 where no

more PPMSO remains. It 1s clear from this cross section that the

P

process of the invention eliminates any possibility of dishing
in the planarized surface. The deposited positive tone layer 52
of oxide (Fig. 1) serves as a “buffer” to the planarization
process whereby planarity is determined strictly by the
characteristics of the planarization techniques used and whereby
the planarity is independent of the pattern of the initial layer

of metal lines.

Fig. 10 shows a cross section whereby the planarization has
been continued to surface 98 where no oxide is left on the top
surfaces of the original underlying structure. This step of

planarization is optional.

Considerations that lead to the continued planarization
that has been indicated in going from Fig. 8 to Fig. 9 and to

Fig. 10 are dependent on and determined by specific device

12



Crains What is clainmed is: 1. A nethod for formng a planarized

sem conductor structure conprising: providing a silicon substrate;
providing a pattern of interconnect lines on the surface of sal,ﬂ ZSAFR gmp
.Substrate, said pattern of interconnect |ines being separated by trenches
-depositing a layer of dielectric material over said pattern of
interconnect lines; formng a layer of negative-image Plasma Pol yneri zed

Verhyl st 2Rgu L FENG el pabdeba eﬁgraqrtet% BLCRE! 6y RIAMde (REPOBEY the

surface of said egatirv in a pattern t s a

reverse | grge of Salghdal gr@heogb 4 SFRUAESh pASS: WA 183 BEsp, ppovi ded

on the surface 1 con Ssu e, cCreatling a ttern (0] unexposed

PPMS t hat _al i sai ern terconpe at has been
provi ded Sﬁn?% sur}?agzce'soﬁl HES¥s 3?6‘1:{] erﬁ}ﬂ[-e] é%?/m I poétsgﬁ regl ons of

sai d negat,lyv e PPMVS be renove dev n

negat i ve- fh& %c% théaﬁ’a%sl FnB P77 o é’l ?ch%)r%’ ofnl&}f"&ml 593F ¥ Peve
in a patternth nsvvl h said atternthat has bee: V|deg on the
sur f ace O'F gléil_]ae U owever ertaln processes in the rlca io

of Integrated Circuits that require a procedure that leads to

the cross section as shown in Fig. 10.

i

It will be apparent to those skilled in the art, that other
embodiments, improvements, details and eses can be made
consistent with the letter and sPiritlof the present invention
and within the scope of the present invention, which is limited
only by the following claims, construed in accordance with the

patent law, including the‘doctrine of eguivalents.

13



2 APR 2004 etching said exposed |ayer of negative-inmage PPM5, renoving
said PPM5 from above said pattern of interconnect |ines that has been
provided on the surface of said substrate, creating a pattern Of.f?Nﬁ§QZ%k
that overlays said trenches that separate said interconnect |ines;

pl anari zing said pattern of PPMSO that overlays said trenches that
separate said interconnect lines. 2. The nethod of claim1 wherein said
applying a layer of dielectric material is applying a | ayer of oxide. 3.
The nethod of claim1 wherein said ¢osithiétg a |ayer of negative-i nage PPNS
is creating a Plasma Enhanced CVD (PECVD) | ayer of Plasnma Pol ynerized

Met hyl silane (PPMS) on said dielectric. 4. The nethod of claim3 wherein
sai d creaindyd i& ABEGWR4 gyer of PPMS is depositing nethylsilane at 13.56
MHz using al ow radi o-frequency powered energy source, whereby said

met hyl silane is delivered at a flow rate between 50 and 200 sccmwth a

wave- | ength ofy 1 adi,0-LERAUCREY PEPREHLCy OfoRAR JUB Weld) BrhALED!

deposi tion betmeen a|n1 wherein said
patterning :uﬁuidcwwae ebmpedatnge-i mage PPMS is patterning said | ayer
using a nmask of said interconnect |ines provided on the

providing a silicon substrate;

providing a pattern of interconnect lines on the
surface of said silicon substrate, said pattern of

interconnect lines being separated by trenches;

depositing a layer of dielectric material over said

pattern of interconnect lines;

forming a layer of negative-image Plasma Polymerized

Methylsilane (PPMS) over said layer of dielectric material;

exposing the surface of said layer of negative-image

PPMS in a pattern that is a reverse image of said pattern
of interconnect lines that has been provided on the surface
of said silicon substrate, creating a pattern of unexposed
PPMS that aligns with said pattern of interconnect lines
that has been provided on the surface of said substrate,
whereby unexposed regions of said negative-image PPMS can
be removed by development of said negative-image PPMS,

" enabling the removal by etching of said layer of PPMS in a
pattern that aligns with said pattern that has been

provided on the surface of said substrate;
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surface of said substrate, exposing said |ayer of negative- image PPM5S in a
pattern that aligns with said trenches that separate said int erconngotapn 2004
| i nes provided on the surface of said substrate. 15 12 APR 2004 6. The

met hod of claim 1 wherein said etching said exposed |ayer of

negati ve-image PPMS is perfornmed using a high-density plasma etch, further
applying a Cl12 /HBr/02 plasma at a flow rate of between 80 and 200 sccm
operating at a power |evel of between 500 and 2500 Watts and a pl asma
chanber oper atethipiee sslitde elpbrednl 2yr anfl 28fhmiker-rimage PRESpet hod of

laim1l wh | id pl 4 id t f PRMBO. t hat I id
Crenches THETVLAS5 Gatet 62U G7PRL BPRERNERLS I PHES TS G ARSFT SPGB Ehe sur face

of sai d PR3 paidtemast beanl pyelibelovnt tiee ssuidfBee @ff saiid deposited | ayer
of dielectric, whereby not all PPMSO is_renoved. 8. The nmethod _of claiml
wher ei n sHHREHSar iCFERG 1NgaPdPRaE BB b PREB G NataVEFeAYEy§234i d trenches

that  sepaFédi@ciAitthaltNsRHePABECEa L 4 NESL & ScPhd® 112ir2G; ;t Ragsurface of said
PPMSO pattern to a | evel whereby all PPMSO is renoved, creating a surface

above a plane of the surface of said interconnect lines that have been
provided on trﬁianarizing said pattern of PPMSO that overlays said

trenches that separate sald interconnect lines.

2. The method of c¢laim 1 wherein said applying a

layer of dielectric material is applying a layer of oxide.

3. The method of claim 1 wherein said forming a
layer of negative-image PPMS ig creating a Plasma Enhanced
CVD (PECVD) layer of Plasma Polymerized Methylsilane (PPMS)

on said dielectric,.

4, The method of claim 3 wherein said creating a
~ PECVD layer of PPMS is depositing methylsilane at 13.56 MH=z
using a low radio-frequency powered energy source, whereby
said methylsilane is delivered at a flow rate between 50
and 200 sccm with a wave-length of radio-frequency exposure
of 248 mm with a rate of deposition between 20 and 35

nm/min.

5. The method of claim 1 wherein said patterning
said layer of negative-image PPMS is patterning said layer
using a mask of said interconnect lines provided on the
surface of said substrate, exposing said layer of negative-
image PPMS in a pattern that aligns with said trenches that
separate said interconnect lines provided on the surface of

said substrate.
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surface of said substrate. 9. The nethod of claim1 wherein said

pl anarizing said pattern of PPMSO that overlays said trenches tha #
separate said interconnect lines is planarizing the surface of sa 3&%
pattern to a | evel whereby all PPMSO is renoved, creating a surface in a
pl ane of the surface of said interconnect |lines that have been provided on
the surface of said substrate. 16 12 APR 2004 10. The nethod of claim1
with the additional step of performng a hard bake of the surface of the
created pattern of PPMSO and a bottom of trenches created by etching the

exposed | ayer of nﬁgl'etlve | mge PPMS, said hard bhake to be gerforrred prior
to the step of®pla yehlodaPl ChPNBD piieE iR SAid FREDABENEALSf claim 1

wi th the &giddpn: e%tea gfe PeCEOLARS Pokd (@I @l adihgce of the
created pattern %lfy aﬁ‘é‘ a botto%gof trelnchF%s created b éetchl ng the

exposed |RyEy- dﬁnﬁﬂﬁyapﬂﬁémﬁHGEGhPPﬁEﬁt@ﬁﬁcﬁHRlXﬁﬂgeat§1be/H 920r med pri or
to the stey (Fjlidé?ﬁ a Re2narEh 2,9 1?@' s Pﬁé@%ezﬁ)aéé & sHG, ?Q?Qt@ claiml
t F or d% cure of

with the I onal step o mng a bake an
the top sk faagewer level of between 500 and 2500 Watts and a plasma

chamber operating pressure between 2.0 and 200 mTorr.

7. The method of claim 1 wherein said planarizing
said pattern of PPMSO that overlays said trenches that
- separate said interconnect lines is planarizing the surface
of said'PPMSO pattern to a level below the surface of said
deposited layer of dielectric, whereby not all PPMSO is

removed.

8. The method of claim 1 wherein said planarizing
said pattern of PPMSO that overlays said trenches that
separate said interconnect lines is planarizing the surface
of said PPMSO pattern to a level whereby all PPMSO is
removed, creating a surface above a plane of the surface of
said interconnect lines that have been provided on the

surface of said substrate.

9. The method of claim 1 wherein said planarizing
 said pattern of PPMSO that overlays said trenches that
separate said interconnect lines is planarizing the surface
of said PPMSO pattern to a level whereby all PPMSO is
removed, creating a surface in a plane of the surface of
said interconnect lines that have been provided on the

surface of said substrate.
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of the created pattern of PPMSO and the bottom of the trenches created by
etching the patterned PPM5 said hard bake to be performed prior tonngRzm”
step of planarizing said PPMSO pattern. 13. A nethod for formng a

pl anari zed sem conductor structure conprising: providing a silicon
substrate, said silicon substrate having been provided on the surface
thereof with a pattern of interconnect lines, said interconnect |ines

bei ng separated by trenches; applying a | ayer of dielectric polyner

material to sad swesweahedt eff blhihhe #ignaies ddwtisapar atepsaf d
interconnect_lines; 17 -12 APR 2004 formng a thick |layer of PPMS over said
di el ect r iReTIHMimG 3 Bped: Pakpost nghe oSvakAwR ith W% §rEaFéF of PPMS using a .

mask  which dse dentdeialb hagaaMBektbhabs haserRarn usedika gofine the

trenches that separate said interconnect lines, said radiation |eaving
unexposedesding Her expopPNBlares phtregativadimags GRYsSwi erigdhBapattern of

expoSe e u phtResari . ttern of
xposed PRV T EPRRa 2P S PRGCE bt Torre ot RS ADTRaL ‘2T Pore o th Sai d

PPMSO pattern.

11. The method of claim 1 with the additional step of
performing a UV cure of the surface of the created pattern
of PPMSO and a bottom of trenches created by etching the
exposed layer of negative-image PPMS, said UV cure to be
performed prior to the step of planarizing said PPMSO

pattern.

12. The method of c¢laim 1 with the additional step of
. performing a hard bake and/or a UV cure of the top surface
of the created pattern of PPMSO and the bottom of the
trenches created by etching the patterned PPMS said hard
bake to be performed prior to the step of planarizing said

PPMSO pattern.

13. A method for forming a planarized semiconductor

structure comprising:

providing a silicon substrate, said silicon substrate
having been provided on the surface thereof with a pattern
of interconnect lines, said interconnect lines being

Separated by trenches;

applying a layer of dielectric polymer material to
said substrate to fill the trenches that separate said

interconnect lines;
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pattern of trenches that separate said interconnect |lines; renoving said
unexposed PPMS, |eaving said PPMSO in place in a pattern that aligns with
said trenches that separate said interconnect |ines, creating openkﬁb&PRdﬂﬂ
said layer of PPM5 that align with said pattern of interconnect |I|ines;
and planarizing the pattern of remaining PPMSO. i4. The nethod of claim13
wherein said applying a |layer of dielectric polynmer material is applying a
| ayer of oxide. 15. The nmethod of claim 13 wherein said formng a thick

| ayer of PPMS is creating a Plasma Enhanced CVD (PECVD) | ayer of Plasna
Pol ymeri zed Met hyl sil ane (PPM5) on said applied |ayer, of dielectric. 16.
The net hod of A5 WHEFS BAEEF dObr BRES S /B ISATEFTaF PPV | s
deposi ti ngoTRidYY l16edne at 13.56 MHz 18 2 APR 204 using a | ow

radi o-frequency powered energy source, whereby said nethylsilane is
delivered at a flow rate between 50 and 200 sccmw th a wave-| ength of

exposure of 248mi b ;adiateonl sPa0pkiOn DeisiRehAReAdndgin i n,

17. The method of claim 13 ereln sald renoving sal unéxposed PPMS is
per f or nedwhistngi s idiegitidedsicbyapimaskathat has been used to define

the trenches that separate said interconnect lines, said
“radiation leaving unexposed said layer of PPMS in a pattern
that aligns with the pattern of said interconnect lines, to
obtain oxidation of gaid PPMS, converting said exposed PPMS
to PPMSO, creating a pattern of PPMSO that aligns with said

pattern of trenches that separate said interconnect lines;

removing said unexposed PPMS, leaving said PPMSC in
place in a pattern that aligns with said trenches that
separate said interconnect lines, creating openings in said
layer of PPMS that align with said pattern of interconnect

lines; and
planarizing the pattern of remaining PPMSO.

14. The method of claim 13 wherein said applying a
layer of dielectric polymer material is applying a layer of

oxide.

15. The method of c¢laim 13 wherein said forming a
thick layer of PPMS is creating a Plasma Enhanced CVD
{PECVD) layer of Plasma Polymerized Methylsilane (PPMS) on

said applied layer of dielectric.

16. The method of claim 15 wherein said creating a

PECVD layer of PPMS is depositing methylsilane at 13.56 MHz
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etch, further applying a C12 /HBr/02 plasma at a flow rate of between 20
and 200 sccm operating at a power |evel of between 500 and 2500 Watts and
a plasma chanber operating pressure between 2.0 and 200 nTorr. 1%2 EPR 2004
met hod of claim 13 wherein said planarizing the pattern of remaini ng PPMSO
Is planarizing the surface of said PPMSO pattern to a | evel below the :
surface of said . applied layer of dielectric polyner, whereby not all PPMSO
is removed. 19. The nethod of claim 13 wherein said planarizing the

pattern ofs{@ai niRg r%@".’(@ofkéqﬁéﬁ ShdB=d heh s\ aRircel, &akdeFPMSO
Sy

pattern to a 1level whereby all I s renoved, creating a surface above a
pl ane of E!Eh?éi sl'iﬁtf}afééléﬁnesaﬁddﬂéﬁ%ﬁ%@ aha Samrate SStHerht 8P connect

i nes. g*%léaq]dwqfthcg%abé%&{@{ '&Séigga&lx@%rf' 2y B0nmt NGi PRt tern of
remai ni ng PP I's anarizing the s% 1?ace sai d PPI\/é% paftern to a
| evel whex etatenldt @éw@lrtsonehevvedenczéaamd@?a rsumfimce in a plane of the
surface of said trenches that separate said interconnect |ines. 21. The
met hod of claim13 with the additional step of performng a hard bake of
t he surface ofit.he recaketofi9opatlein of RRMEOmthidl ketmbeimgf saténches
created by oSl AA® 8L 0ed B 152 IR hBRe, ! Qabgnger formed

etch, further applying a Cl; /HBr/O; plasma at a flow rate

of between 20 and 200 scem, operating at a power level of

between 500 and 2500 Watts and a plasma chamber operating

pregssure between 2.0 and 200 mTorr.

18. The method of claim 13 wherein said planarizing
the pattern of remaining PPMSO is planarizing the surface
of said PPMSO pattern to a level below the surface of said
applied layer of dielectric polymer, whereby not all PPMSO

is removed.

19. The method of claim 13 wherein said planarizing
the pattern of remaining PPMSO is planarizing the surface
of said PPMSO pattern to a.level whereby all PPMSO is
removed, creating a surface above a plane of the surface of

said trenches that separate said interconnect lines.

20. The method of claim 13 wherein said planarizing
_ the pattern of remaining PPMSO is planarizing the surface
of said PPMSO pattern to a level whereby all PPMSO is
removed, creating a surface in a plane of the surface of

said trenches that separate sald interconnect lines.

21. The method of claim 13 with the additional step

of performing a hard bake of the surface of the created
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prior to the step of planarizing said PPMSO pattern. 22. The net hod of
claim13 with the additional step of performng a hard bake of th ELKPTRafe
of the created pattern of PPMSO and a bottom of trenches created g!/ 004
etching the patterned PPMS, said hard bake to be performed prior to the
step of planarizing said PPVMSO pattern. 23. The nethod of claim 13 with the
additional step of performng a UV cure of the surface of the created
pattern of PPMSO and a bottom of trenches created by etching the patterned

PPMB, saigh#demuUrSF troMi® Redf ar BBdtoR! 60T téndihds defut@ld phanari zi ng said
PPMBO pattern. 24. The method of claim13 with the additional step of
per f or mi ndtehing &hﬁa%@%nﬁduﬁpﬂﬁre56¥dt1h%rétﬁq]‘a%:éicbfbe P& terdstied pattern

of PPM5 H%-.m 8Rafhe2hgds i’deﬁ%d‘ dch@pat terned PPNV,
sai d hardﬁﬁgie toeb orné p?i or t %e step o pl anari zi ng sai d PPMSO

pattern.
22. The method of claim 13 with the additional step

of performing a hard bake of the surface of the created
pattern of PPMSO and a bottom of trenches created by
etching the patterned PPMS, said hard bake to be performed
prior to the step of planarizing said PPMSO pattern.

23. The method of claim 13 with the additional step
of performing a UV cure of the surface of the created
pattern of PPMSO and a bottom of trenches created by
etching the patterned PPMS, said UV cure to be performed

prior to the step of planarizing said PPMSO pattern.

24. The method of claim 13 with the additional step
“of perfqrming a hard bake and a UV cure of the surface of
the created pattern of PPMSO and a bottom of trenches
created by etching the patterned PPMS, gaid hard bake to be
performed prior to the step of planarizing said PPMSO

pattern.
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