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Mathod for the production of a spacer layer
in a structure

Dagecription

The present invention relates to a method for the
production of a spacer layer in a structure.

Spacer layci.-s, so-called spacers, have acquired
great importance in semiconductor technolegy.

Spacers are prbduced. for example, in a struc-
ture, for example .a hols or a trench, in order to bring
about lateral elactrieal insulation of holes, passages or
trenches, to depeosit so-called sesd layers or to incor-
porate diffusion barriers.

Silicon dioxide (5i0,) ie typically used -as the
material for the production of an'insulating spacer.

A conventional method for the production of an
810, spacer is described below with reference tao Fig. 1.

Fig. 1 illustzates a structure 100, which in this
case may be a trench, for example, prior to the deposmi-
tion of the material forming the spacer. In the example
shown in PFig. la, the structurs 100 is formad in a
multilayer structure comprising a first layer 102 nnd a
second layer 104.

- The f£irgt layer 102 is typically a silicen
substrate with transistors (front end), and the sacond
layer 104 is used for the interconnection (metallization)
of the transistoras (back end), the sacond layer beaing
composed of Si0, into which metal tracks are embedded.

After the formation of the structure 100, 810, is

'depoa:!.had, thereby forming an 8i0, layer 106 on the

surface of the layer 104, on the side walls of the
structure 100 and on the bottom of the structure 100, as=
is shown in Fig. 1lb.

The spacer is cml-ccd by carrying out aniso-
tropic plasma etching, by means of which the bottom 108
of the structure 100 is Cxponud, as can be seen in Fig.
le. ' -

At the same time, the 810, laye: 106 above the
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layer 104 and a small part of the layer 104 are removed
by the plasma etching, since the etching rate on the
surface of the wafar is greater than on the bottom of the
structure, as can likewise be gathered from Fig. le.

It is widcnt from the above aeocriptio'n of the
methad known from the prior art that this known method
for the production of a spacer in a structure encompasses
a complicated sequence of steps, comprising the ateps of
producing the structure, depositing the material £rom
which the smpacer is to be produced, and the step of
exposing the bottam of the stzructura by an etching
process, the different etaking rates on the surface of
tha wafer and con the bottaom of the structure beconing
increasingly problematic in the oontext of present-day
structures which are becoming aver deesper.

Reference is made to tha fact that the abova-
described conventional method from the prior art is not
sultable solely for rsmoving an 8i0, layer from a bottem
108 of a structure 100, rather $i0, layers ara generally
removed £rom horizontal regions ia this way.

Taking the prior art described abaove as a start-
ing point, the presant inveation is based on the object
of providing a wimplified method for the production of a
spacer layer in a structure.

This object is achieved by means of a method
aceording te Claim 1.

The present invention provides a method for the
production of a spacer layer in a structure having thc.
following steps:

- anisotropic dry etching of a layer to be structured,
in order to produce tha structure;
- cleaning etching residues from the structure; and

- deposition of gilicon dioxide with an ozrganic =mili-
con pracursgor and ozone at a pressure of p =« 0.2 -
1 bar and a temperature of 200°C to 400°C.

The presant invention is based on the insight
that the anisotropic dry etching for producing the
structure brings about the occurrence of instances of
damage, modification and/or coantamination or implantation
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primarily on the bottom of a atructure. The duratioa of
a following wet etching step for cleaning etching resi-
dues from all of the surfaces, typically by means of 1-3%

strength hydrofluoric acid (EF), must be chosen to be -

short enough for the side walls of the structure to be
cleaned, but not for tha modification of the structure
bottom to be campletely removed. Suitable process control
during the subsequent conformal deposition of the layer
forming the spacer has the effect that deposition on the
bottom of the structurs does not happen, with the result
that only the desired lateral spacer is produced by the
deposition process. An additicnal etching step such as is
required to coaclude the known method acknowledged abave
is consequently dispensed with.

According to a preferred exexplary embodiment of
the presant invention, the wet-chemical cleaning is
typically carried out by means of a 1-3% strength
bydrofluoric acid (HP). _ _ :

Accozrding to & further preferred exemplary
smbodiment of the present invention, the deposition of
the silicon precursors takes place by means of an 0O,-
TEOS-CVD proceas. ' '

Further preferred refinements of the invention
are defined in the subclaims. . :

Preferred axemplary embodiments of the praunt
invention are described in more detail below with refer-
ence to the appended drawings, in which:

Fig. 1 shows an illustration of the steps necessary for
producing a spacer according to a method of the
prior art; and

Fig. 2 shows an illustration of the steps necessary for
producing the spacer according to the method of
the presant invention.

The wmethod according to the invention is
described in more detail below with reference to Fig. 2.

Anisotropic dry etching of a layer 200 to be
structured is carried out in a first step, in order to
produce the structure 202.

This first step yields a structure such as the



10

is

20

25

30

3s

- 4 -

ona illustrzated in Fig. 2a.

The structure 202 illustrated in Fig. 2a, for
example in the form of a treanch or a hole, includes side
walls 204 and & bottom 206. .

The layer 200 is a substrate or a wafer, for
exanmple. '

_ Reference is made to the fact that the layer 200
to baea structured does not have to ba produced from a
single laysr, rather it can also be formsd from a plural-
ity of layers, as has already been described with rafer-
enca to Fig. 1.

It is also possible tc use wafers which have -
already been ready processed.

The selection of the type of the layer 200 to be
structured depends directly on the intended application
and consequently differs in different semiconductor
production technologies.

In the exemplary embodiment described here, the
anisotropic dry etching is performed by means of aniso-
tropic plasma etching.

The anisotropic plasma etching process by which
the structure 202 is produced, on the side walls 204 of
which the spacer is to be produced, brings about, on
account of the .anisotropy of the plasma etching
processes, the occurrence of iastances of damage,
modification and/or contamination or implantation
primarily on the bottem 206 of the structure 202. The
rasult of this is that already, during the production of
the structure, tha bottom 20§ of the structure 202 is
pratreated differantly from the side walls 204.

This different preér-;mn: congtitutes a first
essential feature of the metkhod according to the present
invention. Referance is made ¢to the fact that this
different pretreatment can alsc be effectad by other
anisotropic dry etching processes. .

The contamination and etching residues that arise
must be remcved after the Qt:hi.ng' process. This can be
dona, for example, by a wet-chaeamical cleaning step or an -
isotropic plasma cleaning step.



10

15

a0

a5

30

-5 -

In a next step, silicon dioxide (810,) ia
deposited with an organic silicon precursor and ozone, at
a pressure of p = 0.2 - 1 bar and a temperature of 200°C
- 400°C, on the layer 200 to be structured and in the
regions of the atructure 202. Organic siliconm precursors
are knovm per se by those skilled in the art and desig-
nate materials which fozrm silicon precursors.

This deposition of ozganic silicon precursors.
with the process parametsrs specified above conatitutes
suitable process contrel for tha conformal depesition of
tha spacer.

On account of the process comtrol, dJdescribed
above with reference ta Pig. 2a, during the production of
the structurs 202, the conformal deposition has the
affect that deposition does not happem on the bottem 206
of the structure 202. As a result, only the spacer 208 is
produced by the deposition, as can be seem in Fig. 2b.

Lateral electrical insulation is realized, for
example, by this spacer. i

According to a preferred exemplary embodiment,
the 510, deposition isg carried cut by means of a wmo-
called TEOS process using TEOS (TEOS = tetraethyl orthe-
s8ilicate) as siliconm precursor. '

Yot again in accordance with a further preferred
exemplary embodiment of the present invention, the
abovenentioned TEQS process is carried ocut by means of an

0,-TEOS~CVD process. The process parameters requizred for
this proceas are as followns:

Distance between the wafer and gas spray: $-25 mm

(A device for carrying out the 0,-TEOS-CVD process
ia known per se by those skilled in the art, so that
the abovementioned distance betwsen the wafer and

the gas spray does not have to be explained in more
detail.) |

(Oxygen+ozone) f£low: 1000 - 10,000 scem
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{TEOS+helium) flow: 100 - 3000 sccm

Proportion of ozone in the
oxygen/ozone mixtura: § - 20 % by weight

Tha 0,-TEQS-CVD process is a so-called SACVD
process (SACVD « subatmospheric chemical vapour deposi-
tion). '

Reference is made to the fact that, in addition
to the trenches or holes described above, it is also
possible to use other structures ia the case of whiah it
is desired to keep & bottom region of these structures
frae, whereas spacers or oxide spacers are to be formed
on side walls.
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1. Method for ths production of a spacer layer in a

structure, charactarized by the following steps:

- anisctrepic dzry etching of a layer (200) to be
stzructurad., in order to preduce the structure (202};

- cleaning etching residues frem the structure (203);
and

- deposition of silicon dioxide with an organic sili-
con precurscr and ozone at a pressure of p = 0.2 -
1 bar and a temperature of 200°C to 400°C.

2. Method according to Claim 1, characterized in
that the layer (200) te be structured is a wafer.
3. Method accozding to Claim 1 or 2, characterized

in that, ia the ocleaning step, etching residues are
removed from the side walls of the structure and modifi-
cations of the bottom of the sgtructure (202) are aoct

" removad.

4. Method according to one of Claima 1 to 3, charac-
terized in that the layer (200) to be produced is a
treach or a hole. '
5. Method according to one of Claims 1 to 4, charac-
terized in that the deposition step includes a depacsition
process with organic precussors.. -
6. Method according to Claim 5, chazacterized in
that the deposition process is carried out by maans of an
0;-TEQCS-CVD process, the 0,~TE0S-CVD process having the
following process parameters:

Diastance batween tha wafex

and gas spzay «-5 - 25 mm

(Oxygen+ozonae) flow = 1000 - 10,000 scem

(TEOS+helium) flow N = 100 ~ 3000 scem

Proportion of ozcne in the

oxygen/ozone mixture = 5 - 20 & by weight
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