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ABSTRACT

Sub micrometre area porous silicon structures have been fabricated by anodization of
patterned surfaces of crystal silicon. It is proposed that the formation of n 3D structure
and its subsequent oxidation might be applied for quantum dots and wires realization.
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The formation of ZD structures on a silicon crystal is connected to the problems of
the anisotropic etching. The dry and wet etching methods disadvantages often limit the
application of these processes to mesastructures realization on a Si surface.

The purpose of this note is to show a possibility for 3D structures formation on a
silicon crystal surface. The growth of porous silicon structures in very small areas of sub-
micrometre dimensions would allow important applications of porous silicon, including its
possible use in nanoelectronics.

The method proposed takes the advantage of the higher oxidation rate of the porous
silicon compared to that of a single crystal silicon surface.

The following characteristics of the electrochemical porous silicon formation have been
used:

1) Holes are necessary in the anodic reaction.
2) Porous silicon is formed along the anodic reaction current flow iinc.
3) Porous silicon density is about half that of single crystalline silicon. Therefore the

volume change when the porous silicon is oxidized is very small.
4) The oxidation rate of porous silicon is large enough to easily form thick isolation

layer, as a result of its very large effective surface area.
The porous silicon layers are realized on a single crystal substrate by anodic reaction

in hydrofluoric acid under a cosistant anodizing current density. The porous layers have
specific structures and exhibit different physical and electrical properties depending on
anodic electrochemical reaction conditions.

The porous silicon shows various forms of appearance. The structure sizes cover three
orders of magnitude, ranging from macroporous silicon with pore and pillar dimensions
in micrometer scale down to nanoporous silicon with nanometer-dimensioned crystallites.
The possibility for selective formation of porous silicon layers with micrometer dimensions
is interesting technological problem. The direct deposition of photoresist film cannot be
used because it is not possible to remove residual parts of the mask which have penetrated
into the pores. This peculiarity does not allow the applying of the traditional planar
technology based on deposition of a photoresist and using photolithography to remove
the unnecessary regions.

SiOi and Si3Ni cannot be used as hydrofluoric acid-proof mask patterns for selective
formation of porous silicon. The SiO? film is side-etched in an anodization process by IIF
solution and for longer times, respectively for thicker layers the pattern will be deformed.
The resolution and the correspondence between the mask and the pattern is deteriorated.
Partly this problem could be solved applying 5»3iV4 as a mask layer. S13N4 is more
resistant to the action of HF and allows the formation of structures with thicker porous
silicon layers. A disadvantage of this approach is the difficult removal of S13N4. It is not
possible to use plasma etching, because the porous silicon is attacked. The removal of
S13N4 in hot phosphoric acid is an alternative but this procedure could also destroy or
contaminate the porous silicon with undesired impurities.

The selective structures from porous silicon formed during the electrochemical reaction
are shown in fig.la and fig.lb In accordance with characteristic 2) no mask coating has
been used during the porous silicon islands formation [1]. Depending on the process
parameters the isotropy of porous silicon formation in depth can be changed (fig. 2a, 2b
and'2c).

Because of the characteristics 3) and 4) the oxidation could be selected to fulfil the
condition of full porous silicon oxidation. The most important parameter for complete



oxidation is the porous silicon film density. Ideally, the resulting SiOj layer should occupy
the same volume as the original porous layer. It appears that oxidation occurs via diffusion
of oxygen, or steam into the pores. As oxidation proceeds, the pore walls swell from the
growth of SiOi- Similarly, films that are not dense enough lead to tensile stress in oxide.
Porous silicon layers several microns thick are oxidized completely in about 30 min at
700°C in wet Oi ambient. Although this leads to complete oxidation, it is usually best to
follow the oxidation by subsequent treatment at 1000°C in a wet oxidizing ambient [2].
The maximum depth to which a porous silicon can be oxidized in this fashion has not
been determined. It has been obtained 20*im thick oxide layers with out wafer warpage.
The porous silicon oxidation rate dependens on the pore size and in our case is it from
3 to 5 times higher than that of the single crystal material. This is clearly seen in fig.3,
where the oxidized structure of fig.2b is shown. Normally, during the selective crystal
silicon oxidation process the obtained oxide layer thickness is twice the oxidized layer
thickness. For this reason the typical LOCOS bird beacks are obtained. In the case of
porous silicon oxidation the wafer surface is very flat, there is no difference between the
thicknesses of the oxidized porous silicon and the porous silicon layer. This generates a
possibility for planar structures creation by means of selective oxidation. By subsequent
etching in diluted HF acid (HF : H^O = 1 : 10) different 3D structures in Si can be
realized fig.4 a), b) and fig.5.

The method proposed might be helpful in the realization of the following sequence for
quantum dot formation on a silicon crystal.

- formation of hydrofluoric acid proof mask of Si^N* with quantum dots dimensions.
To facilitate etching process, thin Si^N^ films might be used (fig.6a).

- selective formation of porous silicon layer whose profile and depth are a function
of electrochemical process parameters (anodic reaction time, current density and light
intensity) (fig. 6b). By anodizing patterned surface of sub-micrometre dimensions it
is possible to produce selected area porous silicon layers. The growth is isotropic and
depends on the masking layer used for anodization [3].

- porous silicon films conversion to SiO-t by means of oxidation and realization of a
planar structure. The islands of silicon crystal (the quantum dots) are isolated from each
other by the oxidized porous silicon (fig. 6c).

- removal of the Si$N< in hot phosphoric acid (fig. 6d).
- formation of doped regions in silicon islands by ion implantation. The 5«02 thick

layer is used as mask (fig. 6e).
- removing the SiO-i by etching, a 3D structure realization is possible. The structure

depth is equal to the depth of the porous silicon layer (fig. 6f).
It is considered that the formation of 3D structure by means of porous silicon creation

and its subsequent oxidation might be attempted for quantum dots and wires realiza-
tion. Thus the difficulties of the dry plasma etching technique are avoided. The method
proposed is compatible to the standard processes of the MOS technology.
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Figure captions

Fig. 1. SEM photomicrograph of silicon wafer surface after selective porous silicon
formation.

Fig. 2a, 2b, 2c SEM cross-section view of different porous silicon formations.

Fig. 3. Scanning electron microscopy observation of cross-section of oxidized porous
silicon region.

Fig. 4. SEM images, surface (a) and cross-section(b) of 3D structures on silicon surface.

Fig. 5. SEM cross-section view of 3D structure.

Fig. 6. Processing steps for realization of quantum dots.



(b)

F i g . l

(a )

( b )

Fig.2



affnmnnnniaM.ma.Hv- -

( c )

Fig.2

Fig.3



Fig.5

n n n n n

' ' 1 ' '

PS

Si

--

(a)

(f)

Fig.6

10



i - v i v i :i i s.x >


