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Regi on Background of |nvent|0n'Pﬁlrk(»F%0j
Field of the Invention . The present invention relates 3
in general to nmethods for the formation of a device separation film anong
manuf acturing processes for a sem conductor device and nore particularly

to methods for formng a field oxide §ill min the sem conductor device.

2) Description of the Prior Art The fabrication of an
integrated circuit normally begins by processing the sem conductor

substrate or wafer to divide the surface area into regions where active

devices and substrate enbedded interconnects are to be fornmed, and ot her
regions of dielectric (Method FordabricatitigdePlargyi Field Oxide Rdgionl ectrical |y

separate the _active regions. The field oxide dielectric material is

routinely silicon dioxide. Though various field oxide formation techni ques

have been devel oped and described, the technique comonly known as the

| ocal i zed oxidation of silicon ([Backigpund of Invention

1) Field of the Invention
The present invention relates in general to methods for the formation of a
device separation film among manufacturing processes for a semiconductor device and more

particularly to methods for forming a field oxide film in the semiconductor device.
2) Description of the Prior Art

The fabrication of an integrated circuit normally begins by processing the
semiconductor substrate or wafer to divide ‘_tixe surface area into regions where active devices and
substrate embedded interconnects are to be formed, and other regions of dielectric (e.g., field
oxide regions) which electrically separate the active regions. The field oxide dielectric material is
routinely silicon dioxide. Though various field oxide formation techniques have been developed
and desc.ribed, the technique -commonly known as the localized oxidation of silicon (LOCOS)
remains common therein the semicénductor industry. In the practice of LOCOS, the active .
regions of the silicon substrate are masked by a silicon nitride layer, while the. field oxide regions
are thermally oxidized to form a field dielectric region. Though fundamentally simhle and

-

efficient, the LOCOS process and its progeny, such as the Fully Recessed LOCOS (FUROX) and



remai ns common therein the sem conductor industry. In the practice of
LOCCS, the active regions of the silicon substrate are masked by a silicon
mitride layer, while the field oxide regions are thernmally oxidized to
forma field dielectric region. Though fundamentally sinple and efficient,
the LOCOS process and its progeny, such as the Fully Recessed LOCOS ( FUROX)
and -2 - - 2 - si dewal |
masked isolation (SWAM ) techni ques, exhibit deficiencies which reduce
yield or performance in the final sem conductor chip product.
A major problemw th current field oxidation processes is that the field
oxide is not planar (or ‘coplanar) with the surroundi ng adj acent surface
whi ch causes problens in the overlying |layers. Sem conductor devices
requi r e nor#dewall aaskedfisolatior (S AMEtechnigues; exhibin deficienciesrvdiichi reduceieldion t he
devi ces increase. A conventional LOCal Oxidation of Silicon (LOCCS) field
i sol ati on pperfoasanceimthe finat smiconthotorehippeaduste t he fiel d i sol ati on regi ons
may have too nuch of a step height change that nmay make subsequent
pl anari zation steps required or nore difficult.
LOCOS-type field isolation processes may cause additional problens when
subsequent |y patter ni ngA majonpreblemovithaurrent figldtoxidatianrecssses is shat thedieldokide st i ve
not chi ng nmay occur.

not planar (or coplanar) with the surrounding adjacent surface which causes problems in the

overlying .lé’yers. Semiconductor devices require more levels of interconnects as component
de:_xsities within the devices increase. A conventional LOCal Oxidation of Silicon (LOCOS) field
isolation process may cause problems because the field isolation regions may have too much of a

step height change that may make subsequent planarization steps required or more difficult.

LOCOS-type field isolation processes may cause additional problems when
subsequently patterning a layer to form a gate electrode because reflective notching may occur.
The changes in topography between a substrate and LOCOS-type of field isolation regions cause
light to reflect and form notches in a masking layer pat-tem used to form a gate electrode. The
mask pattern may have a feature with an uniform width, but the pattern formed m the masking
layer by that mask may have a width that narrows near the edge of a field isolation region because
of the reflective notching. The pattern in the masking layer is transferred to the conductive layer
when the conductive layer is etched to form the gate electrode. This difference between the

pattern of the mask and the gate electrode is undesired.

Otbher field isolation process have been developed that require etching a

semiconductor substrate. There other processes, including trench isolation, semi-recessed or



The' changes in topography between a substrate and LOCOS-type of field
isolation regions cause |light to reflect and formnotches in a nmasking
layer pattern used to forma gate el ectrode. The nmask pattern may have a
feature with an uniformw dth, but the pattern forned in the masking |ayer
by that mask may have a width that narrows near the edge of a field

| sol ati on region because of the refl-edttrve notching. The pattern in the
masking |layer is transferred to the conductive |ayer when the conductive

| ayer is etched to formthe gate electrode. This difference between the
pattern of the mask and the gate el ectrode is undesired.

O her field isolation process have been devel oped that require etching a
sem conductor substrate. There other processes, including trench isolation,
sen - r eces fully-recessed LOCOS processes, sidewall masked isolation (SWAMI) and the like, all require 3-
fully- recessed LOCOS processes, sidewall masked isol ation (SMANI) and the
like, all rsemfetype of substrutd otfle Trenchesds theatisstrafeGiny ndt IRive iiformdepthe Mdthosd r at e
may not have uniform depths. Narrow trenches nay not be forned to the sane

depth as wifdfithes ﬁﬂ?ﬁ&%’é ORI He SR deHh QS VidePirbritRestecdusthe cdriRbntiatibh SSOR) 1S
typically lIowered Tor the narrower trench Therefore, narrow trenches wl |

be shal | oygfa fifkan) }Qﬁtgﬁ{alﬁ fo@i@f‘ea?&th%ﬂhﬁw@lf {r&{é‘ﬁ Tﬁergfﬁxle rgrﬂoﬂ&rengk%g%

probl em wi t'h a subst etch 1s at typica an endpoi nt

exist. The (f5Rba: t%Ln A3 FSHRRE! 3hE e&'&?ﬂ%ﬁl 45 9310%{1@1[ fnrga«L.rﬁ witR e ubstrate etch is

that typxcal[y an endpoint does not exist. The depth of the substrate trench may be variable both

across a substrate and between substrates in the same lot. A lack of control for the substrate etch

poses step height problems for which no good solut{on exists.

The importance of .overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as documented by
the relevant patent and technical literature. The closest and apparently more relevant technical
developments in the patent literature can be gleaﬁed l?y considering U. S. 4,952,525 (Van der Plas)
and US 5,374,585 (Smith et al.). Van der Plas forms a FOX region that is thicker than the desired
final thickness so that subsequent RIE etchings leave the FOX with the desired thickness. Smith
uses the silicon nitride oxidation masking layer as a CMP stopping layer. Howevér, Smith
subjects the FOX to subsequent etches that can overetch the FOX and cause FOX integrity
problem, especially around the edges to the FOX. However, the prior art processes can be further
improved upon. Though a number to the prior art techniques attempt solve the non-planarify
problem and usually provide relatively planar final concluding surfaces, the approaches can be

improved upon.



acrbss a substrate and between substrates in the sane lot. A |lack of

control for the substrate etch poses step height problens for which no
good sol ution exists. The inmportance of overcom ng the-
vari ous deficiencies noted above is evidenced by the extensive

t echnol ogi cal devel opnent directed to the subject, as docunmented by the
rel evant patent and technical literaturé.- The cl osest and apparently nore
rel evant technical developnents in the patent literature can be gl eaned by
considering U S. 4,952,525 (Van der Plas) and US 5,374,585 (Smth et al.).
Van der Plas forms a FOX region that is thicker thdn the desired fina

t hi ckness so that subsequent RIE etchings |eave the FOX with the desired
thickness. Smth wuses the silicon nitride oxidation masking | ayer as a CWP
stopping | ayer. However, Smith subjects the FOX to subsequent etches that
can overetch the FOX and cause FOX integrity problem especially around
the edges to the FOX However, t&gnRadydr thed tnvBitimesses can be further

i mproved upon. Though a nunber to the prior art techniques attenpt solve
the non-planarity problemand usually provide relatively planar final

concl udi ng surfaces, the approaches can be inproved upon.

-4- It is an object of the present invention to provide a method for fabricating field

oxide regidns:’ which have a planar surface and a small step height with respect to the adjacent

substrate surface.

It is an object of the present invention to provide a method for fabricating a
field oxide region using a chemical mechanical polishing process with a polysilicon polish stopper

layer.

To accomplish the above objectives, the present invention provides a method
of manufacturing a planar field isolation region. The method begins by sequentially forming an
insulating layer , a polysilicon layer and a nitride layer over a primary surface of a substrate. The
insulating layer, the silicon layer (é.g., a polysilicon layer) and the nitride layer are patterned to
form a first opening exposing the substrate. A field isolation region is grown to a first thickness
within the first opening. The nitride layer is then removed. In an important step, the field
isolation region is polished, using the silicon layer as a polishing stop, so that the top surface of
the field isolation region is coplanar with the top surface of the polysilicon layer. Next the gmcon
layer is removed by either of ﬁvo embodiments. First, preferably the polysilicon is removed by a

polishing technique which includes polishing the field oxide region and the silicon layer so that -



Sumrary of the Invention _ It is an object of the
present invention to provide a nethod for fabricating field oxide regions
whi ch have a planar surface and a small step height with respect to the

adj acent substrate surface. It is an object of the
present invention to provide a nmethod for fabricating a field oxide region
using a chem cal nechanical polishing-pFecess.with a polysilicon polish

st opper 'l ayer. To acconplish the above objectives,

t he present invention provides a nmethod of manufacturing a planar field

i solation region. The nethod begins by sequentially formng an insulating
| ayer, a polysilicon |ayer and a nitride | ayer over a primary surface of a
substrate. The insulating |ayer, the silicon.layer (e.g., a polysilicon

| ayer) andthe lsxposéd surfaes df shecfield-isadation regionrie coplapar with an expésed surfagpefthegjlicon
exposing the substrate. A field isolation regionis grown to a first

t hi ckness layért Becond hthekilicont layep exnibe gemohied using a selbetivecyge i s t hen renoved. In
an inportant step, the field isolation region is polished, using the
silicon layer as a polishing stop, so that the top surface of the field
isolation region is coplanar with the top surface of the polysilicon |ayer.
Next the silicon | ayeFheipsesensinyentibnipyovides psechujque tadoramrapiefiantield isolatitnr st |
preferably the polysilicon is removed by a polishing techni que which

i ncl udes playérs Theitpptshefackio€field oxidelis very geaycoplamir with theisubstrote shiface becansetthent

invention uses a thin polysilicon layer as a polishing etch stop. The invention does not have the
problems associated with etching back the field oxide region after a CMP process where thicker,

and higher layers are used as etch stops.

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 gccompanyipg drawings in which like reference numerals

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

Figures 1 through 5 are cross sectional views for illustrating a method for

fabricating the field isolation region according to the present invention.



-5-°¢ t he exposed surface of the field isolation region is coplanar with
an exposed surface of the silicon |layer. Second, the silicon |ayer can be
renoved using a selective etch. The present invention
provi des a technique to forma planar field isolation |ayer. The top
surface of field oxide is very near coplanar with the substrate surface
because the invention uses a thin polysidicon |ayer as a polishing etch
stop. The invention does not have the problens associated with etching
back the field oxide region after- a CMP process where thicker, and higher

| ayers are used as etch stops. ' Bri ef
Description of the Draw.n he featur an .
advant ages of a seni cghﬂl?g{%&f’ aﬁ%v?%t?ééwgferﬂfufeﬁgf%%°"§r°8§§%9 °7“ﬁ?/ée§{°f‘on
and further details of a process, of fabrjcating, SIIICh a seni conduct or device
in  accor dewt@Ea multitudernf fild exide tegiops hatarpiabrigated sigultarsousty pa.the Is‘;l’sﬁﬁtﬂer st ood
fromthe followng description taken in conjunction with the acconpanying
drawi ngs in which Iike reference nunerals designate simlar or

correspondi ng el enments, regions and portions and in which:

Figures 1 through 5 are cross sectional views for illustrating a nethod for

Detailed Description of the Preferred Embodiments

The present invention will be ciescribed in detail with reference to the
accompanying draWings. The present invention provi_des a method of forming a-planar field |
isolation region that is parallel to the primary surface of a substrate at locations spaced away
from the field isolation region. The invention forms field isolation regions that have top surface
heights that are very closer to substrate surface heights without using a field isolation region etch

back.

Figure 1 shows a cross-sectional view of a portion of a semiconductor
substrafe 10. The substrate has primary surface with a first topology. The substrate 10 is

preferably a p-type semiconductor substrate with_ a (100) crystal orientation.

An insulating layer 12 is formed over the substrate surface. The insulating

-~

layer 12 may include one or more layers of oxide, nitride, or nitride oxide. The insulating layer is

preferably formed of silicon oxide. The insulating layer is preferably formed by thermal growth



fabricating the field isolation region according to the present ‘i nvention.

- 6- It should be al so understood that the figures
depict only one field oxide region out of a nultitude of field oxide
regi ons that are fabricated sinultaneously on the substrate.

Det ai | ed Description of the Preferred Enbodi nents The
present invention will be described in detail with reference to the
acconpanyi ng drawi ngs. The present invention provides a nethod of formng a
planar field isolation region that is parallel to the primary surface of a
substrate at |ocations spaced away fromthe field isolation region. The
invention forns field isolation regions that have top surface heights that
are very corsiepgsitios. Thepsefecably ﬂ@uw}&g@s laysr s asthigkness;in @ range AEbetveenspeut 100

i sol ation region etch back. ' Figure 1 shows a

cross- sect4ndd80 Avi ew of a portion of a sem conductor substrate 10. The
substrate has primary surface with a first topology. The substrate 10 is

Next, a silicon layer 14 is formed over the insulating layer 14.. The silicon layer
may include pplysilicon, or amorphous silicon. The silicon layer preferably has thickness in a
range of between about 100 and 800 A and is_ more ;-Jrcferabiy between about 300 and 400 A.
'fhe polysilicon layer can be deposited by pyrolyziﬁg silane in a low pressure chemical vapor
' deposition'procéss at a temperature less than 600 C. The poly'silicon layer 14 is more preferably

formed by reacting SiH4 at a temperature of between about 600 and 800 °C.

Still referring to figure 1, a silicon nitride layer 16 is formed over the
polysilicon layer 14. The silicon nitride layer may be a stoichiometric or non-stoichioinetric, such
as silicon-rich silicon nitride and nitrogen-ﬁch silicon ﬁﬁde. The silicon nitride layer 16
preferably has a thickness in a range of between about 1000 and 2000 A. The silicon nitride layer
16 can be formed by reacting silane and ammonia at atmospheric pressure at 700 to 900 ° C, or by
reacting dichlorosilane and ammonia at reduced pressure at between about 750 and 800 °C and
more preferably about 700 ° C. Also, silicon nitride can be formed by plasma enhance chemical
vapor deposition by reacting silane with ammonia 01" nitrogen in a glow discharge between 200

and 350 ° C. The silicon nitride layer 16 is preferably formed by the LPCVD process.



preferably a p-type sem conductor substrate with a (100) crystal
orientation. An insulating |layer 12 is forned over
the substrate surface. The insulating layer 12 may include one or nore
| ayers of oxide, nitride, or nitride oxide. The insulating |ayer is
preferablly formed of silicon oxide. The insulating |ayer is preferably

formed by thermal growth - ®r-deposition. The preferably the
insulating | ayer has a thickness in a range of between about 100 ana 500
A Next, a silicon layer 14 is forned over the

ihsulatihg | ayer 14. The silicon |ayer may include polysilicon, or

amor phous i | i con. Thengk!d Gabob@e(s i Fdthed AthysiliaR 1ah!19/aRe filridellayes 16,20
A"an f bl

of between about 100 and 800 I's nmore preferably between about 300 and
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Still referring to figure 1, a silicon nitride layer 16 is formed over the
polysilicon layer 14. The silicon nitride |ayer may be a stoichionetric or

non-stoi chi ometric ' S uﬁpshown in figure 2, a field oxide region 20 is thermally grown from a portion
of the substr;.te 10 in the first opening. The field oxidation is preferably formed using a thermal
oxidation at a temperature preferably between al;oht 850 and 1150 °C and more preferably
formed ata high temperature of between aboﬁt 1050 °and 1150 °C to reduce the bird’s beak
problem. The field oxide region 20 is more preferably formed in a high pressure thermal
oxidation process which is performed at 2 pressuré in the range of 23 to 27 ATM and more
preferably about 25 atmospheres. The high préssure FOX process reduces the size of the bird’s
beak. Also, a portion of the polysilicon layer 14 near the first opening is consumed in the
oxidation which reduces the bird’s peak problem. The field oxide region 20 preferably has a ‘
thickness in a range of between about 4000 and 6000 A. The field isolation region preferably

has a height 20A above the substrate surface 10 of between about 2000 and 4000 A.

Referring to figure 3, the silicon nitride layer 16 is removed. The silicon nitride
is preferably removed using an etch that is selective to silicon nitride, such as an etch using a
fluorine-containing etch chemistry, such as carbon tetrafluoride (CF), nitrogen trifluoride (NFs)

and the like.

Turning to figure 4, the field isolation region 20 is polished to form a planar

top surface 26. The field oxide 20 and a portion of the polysilicon layer 14 are polished. The



as silicon-rich silicon nitride and nitrogen-rich silicon nitride. The
silicon nitride layer 16 preferably has a thickness in a range of between
about 1000 and 2000 A. The silicon nitride |ayer 16 can be forned by
reacting silane and ammoni a at atnospheric pressure at 700 to 900 C, or by
reacting dichlorosilane and amoni a at reduced pressure at between about
750 and 800 [err]C and nore preferabty about 700 [err]C. Also, silicon
nitride can be fornmed by plasm enhance chem cal vapor deposition by
reacting silane with amonia or nitrogen in a gl ow di scharge between 200
and 350 C. The silicon nitride layer 16 is preferably forned by the LPCVD
process.

Next, a first, ope f.or dlnt 0 dnltrlde

| ayer 16. ‘%’%F@F&Bﬁdﬂs e?qrqb&c il eé’ %‘E %’g&ea%q?

insulating layer 12 (e.g., Oxi deh surf ace. The first opgﬂ)l can be forned
usi ng a coPRf chﬂ?ﬁ'P"ﬁ!ﬂﬁ‘@E B sybstzate @%GS‘és“&?\H adangs of 23R8 Je0 Ibs per square inch

As shown in figure 2, a field oxide regi.on 20 is thermally grown from a
portion ofndaplateniatational velogtyi of heteeen phost 20,986 BPMrTke nqhélweg ipRieéesablyon i s

preferably fornmed using a thernmal oxidation at a tenperature preferably
bet ween abperforggbwiiina palishiog palutidnGneludingwhyaroxidefand siliayparticles padthepolishing gh
tenperature of between about 1050[err] and 1150[err]C to reduce the bird's
beak pr obbaletionPneferably has apH e ranggiob$ 5 2010.8. nPuringhegolishiig, it if desingddoi n a
hi gh pressure thermal oxidation process which is performed at a pressure
in the ranedhievé a 2atively Azt siifhides 26l Amcan be seen in figure 4, the field isolation region surface

26 and the surface portions 24 of the silicon layer 14 are coplanar. The surface portions 24 of the

silicon layer 14 act as a polish stop. The polishing stop may be determined by a significant

increase in force need to rotate the substrates or a step function decrease in the polishing rate of

the field isolation region 20. Other methods may be used to detect the endpoint. In any event,

the polishing should remove a relatively small portion of the silicon layer 14 away from the field

isolation region 20. The polishing step removes in a range of between about 1500 and 3500 A of

the field isolation region 20. After the polishing, the field isolation region has a height 20B above

the substrate surface 10 of between about 100 and 300 A. The field isolation layer preferably

has a overall thickness in a range of between about 1500 and 3000 A.

The polishing (CMP) is preferably performed with a polishing slurry that is
typically basic and has a pH in a range of 9.5 to 10 .0. The polishing slurry typically include a
hydroxyl chemical in an aqueous solution with particles. Example of the hydroxyl chemical ;nay
include potassfium hydroxide, ammonium hydroxide, or the like. The particles .are typically silica

particles but may also include or be replaced by alumina particles.



preferably about 25 atnobspheres. The high pressure FOX process reduces the
size of the bird's beak. Al so, a portion of the polysilicon |ayer 14 near
the first opening is consuned in the oxidation which reduces the bird's
peak problem The field oxide region 20 preferably has a thickness in a
range of between about 4000 and 6000 A. The field isolation region
preferably has a height 20A above the wwubstrate surface 10 of between
about 2000 and 4000 A. Referring to figure 3, the
silicon nitride layer 16 is renoved. The silicon nitride is preferably
renoved using an etch that is selective to silicon nitride, such as an etch
using a fluorine-containing etch chem stry, such as carbon tetrafluoride

o0 1 1 I e s Tt o

Turning to figure 4, isolation r 'S po
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| ayer 14 are po

- 9 - ' |s.perfqrmed by preferably chem cal - mechani cal poli shi ng
(C\WP) . Thevgg%#n%zbﬁtﬁﬁsqrgi)%lgra&eg:%gﬁvcﬁ;&rfOr med at a substrate hol der
pressure in a range of 250 to 350 Ibs per square inch and a platen
rotational velocity of between about 20 and 60 RPM The polishing is

preferably In the first embodiment, the silicon layer 14 is preferably removed in a second

chenﬁcal-mec;ilanical poﬁshing (CMP) step after the field isolation region planarization (CMP) as
describe above. The CMP process to remove the silicon layer 14 preferabiy uses a different
' slurry than the first CMP step which removes the field oxide. The polishing is preferably
performed at a substrate holder pressure in of between about 250 to 350 Ibs per square inch and a
platen rotational velocity of between about .20 and 60 RPM. The polishing is preferably
performed with a polishing solution including a hydroxide and silica particles, and the polishing
. solution has a pH in a range of between about 9.5 to 10.0. The chemical-mechanical polish
process has the advantage of removing polysilicon particles that are formed during the field
oxidation process which uses a polysilicon layer 14 (e.g., Pblysilicon Buffered LOCOS, PBL).
An etch will not remove the polysilicon particles generated by the LOCOS process as well as the

CMP processes. Any polysilicon particles remaining can lower yields.

In the second embodiment, the polysilicon layer 14 is removed using a.\selective
wet or dry etch. The examples below are for illustrative purposes and not meant to limit thé
present invention. The siliéon layer can be removed in a dry etch process by using a fluorine-
containing etch chemistry or a bromine-containing etch chemistry, such as CF,Cl,, CFs + 0, ,

C2Fs , and Cl; . The etch removal of the polysilicon layer 14 has the disadvantages slightly



performed with a polishing solution including a hydroxide and silica
particles and the polishing solution preferably has a pHin a range of 9.5
to 10.0. During the polishing, it is desired to achieve a relatively flat
surfaces 26. As can be seen in figure 4, the field isolation region surface
26 and the surface portions 24 of the silicon |ayer 14 are coplanar. The
surface portions 24 of the silicon |ayé 14 act as a polish stop. The
polishing stop may be determ ned by a significant increase in force need
to rotate the substrates or a step function decrease in the polishing rate
of the field isolation region 20. O her nethods nay be used to detect the
endpoint. In any event, +the polishing should renove a relatively snall
portion of the silicon layer 14 away fromthe field isolation region 20.
The pol i shétehingsthefield BoRiiGSregion and i getnoing itk pubsilicarimarticles Hom tanO8BH/0 A of
the field isolation region 20. After the polishing, the field isolation
regi on haspracds€i ght 20B above the substrate surface 10 of between about
100 and 300 A. The field isolation |ayer preferably has a overall
t hi ckness in a range of between about 1500 and 3000 A '
The polishing (CW) is preferably perfornmed with a polishing slurry that is
typi cally basic and ha<exs cpiventional masl@eaide seticéndc@orl®MOS), bigdier, podtherhi ng
slurry typically include a hydroxyl chem cal in an aqueous solution with
parti cl es. semicongilctor @tocedsing st be yetformbd: NOREN a sabrificial Sl rdSHy RYrGSS kddm
hydr oxi de, amoni ufn hydroxi de, or the like. The particles are typically
si I1 :) ca pafeinoddsFonbtie siBRifatd 16 prioPfd Afin®s gite dieRBMtia st (Rot sRdwAlyiondthear ti cl es.
subsequent layers (Not shown). These processing sequences are known to those skilled in the art.

In addition, the substrate can contain other devices, such as wells and buried isolation doped

regions as is known to those skilled in the art.

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 sbirit and scope of the

invention.

What is claimed is;



As shown in figure 5, the silicon layer 14 is renoved. The invention
provi des two enbodi nents for renoving the silicon layer. The silicon | ayer

14 can—be—+renpved—by—I)—a polishing process or (2) by an etching process.

In the first enbodi the silicon layer 14 is preferably renoved in a .
second J l !l ﬂ'ﬁgmal polishing (CWP) step after the field isolation
regi on pl S ) as describeldbove. The CMP process to renove

the silicon layer 14 preferably uses a different slurry than the first CW |
step which renoves the field oxide. The polishing is preferably perforned
at a substrate holder pressure in of between about 250 to 350 | bs per
square inch and a platen rotational velocity of between about 20 and 60
RPM The polishing is preferably performed with a polishing solution

i ncl uding a hydrpoxi k0 . ' bsbHoRe st&fRlogt i On has
apHin a '?'ange %E‘log%f \fkgg%rﬁ%r{%é&fd 180_?%%0&1 g‘l'gﬁﬁ 8&9%%{}%8‘?#%%&8%0% nioc al
polish .process has {he adv e.of re | g POl vsl i r t hat
are fornmed during t i fF@Pﬂﬁﬂwgg#%' nl}rfaéigggaggrm%%qg Onl}%gga@adp% %.ﬁ Tcon

| ayer 14 (e.g., Polysilicon Buffer dﬁ&?O?‘P“PéﬂitRBL)' An etch will not renove
the polysilicon particPEE 2POHENBECR) 2 8Cos process as well as the

CWVP processes. Any-“polysilicon particles remajning, can | ower_vyields.

In the second enbodi%n??ﬁwwsﬂ?ﬂ}a&?mn?%‘LW“‘E%'W?W@MWWa
selective wet or dry etch, The exanples below are for illustrative

pur poses and not neant eXResing s3id inging lAyeS ent i nvention. The silicon |ayer
can be renoved in a dry etch process by using a fluorine- containing etch
chenmistry or a broniche- gavieg afieldjiselation regiemtosa firgt thiskness withincsajdcfirptjopeniag: r | |
CFlerr] + err], derr]F[err], and CJerr]. The etch renoval of the

pol ysilicon | ayer 14i)hasemdvingcaidadsudeleyegaads!| i ghtly

e) polishing said field isolation region so that the top surface of said field
i_solatibn -region is coplanar with the top surface of said silicon layer, said field
oxide region having a secoild thicicness.

2. The method of claim 1 wherein the method Mer includes polishing said field isolation
region and said silicon layer to remove said silicon layer, wherein after this gtep: an exposed
surface of said field isolation region is coplanar with an exposed surface of said insulating
layer, said field isolation region having a third thickness.

3. The method of claim 2 wherein after said field isolaﬁon region layer is polished, using the
silicon layer as an etch stop, said field isolation layer has a third thickness in a range of between

~ about 1500 and 3000 A.

4, The method of claim 2 wherein the polishing of said field isolation region a:nd said s@}icon

layer is performed at a substrate holder pressure in of between about 250 to 350 Ibs per square

inch and a platen rotational velocity of between about 20 and 60 RPM.



etching the field isolation region and not renoving the polysilicon

part i cles—i—pem%gmgs_pr ocess Next, conventi onal

oxi de sem conduct or bi pol ar, or other sem conductor
proceSS| ;Pmulhml ' ﬂlllu d O‘ten a sacrificial oxide may be grown and
renoved 10 prior to formng a gate dielectric |ayer (not
shown) or *ot Ker subsequent | ayer's (NotlZhown). These processing sequences

are known to those skilled in the art. In addition, the substrate can
contain other devices, such as wells and buried isolation doped regions as
Is known to those skilled in the art. Wil e the

i nvention has been particularly shown and described with reference to the
preferred enbodi nents thereof, it will be understood by those skilled in
the art thsi VarhedshoddtaRees whbreh@hdRol g 61158 5810 HR)ariB? rdffRl Snd b it
departing fromthe spirit and scope of t I nventi

layer is performed with a polishing solution including a hydroxide and silica particles and the
polishing solution has a pH in a range of between about 9.5 to 10.0.

6. The method of claim 1 wherein said insulating layer is comprised of silicon oxide and has a
thickness in a range of between about 100 and 500 A.

7. The method of claim 1 wherein said silicon layer is composed of polysilicon and has a
thickness in 2 range of between about 100 and 800 A.

8. The method of claim 1 wherein said nitride layer a thickness in a range of between about

1000 and 2000 A.

9. The method of claim 1 wherein after step (c) said field oxide region has a first thickness in
a range of between about 4000 and 6000 A.

10.  The method of claim 1 wherein after step (e) said field oxide regions has a second
thickness in a range of between about 1500 and 3000 A.

11.  The method of claim 1 wherein said polishing is siep (e) removes between al?out 1500 to
3500 A of said field oxide region. .-

12. The method of claim 1 wherein the polishing in step (e) is performed at a substrate holder
pressure in a range of 250 to 350 lbs per square fnch and a platen ;otation'al velocity of
between about 20 and 60 RPM.

13.  The method of claim 1 wherein the polishing in_ step (e) is performed with a polishing
solution including a hydroxide and silica particles and the polishing solutionhasapHina
range of 9.5 to 10.0. |

14, A process for forming a field isolation regions on a substrate comprising the steps of:



What is clained is:

12 - T A process for formng field isolation regions on a
substr at I mNG steps of: a) sequentially
form ng ﬁlﬂ“ﬁﬁﬂll“ll“ﬂilﬂﬂ/er a silicon layer and a nitride |ayer .
over a pr+neqy Lsum

silicon layer and said nitride |ayer 4tad4forma first opening

exposing said insulating | ayer; c) growing a field
isolation region to a first thickness within said first opening;
d) renoving said nitride |ayer; and e) polishing said

field isolation regippn uédﬁﬁi\% f%ﬁﬁg%@ﬂ?%%ﬁggg er®d snﬁ&h@ag?x‘ #44 nitride layer

i solation region is ‘coplanar ace of said silicon 1ayer,
said field _. , . %] ' A ' ss. 2.
The method of claim 1 Fhef @Ftr?a?’ﬁg&&rrgt% E%%ﬁ’%ﬁ%’ﬁy ‘#ﬁéﬁ“&?@?%gﬁng slgéggsai d
field isolation reﬁii&rﬁq‘%@d sa@i 9,1 sill iec nrml gxgr tgl [ enove said silicon
| ayer, wherein after thrS's 5’.5 38%3%5 ¢ thhF(Q, *of said field

i sol ation region is,coplapar wfh an.exposed, syrface of, K sajd .insulating
| ayer, said field i o) amtﬁﬁmrsesg*ddwuﬁa% ?csaid o 1ayer @R widkatride layer to

form a first opening exposing said substrate;

¢) growinga ﬁgld isolation region to a first thickness within said first opening;

d) removing said nitride layer;" '

e) polishing said field isolation region using said silicon layer as a polishing
stop: and

f)  polishing said field isolation region and said silicon layer to remove said
silicén layer, wherein after .this step an exposed surface of said field isolation
region is coplanar with an exposed surface of said ins_ulatiﬁg layer, said field

isolation region having a third thickness..

15. | The method of claim 14 wherein step (f) further includes the polishing performed at a
substrate holder pressure in of between about 250 to 350 Ibs per square inch and a platen
rotational velocity of between about 20 and 60 RPM |

16.  The method of _claim 14 wherein step (f) further includes the polishing performed witha
pblishing solution including a hydroxide and silica particles and the polishing solution has a pH

in a range of between about 9.5 to 10.0.

aee of a substrate; b) patterning said



3. - q:ne_n%afhnd of claim?2 wherein after said field isolation region |ayer

S pollshed using the silicon |layer as an etch stop, said field

I sol ati mﬂ”m,"ﬁﬁ"ﬂmmm t hi ckness in a range of between about 1500
and 300 thod of claim2 wherein the polishing of said
field isolatiorf régi dn fand said silicon | ayer is perfornmed at a

substrate hol'der pressure in of betweent®about 250 to 350 | bs per square
inch and a platen rotational velocity of between about 20 and 60 RPM

5. The nethod of claim2 wherein the polishing of said field isolation
region and said silicon | ayer is performed with a polishing solution
I ncl udi ng a hydroxide and silica particles and the pol i shing solution

has a pH i1n. a Ta@gethed ohediMaeRvhareRhid hsblafing 1dfer 02 is comprised dhsilicor oRidel amf
claiml1l wherein said insulating |ayer is conprised of silicon oxide and has

a t hi ckpgsHthichnads A8 dF b RbiBOutaivoLEnd 500 Aand 500 A. 7. The
nmet hod of claim 1 wherein said silicon |ayer is conposed of polysilicon and

has a 1ghi ¢ ‘Tﬂ@ﬁﬁmﬁb&' ofcldifNd Sy Hefeindaid WHiEoh P U4 iskd Eé‘d%d oBblysiticon #hd has 2 The

met hod of cl ai erein said nitride layer a thickness Iin a range of

bet ween abo net hod of claim1l wherein
kness 1%9?5915?‘@?{)0)“%8 alSAéut 180 d 80-5%

after step regi on first thickness in
19. The n;_ethod of claim 14 wherein said nitride layer 16 a thickness in a range of between

about 10(;0 and 2000 A.

20.  The method of claim 14 wherein after step (c) said field oxide region has a first thickness
in a range of between about 4000 and 6000 A.

21.  The method of claim 14 wherein after step (e)J said field oxide regions has a second
thickness in a range of between about 1560_ and 3000 A.

22.  The method of claim 14 wherein said polishing is step (e) removes between about 1500 to
3500 A of said field oxide region.

23.  The method of claim 14 wherein the polishing in step (e) is performed at a substrate holder
pressureina range of 250 to 350 Ibs per square inch and a platen rotational velocity of

- between about 20 and 60 RPM. —

24.  The method of claim 14 wherein the polishing in step (€) is performed with a polishing
solution including a hydroxide and silica particles and the polishing solution has a pHin a
range of 9.5 to 10.0.

25. A process for forming a field isolation regions on a substrate comprising the steps d;':

a)  sequentially forming an insulating layer, a silicon layer and a nitride lz;yer

over a primary surface of a substrate, said insulating layer is composed of



a range of between about 4000 and 6000 A. 10. The nethod of claim1
wher ei n after—step—<ey——sardfield oxide regions has a second t hi ckness

Fn a range. of betwee 1500 and 3000 A 11. The nethod of claim1
wher ei n sae| M “ t“ﬂ @B%M ep (e) renpves between about 1500 to 3500 A
of %aid fiel . The nethod of claim1 wherein the
polishing in step (e) IS perforrred at ~al&ubstrate hol der pressure in a

‘rarge of 250 to 350 |Ibs per square inch and a platen rotational velocity of
bet ween about 20 and 60 RPM  13. The met hod of claim1l wherein the
polishing in step (e) is performed with a polishing solution including a
hydr oxi de and silica particles and the polishing solution has a pHin a
range of 9.5 to 10.0. sillebn oxidé) spid siliemndayeoformed ofi polysilicdn; anil fas asthicknessin 2
regions on a substrate conprising the steps of:

- 14 - rang@9f betwenlaboat 100 dnd 00r4gi ng an insul ating |ayer, a
silicon |layer and a n|tr|de Iayer over a primary

surface of a substrgje, pfiRifhg sad J’eﬁ)éﬂﬂsihﬁoxﬂﬂywmdﬁmdelayerto
silicon oxide, said S|I|con Iayer forne of pol ysi l'i con; b)

patterning said jnsul a}-dnrﬁq flr@ YPéningeRpShingishill Gedrhtdyer and said nitride |ayer
to orma first opening exposing said substrate;
c)  growing a field isolation region to a first thickness within said first opening;
d) removing saxd nitride layer;
e) polishing said field isolation region using said silicon layer as a polishing
stop; the polishing performed at a substrate holder pressure in a range of 250
to 350 Ibs per square inch and '# blaten rotational velocity of between about
20 and 60 RPM. and with a polishing solution including a hydroxide and silica
particles and the polishing solution has a pH in a range of 9.5 to 10.0; and
f)  polishing said field isolation region and said silicon layer to remove said
silicon layer, wherein aﬁer this step an exposed surface of said field isolation
region is coplanar with an exposed surface of said insulating layer, said field
isolation region having a third thickness, the polishing performed ata .
substrate holder pressure in of between about 250 to 350 Ibs per sdua.re inch
and a platen rotational velocity of between about 20 and 60 RPM. and the
polishing performed with a polishing solution including a hydroxide and silica
particles and the polishing solution has a pH in a range of between about 9.5
to 10.0. _
26.  The method of claim 25 wherein after step (e) said ﬁéld isolation layer has a third

thickness in a range of between about 1500 and 3000 A.



c) - gr a field isolation region to a first thlckness W thin said

first openlng d) removing said nitride |ayer;

gél | sﬁ?ln m"ﬁ"me"ﬂ”mmﬂ,l so.I a;![ 831 rggldon using said sil :c;:on ng?/ie;h?ﬁga

fieldidgolatien segion and said silicon.layer to renove said
S|I|con | ayer, wherein after this step am exposed surface of said field

"isolation region is coplanar with an exposed surface
of said insulating |ayer, said field i sol ati on region
having a third thickness.. 15. The met hod of claim 14 wherein step
(f) further includes the polishing perforned at a substrate hol der

pressure in of between about 250 to 350 Ibs per square inch and a pl aten
rotational velocity of between about 20 and 60 RPM 16, The net hod of
cl ai m 14 wpher eThe me@pd 6f dlaith 25 twherein saidlinstiiasing ‘Tayer sdomphisedcpf silicdnooxidecindihash a
pol i shing solution including a hydroxide and silica particles and the

pol i shi ng sgltmggnggg i & fange Bf betweeh Rbaut ' WO@Rd §J0 et ween about 9.5 to 10.0.
- 15 - The method of claim 14 wherein said insulating layer 12 is
- conpri sed 29f g Thé HORo@ 3t GEm>3herein said nitride layer a thickness in a range of between about
1000 and 2000 A.
29.  The method of claim 25 wherein after step (c) said field oxide region has a first thickness
in a range of between about 4000 and 6000 A
30. The method of claim 25 wherein after step (e) said field oxide regions has a second
thickness in a range of between about 1500 and 3000 A.

31.  The method of claim 25 wherein said polishing is step () removes between about 1500 to

3500 A of said field oxide region.



has®a thickness in a range of between about 100 and 500 A.° 18. The

nmet hod of claim 14 wherein said silicon Iayer 14 1s conposed of polysilicon
and has a t hi ckness in a range of between about 100 and 800 A  19.

The met hod of claim 14 wherein-said nitride |ayer 16 a thickness in a range
of between about 1000 and 2000 A. 20. The met hod of claim 14 wherein
after step (c) said field oxide regiom h&s- a first thickness in a range
of between about 4000 and 6000 A. 21. The met hod of claim 14 wherein
after step (e) said field oxide regions has a second thickness in a
range of between about 1500.and 3000 A. 22. The nethod of claim 14
wherein said polishing is step (e) renoves between abqut 1500 to 3500 A
of said field oxide region. 23. The met hod of claim 14 wherein the
polishing in step (e) is perfornmed at sjegu&strate hol der pressure in a
range of 250 to 350_I| bs per s-uare inch and a platen rotational velocity of
bet ween about 20 anteePdrEen Fabricating:a Rlanax Field Qxide Regigmherein t he
polishing in step (e) is perforned with a polishing sol ution including

a hydroxide and sili Carhegféé:ﬁhn%n@ﬂ%rdﬁuésaﬁiethwbﬂﬁmwgaphmrﬁlde ina
range of 9.5 to 10.0 A process for formng a field isolation

regi ons o n#,(,m,g ﬁﬁa{'ﬁlﬁbﬂﬁg&l ayg& g 5| . The method begins by seq@éntially

sequent i aI ng a atin icon |ayer and a nitri de

| ayer °f““ pg an insulating layer e%’ gi:o@sﬂoh e 14548 G At RaellyeR 16 Uﬁ?farpﬁfn‘iry safticd

i nsul ating I'S CO
of a substrate 10. The polysilicon layer 14 and the nitride layer 16 are patterned to form a first

opening exposing insulating layer 12. A field isolation region is grown to a first thickness within
the first opening. The nitride layer is removed. The field isolation region is polished so that the
top surface of the field isolation region is coplanar with the top surface of the polysilicon layer.
Next the polysilicon layer is removed by either of two embodiments. First, the polysilicon is |
removed By a second (CMP) polishing step which uses a different slurry than the field oxide
CMP. The second CMP step the exposed surface of the field isolation region is coplanar with an
exposed surface of the polysilicon layer. Second, the polysilicon layer can be removed by a

selective etch.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



- 16 - silicon oxide, said silicon |ayer fornmed of

pol ysilicon and has a thickness in a range of between
about 100 and 800 A; b) patterning said insulating | ayer,
said silicon layer and said nitride |ayer to forma
first opening exposing said substrate; c) growing a field-

isolation region to a first thickness_qbghin said first opening;

d) renoving said nitride | ayer, e) polishing said field
isolation region using said silicon |layer as a polishing

stop; the polishing perfornmed at a substrate hol der pressure in a range of
250 to 350 I.bs per square inch and a platen rotational
vel ocity of between about 20 and 60 RPM and with a
pol i shing sol ution including a hydroxidel8nd silica

particles and - the polishing solution hasfa pHin a range of 9.5 to 10.0;
and f) polishing said ffield isolation region and said
silicon layer to renoye sai d silicon | ayer, wherein
after this step: an eprsﬁﬁ_suLLaceaof said field | gotatioen

region is coplanar\¥4f|a. exposed siffface of said ijnsul ating |ayer, said
field —~_isolationjregion having 4 third thi ¢kness, the
pol i shing perforned ?%_jl—- LLLLL subs L6\l 4&d pressure in
of between about 256 o 350 TDS per square 1 nch and a
pl aten rotational velocity of between about 20 and 60 RPM and {he
polishing performed with @ polishing solution including a hydr¢xide and
silica particles and the polishing solutign has a pH
in a range of between aboft 9.5 ~—/——4+10
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to 10.0. 26. The met hod of claim25 wherein after step (e) said field
isolation |ayer has a third t hi ckness in a range of between about 1500
and 3000 A - 17 -

27. The net hod of cIa|n125 wherein said insulating |ayer is conprised of
silicon oxide and has a thickness in a range of between about 100 and
500 A, 28. The nethod of claim?25-wageein said nitride |layer a thickness
in a range of between about 1000 and 2000 A 29. The net hod of claim
25 wherein after step (c) said field oxide region has a first thickness

in a range of between about 4000 and 6000 A The met hod of claim25 .
wherein after step (e) said field oxide regio as a second - t hi ckness
in a range of between about 1500 and 3000 A The met hod of claim 25
wherein said polishing is step (e) re about 1500 toj4 3500 A
of said field oxide region. ///

FIG. 4 %
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