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€D Itis known to manufacture a semiconductor device utiliz-

ing a polycrystalline silicon layer; however, since the polycrys-
talline silicon layer has hydrophobic nature, the precise
processing thereof is quite difficult if the processing includes
a wet etching procedure: inpurity deposits are observed after
washing and drying procedures following the removal of a
phosphosilicate glass layer formed during diffusing phospho-
rus or boron in the polycrystalline silicon layer and detrimental
to the subsequent process, in particular, to the etching of the
polycrystalline silicon layer. The problem can be solved by con-
verting the hydrophobic surface of the silicon layer to a hydro-
philic one by treating the surface with a strong oxidizing solu-
tion such as an aqueous solution of nitric acid or hydrogen
peroxide. This treatment causes the formation of silanol
groups on the surface of the polycrystalline silicon layer so that
the formation of impurity deposits thereon can effectively be
eliminated.

Method of manufacturing a semlconductor device involving the etching of a polycrystalline silicon layer.
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TITLE MODIFIED
see front page

Method of Manufacturing Semiconductor Devices

Field of the Invention

The present invention relates to a method of
manufacturing semiconductor devices having a polycrystalline
silicon layer in particular to a treatment carried out after
diffusing phosphorus or boron into the polycrystalline

silicon layer in a high concentration.

Description of the Prior Art

Up to now, the semiconductor manufacturing process
technique has remarkably been progressed and it has been
directed to accomplish a fine procgssing“teghnique and a high
density mountiﬁg techniqué"'for integrated .ﬁircuit (IC)
semiconductor devices.

A polycrystalline silicon gate type Eiéld effect
transistor (FET) is widely wutilized becaus2 it has a
structure suitable for fine processing. This pclycrystalline
silicon gate structure is, in general, obtained when the
source and drain areas are produced by forming a silicon gate
of polycrystalline silicon layer on the oxide gate film on
the channel area and then diffusing boron (B) or phosphorus

{(P) utilizing the silicon gate as the mask to form source and



5 0171186

drain regions. Such an FET structure provides a lot of
advantages such that tﬁe area ocCupiéd and undesired capacity
component are reducedréince théjstructure is a self align one
and that it may serve as a memory by charging the silicon
gate,

Howeveér, the electrical resistance of the polycrystalline
silicon itself is quite high so that the operating speed of a
device utilizing the silicon gate is also very low. Then, "in
order to reduce the electrical resistance of the
- polycrystalline silicon layer and to improve operating speed
thereof, it 1is, in general, needed to incorporate a
conductivity improving element such as phosphorus or boron in
the polycrystalline silicon layer in a high concentration.

A conventional method £for preparing a polycrystalline
silicon having a low electrical —resistance compriées
diffusing phosphorus or boron in the polycrystalline silicon
layer, femoving'phosphosilicate glass layer or borosilicate
gléss'layer of low quality having a high phosphorus or boron
concentration and formed, duriﬁg'tﬁe-diffusion process, on
the surface of the silicon layer, by immersing it in
hydrofluoric acid type etching solution and then washing it
with water and drying by a centrifugal drying machine or the
like.

The polycrystalline silicon layér has hydrophobic
- property and therefore, a small amount of washing liquid
possibly remains on the surface thereof in the form of water

drops containing undesired impurities originated from etching

solution ﬁsed; even if the washing is carried out with pure
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water. The drops of washing liquid remaining on the surface
cause the deposition of impurities included in the etching
liquid after the drying process, The presence of such
impurities results in the extreme acceleration of the etching
speed at the area in which the impurities are deposited and
this tends'to'form an open circuit between the patterns in
the worst case. On the other hand, if the area where the
impurities are deposited is exclusively difficult to etch,
part of the area 'to be removed by etching remains and this
tends to form a short circuit between the patterns in the
worst case.

There is, thus, a great demand for developing a novel
method for treating the polycrystalline silicon layer exposed
to the air, which reduces-or obviates the aforementioned

drawbacks.

Summary of the Invention

This invention provides a method of manufacturing a semiconductor
device having a polycrystalline silicon layer.

This invention also provides a method for treating a polycrystalline
silicon layer, whiqh causes an improvement in the surface properties
thereof.

This invention further provides a method of economically
manufacturing a semiconductor device of *high quality in a high yield. ¥

In accordance with the present invention there is provided a

method of manufacturing a
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semiconductor device, which comprises applying a
polycryétalline silicon layer on the surface of a
Semicbhductor substrate, diffusing phosphorus or boron into
rthe silicon layer; removing a phosphosilicate glass layer or
a boroéilicate giass layer formed, during the diffusion
process, ‘on the silicon layer by wet etching and then
treating the surface of the silicon layer to convert the

' nature of the surface to hydrophilic cne.

Brief Describtion of the Drawings

The invention is more fully explained with reference to
the attached drawings in which:

| Figs. 1 to 5 show illustrative sectional views and a plan

view of each step of a conventional method for manufacturing
a semiconductor device, respectively; and

Figs. 6 to 9 show illustrative sectional views and a plan
view of each step of +the method of this invention for

manufacturing a semiconductor device, respectively.

Detailed Explanation of the Invention

Referring to Figé. 1 to 5, the steps for preparing a
semiconductor device which has a polycrystalline silicon
layer, such as the polycrystalline silicon gate type FET,
according to a conventional method are illustrated. 1In the
method, an oxide layer 2 is first applied to the éubstrate 1
of a sehiconductor (for example Si single crystal) according
to any one of the known techniques such as thermal oxidation,

chemical vapour deposition (CVD), sputtering, anodizing or
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the like. Then polycrystalline silicon layer } is deposited
on the oxide layer 2 according to any one of known techniques
such as low pressure CVD, plasma CVD, thermal decomposition
of SiH4 gas, hydrogen reduction of a gas mixture of SiCﬂ4 and
SiHC23. The polycrystalline silicon layer 3 ottained is then
subjected ﬁo the phosphorus or boron diffusion procedure to
improve electrical resistance thereof. At this stage,
phosphosilicate glass or borosilicate glass having a high
phosphorus or boron concentration is formed at the surface of
the silicon layer 3, which is insufficient in cuality and
should be removed according to a suitable t.reatment. The
removal thereof is conventionally carried ou' by an e‘t"ching
technigue utilizing, for example, hydrofluowic acid type
etching liquid. '

However, as already mentioned, +the polycrystalline
silicon layer is highly hydrophobic and even after washing
out the etching liquid, a lot of drops 4 remain on the
surface of the silicon layer 3 as shqwn in Fig. 1. The drops
of washing liquid contain undesirable impurities derivedrfrom
the etching 1liquid wused and cause the deposition of
impurities 5 (see Fig. 2) on the silicon layer 3 after
drying. These impurities 5 are quite hermful to the
subsequent processes such as etching. For example, as shown
in Fig. 3, when the polycrystalline siliccn layer 3 is
subjected to patterning process according to a pﬁdtoetching
technique utilizing a resist 6 as the etching mask, the
remaining impurities 5 tend to accelerate the etching speed

extremely, or to restrict the progress of the etching



0171186
b

substantially. Thus, the presence o0f such impurities 5
results in the overetching as shown in Fig. 4, which prevents
the fprmation of correct pattefn of the polycrystalline
siiicon and, in turn, the correct processing of the source
.and/or drain region. The polycrystalline silicon layer under
the resist‘6'ié, for example, overetched as shown in Fig. 5.
That is,>the pattern of the polycrystalline silicon layer
suffers a deficit 7. Fig. 5 is a plane view of the article
shown in Fig. 4, wherein the resist 6 is removed and only the
pattern of the Véilicon layer 3 4is shown. While, if the
impurities tend to restrict the progress of the etching, the
bait of the silicon layer to be removed by etching remains on
“the oxide layer 2 as it is. This also prevent the formation
of the correct pattern and the precise processing in the
subsequent steps. Moreover, in the worst case, the open
circuit or short circuit is formed between the patterns
obtained as already men*ioned.

As the etching technique For patterning the
polycrystalline silicon 1layer, there may be mentioned, for
example, any known wet etching and dry etching such as
sputter etching, plasma etching, reactive ion etching.

While, according to the method of this invention, the
aforementioned drawbacks observed in the conventional method
may be overcome by treating the polycrystalline silicon layer
3 expoéed to the air after the removal of the phosphosilicate
glass layer with a strong oxidizing solution to convert the
surface nature of the silicon layer to a hydrophilic one. As

the preferred examples of the strong oxidizing solution,
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there may be mentioned such solutions as an aqueous solution of nitric
acid or hydrogen peroxide. The treatment is carried out by
immersing or dipping the silicon 1layer in the strong
oxidizing solution to form silanol groups on the surface
thereof. The silanol groups have high compatibility to water
and therefofe, i:he water drops are not formed on the 'silicon

layer after washing (see Fig. 6). This means, in turn, that
the disadvantage of forming impurity deposits can effectively
be eliminated.

In general, it is preferred to carry out the oxidizing
process at a temperature of from 10 to 30°C (in the case of
nitric acid which is usually used as an agueous solution of
10 to 70wt%) or 10 to 30°C (in the case of hydrogen peroxide
which 1is usually used as an aqueous solution of 20 to 35wt%)
for 1 to 20 minutes.

In the method of the present invention, the steps other
than the oxidation treatment can be carried out according to
any one of the conventional methods and not restricted to a
specific technique, provided that the removal of the
phosphosilicate glass layer should be effected by a wet
etching technique wherein a conventional etching liquid such
as a mixture of NH,F, HF and water or HF solution is used.

Thus, according to the method of this invention, a
hydrophilic surface of the polycrystalline silicon layer can
effectively be obtained, thereby the deposition | of
impurities, originated from the etching solution used, on the

surface can almost completely be prevented during washing and

drying procedures. This permits carrying out a quite precise
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etching of the polycrystalline silicon layer and precisely
forming a desired pattern on the layer (see Figs. 7 to 9).

Moreover, the method of this invention improves the
producibility or yield of semiconductor devices and makes it
possible to manufacture them économically.

In the method of this invention, it is, of course,
possible to utilize any other method for treating the surface
- of the‘ silicon layer, which permits the formation of silanol groups-on
the silicon layer exposed to the air. Furthermore, ‘the
treatment for making the polycrystalline silicon layer
hydrophilic according to the invention may be applicable to
any other process comprising the steps of processing the
surface of é silicon layer in particular the steps of wet

etching of such silicon layer, washing and drying.
The method of this invention will now be described in

more detail in the 1light of the following illustrative

example,

Example

Phosphorus was diffused into the polycrystalline silicon
layer deposited on a semiconductor substrate (Si single
crystal) through an oxide layer and then the phosphosilicate
glass layer formed on the surface of the_ silicon layer during
the diffusion process was removed by immersing the layer in
hydrofluoric aéid type etching solution. The surface of the
polycrYstalline silicon layer éxposed to the air aftexr the
removal of the glass layerrwas then immersed in 30wt% nitric

acid solution for 5 minutes at room temperature to oxidize
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the surface thereof. Owing to the oxidizing treatment, a
thin oxide layer containing silanol residues was formed on
the surface and the surface became hydrophilic. Thus, the
formation of drops of washing liquid containing impurities
and the deposition thereof on the surface were advantageously
eliminated- due to the presence of silanol groups on 'the
surface and therefore the subsequent photoetching procedure
is substantially improved in its dimensional accuracy.

In fact, according to the ponventional method, it was
found that 1 to 5/cm2 of défeéts were present on the
polycrystalline silicon layer when it was etched to obtain a
desired pattern. While according to the method of this
invention, the defects due to patterning were limitgd to at
most about 0.05/cm2. i

The result c¢learly shows that the method of this
invention is quite effective to improve the surface property
of the polycrystalline silicon layer in particular its
hydrophilic nature which, in turn, permits the achievement of a

precise processing (patterning) of the polycrystalline

silicon layer.
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CLAIMS

1. A method of manufacturing a semiconductor device having a
polycrystalline silicon layer —comprises the steps of
diffusing phosphorus or boron into the polycrystalline
silicon layer deposited on the surface of a semiconductor
substrate, removing a phosphosilicate glass layer or a
borosilicate glass layer formed during said diffusion process
by wet etching and then converting the surface of the
polycrystalline silicon layer to the hydrophilic surface.

2. A method as claimed in claim 1 wherein the wet etching
is carried out by immersing the glass layer in hydrofluoric
acid type etching solution.

3. A method as claimed in claim 1 or claim 2 wherein the hydrophilic
surface of the polycrystalline silicon layer is obtained by
immersing the silicon layer in an oxidizing solution.

4. A method as claimed in claim 3 wherein the oxidizing

solution is an aqueous solution of nitric acid or hydrogen

peroxide.

5. A mefhod as claimed in claim 4 wherein the strong oxidising
solution is an agqueous solution of nitric acid having a concentration
of 10 to 70 wt %.

6. A method as claimed in claim 4 wherein the strong oxidising
solution is an aqueoﬁs solution of hydrogen peroxide having a
concentration of 20 to 35 wt %.

7. A method as claimed in any one of claims 3 to 6 wherein the

oxidation is carried out at a temperature of 10 Lo 3G°C.
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