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A Gobal Planarization Method For Inter Level Dielectric Layers Us‘asg | DI )
Bl ocks . , Backgr.ound of |nventi'6Ye S .
Field of the Invention This invention.rel ates

generally to the planarization of integrated circuit dielectric structures -
and nore particularly to an inproved process for the global planarization
of dielectric layers using an etch stop |layer and a reversed reduce sized
mask. 2) Description of the Prior Arty - A maj or

chal l enge in sem conductor manufacturing is the planarization of

I nsul ating ] ayers forned over, depressjons ang rai sed_portiQns Quer_a

sem condugtfbivylebaldﬂmrezatmi&egmgl ﬁ%ﬁ*ﬂtﬂ Dd@ﬁ?@;@ﬁ%!ﬁ"ﬁ sxpaibi@ms% of
t he sem conductor structure can be a space |ocated between conductor
tracks (for exanple of alum num or of polycrystalline ) disposed on a
substrate, but may al so be a groove etched into the substrate or it may be
a wi ndow provided in an insul atBaskgrennst of inyemtion| anari zation is the
filling of small spaces (gaps) between raised portions while global

pl anarization is the filling of w der spaces (gaps).

A typical structure would be fornmed in the foll ow ng manner. A conductive .
| ayer wdi)l Hiebbofthtetlavertibiover a seni conductor structure (or a trench formed
in a wafer). The conductor is often covered with a protection |ayer,. such
as a low tenperature oxide |ike a plasna

This invention relates generally to the planarization of integrated circuit
dielectric structures and more particularly to an improved process for the global planarization of

dielectric layers using an etch stop layer and a reversed reduce sized mask.
2) Description of the Prior Art

A major challenge in semiconductor manufacturing is the planarization of
insulating layers formed over depressions and raised portions over a semiconductor structure
(e.g., a wafer). The depression in the surface of the semiconductor structure can be a space
located between conductor tracks (for example of aluminum or of polycrystalline ) disposed on a
substrate, but may also be a groove etched into the substrate or it may be a window provided in
an insulating layer. Local planarization is the filling of small spaces (gaps) between raised

portions while global planarization is the filling of wider spaces (gaps).

A typical structure would be formed in the following manner. A conductive
layer would be patterned over a semiconductor structure (or a trench formeci in a wafer). The

conductor is often covered with a protection layer, such as a low temperature oxide like a plasma



i -2- enhanced oxide. An insulating |ayer would be fornmed over the irregul ar
surface. The insulating |ayer would be planarized.

There are nunerous known net hods for planarizing wafer during fabrication
of integrated circuits, for exanple; block resist and resist etch back,

bl ock resist and spin on glass. For exanple, the raised portions (hills of
conductor or substrate) can be covered with an insulating |ayer such as a
spin on glass. To planarized the hills and valleys, the spin-on glass is
etched back to attenpt to achieve a snofh surface on the I nt egrated
<circuit. However, as the spin-on-glass is etched through in the region
over t henhaticed oxider tindnsulatingdayer wovlkbaifoamed aves the/irregulap surface| Fpeinsulatinggen
free radicals are released fromthe plasma enhanced oxi de whi ch enhances

t he et Chayeptwulf bd plendrized- on-gl ass in the valley regions. The etch rate of
t he spin-on-glass can be 50% or higher than that of the plasma-enhanced
oxi de, depending on the etch chem stry. Thus, the planarization of the
integrated circuit involves critical process paraneters that are difficult

to control, especi ahihkre/hg umBroab Khowi hietiods forplaiakiving Svalerodufihg FIRAGEN of

oxi de is required. so chem cal -nmechani cal polish

Al
(CWP) h be ed | | [ [ ] ' : IS )
br ov, dedoiegraped it P lahRt ol il oo Pl SRHARE ROl spil ittheg ™
steps. However, one of the difficulties encountered with CVP for
hol | ow \Egriexgmplecthe maissdpertippsihillseficenductor ofisubstyate) can peeovered WHh@Bcurs. i n
wi de | ow spots (e.g., valleys between interconnects or netal |ines or

t r enchesgpsuldting layen such dsya spirPén lass: | Ty plafirizied b lills dndevalleysptheasipinpon glassis of
insul ating layer in "open areas" bel ow-the plane of the insulating |ayer

over etched back to attempt to achieve a smooth surface on the integrated circuit. However, as the

spin-on-glass is etched through in the region over the raised portions (e.g., exposed an underlying
oxide layer), oxygen free radicals are released from the plasma enhgnced oxide which enhances
the etch rate of the spin-on-glass in the valley regions. The etch rate of the spin-on-glass can be
50% or higher than that of the plasma-enhanced oxide, depending on the etch chemistry. Thus,
the planarization of the integrated circuit involves critical process parameters that are difficult to

control, especially when an etch into the underlying plasma-enhance oxide is required.

Also chemical-mechanical polish (CMP) has been used in planarization.

g chemical-mechanical polishing (CMP) provides full wafer planarization without additional
masking or coating steps. However, one of the difficulties encountered with CMP for
hollow/valley/trench planarization is the “dishing” effect which occurs in wide low spots (e.g.,
\-falleys between intercorifiects or metal lines or trenches) (i.e., usually > 25 um). Dishing is the
removal portions of insulating layer in “open areas” below the plane of the insulating layer over

level or higher area. Dishing is particularly sever in hollows wider than 100 pm. The “dishing”



i | evel or higher area. Dishing is particularly sever in hollows w der than
100 [err]m The "di shing" effect during polishing results in
thinning of the dielectric in wide trenches resulting in a non- planar
surface. The polish rate is affected by the topol-ogy of the surroundi ng

ar eas. Much effort has been directed to nodify the

pl anari zation etch back and polish processes, equipnent, and materials in
an attenpt to inprove the planarization_process. For exanple, US 5,015,602
(Van Der Plas et al.) shows a nethod 6f3§1anarizing an oxi de | ayer

covering trenches ysing a reverse, trench, mask. . US 5,350, 486 (Huang) shows a
ot hod $feciERE oL Fog 9 Bk oF D dielhG n WdR sencies Sopiigin hnods a
reverse nmetal mask to etch the glass |ayer. US 5.518,950 (Ibok et al)
shows arpiirae sunfiega (lhe @olishsratst is pg"eﬁtsi by thedopologioef the surrwding areas; hese

met hods can be further inproved upon by providing a sinpler, nore

manuf act urabl e process which yields a nore planar surface.

Summary of the Invention It is an object of the

present invention toMidhveffbet Kasbeéddicected tophadifyrthe plagarization etchdatk and polish
over raised portions which provide superior planarization.
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covering trenches using a reverse trench mask. US 5,350,486 (Huang) shows a method of

planarizing a glass layer over metal lines. The patent uses a reverse metal mask to etch the glass
layer. - US 5.518,950 (Ibok et al.) shows another negative resist pattern planarization. However,
these methods can be further improved upon by providing a simpler, more manufacturable process

which yields a more planar surface.
Summary of the Invention

It is an object of the present invention to provide a method for planarizing a

dielectric layer over raised portions which provide superior planarization.

It is an object of the present invention to provide a method for planarizing a
dielectric layer over raised portions using two planarization layers and a reduced size, reverse

interconnect pattern mask which provides superior planarization.

1t is an object of the present invention to provide a method for planarizing a

dielectric layer over wiring layers, field oxide regions and other raised surfaces using two



. It is an object of the present invention to provide a nmethod for o
planarizing a dielectric layer over wiring layers, field oxide regions-and
other raised surfaces using two

-4- planarization |layers and a reduced size, reverse interconnect pattern
mask whi ch provides superior planarization. It is
yet anot her object of the present invention to provide a nethod for

pl anarizing a dielectric |ayer over trgnches and field oxide regions using
two planarization layers and a reduced size, reverse interconnect pattern
mask which praovides superior planarizatjon. . R .. To .
acconpl Planarization layews and jagedyced size, rverpe iptareqnasctaatiernmaskwhigh peyidss superior
formng a planar dielectric |ayer over a substrate having an irregul ar

sur f aceplagarpration.ded. The nethod uses a first dielectric layer 30 that is
patterned by a reduced size, reverse interconnect nask 40 to form dunmy
dielectric steps 30A. The dummy dielectric steps (blocks).30A to fill in
val | eys 23 between interconnects 22 and ot her raised surfaces. A second

dielectric layer 40 g3adyetafother oBj6bt @F e friRnf vekibni6 prévidéa aivthddfer dummy
steps 30A to produce a planar surface. The net hod

begi ns by feorm ng. ' ' . A : ; r a
e conBo b b el Boar el i GuaE Rk T imt acatBarriadE” 0
raised portions 22. Afirst dielectric |ayer, 30 is.formd-OVfr the etch
stop | aged a sgsluced pizey Fevegsedntegconnedt patiern W#QY’E QUides SUREnRnPAtAZARAR oyer
the etch step stop |l ayer 26. The reduced size, reverse (inage)

i nt erconnect photoresi st mask 40 covers portions of the valleys 23 between

t he .
To accomplish the above objectives, the invention provides a method of

forming a planar dielectric layer over a substrate having an irregular surface is provided. The
method uses a first dielectric layer 30 that is patterned by a reduced size, reverse interconnect
mask 40 to form dummy dielectric steps 30A. The dummy dielectric steps (blocks) 30A to fill in
w'/alleys 23 between interconnects 22 and other raised surfaces. A second dielectric layer 40 can

be formed over the raised portions and the dummy steps 30A to produce a planar surface.

The method begins by forming spaced raised portions 22 separated by valleys
23 over a semiconductor substrate 10. An etch stop layer 26 is formed over the spaced raised
portions 22. A first dielectric layer 30 is formed over the etch stop layer 26. A reduced size,

~ reverse interconnect mask 40 is formed over the etch step stop layer 26. The reduced size,

reverse (image) interconnect photoresist mask 40 covers portions of the valleys 23 between the
spaced raised portions 2¢ The first dielectric layer 30 is etched using the reduced size, reverse
interconnect mask 40 as an etch mask leaving dielectric layer blocks (dummy steps, blocks) 30A
over the narrow valleys 23. A second dielectric layer 40 is formed over the etch stop layer and

the dielectric blocks to form a planar surface.’



. spaced raised portions 22 The first dielectric layer 30 is etched using
the reduced size, reverse interconnect nmask 40 as an etch mask | eaving
dielectric layer blocks (dunmy steps, blocks) 30A over the narrow valleys
.23. A second dielectric layer 40 is forned over the etch stop |ayer and
the dielectric blocks to forma planar surface.

-5- The present inventions provides a cost eff ective
gl obal planarization nmethod which useg dummy IDL steps 30A formed between
rai sed portions (e.g., netal lines). The invention uses a |ocal

pl anarization technigue (e. t he du ste fhe s dlelectrl yer
and an etch back) toqﬁﬁﬂfeé?g‘%‘?‘m’@t@ ‘?si&ffﬂn‘”eé‘ﬁ@ggh{‘ ethoc?
Therefore, CMP and other gl obal planari zatlon t echni ques. are not r equi red
The i nveﬂmﬂmsesd@mmy\%stwsqumedheﬁwesaratsedmmWalmﬁdﬂm@ rEhest ep

el imnates the dishing problem associated the chem cal nechani cal

pol i shi igrentitreusesduocd p&nzﬁzamheéohﬁiqne(é nﬁﬁldmﬁn}eét'éﬁ?tthdeedoﬁd ﬂ?dlécﬁ:ﬁ@laﬁ?&
the first dielectric Iayer and filling |n t he val Iey, t hereby allow ng the

12 L7 PO ALl o LU I e
I T S S e o it Th eyttt

advant ages_of a sem conductor device according to the present |nvept|on
and f ur meshanieal gilishing step pliripates therdishing problemragseriated thesbemisshaechagicatievi ce

in accordance with the present invention will be nore clearly understood
from t heofisting) Whegeduced size interconnect mask is effective in patterning the first dielectric layer

and filling in the valley, thereby allowing the valleys to be planarized with a simple local
planarization technique (i.e., the second dielectric layer, not CMP or other complex processes).

The method is cost effective.
Brief Description of the Drawings

The features and advantages of a semiconductor device according to the .
present invention and further details of a process of fabricating such a semiconductor device in
accordance with the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference numerals

designate similar or corresponding elements, regions and portions and in which:

Figures 1 through S are cross sectional views for illustrating a method
planarizing a dielectric layer using a reduced size, reverse (image) interconnect mask according to

the present invention.



. description taken in conjunction with the acconpanying drawi ngs in which

| i ke reference nunerals designate simlar or corresponding el enents,.

regi ons and portions and in which; Figures 1 through
5 are cross sectional views for illustrating a nethod planarizing a
dielectric layer using a reduced size, reverse (inmage) interconnect mask
according to the present invention.. :

- 6- Det ai | ed goescription of the Preferred

Enbodi ment s The present invention will be described
Ih detail wth reference to the acconpanying drawi ngs. The invention
provi des an inproved nmethod for formng highly planarized topologies in
integrated circuit structures wherein oxide is used between active or
conductive regions formed in or on an integrated circuit structure. In the
il lustrated enbodi nent, the process of the invention is shown, by way of
illustration and not ofDdtailéd Bescoiptionsf dlwpPreferred Embodimenisng a hi ghly

pl anari zed structure with a raised pattern 22 such as, by not limted to,
metal line (interconnects) forned over an integrated circuit structure
previously forned in and on a substrate, with oxide up and or between the

raised pattern. The iThegitbdentinvedtion will beclesurided iridétail with eeferencs rothef a
highly planarized integrated circuit structure having field oxide depasited

bet ween ' - e0] j.N L n;,ﬁ,!gqﬂg,] ortions
22 in th%%{lnéutrl)gggg%%ﬁn ség?lg?é%flﬁﬁlg su s%?g{ti%mg%xlngerh% ieffg oxi de airf\)d t he

ow ar eaplg.t(laargze' ed tc\}/p%lég% S itzlel'glegr%?edrc%%{x& %t%‘étur%s twrh%{']eﬁloﬁde is used between active or

conductive regions formed in or on an integrated circuit structure. In the illustrated embodiment,
the process of the invention is shown, by way of illustration and not of limitation, as applied to in
forming a highly planarized structure with a raised pattern 22 such as, by not limited to, metal line
(interconnects) formed over an integfated circuit structure previously formed in and on a
a.substrate, with oxide up and or between the raised pattern. The invention can also be applied to
the forming of a highly planarized integrated circuit structure having field oxide deposited
between active regions in a silicon substrate. For example, raised portions 22 in the figures can
represent the substrate and/or field oxide and the low area (e.g., valley 23) can represent a trench

in the substrate.

The invention provides a method of filling in valleys with dielectric material
(e.g., dummy steps 30A) so that a local planarization technique can be successfully used to
planarize the resulting sueface. The invention uses 2 reduced size, reverse inferconnect mask 40
and one etch stop layer 26. See figure 3. The methpd' begins by providing semiconductor
device structuresinand on a semiconductor substrate 10, Substrate is understood to possibly

include a semiconductor wafer, active and passive devices formed within the wafer and layers



.1n the substrate. The invention provides a nmethod of
filling in valleys with dielectric nmaterial (e.g., dummy steps 30A) so
that a |l ocal planarization technique can be successfully used to planarize
the resulting surface. The invention uses a reduced size, reverse

I nterconnect mask 40 and one etch stop |layer 26. See figure 3. The nethod
begi ns by providi ng sem conductor device structures in and on a

sem conduct or substrate 10. Substrate_is_understood to possibly include a
sem conductor wafer, active and passive devices forned within the wafer and
| ayers ' -7- formed on

t he waf dormad-omthe waferssurfaeen The temm (“substrate} is meanto insludedeyices fsmied adthing med

within a sem conductor wafer and the |ayers overlying the wafer.

As showieiitohfigmeewafer bid thedayRey dvetlpihghe waer.g. , netal patterned to form
metal |ines or spaced interconnections with an insulating |ayer thereover)
are provided over the sem conductor substrate 10. Between the raised
portions are valleys 23 (e.g., valley topography between the raised

portions or hol | ows) m\éﬁs&ﬂ&y@g%&%&ﬁ&@%@&.gg%%ﬁﬁgﬁe&wﬂﬂﬁhﬂ&m it

mayhcorrpr}se any cJonductlor us n"formng integrated cifcuit sltructures,
w thst aehy THEC ofosen et S BEmiRtes TR et e B dro HBROYE Bt or e
and planarizing |ayers thereon. The raised pattern_22 mght also conprise

a conbi remicordegtonsubsirated OpBetveen portigns ats valleys 23(egnoialley topgeraphe

22 formed over the conductor, or it mght only conprise an insul ating
mat er i albebweencthd raisedi portionstuaheliéws). When the raised portions 22 comprises a conductor, it

may comprise any conductor used in forming integrated circuit structures, such as, for example,
aluminum, polysilicon or tungsten, capable of withstanding the temperature subsequently used in
deposition the conformal and planarizing layers thereon. The raised pattern 22 might also
comprise a combination of a raised pattern 22 of conductor and an insulating layer 22 formed '

over the conductor, or it might only comprise an insulating material or combinations thereof.

As shown in figure 1, the raised portions 22 preferably cbmprise conductors
(e.g., interconnects). The conductors can be covered by an insulating layer (not shown). The
spaced interconnections 22 preferably have a height 16 in a range of between about 3000 and
10,000 A and a width in a range of between about 0.1 pm and 300 um and a first spacing 19

between the interconnections 22 in a range of between about 0.1 and 300 um.

As shibwn in figure 2, an etch stop layer 26 is formed over the raised portion
(e.g., insulating layer) 22. The etch stop layer 26 is preferably composed of silicon nitride or a
material with a different etch rate than the dielectric layer 30. The etch stop layer 26 must have a

significantly slower etch rate than the subseqilenﬁy formed first dielectric layer 30 (e.g., from



. As shown in figure 1, the raised portions 22 preferably conprise conductors
(e.g., interconnects). The conductors. can be covered by an insulating |ayer
(not. shown). The spaced interconnections 22 preferably have a height 16 in
a range of between about 3000 and 10,000 A and a width in a range of
between about 0.1 [err]m and 300 [err]mand a first spacing 19 between
the interconnections 22 in a range of between about 0.1 and 300 [err]m

As shown in figure 2, an etch stop layer 26 is forned over the raised
portion (e.g., insulating layer) 22.- $he etch stop layer 26 is preferably
conposed of silicon nitride or, a_ material with a different etch rate than
the di el ketweenabowy @ito 20 timmsas slowy). Jihe stoh.stap layes 26 prefasahly has a thigksess isant | v
slower etch rate than the subsequently forned first dielectric |ayer 30
(e.g., frange of between about 100 and 4000 A. - 8- _
bet ween about 2 to 20 tinmes as slow). The etch stop |ayer 26 preferably- has
a thickness in a range of between about 100 and 4000 A

A dielectric layer 30 is forned over the etch stop |ayer 26. The thickness

of the dielectric | axdieldctriclaydre3st foriheliovbrant etch stdp laydr!26. VEHe! thickneds of
|l evel with the top of etch stop layer 26 over the raised portions 22. The

first diglegtl] ' of or b Ly Lqe

s (wi oo s arpitSulofnElol e RR33 1] wih B Fthctop et
The 1 seveatas Bied PORiaR 23, e oy dloins (i Lyis pEerebly compaseshof iieancorive
top plain of the etch stop |ayer (over the raised portions 22) within a
range of TBOSWEOEG (withndr wiiboutan SOG etchback). The dielectric layer preferably has thickness in

a range of between about 3000 and 12,000 A,

The first dieleqtn'c layer 30, over the valley 23, has a height above the top
plain of the etch stop layer {over the faised portions 22) within a range of between 0 and 1000 A
‘and more preferably between about 10 and 560 A. The combined thicknesses of the etch stop
layer 26 and the first dielectric layer 30 must be sufficient to fill the center of the valley 23 about
coplanar (e.g., about +/- 5% ) with the top surface of the first polish layer 26 over the raised

portions 22.

As shown in figure 3, a reduced size reverse interconnect photoresist mask 40
(reduced size, reverse raised portion photoresist mask 40) is formed over the first dielectric layer
30. The reverse interconnect mask 40 (40A 40B 40C) covers portions of the valleys 23 between

the spaced interconnections (raised portions 22).

A photolithographic mask (e.g., optical mask), not shown which may be a

reverse or negative mask of the masked used in the formation of the raised portions (interconnects



. and nore preferably between about™10 and.500 A. The conbi ned t hi cknesses of
the etch stop layer 26 and the first dielectric |layer 30 nmust be.

sufficient to fill the center of the valley 23 about coplanar (e.g., about
+/- 5%) with the top surface of the first polish |layer 26 over the raised
portions 22. ' ' As shown in figure 3, a reduced size

reverse interconnect photoresist nask 40 (reduced size, reverse raised
portion photoresist mask 40) is forned_over the first dielectric layer 30.
The reverse interconnect mask 40 (40A 40B 40C) covers portions of the
val | eys 23 between the spaced interconnectjonshéraised ortions_ 22).

A phot oR2ton othes shnigurecsovered) is.usedin expasedrggions 4ho ¢ 1 Bridinthatoverliothe rajsedy
reverse or negative nmask of the masked used in the formati on of the raised
por t i onpoftick Q2 ¢ OTiaRVerse photolithographic mask has a metal pattern that is smaller (reduced

-9- 22 or other structure covered) is used to exposed regions 41A 41B -41C

that ovepk) hah Bl &efibvedOidalil e@ucza%g%%@ghewnmm§ profEratily

has a ne pattern that 1s snaller (reduce Sl ze an a full s

reverse sk..The reduced size,,reyverge.raised poriio sk 40 |

pref er aﬁ%ce‘? e '$'n&‘§f'eé‘§°’('sef l&‘.‘é“&f‘&r@ﬂ@ﬁ%ﬁ?“%f?g? ﬁ;ﬂ}%ﬁﬁ\%{ T?? n&?#par ed
to a full sized reversed mask between about O ando 5% and nore preferably
bet ween betwged ahout,0 and 5% and more preferably betweend agdii%pel y, a negati ve

phot oresi st | ayer nay be used in place of the |layer 40 and exposed through
the optical mask used in the formation of the interconnects to formthe

Alternatively, a negative photoresist layer may be used in place of the layer 40
and exposed through the optical mask used in the formation of the interconnects to form the
patterned photo resist 40 as shown. The negative photoresist is over exposed to create the
reduced size photoresist pattern 40 shown in figure 3. The photoresist can be overexposed
between about 5 and 20 %. Another option is that the size of the interconnect mask can be

increased by the same percentages as above.

The reduced size reverse interconnect mask 40 (e.g., 4OA 40B, 40C) covers
portions of the valleys 23 between the spaced raised portions 22. The sized reverse interconnect
mask 40 is in registry with the valleys 23 between the interconnects. The sized reverse
interconnect mask 40 (40A, 40B, 40C) has openings 41A 41B 41C in registry with the raised

portions 22.

The sized reverse interconnect mask 40 bas blocks 40A, 40B 49C that have a

width in a range of between about the resolution of the lithography tools and as wide as desired.



‘patterned photo resist 40 as shown. The negative photoresist is over
exposed to create the reduced size photoresist pattern 40 shown in figure
3. The photoresi st can be overexposed between about 5 and 20 % Anot her
option is that the size of the interconnect mask can be increased by the -
sanme percentages as above. The reduced size reverse
i nterconnect nmask 40 (e.g., 40A, 40B, 40C) covers portions of the valleys
23 between the spaced rai sed portions 22. The sized reverse interconnect
mask 40 is in registry with the valleys®23 between the interconnects. The
si zed reverse interconnect mask 40 (40A, 40B, 40C) has openings 41A 41B
41C in registry w t hFiguee 3 showssevgrsl measuserpents. The distance between adjacentmaised
sized reverse interconnect nmask 40 has bl ocks 40A, 40B 49C that have a

wi dt h i iposticms(iterobnrieetsy 22 i distande 19 eTheannibisieddhickdess bfthe ietdhagomiaper Z&a‘ﬂds
and as w de as desired.

- 10 - the first dxelectnc layer 30 anli918h&h D49 OVis RESEH ZAWNPARULRIBIHAL relBRed
di stance between a jacent rai se portl ons (rnterconnects) 22 is d| st ance

ai o ect ioRye magk HERET 208 405 3L, e %ﬁ%@mﬁ#ﬁp PRl ol

reversed, interconnect mask bl ocks 40A, 40B, 40C, are reduced in size (or
"si zed" sized fpversed maska ful |l  sized reversed nask. .+ The
reversed interconnect mask 40 (e.g., 40A) has a width 40Ww thin +/- 5% of
the wwdth 19 minus the two tines the width 24W (See figure 3). .

The reversed interconnect mask 40 (e.g., 40A) has a width 40W within +/-

5% of the width 19 minus the two times the width 24W (See figure 3).
Waow = Wio- 2¥(Waw))

Wiow must be equal to or greater than the lithographic resolution. If Wypw is

not, it should be set to zero, i.e., no mask is made for this region.

This measurement method is used for all raised portions including metal lines,

field oxide regions, trenches, etc.

As shown in figure 4, the first dielectric layer 30 is etched using the reverse
interconnect mask 40 as an etch mask leaving dielectric blocks 30A (i.e., dummy IDL blocks,

dummy steps, etc.) over the valleys 23

The first dielectric layer 30 is preferably removed preferably with a F-based

plasma etch or a HF based wet etch. An option is that the horizontal exposed portion of the etch



-Werr] = Werr] (2*(Werr])) Werr] nust be equal to
or greater than the Iithographic resolution. If Werr] is not,.it should
be set to zero, i.e., no mask is nmade for this region.

Thi s measurenment nethod is used for all raised portions including netal
lines, field oxide regions, trenches, etc. As shown

in figure 4, the first dielectric layer 30 is etched using the reverse
i nterconnect nmask 40 as an etch mask-l gavi ng dielectric blocks 30A (i.e
durmmy LDL bl ocks, dunny steps, etc.) over the valleys 23.

T L, o35 e b Bl 150 BBy B e s

hori zont al - exposed portion of the etch stop layer 26 can be
sel ect i wslydingamOg cishektprogrisnt or esi st | ayer 40 can be renoved by any etch
including an err] asher process. As shown in figure

5, a second dielectric layer 40 is forned over the etch stop |ayer 26 and
the dielectric stop blocks 30A thereby formng | evel planar surface of the

second diel ectric | A¥ghowR in fifige Se8 atend dRleeioliyer UBYEfor®ad 096 HE bR sfop
material of silicon oxide, TEGS,
layer 26 and the dielectric stop blocks 30A thereby forming level planar surface of the second
dielectric layer 40. The second dielectric layer can comprise a material of silicon oxide, TEOS,

spin-on-glass, HDP (high density plasma oxide), or a low dielectric constant material. The

second dielectric layer preferably has a thickness in a range of between about 4000 and 20,000 A.

In an optional process, the second dielectric layer 40 can be planarized future

using a very brief chemical-mechanical polish (CMP).

It should be will understood by one skitled in the art that by including
additional process step not described in this embodiment, other types of devices can also be
included over the substrate. It should also be understood that the figures depict only several raised
portions (e.g., interconnects) out of a multitude of raised portions that are fabricated

simultaneously on the substrate,

The present inventions provides a cost effective global planarization method
which uses dummy IDL gteps formed between metal line. The invention uses a local planarization
| technique (e.g., the dummy steps, 30A) an etch back and the second dielectric layer 40 ) to
achieve complete planarization across the wafer. Therefore, CMP and other global planarization

techniques are not required. The invention’s elimination of the chemical-mechanical polishing



. spin-on-gl ass, HDP (high density plasma oxide), or a |ow dielectric
constant material. The second dielectric |ayer preferably has a thickness
in a range of between about 4000 and 20,000 A : I n an
optional process, the second dielectric |ayer-40 can be planarized future
using a very brief chem cal -nechani cal polish (CW).

It should be will understood by one skilled in the art that by including
addi tional process step not described_ip this enbodi ment, other types of
devices can al so be included over the substrate. It should al so be
understood that the figures depict only several raised portions (e.g.,

i nt er conrséept elimivates thie dishing problenieassdciated the dhemical mechatibaltpolishing. SKreireduced
si mul t aneously on the substrate. The present

| nvent i Onzelif@yiohRor R efRfiosinl pitestiphibb il AKkAGRY @ bl HbVARRy

uses dummy I DL steps formed between net ine. The invention uUses a

pl anari z 'Qﬂﬁ i ; . . back and f.he
second d?@kec ?% Ié%e38BéSygFgRB§§H?%§§¥%§%%$i@gg%é%ﬁggFiéﬁpgn%ggng@xiﬁe
waf er. Therefgqre, CMP and ot her gl obal planarization techniques are not

requi r ed.“OF@SHY_Nt i on' s elimination of the chenical - mechani cal polishing

- 12 - step elimnates the dishing problem associated the chem cal
mechani cal polishing. The reduced size interconnect mask is effective in
patterning the first dielectric layer and filling in the valley allow ng

the valleys to be planarized with a sinple |ocal planarization technique.
The nmethod is cost effective.

While the invention has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the

invention.



- Wile the invention has been particularly shown and described with
reference to the preferred enbodi nents thereof it wll be understood by
those skilled in the art that various changes in formand details may be
made without departing fromthe spirit and scope of the invention.
13 CLAI M5 A nmethod of formng a planar dielectric |ayer over a

substrate having an irregul ar surface having vall ey%ﬂh Replaced
portions, conprising the steps of: a) pr H ' l,
sem conduct or substrate having at | easgzspaced raised

portions and a vall ey therebetween; b) form ng an etch
stop layer over said raised portions and said 10
sen con@igimy substrate; . c) forming a first dielectric

| ayer over said etch stop |layer ; the conbined . .

t hi cknedses df methad ofiformiag g planas diclectsiadaysnpverdi substoate having ge irregolar syrface
sufficient to fill the center of said valley coplanar within plus/mnus 15
5% f or m nasing vdliesand raised portienss comprisigpthpeteps off mask over said first
dielectric layer; said reduced size reverse raised portion nmask covering
portions of said valleys between said raised portions; said reduced size,
reverse raised portion mask is reduced in area conpared to a full sized

reversed raised pajt i OfroURisS RAKMAAREPAINstrde AGing 1 legg_sgaced raised gomg}ls

etching said first "dielectric |ayer using said redlced size reverse ral sed

portion nmask as an et&gﬁr’%?&ft%gééaﬁg%}el ectric stop blocks in said

val | eys; said etch stop Png between about 2 to 20 tines

slower etch rate than said first dieJectric | r; 25,
_ b) f%nmnganetcth stop layer over sai 1¥a?sed portions;

¢}  forming a first dielectric layer over said etch stop layer;

d) | forming a reduced size, reverse raised portion mask over said first dielectric
layer; said sized reverse raised portion mask covering pcrtions of said val!eys
between said raised portions;

e)  etching said first dielectric layer using said reduced size reverse raised
portion mask as an etch mask forming dielectric stop blocks in said valleys;

f)  removing said reduced size, reverse raised portion mask; and

g)  forming a second dielectric layer over said etch stop layer and said dielectric
stop blocks thereby forming level planar surface of said second dielectric
layer.

2. The method of claim 1 wherein said reduced size, reverse raised portion mask is reduced

. in area compared to a full sized reversed raised portion mask between about 0 and 5%.

3. The method of claim 1 wherein sand etch stop layer is composed of sificon nitride and said

etch stop layer having a thickness in a range of between about 100 and 2000 A.
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. e) ' renmovi ng said reduced size, reverse raised portion mask; and
f) form ng a second dielectric layer over said etch stop layer and said

di el ectric stop bl ocks thereby formng a |l evel pl an%sﬁggtfﬂgggeeg{‘e ?a%édd 30

second dielectric.layer.

14 2. The method of claim 1 wherein said etc m"%l

conposed of silicon nitride and said etc V|ng a
t hi ckness in a range of between about. 14 - 100 and 2000 A.

The nethod of claim1l wherein said first dielectric layer is conposed of
silicon oxide and said first dielectric |ayer having thickness in a range
of 4, Thdumethod of elaimut vi@eeinsaid ficsd diekectric layer isicompos®d of stlicamoexidé and
claiml1l wherein the top of said first dielectric |ayer, over said 10
valley, | sSsi firfdt SieRetric ﬁ?ﬁ@meé tHAKNBRA a 2iHYelof befidn HB6R T0®hnd 4000 AP pl ane
of sald etch stop Tayer, over said raised portions.

The nmethod of claim1l wherein step (c) said reduced size reverse ralsed
portion mask is in registry with the valleys between said interconnects and

said 15 g lg&ﬁin%ﬁlgd o?gﬁm w&&aﬁﬂle%gbr%& fiFeR el ddad ngrgs@eg'se%anéy is

r egi stry ‘wWith“the rarse t1ons exposi ng

of 1irst cVERbaiie sy BeueR aRontaLAy 109D 2Lof B tomplane of wid B P eyel v °°

the thickness of said first dielectric layer. 20 6. The net hod of

cl ai m 1 whestdraised portionai sed portions are interconnect |ayers

covered by an insulating | ayer. 7. The nmethod of claiml V\/nerel n
said raised portions are segnents of said substrate and said
valley is a trench in said substrate. 2 8. The nethod of claim1
wher ei n Gai d Themethodioflchaim iwhereiy ehe dombiireddhicknessesalf said etch stop layer, and said
material selected fromthe group consisting of: TEGS, spin-on-glass and

hi gh dielectric 1£RP 3Jeln\é Mt&ﬁ% geoc%% Besaidvalldy ShpBas With the'tap S&iRE of

bet ween about 400 a
said etch stop layer over said raised portions.

‘7 . The method of claim 1 wherein step (d ) said sized reverse raised portion mask is in
registry with the valleys between said interconnects and said sized reverse raised portions
mask having openings in registry with the raised portions exposing said first dielectric layer
over said raised portions; and exposes an area of first dielectric layer around said raise portion

a distance of the thickness of said first dielectric layer.

8. The method of claim 1 wherein said raised portions are interconnect layers covered by an

insulating layer.
9. The method of claim 1 wherein said raised portions are segments of said substrate and said

valley is a trench in said substrate.
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15 9. A net hod of formng a planar dielectric |ayer over a

substrate having an - - - irregular surface having valleys and raised .
portions, conptjsin st.eps ‘gf: a) providing a
sem_conduct or t |least spaced raised 5

portions and aWﬁ ween, said spaced rai sed portions

conprised of int - b) formng an etch stop |ayer
conposed of silicon nitride over said ngised portions

and said sem conductor substrate; said etch stop Iayer has a 10

thi ckness in a range of between about 100 and 2000 A

form ng H.fi r%‘hemsﬁiodafnlwnllaymfﬂnéﬁé@md@lelmqbﬁ%’l@)mlﬂﬂf’%@@fﬁm@'@t ch
stop layer, the top of said first dielectric |ayer over said valley being

about copl gtedfréh thegroiip Rofistiagiof TEOS, spippnghigeand kighdewdity phasmaaixitleldnd
rai sed portions; the conbined thi cknesses of said etch stop layer and -

said firstydi C t fdohl & t he center of said
val | ey abo‘lﬁ a%%##g?né\n%*e sur g‘?:gedto#wseaﬁn ngdgktl)%t op | ayer over said

rai sed portions; the top of said first dielectric |layer, over said valley,
S wi thin a distance of between about 1 and 1000 A of

(1,190 P Rlnchba o orgin e g b uh e Ban Pl

portion mask over said first dielectric layer; said
reduced si having walleyssand raised possions.icOmprSiag thessensiafy :
portions of said valleys between said raised portions, said reduced size 25
reverse raised portion mask is in registry with the vall eys between said

i nterconnects and said sized reverse raised portions mask having

openings is in regaktrpraviding amwan@w@rﬁybarmbawté&q@bmaﬁgd @éﬁed portiens
dielectric layer over said raised portions; said reduced size, reverse

rai sed portion mask i gnd @ SufedierebdtvistnCoitDsyacel falsed pbitidns Sbmptsedeofer sed 30
rai sed portion mask between about 0 and 5%

16

interconnects;

b) forming an etch stop layer éomposed of Qilicon nitride over said raised °
portions;

¢) forming a first dielectric layer composed of silicon oxide over said etch stop
layer, the top of said first dielectric layer over said valley being about coplanar
with the top of said etch stop layer located over said raised portions;

" the combined thicknesses of said etch stop layer and said first dielectric layer
being sufficient to fill the center of said valley about coplanar with the surface
of said etch stop layer over said raised portions;

d) forming a reduced size reverse raised portion mask over said first dielectric
layef; mﬁdshmdnaemeﬂ@wdpoﬂkm.umﬂ;mnwﬁngpoﬂkmsof&ﬁdvdkws
Bdmmnnsﬁdtakedpoﬂmnm,mﬁdnahxmdshmrewm$eraked1xnﬁannuwk is

in registry with the valieys between said interconnects and said sized reverse
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- e) etching said first dielectric |layer using said reduced_size reverse

rai sed portion mask as an etch mask forn1ng dielectric
stop bl ocks i fhis Sheek Has Been Replaced val | eys; said etch stop | ayer nust
havi ng between times sl ower etch rate than
said first diel [ 5 - ) renovi ng said reduced
size, reverse ralsed portion mask; and Q) formng a second

dielectric |ayer conposed of silicon og de over said

etch stop layer and said dielectric st % bl ocks thereby form ng | evel 10
planar surface of said, second dielectric |ayer. 10. The met hod of
claim9 wherein said meémwtmaﬁkshamg@pm i in fegistry wjth the raised portions
bet ween about 300 and 10,000 A and a width in a range of between about 0.14
and 300 [err]mand a iﬁ&eﬂpoﬁpgsﬁd@rdndiel&&iclayérﬁbvbmmma@fﬁm; in a range
of 15 bet ween about 0.1 and 300 [err]m 11. The net hod of
claim9 wherein sagd f'eic?ﬁn%jdagilﬁ%f&blﬁcthé rﬁﬁ#%@ﬂﬁﬁ ize reverse raised

silicon oxide and said fir el ectric yer avl ng thickness In a range

of bet ween about 000 hod of
claim9 which furtherP ‘?%8?&8‘8 35,71 8F EF%‘& éﬁ?*&‘&f""P]b%"ksmsa‘dnaeﬁ
mechani cal polishing said second dielectric I ayer. A net hod of

forming a planar dDel edempeng said redyped size, §%§aerrats@d mpngxaahaz@
i rregul ar surface having valleys and raised portions, conprising the steps

of : 2) forminy adecvpd dicleiclayd coposalirilicoh @xide\vvedsaid elchast
spaced rai sed portions .and a valley therebetwen, said

spaced raised porti Onﬁo%elyg and said dlglectnc stopBIBHKs SthereBY fdrﬂfug ?%@E@%ﬁ' sutfabd!

rai sed portions have a In a

about 3000 and 10, 000 f .4 range of

bet ween about 0.1 and® egpﬁmflheecmc ayef.

17 b) form ng an etch stop | ayer conposed of silicon
nitride over said raised portions; said etch stop |ayer
has a thickness in a range of between about 100 and

2000 A; 12. 5 The method of plaim 11 evheieigsaid fredwred dize) reedrsd msbapamdimma@ebda&ed
silicon oxide over said etch

in area compared to a full sized reversed raised portion mask between about 0 and 5%.

13.  The method of claim 11 wherein said raised portions have a height in a range of between
about 3000 and 10,000 A and a width in a range of between about 0.1 and 300 pm and a first

spacing between said interconnections in a range of between about 0.1 and 300 pm.

14.  The method of claim 11 wherein said etch stop layer has a thickness in a range of

between about 100 and 2000 A.

15.  The method of cfaim 11 wherein said first dielectric layer is composed of silicon oxide

and said first dielectric layer having thickness in a range of between about 3000 and 12,000 A.
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. stdp | ayer, the top of said first dielectric |ayer over said valley being .
about coplanar with the top of said etch.stop |ayer |ocated over said P s
rai sed portions; the conbined thicknesses of said etch stop |ayer and

said first dielectric |layer being sufficient to fill the center of said
val |l ey 10 about coplanar with the surface of said etch
stop | ayer over said raised portions; the top of said

first dielectric |ayer, over said valle is within a
di stance of between about 1 and 1000 A %?'1he top plane of said etch

stop layer, over said raised portions; 15 | Cod) forniqg a .
reduced $6ze Haoaethod-oficlaim ldomheisin thesep ofaaid first dickertristlayer, over said valley, is
dielectric layer; said sized reverse raised portion mask covering

porti ons ofvithin aidisiah¢ecyRbetweencbout hiand 1@00:A S e tbp phme of adid etohdtisellyai aeer
reverse raised portion mask is in registry with the valleys between said

I nt er connegi§ raAskd podithsS| zed reverse raised portions mask having 20
openings is in registry with the raised portions and exposing said first
dielectric | ayer over said raised portions; said reduced size, reverse

rai sed portion mask is reduced in area conpared to a full sized reversed
rai sed portion mask between about 0 and 5% 25 e) et chi ng
said first dielectric layer using said reduced. size reverse raised L
portion mask as an etch mask form ng dielectric stop blocks in said
val l eys; said etch stop |ayer nust having between about 2 to 20 tines

slower etch rate than said first dielectric |ayer; 30 f)

renovi ng said reduced size, reverse rai sed portion nask; and

18 9g) formng a second dielectric |ayer conposed of silicon oxide over
sai d etch stop layer and said dielectric stop bl ocks thereb7 form ng
| evel pl anar surface of said second dielectric |ayer; h)

chem cal - mechani cal polishing said second dielectric |ayer

This Sheet Has Been R,

LTI

THIS SHEET HAS Bsﬂ
REPLACED

L i




