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A METHOD TO AVOID DISHING IN FORMING

TRENCHES FOR SHALLOW- TREN ISOLATION

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

This invention relates to a method of filling
trenches for shallow trench isolation which avoids dishing
at the top of the trenches. More particularly the invention
relates to a method of'filling trenches with a dielectric
which is formed ai{ a greater rate within the'trench.than

outside of the trench.

(2) DESCRIPTION OF THE RELATED ART

U.S. Pat. No,5,399,389 to Hieber et al. describes
a method of pianarizing $i0, layers deposited on structured
silicon substrates. The method uses differential growth
. rates of Si0, over metallization regions and regions without -

metallization to eventually achieve a step free film.



U.S. Pat. No. 5,674,§ég-£o Jang et al. describes a
method of improving the chemical meqhanical polishing
~uniformity of insulator layers. A substrate has various
regions. Some of the regions are masked and e#posed regions
afe treated with a plasma cépable of modifying the exposed
region so that the insulator grows on the treated region at

a faster rate. Other regions can be subsequently exposed to

affect the insulator growth rate in other regions.

U.S. Pat. No. 5,492,858 to Bose et al. describes a
method of forming trenches for shallow trench isoiation in
which the trenches are coated with a silicon nitride
protective layer before the trenches and active area mesas
are coated with a layer'of silicon oxide. The silicon oxide
is then steam annealed and thé-wafer is etched and polished

down to the tops of the mesas.

U.8. Pat. No. 5,447,884 to Fahey et al. describes
a method of forming trenches for shallow trench isolation

wherein the trenches are lined with a silicon nitride liner.

U.S. Pat. No. 4,576,834 to Sobczak describes a
method of forming_trench isolation structures utilizing the

~conversion of an o:ganosilicon material to silicon oxide.
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SUMMARY OF THE INVENTION

As dimensions in integrated circuit wafers
continue to décrease the use of shallow trench isolation
between circuit segments increases. After filling the
.shallow trenches used in shallow trench isolation with
dielectric the wafers are often planarized to provide a
planar surface for subsequent processing-éteps. The f£filling
of the shallow trenches with dielectric and subsequent
planarization step can often lead to dishing at the top of
the trench and loss of plénarity of the surface 6f the
integrated circuit wafer. Fig..la shows a cross section
view of an integrated circuit wafer 10 having a trench 8
formed therein and a IAYer of dielectric 6 formed thereon to
fill the trench. As shown .in Fig. 1B that part of the
dielectric above the plane of the top surface of the wafer
10 is removed using a method such as chemic$1 mechanical
polishing, CMP. If the layer of dielectric 6 is not thick
enough dishing 4 at the top of the trench occurs during the

planarization step and good planarity of the wafer surface

is not achieved.

It is a principle objective of this invention to
provide a method of filling shallow isolation trenches with
" dielectric which will prevent dishing at the top of the

trench during_the planarization step and provide good
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planarity for the wafer surface.

. This objective is achieved by forming a first
layer of silicon nitride on the top surface of the wafer, a
first layer of silicoﬁ oxide on the first layer of silicon
nitride and then etching a trench through the first layer of
silicon oxide, the first layer of silicon nitride, and into
the wafer. A layer of thermal oxide liner is then grown on
the sidewalls énd bottom of the trench. A second layer of
silicon nitride is then formed on the wafer covering the
first layer of silicon oxide and the thermal oxide liner on
the sidewélls and bottom of the trench. That part of the
layer 6f silicon nitride over the first layer of silicon

oxide is then removed using chemical mechanical polishing.

A second layer of silicon oxide is then deposited
on the wafer and in the trench using a method, such as sub
atmospheric chemical vapor deposition, SACVD, for which the
rate of deposition of the silicon oxide oﬁ silicon nitride
is grgater_than the formation of silicon oxide on silicon
oxide. This completely fills the trench with silicon oxide
even when the second layér of silicon oxide formed on the
first layer of silicon oxide is relatively thin. After the
~wafer is planarized, using a method such as chemical
mechanical polishing, dishing at the top of the french is

avoided and good wafer planarity is achieved.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A_shbws a cross section of a part of a wafer
having a trench formed therein and a layer of dielectric

formed thereon.

Fig. 1B shows a cross section view of the part of

the wafer of Fig. 1A after the wafer has been planarized.

Fig. 2 shows a cross section view of-a wafer
having a layer of pad oxide, a first layer of silicon

nitride, and a first layer of silicon oxide formed thereon.

Fig. 3 shous é cross section view of the wafer of

Fig. 2 having a patterned layer of photoresist formed

thereon.

Fig. 4 shows a cross section view of the wafer of
Fig. 3 after forming a trench pat;ein in the fi;st layer of
silicpn oxide, the first layer of silicon nitride, the layer
of pad oxide, - forming the trench in the wafer, and removing

the photoresist.

Fig. 5 shows é.cross'section view of the wafer of

' Fig. 4 after growing a thermal oxide liner on the sidewalls

and bottom of the trench.



-6 -
Fig. 6 shows a cross section view of the wafer of

Fig. 5 after depositing a second layer of silicon nitride on
the first layer of silicon oxide and the thermal oxide liner

on the sidewalls bottom of the trench.

Fig. 7 shows a cross section view of the wafer of
Fig. 6 after removing that part of the second layer of

silicon nitride from the first layer of silicon oxide.

Fig. 8 shows a cross section view of the wafer of

Fig. 7 after depositing the second layer of silicon oxide.

Fig. 9 shows a cross section view of the wafer of

Fig. 8 after planarizing the wafer using chemical mechanical

polishing.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Refer now to Figs. 2-9 for a detailed description
of the method of forming and filling shallow isolation
trenches of this invention. Fig. 2 shows a cross section
view of a part of a substrate 10, in this example a silicon
integrated circuit'wafer, having a layer of pad oxide 12
formed thereon and a layer of first dielectric 14 formed on
fhe layer of pad oxide 12. The layer of pad oxide 12, shown
in this example, is optional and if it is not use@ the layer
of first dielectric 14 is formed directly on. the
substrate 10. In this example the layer of first dielectric
14 is a layer of silicon nitride and the layer of pad oxide
12, if used, is a layer.of silicon oxide. A layer of second
dielectric 16 is then formed on the layer of first
dielectric 14. 1In this example the layer of second

dielectric 16 is a layer of silicon oxide.

As shown in Fig. 3, a'patterned layer of resist 18
'is.fo;méd on the layer of second dielectric 16. A trench
pattern, having sidewalls 11, is then etched in the lajer of
secdnd dielectric 16, the layer of first dielectric 14, and
the layer of pad oxide 12, if pad oxide is used. A trench,
_having sidewalls 15 and a bottom 17, is etched in the
.substrate 10. The trench pattern and trench are etched

during the same etching step using dry anisotropic etching
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and the patterned layer of resist 18 as a mask. The

patterned layer of resist is then removed, see Fig. 4.

Next as shown in Fig. 5 an o#ide liner 20 is grown on the
sidewalls 15 and bottom 17 of the trench formed in the
substrate 10. In this example the oxide liner 20 is silicon
oxide grown using thermal oxidation of the exposed sidewalls

15 and bottom 17 of the trench.

As shown in Fig. 6, a layer of third dielectric 22
is then formed on the substrate 10 covering the top surface
of the patterned layer of second dielectric 16, the
sidewalls 11 of the trench pattern, and the oxide liner 20.
In this example the layer of third dielectric 22 is a second
layer of silicon nitridé. Then, as shown in Fig. 7, that
part of the layer oﬁlthird dielectric 22 above the plane of
the top surface of tﬁe patteérned layer of second dielectric
16 is removed using a means such as a first chemical
mechanical polishing. This leaves a layer.of third
dielectric 22 on thelsidewalls 11 of the trench pattern
formeé-in the layer of second dielectric 16, the layer of
first dielectxic 14, and the layer of pad oxide 12, if pad
oxide is used. This also leaves a layer of third dielectric
22 on the oxide liner 20 formed on tﬁe sidewalls 15 and
‘bottom 17 of the trench. The first éﬁemical mechanical
.polishipg is stopped wheh'the top surface of the layer of

second dieleétric-lﬁ is reached.
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Next, as shown in Fig. 8, a layer of fourth

dielectric 24 is formed on the wafer using a method for
which the rate of formation of the fourth dielectric 24 on
the.third dielectric 22 is greater.than the formation of the
fourth dielectric 24 on the second dielectric 16. This
difference between the formation rate of the fourth
dielectric 24 on the third dielectric 22 and the formation
rate of the fourth dielectric 24 on the second dielectric 16
allows the trench to be completely filled even with a
relatively thin layer of fourth dielectric 24 on the layer
of second dielectric 16. In this example the second
dielectric 16 is silicon oxide, the third dielectric 22 is
silicon nitride, and the fourth dielectric 24 is silicon
oxide wherein the silicon oxide fourth dielectric 24 is
deposited using sub atmospheric chemical vapor deposition,
SACVD, from'tetra-ethyl-ortho-silicate and ozone. This
method provides a growth rate of silicon oxide on silicon
nitride which is greaﬁer than the growth rate of silicon

oxide on silicon oxide.

Next, as shown in Fig. 9, that part of the layer
of fourth dielectric 24 and that part of the layer of third
dielectric 22 above the plane of the top surface of the |
layer of first dielectric 14 is removed, using a method such
.as a secand chemical mechanical polishing, thereby leaving

fourth dielectric 24 in the trench and an oxide liner 20 and
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a layer of third dielectric 22 on the sidewalls 15 and

bottom 17 of the trench. The second chemical mechanical
polishing is stopped when thé top surface of the layer of
first dielectric 14 is réached. The trench is completely
filled with fourth dielectric providing gbod planarity for

subsequent processing steps.

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.
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1. A method of forming isolation trenches, comprising the

steps of:

providing a substrate;

fbrming a iayer of first dielectric having, a top
surface, on said substrate;

forming a layer of second dielectric, having a top
surface, on said top surface of said layer of first
dielectric;

patterning said layer of first dielectric and said
layer of second dielectric thereby forming a trench pattern,
having sidewalls, in said layer of first dielectric and said
layer of second dielectric;

etching a trench, having sidewalls and a bottom, in
said substrate wherein said trench is directly below said
trench pattern in said layer of first dielectric and said
layer of second dielectric;

forming an oxide liner on said sidewalls and said
bottom of said trench; |

forming a layer of third dielectric on said top surface
of said patterned layer of second dielectric, said sidewalls
of said trench pattern, and said oxide liner formed on said
sidewalls and hottom'of said trench;

removing that part of said layer of third dielectric
above the blane of said top surface of said layer of second
dielectric theréhy leaving that part of said layer of third

dielectric on said sidewalls of said trench pattern and on
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said oxide liner formed on said sidewalls and said bottom of
. said trench;

forming a layer of fourth dielectric on said top
surféce of said patterned layer of second dielectric and on
that part of said layer of third dielectric on said
sidewalls of said trench pattern and on said oxide liner
formed on séid sidewalls and said bottom of said trench,
after removing that part of said layer of third dielectric
above the plane of said.top-surface of said layer of said
second diélectrib, using a method wherein the rate of
formation of said fourth dielectric on said third dielectric
is greater than the rate of formation of said fourth
dielectric on said sgcpnd dielectric, thereby filling said
trench with said fourth dielectric; and

removing that part of said layer of fourth dielectric,
that part of said layer of third dielectric, and that part
of said layer of second dielecﬁric above the plane of said
of said top surféce of said layer of first dielectric

leaving said fourth dielectric in said trench.

2. The method of claim 1 whexrein said layer of first

dielectric is a layer of silicon nitride.

. 3. The method of claim 1 wherein said layer of second

dielectric is a layer of silicon oxide.
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4. The method of claim 1 wherein said 1aYer of third

dielectric is a layer of silicon nitride.

5. The method of claim 1 wherein said fourth dielectric is
silicon oxide formed using sub atmosphefic chemical vapor

deposition from tetra-ethyl-ortho-silicate and ozone.

6. The method of claim 1 wherein said second dielectric is
silicon oxide, said third dielectric is silicon nitride,
said fouftﬁ dielectric is silicon oxide, and said fourth
dielectric is farmed using sub atmospheric chemical vapor

deposition from tetra-ethyl-ortho-silicate and ozone.

7. The method of claim 1 wherein said substrate is silicon

and said oxide liner is silicon oxide formed by thermal

oxidation of silicon.

8. The method of claim 1 wherein said removing that part of
said layer of third dielectric above'the plane of said top
surface of said layer of said second dielectric is

accomplished using a first chemical mechanical polishing.
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. 9. The method of claim 1 wherein said removing that part of
said layer of fourth dielectric, £hat part of said layer of
third dielectric, and.that part of said layer of second
dielectric above the plane of said of said top surface of
said layer of first dielectrié uses a second chemical

mechanical polishing.

10. The method of claim 1 wherein said substrate is a

silicon integrated circuit wafér.

11. The method of claim 1 wherein said etching a trench
having sidewalls and a bottom in said substrate uses

vertical dry anisotropic etching.

12. A method of forming isolation trenches, comprising the
steps of:

providing a substrate;

forming a layer of pad oxide on said substrate;

forming a_layer of first dielectric, having a top
~surface, on said layer of pad oxide;

forming a layer of second dielectric, having a top
surface, on said top surféce of said layer of first
dielectric;

forming a layer of photoresist on said top surface of
said layer of second dielectric;

patterﬁing said layer of photoresist;
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patterning said layer of first dielectric, said layer

-

of second dielectric, and said layer of pad oxide using said
patterned layer of photoresist as a mask thereby forming a
trench pattern having sidewalls in said layer of first
dielectric, said layer of second dielectric, and said layer
of pad oxide;

etching a trench having sidewalls and a bottom in said
substrate using said pétterned layer of ﬁhotoresist as a
mask wherein said trench is directly below said trench
pattern;

removing said patterned layer of photoresist;

forming an oxide liner on said sidewalls and said

bottom of said trench;

forming a layer of third dielectric on said top surface

of said patterned layer of second dieiectric, said sidewalls

of said trench pattern, and said oxide liner formed on said
sidewalls and bottom of said trench;

removing that part of said layer of third dielectric
above the plane of said top surface of said layer of second
dielectric thereby ledving that part of said layer of third
dielectric on said sidewa;lé of said trench pattern and on
said oxide liner formed on said sidewalls and said bottom of
said trench;

forming a layer of fourth dielectric on said top
surface of said layer of second dielectric, on that part of

said layer of third dielectric formed on said sidewalls of
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said trench pattern, and on said oxide liner formed on said

sidewalls and said bottom of said trench, after removing
that part of said layer of third dielectric above the plane
of said top surface of said layer of said éecond dieiectric,
using a method wherein the rate of formation of said fourth
dielectric on said third dielectric is greater than the rate
of formation of said fourth dielectric on said second
dielectric thereby filling said trench with said fourth
dielectric; and |

| removing that part of éaid layer of fourth dielectric,
that part of said layer of third dielectric, and that part
of said layer of second dielectric above the plane of said
of said top surface of said layer of first dielectric,

leaving said fourth dielectric in said trench.

13. The method of claim 12 wherein said layer of first

dielectric is a layer of silicon nitride.

14. The mefhod of claim 12 wherein said layer of second

dielectric is a layer of silicon oxide.

15. The method of claim 12 wherein said layer of third

dielectric is a layer of silicon nitride.
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16. The method of claim 12 wherein said fourth dielectric is
silicon oxide formed using sub atmospheric chemical vapor

deposition from tetra-ethyl-ortho-silicate and ozone.

17. The method of claim 12 wherein said second dielectric is
silicon oxide, said third dielectric is silicon nitride,
said fourth dielectric is silicon oxide, and said fourth
dielectric is formed using sub atmospheric chemical vapor

deposition from tetra-ethyl-ortho-silicate and ozone.

18. The method of claim 12 wherein said substrate is silicon
and said oxide liner is silicon oxide formed by thermal

oxidation of silicon.

19. The method of qlaim 12 wherein said removing that part
of said third dielectric above the plane of said top surface
of said layer of second dielectric uses a first chemical

medhanical polishing.

207 _The method of claim 12 wherein said removing that part
of said layer of fourth ﬁiglectric, that part of said layer
of third dielectric, and.fhat part of said layer of second
dielectric above the plané of said of said top surface of
~said layer of first dielectric uses a second chemical

mechanical polishing.
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21. The method of claim 12 wherein said substrate is a

silicon integrated circuit wafer.

22. The method of claim 12 wherein said etching said trench
having sidewalls and a bottom in said substrate uses

vertical dry anisotropic etching.



