
METHOD FOR REMOVING RESIDUAL MATERIAL FROM A CAVITY DURING THE MANUFACTURE
OF A SEMICONDUCTOR DEVICE BY UTILIZING PLASMA SCATTERING This invention
relates to a method which utilizes plasma scattering for removing residual
materials which remain in a cavity of a multi-layered semiconductor device
on which respective patterns have been formed after an etching process has
been performed. In the process for manufacturing multi-layered
semiconductor memory devices having a capacity of more than  1  mega  bit,
cavities  are  formed  in  the semiconductor device. Accordingly, residual
materials which should be removed upon etching remains in the cavity. Such
residual anisotropic etchable material is an impurity which affects the
property of memory device and should be removed to improve the quality of
the device. In the prior art, methods for removing the residual anisotropic
etchable material in the cavities of a semiconductor device are as follows:
The first, extending the etching time to remove the residual materials.
However, this attempt presents a problem in that if the selectivity of the
etching solution is low, other films, which must not be etched, are etched.
Thus,  the selectivity of the etching solution toward the materials must be
extremely high and be extremely low toward the other films in order not to
etch the necessary portions of the other films. The second, performing an
additional mask pattern process and an additional etching process on only
the residual material contained in the cavity in order to    remove the
residual material. That is, the residual" material to be removed from the
cavity and the top of the 



adjacent film (of the other material) are coated with a photoresistive
film.       Then  a  portion  of  the photoresistive film positioned on the
residual material contained in the cavity is removed. Then, an additional
etching process is performed to remove the residual material from the
cavity. Therefore, the process for removing the residual material is
complicated because such process requires the additional formation of
photoresistive film and an additional etching step. Also, the mask pattern
forming process should be performed very carefully so that a resulting
delay in the process for manufacturing the semiconductor device occurs.
Therefore, the present invention seeks to solve the problems presented in
above mentioned prior art methods. It is   an      object of the present
invention to provide a method for removing residual material in a cavity of
the semiconductor device by utilizing plasma scattering. The present
invention provides a method for removing residual material which remains in
a cavity after an anisotropic etching process in the manufacture of a
partially completed multi-layer semiconductor device, the cavity being in
contact with at least one etch-stop layer and where the cavity is
accessible by an etchable layer. The method comprises providing a plasma
etching apparatus-having a chamber to receive the semiconductor device.   A
layer on the semiconductor device is etched by anisotropic etching 2
utilizing   the   plasma   etching   apparatus   under predetermined
conditions in the chamber of the plasma 



etching apparatus until the top of the etch-stop layer is exposed.   A
plasma scattering etching process is performed by changing the
predetermined conditions of the anisotropic etching process to produce
plasma scattering upon completion of the exposure of the top of the
etch-stop layer, thereby removing the residual material from the cavity
positioned in an etch-stop layer. Preferably,  the predetermined conditions
of the anisotropic etching process utilizing plasma gas are: a chamber
pressure of 280 m Torr, a chamber RF power supply of 250 Watt and a chamber
mixture of gases being in a ratio of 100 : 150 ([err]: He). Preferably, the
conditions of the plasma etching process are: a chamber pressure of 300 m
Torr, a chamber RF power supply of 250 Watt and a chamber mixture of gases
being in a ratio of 100:150:6 ([err]: He : [err]). For a better
understanding of the present invention and to show how the same may be
carried into effect, reference will now be made by way of example, to the
accompanying drawings in which:- Fig.   1   illustrates   a   cross-section
of   a semiconductor device in which residual material remains after an
etching process has been performed; and, Fig.   2   illustrates   a
cross-section   of   a semiconductor device in which the residual material
has been removed by the method of the present invention. 3    Fig.   1
illustrates   a   cross-section   of   a semiconductor  device  in which
residual  material  9 remains after an etching process has been performed.
A field oxide film 2, a first polysilicon layer 4 and an oxide film 5 for
insulation are formed in sequence on a 



portion of a silicon substrate 8 as shown. A gate oxide film 3 is formed on
the silicon substrate 8 with one side being in contact with the field oxide
film 2. A second polysilicon layer 6 and a photoresistive film 7 are formed
sequentially on the entire surface of the structure. Then, a mask pattern
process is performed on a portion of the photoresistive film 7, and a
portion of the second polysilicon layer 6 is removed by anisotropic
etching, thereby forming both a second polysilicon layer 6 and a
photoresistive film 7 as shown in Fig 1. However, in the prior art process,
a residual material 9, which should be removed completely, remains in a
cavity positioned at right side of the first polysilicon layer as shown in
Fig. 1. Fig. 2 illustrates a semiconductor device in which the residual
material positioned at the encircled region, that is in the cavity 1, is
removed completely in accordance with the method of the present invention.
A field oxide film 2, a first polysilicon layer 4 and an oxide film 5 for
insulation are formed in sequence on a left portion of a silicon substrate
8. A gate oxide film 3 is formed on a right portion of the substrate 8 with
one side being in contact with the field oxide film 2.  A second
polysilicon layer 6 is then deposited and a photoresistive film 7 is
deposited on the second polysilicon layer 6.  Then, after the second
polysilicon layer 6 and the photoresistive film 7 are removed by the mask
pattern process leaving a 4    portion of both layers as shown in Fig. 2,
the portion of  the  second  polysilicon  layer  6,  at  which  the
photoresistive layer 7 is removed, is etched according to the present
invention, thereby etching away the 



residual material 9 remaining in the cavity 1 of semiconductor device. The
process for etching the undesirable portions of the second polysilicon
layer 6 utilizes a planar plasma etching apparatus for anisotropic etching
thereof until the gate oxide film 3 is exposed, under the conditions that
the pressure in the chamber is 280 mTorr and the RF (radio frequency) power
supply in the chamber is 250 watt and the distance between the cathode and
anode electrode in the chamber is 1.5 Cm (the total distance between
electrodes is from 0.3 to 2.5 Cm) and the gas mixture in the chamber
present in a ratio of 100:150 ([err]) SCCM, (standard cc/min.). In order to
produce a scattering of the plasma on the top surface of the gate oxide
film 3, in the chamber the selection of gases, the ratio of the mixture of
the gases and the pressure are changed to, for example, 100:150:6  ([err]
:He:SF6 )  SCCM  gas  and  300  mtorr, respectively, and the distance
between the electrodes and the RF power supply are maintained as in the
anisotropic process, above. Then, the plasma scattering is initiated on the
surface of the plasma etch-stop layers, i.e. layers 2, 4 and 5, thereby
removing the residual material 9 left in the cavity 1 as illustrated at
Fig.  2.   At this moment, a portion 6A,6B of the bottom of the second
polysilicon layer 6 is also etched. Accordingly, according to the present
invention, after the etching of the film, i.e. the second polysilicon layer
6 is completed, the residual material denoted by 9 in Fig. 1 is removed by
proceeding further theetching process for removing the second polysilicon 5
layer 6 with the change in the conditions for the plasma 



etching apparatus.  In other word, the plasma scattering resulting from
such change in the conditions makes it possible to remove the residual
material. Since the residual material is removed by the plasma scattering,
excessive etching of other layers on the device does not- occur so that the
disadvantages of the prior art can be alleviated by inducing the plasma
scattering artificially so that the products can be produced economically.
The first etching process and the second plasma scattering etching process
are known to those skilled in the art.   The present invention is embodied
in the sequence of performing the anisotropic process step first, followed
by the plasma scattering etching process step, second. The purpose of the
present invention is to remove the residual material from the cavity to
thereby improve the quality of the semiconductor device. As described
above, since the etching process is proceeded by changing the property of
the etching process itself, it contributes to a simplification of the
process and an improvement of the productivity. The first etching process
and the second plasma scattering etching process  are known.   The present
invention is embodied in the sequence, as claimed. The   foregoing
description  of  the  preferred embodiment has been presented for the
purpose of illustration and description.   It is not intended to limit the
scope of the invention. Many modifications and variations are possible in
the light of the above teaching.    It  is  intended that the  scope  of
the invention be defined by the claims. 6    CLAIMS: 



1.  A  method  for removing  residual material  which remains in a cavity
after an anisotropic etching process in the manufacture of a partially
completed multi-layer semiconductor device, the cavity being in contact
with at least one anisotropic etch-stop layer and where the cavity is
accessible by an etchable layer, said method comprising the steps of:
providing a plasma etching apparatus having a chamber: etching the etchable
layer by anisotropic etching utilizing   the   plasma   etching   apparatus
under predetermined conditions in the chamber of the plasma etching
apparatus until a top of the etch-stop layer is exposed; and, performing a
plasma scattering etching process to remove the residual material in the
cavity by changing the predetermined conditions of the anisotropic etching
process to produce plasma scattering upon completion of the exposure of the
top of the etch-stop layer, thereby removing the residual material from the
cavity. 2.  The method of claim 1 wherein the predetermined conditions of
the anisotropic etching process utilizing plasma gas are: chamber pressure
of 280 m Torr, chamber RF power supply of 250 Watt and a chamber mixture of
gases being in a ratio of 100 : 150 (CCL4: He). 3. The method of claim 1
wherein the predetermined conditions are changed to enable performance of
the plasma scattering etching process by providing: a chamber pressure of
300 m Torr, a chamber RF power supply of 250 Watt and a chamber mixture of
gases being in a ratio of 100:150:6 ([err]]: He : [err]), in the chamber. 7
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4.  A  method  for removing  residual  material  which remains in a cavity
after an anisotropic etching process in the manufacture of a partially
completed multi-layer semiconductor device, the cavity being in contact
with at least one anisotropic etch-stop layer and where the cavity is
accessible by an etchable layer, said method comprising: providing a plasma
etching apparatus having a chamber: etching the etchable layer by
anisotropic etching utilizing the plasma etching apparatus until a top of
the etch-stop layer is exposed wherein the predetermined conditions in the
chamber of the anisotropic etching process utilizing plasma gas are:
chamber pressure of 280 m Torr, chamber RF power supply of 250 Watt and a
chamber mixture of gases being in a ratio of 100 : 150 ([err] He ); and,
performing a plasma scattering etching process to remove the residual
material in the cavity by changing the predetermined conditions of the
etching process to: a chamber pressure of 300 m Torr, a chamber RF power
supply of 250 Watt and a chamber mixture of gases being in a ratio of
100:150:6  (CCL4 : He  : [err]) thereby producing the plasma scattering
effect whereby the residual material is removed from the cavity. 5. A
method for removing residual material substantially as hereinbefore
described with reference to and as shown in the accompanying drawings. 8 *
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