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*200 00 0 52 9 - 8 AN | MPROVED METHOD TO FORM SHALLOW TRENCH | SOLATI ON
STRUCTURES BACKGROUND OF THE | NVENTI'ON:i(1) Field of the Invention The
ifivention relates to a nethod of fabricating sem conductor structures, and

.hore particularly, to the formation of shallow trench isolation structures
inintegrated circuit devices. (2) Description of the Prior Art Shall ow
trench isolation (STlI) is a compplyrpeed technique for formng electrical

i solation structures_in | ' [ | R ACLALEE | structures are
smal | er tMEAMEPRRYED Séaﬁ}"l J&ﬂg‘ﬁﬁ{ g&%q'ogxﬁllggw (I)ér?ié qs%i %'tlk(iljg}"lu %-OCOS) and are
~therefore better suited for nodern ULSI circuits. The fornmation of the

is[‘a: 'SO}N t rﬁﬂﬁé‘tﬁé%té? i ng"ROLA M oW X derfth b %1§1T.‘LoRr9£§§éhe§p§Pi fically,
nportant that the STI trenches be forned at a consistent depth
across theyi of £OESH eflnfderaiel ofRAAT 1 AL F U8 ¢aVohet! BePEUL Cs
achieved..A silicon substrate is provided. A buffer layer
is deposited overlying the silicon substrate. An etching’
endpoint layer is déeposited overlying the buffer layer. A
silicon layer is deposited layer overlying the etching
-endpoint layer. A photoresist layer is coated overlying
‘the silicop layer. The photoresist layer is developed
wherein the photoresiSt_layer is removed where the trenches.
are planned. The silicon layer, the‘etching endpeint
layer, and the buffer layer are etched through to expose
the fop surface of the silicon substrate. The silicon
layer and the silicon substrate layer are etched until the
top sufface of the etching endpoint layer is exposed, and.
the trenches are thereby formed. The integrated circuit

device is completed.

(FIGURE 2 IS SUGGESTED FOR PUBLICATION)
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"Achi eving uni form process capability for the STI structures is especially
difficult at CMOS process technologies of l'ess than 0.25 mcrons. This is
because different devices may exhibit very different densities of STI
sstructures. This effect is called reticle transm.ssion (RT). Reticle
transm ssjon is sinply the open area in the reticle divided by the closed
_areatexpressed in percentage. RT desgfg bes the percentage of |ight that

M ll, be transmitted through the reti If the RT percentage is very
di fferent between two devices, the silicon etching rate of the reactive ion
etching (RIE) process wll also be different for these devices. In such
ci rcunst ances, either the trench etch process nmust be specifically tuned
for each device or the process specifications nmust be unduly | arge.
Referring to Fig. 1, a cross-section of a partially conpleted prior art STI-
structure is shown. A trench has : :
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been etched in a silicon substrate 10. ‘Overlying the substrate 10 are a pad
oxide layer 14 and a silicon nitride hard mask |ayer 18. A R E etch has
been perforned to create the trench using the hard nask | ayer 18 as a mask.
Note that the aspect ratio of the overall trench is defined 2 by the
depth L3 divided by the wwdth L2. Note additionally that the depth of the
trench et¢hed into the silicon subst e 10 is L1. It should be clear that,
as the trench is etched into the sub ate 10, the aspect ratio is )
increasing. In RIE etching, as the aspect ratio increases, the etch rate

w || be changed due to microl oading effects. This makes controlling the
final trench depth L1 nore-difficult, especially since there is no etch
endpoi nt detection nmechanism In addition, the etch rate is also affected
by factors such as RT and the cleanliness of the etch chanber.
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tbnsequently, the final depth L1 for a given STl structure can vary greatly
fromdevice to device and from production lot to production lot. Finally,
because silicon nitride 18 is used as a hard mask for the etch, sone
nitrogen is released into the chanber. This nitrogen is deposited in the
polymer filmthat forns on the inside surfaces of the trench during the
etch. " Renoval of the polyner filmduriggdthe subsequent cleaning operation
is made difficult by the presence of this nitrogen inclusion. Several prior
art approaches attenpt to inprove the manufacturing nethod for formng
trenches in the silicon 3 substrate. U S. Patent 5,814,547 to Chang
teaches a process for dry etching both shallow and deep trenches

simul taneously. A hard mask of silicon dioxi ypver a | ayer of silicon
nitride ove f silicon dioxide i g used. U.S. Patent 5,776,808 to
Mil | er et di scl oses a o :S:‘_‘ 38
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, ‘Sxii: : ' Pos7s topy! '
1 process to formtrenches for capacitors where a TE - [ as .l he :
hard mask for the etch. The TECS is then etched avvacﬁ.bare@)oaﬁ ﬁ?ﬁgsl'yi&g
~§Polysilicon | ayer as an etching stop. U"'S. Patent 5,696,021 t'a” Chan et al
.Y eaches a process to formisolation structures with side trenctee-.Jmlwr
t

of Si[err]Nerr] over a polysilicon layer is used as a hard nmask for

t.rench etch. SUNMARMIBOVEIEMENNEDTTONGR ISHALLOW TRBRER! ISOLATEON! esent
invention is to provide an effective and very manufactur-abl e net hod of
fabricating trenches in the silicomrgthgigate in the manufacture of
integrated circuits. A further object of the present invention is to

provi de an inproved nethod to fabricate shallow trench isolation structures
in an integrated circuit device. 4. A still further object of the present

invention is to-  BACKGROUND OF THE INVENTION

(1) Field of the Invehtion

The invention relates to a method of fabricating
semiconductor structures, and more particularly, to the
formation of shallow trench isolation strucﬁures in

integrated circuit devices.
(2) Description of the Prior Art

.Shallow trench isolation (STI) is a commonly used
technique for forming electrical isolation structures in_
integrated circuit manufactu;e. STI structures are'émaller
than the traditional local oxidation of silicon (LOCOS) and

are therefore better suited for modern ULSI circuits.

The formation of the shallow trench ié thé most
" important part of tﬁe STI processi Specifically, it is
important that the STI trenches be formed at a consistent
depth across the integrated circuit wafer and from device

to device.



brovide an inproved nethod to fabricate shallow trench isolation structures
in an |ntegrated circuit device that are less sensitive to variation in
trénch 'etch raje. Another still further object of the present invention is
%to provide an 1 nproved nethod to fabricate shallow trench isolation
structures in an integrated circuit device that mnimzes reticle

transm ssion depgnrddamge unkBodnCcorsedsre capbbilbeyobpecisee ETI hi s invention,
a new net hod of fabricating trenches in the silicon substrate has been

achi eved. sA-gdt i isUksbeaig1iy @iomiciad af tubéesroeysmy is forned
overlying the substrate. An etching endpoint |ayer is deposited overlying

the buffefebysiogsSidsi 3aBs! 8ieA O 231eReTohed OYRIS Vifibdduhst chi ng
endpoi nt [ayer. A photoresist layer is applied overlying the silicon |ayer.

The phot Oaffféﬁed@mvﬂc%sdﬁwl eReth ANG, 1§ TN @dakBn & @&Ss iR dehe trenches
are planned. The silicon layer, etching endpoint |ayer, and buffer |ayer

are et chegpi hrough f1Q £XPeRgst Beréop féJrJaqquOEewsléléf&%m%&s;nr ate. The
silicon layer and silicon substrate-are anlsotroplca |y etched, stopping
when the Rﬁ?)?L”ﬁé¥¥Eﬁg transmission is simply the open area in the

reticle divided by the closed area expréssed iﬁ percentage.

RT describes the percentage of light that will be

transmitted through the reticle.

If the RT percentage is very different between twd
- devices, the.silicon etching rate of the reactive ion
etching (RIE) process will also be differeht for these
devices. 1In sucﬁ circumstances, either the trench etch
proceés must be specifically tuned for each deviqe or_fhé

process specifications must be unduly large.

Referring to Fig. 1, a cross-section of a partially
completed prior art STI structure is shown. .A trench haé
been etched in a silicon substrate 10. Overlyihg the
substrate 10 are a pad oxide layer 14 and a silicon nitride
hard mask layer 18. A RIE etch'has been performed to “
create the trench using the hard mask Layer 18 as a mask.

Note that the aspéct ratio of'the overall trench is defined



“5 the etching endpoint |ayer is exposed, and thereby form ng the
trenches. An isolator layer is deposited overlying the etching endpoint
1ayer and filling the trenches. The isolator |ayer is polished down to the
ttop surface of the etching endpoint |ayer. The etching endpoint [ayer is
etched away to conplete the shallow trench isolation structures, and the

i nt egr at egl; &b WidptheL3Ccaivsd6@ ) aftrd wiBRhER2 DESGHéDHCQ\it%nEmE DRAW NGS

In the acconpanying drawi ngs formng a naterial part of this descrlptlon

. there is shawindidepth sehenBtifaldly dddhdat KatESthd SIOsHsection a
partially conpleted prlor art shallow trench isolation in an integrated

circuit deyi&i&atld 49 i through 9 schematically illustrate in cross-
~sectional representation a preferred enbodi ment of the present invention.

It should be clear that, as the treneh is etched into

the substrate 10, the aspect ratio is increasing. In RIE

: etching; as the aspect ratio iﬁcreases, the etch_rate will
be changed due to microloading effects. This makes
controlling the final french depth L1 more difficult,
especially since there is no etch endpoint detection
mechanism. 1In additioﬁ, the etch rate is also affected by
factors such as RT aﬁd-the cleanliness of the etch chamber.
Consequently, the final depth L1 for a given STI structure
can vafy greatly from device to device and from production
lot to production lot. Finally, because silicon nitride 18
is used és eehard mask for the etch, some nitrogen is
released into the chamber. This nitrogen is deposited in
the polymer film that forms on the inside surfaces of the
trench during the etch. Removal of the polymer film during
the subsequeﬁt cleaning eperation is made difficult by the

presence of this nitrogen inclusion.

Several prior art approaches attempt to improve the

manufacturing method for forming trenches -in the silicon



G DESCRI PTI'ON OF THE PREFERRED EMBCDI MENTS Referring now nore
particylarly to Fig. 2, there is illustrated a cross section of a partially
conpleted shallom/trench isolation in an integrated circuit device. Silicon
substrate 30 is preferably conposed of nonocrystalline silicon. A thin
buffer layer 34 is formed overlying the substrate 30. The buffer layer is
pr ef er ablspbsarpased Uf Ssi Pavent di,iddE4Thab ¢Bamgtﬁ§athéspa3|ted or
thermally grown. The purpose of the buffer layer 34 is to i nprove the

adhesi on g¥foddss Fdas agyestchayensotho shaglsur fng edadp tienstlest rate 30 and to
reduce the surface stress. In the preferred enbodi ment, the silicon dioxide

i s fornmediiidankicnlsn§ss Af hdbed Wesyk dFokh 1580 ANGSd K B g 200 Angstrons.
An etching endpoint |ayer 38 is deposited overlying the buffer |ayer 34.
The et ching,8N&F0isit ikayehiBBidé over a layer of silicon dioxide is

used. U.S. Patent 5,776,808 to Muller et al discloses a

process to form trenches for capacitors where a TEOS layer

is used as the hard mask for the etch. The TEOS is then

etched away using an underlying polysilicon layei as an

etching stop.. U.S. Patent 5,696,021 to Chan et al teaches

a process to form isolation structures with side trenches.

A layer of Si3N4 over a polysilicon layer is used as a hard

" mask for the trench etch.

- SUMMARY OF THE INVENTION

A principal objéct of the present invertion is to
provide an effective and very manufacturable method of
fabricating trenches in the silicon substrate in the

manufacture of integrated circuits.

A further objeét of the present invention is to
provide an improved method to fabricate shallow trench

isolation structures in an integrated circuit device.



“preferably conposed of silicon nitride deposited by | ow pressure chemnica
vapor deposition (LPCVD) to a thickness of between about 500 Angstroms and
3500 - Angstrons The purpose of the endpoint layer 38 is to facilitate the
zendpoi nt detection in the subsequent RIE trench etch and to 7 ‘serve as a
stop layer for the subsequent chem cal nechani cal polish process. A silicon
| ayer 42 is deposited overlying the etching endpoint |ayer 38. The silicon
| ayer 42 may be conposed of either polysilicon or anorphous silicon. The

- thickness of thestill curthayesbidet Sofrtliapakbant {enéntrowfid ke present
invention. As will be explained below, the silicon thickness directly

controls dﬁf@vp&@téh OfmgridRreBURELhEd et d I BB L.catReshhli&P Nt f&ye 42 may be
deposited by either | ow pressure chem cal vapor deposition (LPCVD) or by
pl asma- enpasLeeh SMedl RRlcu@BOE nd8ROShEd b ddVih rch Nt t 88vice that

are less sensitive to variation in trench etch rate.

Another still further object of the present invention
is to provide an‘improved method to fabricate shallow
-trench. isolation structures in an integrated circuit device -

that minimizes reticle transmission dependence.

In accordance with the objects of_this invention, a
new methéd of fabricating trenches in the silicqn substrate
has beén achieved. A.silicon substrate is provided. A
buffer layer is formed overlying the substrate. ' An etching

| endpoint léYer_is'deposited overlying the buffer layer. A
silicon layer is deposited overlying the etching endpoint
layer. A photoresist layer is applied overlying the
silicon layer. The photoresist layer is developed and
removed in areas where ﬁhe trenches are planned. The
silicon layer, etching endpoint layer, and buffer layer are
etched through:to expose the top surface of the silicon

substrate. The silicon layer and silicon substrate are

anisotropiéally etched, stopping when the top surface of



preferred enbodi nent, the silicon layer is deposited to a thickness of

bet ween about 1000 Angstrons and 7000 Angstroms. Referring nowto Fig. 3, a
I"ayer " of photoresist 46 is applied overlying the silicon layer 42. The
Photoresi st is conventionally exposed and devel oped to expose the top
surface of the silicon |ayer 42 in areas where the shall ow trench

i sol at i onstlee eetprdmgeeéndBefipt r Lagenavs texplisgd, 4and hthestdbyc divdreygy 42, t he
et ching endpoint |ayer 38, and the buffer |ayer 34, 8 respectively, are
etched thrgnghetetiongsa dRy &50babgr PXapoasd ssdgpesteedherer Iiayy ate not
covered by the photoresist mask 46. The photo resist layer 46 is then

removed, saEdhify Bhdpeiaen1agbingnd Ailhing paeNtrémchde. pricess, the

silicon layer 42 has a thickness prior to the trench etch of L4.
isolator layer is polished down to the top surface of the
etching endpoint layer. The etching endpoint layer is

etched away to complete the shallow trench isolation

structures, and the integrated circuit device is completed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:

Fig. 1 schematically illustrates in cross-section a
partially completed prior art shallow trench isolation in

an integrated circuit device.

Figs. 2 through 9 schematically illustrate in cross-
sectional representation a preferred embodiment of the

present invention.



“The wi dth of each planned trench is L5. The depth of the hard mask f or med
by the stack of the silicon layer 42, the etching endpoint |ayer 38, and
the buffer layer 34 is L6. The aspect ratio prior to the trench etch is
- stherefore L6 divided by L5.. Referring nowto Fig. 5, the silicon substrate
30 is now etched using the silicon |layer, the etching endpoint |ayer, and
the buffer |ayer, 4RESGRIPTION 3F KHEpBRREFERABD EMBORIMENGSnask. As an
exanple, in the preferred enbodi nent, the trenches are etched using a
reactive ion etching (RIE) chemstry of HBr, Cl[err], and Jerr] at a
pressure of about 20 niforr. The trench etch process also etches away the
silicon | ayer He@fei¥himg thmy ertrer pasthicebirlayer M3.i 2,ethbed away such that
t he underlying etching endpoint |layer 38 is 9 exposed, the reactor then
detects endposbraded & heredclsdction of a partially completed

shallow trench isclation in an integrated circuit device.

Silicon substrate 30 is preferably composed of

monocrystalline silicon. A thin buffer layer 34 is formed

overlying the substrate 30. The buffer layer is preferably

composed of silicon dioxide that is either deposited or

thermally grown. The purpose of the buffer layer 34 is to

improve the adhesion of the subSequent layers to the

surface of the substrate 30 and to reduce the surface

stress. In the preferred embodiment, the silicon dioxide

is formed to a thickness of between about 50 Angstroms and

300 Angstroms.

An etching endpoint layer 38 is debosited overlying
the buffer layer 34. The etching endpoint la?er 38 is
pfeferably composed of silicon nitride deposited by low
pressure chemical vapor.deposition (LPCVD) to a thickness
of.between about 500 Ahgstrbms'and 3500 Angstroms. The
purpose of the'éndpoint layer 38 is to facilitafe the

endpoint détectionjin.the subsequent RIE trench etch and to



st opped. The special. features of the present invention can now be seen.
First, the dry etch that etches the substrate 30 trenches al so etches the
overlyi'ng silicon layer 42 in the hard mask. Typically, the etch rate for
the silicon 42 and the silicon substrate 30 are very nearly the sane.
Therefore, when the entire silicon layer 42 is etched away, the depth of

t he trenchesvéBasosnetop Mdyiee Fobsthatsudkduertehengaaly the sane as the
pre-etch thickness of the silicon layer 42. Since the etch is stopped when

the etchi RecRAEPEADN pbBYH pIBckegsexposed, the depth of the trenches is
directly controlled %y the thickness of the silicon layer 42. This trench

depth control offers an advantage for the present invention when conpared
to the prior art. Because the depth of the trench depends on the thickness

of the siliconal gyeicdR 148" A2 $sNUEPoS L85 VWAl 'icragt dHe &eﬁﬁbﬁ?etch rate.

~Therefore, factors that influence the silicon etc e In the tfench etch,

oot SpEBR e IRl oldaaetly chapbees dhyeh Calpeebarof dovice

either polysilicon or amorphous silicon. The thickness of
the silicon layer 42 is an important feature of the present
invention. As will be expiained below, the silicon
thickness directly controls the depth of the substrate
trenqh.' The silicon layer 42 may be deposited by either
low pressure chemical vapor deposition (LPCVD) or by

" plasma-enhanced chemical vapor deposition (CVD). In the
preferred embodiment, the silicon layer is{deposited to a

thickness of between about 1000 Angstroms and 7000

Angstrons.

Referring now to Fig. 3, a layer of phétoresist 46 is
applied overlying the silicon layer 42; The photoresist is
conventionally exposed and developed to expose the top
surface of the silicon layer 42 in areas where the shallow

trench isolations are planned.

Referring now to Fig. 4, the silicon layer 42, the

etching endpoint layer 38, and the buffer layer 34,



depths as seen in the prior art. 10 Additionally, note the aspect ratio
(L9 divided by L7) of the trench opening. Since the silicon layer 42 is
etthed down at the sane rate that the substrate 30 is etched, the aspect
vatio of the etch remmins constant during the etch. This causes the etch
rate to |likewi'se remain constant in the substrate 30 and reduces etch

vari at i onrebpeelthiyelbecats eettidhedetttiroathpasitiera tdry etehiing endpoi nt | ayer
38 is exposed, nuch less nitrogen is included in the palyner filmthat

forms insipdedele beqaehcduiidia iheyeheh. ndbetsfaral by ikheeasi er to clean
the polyner fromthe trench before proceeding with subsequent processing.
Ref erring pheWolr@shtisg. m8skaféer the post etch clean, an insul ator |ayer 44
i s .deposited overlying the endpoint layer 38 and filling the shall ow
trench. The insul ator . '

The pﬁoto resist laYef 46 is then reﬁoved, such as by
oxygen ashing. At thié point in the process, the silicon
layer 4? has a thickness prior to“fhe trench etch of L4.
The width of each planned trench is LS. The dep£h of the
hard mask formed by the stack of the silicon.layer 42, ;he
etching endpoint layer 38, and the buffer layer 34 is L6.
‘The aspect ratio.pribflto the trench etch is therefore L6

divided by LS.

:éeferring now to Fig. 5, the silicon substrate 30 is
now etched using the silicon layer, the etching éndpoint
layer,-énd the buffer layer, 42, 38, and 34 respectively,
as a hard mask. As an exampie, in the preferred
embodiment, the trenches are etched using a reactive ion
etching (RIE) chemistry of HBr, Clz, and O; at a pressure of

about 20 mTorr.

The trench'etch process also etches away the silicon
layer 42. When the entire silicon layer 42 is etched away

such that the underlying etching endpoint layer 38 is



:Iayer 44 is preferably conposed of silicon dioxide deposited by chem cal
vapor deposition (CVD). Referring nowto Fig. 7, the device is now
subjected to a conventional chem cal mechanical polish (CW) to polish down
.the excess insulator |ayer 44. The CWP stops at the etching endpoint |ayer
38. Referring to Fig. 8, after the CMP step, a wet or dry etch that is
hi ghl y seesposed tdissinepesernthen déetectE@ndpednt oarenghe ¢4 ridhmi ni ng
etching endpoint |ayer 38. The shallow trench isolation is now conplete.
Ref erri ngstepr@d. 9, processing continues as is conventional in the art to
conplete the integrated circuit device. For exanple, active devices such as
MOSFETs are forned including transistor gates 50 and drai ns and sources 54.
An interlevel dielectric |layer 58 is deposited overlying the active
devi ces. Cont aThe oypuiads featueeshefl. tie meteslenttayaveflios cepasow ed and
etched to provide

be seen. First, the dry etch that etches the substrate 30

trenches also etches the overlying silicon layer 42 in the

hard mask. Typically, the etch rate for the silicon 42 and

the silicon substrate 30 afe very nearly the same.

Therefore, whén the entire silicon layer 42 is etched away,

the depth of the trenches L8 formed in the substrate 30 is

very-nearly the same as the pre-etch thickness of the

silicon layer 42. Since the etch is stopped when the

etching endpoint layer 38 is exposed, the depth of the

trenches iS'direCtly controlled by the thickness of the

siliéon layer 42. This trench depth control offers an.

advantage for the present invention when compared to the

" prior art. Because the depth of the trench depends on the

thickness of the silicon layer 42, there is much less

variation due to the etch rate. Therefore, factors that

influence the silicon etch rate in the trench etch, such as

RT and cleanliness of the etch chamber, do hot cause large

device to device or lot to lot variations in the trench

depths as seen in the prior art.

10



*connective traces. A passivation |ayer 66 of plasma enhanced CVD nitride is
deposited overlying the netal layer 62 and the interlevel dielectric |ayer
58 to conplete the integrated circuit device. As shown in the preferred
£nmbodi ment, the present invention provides a very manufacturabl e process
for fabricating the shallow trench isolation structures in the manufacture
of integrated Bddttienalllyy, notwhithe abpedthveritiiconlBagilbeédadpaytieul arly
shown and described with reference to the preferred enbodi nents thereof, it
wi Il be usfletbéobrehgh tdmseingki | Bédcenthdesidritconhatyear 4dusschanges in form
and details may be made without departing fromthe spirit and scope of the
I nventi onetdéBed down at the same rate that the substrate 30 is

etched, the aspect ratio of the etch remains constant

during the etch. This causes the etch raﬁe to likewise

remain constant in the substrate 30 and reduces etch

variation. Finally, because the etch stops when the

etching endpoint layer 38 is exposed, much less nitrogen is

included in the polymer fi;m that forms inside the trench

during the etch. Therefore it is easier to clean the

polymer from the trench before proceeding with subsequent

processing.

ﬁéferring now to Fig. 6, after the post etch clean, an
insulator layer 44 is depoéited overlying the endpoint
| layer 38 and filling the shallow trench. The insulator
layer 44 is preferably composed of silicon dioxide

deposited by chemical vapor deposition (CVD).

Referring now to Fig.'?, the device is now subjected
to a conventional chemical mechanical polish (CMP) to
polish down the excess insulator layer 44. The CMP stops.

at the etching endpoint layer 38.

H



"CLAIMS 1. A nethod of formng silicon substrate trenches in an integrated
circuit device conprising: providing a silicon substrate; formng a buffer
| ayer overlying said silicon 5 substrate; depositing an etching endpoi nt
sl ayer overlying said buffer |ayer; depositing a silicon |ayer overlying

sai d etching epdpoint_|ayer,;, 10 cqQating a, photoresjst |ayer
overlying sai de%???%Jorhg ﬁ%l\%/es‘ﬁg'egpogffﬁﬁrs S C[B'%olsﬁregsi tWehyYRF ¥ actinic

| i ght and develoging saj photgreslst | ayer. wherein said photoresist |ayer

i s renoveBt@RetBetatd }Hﬁh]c\’he? £FEIYS B ahidd@onendfiraget H¥ough said silicon

| ayer, said etching endpoint |ayer, and said buffer |ayer to expose the
employed to remove the remaining etching endpoint layer 38.

The shallow trench isolation is now complete.

Referring'to Fig. 9, processing continues as is

conventional in the art to complete the integrated circuit
'device.. For example, active devices such as MOSFETs are
formed including transistor gates 50 and drains.and sources"
54. An interlevel dielectric layer 58 is deposited
overiying the active deVices. antact openings are etched.
A metal layer 62 is deposiﬁed and etched to provide
connective éraces. A passivation layer 66 of plasma
enhanced CVD nitride is deposited overlying the metal layer
62 and the interlevel dielectric layer 58 to complete ﬁhé

integrated circuit device.

As shown in the preferred embodiment, the present
invention provides a very manufacturable process for
. fabricating the shallow trench isolation structures in the

manufacture of integrated circuits.

12



“top surface of said silicon substrate; etching said silicon |layer and said
silicon 20 substrate layer until the top surface of said etching endpoint
1ayer is exposed and thereby form ng said trenches; and conpleting said .

.integrated circuit device. 2. The nmethod according to Claim1 wherein
said buffer layer is conposed of silicon dioxide. 3. The nmethod accordi ng-
to daimil whéfike stial inviehsionahes beeniqrodiitadardyashdwekareds of bet ween
about 50 Angstrons and 300 Angstroms. 4. The nmethod according to Claim1l
wher ei n sdéesichibédrwitdy erefiegenber tul tlye grrmiredreda embodkmestss of bet ween
about 50 Angstrons and 300 Angstrons. 5. The method according to Claiml
wher ei'n sahéredfhi hig wildpdientundayetood spnprasad s¢filgeli cantké tatele. 6. The
met hod according to Claim1l wherein said

that various changes in form and details may be made

without departing from the spirit and scope of. the

invention.

13



‘et ching endpoint |ayer is deposited'to a thickness of between about 500
Angstrons and 3500 Angstrons. 7. The nethod according to Claim1 wherein
saird silicon |ayer conprises polysilicon deposited to a thickness of
bet ween about 1000 Angstroms and 7000 Angstrons. 15 8. The met hod
according to C o444 wherein said silicon |ayer conprises anorphous silicon
deposited to alt.hi&kmegpdiohdommingadblicdk0@MbAtgsteokseante¥ 000
Angstroms. 9. A method of form ng shallow trench isolation structures in a
silicon substr aire integratatiegi at it deavidet cdaprieimpnpri sing: providing a
silicon substrate; 5 - depositing a buffer |ayer overlying said
silicon substrate; providing a silicon substrate; '
forming a buffer layer overlying said silicon
5 substrate;
depositing an etching endpoint layer overlying
séid buffer layer;
depositing a siiicon layer oﬁerlying said etching
eﬁdpoint layer;
10 coating a photoresist laYer overlying said
silicon layer;'
exposing said photoresist layer to actinic_;ight
and developing said photoresist_layer‘wherein said
photoresist layer is removed where said trenches are
15 planned;
etching through said silicon layer, said etching
endpoint layer, and said buffer layer to expose the
top surface of said silicon substrate;
etching said silicon layer and said silicon
20 substrate layer until the top surface of said etching
endpoint layer is exposed and thereby forming said

trenches; and:

completing said integrated circuit device.

R

A A

14



“deposi ting an etching endpoint |ayer overlying said buffer |ayer;
depositing a silicon layer overlying said etching 10 endpoi nt | ayer;
‘coating a photoresist |ayer overlying said silicon |ayer; exposing to
-actinic light and devel opi ng sai d photoresi st Iayer wherein said
photoresist layer. . is 15 renoved where trenches sai d ‘shal | OM/trench

i sol ation str tEP%s’“%?léo‘%laé?ﬁﬁ’é&ungt ERi fieimrh r§&|nds§|lfi| PBRERRyer, said
etching endpoint layer, and said buffer |ayer to expose the top surface of
said silicon ski¥a% e comgosed ypf Slllcoﬂe@éﬁ#héesald silicon layer and said
silicon substrate layer until the top surface of said etching endpoint

| ayer is exposed and thereby form ng said

3. The method according to Claim 1 wherein said buffer
layer is deposited to a thickness of'between about 50

Angstroms and 300 Angstroms.

4. The method according to Claim 1 wherein said buffer
layer is thermally grown to althickness'of between

about 50 Angstroms and 300 Angstroms.

5. The method according to Claim 1 wherein said

etching endpoint layer is composed: of silicon nitride.

6. The method according to Claim 1 wherein said
. etching endpoint layer is depositéd to a thickness of

between about 500 Angstroms and 3500 Angstroms._

7. The method according to Claim 1 wherein said
silicon layer comprises polysilicon deposited to a
. thickness of between about 1000 Angstroms and 7000

Angstroms.

* [ L L} s *
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*trenches; depositing an isolator |ayer overlying said 25
| ayer and filling said trenches; polishing down said isolat
‘ expose the top surface of said buffer |ayer wherein said et
layer is a polishing stop; etching away said etching endpoi
t hereby conpl eting said shallow trench isaol ation structures
sai d integrat®d %ﬁ%(ﬂﬁﬁ$Qﬂe9F€8Fdﬁﬂﬂ Corfe aidt RodhgEBLR St t

" et chi ng endpoi nt

or layer to
chi ng endpoi nt
nt |ayer and 30
; and conpl eting
o Caim9

wherein said buffer |ayer is conposed of silicon dioxide. 11. The nethod

accordi ng to GEIERM lFnareCAMBAL FeH ANIPHONFe BilicPBr ARRCSBERE thR ckness of
bet ween about 50 Angstrons and 300 Angstrons. 12. The nethod according to
Cl ai m 9 wher et ritREFEReT RithBebnapni MO a0 dngshpenadaed 299G con nitri de.

" Angstroms.

9. A method of forming shallow trench isolation

structures in a silicon substrate in an integrated

circuit device comprising:

providing a silicon .substrate;

5 . depositing a buffer layer overlying said silicon

Substrate;

depositing an etching endpoint.layer overlying

said buffer layer;.

depositing a silicon layer overlying said etching

10 endpbint layer;
coating a photoresist layer overlying said .

silicon layer;

exposing to actinic light and developing said

photoresist layer wherein said photoresist layer is

15 removed. where trenches of said shallow trench

' isolation structures are planned;

etching through said silicon layer, said etching

endpoint layef, and said buffer layer to expose

top.surféce of said silicon substrate;

16
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*13. The nethod according to Claim9 wherein said etching endpoint |ayer is
deposited to a thickness of between about 500 Angstrons and 3500 Angstrons.
"14. The nethod according to Claim9 wherein said silicon |ayer conprises
polysilicon deposited to a thickness of between about 1000 Angstrons and
7000 Angstronms. 15. The nethod according to Claim9 wherein said silicon
| ayer comftises anttisidng saidcohlirpbdiaved epdasaid ckdneleorvf bet ween about
1000 Angstrons and 7000 Angstrons. 16. The nethod according to Claim9
wher ei nsai d i reebstizate dpgeri ynebhpdwedap ssrfresnofli pddeetaingd net hod of
form ng shallow trench isolation structures in a silicon substrate in an
i ntegrated ci rendroiddyilegesohdrexpored mns itdiergby Eorminm salbtrate; 5
depositing a silicon dioxide |layer overlying said silicon substrate; 18
trenches; : '
depositing an isolator layer ovérlying said
25 etching endpoint layer and filling said trenches:;
polishing down said isolator layer tc'expOSe the
top surface of said bhffer layer wherein said etching
endpoint.layer is a polishing stop;
etching away said etching endpoint layer and
30 thereby completing séid_shallow trench isolation
structures; and

completing said integrated circuit device.

10. The method according to Claim ¢ wherein said

buffer layer is composed of silicon dioxide.

11. The method according to Claim 9 wherein said
buffer layer is formed to a thickness of between about

50 Angstroms and 300 Angstroms.

12. The method according to Claim 9 wherein said

‘etching endpoint layer is composed of silicon nitride.

: . r””’;,,,;,_~—~—~’”' c
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*depositing a silicon nitride layer overlying said silicon dioxide |ayer:
depositing a polysilicon |ayer overlying said 10 silicon nitride |ayer;
" coating a photoresist |ayer overlying said polysilicon |ayer; exposing to
.actinic Iight and devel oping said phot oresi st | ayer wherein said
photoresist |a s 15 renoved where trenches of said shallow trench
i sol ation Stfh%tLWhﬁSQﬁﬁ?Q@ asreddieg cke fgtaim Quyhesaia paitgsilicon | ayer,
said silicon nitride layer, and said silicon dioxide |ayer to expose the
top surface ofteling sindpodnts lbyerais: demsited toetchhihgksasd @bl ysilicon
llayer and said silicon substrate layer until the top surface of said
sili con ni t r i detwvesrerabaite H96s ddgahdomns exrab\8 500r Anggtgaimd.trenches;

14. The method according to Claim 9 Qhérein said
silicon layer comprises polysilicon deposited to a
thickness of between about 1000 Angstroms and 7000

Angstroms.

15. The method according to Claim 9 wherein said
silicon layer cbmprises.amo:phous silicon deposited to
a thickhess of between about 1000 Angstroms and 7000

Angstroms.

16. The method according to Claim 9 wherein. said

insulator layer is composed of silicon dioxide.

17. A method of forming shaliow trench-isolation.
structures in a silicon substrate in an. integrated
circuit device comprising:
providing aléilicbn substrate;
5 depqsiting a silicbn dioxide layer oveflying said

silicon substrate;

18



»depositing an.isol ator Iayér overlying'said 25 silicon nitride |ayer and
filling said trenches; polishing down said isolator |ayer and said silicon .
.hitride layer to expose the top surface of said silicon dioxide |ayer and
.thereby conpleting said shallow trench isolation structures; and 30
conpleting said integrated circuit device. 19 18. The met hod accordi ng
to Caim17 wherei depasditsngi«osildicon détkagerlagedf aywead wimga sialidckness of
bet ween about 50 Angstronms and 300 Angstrons. 19. The nethod according to
d ai m 17. wher gyilismnd dibkidenlayéri de | ayer is deposited to a thickness of
bet ween about 500 Angstrons and 3500 Angstrons. 20. The nethod according to
G ai m 16 .wherei n saleppogakifiy| & Onsl yiidicons 1d¢posovetlying ddiickness of
bet ween about 1000 Angstronms and 7000 Angstronms and
10 silicon nitride layer; '
coating a photoresist layer overlying said
polysilicon layer:;
exposing to actinic light and developing Said
photoresist la?er wherein said photoresist layer is
15 removed where trenches of said shallow trench:
isolation structures are planned;
etching thfoﬁgh said polysilicon layer, said
silicon nitride layer, and said silicon dioxide layer
to expose the top surface of said silicon substrate;
20 . ' etching said polysilicon layer and said silicon
"substrate layer until the top surface of said silicon
nitride layer is exposed and thereby forming said
trenches;
depositing an isolator layer overlying said
25 silicon nitride layer and filling said trenches;
polishing down said isolator layer and said
‘silicon nitride layer to expése the top surface of
said silicqh dioxide layer and thereby completing said

shallow trench isolation structures; and

30 completing said integrated circuit device.

o



“wherein said thickness is equal to the depth of said 5 trenches into
said silicon substrate. 20 _

18. The method according to Claim 17 wherein said
silicon dioxide layer is formed to a thickness of

between about 50 Angstroms'and 300 Angstroms.

19. The method according to Claim 17 wherein said
silicon nitride layer is deposited to a thickness of

between about 500 Angétroms and 3500 Angstroms.

20. The method according to Claim 16 wherein said
polysilicon layér is deposited to a thickness of
between about 1000 Angstroms énd 7000 Angstroms and
wherein said thickness is equal to the depth of said

5 trenches into said silicon substrate.
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