‘Narrow Deep Trench Isolation Process with Trench Filling by Oxidation
Background of Invention 1) Field of the Invention This inventi ONQ'E'WﬂéS
generally to the fabrication of buried |ocalized oxidation of a silg
substrate and nore particularly to the fabrication of an oxi de isolation

| ayer in a narrow trench for a sem conductor device. 2) Description of the
Prior Art The fabrication of an integrated circuit normally begins by

processing the sem conductor substrate to 1di_vi de the surface area into
regi ons where active devices and substrate enbedded i nterconnects are to be
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di oxi de. Though various field oxide formation techni ques have been
devel oped and descri bed, the techni que commonly known as the |ocalized

oxidation of silicon (LOCOS) remgi ns co t herein the sem conductor’
industry. In the practice of LC%?‘%W%&“{'%i ons of the silicon
substrate are nasked by a silicon nitride layer, while the filed oxide
regions are thermally oxidized to forma field dielectric region. Though
fundanmental | y sinple and -2- efficient, the LOCOS process and its

progeny, dhdfieldofitheImgntirnand SWAM t echni ques, exhi bit defici enci es which
reduce yield or performance in the final sem conductor chip

This invention relates generally to the fabrication of buried localized
oxidation of a silicon substrate and more particularly to the fabrication of an oxide isolation

layer in a narrow trench for a semiconductor device.

2) Description of the Prior Art

The fabrication of an integrated circuit normally begins by processing the
semiconductor substrate to divide the surface area into regions where active devices and
substrate embedded interconnects are to be formed, and other regions of dielectric which
electrically separate the active regions. The field oxide dielectric matesial is routinely silicon
dioxide. Though various field oxide formation techniques have been developed and described,
the technique commonly known as the localized oxidation of silicon (LOCOS) remains
common therein the semiconductor industry. In the practice of LOCOS, the active regions of
the silicon substrate are masked by a silicon nitride layer, while the filed oxide regions are

thermally oxidized to form a field dielectric region. Though fundamentally simple and



- product. The nost frequently encountered deficiency in the prior art

techni ques is coomonly known as the bird's beak problem wherein the field
oxi de extends under the masking nitride |ayer to consune sonme of the usable
active area. Additional problens routinely encountered with known field

oxi de formation processes include stress induced dislocations at the edges
of the active regions, and the presence of a relatively non-planar surface
in or adjacent the fully formed field oxide. The non-planar recesses or
notches at the edges of the active regi.ops-often degrade subsequently
formed gate oxide, which can trap conductive | ayer residuals creating short
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routinely |nvoIve relatively conplex or dlnen5|onally critical fabric

sequence or chip
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usually co i ses the steps of etching a trench in a substrate, covering

t he trendﬁg%#¥h a dielectric material and depositing a dielectric materia
(e.g., oxide) to fill the trench followed by the planarization of the
surface of the structure. However, conpared to deposited oxides, thermally
grown oxide has better electrical and nmechani cal properties, intrinsic
charge, density, stabilliemost Gequently encounieresl deficiency indhe priorast teghniques is
requirements for the trench isolation technique

commeonly known as the bird’s beak problem, wherein the field oxide extends under the

masking nitride layer to consume some of the usable active area. Additional problems
routinely encountered with known field oxide formation processes include stress induced
dislocations at tﬁe edges of the active regions, and the presence of a relatively non-planar
surface in or adjacent the fully formed field oxide. The non-planar recesses or notches at the
edges of the active regions often degrade subsequently formed gate oxide, which can trap
conductive layer residuals creating short circuit paths. Solutions to theses problems have
been proposed, but routinely involve relatively complex or dimensionally critical fabrication

sequences which are costly to proactive or degrade the semiconductor chip yield.

Another _isolation-method is the trench isolation method which usually
comprises the steps of etching a trench in a substrate, covering the trench with a dielectric
material and depositing a dielectric material (e.g., oxide) to fill the trench followed by the
planarization of the surface of the structure. However, compared to deposited oxides,
thermally grown oxide has better electrical and mechanical properties, intrinsic charge,

density, stability, etc.



-is the void-free filling of the trenches. This requirenent is difficult to
satisfy with narrow trench approach is applied because of the

non-uni formty of the material deposition on the surface of the wafer and
in the bulk of te trench. The inportance of overcom ng the various
deficiencies noted above is evidenced by the extensive technol ogi cal

devel opnent directed to the subject, as docunented by the rel evant patent
and technical literature. The cl osest and apparently nore rel evant
techni cal devel opnents in the patent |-igserature can be gl eaned by
considering US 5,399,520 (Jang), US 5,229,318 (Stranboni et al.

5,472,906 (Shim zu et.al. an nber
of the techniques Mtﬁ)'&%?%th? Bﬁ&‘s‘?ﬂ‘b‘g&@?g‘%’%@ﬁ% éﬂﬁéb‘%@@%&%@ﬁ?
relatively planar final concluding surfaces, p roaches r utinely
create sisithevoiddredilingpishe tranchenhsThis fﬁ‘ﬁﬁ"@ﬁ&é% cuitie sty VathIggioghs and
form topol ogi es which include notches or grooves of sufficient dinensions
t 0 causetreich gipesaet & applied becausesaiithenod-yniformity &f ¢t reaterizldiepositien e thes s

i nduced di sl ocation are often not even recogni zed, while the notches or
grooves %’Fac@‘?:ﬂh and 8 ithe Kulk Bf {HaSren8M Cr oss-sections of the final
structures. umary of the I'nvention It is an object of the present
i nvention to prow de a nethod for fabricating an isolation oxide |ayer that
fills deep narrow trenches w thout generation of excess stress in

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 glegmed by considering US 5,399,520
(Jang), US 5,229,318 (Stranboni et al.), US 5,472,906 (Shimizu et al.), and US

5,470,783(Chiu et al.).

Though a number of the techniques mitigate the bird’s beak problem and
usually provide relatively planar final concluding surfaces, the approaches routinely create
stress induced dislocations at the edges of the active regions and form topologies which
include notches or grooves of sufficient dimensions to cause the degradation of subsequently
formed gate oxide. The stress induced dislocation are often not even recognized, while the

notches or grooves are most often visible in the SEM cross-sections of the final structures.



‘the trench/device area. It is another object of the present invention to
provide a nethod of filling a narrow trench with thermal oxide using a
spacer automatically that limts the oxide growmh in the trench thereby
reduci ng stress. It is yet another object of the present invention to
provide a nethod of void free filling of a deep trench with thermal oxide
using a two trench etch process and a nitride spacer to reduce stress and
bird' s beak problens. To acconplish the above objectives, the present

i nvention provides.a nethod of narrow trench isolation on a sem conduct or
substrate 10. The nethod conprises forning a pad oxide |ayer 20 over a
sem conduct or substrate 10. A Pum@aryof fh¢jinvenyiar 30 i s fornmed over the pad
oxi de layer 20. The first nitride |ayer 30 and the pad oxide | ayer 20 are
patterned formng a first opening thereby exposing the substrate surface.
The substrate is then etched through the first opening formng a first
trench 40 in the subsltisancobjaef themgesentigventiondo phwide awethod fonfebueatipg A
thin oxide filmb50 is then grown over the substrate in the bottom and
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sidewalls of the first trench and over the thin oxide |aver 40 on the

si dewal | - . A -5- portion of the thin oxide film50 on the
bottom o eﬁ[;leéltcg'@eﬁéﬁ ig' etched. The substrate in the bottomof the first

trench is etched form ng a deeper, second treench 70. The etch exposes
It is another object of the present invention to provide a method of filling a
narrow trench with thermal oxide using a spacer automatically that limits the oxide growth in

the trench thereby reducing stress.

It is yet another object of the present invention to provide a method of
void free filling of a deep trench with thermal .ox_ide using a two trench etch process and a

nitride spacer to reduce stress and bird’s beak problems.

To accomplish the above objectives, the iaresent invention provides a
method of narrow trench isolation on a semiconductor substrate 10. The méthod comprises
forming a pad oxide layer 20 over a semiconductor substrate 10. A first nitride layer 30 is
formed over the pad oxide layer 20. The ﬁfst nitﬁde.layef 30 and the pad oxide layer 20 are
patterned forming a first opening thereby exposing the substrate surface. The substrate is

- then etched through the first opening forming a first trench 40 in the substrate. The ﬁrst
-trench is about as Widé as deei). A thm Qkide, ﬁim 50 is then grown over the substrate in
the bottom and sidewalls of the first trench 40 A nitride spacer 60 is grown over the

sidewalls of the first trench and over the thin oxide laver 40 on the sidewalls of the trench. A



. portions of the substrate on the bottom of the second trench. The expose
substrate surface in the second trench is wet shall ow etched thereby
renoving any ion induced defects. The bottom of the second trench is
oxidized formng a isolating |ayer 80 thereby filling the second trench.
The oxide pushes the spacers up fromthe sidewalls till the ends of the
spacers are together. The spacer reduce the oxidation rate. The sl ow oxide
grow h rate reduces stress by allowing the oxide to flowto relieve stress.
The present invention provides a procegs-for form ng a narrow deep trench

I solation regions using a thermal oxidation. The nitride spacers 60 of the

I nventi op_ s X1 ' ' I |.ng off
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the trench to he nade deeper., The advanfage of the spacers in conbination
with t hebatters afitheduptetrened 1y etehﬁsirfovela&aéfeeze& geqong teeneh ¢f Theatehsxpasesons
deeper isolation and narrower isolation. The deeper isolation has better

el ect ri cpbdrtivhaofihe substtatecon thediottom ofthé sacondijreashd it can isol ate deep

devi ce el enents. The spacer's suppression of the trench oxidation reduces
stress on the trench sidewall. This reduced stress reduces silicon defects
whi ch i ncreases yields. -6- Brief Description of the Draw ngs The

features and advant agEfe éfpose subsiratendtfadedn tiesecot! b ishvegshialiow Rched

thereby removing any ion induced defects. The bott'om of the second trench is oxidized
forming a isolating layer 80 thereby filling the second trench. The oxide pushes the spacers
up from the sidewalls till the ends of the spacers are together. The spacer reduce the
oxidation rate. The slow oxide growth rate reduces stress by allowing the oxide to flow to

relieve stress.

The present invention provides a process for forming a narrow deep trench
isolation regions using a thermal oxidation. The nitride spacers 60 of the invention stop the
oxidation of the substrate in the trench by blocking off the oxygen diffusion path. The
unique second trench of the invention allows the trench to be made deeper. The advantage of
the spacers in combination with the second deeper 70 trench (compared to a one etch trench)
allows deeper isolation and narrower isolation. The deeper isolation has better electljf:al

charactesistics (better isolation) and it can isolate deep device elements. The spacer’s
suppression of the trench oxidation reduces stress on the trench sidewall. This reduced stress

reduces silicon defects which increases yields.



- present invention and further details of a process of fabricating such a
sem conduct or device in accordance with the present invention will be nore
clearly understood fromthe foll ow ng description taken in conjunction with
t he acconpanyi ng drawings in which |like reference nuneral s designate
simlar or corresponding elenents, regions and portions and in which:
Figures 1A, 2A, 3A 4A, 5A, and 6A are cross sectional views for
illustrating a method for manufacturing formng a narrow trench isolation
according to the present invention. Figures 1B, 2B, 3B, 4B, and 6B explain
the method for manufacturing fornming a rfarrow trench isolation according to
the present invention. Figures 7A, 7B, 7C and 7D are cross sectional
profiles for a trench isolation regions formed using a process of direct

oxi dation. Figures 8A, 8C, and 8E show cross sectional diagranms of the
Stress conponents for a deep trench isolation oxide fornmed using the,

process of the present invenggﬁppeﬁrgu{@ﬁm,@mﬁ@mg% a legend for Figures
8A - 8F. -7- Figures 8B, 8D and 8F show cross sectional diagrans of the

Stress conponents for a trench isolation oxide formed using a direct
oxi dation process. Figure 8A contains a |l egend for Figures 8A - 8F.

Detailed Description gk g, RLghe 53&8&5@@% el shductor device according to the
present invention and further details of a process of fabricating sucﬁ a semiconductor device
in accordance with the present invention will be more clearly understood from the fﬁllowin_g
description taken in conjuncﬁon with the accompanying drawings in which like reference

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

Figures 1A, 2A,'3A, 4A, 5A, and 6A are cross sectional views for
illustrating a method for manufacturing forming a narrow trench isolation according to the

present invention.

Figures 1B, 2B, 3B, 4B, and 6B explain the method for manufactunng '

forming a narrow trench isolation according to the present invention.

Figures 7A, 7B, 7C and 7D are cross sectional profiles for a trench

isolation regions formed using a process of direct oxidation.

‘Figures 8A, 8C, and 8E show cross sectional diagrams of the Stress
components for a deep trench isolation oxide formed using the process of the preseni

invention. Figure 8A contains a legend for Figures 8A - 8F.



. 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
deep narrow trench isolation 80C on a sem conductor substrate 10. The

met hod begins by formng a pad | ayer 20 over a sem conductor substrate 10
as shown in figure 1A. The pad | ayer 20 can conprise an oxide |ayer or a
conbi nation of polysilicon and oxide |ayers, such as a bottom oxide | ayer
with an overlying polysilicon |ayer. Qther conbinations of pad |ayers are
possi bl e such as, ox - poly- ox., etc. Preferably the pad | ayer is conposed
of oxide ( e.g., pad oxide |ayer). The pad’dkrde | ayer 20 preferably is

conposed of silicon oxi LN | ' -0f bet bout 150
and 600 A. The pad oxid§§V€§§P gggﬁégf ?%g@gﬁgﬁﬁﬁgﬁ ¥ﬁ§?%§?

oxi dation process. Still referrlng to f| re 1A, a first, oxidation barrier
layer (e. gcomponentsdfor a spach isolatignpxidef qr@eéj using @ diseetroxidation PROGESS. egura§ér
20. The first oxidation barrier |layer can be conposed of any nateri al

conbi nat i ocomtbinsrategend for Riguaes 8Ac8Fs oxygen di ffusion, such as silicon
nitride or oxynitride. The first barrier layer 30 preferably has a

t hi ckness in a range -8- of between about 1000 and 2000 A. The silicon
nitride |ayer 30 can be forned by Feacting silane and ammoni a at
atmospheric pressure at” 700 to 900 C, or by reacting dichlorosilane and
ammoni a at reduced pressure at approximately 700 [err] C. Also, silicon
nitride can be formed by plasma enhance chemi’cal vapor deposition by

reacting silane w th anppgiled Tescription of the Preferred Embodnments

The present invention will be described in detail with reference to the
accompanyhxg drawings. The present invention provides a method of forming a deep narrow

trench isolation 80C on a semiconductor substrate 10.

, The method begins by forming a pad layer 20 over a semiconductor
substrate 10 as shown in figure 1A. The pad layer 20 can comprise an oxide layer or a
combination of polysilicon and oxide layers, such as a bottom oxide layer with an overlying
polysilicon layer. Other combinations of pad layers are possible such as, ox - poly- ox., etc.
Preferably the pad layer is composed of oxide ( e.g., pad oxide layer). The pad oxide layer
20 preferably is composed of silicon oxide having thickness in a range of between about 150

and 600 A. The pad oxide layer is preferably formed using a thermal oxidation process.

Still referring to figure 1A, a first oxidation barrier layer (e.g., nitride
layer ) layer 30 is formed over the pad oxide layér 20. The first oxidation barrier layer can
be composed of any material or combination of materials that blocks oxygen diffusion, such

as silicon nitride or oxynitride. The first batrier layer 30 preferably has a thickness in a range



. nitrogen in a glow discharge between 200 and 350 [err] C. The first nitride
| ayer is preferably formed using a LPCVD process. As shown in figure IA,
the first oxidation barrier (e.g., nitride) layer 30 and the pad | ayer 20
are patterned formng a first opening thereby exposing the substrate
surface. The first opening defines the isolation area 14 where field oxide
wll be formed. The first opening preferably has a wwdth 40A in a range of
bet ween about 0.25 and 0.5 um Figure 1A shows that substrate is then
etched through the first opening forning'ﬁ Tirst trench 40 (shall ow trench)
In the substrate. The first trench has sidewalls and a bottom The first

trench pr efeLaRly 00, OB BeuRa Tyt ecigkta Hotdd byreddi) emm

bet ween about and err own I n

50 is gro over the substrat i.n the bot S IIs ,of

Cr ench 40 Slae AT BeATOpTHesE PEBIE AL HTLFoR0 2o oiereese Pt of
bet ween about 150 and 600 A. As shown in figure 3A, a spacer 60, preferably
conposed ahd aimmonimatnreduded pressursiat appooximately 700 YE. adsb, silicen pitrideccaalbey
conposed of silicon nitride, is grown over the -9- sidewal I's of the

first tre eﬂ:ﬁn Iggm% t he
trench. Tgﬂg]éﬁ onn‘riﬁ/trl %Ecsh%g%demr Ogg‘?ﬂe gfogt?ﬁq séa I ckness |n 5 range
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formed using a LPCVD process.

As shown in figure 1A, the first oxidation barrier (e.g., nitride) layer 30
and the pad layer 20 are patterned forming a first opening thereby exposing the substrate
surface. The first opening defines the isolation area 14 where field oxide will be formed.

The first opening preferably has a width 40A in a range of between about 0.25 and 0.5 um.

Figure 1A shows that substrate is then etched through the first opening
forming a first trench 40 (shallow trench) in the substrate. The first trench has sidewalls and
a bottom. The first trench preferably has a depth 40B from the substrate surface in a range of

between about 0.15 and 0.3 um.

As shown in figure 2A, a thin oxide film 50 is grown over the substrate in
the bottom and sidewalls of the first trench 40. The thin oxide film 50 preferably has.a

thickness in a range of between about 150 and 600 A,

As shown in figure 3A, a spacer 60, preferably composed of silicon nitride

or silicon oxynitride and more preferably composed of silicon nitride, is grown over the



- surface and anisotropically etching the silicon nitride |ayer back thereby
formng the spacer 60. The spacer 60 preferably has a |l ength of about
greater than or equal to 50% of the width the field oxide region and nore
preferably between about 50% and 55% of the width of the field oxide
region. The spacer length is also about equal to the depth of the first
trench is an nore preferably between about 95% and 105% of the depth of the
first trench. Still referring to figure 3A, a portion of the thin oxide
film50 on the bottomof the trench is-@® ehed. The substrate in the bottom
of the first trench is etched formng a deep second trench 70. The etch

exposes ti ons .qf su ra 0 second. n 0.
The. secortoeHa ek tesarurien 3b e fxe b Hin PRk RIHC10 O e atla bt Ebadt
substrate in _a-range of between about 1 and 6 um The second trench is
necessar yThesiiconitiidg spgrer 60 peaterably g%ﬁﬁwl@aswe azange0fibetwees abauti 308 anchi ch
gives (1) better isolation, (2) isolates of deep electric elenents (3) a

narr oner 6@&pAalherspanen6deansefbrined by demsitingtasilicdr nitride hparsiviey the\sabiteate
found that etching a single deep trench, formng a spacer, and thermally
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filled. The spacer on prevents the single rom
filling. 60

The spacer 60 preferably has a length of about greater than or equal to
50% of the width the field oxide region and more preferably between about 50% and 55% of
the width of the field oxide region. The spacer length is also about equal to the depth of the
first trench is an more preferably between about 95% and 105% of the depth of the first

trench.

Still referring to figure 3A, a portion of the thin oxide film 50 on the
bottom of the trench is etched. The substrate in the bottom of the first trench is etched
forming a deep second trench 70. The etch exposes portions of the substrate on the bottom
of the second trench 70. The second trench 70 preferably has a depth from the surface of the

substrate in a range of between about 1 and 6 um.

The second trench is necessary to form a deep isolation (compared to a
shallow isolation) which gives (1) better isolation, (2) isolates of deep electric elements (3) a
narrower isolation can be used to increase the device density. We have found that etching a

single deep trench, forming a spacer, and thermally oxidizing the single deep trench, results



. Subsequently, the exposed substrate surface in the second trench 70 is
preferably wet shall ow etched thereby renoving any ion induced defects. The
wet shall ow etch preferably conprises a HF: HNO err] : Herr]O etch. As
shown in figure 4A, the bottom of the second (deep) trench 70 is oxidized
formng a isolating oxide |layer 80 thereby filling the second trench. The
field oxide |layer 80 preferably has a thickness of the depth of the second
trench 70. The thernal oxidation process is preferably perforned in a wet
environnment at a tenperature in a range efidetween about 950 and 1100
[err]C and nore preferably between about 1000 and 1100 [err] C. It is

critical ; regy O, | | I5) .t he e
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4A, 5A agﬁ, 6A show the stages of the trench oxidation. Figure 4A shows the
initial %&ati on growth. A thin oxide |ayer 80A is formng on the exposed
portions of the trench wall and bottons. Figure 5A shows the isolation

oxi de |l ayer 80B thickening on the sidewalls and bottom of the trench.
Oxygen is diffusing around the silicon nitride spacer 60 and the spacer 60
i s” being slowy Iifte8ubssquamly, hesspesed isybstmate ginrthe seoond tieaclt @Phst i on
of the bird' s beak under the first*silicon nitride |ayer 50 around the

edges of préferablyohet shalld® drehedrthéeby remokvinglang idiiindhwdsiefdes. fihelwetakallipy | ayer
80C near a 3[err] or final stage in the oxidation process. The field oxide

80E has shapRefk-Hiptbfrided 41F : ReOF mfieeause the spacer

As shown in figure 44, the bottom of the second (deep) trench 70 is
oxidized fomﬁng a isolating oxide layer 80 thereby filling the second trench. The field oxide
layer 80 preferably has a thickness of the depth of the second trench 70 . The thermal
oxidation process is preferably performed in a wet environment at a temperature in a range of
between about 950 and 1100 °C and more preferably between about 1000 and 1100 ° C. Itis
critical that the temperature of the oxidation be above the temperature limits of SiQ, viscous

flow, ( e.g., above about 950 °C).

Figures 4A, 5A and 6A show the stages of the trench oxidation, Figure
4A shows the initial oxidation growth. A thin oxide layer 80A is forming on the exposed

portions of the trench wall and bottoms.

Figure SA shows the isolation oxide layer 80B thickening on the sidewalls
and bottom of the trench. Oxygen is diffusing around the silicon nitride spacer 60 and the
spacer 60 is being slowly lifted up. The spacer significantly retards the formation of the

bird’s beak under the first silicon nitride layer 50 around the edges of the field oxide layer 80.



.60 has lifted up thereby cutting off the diffusion of oxygen to the
substrate in the trench 70. The spacer thereby limts the oxide growh in

t he narrow spacer. Additional processes can be used to conpletely fill the
entire trench 40 70. The hottom of the second trench 70 is filled by the
oxi dation process which may under sone circunstance not fill the trench to

the substrate surface. The trench can be conpletely filled with a |ayer
with silicon, or a silicon oxide (e.g., TEOCS). Planarization nay be
required for such a process. Figures 7A ip-7D show cross sectional draw ngs
of a direct oxidation process. A direct oxidation isolation process of a

narrow trench isol at iﬁ%g{e’k s@&ggﬁggle@%r@eﬁgégrﬁggfgﬂrﬂio{ﬁ@%ﬁg‘,ﬁ,@l Zp

trench in a silicon su rate an iz ng -t eep trenc oXI|

grown in the.trench ig, o cont ed b he axygen diffusion through the
Ot i ngovsate prages e Held Gada §i e stqbbed Bfotid HEhe ieetfecofsnsB Soter

| ayer thicknesses of the direct oxidation 100A (Figure 7A) and the

i nvent i 060dagiRed ap thereby sxytingroff the diffusion|of oxygendp the substoate inshiedeengh 30« h
stage, ( See figure 7B -- direct oxidation and figure 5A -- invention) the

oxi de inI%B%pidéyﬁﬁélgﬂinﬁtsﬁh@éﬂﬁégﬁﬁﬁhiitﬁthbhlhﬁaﬁfsph&b?ﬂ in the direct
oxi dation process 100B (w thout thé spacer and second trench). Finally, at

the | ast stages of oxidation of the invention, shown in figure 6A the
nitride spacer 60 has stopped the diffusion,of oxygen to the substrate and

therefore stopped the Qxiidldial AACEEACRADe ubdl WYnipdstbly fMShe entire trench 40
70. The bottom of the second trench 70 is filled by the oxidation process which may under
some circumstance not fill the trench to the substrate surface. The trench can be completely
filled with a layer with silicon, or a silicon oxide (e.g., TEOS). Planarization may be required

for such a process.

Figures 7A to 7D show cross sectional drawings of a direct oxidation
process. A direct oxidation isolation process of a narrow trench isolation in a silicon
substrate comprises forming a deep trench in a silicon substrate and oxidizing the deep
trench. The oxide grown in the trench is only controlled by the oxygen diffusion through the
existing oxide layer 80. After the first stage of oxidation, the oxide layer thicknesses of the

direct oxidation 100A (Figure 7A) and the invention’s 80A (figure 4A) are comparable.

After a second oxide growth stage, ( See figure 7B -- direct oxidation and
| figure SA -- invention) the oxide in the invention’s process 80B is thinner than in the direct
oxidation process 100B (without the spacer and second trench). Finally, at the last stages of
oxidation of the invention, shown in figure 6A, the nitride spacer 60 has stopped the diffusion

of oxygen to the substrate and therefore stopped the oxidation process. In contrast, as



shown in figures 7C and 7D for the direct oxidation process, the oxidation
continues. In the direct oxidation process, the volune expansion fromthe
continued oxi dation 100D creates extrenely high stress on the trench
sidewal I s. This creates defects in the substrate that affect device yields.
In contrast, the invention's slowed oxidation rate gives the viscous oxide
nore time to flowto relieve stress (the oxide flowrate is higher than the
oxidation rate). Figures 8A through 8F illustrate stress analysis of the
(3) components of stress fields in the whgle isolation structure. These
figures show the distribution of the absolute values of Sxx, Syy, and Sxy
conponenighowh ixﬁﬁL%&éssm end¥D for thedireat bxidatiomprioaessothe egidatien capdinues. alinitbes
wer e done by TSUPREEM 4 sinul ation tools and correspond to the state of
oxi dati o 'a?ieaf odiditi h%‘@é&%@ﬁb lusb efmkibn R the Sovtinhied okitibneI00B credies ess
str gy , 8 XX)

Sxy), 8C ess (stress and for the nmethod of direct -

oxidation as s Ln Figure 7 | O,

O ot 0SS oL SREwAl, i B Sl POy lrer
| evel of .about 5E8 dyne/cnferr] can be co S|,8ered as ,potéﬁntj ally critical
for di sl slevice yieldge do contrash theinyentiongislovwerhoxigatiqnyater siyesdhe MGeAS O eIP¥St s
| ess stress than direct oxidation processes. Conparison of the stress in

t he i nvenimetw Sow sotditveostrdss (theoxide 6w 8@ is Bigherthan thecoxidationrateki dat i on

i solation (figures 8B, 8D and 8F) show that., the volume of isolated silicon

regions with stress 9pgak&/sA fabu finiSiesé siéRabllydis of MR Y3 Yeunijungnts af ger
for the direct oxidati of trench, especially for”Sxx conponent.

Therefore, th t hpd_of, t.he_.i nv ' R Lon with
oo ot r dtiess Hain e mipls s LY PAACHERRS U i GRButaroAbe 10 0
trench isolation regions using §1 t her mal oxi.,dati on. The spacers.of, the

i nvent i orabselyts values of Syt Syamand Sxy components of stress tensor in the active isolated

regions. Calculations were done by TSUPREEM 4 simulation tools and correspond to the
state of oxidation for the invention as shown in Figure 6A (for figures 8A (Stress Sxy), 8C
(stress Syy), 8E (stress Sxx) and for the method of direct oxidation as shown in Figure 7C |
for (figs 8B (Sxy), 8D (Syy), and 8F (Sxx)). Figure 8A contains a legend applicable to
Figures 8A-8F. |
A stress level of about SE8 dyne/cm® can be considered as potentially
critical for dislocation generation in silicon. The trench of the invention creates less stress
than direct oxidation processes. Comparison of the stress in the invention’s isolation (figures
8A, 8C, 8E) and the direct oxidation isolation (figures 8B, 8D and 8F) show that the volume
of isolated silicon regions with stress greater than SE8 dynes/cm’ is considerably larger for
the direct oxidation of trench, especially for Sxx component. Therefore, the method of the
| invention produces deep trench isolation with less stress.
The invention provides a process for forming a narrow deep trench

isolation regions using a thermal oxidation. The spacers of the invention stop the oxidation



.- 13 - of the substrate in the trench by bl ocking off the oxygen diffusion
path. The uni que deep second trench 70 of the invention allows the trench
to be nade deeper and allows the spacer to function to a self regulate the
~oxidation rate. The spacer's suppression of the trench oxidation reduces
stress on the trench sidewall. The sl owed oxidation rate allows the viscous
oxide to flow thereby reducing stress. This reduced stress reduces silicon
defects which increases yields. The invention has the conbination of the
(1) nitride spacers 60 and (2) second tremgh etch, that nmake it possible to
form deep and narrow i solation with dense filling of deep trench isolation
usi ng a ofithesubstratd ichatrenghrbyhlockingheff theroxygenidiffusios patihhiThe utiqué deepnt i on
has been particularly shown and described with reference to the preferred

enbodi Megdednd BRAGPTO of the Mvehtitifallvwiahé trefsh (BYbelthitResfdr!ahe dllbws EH&%Pﬁéér t hat

various changes in formand details nmay be made wi thout departing fromthe
Fobri cat RREROLter s eBETRE baHation el fhesmeR s agspeion ShiTE bisseh
oxidation reduces stress on the trench sidewall. The slowed oxidation rate allows the viscous
oxide to flow thereby reducing stress. This reduced stress reduces silicon defects which
increases yields. The invention has the combination ;)f the (1) nitride spacers 60 and (2)

second trench etch, that make it possible to form deep and narrow isolation with dense filling

of deep trench isolation using a thermal oxide and prevent the stress defects.

While the invention has been particularly shown and described with
reference to the preferred e_mbodiments 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.



: subSﬁ‘at—e,—mﬁpT‘i@i___fng he steps of: a) formng a pad | ayer over a

sem c f nat e, b) formng a first barrier |ayer over said pad
Iayer@'mgﬂm#@ﬂﬁgﬁﬂilm said first barrier layer and said pad |ayer form ng
afir i'My, &) = etching said substrate through said first opening
formng a first trench in said substrate; said first trench having

sidewal | s and a bottom e) growing a thin oxide filmover said substrate
in said bottomand sidewalls of said first trench; f) forming a nitride
spacer over said sidewalls of said first-tjygench and over said thin oxide

| ayer on said sidewalls of said trench; g) etching a portion of said
thin oxide filmon said bottomof said trench and etching said substrate in
sai d bottomgfgsaid first trench formng a deep second trench, the etch
exposi ng portions of said substrate on the bottom of said second trench;
and h) loxi diA methodrdf fitwication of a saraw deapdrench isolationf an abengicenductdrd -oxi de

| ayer thereby at least partially filling said second trench. -15 - 2.

The et hod @fibsttabd, Rotpyiking thef ségshfs i ncludes filling said second trench
wth a

=

a) ' forming a pad layer overa sgmi(.:onductor substrate;

b)  forming a first barrier layer over said pad layer;

c¢) patterning said first barrier layer and said pad layer forming a first
operﬁng;

d)  etching said substrate through said first opening forming a first trench in
said substrate; said first trench having sidewalls and a bottom;

e)  growing a thin oxide film over said substrate in said bottom and
sidewalls of said first trench;

f) forming a nitride spacer over said sidewalls of said first trench and over
said thin oxide layer on said sidewalls of said trench;

g)  etching a portion of said thin oxide film on said bottom of said trench
and etching said substrate in said bottom of said first trench forming a
deep second trench, the etch exposing portions of said substrate on the
bottom of said second trench; and

h)  oxidizing the bottom of said second trench forming a field oxide layer

thereby at least partially ﬁllmg said second trench.



planarizing layer to at |least the level of the substrate surface and

pl anari ZTng—sm—d—MWMQ | ayer. 3. The nmethod of claim 1l wherein
said pad S|I|con oxi de having thickness in a range of

bet ween 4@ ml i@mgm The met hod of claim 1l wherein said first
barrier of n|tr|de and has a thickness in a range of

bet ween about 1000 and 2000 A. 5. The nethod of claim1 wherein said
first opening having width in a range -ofshetween about 0.25 and 0.5 [err]m
6. The met hod of claim 1l wherein said first trench has a depth fromthe
substrate surface in a range of between about 0.15 and 0.3 [err]m 7.

The net pmd of Tiwd méthiod ofbigine il vhchi firthériinclodes dilting) daid seesndatréduhokittess in a
range of between about 150 and 600 A. 8. The nethod of claim1 wherein
said nitri surBEYRSN and 600 A
- 16 - ﬁ&afli ﬁ@eﬂgﬁa@?&mﬁ%ﬁ%?@ﬁmﬁ. d secong trer:g Qﬁgs a -depth
fromthe Sl.fl’faC.e (?f said substrate in a range of between about 1.0 and 6.0
[err]m 1PRIACERE M hod of claim 1 which further includes after step (g),
l'iquid shal | ow etching the exposed substrate surface in said second trench
t hereby renoving any ion induced

-

3. The method of'claim 1 wherein said pad layer composed of silicon oxide having

thickness in a range of between about 150 and 600 A.

4. The method of claim 1 wherein said first barrier layer is composed of nitride and has

a thickness in a range of between about 1000 and 2000 A.

5. The inethod of claim 1 wherein said first opening having width in a range of between

about 0.25 and 0.5 pm.

6. The method of claim 1 wherein said first trench has a depth from the substrate surface

in a range of between about 0.15 and 0.3 pm.

7. The method of claim 1 wherein said thin oxide film has a thickness in a range of

between about 150 and 600 A.

8. The method of claim 1 wherein said nitride spacer has a width in a range of between

about. 300 and 600 A,



def ects—11. A n“th ¢-of fabrication of a narrow deep trench isolation on
a sem conduct or conprising the steps of: a) formng a pad

oXi dedumum giiconductor substrate; b) forming a first barrier
nitridet 0 pad oxide |ayer; c) patterning said first barrier
nitride | ayer and sal d pad oxide layer formng a first opening; d)

etching said substrate through said first opening formng a first trench in
said substrate; said first trench having sidewalls and a bottom e)

growi ng a thin oxide fi | mover said subsierate in said bottom and sidewalls

of said first trench; formn a nitride spacer over said sidewalls of
said fir§t tra‘dnchmhmd lawhemsmdcmmtr hagpp depth from thewsurfeee of sai d
trench; - 17 - 9) etching a portion of saldthin oxide filmon said

bot t om of %ﬁh%&&ﬁ%ﬁaﬁ o E4fBERETB0G: 300EId'60 And.n Sai d bottom of said
Cc

first tren formng a seCond trench, the etch exposing portions of said
substrate on the bottom of said second trench; said second trench has a
depth fromthe surface of said substrate in a range of between about 1.0

and 6.0 [18r7] BpeMbhod of claim 1 which further includes after step (g), liquid shallow etching
the exposed substrate surface in said second trench thereby removing any ion induced

defects.

11. A method of fabrication of a narrow deep trench isolation on a semiconductor

substrate, comprising the steps of :

a) forming a pad oxide layer over a semiconductor substrate;

b)  forming a first barrier nitride layer over said pad oxide layer;

c) patterning said first barrier nitride layer and said pad oxide layer forming
a first opening;

d)  etching said substrate through said first opening forming a first trench in
said substrate; said first trench having sidewalls and a bottom;

e)  growing a thin oxide film over said substrate in said bottom and_
sidewalls of said first trench;

f)  forming a nitride spacer ov‘er said sidewalls of said first trench and over

said thin oxide layer on said sidewalls of said trench;



h) oxi di zing the bottom of said second trench form ng an isolation oxide
| ayer there ally filling said second trench. 12. The

net hod of chmmummmﬂr l" her includes filling said second trench with
an planarizirfg Faykr %o %t *l east the | evel of the substrate surface and

pl anari zing said planarizing |ayer. 13. The nethod of claim 11 wherein
said pad oxide layer is conposed of silicon oxide having thickness in a

range of between about 150 and 600 A. 14. .. The method of claim 11l wherein
said first barrier nitride |ayer is conpoSed of nitride and has a thickness

in a range of between about 1000 and_ 20 t hod of.,cl aim 11
wherein said first @penﬁ@lfﬁé&m@ﬂﬁfﬁqﬂ&m%éﬁﬁmo ettomof sgid gresgh 5 g
0.5 [err]m - 18 - 16. The nethod of claim1l vvherein said first

trench has a depth fr osdtduchimgiduid substrateim said bottomaf said fiest dfentleforming about
0.15 and 0.3 [err]m 17. The nethod of claim 11 wherein said thin oxide

filmhas a thickness | fofnd BG%8, e ot epting Boitiond BEsaiShis@edn thébottorihe

met hod of claim 11l wherein sald nitride spacer has a width in a range of

bet ween about 300 and 6 0 o e

i ncl udes after st ep ( ﬁe&gﬁ%ﬁgﬁé g@%é@%ﬁﬁgﬁ&lﬁﬁhﬂﬂ%é&h%ﬁtﬂegﬁég({f
said substrate in a range of between about 1.0 and 6.0 pm; and

h)  oxidizing the bottom of said second trench forming an isolation oxide

layer thereby at least partially filling said second trench. ~

12.  The method of claim 11 which further includes filling said second trench with an

planarizing layer to at least the level of the substrate surface and planarizing said

planarizing layer.

13.  The method of claim 11 wherein said pad oxide layer is composed of silicon oxide

having thickness in a range of between about 150 and 600 A.

14.  The method of claim 11 wherein said first barrier nitride layer is composed of nitride

and has a thickness in a range of between about 1000 and 2000 A.

' 15.  The method of claim 11 wherein said first opening has width in a range of between

about 0.25 and 0.5 pm.



t he_exposed-substrate—surface in said second trench thereby renoving any

i

- 18 ~
16.  The method of claim 11 wherein said first trench has a depth from the substrate

surface in a range of between about 0.15 and 0.3 um

17.  The method of claim 11 wherein said thin oxide film has a thickness in a range of

between about 150 and 600 A.

18.  The method of claim 11 wherein said nitride spacer has a width in a range of

between about 300 and 600 A.

19.  The method of claim 11 which further includes after step ( g), liquid shallow etching
the exposed substrate surface in said second trench thereby removing any ion induced

defects.



