| MEO2- 013 THI CK FI LM PLANARI ZATI ON FI ELD OF THE | NVENTI ON The invention
relates to the general field of integrated circuits with particul ar
reference to planarizing uneven surfaces, nore specifically to surface
~films greater than about one mcron thick. BACKGROUND OF THE | NVENTI ON

G obal planarization of insulating |ayers fornmed over depressions and

rai sed portions on a surface can be done by block resist and resist etch
back, block resist and spin on glass, and chem cal - mechani cal polish- O
t hese chem qgEap®akani cal polish (CWP} gives the highest gl obal planar
surface and is now w dely used. CMP has been refined over the years in

terns of process, equipnent, WI@&WLN@EAHA’F{]HA%’Q'EM' No. 5,015,602, Van

Der Pies et al. show a nethod of formng reverse ge photoresi st. over

| ow spots on an insulating surface. The insulating |layer is etched and then
pl anarized wusing CWMP. US Pat. No. 4,954,459 ("Method of Planarization of
Topologies in Integrated Crcuit Structures") and US Pat. No. 6,025,270 (
"Pl anari zati on Process using Tajlored  Etchback and CMP') descri be ot her

variations of similar concepts. Fi GFnEHEANVENTIONs 1

The invention relates to the general field of intégrated circuits with particular
reference to planarizing uneven surfaces, more specifically to surface films greater than

about one micron thick.

BACKGROUND OF THE INVENTION

Global planarization of insulating layers formed over depressions and raised
portions on a surface can be done by bloék resist and resist etch back, block reé'ist and
spiq on glass, and chemical-mechanical .polish- Of these chemical-mechani{ polish
(CMPY) gives the highest global planar surface and is now widely used. CMP has been
reﬁ_ned over the years in terms of process, equipment, and slurﬁes. In U.S. Pat. No.'
5,015,602, Vah Der Plas et al. show a rﬁethod bf forming revers;e image photoresist ov-rer
low spots on an insulating surface. The inéu!ating layer is etched aﬁd then bianari&:ed
using CMP. US Pat. No. 4,954,459 ( "Method of Planarization of Topologies in Integrated
Circuit Structures”) and US Pat. No. 6,025,270 ( "Planarization Pracess using Tailored -
Etchback and CMP") describe other variations of similar concepts. Applyi;lg the methods
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| MEO2- 013 disclosed in these patents does result in inproved surface
snmoot hness but these nethods are all limted to planarization of

di el ectric layers having thickness of 1 micron or less. The dielectric
films used in the fields of sensors and optical conmunications can be
-much thicker. For instance, in the optical comunication field, optical
wavegui des using a silicon-based dielectric can have a thickness ranging
froml to 10 mcrons. Patterning and planarizing such thick dielectric

| ayers presgmégzgngifferent set of problens. For exanple, as shown in FIG
1, a dielectric l'ayer 11 has been deposited over a base substrate 12.

El evated p cally w.r.es of ;hei_ght h (typically about 6

m crons, a?’?&g’g’%gﬁlpége é%/%giasp , Siﬁq}éppé?goyeﬁggﬁ $MeatpBess byt té@??l@‘elﬂﬂﬁd‘ﬁ

t hi ck and X ely canforma] . Mcrostructures of this thickness nake
it diffi cur“‘?g Bgﬁ’"&gﬁﬁﬁ 8%’"@85?‘69’?@4 digiestricdayers haxing thicknpes ef & micrandrdess: hat
a desired surface confomty is obtained and the gap. is conpletely filled
with another dielectric material. To achieve this, various known deposition
met hods may be used. These met hods include plasma-enhance chem cal _ vapor

deposi tion ( PECU diglestrip filss used irihei fiskds obgernsoreans bplied] cohiiations can
at nospheric-pressure chem cal vapor deposition (APCVD), and hi gh-density

pl asma chebeaalichy tipcker d oo dndtande, i tREGYRLal CAARUNEARGS fibldC BpiEd RlBguiddsch
are found nore in the research | abs, are
using a silicon-based dielectric can have a thickness ranging from | to 10 microns.
Patterning and planarizing such thick dielectric layers presents a different set of problems.
For example, as shown in FIG. 1, a dielectric layer 11 has been deposited over a base
substrate 12. Elevated peak areas 13 (typically wires), of height h (typically about 6

microns, are separated by gaps, or vaileys,- 14, with layer 11 being both thick and -

approximately conformal.

" Microstructures of this thickness make it difficult for a thick conformal dielectric layer
to be over-laid so that a desired surface con_forrﬁity ié obtained and the gap is cémpletely
filled with another dielectric material. To achieve this, various known deposition methods
may be used. These methods inciude plasma-enhance chemical #apor deposition
(PECVD), low-pressure chemica!_ vapor deposition (LPCVD), atmospheric-pressure
chemical vapor deposition (APCVD), and high-density plasma chemical vapor deposition
(HDPCVD). Other deposition methods, which are found more in the research labs, are
photon-induced CVD, microwave electron cyclotron resonance CVD, microwave =

plasma-assisted CVD.




phot on-i nduced - CvD, m crowave el ectron cyclotron resonance CVD, m crowave
pl asma-assisted CVD. 2 | MEO2-013 Anong the nore conventional CVDs, APCVD,
HPDCVD and PECVD have fast deposition rate, |ow deposition tenperature, and
somewhat conformal step coverage. LPCVD, on the other hand, gives good
conformal step coverage but has | ow deposition rate and hi gh deposition
tenperature. Conformal step coverage is coverage in which equal™ film

t hi cknesses exi st over all substrate topography regardl ess of its slope.
Anot her  popmiEap-get hod is flame hydrol ysis deposition (FHD). However, when
using these nethods to deposit a thick |ayer of dielectric material,

herei nafter ref qmp&th tHe Aoreé | - =N P , HPDCVD,
and LPCVD, two di sc'?icbnct f eat %@%@?gé?ﬁﬁg&n Pﬁ&ng?bPW%EQE%/&pg‘%oéﬁt
in FIG 1, ¢ ' | It over the mcrostructures has .a
cross-sectio 3%??‘?8&%?‘82‘@%#‘3’5?‘%@%‘% (ﬂﬂfﬁ%\%"ﬁ‘f"ﬁaft cydeimz siep coverags.
rounded co I hi s, instance, the sloping sides of the sidewalls have
an. angl e g?ecz‘{%’réq ﬁ?n&%r M&‘@S gqod corforezl step covesage but has tow deposition
deposited qver the m crostruc tures, while still having a trapezoidal ,
cr oss- sect 8§ anddvghdepasiing temperatise, Conjorial stepspvetage is bavenags in Which cgbel
e

two sidewalls is |ess than 90 degrees. Using PECVD or LPCVD is

film thicknesses exist over all substrate topography regardless of its slope. Another

popular method is flame hydrolysis deposition (FHD). However, when using these methods

. to deposit a thick layer of dielectric material, hereinafter referred to as an oxide layer,,

especially by PECVD, HPDCVD, and LPCVD, two distinct features are inherent. -

The first feature is shown in FIG. 1, in which the oxide deposited over the
microstructures has a cfoés—sectional trapezoidal Structui-e with downwardly tapering sides
énd rounded corners. In this instance, the s!oping sides of the lsidewalls have an angle
greater than 90 ;degre"es. It is also possible for the oxide deposited over the microstruc-
tures, while still having a trapezoidal crqéé-séctiori, to have upwardly tépering sides so
that the angle 6 of the two sidewalls is less than 90"degrees.l Using PECVD or LPCVD is
more likely t_o yield a covering similar to that shown in FIG. 1 while using HDPCVD tends
to S(ield coverage that where the angle is less than 90°. These features make the
successful planarization of thick deposited materiai_s difficult when conventionai prior art

approaches to etching and CMP are used.

Afier the thick conformal oxide layer has been deposited, the next step is to remove



more likely to yield a covering simlar to that shown in FIG 1 "while
using HDPCVD tends to yield coverage that where the angle is |ess than 90.
These features nake the successful planarization of thick deposited
materials difficult when conventional prior art approaches to etching and
CVWP are used. After the thick confornmal oxide | ayer has been deposited, the
next step is to renove 3 | MEO2-013 the oxide deposited over the L
m crostructures (i.e. the peaked or raised portions of |layer 11) so that a
pl anar surface is.obtained. The etching process can be either reactive ion
etching (Rl Eg%{m%ductively coupled plasma (1 CP) using a mask that is the
reverse of the mask that generated the mcrostructures. Preceding the

et chi ng pr Bl64de deppsitad; gves ghepligrosisuctueasnii.agtherpeaked or Thised poetiarsof layer
consi sts of photoresist coating, pre-bake, exposing according to the mask

| ayout, an1dpse thedla plasar sufzosis ebtaihed. Tredetthing!procstvedropé BihaY reBetivel ion
w t hout an optional final hard bake. Photoresist |layer 21 is applied, using

a spin-on etohingqRIE)tow imvenyrwuﬁla;‘d plasih i(@)'ﬁﬁg%@%@@?ﬁ% IrélfeFée%f the

Due to the large and steep step heights involved, it icult to ensure
Cayer 11 T Bopor aatedthe Mg oM aR b Rbooting b cR Hprhbiss Hithe BHBbAFRY "
oxi de | ayepa@éirg'briests.. fRS frBEed'BbRLER' ST ph S Dsist coating, pre-bake, exposing
according to the mask layout, an optional post exposure bake, and finally developing with
or without an optional final hard bake. Photoresist layer 21 is applied, using a spin-on

method, to cover the entire oxide layer 11 as shown in FIG. 2.

Due to the large and steep step heights involved, it is d?fﬁcult 1o ensure a consistent
thickness of the photoresist coating over the full surface of Iayé_r 11. The photoresist layer
portions over the raised portions of the oxide layer are thinher than the photﬁrésist layer
portion in the valleys. For a typical 1 micron ph_otoresist, the photoresist in the \ialleys is
typically 1- about 9,000 Angstroms thicker than that collected at the raiSéd p_orticns. Th,i‘é
depends on the severity of the topogréphy and the coating conglitions, (particularly spin

speed).

After exposing the photoresist through the reverse mask, the thinner coat of
photoresist material is then removed. When applying the 'negative mask, positive and
negative bias of the reverse mask can be used. Positive bias will increase the exposing .

area, i.e. the exposing width is larger than the width of the microstructures.- Negative bias
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portion in the valleys. For a typical 1 mcron photoresist, the photoresist
in the valleys is typically 1- about 9,000 Angstrons thicker than that
collected at the raised portions. This depends on the severity of the

t opography and the coating conditions, (particularly spin speed). After
exposi ng the photoresist through the reverse mask, the thinner coat of
photoresi st material is then renoved. When applying the negative nmask,
positive and negative bias of the reverse mask can be used. Positive bias
w Il increagaehbsigxposing area, i.e. the exposing width is larger than
the-width of the mcrostructures.- Negative bias 4 |1 ME02-013 will decrease

the exposi Rgl YeBroaseSh | | hSa:h Al than the w.dth of the
m crostructures. Note ?%&?O?ﬁg%zé%'%égfﬁltﬁ%gf Qﬁ?‘hﬁé‘ﬁ&@ iy H%rggﬁ&ﬂﬂ\l\gh&w'@iﬂhgf theat
can be be ' Opy i vant age f.mcrostructures layout, i.e. the
spaci ng be%lgﬁﬁl?(ﬁ% %1%'&836%&6?’3%3%?“ %‘rﬁs%eﬁz%muwfw&b@ﬁﬁh@mn@eaha applied
patterni ng_w Ec& I igrl};’ %?gﬁ[ern 1. Due to differences in resist thickness on
t he peaks 6"6‘8 (Sedyantag mi yeas layaut, i@y thespepinglbetween tiemicposinebdes.
not only i n&é downward direction but also extends sideways resulting in a
cross sect FéA- aghaws e stiugturg after patterningwmiithdight patiernd4. gi nal r ai sed
portions now | ooks very nuch |ike horns 41 that extend upwards fromthe
surface of layer 11. If,
Due to differences in resist thickness on the peaks (very thin) and in the valleys
(very thick), etching proceeds not only in a downward direction but also extends sideways
resulting in a cross section as shown in FIG. 4. The remains of the original raised portions
now looks very much like horns 41 that extend upwards from the surface of layer 11. If,
now, the remaining photoresist is removed and CMP is performed, the hom-like structures
41 tend to break off, causing unde_sirable dishing 51 in the surface as shown in FIG. 5.
This is because the proximal ends of the hom-like structures experience ﬁigh torsional
forces in response to the polishing forces applied to the distal ends of the horn-like
structures during CMP. Additiéna!ly, the brea‘,_ika\ﬁray horn-like structures may get mixed
in with the slurry, becoming, in effect, polishing agents. This is undesirable as these
hom-like structures are too coarse so they damage the polished surface. Additionally, the

brezakaway horns can get embedded in the CMP pad which leads to scratching of the

surface being polished.

Thus, there exists a need for an efficient and cost effective method to'planarize'- .

thick layers so as to provide a smooth planar surface.



now, the remaining photoresist is renmoved and CVWP is perforned, the
horn-1ike structures 41 tend to break off, causing undesirable dishing 51
in the surface as shown in FIG 5. This is because the proximl ends of
the horn-1like structures experience high torsional forces in response to
the polishing forces applied to the distal ends of the horn-1ike
structures during CVMP. Additionally, the breakaway horn-Ilike structures
may.get mxed in with the slurry, becomng, in effect, polishing agents.
This i s unddMEP2M3 as these horn-like structures are too coarse so they
damage the polished surface. Additionally, the breakaway horns can get
enbedded in the CVP pad whi cBUMMARYtQOF JHERINVENTION the surface being
pol i shed. Thus, there exists a need for an efficient and cost effective

nmet hod to planarize thick layers so as to provide a snooth planar surface.
5 I MEO2-0' 13 SUMVARY OF THE I NVENTION It has been an object of at |east one
ebodi mont. of 1+ i beaah obseeot dt st BB bRibodfer? oPHBGHSSr HuebiETLE Bloyide,

mechani cal polishing of thick |ayers having uneven.top surtaces

peaks and yalrbeyss fof\ﬁg%rlﬁﬁ:ral Hféicﬁﬁﬁicgfp@fshtn‘agaéftthﬁﬂefafeq'g?I%iwrrrlegntgne(\)ffenttgg sBrrfaegeesnt

i nvention has been t
made up of peaks and valleys.

Another object of at least one embodiment of the present invention has been that

it be applicable to both positively and negatively sloping valley sidewalls.

Still another object of at least one embodiment of the present invention has been

that it not require the creation of any new masks.

These objecits have been achieved by means of a process that, in its first
embodiment, initially allows the formation of ‘homs’ in the surface that is to be planarized.
Said horns are then selectively etched away while other parts of the surface are

protected, following which CMP is allowed.

BRIEF DESCRIPTION OF THE DRAWINGS



it be applicable to both positively and negatively sloping valley
sidewal Is. Still another object of at |east one enbodi nent of the present
invention has been that it not require the creation of any new nasks.
These obj ects have been achi eved by nmeans of a process that, in its first
enbodi nent, initially allows the formation of "horns' in the surface that
is to be planarized. Said horns are then selectively etched away while

ot her parts of the surface are protected, follow ng which CW is allowed.
BRI EF DESCRMENZBATF THE DRAW NGS 6 | MEO2-013 FIG 1 illustrates the type
of filmthat needs to be planarized. FIGS. 2 and 3 show formation of a

phot or esi st nmaskiGhddtastrates thestppe of filnetrat nbaasto bebldlamizagi zation. FIG 4
shows how etching through the mask of FIG 2 |leads to the formation of

“horns' on the surface. FIG 5 illustrates how said horns can break off
during CWMP and cause problens. FIG 6 shows the appearance of the horns

after photoresigigsrg %g al sholy! fﬁ?naﬁ%gg:@g photdrb&1ef habie nlSd4d %Cﬁrcé%)gli'enﬂets% rc]:f:é

present invention, sal horns can
far planarization.

FIG. 4 shows how etching through the mask of FIG. 2 leads to the formation of

. 'horns’ on the surface.
FIG. 5 illustrates how said homs can break off during CMP and cause problems.
F1G. 6 shows the appearance of the horns after photoresist removal.

FIGs. 7 and 8 illustrate how, according to the present invention, said horns can be

- significantly reduced in size.
FIG. 9 shows the appearance of hom remnants just prior to initiating CMP. -

FIG. 10 shows the end product after following the process of the present invention.



significantly reduced in size. FIG 9 shows the appearance of horn remants
just prior to initiating CMP. FIG 10 shows the end product after follow ng
the process of the present invention. 7 | MEO2-013 DESCRI PTI ON OF THE
PREFERRED EML30DI MENTS The process for the present invention is the sane as
the prior art. only as far as the point where the hamlike structures 41
have been fornmed (seen .earlier-in FIG 4)_. The. next step i.s to renove all
phot oresi st, giving the structure the appearance shown in FIG 6. Then the
surface is OMBO2DME t h | ayer 71 in a manner (such ‘as spin coating) that
causes it to end up thinner on hams 41 (71 b) and thi.cker between said
horns (71 a), the ext MESCRIFTHANGQF FHERREFERRED EMBODMENIS t hi ckness, -
Wil e our preferred material for layer 71- has been photoresist, other
materials that-lend thenselves to spin coating, such as spin-on-glass (SOG
or soluble resins could, in pnriciple, have been used. Layer 71 typically
had a thickness 'l'lhetpmasitbtttﬂpr@sdﬂim&mﬂleﬁlstﬂ:e Bh:ﬂé@@fih@mdr@té}ﬂiﬁfaﬂﬁgtha

bet ween . "about 0.3 and 0.6 nmicrons between the horns. The t.hinner portions.
71 b are nopmaewm'euwehywmmtmmmwwgmmmﬁm@@aadaéﬁker inFIG. 4). The

next step is to remove all photoresist, giving the strudure the appaarance shown in FIG.
8. ' ' | '

.. Then the surface is coated with layer 71ina mannar {such as spm coating) that

' causas it to and up thinner on homs 41 {71b) and thicker batwean sald homs (7 1a) the\
extent depending on‘*spln speed and resist thlckness Whne our preferred material for
Iayer 71 has been photoresist, other matenals that’ lend themselves to spin coating, such
as spm—on—glass (SOG) or soluble resins oould in pnnclple have been used. Layer 71

typically had a thlckness between about 0.02 and 0.1 mlcrons on the horns and between

. about 0.3 and 0.6 microns between the homs.
The thinner portions 71b are now selectivel} remaved through use of a standard |
descum process, or a light etch, followed by etchmg that is largeted at the horns 41 so that
said horns become reduced in size to become hom remnants 81 as seer in FIG. 8. Note

that elevated areas 13 continue to be protected even while the homs are shrunk.



descum process, or a light etch, followed by etching that is targeted at
the horns 41 so that said horns becone reduced in size to becone horn
remmants 81 as seen in FIG 8 _. Note that elevated areas 13 continue to be
protected even while the hans are shrunk. 8 I ME02-013 At this point al
remai ni ng instances of layer 71 a are renoved, giving the structure the
appearance shown in FIG 9. The process concludes with planarizing by neans
of chem cal -nmechani cal polishing in the normal way (giving the structure
illustrated in FIG 10) but for very thick or dif cult materials it is
possi bl e t ojmeprayathe steps illustrated in "FIGs. 7, 8, and 9 one or nore
times so as to reduce the size of the horns to safe limts. CLAIM

that 1 noludes of eyataen AP ERERCERIF I3 08 ot fiurved ohiid e idtum o

val eys antie aEdEGS bt FERS. € Fhe RS HclifBS iipea wing By messiofng

fg: Seﬁppgg?'?#ﬁffﬁgﬁfﬁﬁ%mh@@%ﬁihggéﬁ hg&%ﬁ;@; (gEv?r?g; t!‘:esst}'urgttglrgeilrius?rgt:; ;ndFié.
10) but for very thick or 'difﬁcult materials it is possible to repeat the steps illustrated in

FIGs. 7, 8, and 9 one or more times so as to reduce the size of the horns to safe limits.



patterning said layer of photoresist so that it is selectively remved from
over said. elevated areas thereby form ng unprotected areas; then etching
until all unprotected portions of said |ayer are renoved down to the |evel
of said elevated areas, said unprotected areas grow ng wider as said _
thinner parts -of said photoresist are etched away, thereby renoving said
rai sed portions and valleys and form ng upwardly projecting horns of said
first material; then renoving all remaining photoresist; then coating said
upper surface with a layer of a secondCiai¥vial that is thinner on said
horns and t HMER2{018et ween sai d horns. selectively removing the thinner _
portions of said |layer of a second material and then etching, whereby said

horns are rleducAdplamarizationphotesscinthritirgyat ed areas continue to be
protected; then renoving all remaining instances of said second materi al;

o2 633 5 “ToEreangy ooare terShERSE Tl R aRF T Wi ok i
g;i goat i ng s%ét&té #itd 238585 d%?h'a?érlal,fégicrﬂan r hQ%nB Oarnnusp’pe? ggrfécr;]ee tnhai iehrI:II)LYdlensg
valleys and raised port-iohs that fully overlap said elevated areas;
- coating said upper surface with a layer of photoresist that is thinnher on said raised
portions and thicker in said valleys;
patteming said layer of photoresist so that it is selectively removed from over said
elevated areas thereby forming unprotected areas;
then etching until all unp_rotected portions of said layer are removed down to fhe _
levet of said elevated areas, said unprotected areas growing wider as said thinner paris
of said' photort_-:-sist are etched away, thereby removing éaid raised portions and valleys
and forming upwardly projecting horns of said first material;
then removing all remaining photoresist;
| then coating said upper surface with a layer of a second material that is thinner on
said horns and thicker between said horns; |
‘ selectively removing the thinner portions of said layer of a second material and then
etching, whereby said horns are reduced in size while said elevated areas continue to bg
protected:;

then removing all remaining instances of said second material; and

then planarizing by means of chemical-mechanical polishing.
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second material; is repeated one or. nore tinmes. 4. The process descri bed
in claiml| wherein the step, of patterning said |layer of photoresist so
that it is selectively renoved fromover said el evated areas, further
conprises using a mask that is a negative of a nmask that was used to
pattern said elevated areas. 5. The process described in claiml| wherein
said layer of a first material has ' a thickness that is between about 1
and 10 mcrons. 6. The process described in claiml wherein said |ayer of a
first materilMEORLD1G | i con oxide, silicon oxynitride, silicon nitride,
silicon carbide, or silicon oxtcarbide. 7. The process described in claim1l

'ndex i ffers 1romsnaror capad h Hefi Tofibér sobking e onsat. deecr i bed i n

i ndex differs fromthat of sald
claiml wherein said lari resist .on sajd rajsed portions has a
t hi ckness that is be?éi“éﬁ ‘“QE{)?J“I[?&8‘%@’2%5%%@@?’7"%“@9&%?‘0@&, anvktben 0arBovifg sale

process described in iyml. wherein said | ayer of photoresist in said
val l eys has a thi cksnée:sogdtrnﬁtfenpg bet ween about 0.3 and 2 m crons:

is repeated one or more times.

4 The process described in claim 1 wherein the step, of patterning said layer of
photoresist so that it is selectively removed from over said elevated areas furthef

comprises using a mask that is a negative of a mask that was used to pattern said

elevated areas.

5. ' The process described in claim 1 wherein said layer of a first material has a.

thickness that is between about 1 and 10 microns, -

6. 'The process describad in.claim 1 wherein said Iéyer ofa first materiéi-is'silicon'

oxide, silicon oxynitride, silicon nitride, silicon carbide, or silicon oxtcarbide,

7. The process described in claim 1 wherein said elevated areas are a dielectric

material whose refractive index differs from that of said first material.

8. The process described in claim 1 wherein said layer of photoresist on said raised

portions has a thickness that is between about 0.02 and 0.7 microns.
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10. The process described in claim1 wherein said second material is _
photores!ost, SOG or a resin. 11. The process described in claiml wherein
said | ayer of second material on said horns has a thickness that is
between about 0.02 and 0.2 microns. 12. The process described in claim1l
wherein said | ayer of second material between said horns has a thickness
that is between about 0.2 and 0.7 mcrons. 12

IME02-013

9. The process described in claim 1 wherein said layer of photoresist in said valleys

has a thickness that is between about 0.3 and 2 microns.

10. The process described in claim 1 wherein said second material is photoresist, SOG,

or a resin.

11.  The process described in claim 1 wherein said layer of second material on said

horns has a thickness that is between about 0.02 and 0.2 microns.

12.  The process described in claim 1 wherein said layer of second material between

said homs has a thickness that is between about 0.2 and 0.7 microns.
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