"A G obal Planarization Method For Inter Level Dielectric Layers W}S&
Integrated Circuits Background of Invention 1) Field of the Inven iThi s
invention relates generally to the planarizing of integrated circuf't
structures and nore particularly to an inproved process for gl obal
pl anari zation of a dielectric layer using (CW) two polish stop | ayers and
a reversed reduce sized mask. 2) Description of the Prior Art A major
chal I enge in sem conductor nmanufacturing is the planarization of insulating
| ayers formed over depressions and rai'sed portions over a sem conduct or
structure (e.g., a wafer or the |layers over a wafer). The depression in the

surface oA Glubal Plincebetioh Methiod For Ihter I el Diekechii@ Layérs Ol MilegittedCitcnits ,/
conductive lines (for exanple of alum numor 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 insulating |layer. A typical structure would

be fornmed in the foll owi ng manneBad?rgg,; ﬂ?@nﬁg ductive layer is forned
trenc

over a sem conductor structure (or in a wafer) creating an
irregular surface. An insulating |ayer would be forned over the irregul ar
surface. The -2- insulating |layer would be planarized to create a | evel

surface W%el%ﬂ@eﬁwlmiioﬂnal | ayers of nmetal or other devices are forned.

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

layer using (CMP) two polish stop layers 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 or the layers over a wafer). The depression in the surface of the semiconductor
structure can be a space located between conductive fines {for example of aluminum or of
polycrystalline ) disposed on a substrate, but may also be a groove etchec_i into the substrate or it

may be a window provided in an insulating layer.

A typical structure would be formed in the following manner. A patterned

conductive layer is formed over a semiconductor structure (or a trench formed in a wafer)

creating an irregular surface. An insulating layer would be formed over the irregular surface. The



- There are nunmerous known nethods for planarizing wafer during fabrication
of integrated circuits, for exanple, block resist and resist etch back,

bl ock resist and spin on glass. A prom sing and sinple nmethod of choice is
chem cal - mechani cal polish (CW). chem cal - mechani cal polishing (CW)
provides full wafer planarization w thout additional masking or coating
steps. However, one of the difficultigs encountered with CWP for

hol | ow/ val | ey/trench planarization is“the "dishing" effect which occurs in
wi de | ow spots (e.g., valleys between interconnects or nmetal |ines or

trenche .. € usual | 25 rrlmw de). Dishing i he..I. | _portiaqns
of 1 neu HispleHgE ayst WO o plachtA g s R I S Vth ich A GRY Bt i)
or higher areas. Dishing is particularly sever in hollows (e.g., areas

Wi t hout OF othegHevieescare flumedhi ch t he pol i shing pad contacts) wider than 100
[err]m The "dishing" 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 surrounding areas. Much effort has
been directed to nodThgretarenyméroshkmrvocmethodsefipn plaranting wdfemduzng fbsicationeofpt
to reduce and control the dishing effect. For exanple, US 5,362,669 (Boyd

et al.) unbgafedir®Rid) ¥k ShampleaBREK Zéist il HSish@cRbRY bRk $ésRP ahP¥RA of Biiss.AA
depression. The invéntion seflectively renpves the polish stop l'ayer ~over

e O A R R RO, Tl =
Ve o meamod polishing M) privides Hil wates planarszation wihous additional masking of "
' 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., valleys between

interconnects or metal lines or trenches) (i.e., usually > 25 pum wide). Dishing is the removal
portions of insulating layer below the top plane of the insulating layer over level or higher areas.
Dishing is particularly sever in hollows (e.g., areas without a high area upon which the polishing
pad contacts) wider than 100 um. The “dishing” effect during polishing resuits in thinning of the

dielectric in wide trenches resulting in a non-planar surface. The polish rate is affected by the

topology of the surrounding areas.

Much effort has been directed to modify the polish process, equipment and
materials attempt to reduce and control the dishing effect. For example, US 5,362,669 (Boyd et
al.) shows a method of planarization using a polish stop layer over a depression. The invention
éelectively removes the polish stop layer over the high regions. US 5,350,486 (Huang) shows a
method of forming a polish stop layer and an insulating layer over raised portions. The insulating

layer is chemical-mechanical polished down to the polish stop. US 5,015,602 (Van Der Plas et



- al.) shows a nethod of form ng reverse i mage photoresi st over |ow spots on
an insulating surface. The insulating |ayer is etched and then planarized
using CWP. US 4,954,459 (Avanzino et al.) shows a nmethod of reverse inmage
phot oresi st and etch over depressions. Then planarization by CWP. However,
t hese net hods can be further inproved upon by providing a sinpler, nore
manuf act ur abl e process which yields a nore planar surface. Summary of the
Invention It is an object of the preserst -invention to provide a nethod for
pl anarizing a dielectric |layer over raised portions using two polish stop
| ayers which provide superior planarization. It is an object of the present
i nvent i 8h) showsraouethed of %mmemse imagephptoresist gveti lowepotsian andpsilatingsuriace.

i nt erconnections using two polish stop |ayers and a reduced size reverse

| Nt er cormhedhsulibing laver isletdhed \sndtithen plamdtizedusiag CRR.s US 4,954 469 (Atyreinb edhl ) he
present invention to provide a nethod for planarizing a dielectric |ayer

over figho@¥ hgm&f&*r%gg@g{» pASIORAISL ] Eigh by& 3BtdsSlne it phiftiSu it by

reduced size reverse terconnect mas prevent I 'ng
effects, conplish the, above . ohjecti.ves, the inventipn provides a
et hod SMBnaSibeater e mrhrs o566 il nhiived hos PY RV FHERIG BoReduced
size reverse interconnect photoresist mask and two polish stop |ayers. The

met hod Beagkfictusgble provessgwhiphyields aanere planar sutface.
Summary of the Invention

It is an object of the present invention to provide a method for planarizing a
dielectric layer over raised portions using two polish stop layers which provide superior

planarization.

It is an object of the present invention to provide a method for planarizing a
dielectric layer over interconnections using two polish stop Iayers and a reduced size reverse

interconnect mask which prevents “dishing” effects.

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

dielectric layer over field oxide regions and trenches using two polish stop layers and a reduced

size reverse (image) interconnect mask which prevents “dishing” effects.

To accomplish the above objectives, the invention provides a method of
chemical-mechanical polishing an insulating layer using a reduced size reverse interconnect

photoresist mask and two polish stop layers. The method begins by forming spaced raised



. portions 14 22 separated by valleys 23 over a sem conductor substrate 10. A
first polish stop layer 26 is forned over the spaced raised portions 22. A
dielectric layer 30 is formed over the first polish stop |ayer 26. A second
polish stop layer 36 is fornmed over the dielectric |ayer 30. A reduced
size, reverse interconnect photoresist mask 40 is fornmed over the second
polish stop |l ayer 36. The reduced size, reverse interconnect nask 40 covers
portions of the narrow valleys 23 between the spaced raised portions 22.
The second polish stop layer 36 is et cifed usi ng the reverse interconnect

mask 40 as an etch mask | eavihg second polish stop bl ocks 36A over, the
har r ow vBPTHONE ?QQ_Z SW@EY@@{WF &3 PYSTc semicangustor subsirated Oc oﬁ%ﬁtﬂ‘%‘ﬂ%s@n i s

chem cal - mechani cal polished using the first polish stop |layer 26 and
second phlyes?6 isdymieddver e sphdedasised portiond 22t Adidlévtriehyerd0ay fetred ovepthenar
surface of the dielectric layer 30. The present inventions provides a cost

ef fecti varBbiidieyiRy&! d6T A3E@nd pBRshi S iaPer 310 RdRIBd! YRECHE ielRERERy & BDC
|- macﬂg ?’ ?%&;%I :?g T ﬁ-qu% 6

with chemc nf cal po processes. e two polish stop layers
36A prevent dishing eff.ects in valley.aregs,23.. The reduced sigze,.. Jeverse
nt er con Femintnye PR PR BriaeaL bty ey Siish SRy arer
36A whil e being cost effective. Brief Description of the Drawi ngs The
f eat ur es3@ndhemdusedigiee reverse interganperd mask A0 govers dostiensof thgynartew walleys 2% ent
i nvention and further details of a process of fabricating such a
sem condbeteen thespaced mised portidan22 The kecohd polishseoyt layen3énis etchedmiding the nor e
clearly understood fromthe foll ow ng
reverse interconnect mask 40 as an etch mask leaving second polish stop blocks 36A over the
narrow valleys 23. The dielectric layer 30 over the interconnections 14 is chemical-mechanical
polished using the first polish stop layer 26 and second polish layer blocks 36A as a polish stop

thereby providing a planar surface of the dielectric layer 30.

The present inventions provides a cost effective method and eliminates the
dishing problem typically experienced with chemical-mechanical polishing processes. The two
polish stop layers 26 36A prevent dishing effects in valley areas 23. The reduced size, reverse
interconnect mask is effective in patterning the second polish stop layer 36A while being cost

effective.
Brief Description of the Drawings

The fatures 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



-+ -5- description taken in conjunction with the acconpanying draw ngs in
which |ike reference nunerals designate simlar or correspondi ng el enents,
regions and portions and in which: Figures 1 through 5 are cross sectional
views for illustrating a method planarizing a dielectric |layer using a
reduced size, interconnect nmask according to the present invention.
Detail ed Description of the Preferred Enbodi nents The present invention
will be described in detail with refeténce to the acconpanyi ng draw ngs.
The invention provides an inproved nethod for formng highly planarized
topologies in integrated circuit structures wherein oxide_ is used between
acti ve descrptshutakenim coejyinction With thedceompanyisg dsawings ingrhich likeseference numerals
structure. In the illustrated enbodi nent, the process of the invention is
shown, - busidiaYe @itk drthieaidneiguinenty reglonk iand péitions andis wirigt:i ed to in
formng a highly planarized s?ructure with a raised pattern such as, by not
limted to, netal lines (interconnects or conductive patterns) forned over
an integrated circuit structure previously formed in and on a substrate,
W th oxide up and OrFigﬁ%eﬁﬁgﬂﬁ?hgﬁff&é%FddsEb%ﬁbeﬂ!@iev?éffarmumhgcannaﬁadal so be
[

applied to the formmn y planarized integrated circuit structure

having fjel d oxide regions deposited,betwsen acti reglo | | Licon
subst r aP@NARHRS E%&l‘ﬁ‘ﬁrg’, layerjusig 418! x{c%ﬂge,\é\@e cﬁn%cbﬁ}ea%k %%’r? r@@%t@é gr?? esgf}'te
substrate and/or field oxide and the |ow area (e.g., valley 23) can

r epr esemveatiom.ench in the substrate.

Detailed Description of the Preferred Embodiments

The present invention will be described in detail with reference to the
accompanying drawings. The invention provides an improved method for forming 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 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 such as, by not limited to, metal lines
(interconnects or conductive patterns) formed over an integrated circuit structure previously
formed in and on a substrate, with oxide up and or between the raised pattern. The invention can
-also be applied to the fopming of a highly planarized integrated circuit structure having ﬁe:id oxide
regions deposited between active regions ina silicon"substrate. For example, raised portions 22 in

figure can represent the substrate and/or field oxide and the low area (e.g., valley 23) can

represent a trench in the substrate,



+ -6- The invention provides a nethod of chem cal -mechani cal polishing an
insul ating |ayer.using a reduced size reverse +interconnect mask 40 and two
polish stop layers 26 36. See figure 3. The nmethod begins by providing
sem-.conduct or device structures in and on a sem conductor substrate 10.
Substrate is understood to possibly include a sem conductor wafer, active
and passive devices forned within the wafer and | ayers formed on the wafer
surface. The term "substrate"” is nmeam 60 include devices forned within a
sem conductor wafer and the |layers overlying the wafer. As shown in figure

1, raised portions 14 22 are provj,ded over,t sem conduct or supstrate 10.
The rai sed portions i“kewzeﬁ%ﬂ#pnre&#s%émﬁﬁ%aﬂ@\@@mgﬂ@fpﬂ @fed to
form conductive (e.g., netal) lines represented by both 14 22. Al so, raised
por t i ondnsulating layenusinga esstuoed sipexeverse intercomnentmaskods and two polishrsteplayers 26
lines )14 with an insulating |ayer 22 thereover). Between the raised -

por ti ongeasee Nk 8Y S The niethdll beghbyOpRviding/sirlicihdi QB SIS WruRRirdia ank 08 a

rai sed portions). Wen the raised portions 14 22 conprise a conductor, the
or

rai sed ' hhS Lot T ' '

i o« Seple BB GRR 102 Sufend W GhkRbod B ey W sellbFBCF Bter
tungsten, .capapl e .of w,thstandi ng.the tenperature_ subsequently used in
deposi t i25HVve RASHVD ihiges 1o mﬁaﬂmﬁ{%@mﬂws@ﬁ?%w 3 pdbeer n

14 22 mght also conprise a conbination of a raised pattern 14 of conductor
and an itersui'substrage’T @myean2e ifchiderldvicesforméebwithinch setnicon(iactos wafan and theilayere

1), or it mght only conprise an insulating material or only conductive
mat er i aloveffifg thddwafef.i gure 2) and combi nations thereof.

As shown in figure 1, raised portions 14 22 are provided over the
semiconductor substrate 10. The raised portion; 14 22 can represent conductive material
patterned to form conductive (e.g., metal) lines represented by both 14 22. Also, raised portions
14 22 can represent spaced interconnections {e.g., conductive lines )14 with an insulating layer
22 thereover). Between the raised portions are valleys 23 (e.g., hollows or valley topography
between the raised portions). When the raised portions 14 22 comprise a cc;nductor, the raised
portions may comprise any conductor used in forming integrated circuit structures, such as, for
example, aluminum, cooper, polysilicon or tungsten, capable of withstanding the temperature

subsequently used in deposition the conformal and planarizing layers thereon. The raised pattern

14 22 might also comprise a combination of a raised pattern 14 of conductor and an insulating
layer 22 formed over the conductor (as shown in figure 1), or it might only comprise an insulating

' {
material or only conductive material (see e.g., figure 2) and combinations thereof.



- -7- As shown in figure 1, the raised portions 22 14 preferably conprise a
conductor (intereonnect) 14 covered by an i.nsulating |ayer 22. The-.spaced
i nterconnections 14 preferably have a height in a range of between about
3000 .and 10,000 A and preferably a width in a range of between about 1 and
300 [err]mand preferably a first spacing 19 between the interconnections
14 in a range of between about 1 and 300 [err]m An insulating |ayer 22 is
formed over the interconnections 14 formning vall eys 23 between the

i nsul ating | ayer over the spaced interconnections 14. The insulating |ayer

22 is preferably conmpos i 1icon oxide, or_P dop xi de, or other
| ow dielectric cons?gﬁﬁﬁ ¢d ‘ili‘ﬁtf‘é?‘?dd?‘gn 0822 14pi8 %&%‘ﬁ)ﬁg"’w a2

preferably has a thickness in a range of between about 1000 and 20, 000 A
The val lcepducddr (intereonnect)dlidrcov@red by an insalting fayer22ve The spaced inﬂeremdxe&ﬁkﬁ:s[lér rjm
and a depth 25 in a range of between about 4000 and 30,000 A. As shown-in

figure Prefrabiyimive a%igﬁthé @ﬁ%_é SBtRAwEh dbduf G008 End ¥e 000 Reand3irsfefbBO width

(e.qg., insulafing | ayer) he first polish stop l'ayer 26 is conposed of

ayor 200 PO BFifey BBl Sﬁgé%%‘?ﬁ% oA By p 0t Syt PtulBaf P

materials, and is nore preferably fornmed of a |ow dielectric constant

mat er i alintertognddtions 14dn psangetof petwepn b pand 30&pmy has a thickness in'a
range of between about 50 and 2,000 A. A dielectric layer 30 is forned over
the first polish stop |ayer 26. The thickness of the dielectric layer i-s
about sufficient to fill the valleys 23 level with the top of the raised
portions 22. The di elAndhsulatingdsyer 228 formed evertibinterconipetions 14 formmibg valleys

oxi de or TEGCS, and
23 between the insulating layer over the spaced interconnections 14, The insulating layer 22 is
preferably composed of silicon oxide, B or P doped oxide, or other low dielectric constant
dielectric materials. The insulating layer 22 preferably has a thickness in a range of between about
1000 and 20,000 A, The valleys 23 have a width 18 in a range of between about 1 and 300 pm

and a depth 25 in a range of between about 4000 and 30,000 A.

As shown in figure 2, a first polish stop layer 26 is formed over the raised
portion {e.g., insulating layer) 22. The first polish stop layer 26 is composed of a chemical
mechanical polish resistant material. The first polish stop layer 26 is preferably composed of
silicon nitride, or other dielectric materials, and is more preferably formed of a low dielectric
constant material. The first polish stop layer 26 preferably has a thickness in a range of between

about 50 and 2,000 A.

A dielectric layer 30 is formed over the first polish stop layer 26. The
thickness of the dielectric layer is about sufficient to fill the valleys 23 level with the top of the

' . raised portions 22. The dielectric layer 30 is preferably composed of silicon oxide or TEOS, and



- -8- nore preferably conposed of a silicon oxide. The dielectric |ayer
preferably has thickness in a range of between about 10,000 and 30, 000 A
Still referring to figure 2, a second polish stop layer 36 is forned over
the dielectric layer 30. The second polish stop |layer 36 located in the
valleys is coplanar with the,top of the first polish stop | ayer 26 over the
rai sed portion 22. The top surface of the second polish stop |ayer 36 over
the valley 23 is within about +/ 5000-A& and nore preferably about +/- 1000
A of the plane of the top surface of the first polish stop | ayer 26 over

the raised porji 22. Th onpi ned.t hicknesses of the_first ppljsh stop

| ayer, trﬂ%remr@ftp@mrqomoaﬁ?f 2o e cthsilielpgirie Eqare@rsf?r%péas thickess in 2
sufficient to fill the center of the valley 23 coplanar with the surface
26A of trangd offtetweei dbeht (18,060 and 30,060 A.he rai sed portions 22. The second
polish stop layer 36 is preferably conposed of silicon nitride, or can-be a
netallic material. The second polish step 36 does not have to be conposed
of the same material as the first polish stop |layer 26. The second polish

| ayer 36 preferably sz rafeirigatTiafe 2,7 Reomhgstish btopdiyer 86 ivfoanéd 404 thed

2000 A. As shown in figure 3, a reduced size reverse interconnect

oy < TdeaERet S0 (EREHAEH DR o 1R 36 BGUARH HO YIS oBPBAR I Blo 5P
used ¢ o YahhRR BRI BHR A0 e fegsadpoon iy The 5P pier R Fesndgstigh
field oxide, trench, etc.). The reduced size reverse interconnect
phot or esstep layers R6 oger the valiaye2hisawithin alows id 5000 A and more preferably about +/- 1000 A
o of the plane of the top surface of the first polish stop layer 26 over the raised portion 22. The
combined thicknesses of the first polisﬁ -stop layer, the dielectric layer, and the second polish stop
layer are sufficient to fill the center of the valley 23 coplanar with the surface 26A of the first
polish layer 26 over the raised portions 22. The second polish stop layer 36 is preferably
composed of silicon nitride, or can be a metallic material. The second polish step 36 does not

have to be composed of the same material as the first polish stop layer 26. The second polish layer

36 preferably has a thickness in a range of between about 100 and 2000 A.

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 second polish
stop layer 36. The reduced size reverse interconnect photoresist mask 40 is the “reverse” image
of the mask used to form the interconnects 14 or 14 22 or raised portion 14 22 (e.g., field oxide,
trench, etc.). The reducéd size reverse interconnect photoresist mask 40 is between about 0 and
5% smaller in area than the “full size” reverse interconnect mask and more preferably between

.-+ about 1 and 4% smaller in area (e.g,, length and width dimenéions). The reverse interconnect



"5%smaller in area than the '"full size" reverse interconnect mask and nore
preferably between about 1 and 4% smaller in area (e.g., length and wdth
di rensi ons). The reverse interconnect -9- mask 40 (40A 40B 40C) covers
portions of the valleys 23 between the spaced interconnections 14 (raised
portions 22). A photolithographic mask (e.g., optical mask), not shown

whi ch may be a reverse or negative mask of the mask used in the formation
of the interconnects 14 (or raised portions) is used to exposed regions 41A
41B 41C that overlie the interconnecféglz'(or rai sed. portions 22). The
reduced size reverse photolithographic mask has a nmetal pattern that is
smal | er rhaskag0s@OANOB 40C ) ddvesi pationsofihe ealleys 23 betwieen thetspaeddyintegconaertions e
phot oresi st |ayer nay be used 1 n place of the |ayer 40 and exposed through

the optigalit@fdortisfchdyn the formation of the interconnects 14 to formthe
patterned {)ﬁot 05? esl st )210 as shown. The negative photoresist is over :

exposed to create the reduced size photoresist pattern 40 show in figure
3. The photoresist is over exposed between about 5 to 20% . Another option

i's the interconnect sk .c . AR T, béadwhisk :

i nt erconnect mask 40?85@?@‘83‘%@%%&“%%?%3&\‘/%}F%f/@’%sggﬁ\ﬁeen tﬁﬂe@g’g;ced

rai sed portions 22., The sized reverse interconnect. mask 40 is . n registry

wi th t hereygise f Begative Bask ehthe mask i< e Shf {DERRHOtahshe i g 14 o Faed

i nterconnect mask 40 has openings 41A 41B 41Cin registry with the raised

por t i onsp@Bons) is used to exposed regions 41A 41B 41C that overlie the interconnects 14 (or raised.
portions 22). The reduced size reverse photolithographic mask has a metal pattern that is smaller

in area than a full sized reverse mask.

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 14 to form the
;.>attemed 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 is over exposed between

about 5 to 20% . Another option is the interconnect mask can be increased in size.

The sized reverse interconnect mask 40 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 has openings

41A 41B 41C in registry with the raised portions 22.

The sized reverse interconnect mask 40 has photoresist blocks 404, 40B 40C
that have a width in a range of between about 1 pum and 300 um. These blocks 40A 40B 40C

are smaller (e.g., O to 5% smaller) than the area between the raised portions 22.



"The sized reverse interconnect mask 40 has photoresist bl ocks 40A, 40B 40C
that have a width in a range of between about 1 [err]mand 300 [err]m
These bl ocks 40A 40B 40C are snmaller (e.g., 0 to 5%snualler) than the area
bet ween the raised portions 22. - 10 - Figure 3 shows several
measurenents. The di stance between adjacent interconnects 14 is distance
19. The conbi ned thickness of the insulating |ayer 22, the first polish
stop layer 26, the dielectric layer 3Q ghd the second polish stop |ayer 36
is represented by length 24W This length 24Wis the amount that reversed
i nterconnect mask bl ocks 40A, 40B, 40C, are reduced in size (or_ "sized")
conpared to a full siBigsre3eshows severnhgieasuT¢rments Ebesdistancehetvemadiacestask has
a wdth 40Ww thin about +/- 5%of the width 19 mnus the two tines the

wi dth 24 i mbiledthickdeds 6Mbher ihduldtingi 18er 2] the fitd Polish
rel ati onxs ?rpéﬁ%f%s}q?%?s%ﬁ%e }%ﬁg@h‘:ﬁﬂ he mask? Al sol, V\[é]r@r]ﬂsr rruth ge egual
to or greater t t he. | jthograRhi e t | I | ul d
be st "t BORaEE 5. s degetrirlaier 00 Ak s PEord ol b a6 s efreliiled e
measur ement techni que can be used to fit the mask 40 to field oxide regions
and t r endh®s, This length Vi iscthe gméhnttthﬁ' rpvErYed ALTROnRREL Mask Elﬁcfso%f#o%e 4§ﬁ’e are
devices 22. As shown in figure 4, the second polish stop layer 36 is etched

usi ng t hesduesdinssize (0F tsigudM)eohpanedsto bl aizedirevetsehmasls k | eavi ng second . -
polish stop bl ocks 36A over the

The reversed interconnect mask has a width 40W within about +/~- 5% of

the width 19 minus the two times the width 24W. (See figure 3).
Waow = Wig- (2¥(Waew))

Similarly, the relationship holds for the length of the mask. Also, Wyow must
be equal to or,greater than the lithographic resolution. If Waow is not, it should be set to zero,
i.e., no mask is made for this region. Also, a similar measurement technique can be used to fit the
mask 40 to field oxide regions and trenches, etc., depending on the particular mask used to define

the devices 22.

As shown in figure 4, the second polish stop layer 36 is etched using the
> reverse interconnect mask 40 as an etch mask leaving second polish stop blocks 36A over the

" valleys 23.

The second polish stop layer 36 is preferably etched using the photoresist

mask 40 as an etch mask. The etch can be a plasma or wet etch and isotropic or anisotropic. The



"val l eys 23. The second polish stop layer 36 is preferably etched using the
phot oresi st mask 40 as an etch nmask. The etch can.be a plasma or wet etch
and isotropic or anisotropic. The polish stop should etch as fast as or
much faster than the dielectric |ayer 30. The photoresist |ayer 40 can be
renoved by any etch including an Qerr] asher process. As shown in figure
5 the dielectric layer 30 over the interconnections 14 is then

chem cal - mechani cal polished using theifi+st polish stop |ayer 26 and
second polish | ayer bl ocks 36A as a polish stop thereby providing a planar
surface of the dielectric layer 30. As shown in figure 5 the wafer is
subj ect polishestap shoald etch asistiasror emich fastdr shanvthe dislestricjayendi drheiphotasesisidayss
to at | east the point of stopping at the upper surfaces of polish stop

| ayers 368a256 redfovelby 857 Bieh Sachiditig ah @D ubtibr Beodelte SCI sl urry, available
from Rodel Products C%rporatlon of~ Newar k, | . USA. Such slurry conpri-ses
KOH, or NHerr]OH, Siderr] particles and water. A typical CWP polish tine
woul d be fromabout 1 to 2 minutes. Any residual slurry left on the wafer

surface woul d be r eﬁﬂg@%@ﬁiﬁgﬁ?@mﬂé aigageigrc\gggrr 8b 98 {he itereBRdttBns 4R

fully exposed second po op J6A, red, can be selectively

C1 1 i natie8 SPeBa e el paioBe oot 5% pBl R HOR By Tl eSS B s
dishing effects in valley 23 areas. The reduced size, reverse interconnect

mask i s bleicke3d6Aass 4 polishstoprthenaby prewidingoplanas suifage cg‘ttbq)dip@gtgc layer 30.

As shown in figure 5, the wafer is subjected to a chemical mechanical polishing
technique which is conducted to at least the point of stopping at the upper surfaces of polish stop
layers 36A and 26. An example slurry would be the SCI slurry, available from Rodel Products
Corporation of Newark, Del. USA. Such shurry comprises KOH, or NH,OH, SiO, particles and
water, A typical CMP polish time would be from about 1 to 2 minutes. Any residual slurry left

on the wafer surface would be removed by a conventional wet cleaning technique.

The fully exposed second polish stop 364, if preferred, can be selectively

removed.

The present inventions provides a cost effective method and eliminates the
dishing problem. The two polish stop layers 26 36A prevent dishing effects in valley 23 areas.
"The reduced size, reverse -interconnect mask is effectual in patterning the second polish stop layer

while being cost effective.



"whi |l e being cost effective. - 12 - It should be will understood by one
skilled in the art that by including additional process step not described
in this enbodi nent, 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., interconnects) out of a nultitude of raised
portions that are fabricated sinultaneously on the substrate. The

pl anari zing | ayer 30 of the invention_cip_be formed over conductive |ines,
trench in substrate, field oxide regions, etc. as is obvious to those
skilled in the art. The rajised portions 14 22 in the figures coul d

represent, for exanpHlkshoukibeswilliunderstogd dyone skifled i the grtdhat by ingluding e

val | eys could be the trenches or |ow spot of the substrate. Wile the
i nvent i cadditeomabgreess atepinotiiesctiedsin dlin embodidesi; bitee types bhidevidescemaleo be t he
preferred enbodi nents thereof, it will be understood by those skilled in

the art ; j i | ' ;
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portions (e.g., interconnects) out of a multitude of raised portions that are fabricated

simultaneously on the substrate.

The planarizing layer 30 of the invention can be formed over conductive lines,
trench in substrate , field oxide regions, etc. as is obvious to those skilled in the art. The raised
portions 14 22 in the figures could represent, for example, the silicon substrate or field oxide and

the valleys could be the trenches or low spot of the substrate.

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.



- CLAI M5 1. A nmet hod of chem cal - nechani cal polishing an insulating |ayer
conprising the steps of: a) -providing a senm conductor substrate having

spac and a val |l ey therebetween; b) formng a first

poI | 3ﬂlﬂﬂﬂﬂﬂ'mglllulﬁ said raised portions; c) formng a dielectric

| ayer *ovér sai¥ first polish stop |layer; d) form ng a second polish stop
| ayer over said dielectric |ayer; e) formng a reduced size, reverse

rai sed portion nmask over said second polish stop |layer; said sized reverse
rai sed portion mask covering portions of said valleys between said raised
portions, said reduced size reverse raidsed portion mask is in registry with
said valleys, and said reduced size reverse raised portions mask has

openi ngBAIMS regi stry with said raised portions; f) etching said second
polish stop | ayer using said reduced size reverse raised portion mask as an
et ch ndsk | eswetlpdsefohamicpbinechankalywlishing ks imsulating layet contprising thedteps of: -
renovi ng said reduced size reverse raised portion mask; and h)

pl anari zing said dielectric |layer over said raised portions using said
first polish stop |layer and second polish |layer blocks as a polish stop

t her eby providi ng)a phrovidingsasehieondoétos aibdtraiedlaviag spavet aalesd portions and a

valley therebetween;

b) forming a first polish stop layer over said raised portions;

c) forming a dielectric layer over said first polish stop layer;

d) forming a second polish stop layer over said dielectric layer;

e) forminga reduced size, reverse raised portion mask over said second polish
stop layer; said sized reverse raised portion mask covering portions of said.
valleys between said raised portions, said reduced size reverse raised portion
mask is in registry with said valleys, and said reduced size reverse raised
portions mask has openings in registry with said raised portions;

f)  etching said second polish stop layer using said reduced size reverse raised
portion mask as an etch mask leaving second polish stop blocks over said

-valleys;

g) removing said reduced size reverse raised portion mask; and

h) planarizing said dielectric layer over said raised portions using said first
polish stop layer and second polish layer blocks as a polish stop thereby

providing a planar surface of‘ said dielectric layer.



- 14 - 2. The nethod of claim1 wherein said reduced size interconnect
mask mFa—beﬁmeen about 0 to 5% snaller conpared a full sized

rever e method of claim1l wherein the top of said second
pol i sﬁ Hﬂg ted over said valley-is about coplanar with the top
of thestidas op | ayer | ocated over said raised portions. 4. The

nmet hod of cIa|n11 wherein said first polish stop |layer is conposed of
silicon nitride and said first polish stgp_layer having a thickness in a
range of between about 50 and 2000 A. 5. The nethod of claim1 wherein
sai d dlelectrlc | ayer is conposed of, silicon oxide and said dielectric

| ayer ha%ing T é@é@ ficlgim 1 vehesein said prdugedsizeintareonnectonask 21gs amarea betweens .
The net hod of cIa|n11 wherein said second polish stop | ayer is conposed of

si l'i con nidboutle tadth skdlidr seapdared pdilll sired reyerse ask. ng a t hi ckness in a range
of between about 100 and 2000 A 7. The met hod of claim 1l wherein said
second polish stop |ayer, over said valley, has a height wthin a distance
of the plane of the top surface of said first polish stop | ayer over said

rai sed porti ophé mefhot¥FARIM WARIUR B 3P 98 baid secohd PBlish stop layerjlécate,@over saidThe
met hod of claim 1 wherein the conbined thicknesseS of said first polish

StD | ayely,5pi (bl Gbif wRY 10pWth A pGIRE b 158 Ioiled oBr Sl lse®! N0

about suffl e cen

portions.

4, The method of claim 1 wherein said first polish stop layer is composed of silicon nitride

and said first polish stop layer having a thickness in a range of between about 50 and 2000 A,

5. - The method of claim 1 wherein said dielectric layer is composed of silicon oxide and said

dielectric layer having thickness in a range of between about 10,000 and 30,000 A.

6. The method of claim 1 wherein said second polish stop layer is composed of silicon
nitride and said second polish layer having a thickness in a range of between about 100 and

2000 A.

7. The method of claim 1 wherein said second polish stop layer, over said valley, has a
height within a distance of the plane of the top surface of said first polish stop layer over said

raised portion in a range of between about +/~ 1000 A,



- said valley coplanar with the surface of said first polish-layer over said

raised i fThe method of claim1l wherein said raised portions
are i ntlmmlr”ﬂu]“"l muml covered by an insulating layer. 10. The met hod of
claiml1 *whéretn %aid rxai sed portions are -segnents of said substrate and

said valley are a trenches in said substrate. 11. The nethod of claim1
wherein said raised portions are segnents of field oxide and said valleys
are portions of said substrate. 12. - 1iBhe nethod of claim 1l wherein the

planarizing of said dielectric layer is perfornmed by chem cal - nechani cal
polishipg said dielectri¢c layer to remgye all_ parts of, said dielectric

| ayer tat ei“ﬂ@ms ogyaf whaim  wherein she-combined; thickngsses qfémriéﬁsmogfh goBlayeni d
rai sed portions and the coplanar surface of said second polish stop bl ocks
over sai dsawhiietegtrioihyercdnd saidi sdcadgmiish gtop llaykr being atimud skficientetodiil the icedtengf of
said dielectric layer. 13. A met hod of chem cal - mechani cal polishing an

i nsul at i nghid 9xiRYy Sepiafal Vith9hd S9fadé 8PmidPfirsPpolish Pdyey | %r%ﬁd%@&di%&_ﬁkiﬁ, or

device structurés i'n and on a sem conductor substrate;
provi ding a spaced interconnections over said sem conductor substrate; c)
formng an insulating | ayer over said interconnections formng valleys

bet weengsai d- iR affithd dFcRif A" WRih QAR raised portions are interconnect layers covered by.an

insulating layer.

10.  The method of claim 1 wherein said raised portions are segments of said substrate and said

valley are a trenches in said substrate.

11.  The method of claim 1 wherein said raised portions are segments of field oxide and said

valleys are portions of said substrate.

12.  The method of claim 1 wherein the planarizing of said dielectric layer is performed by
chemical-mechanical polishing said dielectric layer to remove all parts of said dielectric layer
that extends above the surface of said first polish stop over said raised portions and the
coplanar surface of said second polish stop blocks over said valley, whereby said second

polish stop blocks prevent dishing of said dielectric layer.
13. A method of chemical-mechanical polishing an insulating layer comprising the ste;;s of

a) providing semiconductor device structures in and on a semiconductor

substrate;



+ﬁﬁﬂ—ﬁg~a—4f—|+s—t——pol | sh stop | ayer conposed of silicon nitride over

sai ; formng a dielectric |ayer over said first
polij ”ﬁ“ﬁ% form ng a second. polish stop | ayer conposed of

si | said dielectric Iayer t he conbi ned thi cknesses of

sai d flrst polish stop layer, said dielectric |ayer and said second polish
stop | ayer betng about sufficient to fill the center of said valley
coplanar with the surface of said first polish | ayer over said

i nt erconnects, Q) forming a reduced %% 7e reverse interconnect mask over
said second pollsh stop | ayer, said reduced size reyerse interconnect mask
covering portions b)f §&“@hmﬁ#ﬂ§¥§dH@@ﬁ@@ﬁﬂgﬁﬁd“@bﬁ@éﬁmmﬁWEWEBﬁﬁ@@@ﬁbhs
sai d reduced size reverse interconnect nmask is in registry with the valleys
bet ween sai d i nt ecyonfierading amitsulating laysat ovedsail interconmectims forming vallepet  mask
has openings is in registry with the interconnects; said reduced size -

Sy gszfzgeﬁ;sﬁﬁvéﬁﬁw SRR S0 D Lo
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insulating layer;

e) forming a dielectric layer over said first polish stop layer;

f)  forming a second polish stop layer composed of silicon nitride over said
dielectric layer, the combined thicknesses of said first polish stop layer, said

| dielectric layer and said second polish stop layer being about sufficient to fill
the center of said valley coplanar with the surface of said first polish fayer
over said interconnects, .

g) forming a reduced size reverse interconnect mask over said second polish
stop layer; said reduced size reverse interconnect mask covering portions of
said valleys between said spaced interconnections; said reduced size reverse
interconnect mask is in registry with the valleys betweéen said interconnects
and said reduced size reverse interconnect mask has openings is in registry
with the interconnects; said reduced size reverse interconnect is reduced in
area between about 0 to 5% compared to a full size reverse mask;

h)  etching said second polish stop layer using said reduced size reverse

%
interconnect mask as an etch mask leaving second polish stop blocks over said

valleys;



pl anari zing theTesulting structure by a step of chemi cal - nechani cal

poI| ric layer to renove all parts of said dielectric
Iaye mm mgm gq E!’ove the surface of said first polish stop over said

I nt er conmects «an copl anar surface of said second polish blocks |ayer
over the center of said valley, whereby said second. polish stops bl ocks
prevent dishing of said dielectric |ayer. 14. The nmethod of claim13
wherei n said spaced interconnections -have-a height in a range of between
about 3000 and 10, 000 A and a width in a.range of between about 1 and 300
[err]mand a first_spacjng, between said interconnections in a range of

‘bet ween about 1 ari¥ 30plapasizie\the resulting shructies bibeistep of chemical-meghaniealn said

insulating | ayer is conposed of silicon oxide and has a thickness in a

range of between aboyolidiifsHid dieRetridd8yeAtareaneeiall pasts o€ yaid tivlectiit layetithiith i n
a range of between about 1 and 300 [err]m and a depth below the top of "said

insul ating |ayer overgsaiq &h bF k9P vali h S

4000 and 30,000 A 16 § abdVeRhe RRREE of fitd fif p FoRtr salf nfefet: poa‘ig“sh

stop layer has a thic ne |n a.ran f be t.50 and 2000

The nmethod of clai m 18® (?qgﬁl ‘ﬁ?h%gq g.blap'gy%rerﬂ'gscegterofsmd

t hi ckness in a range of bet ween about 100 and 2000 A, - 18 - The

met hod of claim 13 m@ﬂmr,mlwmbarsuﬁémﬂrmhswpm gksmfmétﬁmgmmde and

sai d
a dielectric layer.

14.  The method of claim 13 wherein said spaced interconnections have a height in a range of
between about 3000 and 10, 000 A and a width in a range of between about 1 and 300 um

and a first spacing between said interconnections in a range of between about 1 and 300 uM

15.  The method of claim 13 wherein said insulating layer is composed of silicon oxide and
has a thickness in a range of between about 1000 and 20,000 A and said valleys having a
width in a range of between about 1 and 300 um and a depth below the top of said insulating

layer over said interconnections in a range of between about 4000 and 30,000 A,

16.  The method of claim 13 wherein said first polish stop layer has a thickness in a range of

between about 50 and 2000 A.

17.  The method of claim 13 wherein said second polish stop fayer has a thickness in a range

of between about 100 and 2000 A,



di etectric | ayer having thickness in a range of between about 10,000 and

20,0 thod of claim 13 wherein said second polish stop
Iayeﬂm mm Hlmﬂl y has a height within a distance of the plane of the
. ce.o sal irst polish stop |ayer over said raised portion in a
range of between about +/- 1000 A.

- 18 —
18.  The method of claim 13 wherein said dielectric layer is composed of oxide and said

dielectric layer having thickness in 2 range of between about 10,000 and 20,000 A.

19.  The method of claim 13 wherein said second polish stop layer over said valley has a
height within a distance of the plane of the top surface of said first polish stop layer over said

raised portion in a range of between about +/- 1000 A.



