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[57] ABSTRACT
A method of implanting ions into the sidewalls of isola-

tion trenches is disclosed. The method utilizes a series of = _

ion implants to produce concentrations of the ion, in
most cases boron, along the depth of the trench. Since
the 10n concentration exhibits a Gaussian distribution
function which tails off rapidly, the width of the trench
is narrowed after the implantation to guarantee a suffi-
cient boron concentration at the sidewalls of the trench.
A layer of an insulating material is used to narrow the
trench, where a conformal coating of the material will
cover the sidewalls of the window and narrow the
opening through the window. By increasing the boron
doping 1n the sidewalls, the effects of boron segregation
between the substrate and the isolation trench will be
counteracted, thus eliminating the problem of creating
an n-type inversion layer between the trench and the
substrate.

11 Claims, 10 Drawing Figures

A statutory invention registration is not a patent. It has

~ the defensive attributes of a patent but does not have the

enforceable attributes of a patent. No article or advertise-
ment or the like may use the term patent, or any term
suggestive of a patent, when referring to a statutory in-
vention registration. For more specific information on the
rights associated with a statutory invention registration
see 35 U.S.C. 157,
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'METHOD FOR IMPLANTING THE SIDEWALLS

OF ISOLATION TRENCHES

BACKGROUND OF THE INVENTION

1. Field of the Invention ,
The present invention relates to a method for im-

planting the sidewalls of isolation trenches and, more
particularly, to a method for implanting trench side-
‘walls which utilizes a series of ion implants and a subse-

quent narrowing of the window through which the

trench is formed to provide a sufficient level of dopant
concentration in the trench sidewalls. |
- 2. Description of the Prior Art |
Advanced large scale integrated circuit design re-
quires a method of providing isolation between various
components located on the same substrate which does
not demand a large surface area of the substrate. Trench

isolation has evolved as the preferred method of isola-

tion, where narrow trenches, filled with a dielectric,
‘can be placed between components and provide excel-
lent isolation between components which are closely
spaced. A problem with this method, however, relates
to the dopant segregation from the substrate during a
‘brief oxidation process along the trench, where this
oxidation is required to keep a clean interface. For ex-
ample, in a boron doped p-type substrate which In-
cludes an isolation trench filled with silicon dioxide, the
boron will move from the silicon substrate into the
silicon dioxide. Moreover, .an inversion may occur
along the portion of the silicon substrate which borders
the silicon dioxide-filled trench, due to the positive
fixed charge. Therefore, in the case where the trench is
being utilized to separate two closely spaced n-type

5

2.
tion trench which prevents any sidewall inversion and
provides complete 1solation.

SUMMARY OF THE INVENTION

The problem remaining in the prior art has been
solved 1n accordance with the present invention which
relates to a method for implanting the sidewalls of isola-

- tion trenches and, more particularly, to a method for
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implanting trench sidewalls which utilizes a series of 1on
implantations and a subsequent narrowing of the win-
dow through which the trench is formed to provide a

~ sufficient level of dopant concentration in the trench
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regions, the presence of the n-type inversion layer be-

tween the regions serves as a conduction path thus
degrading the isolation between the two regions.
- One method of overcoming this probiem is to sepa-

rate the components to be isolated by an amount suffi-

cient to disrupt the conduction path around the trench
sidewalls. However, when a large number of compo-
nents need to be separated from one another on a single
substrate, the amount of silicon area required for this
method becomes extremely costly. In an alternative
method, a “channel stop” is placed at the bottom of the
trench to break the conduction path between the two

regions to be isolated. As disclosed in U.S. Pat. No.

4,211,582 issued to C. T. Horng et al. on July 8, 1980, a
p+ implant is formed at the bottom of the trench to
‘prevent an inversion layer from forming at the bottom
of the trench along the interface with the substrate. In
particular, by enforcing the presence of p-type donors,
the boron concentration in the silicon substrate will be
sufficient to prevent the interface from inverting, even

after the boron segregation during the subsequent oxi-
dation. Therefore, the likelihood of an n-type inversion

- layer being fromed at the bottom of the trench is signifi-

cantly reduced.

- Although this method is sufficient for eliminating the
~ invention layer at the bottom of the trench, the boron
segregation which takes place along the sidewalls of the
trench may resuit in forming an inversion layer around
the sidewalls of the isolation trench for the same reasons
as stated above. Therefore, a conduction path still exists
between the two components via the inverted sidewalls.
A problem remaining in the prior art, therefore, is to
provide a method for doping the sidewalls of an isola-
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sidewalls.

It is an aspect of the present invention to narrow the
window used as an etch mask in the formation of the
trench to a value such that the final sidewalls of the
trench are located close to the peak dopant concentra-
tion.:

Another aspect of the present Invention is to utilize a
series of boron implants to insure that the dopant con-
centration maintains a fairly uniform profile along the
sidewalls of the trench.

Yet another aspect of the present invention 1s to pro-
vide a method of utilizing narrow width isolation
trenches (even beyond the practical optical lithography
limit), since in the prior art, the lack of a method for
implant trench sidewalls prevented the utilization of
narrow (less than one micron) width isolation trenches.

Other and further aspects of the present invention
will become apparent during the course of the follow-
ing discussion and by reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings, where like numerals
represent like parts in several views:

FIG. 1 illustrates a cross-sectional view of a prior art
isolation trench; and

FIGS. 2-10 illustrate cross-sectional views of the
structure obtained a successive times during the fabrica-
tion of an isolation trench formed in accordance with
the present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates a conventional isolation trench 12
formed in a p-type substrate 10, where trench 12 may be
formed by any suitable etching technique. Here, 1sola-
tion trench 12 is needed to separate a first n+ region 14
from a second n+ region 16 along the wall and through -
the bottom of trench 12. When a silicon dioxide layer 18
is grown on the surface of trench 12 to keep a clean
interface, trench 12 may be inverted. This inversion

- layer 20 is illustrated in FIG. 1. As discussed earlier, the
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presence of this inversion layer 20 results in the forma-

tion of a conduction path between n+ region 14 and
n+ region 16. As stated above, the inversion layer may

 be eliminated at the bottom of trench 12 by ion implant-

65

ing a p+ type region at the bottom of trench 12. The
response of additional p-type donors will keep the p-
type dopant concentration present in the bottom of
trench 12, usually boron, at a sufficient level to counter
the boron segregatlon during oxidation. This additional
concentration will raise the surface threshold voltage
for inversion and thereby disrupt the conduction path
between n+- region 14 and n+4 region 16. However, as
discussed above, sidewalls 22 and 24 of trench 12 cannot
be ion implanted by this process, since the width of a
isolation trench is ideally on the order of one micron (if



3

not smaller) and a conventional ion implant beam can-
not be tilted sufficiently to direct an ion beam at the
stdewalls. Therefore, an inversion layer will still exist
around the sidewalls of trench 12, forming a conduction
- path between n+ region 14 and n+ region 16.

H204

- FIG. 2-10 illustrate the process used in accordance

with the present invention to ion implant the sidewalls

of an 1solation trench and thus provide complete isola-.

tion between two adjoining n-type regions. By ion im-
planting both the sidewalls and the bottom of the
trench, a sufficient increase tn boron concentration can

10

be achieved and the entire conduction path will be

eliminated, 1nsur1ng that no 51gnal can travel between
the adjoining regions.

FI1G. 2 shows the starting material used to form both
the active devices and the isolation trenches there be-
tween, where 1t is to be understood that for the sake of
~clarity only the process for forming isolation trenches
will be discussed. It is to be understood that there may
exist intervening steps in the process for the formation
of the active devices on the substrate.

Referring to FIG. 2, a p-type substrate 30 is ox1dlzed
‘to form a silicon dioxide layer 32 over the entire surface
of substrate 30, where a 150 to 300 A layer is sufficient
to minimize the stress resulting from a nitride which
will be subsequently deposited. The abovementioned
silicon nitride layer 34 i1s subsequently deposited over
silicon dioxide layer 32, where layer 34 may comprise a
height of approximately 1200 to 2400 A. A silicon diox-
ide layer 36 is next deposited by decomposing tetraethyl
‘orthosilicate, where this compound, abbreviated
TEOS, 1s well known in the art as providing an excel-
lent conformal coating of insulating SiO>.

The silicon structure of FIG. 2 is next patterned by
conventional photolithography technigues (not shown)
and 1s selectively etched to produce narrow openings,
or windows, 38 having substantially vertical sidewalls
40 and 41 and horizontal bottom surfaces 42, as shown
- in FIG. 3. In particular, a dry etch which has a high
etch selectivity between the dielectric and the silicon
may be used to form windows 38. The width of window
38, as indicated in FIG. 3, is on the order of one micron.
As described above, ion implantation of p-type donors
1s used to increase the p-type concentration which
counters the effect of boron segregation between the
substrate and the isolation trench. For the purposes of
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found to be sufficient for the purposes of the present
invention. Further, the energies of 45 and 140 KeV
described above are considered to be exemplary only,
where many other combination of implant energies may
be utilized in associated with the practice of the present
invention.

As discussed above, doping of the trench sidewalls in
accordance with the present invention is provided by
narrowing the width of window 38 prior to the forma-
tion of the isolation trench. Accordingly, following the
above-described ion implant, the opening of window 38
1s narrowed using a conformal coating of a thin masking
material 44 applied so as to form the structure illustrated
in FIG. §. TEOS (tetraethy! orthosilicate) may be uti-
lized for conformal coating 44, since it is known for
providing a high quality conformal coating. In particu-
lar, a thickness of 1000 A of TEOS layer 44 has been
found to be sufficient for the purpose of the present
invention. TEOS layer 44 is subsequently removed by
an anisotropic dry etching process so that only the
portions of layer 44 deposited on sidewalls 40 and 41 of
window 38 remain. FIG. 6 illustrates the resultant struc-

ture, which contains TEOS regions (or fillets) 46 and 48

- along sidewalls 40 and 41, respectively. As shown in
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the present invention, ion implantation of boron follows

the above-described window formation process, where
a first series of ion implants is utilized to increase the
dopant concentration along the sidewalls of the isola-
tion trench. The ion implantation is highly directional in
the vetical direction and the first may be performed at,
for example, 45 KeV with a dose of 1 x 1013 atoms/cm?,
to reach a depth of approximately 1500 A, as indicated
by the letter A in FIG. 4. A second ion implantation
may be performed at, for example, 140 KeV with a dose
of 1.5X101% atoms/cm? to reach a depth of approxi-
mately 4000 A, as indicated by the letter B. It is well
known that this type of ion implantation results in a
Gaussian doping profile. Therefore, a thermal treatment
is preformed subsequent to the boron implant to “flat-
ten” the Gaussian distribution of the boron ions and
iInsure that a relatively uniform as well as sufficient
dopant concentration will exist along the sidewalls of
the isolation trench to be formed during a subsequent
processing step. It is to be noted that any number of ion
implants may be utilized to provide sidewall doping,
where two implants, as described above, have been
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F1G. 6, the width of window 38 has been reduced to W,
where sidewalls 40 and 41 are now located a distance y
from the edge of window 38. In other words, the width
of window 38 has been narrowed by an amount 2y,
where the value y is dependent on the thickness of
TEOS layer 44. |

If TEOS fillets 46 and 48 were not present, the the
isolation trench would be as indicated by vertical lines
50 and 52 in FIG. 6. Since these sidewalls are very near
the “tails” of the Gaussian distributed dopant, only a
very small concentration of boron would be implanted

-1n the sidewalls. This amount of dopant has not been

found to be sufficient to counteract the effects of boron
segregation and the slight overetch of the silicon trench
beyond the mask edge, and therefore, would not pre-
vent inversion of the trench sidewalls. Thus, as de-
scribed above, the isolation trench is narrowed by the
addition of TEOS fillets 46 and 48, which results in the
sidewalls of the trench (which is yet to be formed) being

located along vertical lines 54 and 56. Therefore, the

use of TEOS fillets 46 and 48 to narrow window 38
results in a greater concentration of boron being im-
planted into the sidewalls of the isolation trench, where
the amount of TEOS deposited (and thus, the subse-
quent size of fillets 46 and 48) will control the sidewall
dopant concentration. In particular, since sidewalls 54
and 56 contain the peak doping concentration, the

~ amount of boron implanted in sidewalls 54 and 56 by the

35

60

65

present technique is more than sufficient to offset the
effects of boron segregation and prevent inversion of
the sidewalls. |

To complete the process, the actual isolation trench is
now formed, as shown in FIG. 7. In particular, the
structure of FIG. 6 is etched by an anisotropic dry
etching process to a depth of approximately 6000 A to
form an isolation trench 60 including vertical sidewalls
54 and 56, and a horizontal bottom 58. Following the
anisotropic trench etch, TEOS layer 36, as well as
TEOS fillets 46 and 48, are completely etched away,
whre buffered hydroflouric acid may be used as an
etchant. The resulting structure is illustrated in FIG. 7.
Trench 60 is subsequently oxidized (after chemical
cleaning) to form a_thin silicon dioxide layer 61 (of
approximately 1000 A) around the surfce of trench 60 as
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- shown in FIG. 8. Silicon dioxide layer 61 functions to

provide a clean interface between trench 60 and the -
dielectric which is subsequently deposited in trench 60.

After oxidizing trench 60 to form layer 61, an additional
ion implant is performed to increase the boron concen-

tration at the bottom of trench 60 and prevent the for-

mation of an inversion layer in this region. For example,
an ion implant at 30 KeV with a dose of 6x10!!
atoms/cm? will provide a boron concentration along
horizontal bottom 58 of trench 60, as shown in FIG. 8.

- To summarize, in accordance with the 1on implanta-
tion process of the present invention, a plurality of p+
type regions 62, 64, and 66, associted with sidewalls 54
and 56 and bottom 58, respectively, will comprise a
sufficient dopant concentration to counter the segrega-
tion of the boron present in substrate 30 into 1solation
trench 60. As shown in FIG. 9, an insulating material is
subsequently uniformly deposited over the entire wafer
surface, which will not only fill trench 60, but also

result in a flat surface. As stated above, TEOS is known

for its conformal coating properties, and may be utilized

as the insulating material 70, where in actuality, several -

layers of TEOS are deposited with an anneal between
each deposition to densify and reduce the stress associ-
ated with a thick layer of TEOS. This planarized wafer
is then subject to a controlled uniform oxide etch, pref-
“erably a dry etch, until silicon mtride layer 34 is ex-
posed. Endpoint detection is used in this process to
indicate when silicon nitride layer 34 has been reached

in order to prevent etching through silicon nitride layer
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34 to silicon dioxide layer 32. Under normal circum-

stances, silicon nitride layer 34 is between 1200 and 2400
A thick, thus providing a sufficient “sponge”, or stop-
ping layer, to protect the underlying silicon dioxide
layer 32. A hot phosphoric etch is then used to remove
- silicon nitride layer 34, where this etch has a high selec-
tivity with respect to silicon dioxide. FIG. 10 illustrates
a cross-section of the final planarized structure.

What is claimed is:

1. A method for making isolation trenches comprising
substantially vertical sidewalls in a semiconductor sub-
strate, said method comprising the steps of:

(a) depositing a predetermined thickness of a masklng

material over said substrate;

'(b) patterning said masking matcrlal to indicate the

~ placement of said isolation trenches;

(c) forming a spaced succession of windows through
the masking material formed in step (a) in accor-
dance with the pattern established in step (b), said
windows comprising substantially vertical side-
walls and having a substantially horizontal bottom
which coincides with the top surface of said sub-
sirate, |

(d) performing a series of ion 1mplantat1ons through
said windows at varying depths into said substrate
to implant ions which will coincide with the sub-
stantially vertical trench sidewalls;

~ (e) depositing a conformally coating cover layer over
said masking material formed in step (a) such that
‘said conformal coating 1s also deposited into the

windows formed in step (c);
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() etching said cover layer to remove honzontally _

disposed conformal coating such that the remain-

65
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ing conformal coating completely covers the verti-

cal sidewalls of said windows and also covers a

predetermined portion of the bottom of the win-

‘dows, said etched conformal coating thereby nar-

rowing the width of said windows;

(g) etching said substrate using said masking material
to produce a spaced succession of isolation
trenches, wherein said isolation trenches comprise
a width determined by the portion of said windows
not covered by said conformal coating cover layer;

(h) removing the remaining portions of said confor-
mal covering layer;

(i) oxidizing said isolation trenches;

(J) performing a final 1on implantation to implant ions
which will coincide with the substantially horizon-
tal bottom of said isolation trench: and |

(k) thermally oxidizing and subsequently etching said
substrate so as to completely fill said spaced succes-
sion of isolation trences and planarize the final
structure.

2. The method according to claim 1 wherein the

substrate 1s a p-type semiconductor material containing

a boron dopant and boron is used as the ion implant in

steps (d) and (h).

3. The method according to claim 1 wherein two
implants are used for the series of implants in step (d).

4. The method according to claim 3 wherein the first
implant uses an energy of 45 keV to provide an ion
implant concentration of 1X 103 atoms/cm2, and the
second implant uses an energy of 140 keV to provide an
ion implant concentration of 1.5 X 1013 atoms/cm2.

5. The method according to claim 1 wherein the
windows formed in step (c) comprise a width on the
order of one micron before the conformal coating of
step (e) is applied. *

6. The method accordmg to claim 1 whcrcin thc
method further comprises the step of:

(1) thermally treating the series of ion 1mplantations of -
step (d) prior to performing step (e). |

7. The method according to claim 1 wherein the
masking material of step (a) includes a layer of silicon
dioxide formed by oxidizing said substrate, a layer of
silicon nitride deposited over the layer of silicon diox-
ide, and a final layer of silicon dioxide formed by the
decomposition of tetraethyl orthosilicate (TEQS), de-
posited over the silicon nitride.

8. The method according to claim 7 wherein the
silicon dioxide layer comprises a thickness of approxi-
mately 300 A, the silicon nitride layer comprises a thick-
ness of approximately 200 A and the TEOS layer com-
prises a thickness of approximately 500 A.

9. The method according to claim 1 wherein the
conformal coating of step (e¢) comprises silicon dioxide
formed by decomposmon of tctraethyl orthosilicate,
defined as TEOS.

10. The method accordmg to claim 9 wherein the
conformal coating comprises a thickness of approxi-
mately 1000 A. | |

11. The method according to claim 1 wherein silicon
dioxide formed by decomposition of tctracthyl orthosil-

icate, 1s used in step (k).
x * * x
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