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OF THE | NVENTI ON (1) Field of the Invention . ~ The invenf®on
relates to processes for the manufacture of sem conductor devices and nore
particularly to processes for formng field isolation. (2) Description
of prior art The formation of integrated circuit devices on
silicon substrates requires that a neaps be provided to electrically
isolate the various circuit conponents fromeach other. In nmany cases p/n
junctions thensel ves can be wused to format |east part of the necessary

i solation. Most isolation requirenents, which cannot be resol ved by
circuit design, relate to the lateral isolation of devices. To sone
extent, junction isolation can be used here al so. However, as device

technol ogy | eadsob®siRSk¥OR 3 FPHEISIONISE RRREW SPACEIFELD OXIDE
THINNING AND OXIDE PUNCH THROUGH EFFECT

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to processes for the manufacture of
semiconductor devices and more particularly to processes for forming field

isolation.
(2) Description of prior art

The formation of integrated circuit devices on silicon substrates
requires that a means be provided to electrically isolate the various circuit
components from each other. In many cases p/n junctions themselves can be
used to form at least part of the necessary isclation. Most isolation
requirements, which cannot be resolved by circuit design, relate to the lateral
isolation of devices. To some extent, junction isolation can be used here also.

However, as device technology leads to smaller and smaller geometries as well



-as shal l ower structures, junction isolation technol ogy becones very
limted. The successful use of silicon for integrated circuits
for the last thirty years can, in part, be attributed to the marvel ous -
insul ating properties of it's oxide. No other conmonly known sem conduct or
material has this unique feature. Thus silicon oxide has becone well
established as the isolation material for integrated circuit chips.
Earliest usage of this material involvegd growing it on the substrate in
sel ected regions which are defined by an oxidation nasking material. To
this end, silicon nitride cane into w despread use. Referring to Fig. 1, a
pad silicon oxide film22 several hundred Angstrons thick is grown on the
surface of a silicon wafer 20. Next a filmof silicon nitride 24 is
deposited to a thickness of several thousand Angstroms using a
cheni cal - vapo@$ 8ealewet stoistuses denstion Retiop sathogicgebeconias vgselimisd. a buf f er
| ayer, preventing the highly stressed silicon nitride from causing
di sl ocations in the silicon. Usi ng standard photolithographic
techni ques followed by etching, a pattern is defined in the oxide/nitride
mask, | eaving bar elhetrosessshibemef slicoprfot ihtegraded citwits fdnithehlaat thirtyyebescone
i solation regions. Referring next to Fig. 2, the wafer

can, in part, be attributed to the marvelous insulating properties of it's oxide. No

other commonly known semiconductor material has this unique feature. Thus
silicon oxide has become well established as the isolation material for integrated
circuit chips. Earliest usage of this material involved growing it on the substrate
in selected regions which are defined by an oxidation masking material. To this
end, silicon nitride came into widespread use. Referring to Fig. 1, a pad silicon
oxide film 22 several hundred Angstroms thick is grown on the surface of a
silicon wafer 20. Next a film of silicon nitride 24 is deposited to a thicknesé of
several thousand Angstroms usir;g a chemical-vapor-deposition process. The
pad oxide 22 is used as a buffer layer, preventing the highly stressed silicon

nitride from causing dislocations in the silicon.

Using standard photolithographic techniques followed by etching, a
pattern is defined in the oxide/nitride mask, leaving bare those regions 26 on the
silicon which are to become isolation regions. Referring next to Fig. 2, the wafer
20 is subjected to an oxidizing ambient at elevated temperatures, during which
the exposed areas are converted to silicon oxide 28. The oxidation proceeds at

the oxide-silicon interface. Thereby pockets of silicon oxide 27 several thousand



20 is subjected to an oxidizing anbient at el evated tenperatures, during
which the exposed areas are converted to silicon oxide 28. The oxidation
proceeds at the oxide-silicon interface. Thereby pockets of silicon oxide
27 several thousand _ - 3 -
Angstrons deep can be formed in the patterned areas. These pockets 27
provi de the necessary electrical isolation for the subsequently forned

sem conduct or devi ces. The process just described has becone known
by several names, one of which is LOCO5 an acronym for LOCal xidation of
Silicon. LOCOS has been practiced for over twenty-five years and has been
adapted to many specific applications. One of the problens with
conventional LOCGCS, illustrated in Fig. 2 is that the pad oxide 22 pernmts
oxi dation to take place under the silicon nitride mask, pushing up the

edge of the %g Lehy. j [.al t4 oxi de around
the mask peri tgﬁrﬂgﬁ%%?vm asef‘ {pglﬂ%%Mggﬁé@gggﬁegsa‘rﬁ%reg%orcﬁét?%g of oxide
hrough ¢ he. (P A PeStrERl o 88u R o qon B PRSembu P VAN o' nead” 28,
being a pr otr%si.on gcﬁov(f t he surface, causes shadow ng and t hinning

probl enms wt h e E[V)‘fea'eposi ted netal lization stripes traversing

across it. Thin areas in netal interconnection lines constitute "weak
spots" and are subj ect

The process just described has become known by several names, one of
which is LOCOS an acronym for LQCal Qxidation of Silicon. LOCOS has been
practiced for over twenty-five years and has been adapted to many specific
applications. One of the broblems with conventional LOCOS, illustrated in Fig. 2
is that the pad oxide 22 permits oxidation to take place under the silicon nitride
mask, pushing up the edge of the mask and thereby leaving a raised portion of
the oxide around the mask perimeter, known as "Birds Head" 28 and a
protrusion of oxide under the edge of the oxidation mask 298, caused by diffusion
of oxidant through the thin pad oxide 22, known as "Birds Beak". The birds head
28, being a protrusion above the surface, causes shadowing and thinning
problems with subsequently déposited metallization stripes traversing across it.
Thin areas in metal interconnection lines constitute "“weak spots” and are subject
to increased current density, heating, and subsequent electrical failure. The
birds beak 28 can be reduced by using as thin as possible pad oxide 22 or by

stiffening the mask by using a thicker silicon nitride layer 24.

In some instances, a sidewall oxidation barrier is formed along the mask



to increased current density, heating, and subsequent electrical failure.
The birds beak 29 can be reduced by using as thin as possible pad oxide 22
or by stiffening the mask by using a thicker silicon nitride |ayer 24.

In sonme instances, a sidewall oxidation barrier is formed al ong the nask
-4- edge to prevent penetration of the oxidant under the nitride mask.
Ema et.al. US5,453,397 describes such a barrier wherein a nitride plug is
formed in a recess produced by undercutting the pad oxide with a wet etch.
Shimzu, et.al., US5, 472,906 forma nitride barrier which extends over the
edge of the pad oxide and over the edge of a subjacent depression in the
silicon. Unfortunately, these practices |lead to an abrupt feature 25
wherein high shearing stresses are produced in the silicon which lead to
the formati on of dislocations. These dislocations propagate diagonally

into the devi §dgeasipri@nt SHeBBEorf 8URL BYdhM UrdbPihe itRbé WaBk. Ema et.al.
Typically, the field oxide is grown at terrperatures above 1,000[err]C . At

these Lemper ahgka5s, 387 bessas Whirthy a}%gﬁrﬂﬁ @ggufsm%éa ihhe vol ume

expansi on, are relieved by p astic ow 0 However, upon

conpl etion of, the r?%%é?ﬂy%ﬂe?c@&n%ﬁ@pé@gxnéﬁ\@{vﬁﬁ a'v?etfé&%'. Wi LG EN

plastic flowis n
US5,472,906 form a nitride barrier which extends over the edge of the pad oxide

and over the edge of a subjacent depression in the silicon. Unfortunately, these
practices lead to an abrupt feature 25 wherein high shearing stresses are
produced in the silicon which lead to the formation of dislocations. These
disiocations propagate diagonally into the device active regions causing junction

failure.

Typically, the field oxide is grown at temperatures above 1,000°C . At
these temperatures, stresses which would be developed due to the volume
expansion, are relieved by plastic flow of the oxide. However, upon completion
of the oxidation, and when the wafer is cooled, sufficient plastic flow is no longer
able to relieve stresses below about 960°C (Wolf, S.,"Siiicon Processing for the
VLSI Era", Vol.2, Lattice Press, Sunset Beach, CA, (1890),p693). Thermal
stresses now develop due to the difference in thermal expansion coefficients of
the silicon oxide and the silicon. The profile of the field oxide is now the
determining factor for the distribution of stresses within the silicon. Abrupt
features in the silicorvsilicon oxide profile, such as 25 in Fig. 2, are responsible

for high values of x-y shearing stresses which produce dislocations. Such abrupt



able to relieve stresses bel ow about 960[err]C (Wl f, S."Silicon Processing
for the VLSI Era", Vol.2, Lattice Press, Sunset Beach, CA (1990), p693).
Thermal stresses now devel op due to the difference in thernmal expansion
coefficients of the silicon oxide and the silicon. The profile of the
field oxide is now the determning factor for the distribution of stresses
within the silicon. Abrupt features in the silicon/silicon oxide profile,
such as 25 in Fig. 2, are responsible_ gor hi gh val ues of x-y shearing
stresses which produce dislocations. Suth abrupt

- 5- features 25 occur when a stiff mask edge is used to control the
field oxidation. The conpressive stresses devel oped within the
growing field oxide also have been observed to retard the oxidation rate
of silicon. Known as the field oxide thinning effect, this phenonena is

observed whep_field oxi i S QF i . e I ahedL 0.5 to 0.6
m crons. Sege?tglcese%aq%yrg&%ga%tﬁ%ﬁ gdgfﬁﬁgﬁg%eéryqﬁ%§{?.g%§%t rochem Soc.
143, (1996) p 2953. Efforts to diffuse the abruptness of a stiff
mask edge and to control the extent of birds beak encroachnment into the

silicon active area as well as the . shape, of .the bir : been nmade
using "L" shape drrgf) SRIMPprEssixe (ﬁeﬁs&F Igi|evé]c>;§1=3d w&hzn 916 groqu‘ﬁ fﬂﬁ?&:dé@!gg
have been observed to retard the oxidation rate of silicon. Known as the field
oxide thinning effect, this phenomena is observed when field oxide is grown in

mask openings below about 0.5 to 0.8 microns. See for example, P. Belluti

and M. Zen in J. Electrochem. Soc. 143, (1996) p 2853.

| Efforts to diffuse the abruptness of a stiff mask edge and to control the
extent of birds beak encroachment into the silicon active area as well as the
shape of the birds head, have been made using “L” shaped spacers which form
a foot at the mask edge. Jang US5,397,733 describes several embodiments by
which these spacers can be formed. An example of the use of such a spacer is
shown in Fig. 3. The nitride foot 30 surrounding the periphery of the thicker
nitride mask provides a region of more flexible mask at the edge of the opening,
thereby allowing easier expansion of the growing field oxide under it. The

thicker, and therefore stiffer, section 32 continues to constrict the birds beak.

By proper selection of the thickness and length of the mask foot 30 as
well as the thickness of the more rigid portion 32 , it becomes possible to tailor

the mask edge to provide a field oxide profile 36 with reduced stress at the



a foot at the mask edge. Jang US5, 397, 733 descri bes several enbodi nents by
whi ch these spacers can be forned. An exanple of the use of such a spacer
is shown in Fig. 3. The nitride foot 30 surrounding the periphery of the
thicker nitride mask provides a region of nore flexible mask at the edge
of the opening, thereby allow ng easier expansion of the growing field

oxi de under it. The thicker, and therefore stiffer, section 32 continues
to constrict the birds beak. - By proper selection of the thickness
and length of the mask foot 30 as well as the thickness of the nore rigid
portion 32, it becones possible to tailor the nask edge to provide a field
oxide profile 36 with reduced stress at the

- 6- expense of mnimal birds beak encroachnent. Jang cites prior art
difficulties in formng the L-shaped spacer, specifically, difficulties in
control | i ng t®iPERsReE/IMiaME! birdhbeak erfcrodcbmephiclang cites prior art difficubiies in

enbodi nent cited by Jang a nitride foot is formed by first depositing a

si li con ni triigemingjrer L-svapedsppeaat, spaafieaily, kifficultieg i comtepliing thfckhdys amidt r i de

| ayer to forma step, depositing a polysilicon |ayer over the step, and
appl ying a slpagtbrof thecdpaodti ch forns a pol ysilicon spacer at the edge of the
region. The nitride layer is then etched into the pad oxide using the

pol ysilicon spacer to

in one embodiment cited by Jang a nitride foot is formed by first
depositing a silicon nitride layer over a pad oxide, thinning a region of the nitride
layer to form a step, depositing a polysilicon layer over the step, and applying a
spacer etch which forms a polysilicon spacer at the edge of the region. The
nitride layer is then etched into the pad oxide using the polysilicon spacer to
protect the nitride foot. The polysilicon spacer is subsequently removed from

over the foot, permiwng the foot to flex during the field oxidation.

The precise tailoring of the field oxidation mask edge becomes even more
critical as device geometries shrink into the sub-half micron range. As field
oxide widths approach these dimensions oxidation rates are significantly
retarded and stress induced crystalline defects cause serious degradation of the
semiconductor devices. The balance between reducing birds beak
encroachment and preventing stress induced dislocations requires an even
greater control of the field oxide oxidation mask edge. The invention herein
described provides a foot with a continuous transition of flexibility from its-tip to

the main portion of the mask. The risk of cracking at the foot/mask interface is



protect the nitride foot. The polysilicon spacer is subsequently renoved
from over the foot, permting the foot to flex during the field oxidation.
The precise tailoring of the field oxidation nmask edge becones even nore
critical as device geonetries shrink into the sub-half mcron range. As
field oxide w dths approach these dinensions oxidation rates are
significantly retarded and stress induced crystalline defects cause
serious degradation of the sem conductgr_devices. The bal ance between
reduci ng birds beak encroachnent and preventing stress induced

di sl ocations requires an even greater control of the field oxide oxidation
mask edge. The invention herein described provides a foot wwth a
continuous transition of flexibility fromits-tip to the nain portion of
the mask. The risk of cracking at the foot/nmask interface is

al so reduced. In addition, the invention elimnates process steps required
by Jang for spée&dupesoinaidditonpthevinaetion élirsinaiel erdcess stbps rddutred gl d

oxi dati on. Chiu et.al., US5,470,783 shows the formation of a
nitride foot adanthier speser repfovehie pravide aifitxibiddosyitrdbé Fiold oxrzkonised for the
formati on of recessed oxide isolation. The foot is not tapered and
functions to reduce the oxidation w ndow of '

Chiu et.al., US5,470,783 shows the formation of a nitride foot at the base
of the main nitride oxidation mask used for the formation of recessed oxide
isolation. The foot is not tapered and functions to reduce the oxidation window of

the opening, thereby reducing penetration of the recessed oxide under the main

portion of the mask.



t he openi ng, thereby reducing penetration of the recessed oxide under the
main portion of the nask.
- 8- SUMMVARY OF THE | NVENTION It is
an object of this invention to provide a nmethod for formng a field oxide
i sol ati on conpatible with sub-hal f-m cron device technol ogy having reduced
stress induced dislocations. It is another object of this
invention to provide a nethod for formigig a field oxide isolation having a
snoot h surface topology at its periphery, thereby inproving step coverage
of subsequently deposited conductive |ayers. It is yet another
object of this invention to provide a nethod for forming a field oxide
isolation with inproved mnimal birds beak encroachnent into device active
ar eas. It is still another object of this invention to provide a
met hod for suppressing the fiSUMMARYOFRTHERINVENEONect which occurs when
field oxide is
it is an object of this invention to provide a method for forming a field
oxide isolation compatible with sub-half-micron device technology having

reduced stress induced dislocations.

it is another object of this invention to provide a method for forming a field
oxide isolation having a smooth surface topology at its periphery, thereby

improving step coverage of subsequently deposited conductive layers.

it is yet another object of this invention to provide a method for forming a
field oxide isolation with improved minimal birds beak encroachment into device

active areas.

It is still another object of this invention to provide a method for
suppressing the field oxide thinning effect which occurs when field oxide is

grown between narrow mask spacings.

It is still another object of this invention to provide a method for
suppressing the oxide punch through effect which occurs when field oxide is

grown between narrow mask spacings.



grown between narrow mask spaci ngs. It is still

anot her object of

this invention to provide a nethod for suppressing the oxide punch through
ef fect which occurs when field oxide is. grown between narrow mask

spaci ngs. . -9- It is
yet another object of this invention to describe a novel oxidation mask
which wll yield an inproved field oxide isolation for use with sub

hal f-m cron integrated circuit technology. It is still another

object of this invention to provide a fnethod for form ng an oxidation nmask
having a flexible foot with reduced risk of cracking of the foot at its

junction with the main portion of the oxidation nmask.

These

obj ects are acconplished by the use of a novel oxidation mask for grow ng
the field oxide isibisatat anothdimbjenh skihissneamtide $o dessribe latovel exidstioh fmesk s

I ncreases continuously fromits outernost edge to its nmain body over a

di stance whemgiah will yisicdn pbpveaidiald dxicd Wolanomltor nige mithsub bafrdsoa silicon
active area. The continuously decreasing is flexibility is nmade possible
by a tapered friegratdd didseit tethsdogydge. The gradual |y increasing stiffness
towards the main body of the nmask permts a snoother transition of stress

conponents than those provi ded by

It is still another object of this invention to provide a method for forming an

oxidation mask having a flexible foot with reduced risk of cracking of the foot at

its junction with the main portion of the oxidation mask.

These objects are accomplished by the use of a novel oxidation mask for

growing the field oxide isolation. The mask is so designed that its stifiness

increases continuously from its outermost edge to its main body over a distance

wherein a thick subjacent fieid oxide narrows towards a silicon active area. The

continuously decreasing is flexibility is made possible by a tapered foot at the

mask edge. The gradually increasing stiffness towards the main body of the

mask permits a smoother transition of stress components than those provided by

prior art mask edges which have a foot of uniform thickness. The high flexibility

at the mask edge permits the rapidly growing silicon oxide to expand more freely

at the mask edge, thereby permitting relief of growth induced stresses. The

increasing stiffness towards the main body inhibits the penetration of birds beak.

The oxidation mask is formed by first providing a wafer having a pad



prior art mask edges which have a foot of uniformthickness. The high
flexibility at the nask edge permts the rapidly growing silicon oxide to
expand nore freely at the nask edge, thereby permtting relief of growh

i nduced stresses. The increasing stiffness towards the main body inhibits

t he penetration of birds beak. The oxidation nmask is formed by
first providing a wafer having a pad
- 10 - oxide and a thick nitride | ayer over the pad oxide. A

photoresi st mask then defines a region wherein a field oxide is to be
formed. A thinner nitride layer is fornmed over the defined region either
by thinning the thick nitride |ayer by partial etching with RIE or by
conpletely etching thick nitride in the region and subsequently depositing

a thin nitridexii@¥ed a ®U&K nitride Ia‘@cr%(/er the pa%omde f‘pﬁbtgF‘éé@k maSPfeRl al ong the
edge of the thick nitride is then forned known t echni que

wher ei n a | aygefire arra@gﬁmbrélﬁa@emxaeqﬁt&y@fo B8, )&@eﬂ;ﬁﬁ%o fiftae @Rkt et ched

by RIE. The sidewall material used in the pre erred ment's I's

pol ysilicon afohh@&'@'v’br%@&éfdé%@@bﬁ%ﬁ d;!T%\O(rtﬁhﬁ;ﬂ %ﬁ%&%t a%r cf&é'rgéﬂ dewal |

as a mask, the thin nitride is etche exposSe the und y|n oxi de.

The t aper ed Nbfching Hith¥AE of by Ushpiekely Sichifg hidiOhitfRe IHE}%%QEBH%na' deval |

spacers.
subsequently depositing a thin nitride layer over the wafer.

A sidewall spacer aiong the edge of the thick nitride is then formed by the
well known technique wherein a layer of material is deposited over the wafer and
lanket etched by RIE. The sidewall material used in the preferred
embodiments is polysilicon although other materials may also be used. Using
the sidewall as a mask, the thin nitride is etched to expose the underlying pad

oxide. The tapered nitride foot structure is then formed under the sidewall

spacers.

Two methods for forming the tapered foot are presented. In the first
method, the tapered foot is formed concurrently with the etching of the thin
nitride. In the second method the tapered foot is formed after the thin nitride is
etched and during the removal of the sidewall spacer. In the first method a
separate process step for the spacer removal is eliminated, thereby improving
process efficiency. The second method provides better control of foot length as

well as independence of foot length on nitride overetch.



Two net hods
met hod, the

for formng the tapered foot are presented. In the fir
tapered foot is formed concurrently with the etching o

thin nitride. In the second method the tapered foot is forned aft
thin nitride is etched and during the renoval of the sidewall spa
the first nmethod a separate process step for the spacer renoval i

el i m nat ed,

thereby inproving process efficiency. The second neth

provi des better control of foot length as well as independence of

| engt h on ni
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tride overetch. - 11 - BRI
OF THE DRAW NGS Fig. 1 is a cross sectional

wafer with a conventional LOCOS oxidation nask before field oxide
Fig. 2 is a cross sectional view of a wafer with a

formati on.
conventi onal

LOCOS oxidation nask after field oxide fornation.
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Fig. 3 is a cross secti oBRIER DESORIPRHOMORITHEBRAWIRGSOCOS oxi dation nask

with a foot

at its edge according to prior art.

Fig. 1 is a cross sectional view of a wafer with a conventional LOCOS

oxidation mask before field oxide formation.

Fig. 2 is a cross sectional view of a wafer with a conventional LOCOS

oxidation mask after field oxide formation.

Fig. 3 is a cross sectional view of a wafer having a LOCOS oxidation

mask with a foot at its edge according to prior art.

Figs. 4 is a cross sectional view of a wafer having a silicon nitride layer

over a pad oxide with sidewall spacers in an opening.

Figs. 5A and Fig. 5B are cross sectional views of a wafer showing stages

in the formation of a tapered mask foot according a first embodiment of the

current invention.

Fig. 6 is a cross sectional view of a wafer after the opening of the thin

nitride layer according to the second embodiment of this invention.



Figs. 4 is a cross sectional view of a wafer having a silicon nitride |ayer
over a pad oxide with sidewall spacers in an opening. Figs. 5A
and Fig. 58 are cross sectional views of a wafer showing stages in the
formati on of a tapered nmask foot according a first enbodi ment- of the
current invention. Fig. 6 is a cross sectional view of a wafer
after the opening of the thin nitride |layer according to the second

enbodi nent of this invention.

- 12 - Figs. 7A and Fig. 7B aze cross sectional views of a wafer
showi ng stages wherein the spacer etch sinmultaneously tapers the mask foot
according to a second enbodi nent of the current invention. Fig. 8

is a cross sectional view of a wafer after formation of a field oxide
region by thermal oxidation using the mask structure of this invention.

Figs. 7A and Fig. 7B are cross sectional views of a wafer showing stages
wherein the spacer etch simultaneously tapers the mask foot according to a

second embodiment of the current invention.

Fig. 8 is a cross sectional view of a wafer after formation of a field oxide

region by thermal oxidation using the mask structure of this invention.



- 13 - DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Referring nowto Fig. 4, a nonocrystalline silicon wafer 40 is provided. A
mul ti-layered oxidation nask is forned by first growing a |ayer of silicon
oxi de(pad oxide) 42 to a thickness of about 20 nm by subjecting the wafer
to a clean dry oxidizing anbient in a furnace at about 950C. A silicon
nitride | ayer 44 between about 50 and 200 nm thick is then deposited,
preferably by |low pressure chem cal vapor deposition (LPCVD): Using well
known photolithographic nmethods an openfnig 46 is patterned in the silicon
nitride layer 44. The silicon nitride layer 44 is etched by RIE until the
t hi ckness of silicon nitride 44B wthin the opening 46 is reduced to

bet ween about 30 to 50 nm A layer of polysilicon is next

deposited to a thi cknepesgRIPEOMNOR ﬁl@#heﬁ@m&s@ EmBoBMERTY, using a

bl anket RIE, the sidewall spacers 48 are forned. The nethods of formng
sidewal | spacers are well docunented and fam i ar to those in the art.
The wafer 40 is placed in an RIE tool, for exanple the LAM 4428x1

fact d by LA ) [
anal e Y LAMIRSRGI o 4650 {HSILIR A GBI pristhld o0 2

;%SI aaler (rai[ cga%um hegred 5)[;(?3?:0'!1'?1943%? fo%’ﬁgg' by ??s?arowmgsg [a%f J:f’sxl’égrrw CHF[err],

oxide(pad oxide) 42 to a thickness of about 20 nm. by subjecting the wafer to a
clean dry oxidizing ambient in a furnace at about 950°C. A silicon nitride layer
44 between about 50 and 200 nm. thick is then deposited, preferably by low
pressure chemical vapor deposition (LPCVD). Using well known
photolithographic methods an opening 46 is patterned in the silicon nitride layer
44. The silicon nitride layer 44 is etched by RIE until the thickness of silicon

nitride 44B within the opening 46 is reduced to between about 30 to 50 nm.

A iayer of polysilicon is next deposited to a thickness of between about 50
to 150 nm. and, using a bianket RIE, the sidewall spacers 48 are formed. The

methods of forming sidewall spacers are well documented and familiar to those

in the art.

The wafer 40 is placed in an RIE tool, for example the LAM 4428x1
manufactured by LAM Research, 4650 Cushing Parkway, Fremont, California
94538, U.S.A., and etch using well known etchants containing fluorine...

Typical etchant chemistries include such gases as SF,, HBr, CHF;, and O, A



- 14 - sui tabl e etchant conposition in the LAM 4428x1 tool conprises
SF6 at a flow rate of between about 50 and 100 SCCM CHF3 at a flow rate
of between about 10 and 50 .SCCM and He as a buffer gas used in :
optim zation of the plasma uniformty at a flow rate of between about 100
and 200 SCCM and at an rf power of between 200 and 300 watts. Etch rate
rati os of polysilicon-to-silicon nitride of 3:1 or thereabout and
appropriate etch profiles can be obtainggd by optim zation of the chanber
and plasma conditions using nethods well known by those in the art.

Simlar etch performance can al so be achieved by using alternate dry etch
nmet hods. During the etch step, the polysilicon spacer 48 recedes
as the thin silicon nitride 44B within the opening 46 is etched away. Fig.
5A shows a cr esisabiestthanhconyfositive iméfecllAM UrRB! wol camprisee S atad adlomge of this
RI E process step. Because both the silicon nitride and the polysilicon are

bei ng et ched, rdthef Sétaesvpdtousithasd 188 SCOM, THE, AR fidwerass Ofibebmean abdutle 44B
beconmes thinner. This recession is nade possible because the sidewall

hei ght i s nevap aRB6E SOTM) afd Blélast MbeferigaBRBed rcoptimizdtion of thesplesmavat ur e of
t he spacer begins at or very close to its base and the spacer's wdth

begi ns to recedgorty af a fidworatd ¥f itiveén bbsLt Q08 hd 2D0SCUNM agd aten Hhewer
si mul t aneous spacer and nitride etching proceeds, a tapered foot 52 forns

al 3_”9 the nit bf gawbéh 2OcPadd300WARTse BidPratelRtisParlysilitor-tslaiibsrtnitridaesf 50
I ndl cat es

3:1 or thereabout and appropriate etch profiles can be obtained by optimization

of the chamber and plasma conditions using methods well known by those in the

art. Similar etch performance can also be achieved by using alternate dry etch

methods.

During the etch step, the polysilicon spacer 48 recedes as the thin silicon
nitride 44B within the opening 46 is etched away. Fig. A shows a cross section
of the wafer during an intermediate stage of this RIE process step. Because both
the silicon nitride and the polysilicon are being etched, the sidewall spacer 48
recedes as the silicon nitride 44B becomes thinner. This recession is made
possible because the sidewall height is never more than about three times the
width. Thus curvature of the spacer begins at or very close to its base and the
spacer's width begins to recede at or shortly after the onset of efching. As the
simultaneous spacer and nitride etching proceeds, a tapered foot 52 forms
along the nitride initially covered by the spacer. The dashed line 50 ind_i_cates

the initial profile.



the initial profile. - 15
- Fig. 5B shows the wafer cross section after the RIE step has
been conpleted. The spacer 48 has either been conpletely renoved or has
receded to insignificant size.: The foot 52 fornms a nearly snooth
transition fromits tip to the thick main body 44A of the nitride |ayer
The endpoint of the RIE process step is determ ned when the nitride |ayer
44B has been renoved within the opening 46. Excessive over etching nust be
avoi ded to prevent the recession of thelhitride foot 52. Any remmants of
t he spacer 48 need not be renoved by an additional etching step. They are
converted to silicon oxide during the field oxidation and becone a

physi cal part of the oxidation nask. However, they nay be renoved if

desired by a selegt] tch,such as aqueous I second
enbod ment. of -t hi €19 KB ef FolneatEn sl eGSR R vith
tapered foot is forned by first conpletely etching the siljcon nitride
within the ofRSPRISIEd-db18 $hagenAs F%%@gpgc@ﬁaleiqaaéf?mqyﬁﬁpﬁba%repa ed f oot
by simultaneously etching the spacer and subjacent silicon nitride exposed
by the recesWiipsionificanteizes pihedpot 52 forms a neagy smopldransition fremgsdiprient |
referring again to Fig. 4, a nonocrystalline ”

the thick main body 44A of the nitride layer. The endpoint of the RIE process

step is determined when the nitride layer 44B has been removed within the
opening 48, Excessive over etching must be avoided to prevent the recession of
the nitride foot 52. Any remnants of the spacer 48 need not be removed by an
additional etching step. They are converted to silicon oxide during the field
oxidation and become a physical part of the oxidation mask. However, they may

be removed if desired by a selective etch such as aqueous KOH.

in a second embodiment of this invention a silicon nitride oxidation mask
with a tapered foot is formed by first completely etching the silicon nitride within
the opening defined by the spacers and then forming a tapered foot by
simultaneously etching the spacer and subjacent silicon nitride exposed by the

recession of the spacer.

As in the first embodiment, referring again to Fig. 4, a monocrystalline
silicon wafer 40 is provided. A multi-layered oxidation mask is formed by first
growing a layer of silicon oxide{pad oxide) 42 to a thickness of about 20 nm. by

subjecting the wafer to a clean dry oxidizing ambient in a fumace at about



silicon wafer 40 is provided. A nulti-layered oxidation mask is forned by
first growng a |ayer of silicon oxide(pad oxide) 42 to a thickness of
about 20 nm by subjecting the wafer to a clean dry oxidizing anbient in a
furnace at about - 16 -
950[err]C. Asilicon nitride |ayer 44 between about 50 and 200 nm thick is
then deposited, preferably by | ow pressure chem cal vapor dep05| tion
(LPCVD). Using well known photolithographic nethods an opening 46 is
patterned in the silicon nitride |ayeried4. The silicon nitride |ayer 44 is
etched.by RIE until the thickness of silicon nitride 44B within the
opening 46 is reduced to between about 30 to 50 nm A | ayer of
pol ysi | i con958° (héxsilicaputidedayer dddbetiaeniaboss5dénd2femnthigkdsithed0 to 150
nm and, using a blanket RIE, the sidewall spacers 48 are fornmed. The

met hods of Hepasited, meiteatEdy by fyapessurarchemizkl vapoc deposited (ARGVDamM | iar to
those in the art. The wafer 40 is placed in an RIE tool and

et ched usi nysmgeteliamotvmgmstolitypdpHic methOl§ en bperihg 46 fid patteraddinafie bet ween
about 50 and 100 SCCM HBr at a flow rate of between about 10 and 50 SCCM

and J err] aficéh ﬁekrmé! 1é?ér%40frh9%¥h\‘5€ﬁﬁﬁrﬁié%%er4%qS aRfleaBy RiEMhtMhé h a carrier
gas of helium The pressure within t I's mai ntai ned between about

100 and 30%{?&%55 oPst do'?x%ﬁx@b%%t\&nur? {hee‘popemng 46 is reduced fo between

about 30 to 50 nm.

A layer of polysilicon is next deposited to a thickness of between about 50
to 150 nm. and, using a blanket RIE, the sidewall spacers 48 are formed. The
methods of forming sidewall spacers are well documented and familiar to those

in the art.

The wafer 40 is placed in an RIE tool and etched using a etchant gas
comprising SFg at a flow rate of between about 50 and 100 SCCM, HBr at a flow
rate of between about 10 and 50 SCCM, and O, at a flow rate of between about
20 and 50 SCCM, with a carrier gas of helium. The pressure within the
chamber is maintained between about 100 and 300 mTorr. During this etch step
the polysilicon spacer 48 is durable and does not recede significantly as the thin
silicon nitride 44B is etched away. Over-etching to assure completeness of
removal of nitride in the opening is permitted in this embodiment because the

foot 52 is protected by the spacer 48. However, over-etching may nor be



the polysilicon spacer 48 is durable and does not recede significantly
the thin silicon nitride 44B is etched away. Over-etching to assure

conpl et eness o

f

renoval of nitride in the opening is pernmitted in this

enbodi nent because the foot 52 is protected by the spacer 48. However
over-etching may nor be
17 - requi red because additional over-etching of the thin nitride w

occur during a
shows a cross

second etch step wherein the nitride foot is fornmed. Fi
section of the wafer afttdr-the thin nitride layer in the

openi ng 46 has been renoved exposing the pad oxide 42. The nitride foo

is defined by the polysilicon spacer 48.

The spacer 48 is th

etched under RIE conditions which etch both nitride and polysilicon,
causi ng theeqmiterdmaiﬁwéddﬁ%nbpo@%%@r thA PR nitRicVIR oBflaCRFing8 recede

sui tabl e etchant conposition in the

flow rate ofeched ¥fele Btep¥didtei heaithiadbGPot S fMneLHF @l srawslomsat e of

4428x1 tool conprises SFerr]

about 10 and 50 SCCM and He as e buffer gas used in optimzation of t
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The spacer 48 is then etched under RIE conditions which etch both nitride

and polysilicon, causing the nitride foot 52 to develop a taper as the spacer 48

recedes. A suitable etchant composition in the LAM 4428x1 tool comprises SF;

at a flow rate of between about 50 and 100 SCCM, CHF; at a flow rate of

between about 10 and 50 SCCM, and He as a buffer gas used in optimization of

the plasma uniformity at a flow rate of between about 100 and 200 SCCM and at

an rf power of between 200 and 300 watts. Etch rate ratios of polysilicon-to-

silicon nitride of 3:1 or thereabout and appropriate etch profiles can be obtained

by optimization of the chamber and plasma conditions using methods well known

by those in the art. The duration of the etch is determined by observing

endpoint by optical emission spectroscopy. Alternatively a pre-determined etch

time interval may be used.

Fig. 7A shows a cross section of the wafer during an intermediate stage

of this RIE process step. Because both silicon nitride and polysilicon are being

as
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g. 6

t 52
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endpoi nt by optical em ssion spectroscopy. Alternatively a pre-determ ned
etch tine interval may be used. Fig. 7A shows a cross section of
the wafer during an internedi ate stage of this R E process step. Because
both silicon nitride and polysilicon are being

- 18 - etched, the sidewall spacer 48 recedes as the silicon nitride
foot 52 develops a taper. This recession is made possi bl e because the
sidewal | height is never nore than abous three tinmes the width. Thus
curvature of the spacer begins at or very close to its base and the
spacer's width begins to recede at or shortly after the onset of etching.
The dashed line 50 indicates the initial profile. Fig. 7B shows
the wafer cross section after the RIE step has been conpleted. The spacer

48 has either heam teEtcianlspatsmReteds Hase Sikendadide fontisSBTegeiops eant
size. The foot 52 forns a nearly snooth transition fromits tip to the

thick main bo%ﬁpé}‘l’f’h@freéegﬁoﬁ‘!stﬁhg@p!) be&@ge ﬁﬂ:@@vﬁﬁu HefigHt Rendvel Step is

determined when the tip of the taper oot 52 has reached a predeterm ned

thickness. ~Ovepo@lfild St &rﬁéﬁﬂdé?tr@% freifud &IFtEle d?ﬁhé’ééa%bzdﬁeduﬁb athe

opening 46 is unnecessary because conplete exposure of the opening 46 was

assured  dur i ngf BEsPI HuLE aRl T Liefier i BIVN b oueldi0r SRABPERAS need

not be
the onset of etching. The dashed line 50 indicates the initial profile.

Fig. 7B shows the wafer cross section after the RIE step has been
completed. The spacer 48 has either been completely removed or has receded
to insignificant size. The foot 52 forms a nearly smooth transition from its tip to
the thick main body 44A of the nitride layer. The endpoint of the RIE step is
determined when the tip of the tapered foot 52 has reached a predetermined
thickness. Over etching to assure complete removal of nitride in the opening 46
is unnecessary because complete exposure of the opening 46 was assured
during the previous RIE step. Any remnants of the spacer 48 need not be

removed by an additional etching step. They are converted to silicon oxide

during the field oxidation and become a physical part of the oxidation mask.
However, they may be removed if desired by a selective etch such as aqueous

KOH.

The resultant field oxidation mask formed by the first and second



removed by an additional etching step. They are converted to silicon oxide
during the field oxidation and becone a physical part of the oxidation
mask. However, they may be renoved if desired by a selective etch such as
aqueous KOH. The resultant field oxidation nmask forned by the
first and second - 19 -

enbodi nents are essentially identical as can be seen by conparing Fig. 5B
and 7B. The choice of nethod depends-ugon factors which may relate to
circuit design, such as an over etch requirenent. An advantage of the
second enbodinment is that the thickness of the silicon nitride foot at its
tip can be better controlled and is essentially independent of any nitride
over-etch during the thin nitride etch step. A field oxide
isolation is embidigentsard essantidipdteraichdat dapbef denageotpiarigy ARy. 5BENgent gas
cont ai ni ng oxygen, either alone or in conbination with water vapor, and an

optional chl orgnens endicd & Méhad dbpdnid upHE fuctsts Whichth&) Retd a8 M nim zed

nobil e ion contam nati on. The oxidation tenperature iI's typically between

950[err]C a”ddési%-pgtﬂﬁ{és]& over @tertreSitWRert A1 QRERBREI Mk Qloohfie Waf er af ter

the field oxide 60 has been form&*g.a %e e'(fg((es opéat%he_ gﬁ Icon nitride mask

44A embodiment is that the thickness of the silicon nitride foot at its tip can be better
controlied and is essentially independent of any nitride over-etch during the thin

nitride etch step.

A field oxide isolation is next grown in a clean oxidation furnace using an
ambient gas containing oxygen, either alone or in combination with water vapor,
and an optional chiorine containing additive such as trichloroethane to
minimized mobile ion contamination. The oxidation temperature is typically
between 850°C and 1,100°C. Fig. 8 shows a cross section of the wafer after
the field oxide 60 has been formed. The edges of the silicon nitride mask 44A
with the tapered foot 52 have been pushed up by the growth of oxide under the

pad oxide.

The growth rate of the field oxide is governed by linear-parabolic kinetics
wherein the growth rate is very rapid initially and then slows parabolically
according to the diffusion of the oxidizing species. The thin tapered silicon
nitride foot 52 flexes and permits the initial rapidly growing silicon oxide expand,

thereby providing a means of stress relief which supplements stress relief by



. With the tapered foot 52 have been pushed up by the growth of oxide under

- the pad oxide. The gromth rate of the field oxide is governed by
| i near-parabolic kinetics wherein the growh rate is very rapid initially
and then slows parabolically according to the diffusion of the oxidizing
species. The thin tapered silicon nitride foot 52 flexes and permts the
initial rapidly growing silicon oxide expand, thereby providing a neans of
stress relief which supplenents stress .repief by

- 20 - plastic flow. As the oxidation proceeds the growh rate
decreases and the stiffer conponents of the silicon nitride nmask cone
into play, thereby reducing bird beak. Additionally the tapered silicon
nitride foot al so produces a snooth silicon/silicon oxide profile 62
under the mask edge. The benefits of an approximately fifty fold

reduction in t 3 r st . ,_conmponen s wel] as the inproved spoot hness
of edge coveraggsgﬁo r e;gﬁ {hgzogldaﬁgnngmcgeépe%ﬁ%ovgk r?tﬁgeﬁ%ﬁégf%p%“domeé“@?fnevmm
| onger than co ti l...bi r.ds beak. This birds beak encroachnent can be
conpensat ed bygéa/{ﬁé]ﬂeﬁ@}rf é’gﬁ)ﬁcﬁn&{gt”%ﬁﬁ‘qsﬁ€°‘ﬁ’ﬁ&?‘8ﬁé?§/kthﬁﬁ9é’é§§‘?w P4 can al so
erooes"her ol BBl Pl e e S s o o 0TS 1

silicon/silicon oxide profile 62 under the mask edge.

The benefits of an approximately fifty fold reduction in the shear stress
component as well as the improved smoothness of edge coverage are realized
by this methed ;t the expense of a somewhat longer than conventional birds
beak. This birds beak encroachment can be compensated by a lithography bias
in the photomask processing. It can aiso be conveniently removed by a dip etch
in dilute HF after the photomask is removed. Narrow channel MOS field effect
transistor devices are then fabricated in and over the silicon regions adjacent to

the field oxide isolation patterns.

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.

Whereas in the embodiments cited the thin nitride in the defined region is

formed by partially etching the thick nitride through a mask, the thin nitride can



transi stor devices are then fabricated in and over the silicon regions
adjacent to the field oxide isolation patterns. 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 that various changes in formand details may be nade w thout
departing fromthe spirit and scope of the invention. Whereas in
t he enbodi ments cited the thin nitride bp the defined region is formed by
partially etching the thick nitride through a mask, the thin nitride can

- 21 - al so be formed by etching the thick nitride entirely in the
defined region through a nmask and then depositing a thin nitride |ayer
over the thick nitride. - 22

also be formed by etching the thick nitride entirely in the defined region through

a mask and then depositing a thin nitride layer over the thick nitride.



CLAIM5 1. A nethod for formng a field oxide isolation region on a silicon
substrate conprising the steps of: (a) providing a silicon substrate;
(b) formn,i a pad oxide over said silicon substrate; (c) formng a

silicon Jmm a first thickness over said pad oxi de; (d)
patternl ﬂﬂn etching said silicon nitride layer with an
ani sotropic ‘et &hi thg 1 echni que, thereby formng a opening and a

second thickness of said silicon nitridezlayer in said opening;, (e)
depositing a |l ayer of spacer material on said silicon substrate; (f)
etching said |layer of spacer material thereby form ng spacers in the
peri phery of said opemsng; (Q) simul taneously etching said silicon
nitride |ayer and said spacers wi th an ani sotropic etching

techni que, wher eby aa hRRUIs f§f'n|nh%%r¥ield oxide B!atuBh ijét'%cgrp@rji alsitich®r med under

sai d spacers; and (h) subj ecting sal |con strate to thernal
oxi dati on, thereby?ubstrate comBfidhd theSab sk & f| el d oxide isolation region.

2. The nmethod of claim1l whereih saird Tirst thickness of said silicon
nitride layer is b(% We‘EFbvﬁ:ﬁ%“é siﬁ&@%s@g& nm
(b} forming a pad oxide over said silicon substraie;
(c} forming a silicon nitride layer of a first thickness over said pad
oxide,
(d) patterning and partially etching said silicon nitride layer with an
anisotropic etching technique, thereby forming a opening and
a second thickness of said silicon nitride layer in said opening;
(e) depositing a layer of spacer material on said silicon substrate;
{f) etching said layer of spacer material thereby forming spacers in the
periphery of said opening;
(g simultaneously etching said silicon nitride layer and said spacers
with an anisotropic etching technique, whereby a tapered silicon
nitride foot is formed under said spacers; and

(h)  subjecting said silicon substrate to thermal oxidation, thereby

forming said a field oxide isolation region.

2. The method of claim 1 wherein said first thickness of said silicon

nitride layer is between about 50 and 200 nm.



- 23 - 3. The method of cl ai m 1 wherein said second thickness of said
silicon nitride |layer is between about 30 and 50 nm 4. The met hod of
claim1l1 wherein said | ayer of spacer material is between abéout 50 and 150

nm thick. of claim1l wherein said |ayer of spacer

mat eri al .mmmuumnm the group consisting of polysilicon and silicon
oxi de. 6. The'method df claim 1 wherein said anisotropic etching
technique is reactive ion etching underzyganditions which provide an etch
rate ratio of spacer material to silicon nitride of between about 1:1 and
10: 1. 7. The nethod of claim1 wherein said |ocal oxide isolation region
is between about 300 and 500 nm thick. 8. Anethod for formng a field

oxide isolation region on a silicon substrate conprising the steps of:
(a) - providing a silicon substrate; (b) formng a pad oxide over said

silicon substrate; c f or m silicon nitri .layer of.a.first
t hi ckness over SapdThs%pethod omc[lz?ma‘l wherein said secon t?uckngss of saxda silicon

nitride layer is between about 30 and 50 nm.

4. The method of claim 1 wherein said layer of spacer material is

between about 50 and 150 nm. thick.

5. The method of claim 1 wherein said layer of spacer material is selected

from the group consisting of polysilicon and silicon oxide.

6. The method of claim 1 wherein said anisotropic etching technique is
reactive ion etching under conditions which provide an etch rate ratio of

spacer material to silicon nitride of between about 1:1 and 10:1.

7. The method of claim 1 wherein said local oxide isolation region is

between about 300 and 500 nm. thick.

8. A method for forming a field oxide isolation region on a silicon
substrate comprising the steps of:

(a) providing a silicon substrafe;

(b) forming a pad oxide over said silicon substrate;

{c) forming a silicon nitride layer of a first thickness over said pad



- 24 oxide; (d) patterning and partially etching said silicon
nitride layer with an ani sotropi c etching technique, thereby formng

an openin m‘lmm second t hickness of said silicon nitride |ayer;
(e) depj&l\!ﬂ “ﬁ“‘“ Mf spacer material on said silicon substrate; (f)
[

et chi ng l'ayer*of % spacer material thereby form ng spacers in the

peri phery of said opening; (g) etching said silicon nitride |ayer thereby
exposi ng said pad oxide wi thin-sa#d opening; (h) sinultaneously
etching said spacers and said silicon nitride |ayer exposed

t hereunder with an ani sotropic etching technique, whereby a tapered
silicon nitride foot is fornmed; and (i) subjecting said silicon substrate
to thermal oxidation, thereby forming a field oxide isolation

regi on. 9. The nethod of claim8 wherein said first thickness is between
about 50 and 200 nm 10. The net hod -of claim8 wherein said second

t hi ckness is between ogbsut 30 and 50 nm

(d) patterning and partially etching said silicon nitride layer with an
anisotropic etching technique, thereby forming an opening and a
a second thickness of said silicon nitride layer;

(e) depositing a layer of spacer material on said silicon substrate;

H etching said layer of spacer material thereby forming spacers in the
periphery of said opening;

(g) etching said silicon nitride layer thereby exposing said pad oxide
within said opening;

{h) simultaneously etching said spacers and said silicon nitride layer
exposed thereunder with an anisotropic etching technique,
whereby a tapered silicon nitride foot is formed; and

(i) subjecting said silicon substrate to thermal oxidation, thereby

forming a field oxide isolation region.

9. The method of claim 8 wherein said first thickness is between about 50

and 200 nm.

10. The method of claim 8 wherein said second thickness is between

about 30 and 50 nm.



11 The nethod of claim8 wherein said layer of spacer material is between
about 50 and 150 nm thick. 12. The nethod of claim8 wherein said |ayer
of spacer material is selected fromthe group consisting of poI ysilicon

and sil IHM’H ummujll IH The method of claim8 wherein said anisotropic

et chi ng ctive ion etching under conditions which provide
an etch rate’ratid of spacer material to silicon nitride of 3:1 or

t her eabout . 14. The method of clai m-82Whaerein said | ocal oxide isolation
region is between about 300 and 500 nm thick. 15. An oxi dation mask
for the |ocal oxidation of silicon conprising: (a) a pad oxide; (b) a

silicon nitride |ayer over said pad oxide; (c) an opening in said second
silicon nitride layer; and (f) a silicon nitride foot connected to said

silicon nitride1 YR, alﬁpg ih periphery and at the base of said
opening, said si i'con nreiP FECRsHE whereit: saifl f3yig Ot SHFEPEBBCHAGS t hi nni ng away

fromsaid base t@é@@égnsabout ‘go and 150 nm. thick.

12. The method of claim 8 wherein said layer of spacer material is

selected from the group consisting of polysilicon and silicon oxide.

13. The method of claim 8 wherein said anisofropic etching technique is
reactive ion etching under conditions which provide an etch rate ratio of

spacer material to silicon nitride of 3:1 or thereabout.

14. The method of claim 8 wherein said local oxide isolation region is

between about 300 and 500 nm. thick.

15. An oxidation mask for the local oxidation of silicon comprising:

{a) apad oxide;

{b)  a silicon nitride layer over said pad oxide;

(¢}  anopening in said second silicon nitride layer; and

(f) a silicon nitride foot connected to said silicon nitride layer along the
periphery and at the base of said opening, said silicon nitride foot

being tapered, and thinning away from said base towards said N

opening.



openi ng. - 26 - 16. The
oxi dation mask of claim 15 wherein said silicon nitride |layer is between

about 20 and 200 nm thi ck. 17. The oxidation mask of claim15 wherein
sai d oqm" 'ﬁ I :] ﬁﬁﬂmrm about 350 and 600 nm wi de.
0 RRRT I
* c L M S *
- 26 -

16. The oxidation mask of claim 15 wherein said silicon nitride layer is

between about 20 and 200 nm. thick.

17. The oxidation mask of claim 15 wherein said opening is between

about 350 and 600 nm. wide.



