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Porosity Determination Equation for Porous Silicon
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Abstract: Through the studying of the carriers moving of the porous and the definition of Sser, the equation of the

relationship among the porosity, the current density and the etching speed can be deduced. Here. it is shown that

for porous silicon made from p~type silicon, there is a universal relationship, it is possible to determine the change

in porosity with respect to etching under a set etching current density. This relationship is checked against experi-

mental data from several reports on these etching parameters, and they confirm the validity.
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1 Introduction

The discovery of porous silicon (PS) visible
luminescence by Canham'" has generated consider—
able interest. The potential of using silicon-based
optoelectronic devices seems to have increased with
this discovery. Since then, the luminescence mecha-
nism of the PS has been investigated by many
workers''" . However, there remains some draw-—
backs with respect to the optical characteristics of
PS; the luminescence spectrum is too broad, and
there exists the problem of stability and repeatabil-
ity. However, recently Vincent'” and others'™”
showed that with multilayer PS, it is possible to
compress the half width using distributed Bragg re-
flectors which also results in increase in lumines—
cence intensity. This injects fresh impetus into the
research on Si-based optoelectronic devices. In or-
der to produce multilayer PS with different refrac—

tive indices, it is necessary to have an established
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procedure that can provide a guide on the feasibili-
ty in porosity and thickness required. It is the aim
of this report to demonstrate that it is possible to
establish a universal relationship among porosity,
etching current density and etching rate for PS fab-
ricated from p-type silicon. With this relationship,
it is hoped that the design of multilayer PS can be

less of a trial and error and be more easily.

2 Theory

P-type silicon produced PS is chosen as the
starting point because its etching current mecha-
nism is simple; the etching depends on the ex-

6
9 and

change of holes and silicon trifluoride ions
since hole is the majority carrier in p-type silicon,
therefore the etching current density depends on
the majority carrier only. Whereas for n-type sili-
con, hole is the minority carrier and the etching de—
pends strongly on external light source that gener—

ates extra electron hole pairs. This complicates the
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etching process, as the etching current density also fined as
becomes a function of the photo-generated hole J.= Q. (3)

density. We further assume that the etching veloci-
ty can be represented by a mean value. The as—
sumption is that in order to have effective etch—
ing'”', the etching rate should be low and does not
vary significantly across the etching surface. Too
high an etching rate would result in electro-polish-
ing. And if the etching rate varies significantly
across the etching surface, second order effect
would appear which makes the final equation non-
linear. For p-type silicon, anodisation is a function
of the following parameters: the hydrofluoric acid
(HF) concentration, the etching current density
(J), and the hole concentration (np). Under any
HF

fixed. so the variables are J and ns.. And in p-tvpe

anodisation condition, the concentration is
silicon, the hole carrier is a majority carrier whose
concentration would not change during the etching
period, therefore it can be considered as a constant.
Then only one variable (the current density J) is
left. During etching, the sample has in effect two
layers: the bulk and the porous silicon, therefore,
we assume that it has two components, one derives
from the silicon bulk at the base of the PS layer, i.
e. ., bottom of the pores, and can be defined as fol-
lows,

n,Ve

Jv = St (n

where e is the elementary charge, S is the area of
the etched silicon, ny is the hole density, V is the to-
tal volume of the pores, and ¢t is the total time of
etching.

If z is the etch thickness of the silicon sepa-
rately, then the porosity is defined by P = ‘gV; .

.

Substituting P and v.(the etching velocity)
into equation (1), we have
Ju= npcPi = npePv. (2)

Another current flows through the surface of
silicon columns where the depletion region is

8 . . .
formed™. This etching current component is de—

St
here, - is the surface charge accumulates during
etching and is defined as,
Q.= YScnpe (4)
where ¥ is a function of HF concentration and is a
constant in equation (4),and
Se= SeerV = SeerPSz (5)
and Sser is the specific surface area derived from
BET equation'”.
T hus,
Je= ¥YSeerPvenge (6)
Then the total current density J, when the current
flows in the sample, is the sum of these two cur-

rent compo nents,

J=Iv+ Je= nmePv.( 1+ ¥Seer) (7)
Rearranging equation (7),
Puy. 1 (3)

J " me(1+ YSuer) = K
Juvis derived from the silicon bulk at the base of the
PS layer (i.e., bottom of the pores), whereas J.
flows through the surface of silicon columns where
the depletion region is formed'™. The total current
flow, J, is the sum of Ju and J.. Thus, for ptype
silicon, the ratio of the product of porosity and
mean etching velocity over the etching current den-
sity is a constant K, which is inversely proportional
to the carrier concentration np. Here ¥ is a function
of HF concentration and Seer is a constant too. In
that case, the right hand side of equation (8) can

be considered as constant.

3 Discussion

[n order to verify the validity of equation(8),

we used experimental results from four

3,510,110
pUI’tSl :

re—
to derive k. Table 1 shows the deriva—
tion of K using the reported experimental data, and
it shows that within the experimental errors, the k
values for each preparation condition agree well

with one another.
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Table 1

Comparison of T heoretic Values and Equation with Experimental Results

Porosity  Etching Current Density  Etching Time Etching Thickness ~ Mean Etching Rate pref !
P/ %% J/(mA '(-m'zj t/'s z/nm ve/(nm = s” 1 A0 fem? e AT e s
Sample 1 65 5 20 86 4.3 0. 559
Ref.[ 1] 78 25 20 360 18 0. 561
. 5 20 600 3.9x10° 6.5 0. 2438
Sample 2
£ 18 79 20 600 3.7x10° 6. 17 0. 2437
Ref. [ 8] 65 20 600 4.5x10° 7.5 0. 2438
53 25 2.1 0. 0445
Sample 3
4 62 49.7 3.5 0. 0436
Ref.| 4] 75 82.8 5.5 0. 0436
. 41 10 1800 3.3x 10 18.33 0. 752
Sample 4
(19 50 20 1800 5. 4> 10* 30.00 0. 750
Ref. [9] 71 45 1800 8. 5% 10 47.22 0. 745

The table shows the derivation of Kk using ex—
perimental data from four References. For each
sample, the k value is found to be a constant within
experimental error. We can see that if we can mea-
sure the porosity, then the etching rate can be de—
termined under various J values. Here, we have as—
sumed that the HF concentration is fixed. Different
HF concentrations would produce different ¥ val-
ues and therefore different J values. Nevertheless,
it demonstrates that in producing a multidayer PS,
we can produce different porosities by controlling
the etching rate for a pre-determined etching cur-

rent density.

4 Conclusion

Thus, we have shown that for p-ype silicon,
the porosity, the etching velocity and the etching
current density are related. This is verified from
using experimental results from four reports and
our results, and this relationship can be used to de—
termine the porosity (or the etching rate) easily in—
stead of measuring the porosity (or the etching

rate) each time. Bv using the relationship estab—

lished, we then can select a set of etching condi-
tions to produce a desired PS structure/layer thick-

ness.
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