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A METHOD TO FORM SHALLOW TRENCH ISOLRTION STRUCTURES

FOR BORDERLESS CONTACTS IN AN INTEGRATED CIRCUIT
BACKGROUND OF THE INVENTION
{1} Field of the Invention

The invention relates to a method of fabricating
silicon structures, and more particularly, to the formation
of shallow trench isolations for use with borderless

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

In the art, there are two conventional methods for
forming such isclation regions. First, a thick layer of
silicon oxide may be grown into the surface of the
substrate through the process known as local oxidation of
silicon (LOCOS). Second, trenches may be etched into the
substrate surface and then filled with silicon oxide. This

method is called shallow trénch isolation (STI).

Although LOCOS has long been the most prevalent

technique used to form isolation regions between active



areas, recently, shallow trench isolation has gained
popularity. Although most STI approaches require more
processing steps than LOCOS, the use of STI is growing
because of two distinct advantages. First, STI can allow
for the formation of narrower isolation regions. Second,
STI structures have a flatter topology. Both of these
advantages facilitate’greater device and intercoﬁnect

density for integrated circuit devices.

Doped junctions are formed in the silicon substrates
of integrated circuit devices in the active areas between
the isolation regions. Traditionally, in the art, contacts
to these doped junctions in the silicon substrate have
required a substantial area penalty. Design rules require
that the active areas significantly overlap the contact
openings. This large overlap guarantees that the c¢ontact
etch does not etch any of the field isolation oxide.

Damage to the field oxide adjacent to the doped junction
could result in excessive leakage currents and reduced
device yield. In addition, the topology of the field oxide
regions poses problems with the metal layer fill of the
contact opening, and subsequently, with the contact

resistance.
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With the advent of the use of shallow trench
isolations (STI), it is possible to reduce the spaces
between active devices. 1In addifion, to further reduce the
area used for each integrated circuit device, another
technique, called borderless contacts, has become
increasing useful in the art. 1In a borderless_contact, the
contact opening actualiy extends beyond the edge of the

device active area and over the shallow trench isolation.

Referring to Fig. 1, a cross-section of a partially
completed prior art integrated circuit is shown. Trenches
have been etched in a silicon substrate 10. The trenches
have been filled with silicon oxide 14 and planarized to

form shallow trench isolations.

Referring to Fig. 2, a typi;al MOSFET transistor has
been formed with a gate electrode 18 and source-drain
junctions 22. BAn interlevel dielectric layer 26 has been
deposited overlying the substrate and the MOSFET
transistor. The interlevel dielectric layer 26 is

typically comprised of .a silicon oxide based material.

Referring to Fig. 3, contact openings have been etched

in the interlevel dielectric layer 26 for. the source and



drain junctions 22. Note how the contact openings extend
out from the junctions 22 and overlap the shallow trench
isolations. Such a placement of the contact openings

illustrates the concept of the borderless contact.

The illustration of Fig. 3 also shows a common problem
in the art. The contact etch is typically a reactive ion
etch (RIE} specific to silicon oxide. Unfortunately, both
thé interlevel dielectric and the shallow trench isolation
are composed of siliqon oxide. It is essential to
completely etch the contact opening so that there are no
contact resistance problems. Unfortunately, it is
difficult to completely etch the contact opening without
also over etching a portion of the shallow trench isolation

30.

Referring to Fig. 4, after the barrier layer 34 and
metal layer 38 are deposited and the contacts are defined,
the circuit is completed. Where such over etching 30
occurs, a potential source of junction leakage currents
exists. Such leakage currents can significantly reduce

device yield.
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Several prior art approaches deal with over etch
problems and with borderless contacts. U.S. Patent
5,821,153 to Tsal et al discloseé a process to reduce LOCOS
.field oxide etch loss by forming an oxynitride layer over
and under the field oxide. U.S. Patent 5,268,330 to Givens
et al teaches a method to improve transistor gate sheet
contact resistance. A silicon nitride layer ié deposited
overlying the transistor and acts as an etch back stop
during intermetal dielectric planarization. A borderless
contact is also disclosed where a silicon nitride layer
must be etched through to contact source and drain
junctions. However, the silicon nitride layer does not
prevent shallow trench isolation oxide loss during the
contact etch. U.S. Patent 5,466,636 to Cronin et al
discloses a method to form borderless contacts where a
removable mandrel is used to protect regions. In this
invention, the mandrel layer is formed after transistor
definition. U.S. Patent 5,674,781 to Huang et al teaches a
borderless contact process . Co-pending U.S. Patent

Application Serial No. {(CS-98-146) to L.E.

Hur et al filed on ' teaches a process for

forming a self-aligned nitride spacer which acts as an etch

stop for borderless contact formation.
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SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of
fabricating shallow trench isolations in the manufacture of

integrated circuits.

A further object of the present invention is to
- provide a method to fabricate shallow trench isolation
structures that use a silicon nitride cap to inhibit trench

oxide loss during the borderless contact etch process.

A yet further object of the present invention is to
implement the silicon nitride capping process while

maintaining a flat shallow trench isolation topology.

In accordance with the objects of this invention, a
new method of fabricating shallow trench isolations for use
with borderless contacts has been achieved. A silicon
subsfrate is provided. A éad oxide layer is grown
overlying the silicon substrate. A polishing stop layer, of
either polysilicon or silicon nitride, is deposited '
“overlying the pad oxide layer. The polishing stop layer,

pad oxide layer, and silicon substrate are patterned to
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form shallow trenches. A trench oxide layer is deposited
overlying the polishing stop layer and completely £illing
the shallow trenches. The trench oxide layer is polished
down to the top surfaces of the polishing stop layer. The
trench oxide layer is etched down to a level below that of
the pad oxide layer. A silicon nitride layer is deposited
overlying the polishing stop layer and the trench oxide
layer. A polishing layer of oxide is deposited overlying
the silicon nitride layer. The polishing layer and the
silicon nitride layer are polished down to the top surfaces
of the polishing stop layer wherein the polishing layer
protects the silicon nitride layer overlying the trench
oxide layer from the polishing step. The polishing stop
layer is etched away. The silicon nitride layer is etched
to remove the part of the silicon nitride layer forming
vertical sidewalls to the polishing layer. The polishing
layer and the pad oxide layer are etched away where the
remaining silicon nitride layer acts as an etching stop and
protects the underlying trench oxide layer and where the
etching away completes the shallow trench isolations. Ions
are implanted into the silicon substrate where defined by
masking features to form doped junctions wherein the doped
junctions so formed are adjacent to the shallow trench

isolations. An interlevel dielectric layer is deposited
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overlying the shallow trench isolations and the doped
junctions. The interlevel dielectric layer is etched
through where not protected by a éhotoresist mask and
thereby forms contact openings for planned borderless
contacts wherein the contact openings expose both a part of
the doped junctions and a part of the adjacent_shallow
trench isolations. A barrier layer is deposited overlying
the interlevel dielectric layer and the interior surfaces
of the contact openings. A metal layer is deposited
overlying the barrier layer and completely filling the
contact openings to form the borderless contacts, 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:

Figs. 1 through 4 schematically illustrate in cross-
section a partially completed prior art shallow trench
isolation used with a borderless contact in an integrated

circuit device.



Figs. 5 through 15 schematically illustrate in cross-
sectional representation a preferred embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 5, there is
illustrated a cross section of a partially completed
integrated circuit device. The silicon substrate 40 is
preferably composed-of monocrystalline silicon. A pad
oxide layer 44’is grown overlying the silicon substrate 40.
The pad oxide layer 44 is preferably composed of silicon
dioxide that improves the adhesion of the subsequent layers
to the surface of the substrate 40 while relieving
potential surface stress. 1In the preferred embodiment, the
pad oxide layer 44 is grown to a thickness of between about

100 Angstroms and 500 Angstroms.

A polishing stop layer 48 is deposited overlying the
péd oxide layer 44. The polishing stop layer 48 comprises
either polysilicon or silicon nitride. The polishing stop
layer 48 is deposited using a conventional.low pressure

chemical vapor depdsition (LPCVD) process to a thickness of



between about 1000 Angstroms and 2000 Angstroms. This is
an important aspect of the present invention as the
polishing stop layer 48 is used as a polishing stop in the

processing sequence.

The polishing stop layer 48, the pad oxide layer 44,
and the silicoﬁ substrate 40 are patterned to form shallow
trenches. This patterning is performed by methods well
known in the art. For example, a photoresist layer 52 is
applied overlying the polishing stop layer 48. The
photoresist layer 52 is developed using conventional
photolithography and then removed in areas where the

shallow trenches are planned.

Referring now to Fig. 6, the polishing stop layer 48,
pad oxide layer 44, and silicon substrate 40 are etched
where not protected by the photoresist layer 52 to form the
shallow trenches. A reactive ion etch (RIE) using an
etching chemistry of Cl;, HBr, He, and O, is used to etch
the shallow trenches. The remaining photoresist layer 52

is then stripped away.

Referring now to Fig. 7, a trench oxide layer 56 is

deposited overlying the polishing stop layer 48 and

10
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completely filling the shallow trenches. The trench oxide
layer 56 is preferably composed of a silicon oxide
deposited either by a low pressure tetraethyloxysilane
{TEOS) process or by a high density plasma (HDP) process.
The trench oxide layer 56 so formed has a thickness of

between about 5000 Angstroms and 12,000 Angstroms.

Referring to Fig, 8, another important feature of the
present invention is shown. The trench oxide layer 56 is
polished down to the top surfaces of the polishing stop
layer 48. The key polishing stop layer 48 acts as a
polishing stop for this step. The polishing down is
preferably accomplished by a chemical mechanical polish

operation.

Referring now to Fig. 9, another key feature of the
present invention is shown. The trench oxide layer 56 is
etched down to a level below that of the pad oxide layer
44, In this etch, the trench oxide layer 56 is etched
using a conventional wet etch process comprising either
buffered oxide etchant (BOE) using NH4F : HF or dilute HF
(for example 10:1). It is important that the trench oxide
layer 56 be etched to a level below that éf the pad oxide

layer 44 so that, when the shallow trench isolation is

11



completely formed, the top surface of the STI will be at
about the - -same height as the surface of the silicon

substrate 40.

Referring now to Fig. 10, a silicon nitride layer 60
is deposited overlying the polishing stop layer 48 and the
trench oxide layer 56. This silicon nitride layer 60 is
key to the present invention. In subsequent processing,
the silicon nitride layer 60 is further defined to overlay
“only the trench oxide layer 56 in the shallow trench. The
silicon nitride layer 60 will thus form a protective
etching stop for subsequent oxide etch steps. The silicon
nitride layer 60 is deposited by a chemical vapor
deposition (CVD} process to a thickness of between about

500 Angstroms and 800 Angstroms.

A polishing layer 64 of oxide is deposited overlying
the silicon nitride layer 60. The purpose of the polishing
layer 64 is to allow a portion of the silicon nitride layer
60 to be removed by a chemical mechanical polishing step
whiie protecting the key portion of the silicon nitride
layer 60 that overlies the shallow trench isolation. In
the preferred embodiment, the polishing layer 64 is

composed of a silicon oxide deposited by a low pressure CVD

12



or plasma enhanced tetraethyloxysilane (TEOS) process. The
polishing layer 64 so formed has a thickness of between

about 2000 Angstroms and 6000 Angstroms.

Referring now to Fig. 11, the polishing layer 64 and
the silicon nitride layer 60 are polished down to the top
surfaces of the polishing stop layer 48. This step in the
process of the present invention is key because the
polishing stop layer 48 acts as a polishing stop.
Consequently, the part of the silicon nitride layer 60 that
overlies the polishing stop layer 48 is removed by the
polishing step. However, the part of the silicon nitride
layer 60 that overlies the shallow trench isolation region
is protected from the polishing step by the polishing layer
64. The polish step is performed using a conventional

chemical mechanical polish operation.

Referring now to Fig. 12, the polishing stop layer 48
is etched away. If the polishing stop layer 48 is
polysilicon, it is etched using a conventional wet etch of
KOH. If the polishing stop layer.48 comprises silicon

nitride, then hot phosphoric acid {(H3PO4} is used.

13



The silicon nitride layer 60 is etched to remove the
part of the silicon nitride layer 60 forming vertical
sidewalls to the polishing layer“64. The silicon nitride
layer 60 etch is performed using a wet etch process
comprising hot phosphoric acid ({H3PO,). The presence of the
polishing layer 64 protects the lateral portion of the

silicon nitride layer 60 from the wet etch step.

The polishing layer 64 and the pad oxide layer 44 are
etched away. The remaining silicon nitride layer 60 acts
as an etching stop éﬁd protects the underlying trench oxide
layer 56. The step of etching away completes the shallow
trench isolations. The etching step is performed using a
conventional wet etch process comprising buffered oxide
etchant (BOE) using NH4F : HF. As can be seen from the
illustration, the completed shallow trench isolation not
only features a protective silicon nitride layer 60, but
also is relatively level with the top surface of the
silicon substrate 40 to enhance the integration of

subsequent process steps.

Referring now to Fig. 13, the steps necessary to form
the borderless contact structure are disclosed. In the

example embodiment, a MOSFET transistor gate electrode 68

14
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is formed by conventional processes. Ions are implanted
into the silicon substrate 40 where definéd by masking
features to form doped junctions-72, such as drains and
sources associated Qith the gate electrode 68. These doped
junctions 72 so formed are adjacent to the silicon nitride
layer 60 covering the shallow treﬁch isolations. An
interlevel dielectric layer 76 is deposited overlying the
shallow trench isolations and the doped junctions 72. The
interlevel dielectric layer 76 is typically composed of a

silicon oxide based material.

Referring now to Fig. 14, the interlevel dielectric
layer 76 is etched through where not protected by a
photoresist mask, which is not shown. This etching step
forms contact openings for planned borderless contacts.
Because borderless contacts are intended, the contact
openings expose both a part of the doped junctions 72 and a
part of the adjacent shallow trench isolations. The
interlevel dielectric layer 76 etch is performed using a
reactive ion etch (RIE) comprising a chemistry of C4Fg, CO,

CO;, and Ar or CHF3;, CF4, and 0.

It is at this point in the process that the advantage

of the present invention becomes clear. Because the

15



interlevel dielectric layer 76 is composed of a silicon
oxide based material, the etching process could cause the
over etching damage to the trench oxide layer 56, just as
was the case in the prior art. However, because the
silicon nitride layer 60 overlies the trench oxide layer
56, the trench oxide layer 56 is protected and no damage

occurs in the shallow trench isolation region 80.

Referring to Fig. 15, a Bérrier layer 84 is deposited
overlying the interlevel dielectric layer 76 and the
interior surfaces of.the contact openings. A metal layer
88, composed typically of copper or tungsten, is deposited
overlying the barrier layer and completely filling the
contact opening to form the contact. The metal layer 88
and the barrier layer 84 are then polished down to the top
surfaces of the interlevel dielectric layer 76 to define
plugs. A passivation layer 92, typically composed of
plasma nitride, is deposited overlying the interlevel
dielectric layer 76 and the contacts to complete the

integrated circuit device.

The presence of the silicon nitride layer 60 overlying
the shallow trench isolation protects the trench oxide

layer 56 from etching damage. The resulting borderless

16
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contact does not exhibit etch damage or excessive leakage

currents in the problem area.

As shown in the preferred embodiment, the present
invention provides a very manufacturable process for
fabricating the shaliow trench isolations for use with
borderless contacts in the manufacture of integrated

circuits.

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.

17
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1. A method of forming shallow trench isolation in the
fabrication of an integrated circuit device
comprising:

providing a pad oxide layer overlying a silicon

substrate;

depositing a polishing stop layer overlying said
pad oxide layer;

patterning said polishing stop layer, said pad
oxide layer, and said silicon substrate to form
shallow trenches;

depositing-a trench oxide layer overlying said
polishing stop layer and completely filling said
shallow trenches;

polishing down said trench oxide layer to the top
surfaces of said polishing stop layer:;

etching down said trench oxide layer to a level
below that of said pad oxide layer;

thereafter depositing a silicon nitride layer
overlying said polishing stop layer and said trench
oxide layer:;

depositing a polishing layer ove;lying said
silicon nitride layer;

polishing down said polishing layer and said

silicon nitride layer to said top surfaces of said

18
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polishing stop layer wherein said polishing layer
protects said silicon nitride layer overlying said
trench oxide layer and on sidewalls of said polishing
layer from said polishing down;

etching away said polishing stop layer:

etching away said silicon nitride sidewalls; and

etching away said polishing layer and said pad

oxide layer where said silicon nitride layer overlying

said trench oxide layer acts as an etching stop and
protects underlying said trench oxide layer to
éomplete said fbrmaﬁion of said shallow trench
isolation in the fabrication of said integrated

circuit device.

2. The method according to Claim 1 wherein said
polishing stop layer comprises polysilicon deposited
to a thickness of between about 1000 Angstroms and

2000 Angstroms.

3. The method according to Claim 1 wherein said
polishing stop layer comprises silicon nitride
deposited to a thickness of between about 1b00

Angstroms and 2000 Angstroms.

19
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4. The method according to Claim 1 wherein said step
of etching down said trench oxide layer is by a wet
etch comprising a chemistry of one of the group of:
buffered oxide etchant comprising NH4F : HF and dilute

HF.

5. The method according to Claim 2 wherein said step of
etching away said polishing stop layer is by wet

etching chemistry comprising KOH.

6. The method according to Claim 3 wherein said step
of etching away said polishing stop layer is by wet
etching chemistry comprising hot phosphoric acid

(H3POy4) .

7. The method according to Claim 1 wherein said step
of etching away said silicon nitride sidewalls is
performed using a wet etch process comprising hot

phosphoric acid (H3PO,).

8. The method according to Claim 1 wherein said step
of etching away said polishing layer and said pad
oxide layer is performed using a wet etch process

comprising one of the group of: buffered oxide etchant

20
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9. A method of forming borderless contacts over
shallow trench isolations in the fabrication of an
integrated circuit device comprising:

providing a silicon substrate;

growing a pad oxide layer overlying said silicon
substrate;

depositing a polishing stop layer overlying said
pad oxide layer;

patterning said polishing stop layer, said pad
oxide layer, and said silicon substrate to form
shallow trenchés; |

depositing a trench oxide layer overlying said
polishing stop layer and completely filling said
shallow trenches;

polishing down said trench oxide layer to the top
surfaces of said polishing stop layer;

etching down said trench oxide layer to a level
below that of said pad oxide layer;

thereafter depositing a silicon nitride layer
overlying said polishing stop layer and said trench
oxide layer;

depositing a polishing layer overlying.said
silicon nitride layer;

polishing down said polishing layer and said
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silicon nitride layer to said top surfaces of said
polishing stop layer wherein said polishing layer
profects said silicon nitride layer overlying said
trench oxide layer and on sidewalls of said polishing
layer from said polishing down;

etching away said polishing stop layer;

etching away said silicon nitride sidewalls;

etching away said polishing layer and said pad
oxide layer wherein said silicon nitride layer
overlying said trench oxide layer acts as an etching
stop and protecﬁs underlying said trench oxide layer
to complete said formation of said shallow trench
isolation;

implanting ions into said silicon substrate whe;e
defined by masking features to form.doped junctions
wherein said doped junctions so formed are adjacent to
said shallow trench isolation;

depositing an interlevel dielectric layer
overlying. said shallow trench isolation and said dopéd
junctions;

etching through said interlevel dielectric layer
thereby forming contact openings for planned said

borderless contacts wherein said contact openings

22
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expose both a part of said doped junctions and a part

of said adjacent shallow trench isclation;

depositing a barrier layer overlying said

interlevel dielectric layer and the interior surfaces

of said contact openings; and

depositing a metal layer overlying said barrier

layer and completely f£illing said contact openings to

form said borderless contacts to complete formation of

said borderless contacts over shallow trench isolation

in said fabrication of said integrated circuit device.

10. The method
polishing stop

to a thickness

2000 Angstroms.

11. The method
polishing stop

deposited to a

according to Claim 9 wherein said
layer comprises polysilicon deposited

of between about 1000 Angstroms and

according to Claim 9 wherein said
layer comprises silicon nitride

thickness of between about 1000

Angstroms and 2000 Angstroms.
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12. The method according to Claim 9 wherein said step
of etching down said trench oxide layer is by a wet
etching process comprising a chemistry of one of the
group of: buffered oxide etchant comprising NH.F: HF

and dilute HF.

13. The method according to Claim 10 wherein said
step of etching away said polishing stop layer is by

wet etching chemistry comprising KOH.

14. The method according to Claim 11 wherein said
step of etching away said polishing stop layer is by
wet etching chemistry comprising hot phosphoric acid

(H3POs) .

15. The method according to Claim 9 wherein said step
of etching away said silicon nitride layer sidewalls
is performed using a wet etch process comprising hot

phosphoric acid (H3PO,).

16. The method according to Claim 9 wherein said step
of etching away said polishing layer and said pad
oxide layer is performed using a wet etch process

comprising one of the group of: buffered oxide etchant
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comprising NH4F: HF and dilute HF.

17. A method of forming borderless contacts over
shallow trench isolations in the fabrication of an
integrated circuit device comprising:

providing a silicon substrate;

growing a pad oxide layer overlying said silicon
substrate;

depositing a polishing stop layer overlying said
pad oxide layer;

patterniné said poliéhing stop layer, said pad
oxide layer, and said silicon substrate to form
shallow trenches;

depositing a trench oxide layer overlying said
polishing stop layer and completely filling said
shallow trenches;

polishing down said trench oxide layer to the top
surfaces of said polishing stop layer;

etching down said trench oxide layer to a level
below that of said pad oxide layer:;

thereafter depositing a silicon nitride layer
overlying said polishing stop layer and said trench

oxide layer:;

25
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depositing a polishing layer overlying said
silicon nitfide layer;
polishing down said polishing layer and said
25 silicon nitride layer to said top surfaces of said
polishing stop layer wherein said polishing stop layer
protects said silicon nitride layer overlying said
trench oxide layer and on sidewalls of séid polishing
stop layer from said polishing down;
30 etching away said polishing stop layer:;
etching away said silicon nitride sidewalls;
etching away said polishing layer and said pad
oxide layer where the remaining said silicon nitride
layer acts as an etching stop and prdtects underlying
35 said trench oxide layer, wherein said etching away
completes the shallow trench isolations;
implanting ions into said silicon substrate where
defined by masking features to form doped junctions
wherein said doped junctions so formed are adjacent to
40 said shallow trench isoiations;
depositing an interlevel dielectric layer
overlying said shallow trench isolations and said
doped junctions;

etching through said interlevel dielectric layer
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thereby forming contact openings for planned said
borderless contacts wherein said contact openings
eprse both a part of said doped junctions and a part
of said adjacent shallow trench isolations;

depositing a barrier layer oveflying said
interlevel dielectric layer and the interior surfaces
of said contact openings; and

depositing a metal layer overlying said barrier
layer and completely filling said contact openings to
complete formation of said borderless contacts in said

fabrication of said integrated circuit device.

18. The method. according to Claim 17 wherein said
polishing stop layer has a thickness of between about

1000 Angstroms and 2000 Angstroms.

19. The method according to Claim 17 wherein said step
of etching away said silicon nitride layer sidewalls
is performed using a wet etch process comprising hot

phosphoric acid (H3P0O,).
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20. The method according to Claim 17 wherein said step
of etching down said trench oxide layer is by a wet
etch comprising a chemistry of one of the group of:
buffered oxide etchant comprising NH4F: HF and dilute

HE.
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