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METHOD FOR CONTROLLED DOPING TRENCH SIDEWALLS IN A
SEMICONDUCTOR BODY

Background of the Invention
This invention relates to a process for improving

the controllability of the doping of various portions of
semiconductor devices. Semiconductor integrated circuit
devices are built essentially in two dimensions, i.e., on
the surface of a substrate. As the size of these devices
continues to shrink, fundamental limitations on further
size reductions are approached. An apt example is the

capacitor in semiconductor memory devices. It has been
reduced in size to the point where the charge capacity
barely exceeds charge levels produced by noise mechénisms,
e.g., alpha particle noise. It is inevitable that future
devices will be constructed in three dimensions, opening a
new horizon for microcircuit technology. One such approach
has already been proposed and, in principle, built. See
U. S. Patent No. 4,353,086. See also IEEE Electron Device
Letters, Vol. EDL-4, No. 11, November, 1983, Morie et al.
The essence of the approach is to build the memory cell
capacitor vertically into the substrate. This so-called
trench or wall capacitor has a predominaht portion of the
storage plate extending into rather than along the chip
surface. The amount of surface area consumed is only the
area of the trench at the surface.

One feature of such structures is a vertical
sidewall that is doped selectively in a controlled shallow
region. Doping such a sidewall by chemical diffusion from
an impurity rich vapor is straightforward but does not
afford the degree of control over the impurity level and
distribution (including depth) that is required for many
current devices. Doping a vertically extending sidewall by
ion implantation, a process that normally does afford the
desired shallow depth and controlled concentration, is
difficult because the ion implanting beam is highly
directional and does not effectively impact the

sidewall.
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Statement of the'Invention

According to this invention a transfer layer is
deposited over the entire trench, i.e., the top (the surface
of the substrate immediately surrounding the trench), the
bottom, and the sidewalls of the trench. The desired ions
are then implanted into the transfer layer at the top or
bottom (or both) of the trench. These regions extend
horizontally and are easily implanted. The portion of the
transfer layer covering the sidewalls will be largely
devoid, at this point, of impurities. The structure is
then heated to diffuse the impurities downwardly from the
top and/or upwardly from the bottom of the trench into the
sidewall portion of the transfer layer. Further heating
causes the impurities in the sidewall portion of the
transfer layer to diffuse into the sidewall of the trench
itself creating the desired impurity region. The transfer
‘layer comprises a material in which the diffusion rate of
impurities is high (e.g. 3X) relative to the rate in single
crystal silicon. The preferred material is polysilicon or
amorphous silicon in which these rates differ by more than
an order of magnitude. Another recommended material is
refractory metal silicide, e.g. TaSi, or WSig.

Brief Description of the Drawings

FIGS. 1-6 are schematic representations of steps
in a process for doping sidewalls in accordance with the
invention;

FIG. 7 shows a further step in a different
embodiment of the invention, and

, FIGS. 8 and 9 illustrate a further variation of
the invention.
Detailed Description

FIG. 1 illustrates a semiconductor substrate 10
having a trench 12 formed therein by any of a variety of
known techniques. Most typicaliy the substrate 10 is
silicon and, for example, is p-type. A layer 11, of e.g.,
Si0,, covers the substrate surface. The trench can be

formed by applying a masking layer 11, opening a window in
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layer 11 by reactive ion etching (RIE) and RIE etching the
substrate anisotropically to form trench 12. Anisotropic
dry etching processes, using for example RIE, are known in
the art and are capable of forming trenches with nearly
vertical sidewalls and aspect ratios, depth to width,
greater than one. See, €.9., U. S. Patent No. 4,104,086.
For the purposes of this invention "yertical™ is intended
to mean 90° to the surface +20°, and suitable aspect

ratios are of the order of one or more. (Generally,
trenches with smaller aspect ratios can be sidewall doped

using known processes.)
Subsequent to formation of the trench, a transfer

layer 13, preferably polysilicon or amorphous silicon, is
deposited covering the entire trench, FIG. 2. This layer
is advantageously formed by CVD to insure coverage of the
sidewalls of the trench. Thickness of layer 13 is not
crictical but typically is at least 5008 to ensure wall
coverage. In this embodiment layer 11 is shown interposed
between the polysilicon layer 13 and the substrate surface
to prevent doping of the substrate top surface. However,
applications may be found where doping of the top .surface
is desirable in which case layer 11 is absent or removed
prior to depositing the polysilicon layer.

The structure shown in FIG. 2 is then ion
implanted, FIG. 3, to deposit impurities in the layer 13.
Due to the directional nature of the ion beam, relatively
few impurities deposit in the sidewall portions of layer
13. TIf the device being made is a storage capacitor for an
n-channel access transistor, the substrate 10 will be p-
type and a recommended implant is arsenic or phosphorus at
1E14/cm2. The implanted structure is then heated to
diffuse the implanﬁed impurities upwardly from the bottom
and/or downwardly from the top as shown schematically in
FIG. 4. Impurities such as phosphorous diffuse rapidly
along the sidewall at temperatures of the order of 950°C.
Upon further heating substantial doping of the sidewall of

the substrate occurs as shown in FIG. 5 thus forming a
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desired p-n junction 14. Diffusion time of the order of 30
minutes to 2 hours is adequate to produce this result. As
represented in FIGS. 4 and 5 the impurities are shown as
diffusing first throughout the layer 13 and thereafter into
the substrate 10. Due to the more rapid diffusion of
impurities in polysilicon (layer 13) as compared with

single crystal silicon (substrate 10), this is
(effectively) what occurs and is the basis for the
invention. In actuality, the process does not occur in
successive, distinct steps, as shown, but occurs
simultaneously at different rates, as will be evident to
those skilled in the art.

After completion of the doping of the sidewall,
doping layer 13 may, if desired, be removed. A preferred
way of removing layer 13 is to oxidize it completely, by
known thermal techniques. Removal of the resulting oxide
layer by known selective etching is straightforward.
Alternatively, the oxide layer may remain, to functian as
the dielectric for the capacitor. Applications may arise
for retaining layer 13, e.g. in making diodes, or ohmic
contacts to substrate 10. In the case of the latter, boron
is suitable as the impurity.

If the structure of FIG. 6 is to be employed as a
capacitor in a memory device, a dielectric layer (not
shown) is grown or deposited in the- trench and a conductive
layer is applied thereover, e.g., as described in Patent
No. 4,353,086. The dielectric is typcially SiO,, grown
by a thermal growth process and the conductive layer may be
alﬁminum but is preferablyrpolysilicon. The polysilicon
layer may be depositéd to a thickness that fills the trench
to provide an essentially planar topology. The thermal
diffusion process illustrated by FIG. 4 and/or 5 can be
advantageously effected in conjunction with the growth of
the dielectric layer for the memory cell. The dielectric
layer may also be produced by oxidation of the transfer
layer as indicated earlier.

The trench capacitor arrangement described in
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U.s. Patent No. 4,353,086 requires isolation between
facing sidewalls. An approach for manufacturing this
structure is shown in FIGS. 7 and 8. 1Isolation at the
bottom of the trench is achieved, for example, by etching
the trench at 20a of FIG. 7 anisotropically to remove the
implanted region at the bottom of the trench.

As described above, doping of the sidewalls
results from impurities ascending the sidewall from the
bottom of the trench as well as descending from the top.
As shown in FIGS. 8 and 9 it can be sufficient to dope the
sidewalls primarily from the top of the trench.

Another application of the technigue described
herein is the making of trench-isolated devices. For an n-
channel trench-isolated structure, the sidewall doping is
boron at a level of the order of 2 x 10 /cm3.

Further details on trench isolation using conventlonal
doping methods can be found in U. S. pPatent Nos. 4,104,086
and 4,353,086.

The following is a process seguence suitable for
forming trench isolation structures. The sequence follows
approximately the steps described in conjunction with FIGS.
1 to 6 except that layer 11 in this example includes a
silicon nitride layer deposited on a silicon dioxide

layer.
A structure similar to that shown in FIG. 1 is

formed by RIE etching a trench 1y wide and 5y deep. Layer
11 consists of 1754 of grown oxide covered with 1200&% of
silicon nitride. The polysilicon layer 13 is 10002 thick
and is deposited by conventional CVD. The polysilicon
layer is capped with 700& of undoped oxide. The cap is
optional (hence is not shown) and is recommended to obtain
the desired implant profile in the transfer layer and to
minimize evaporation of impurities during subsequent heat
treatments.
Boron is then implanted at 40 kev and
13/cm2, followed by a drive-in step in nitrogen at

950°c for 60 minutes. The polysilicon transfer layer
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is then oxidized through followed by an anneal at 950°¢C
for 60 minutes.

The transfer layer, now converted to oxide, may
remain in place. If desired the trench may be filled with
dielectric material as described in U. S. Patent No.
4,104,086,

The doping technique set forth herein has been

described in terms of doping a sidewall. However, the

‘essential aspect of the invention is a means for doping a

layer or portion of a layer that is relatively inaccessible
to the implant beam. Such a layer or region might, for
example, be situated underneath another layer, in which
case a portion of a transfer layer that is accessible to
the beam is implanted and the implanted impurities are
thereafter diffused to a region of the transfer layer that
is inaccessible to the ion beam. It is contemplated that
the region of the transfer layer that is implanted will lie
in one dimensional plane, typically normal or approximately
normal to the ion implant beam, and the region to which the
impurities are to be transferred may be .along a vertical,
or approximately vertical, plane inaccessible, or largely
inaccessible to the ion beam, as in the case of the
sidewalls described herein. Or the region to which the
impurities are transferred may lie transversely with
respect to the beam but inaccessible thereto due to
intervening layers.

This transfer of impurities in a dimension
transverse to the substrate surface is one important
characteristic of the invention. The extent of this
transfer can be substantial. Although the transfer of
impurities through the thickness of certain layers is
known, the thicknesses involved are quite modest, typically
of the order of a fraction of a micron. One way of
defining the transfer process of the invention to
distinguish from the prior known process, is to prescribe a
length of transfer that is substantially greater than the

thickness of the transfer layer. Typically the
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latter will be on the order of a fraction of a micron while
the former will be on the order of several microns.

Means for introducing the impurities may be by ion
implantation or by predeposit from a gas or vapor source,
both cases followed typically by a thermal treatment. The
site where the impurities are desired is typically
inaccessible, or not conveniently accessible, to the
conventional source of impurities. Other situations where
the invention is useful are where the site underlies one oOr
more physical layers, making the site inaccessible to '
either an ion beam or a gas or vapor impurity source.

Difficulties may arise in some applications of the
so-called trench technology due to effects occurring at the
bottom of the trench. For example, layers deposited or
formed at the bottom of the trench may exhibit non-
uniformities. Since electric field effects are likely to
‘be non-uniform in the vicinity of the corners of the
trench, the potential for dielectric breakdown and other
device failures is liable to be increased due to the
corners and/or bottom of the trench. Moreover, stress
effects within the substrate at these corners may encourage

- leakage of charge stored in the vicinity of the trench

bottom. Therefore, it is sometimes advantageous, depending
upon the particular devices being made, to utilize a
structure like that shown in FIGS. 7 and 10 in which the
storage layer does not extend to, or around, the corners of

the trench bottom.
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Claims

1. A method for doping a semiconductor body
characterized by forming a continuous transfer layer (13)
on first (11) and second (10) spaced apart surfaces of a
substrate containing Said body, said surfaces being
transversely oriented with respect to one another, and said
second surface being on said body, introducing impurities
into said layer at said first surface, and heating said

" layer and said body for causing diffusion of said

impurities to said second surface through said transfer
layer and into said body'from said layer at said second
surface. '
2. The method of claim 1 including:

forming a trench (12) in a surface portion
of a semiconductor substrate, the sidewall of said
recession extending approximately vertically with respect
to said surface of the substrate,

depositing the transfer layer in said trench
to cover said sidewall and a portion of said substrate
extending transversely to said sidewall, said transfer

layer comprising a material in which the diffusion rate of

" said impurities is greater than in said substrate, and

implanting impurities into said transversely
extending portion.

3. The method of claim 2 in which the diffusion
rate of impurities in the transfer layer is at least five
times the diffusion rate in the substrate.

4. The method of claim 2 in which the transfer
layer is polysilicon or amorphous silicon.

- 5. The method of claim 2 in which the layer as
deposited is substantially undoped. -

6. The method of claim 2 including the
additional steps of forming a dielectric layer covering a
trench wall and depositing a conductive layer over the
dielectric layer to form a capacitor.

7. The method of claim 6 in which the transfer

layer is silicon and the dielectric layer is formed by

5



v

10

15

20

25

30

35

WO 85/04760 PCT/US85/00503

oxidizing the silicon transfer layer.
8. The method of claim 2 including oxidizing

the transfer layer completely through its thickness.
9. The method of claim 8 including subsequently

removing the oxidized transfer layer.
10. The method of claim 1 in which the trench is

filled with a dielectric material after the diffusion

heating step.
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