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[57] ABSTRACT

A method of forming isolation trenches and mesa areas
in a semiconductor substrate and of forming FETs in
the mesa areas is disclosed. The method includes pro-
viding a first oxide layer, a first undoped polysilicon
layer, and an etch stop layer on a silicon substrate. Isola-
tion trenches and mesa areas are then defined by etching
the substrate. A second oxide layer is provided to fill
the isolation trenches, and is subsequently etched to
remove second layer oxide above the mesa areas, thus
exposing the first polysilicon layer. The method further
comprises providing a second, conductively doped
polysilicon layer over the exposed first polysilicon
layer, wherein the first polysilicon layer is autodoped
by the second polysilicon layer in a subsequent step.
The first and second layers of polysilicon are patterned
and etched to define FET gates in the mesa areas, with
the first oxide layer beneath the first polysilicon layer
being utilized as gate oxide.

20 Claims, 6 Drawing Sheets
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TRENCH ISOLATION METHOD HAVING A
DOUBLE POLYSILICON GATE FORMED ON
MESAS

TECHNICAL FIELD

This invention relates to improved methods for isolat-
ing field effect transistors using trench isolation tech-
niques.

BACKGROUND OF THE INVENTION

Although metal oxide semiconductor field effect
transistors (MOSFETs) are fabricated within a common
silicon substrate, they must nevertheless be electrically
isolated from one another. They can subsequently be
interconnected to create specific circuit configurations.

MOSFETs are said to be “self isolated,” i.e., as long
as their source-substrate and drain-substrate pn junc-
tions are held at reverse bias, drain current is due only
to current flow from source to drain through a channel
under the gate. However, the metal strips used to inter-
connect MOS transistors form gates of parasitic MOS
transistors, with the oxide beneath them forming a gate
oxide. To isolate MOSFETs, therefore, it is necessary
to prevent the formation of channels in the field regions.
One way to accomplish this is to utilize a comparatively
thick field oxide layer. However as device dimensions
shrink. the nature of the field oxide formation process
hampers creation of smaller, isolated devices.

Using *“isolation trenches” rather than relying com-
pletely on field oxidation allows higher integration
while still isolating adjacent devices. Electronic de-
vices. typically FETs, are formed on “mesas™ which are
separated by oxide-filled “trenches™. FIGS. 1-7 show
the typical prior art steps in creating oxide trenches, and
the resulting structure.

As shown in FIG. 1. a first oxide layer 10, commonly
referred to as a pad oxide layer, is provided on top of a
silicon substrate 12. A nitride laver 14 is subsequently
applied over pad oxide layer 10. Pad oxide layer 10
cushions the transition of stresses between silicon sub-
strate 12 and nitride layer 14. Nitride layer 14 functions
as an etch stop during a subsequent planarization etch-
ing. as will be described. An oxide layer 16 is also ap-
plied over nitride layer 14. The purpose and function of
pad oxide layer 10, nitride layer 14. and oxide layer 16
will be described more fully below.

Referring to FIG. 2, photoresist (not shown) is ap-
plied and patterned, and an etching step is performed
using an appropriate sequence of etching chemicals as
necessary to define isolation trenches 18 and mesa areas
20. When trenches 18 are relatively deep (one micron or
greater), extended etching of silicon substrate 12 even-
tually removes the photoresist (not shown) over mesa
areas 20. Since the chemical used to etch silicon sub-
strate 12 is highly selective to oxide, oxide layer 16
functions as a secondary etch stop to prevent damage to
nitride layer 14. Accordingly, oxide layer 16 is optional,
and typically only used when etching deep trenches.

After etching the trench, oxide layer 16 is removed.
A light oxidation is often also conducted at this point to
remove etch damage from the trench bottoms and side-
walls.

Referring now to FIG. 3, a thick isolation oxide layer
22 is applied atop substrate 12. Isolation oxide layer 22
is sufficiently thick to fill isolation trenches 18 at least to
the level of nitride layer 14. Isolation oxide layer 22 is
subsequently etched (FIG. 4) using a planarization etch-
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ing technique and using nitride layer 14 as an etch stop.
Nitride layer 14 is subsequently removed (FIG. 5) leav-
ing only pad oxide layer 10 atop mesa areas 20. Care
must be used during the planarization etching to remove
enough isolation layer oxide to expose underlying ni-
tride layer 14, while insuring the height of the remain-
ing oxide is at least as great as that of substrate 12. Oth-
erwise. undesirable parasitic transistors are formed on
the sidewalls of trenches.

Threshold voltage implanting and well implanting is
then performed through pad oxide layer 10. Pad oxide
layer 10 is typically damaged during the nitride etching
and subsequent implanting, and cannot be subsequently
used as a gate oxide. Therefore, it is removed. An etch
performed to remove pad oxide layer 10 also removes a
small portion of isolation oxide layer 22, as shown in
FIG. 6. A gate oxide layer 26 (FIG. 7) and a polysilicon
layer are applied, masked, and etched to form a FET
gate 28. Finally, source and drain regions 24 are then
formed, completing fabrication of the FET.

The foregoing method, while accomplishing the de-
sired result, is somewhat inefficient. Particularly, the
requirement of removing pad oxide layer 10 and then
reapplying a gate oxide layer 26 results in unneeded
repetition.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more preferred embodiments of the invention
are described below with reference to the accompany-
ing drawings, which include:

FIG. 1 s a diagrammatic section view of a portion of
a semiconductor wafer at one processing step in accor-
dance with prior art methods, and is described in the
*Background™ section above.

FIG. 2 is a diagrammatic section of a semiconductor
wafer at a prior art processing step subsequent to that
illustrated by FIG. 1, and is described in the “Back-
ground™ section above.

FIG. 3 is a diagrammatic section of a semiconductor
wafer at a prior art processing step subsequent to that
illustrated by FIG. 2, and is described in the “Back-
ground” section above.

FIG. 4 is a diagrammatic section of a semiconductor
wafer at a prior art processing step subsequent to that
illustrated by FIG. 3, and is described in the *‘Back-
ground” section above.

FIG. 5 is a diagrammatic section of a semiconductor
wafer at a prior art processing step subsequent to that
illustrated by FIG. 4, and is described in the “Back-
ground” section above.

FIG. 6 is a diagrammatic section of a semiconductor
wafer at a prior art processing step subsequent to that
illustrated by FIG. 5, and is described in the “Back-
ground™ section above.

FIG. 7 is a diagrammatic section of a semiconductor
wafer at a prior art processing step subsequent to that
illustrated by FIG. 6, and is described in the *“Back-
ground™ section above.

FIG. 8 is a diagrammatic section view of a portion of
a semiconductor wafer at one processing step of a pro-
cessing method in accordance with the invention.

FIG. 9 is.a diagrammatic section of a semiconductor
wafer at a processing step subsequent to that illustrated
by FIG. 8 using a processing method in accordance
with the invention.

FIG. 10 is a diagrammatic section of a semiconductor
wafer at a processing step subsequent to that illustrated
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by FIG. 9 using a processing method in accordance
with the invention.

FIG. 11 is a diagrammatic section of a semiconductor
wafer at a processing step subsequent to that illustrated
by FIG. 10 using a processing method in accordance
with the invention.

FIG. 12 is a diagrammatic section of a semiconductor
wafer at a processing step subsequent to that illustrated
by FIG. 11 using a processing method in accordance
with the invention.

FIG. 13 is a diagrammatic section of a'semiconductor
wafer at a processing step subsequent to that illustrated
by FIG. 12 using a processing method in accordance
with the invention.

FIG. 14 is a diagrammatic section view of a portion
of a semiconductor wafer at one processing step of an
alternate processing method in accordance with the
invention.

FIG. 15 is a diagrammatic section of a semiconductor
wafer at a processing step subsequent to that illustrated
by FIG. 14 using a processing method in accordance
with the invention.

FIG. 16 is a diagrammatic section of a semiconductor
wafer at a processing step subsequent to that illustrated
by FIG. 15 using a processing method in accordance
with the invention.

FIG. 17 is a diagrammatic section of a semiconductor
wafer at a processing step subsequent to that illustrated
by F1G. 16 using a processing method in accordance
with the invention.

FIG. 18 is a diagrammatic section of a semiconductor
wafer at a processing step subsequent to that illustrated
by FIG. 17 using a processing method in accordance
with the invention.

FIG. 19 is a diagrammatic section of a semiconductor
wafer at a processing step subsequent to that illustrated
by FIG. 18 using a processing method in accordance
with the invention.

FIG. 20 is a diagrammatic section of a semiconductor
wafer at a processing step subseguent to that illustrated
by FIG. 19 using a processing method in accordance
with the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

This disclosure of the invention is submitted in fur-
therance of the constitutional purposes of the Patent
Laws “to promote the progress of science and useful
arts” (Article 1, Section 8).

In accordance with the invention, a method for isolat-
ing field effect transistors using trench isolation tech-
niques comprises:

providing a first oxide layer on a substrate;

providing a polysilicon layer to a first thickness over

the first oxide layer;

etching the substrate to define isolation trenches and

mesa areas, the mesa areas including polysilicon
from the polysilicon layer;

providing a second oxide layer atop the substrate to a

thickness which is sufficient to fill the isolation
trenches:;

etching the second oxide layer to remove second

layer oxide above the mesa areas:

exposing the polysilicon layer atop the mesa areas:

and

patterning and etching the first polysilicon layer to

define FET gates in the mesa areas. with the first
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oxide layer beneath the polysilicon layer being
utilized as gate oxide. :

More specifically, FIGS. 8-13 illustrate one method
of forming isolation trenches and mesa areas in semicon-
ductor substrates, and of forming FETs in the mesa
areas in accordance with the invention. A silicon sub-
strate is generally designated by the reference numeral
102 in FIGS. 8-13. Referring initially to FIG. 8, a first
or pad oxide layer 104, preferably SiOpy, is provided on
substrate 102. Pad oxide layer 104 is for cushioning the
stresses caused by subsequent processing steps, but will
also eventually form gate oxide for FETs formed on
substrate 102. Pad oxide layer 104 therefore has a thick-
ness appropriate to its use as a gate oxide, preferably
from about 75 Angstroms to 400 Angstroms. A gate
oxide thickness from about 150 Angstroms to 200 Ang-
stroms is most preferred in the current state of the art.

A thin first polysilicon layer 106 is subsequently pro-
vided over pad oxide layer 104. First polysilicon layer
106 protects pad oxide layer 104 during subsequent
processing. For example, first polysilicon layer 106
protects pad oxide layer 104 from contaminants intro-
duced from threshold voltage implants, photoresist
application, and etching steps. Because of the protection
provided by first polysilicon layer 106, pad oxide layer
104 can eventually form FET gate oxide. First polysili-
con layer 106 itself eventually becomes part of a FET
gate, although it need not be doped at this point. It will
be autodoped during a later step, described below.

First polysilicon layer 106 is applied to a thickness
which is sufficiently small to enable FET gate threshold
implanting therethrough. Such threshold implanting is
performed in subsequent steps to form gate channel
regions for FETs formed on substrate 102. To allow
such threshold implanting, the thickness of polysilicon
layer 106 is preferably from about 200 Angstroms to
1000 Angstroms, with from about 300 Angstroms to 500
Angstroms being most preferred.

Referring now to FIG. 9, substrate 102 is etched to
define isolation trenches 108 and mesa areas 110. Mesa
areas 110 include polysilicon from first polysilicon layer
106. as well as oxide from first oxide layer 104. As an
example, etching of isolation trenches 108 might include
(1) applying and patterning photoresist; (2) anisotropi-
cally etching polysilicon layer 106; (3) anisotropically
etching oxide layer 104; and (4) anisotropically etching
substrate 102 to the desired depth, about 6000 Ang-
stroms.

A light oxidation of isolation trenches 108 would
typically be performed at this point to repair damage to
bottoms and sidewalls of trenches 108 caused by the
etching.

A second or isolation oxide layer 112, preferably
SiOy, is then provided atop substrate 102 to a thickness
which is sufficient to fill isolation trenches 108 (FIG.
10). An etch is performed to remove portions of isola-
tion oxide layer 112 above mesa areas 110 (FIG. 11),
thereby exposing first polysilicon layer 106 atop mesa
areas 110 as a result of the etch. Performing this etch
also removes such oxide above isolation trenches 108,
usually to a level below the top of first polysilicon layer
106. An example etch to achieve the illustrated profile
might include applying photoresist to form an essen-
tially planar surface and then etching in a manner which
removes photoresist and oxide at essentially the same
rate. Thus when the photoresist clears over the mesa
areas 110, resist still remains over the isolation trenches
108. Continuing the etch removes oxide 112 from the
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above mesa areas 110 while removing photoresist over
the isolation trenches 108 at the same rate. The etch is
thus continued in this manner until all oxide 112 is re-
moved over mesa areas 110, leaving isolation trenches
108 filled with oxide 112 as shown in FIG. 11.

Gate threshold implanting (not shown) is performed
through first polysilicon layer 106 and pad oxide layer
104 1o adjust FET threshold voltage in areas on mesa
areas 110 where FET gates will be formed. As noted
above, pad oxide layer 104 is sufficiently thin to allow
such threshold implanting. As an example, gate thresh-
old implanting through a 400 Angstroms thick first
polysilicon layer 106 and a 180 Angstroms thick pad
oxide layer 104 might include a BFaimplant at a dose of
2 times 1012 atoms/cm? at an energy of 100 keV.

As shown in FIG. 12, a second polysilicon layer 114
is subsequently provided over the exposed first polysili-
con layer 106 atop mesa areas 110, as well as over isola-
tion oxide layer 112. Second polysilicon layer 114 is
conductively doped, since it will form the FET gates.

Referring to FIG. 13, both first and second polysili-
con layers 106 and 114 are patterned and etched to
define FET gates in mesa areas 110, with pad oxide
layer 104 beneath first polysilicon layer 1086 being uti-
lized as a gate oxide. FET source and drain regions 116
are formed in substrate 102 through pad oxide layer 104.
To dope first polysilicon layer 106, the temperature of
first and second polysilicon layers 106 and 114 are
raised sufficiently (i.e., 10 greater than 800° C.) to auto-
dope first polysilicon layer 106 from second polysilicon
layer 114.

F1GS. 14-20 illustrate an alternate method of forming
isolation trenches, mesa areas, and FETs in the mesa
areas. Since the method is similar to that shown in
FIGS. 8-13. identical materials deposited during corre-
sponding steps are denoted by identical reference nu-
merals but for the addition of the suffix *'a" to the refer-
ence numerals in FIGS. 14-20.

FIG. 14 shows silicon semiconductor substrate 102a
to which has been applied a first or pad oxide layer 104a
and a first polysilicon layer 106a as described above.
Additionally, an etch stop layer 120 is applied over first
polysilicon layer 106 to be used as an etch stop during
subsequent etching of isolation oxide layer 112a (not
shown in FIG. 14). Etch stop layer 120 is preferably
comprised of a silicon nitride at a thickness of 100-1000
Angstroms applied over first polysilicon layer 106a.
More specifically, the preferred thickness of etch stop
layer 120 is about 500 Angstroms. A secondary etch
stop layer 124, preferably SiOy, is optionally applied
over nitride layer 120. The function of secondary etch
stop layer 124 is explained below.

Referring to FIG. 15, photoresist (not shown) is ap-
plied and patterned, and an etching step is performed
using an appropriate sequence of etching chemicals as
necessary to define isolation trenches 108z and mesa
areas 110a. Mesa areas 110a include polysilicon from
first polysilicon layer 1064, as well as oxide from pad
oxide layer 104a. This etching is similar to the corre-
sponding etching already described with reference to
the prior art in the “Background of the Invention.”

When trenches 1084 are relatively deep, for example
greater than one micron, extended etching of silicon
substrate 102a eventually removes the photoresist (not
shown) over mesa areas 110a. Since the chemical used
to etch silicon substrate 102¢ is highly selective to ox-
ide. secondary etch stop layer 124 (an oxide) prevents
damage to nitride layer 120. Secondary etch stop layer
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124 is thus optional, and typically only used when etch-
ing deep trenches. If used, it is preferably removed after
trench etching.

A light oxidation of isolation trenches 108a is often
performed after etching trenches 1084 to repair damage
to sidewalls and bottoms of trenches 108z caused by the
etching.

A second or isolation oxide layer 112g is then pro-
vided (FIG. 16) and etched (FIG. 17) using a planariza-
tion etching technique to remove all oxide from above
mesa areas 110a. Nitride etch stop layer 120 is used as an
etch stop during this etching. Nitride layer 120 is subse-
quently removed (FIG. 18), exposing first polysilicon
layer 1062 atop mesa areas 110a. As an example, such a
planarization etching could comprise chemical mechan-
ical polishing. Such polishing is selective to nitride etch
stop layer 120 to form a planar topology essentially
even with the top of nitride etch stop layer 120.

Note that, as compared to the prior art method dis-
cussed above, first polysilicon layer 106z gives added
height to oxide remaining in trenches 108q after planari-
zation, thus decreasing the likelihood of forming para-
sitic transistors on trench sidewalls by removing too
much oxide.

Threshold implanting is performed and drain and
source wells are provided as already described with
reference to FIG. 11. Subsequent steps, illustrated in
FIGS. 19 and 20, are identical to the steps described
with reference to FIGS. 12 and 13.

The methods described provide advantages over
prior art methods in both process efficiency and semi-
conductor quality. Among the advantages is the elimi-
nation of processing steps otherwise required to remove
the pad oxide layer and to subsequently apply a gate
oxide layer. Also, the thin first layer of polysilicon adds
height to the trench oxide, reducing the possibility of
parasitic transistors being formed on trench sidewalls.
Further, the thin first layer of polysilicon protects the
underlying gate oxide from contaminants during vari-
ous processing steps such as gate threshold implanting,
photoresist application, and etching.

In compliance with the statute, the invention has been
described in language more or less specific as to struc-
tural and methodical features. It is to be understood,
however, that the invention is not limited to the specific
features shown and described, since the means and con-
struction herein disclosed comprise preferred forms of
putting the invention into effect. The invention is, there-
fore, claimed in any of its forms or modifications within
the proper scope of the appended claims appropriately
interpreted in accordance with the doctrine of equiva-
lents.

I claim:

1. A method of forming isolation trenches and mesa
areas in a substrate and forming FETs in the mesa areas,
the method comprising:

providing a first oxide layer on a substrate;

providing a first polysilicon layer to a first thickness

over the first oxide layer;

etching the first oxide layer, the first polysilicon layer

and substrate to define isolation trenches and mesa
areas, the mesa areas including polysilicon from the
first polysilicon layer;

providing a second oxide layer atop the substrate to a

thickness which is sufficient to fill the isolation
trenches; .

etching the second oxide layer to remove second

layer oxide above the mesa areas;
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exposing the first polysilicon layer atop the mesa

areas;

providing a second polysilicon layer over the ex-

posed first polysilicon layer. the second polysilicon
laver being conductively doped: and

patterning and etching the first and second polysili-

con layers in the same step to define FET gates in
the mesa areas. with the first oxide layer beneath
the first polysilicon laver being utilized as gate
oxide.

2. The method of claim 1 further comprising applying
an etch stop layer over the first polysilicon layer and
using the etch stop layer as an etch stop during etching
of the second oxide layer.

3. The method of claim 1 further comprising applying
a nitride layer over the first polysilicon layer and using
the nitride layer as an etch stop during etching of the
second oxide layer.

4. The method of claim 1 further comprising:

applying a nitride layer over the first polysilicon

layer:

applying a secondary etch stop layer of oxide over

the nitride layer; and

using the nitride layer as an etch stop during etching

of the second oxide layer.

$. The method of claim 1 wherein the first thickness
of the first polysilicon layer is from about 200 Ang-
stroms to 1000 Angstroms.

6. The method of claim 1 wherein the first thickness
of the first polysilicon layer is from about 300 Ang-
stroms to 500 Angstroms.

7. The method of claim 1 further comprising perform-
ing a gate threshold implant through the first polysili-
con layer and the first oxide laver to adjust FET thresh-
old voltage. the first thickness of the first polysilicon
layer being sufficiently small to enable such threshold
implant.

8. The method of claim 1 further comprising raising
the temperature of the first and second polysilicon lay-
ers sufficiently to autodope the first polysilicon layer
from the second polysilicon layer. )

9. The method of claim 1 wherein the first oxide laver
has a thickness from about of 75 Angstroms to 400
Angstroms.

10. The method of claim 1 wherein the first oxide
layer has a thicknes from about 150 Angstroms to 200
Angstroms.

11. The method of claim 1 further comprising form-
ing FET source and drain regions in the substrate
through the first oxide layer.

12. A method of forming isolation trenches and mesa
areas in a substrate and forming FETs in the mesa areas,
the method comprising:

providing a pad oxide layer on a substrate;

providing a first polysilicon layer to a first thickness

over the pad oxide layer;

applying a nitride layer over the first polysilicon

layer;
etching the pad oxide layer, the first polysilicon layer,
nitride layer and substrate to define isolation
trenches and mesa areas, the mesa areas including
polysilicon from the first polysilicon layer:

providing an isolation oxide layer atop the substrate
to a thickness which is sufficient to fill the isolation
trenches:

etching the isolation oxide layer to remove isolation

oxide above the mesa areas and using the nitride
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layer as an etch stop for the isolation oxide layer
etch:

removing the nitride layer and exposing the first

polysilicon layer atop the mesa areas:

performing a gate threshold implant through the first

polysilicon layer and the pad oxide layer to adjust
FET threshold voltage, the first thickness of the
first polysilicon layer being sufficiently small to
enable such threshold implant;

providing a second polysilicon layer over the ex-

posed first polysilicon layer, the second polysilicon
layer being conductively doped; and

patterning and etching the first and second polysili-

con layers the same step to define FET gates in the
mesa areas, with the pad oxide layer beneath the
first polysilicon layer being utilized as gate oxide.

13. The method of claim 12 wherein the first thick-
ness of the first polysilicon layer is from about 200 Ang-
stroms to 1000 Angstroms.

14. The method of claim 12 wherein the first thick-
ness of the first polysilicon layer is from about 300 Ang-
stroms to 500 Angstroms.

15. The method of claim 12 wherein the pad oxide
layer has a thickness from about 75 Angstroms to 400
Angstroms.

16. The method of claim 12 wherein the pad oxide
layer has a thickness from about 150 Angstroms to 200
Angstroms.

17. The method of claim 12 further comprising apply-
ing a secondary etch stop layer of oxide over the nitride
layer.

18. The method of claim 12 further comprising rais-
ing the temperature of the first and second polysilicon
layers sufficiently to autodope the first polysilicon layer
from the second polysilicon layer.

19. The method of claim 12 further comprising form-
ing FET source and drain regions in the substrate
through the pad oxide layer.

20. A method of forming isolation trenches and mesa
areas in a substrate and forming FETs in the mesa areas,
the method comprising:

providing a pad oxide layer on a substrate, the pad

oxide layer having a thickness from about 75 Ang-
stroms to 400 Angstroms;
providing a first polysilicon layer over the pad oxide
layer, the first polysilicon layer having a thickness
from about 200 Angstroms to 1000 Angstroms;

applying a nitride layer over the first polysilicon
layer;

applying a secondary etch stop layer of oxide over

the nitride layer;

etching the pad oxide layer, first polysilicon layer,

nitride layer, secondary etch stop layer substrate to
define isolation trenches and mesa areas, the mesa
areas including polysilicon from the first polysili-
con layer;

providing an isolation oxide layer atop the substrate

to a thickness which is sufficient to fill the isolation
trenches;
etching the isolation oxide layer and the secondary
etch stop layer to remove oxide above the mesa
areas using the nitride layer as an etch stop:

removing the nitride layer and exposing the first
polysilicon layer atop the mesa areas;

performing a gate threshold implant through the first

polysilicon layer and the pad oxide layer to adjust
FET threshold voltage;
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providing a second polysilicon layer over the ex- con layers in the same step to define FET gates in
posed first polysilicon layer. the second polysilicon the mesa areas, with the pad oxide layer beneath
layer being conductively doped: the first polysilicon layer being utilized as gate
raising the temperature of the first and second oxide: and
polysilicon lavers sufficiently to autodope the first 5 forming FET source and drain regions in the sub-
polysilicon layer from the second polysilicon layer: strate through the pad oxide layer.
* * * * *

patterning and etching the first and second polysili-
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