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Abstract

An 1solation structure as well as a method for using and
fabricating an isolation structure in an active layer deposited
on a substrate the method of fabrication including the steps of
forming a buried oxide layer in the active layer adjacent the
substrate, forming an isolation trench in the active layer by
etching at least up to and optionally into the substrate, forming
a dielectric 1isolation layer on the exposed surfaces of the
trench, removing the dielectric isolation layer from the bottom
of the trench, ‘and forming an isolation structure by epitaxially
growing monocrystalline silicon in the trench.
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METHOD FOR FORMING VARIABLE

WIDTH ISOLATION STRUCTURES

The United States Government has rights in this

invention pursuant to Contract No. DASG60-85-C-0115, awarded by

the U. S. Army Strategic Defense Command.
Field of the Invention

The present invention relates generally to semiconductor

isolation structures and, more specifically, to the uniform

epitaxial growth of monocrystalline silicon in isolation trenches

having variable widths.

Background of the Invention

Isolation structures are well known in the art as a
means Of electrically insulating active semiconductor devices
which have been fabricated on the same substrate. 1In order to
reduce device=-to-device spacing, trench isolation structures have

been proposed.

For example, U. S. Patent No. 5,592,792 to Corboy et al
discloses a method of fabricating a trench isolation structure.
However, the resulting structure has a faceted upper surface
which impedes further planar processing, planarization being
important to the efficiency of producing miniaturized semi-
conductor structures. Moreover, the Corboy et al isolation device
does not provide an effective means of complete isolation.

Certain inventors have addressed the problem of forming
a planar isolation structure on a substrate containing multiple
devices.‘ For instance, U. S. Patent No. 4,680,614, U. S. Patent
No. 4,528,047, U. S. Patent No. 4,689,656 and U. S. Patent No.

4,526,631, among others, address various aspects of producing
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isolation trenches having a planar upper surface. However, these
patents teach complex fabrication methods which require cumber-

some and expensive multi-step processing and result in
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multi-layered filling of the isolation trenches.
Consequently, a need exists for an isolation structure which

can be formed simply, efficiently, and inexpensively and which
effectively isolates the active devices between which the
structure is fabricated.

summary of the Invention
The present invention addresses these problems by providing

a method for fabricating an isolation structure in an active
layer deposited on a substrate including forming a buried oxide
layer 1in the active layer adjacent the substrate, forming an
lsolation trench in the active layer by etching at least up to
and optionally into the substrate, forming a dielectric isolation
layer on the exposed surfaces of the trench, removing the
dielectric isolation layer from the bottom of the trench, and
forming an isolation structure by epitaxially growing
monocrystalline silicon in the trench.

A further aspect of the present invention is providing a
semiconductor isolation device which includes a substrate, a
monocrystalline silicon isolation structure overlying less than
the entirety of the substrate, a buried oxide layer bordering the
isolation structure and overlying the substrate adjacent the
ilsolation structure, an active layer overlying the buried oxide
layer, and a dielectric 1isolation 1layer lying intermediate
between the active layer and the isolation structure.

An additional aspect of the present invention is a method
of using the semiconductor isolation structure including the
steps of affixing a biasing lead to the exposed side of the bulk

substrate and, optionally, applying a voltage to the substrate.

Brief Description of the Drawings
FIGURES 1-6 depict partial cross-sectional views at various

stages 1in the production of a semiconductor isolation structure
in accordance with the method of the present invention.

FIGURE 7 depicts a partial cross-sectional view of one
embodiment of the semiconductor 1isolation structure of the
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present invention resulting from the processing depicted in Figs.
1-6.

FIGURES 4a-6a depict partial cross-sectional views of
various stages in the production of a semiconductor isolation
structure in accordance with a preferred embodiment of the method
of the present invention.

FIGURE 7a depicts a partial cross—-sectional view of an
alternative embodiment of the semiconductor isolation structure
of the present invention resulting from the processing depicted
in Figs. 1-3 and 4a-6a.

Detailed Description of the Preferred Embodiment
The present invention comprises a method for fabricating an
1solation structure, the resulting isolation structure, and a

method of using that isolation structure. The process comprises
fabricating an isolation structure 24 in an active layer 12
deposited on a substrate 10 comprising the steps of forming a
buried oxide layer 14 in an active silicon layer 12 which has
been deposited on the substrate 10, forming an isolation trench
22 in the active layer, forming a dielectric isolation layer 26
on the exposed surfaces of the trench, removing the oxide from
the bottom of the trench 22, and epitaxially growing
monocrystalline silicon within the trench.

The process of the present invention may also be used to
form and uniformly refill any number of trenches which have been
positioned on the same substrates simultaneously. The low
temperature epitaxial growth:  combined with the low system
pressures in the growth chamber allow the uniform refill of
multiple trenches where the trenches may or may not be of uniform
dimension. Uniform refill of multiple variable width trenches is
further enabled by use of an epitaxial growth process. Epitaxial
growth of the monocrystalline 1isolation structure 24 results from
the exposure of the upper surface 23 of the single crystal seed
substrate 10.

The first step in the process of the present invention 1is
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forming a bﬁried oxide layer 14 in an active monocrystalline
silicon layer 12 which overlies the substrate 10, Figs. 1 and 2.
Buried oxide layer 14 fulfills two related functions. First, the
buried oxide layer joins with the dielectric isolation layers 26
in the completed structure to fully insulate the adjacent active
semiconductor devices 12' and 12", Fig. 6. The buried oxide
layer 14 will later insulate any subsequently formed active
devices from the voltage applied through lead 30 to the substrate
10. This voltage 1is applied to the entire substrate 10 and
results in a bias of the isolation structure 24 due to the direct
contact between the substrate 10 and the isolation structure 24.

in processing, the monocrystalline silicon active region 12
is implanted with oxygen. Once the oxygen implantation is
completed, a high temperature anneal is performed, resulting in
the buried oxide layer 14 adjacent the semiconductor substrate 10
with a thin layer of monocrystalline silicon remaining at the
surface of the active silicon 12, Fig. 2.

After formation of the buried oxide layer 14 the structure

may be subjected to an in situ H, cleaning at high temperature to
remove native oxide formed on the surface of the active silicon
layer 12. Generally, due to a limited ability to drive the
buried oxide layer 14 only so far into the active silicon layer
12, an additional layer of intrinsically grown monocrystalline
silicon may then be formed on the upper surface of the active
silicon layer 12. Generally about 0.10 to 1.5 micron of silicon
may be grown from H, and dichlorosilane source gases. The flow
rates of these gases may vary depending on the desired uniformity
and growth rate but will generally be about 0.15 to 0.4

liters/minute for the dichlorosilane and about 70 to 200

liters/minute for the HZ‘
The next step in the process of the present invention is a

formation of the isolation trench 22. The isolation trench will

function as the site for the epitaxial growth of the isolation
structure., Generally, an etch mask will be deposited over the
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surface of the active silicon 12. The etch mask functions to
facilitate the formation of the isolation trench.

If used, the etch mask generally will take the formation or
structure shown in Fig. 3. This etch mask results from the
growth of a thin silicon oxide layer 16 on the upper surface of
the active silicon 12. This thin silicon oxide mask will serve
as a buffer or a pad for the next layer of the dielectric which
ls to be deposited upon the surface of the semiconductor. This
thin oxide layer typically is formed to a thickness ranging from
about 100 angstroms to about 500 angstroms and preferably about
300 angstroms. Generally, this layer is formed using wet o,
processing at a temperature ranging from about 825° C. to about
950° C. and preferably 850° C.

A thicker silicon nitride layer 18 is then deposited over
the initial silicon dioxide layer 16. The silicon nitride layer
functions as an etch mask for the formation of the isolation
trench 22 and as a LOCOS mask in finalizing the structure before
further processing. Generally, the nitride layer 18 is deposited
through chemical vapor deposition processes to a thickness
ranging from about 1,500 angstroms to about 3,500 angstroms and
preferably about 3,000 angstroms. The temperature at which the
nitride layer is formed ranges from about 750° C. to about 950°
C. and preferably is about 800° C. over a period of time which
correlates directly with the thickness of the silicon nitride
layer.

Optionally, an outer etch mask layer 20, Fig. 3, of silicon
oxlide is deposited on the intermediate silicon nitride layer 18
using conventional chemical vapor deposition techniques. This
outer layer of silicon dioxide 20 serves as an etch mask
protecting the intermediate nitride layer 18 from etching during
the formation of the isolation trench 22, In practice, it 1is
believed that some silicon reactive ion etches are difficult to
make selective to silicon nitride. Use of the outer silicon
oxide layer 20 in the three level etch mask allows deep trenches
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to be etched up to and into the substrate 10 and through the
active silicon layer 12. Deep etching of the structure without
damage to the silicon nitride layer 18 is possible because the
selectivity of the etchant to the exterior silicon oxide layer 20
1s much higher than the selectivity of the etchant to the covered
silicon nitride layer 18, As a typlcal result, the silicon

nitride masking layer 18 is retained for further processing while
the outer silicon oxide masking layer 20 is used as the primary

mask in forming the trenches 22.

The etch mask being the first silicon oxide layer 16, the
intermediate silicon nitride layer 18 and the outer silicon oxide
layer 20 typically is then patterned with a photo-resist and then
etched using reactive ion etching processes. The photo-resist is
then normally removed in preparation for forming the isolation
trench.

The 1solation trench 22 may be formed by first etching
through the active silicon layer 12 and buried oxide layer 14 up
to the substrate 10 using reactive ion etching processes, Fig. 4.
The presence of the buried oxide layer 14 allows the non-specific
etching of the isolation trench 22 up to and even into the
semiconductor substrate 10 while preventing latch up 1in any
resulting devices formed in the silicon active layer 12.

The etchant wused to form the 1isolation trench may be
anisotropic or isotropic in nature. While isotropic etchants
result 1n under cut areas in the isolation trench 22, the process
of the present invention allows for filling the trench 22 with
epitaxial monocrystalline silicon without the formation of wvoid
areas 1n the undercut regions of the trench 22.

The trench 22 depicted in Fig. 4 has been etched with an
anisotropic etchant. Generally, the species of etchant used in
the formation of the isolation trench may be selected from those
well known in the art including various flourocarbon plasmas. At
the same time that the isolation trench is formed, the upper
layer of the etch mask being the outer silicon oxide layer 20 may
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be removed 'from the wupper surface of the structure. The
underlying intermediate layer of silicon nitride 18 may be left
untouched as it is masked from the etchant by the outer silicon
oxide layer 20, Fig. 4.

A dielectric isolation layer 26 may then be grown or
deposited on the exposed surface of the trench, Fig. 5. This

dielectric layer 26 forms on the exposed silicon surfaces and
electrically isolates these active areas in either side of the
isolation structure from the substrate, the trench, and from each
other. Generally, the dielectric isolation layers are grown
through wet O, processing which provides the formation of
sidewall oxide and an adequate thickness of from about 200
angstroms to about 1,000 angstroms and preferably to a thickness
of 1less than about 500 angstroms. The sidewall oxide 1is
generally grown at a temperature ranging from about 825° C. to
about 950° C. The exact growth time will vary depending on the
growth temperature used and layer thickness desired.

The present invention allows the sidewall of the active
areas 12' and 12" to be auto-doped by the diffusion of the ion
impurity which may be deposited in situ during growth of the
isolation structure 24 through the dielectric isolation layer 26
and into the active areas 12' and 12". This auto doping process
is preferred because, as the thin sidewall oxide is grown, dopant
from these active areas 12' and 12" segregated into the
dielectric isolation layer 26 resulting in a depletion of the
impurity necessary to the semiconductor active areas 12' and 12".
The end result is an increase in the possibility of a small
electric field inducing an inversion of carriers in the dopant
depleted region. Such an inversion would possibly result in a
leakage path along the sidewall of the isolation trench. The
structure of the present invention alleviates these problems by
auto-doping the active areas of the semiconductor substrate

during the in situ doping of the isolation structure 24 as this
structure 1s grown,
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As wiil be seen, 1isolation structure 24 contains a
conductive material, i.e., an ion impurity dopant, which allows
for the backside bias of the isolation structure. This biasing,
in turn, retards additional leakage along the sidewall of the
trench and may increase transistor performance.

As can be seen in Fig. 6, the isolation structure 24 may
then be grown after the excess oxide is removed from the base 23
of the semiconductor substrate exposing the monocrystalline
surface of the seed substrate 10. Generally, the isolation
structure 1s grown at a pressure ranging from about 20 to 100
torr at a temperature ranging f£rom about 850° C, to about 950° C.
in a chamber having a source gas flow of dichlorosilane ranging
from about 0.15 to about 0.4 liters per minute, of HCl source gas
ranging %rom about 0.4 to about 1.2 liters per minute, and a
carrier gas such as H., flowing at a rate ranging from about 70 to
200 liters per minute and preferably 150 liters per minute.

During epitaxial growth of the isolation structure 24 a P-
type dopant such as, for example, BH3 or 82H6 may be introduced
into the growth chamber resulting in an ion impurity
concentration in the isolation structure 24 ranging from about 1

X 1017 to about 1 x 10%% cm”3.

In order to prepare the structure for further processing, a
localized oxide cap 28 may be then formed across the surface of
the 1solation structure 24, as can be seen in Fig. 7. The
remaining silicon nitride etch mask layer 18 serves as a LOCOS
mask for the active areas of the semiconductor substrate. Oxide
cap 28 can be used to function as an insulting 1island for
subsequently formed active devices capable of functioning as an
active insulator for 1live contacts between these devices.
Generally, the oxide mask 1s grown to a thickness ranging from
about 1,500 angstroms to about 4,000 angstroms and preferably
about 2,000 angstroms. To prepare the semiconductor substrate

for further processing, the silicon nitride layer 18 may be
removed.
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Finally a lead 30 may be attached to an exposed surface of
the substrate 10, Fig. 7. As noted earlier, the biasing lead 30
may assist 1in improving the performance of the isolation
structure of the present invention by reducing current leakage
down the interface between the active areas 12' and 12" and the
dielectric isolation layer 26. In order to affect the improved
structure performance a voltage may be applied to the substrate
10 through lead 30. The placement of the 1lead 30 on the
substrate 10 may be to any exposed or available surface. The
buried oxide layer 14 isolates the active areas 12' and 12" from
the voltage applied through 1lead 30. Moreover, the direct
contact between the substrate 10 and the uninsulated isolation
structure 24 will allow the structure 24 to be biased by the
voltage.

In accordance with a preferred embodiment of the present
invention, the isolation structure 24 of the present invention

may be formed in an alternative sequence as seen in Figs. 4a-7a.

Once the etch mask has been formed and patterned at the
upper surface of the semiconductor active substrate, the
isolation trench may be formed by etching down through the
surface of the active layer and up to the buried oxide lavyer 14,
Fig. 4a. As depicted in Figs. 4a-6a the trench 22 may be formed
in batch processing by an instrument such as, for example, a
model 8110 manufactured by Applied Materials 1Inc. with an
anisotropic etchant such as CHF, combined with O, or any other
flourocarbon plasma at a pressures of preferably less than 100
militorr and a bias of about 300 volts to about 1,000 wvolts.
Alternatively, the etching may also be completed by single wafer
etching. Use of an anisotropic etchant avoids the formation of
undercut regions in the resulting trench such as those which may
result from the use of isotropic etchants such as HF.

The dielectric isolation layer 26 may then be grown on the
exposed surfaces of the silicon active layer 12' and 12". This
dielectric 1isolation layer may be grown through processes



10

15

20

25

30

20158917

)|

....10...

substantiall“y similar to those disclosed with the growth of the
dielectric 1isolation layer in the previous embodiment. Also
similar to the previous embodiment, the dielectric isolation
layer 26 typically covers the bottom of the isolation trench 22,
which in this case is the upper surface of the buried oxide layer
14, However, as willl be seen, there normally is no need to
remove this layer of the dielectric isolation material from the
bottom of the trench, as the structure will be subjected to
continued etching.

The formation of isolation trench 22 is then continued by
etching additionally through the buried oxide layer 14 up to and
optionally into the substrate 10, Fig. 5a. This two part etching
of the 1isolation trench 22 provides for the formation of the
dielectric isolation layer 26 on the vertical sidewalls of the
silicon active layers 12' and 12" exposed by the etching of the
trench. Also this preferred embodiment of the present process
obviates any need to remove the dielectric isolation material
which is formed on the base of the trench after the formation of
the dielectric isolation layer 26, Fig. 4a.

Moreover, the etching processes of the present invention do
not require the strict etching tolerances of the prior art and
allow for the etching of the isolation trench into the substrate
10. Specifically, the presence of the buried oxide layer 14 in
addition to the epitaxial growth of the isolation structure 24
directly from the substrate 10 allows for overetching the trench
by as much as about 750 angstroms. In fact, given the
desirability of biasing the 4isolation structure 24 a contact
ensuring overetch of the substrate 10 is preferred in contrast to

an underetch which may leave oxide on the upper surface 23 of the
substrate 10.

Once the 1solation trench has been formed through the
process as disclosed before, the trench may be refilled with
epitaxially grown monocrystalline silicon as with the previous
embodiment. The structure may then be finalized with the
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formation of a localized oxide mask 28 at the upper surface of
the refilled trench.

Similar to the previous embodiment, the monocrystalline
silicon isolation structure 26 typically is epitaxially grown in

the presence of an 1on 1mpurity such as boron which dopes the
resulting 1isolation structure. Also, due to the preferred

thickness of the dielectric 1isolation layer 26 formed on the
sidewalls of the 1isolation trench 22, this ion 1impurity auto
dopes these dielectric 1solation layers and the adjacent layers
of the silicon active layer 1l2.

In operation, a biasing lead 30 may then be attached to the
exposed base of the semiconductor device substrate 10, Fig. 7a.
A voltage is then applied to the lead 30.

The doping of the 1solation structure in concert with the
backside biasing of the semiconductor structure effectively
prevents the formation of a leakage path along the sidewalls
between the active layer and the dielectric 1solation layer.
Furthermore, the latch up condition that occurs in conventional
LOCOS trench isolation is completely nonexistent with the current
invention. The active devices are completely isolated by the
isolation structure grown in the trench.

The position of the lead on the substrate 10 is noncritical
as the biasing voltage is focused on the isolation structure 24
throug.. t.ae ouried oxide layer 14, Other than the buried oxilde

layer 14, the doped isolation structure 24 1is the only surface
exposed to the substrate 10.
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“"WHAT IS CLAIMED IS:

l. A method for fabricating an isolation structure 1in an
active layer deposited on a substrate comprising the steps of:

(a) forming a buried oxide layer (14) in the active

layer (12) adjacent the substrate (10);

(b) forming an isolation trench (22) in the active

layer (12) by etching at least up to and optionally into the

substrate (10);

(c) forming a dielectric isolation layer (26) on the

exposed surfaces of the trench (22);

(d) removing the dielectric isolation layer (26) from

the bottom of the trench (22); and

(e) forming an isolation structure (24) by epitaxially

growing monocrystalline silicon in the trench (22).

2. The method of claim 1 additionally comprising a step of

forming a dielectric cap (28) on the isolation structure (24).

3. The method of claim 1 wherein multiple isolation
trenches (22) are formed up to and optionally into the substrate

(10), the trenches (22) being filled to have uniform levels of

epitaxially grown monocrystalline silicon.

4, The method of claim 1 wherein the step forming an

isolation structure (24) comprises forming an ion impurity region
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in situ in the isolation structure (24) during growth.

5. A method for fabricating an isolation structure in an
active layer deposited on a substrate comprising the steps of:

(a) forming a buried oxide layer (14) in the active

layer (12) adjacent the substrate (10);

(b) forming an isolation trench (22) in the active

layer (12) by etching at least up to and optionally into the

buried oxide (10);

(c) forming a dielectric isolation layer (26) on the

exposed surfaces of the trench (22);

(d) continuing the isolation trench (22) by etching at
least up to and optionally into the substrate (10); and
(e) forming an isolation structure (24) by epitaxially

growing monocrystalline silicon in the trench (22).

6. The method of claim 5 additionally comprising a step of

forming a dielectric cap (28) on the isolation structure (24) .

7. The method of claim 5 wherein multiple isolation
trenches (22) are formed up to and optionally into the substrate

(10), the trenches (22) being filled to have uniform levels of

epitaxially grown monocrystalline silicon.

8. The method of claim 5 wherein the step of forming an

isolation structure (24) comprises forming an ion impurity region

TV b ———— = = T ST TR T——— - ———e kil « de &
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in situ in the isolation structure (24) during growth.

9. A semiconductor device comprising:

(a) a substrate (10);

(b) a monocrystalline silicon isolation structure (24)
overlying less than the entirety of the substrate (10);
(c) a buried oxide layer (14) bordering the isolation
structure (24) and overlying the substrate (10) adjacent the
isolation structure (24);

(d) an active layer (12’, 12”) overlying the buried
oxide layer (14); and

(e) a dielectric isolation layer (26) lying
intermediate between the active layer (12’, 12”) and the

isolation structure (24).

10. A method of using an semiconductor isolation structure
(24) which comprises a substrate (10), a monocrystalline silicon
isolation structure (24) overlying less than the entirety of the
substrate (10), a buried oxide layer (14) bordering the isolation
structure (24) and overlying the exposed substrate (10), an
active layer (12’, 12"”) overlying the buried oxide layer (14),
and an isolation layer (26) lying intermediate between the active
layer (12’, 12”) and the isolation structure (24), the method

comprising the step of affixing a biasing lead (30) to the back

side of the substrate (10).
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