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Waveguide Structures Based on Porous Indium Phosphide
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We researched the possibilities for engineering the morphology of porous structures in n-InP. Lithographic patterning of the
sample surface before anodic etching was shown to modify considerably the electric field distribution which, in its turn, defined
the direction of pore growth inside the specimen. We show that local formation of the nucleation layer combined with the
possibility to introduce current-line oriented pores in a controlled manner represents a promising tool for manufacturing wave-
guide structures based on porous InP. Some results on simulation of the properties of these structures are presented.
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InP is an important material for optoelectronic systems. Amongaffect the structure. Simulation of the resulting waveguide-like
other advantages, the possibility to integrate active and passive destructures was performed using the finite difference time domain
vices (e.g, light-emitting diodes and waveguidesn the same sub- (FDTD) method.
strate is decisive for further development of integrated optoelec- Figures 1 and 2 show the results of the experiments carried out
tronic circuits. Due to its relatively high refractive index, bends in with samples patterned with polymer photoresist £ 6V for
devices like waveguides can be made smaller and sharper making= 1 min). Figure 1a and b show a general top overview and a
the devices smaller and more comphéditionally, the electronic ~ Magnified top view under the photoresist respectively. To see the
bandgap of INR1.34 eV} is close to that of the light being used in Structure under the photoresist, the accelerating voltage of the SEM
optical communications; therefore, electro-optical effects are stron-
ger and can be achieved in shorter distances and with lower driving
voltages. However, for both passive and active devices, inexpensive
processing methods are highly desired to make optoelectronic.
photonic integrated circuits highly competitive. Electrochemical
etching of porous structures in InP substrates can contribute essetr P
tially in this direction?® ores

Recently, the so called current-line oriented pores, for short curro parallel
pores, have been reporté@&uch pores do not grow along definite to the
crystallographic directions, as for example the macropores in Si surface
or the so called crystallographically oriented pores in IlI-Vs, for
short crysto pores, but always grow perpendicular to the equipoten
tial lines in the anodized substratézrom this also is derived the
name of the pores. Thus, by engineering the potential distribution
inside the sample it is possible to change the direction of the pores
accordingly.

In this paper we show that an easy way to control the potential
distribution inside an anodized sample is lithographic patternifig,
i.e, partially covering a sample with a mask. Lithography is exten-
sively used in St though not to control the direction of pore growth
but to define an ordered nucleation of pores. In what follows, the
morphology of new structures obtained by engineering the potential
distribution inside the InP sample will be presented and discussed.

(100 Oriented, S-dopedn-InP (n = 3 x 10'® cm™3) wafers
were used. The samples were covered with a layer of photoresist i
which parallel 10um bright stripes were opened by standard lithog-
raphy (Fig. 1a. Subsequently, the samples were anodized in 5%
aqueous HCI under potentiostatic conditiofs € const.) using an
electrochemical cell as described elsewtfeFae etching conditions
were specially chosen to obtain current-line oriented pores,
U = 3...9Vin steps of 0.5 V. The etching time was between 0.1 and
1 min. After etching, the samples were investigated in cross-sectiorf
and top view using a Philips XL series scanning electron microscope
(SEM) functioning at 10 and 15 kV. Note that the polymer mask was |
intentionally not removed from the sample after etching so as not tOge
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Figure 3. (a) A waveguide structure with a step-like porosity chan@®.
Magnification of the low refractive index core layer.

strate surfacéin the center of the nucleation regiprio parallel to

the surface(at the edges of the nucleation regiarg., near the

photoresist

The pores growing parallel to the surface are clearly visible in

Figure 2. (a) Magnification of the structure in cross-section under the pho- Fig. 1b and Fig. 2a. The radial growth of current-line pores is a

toresist. (b) Cross section overview showing the bulk wall between two conclusive proof of the fact that such pores grow perpendicular to

porous regions(c) Magnification of the radially growing current-line ori-  the equipotential lines of the electric field in the anodized substrate.

ented pores; Making an analogy between a light wave passing through a small
aperture and the current flow through a region of uncovered InP
surface surrounded by two stripes of photoresist, the equipotential
lines of the electric field will behave similar to the wave front of the

was increased from 10 to 15 kV. Figure 2a and b show the crosstight passing thought the apertuiies., they will move radially out-

section general overviewb) and a magnified cross-section situated ward from the slit exposing a hemispherical shape.

directly under the photoresia). Figure 2c shows the cross section The bulk wall visible between the two porous regions is a hint

view of a region between two stripes of photoresist. that the current-line oriented pores cannot intersect, therefore they

As one can see from Fig. 2c, the pores nucleate only on thewill stop growing or will change their direction of growth when the

surfaces not covered by photoresise,, between two stripes, and pore wall becomes equal to double the width of the space-charge

grow radlally, also under the photoresist, away from the nucleationregion. This is in contrast to the crystallographically oriented gores

region. It is evident that the pores do not expose any crystallo-which can intersect without changing their direction of grow#

graphic characteristics of the single crystalline substrate. The direc- A careful analysis of Fig. 2a and c reveals that the diameter of

tion of the pores changes gradually from perpendicular to the subthe pores increases slightly as the pores grow deeper into the sub-
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strate(or under the photoresistin this way, the degree of porosity In conclusion, the pores in InP prove to exhibit a high flexibility
of the layer involved increases as well. Considering the porous layein their manner of growth. By exploiting this flexibility it is possible
as an effective medium with a porosity-dependent refractive indexto obtain structures suitable for different applications in photonics
it is straightforward to conclude that ttieffective refractive index  and optoelectronics. The most promising features are the self ar-
of the porous structure will decrease as the porosity increases. As engement of the curro pores in a long range ofdée switching
result, a gradient in the refractive index in the depth of the structurefrom curro to crysto pores resulting in the formation of Bragg-like
is obtained. Recently, layers exposing a porous gradient have beestructures and the possibility to surround a high refractive index by
proposed as waveguidelike structures if“SHowever, in InP such  a low refractive index porous layer giving rise to a waveguide struc-
structures are much more desirable taking into account the necessityre. Proper design and optimization of the characteristics of such
for developing new optoelectronic integrated circuits mentioned instructures could make them ready for integration in various opto-
the introduction of this article. electronic circuits.

A more pronounced difference in the degree of porosity and thus
in the refractive index is shown in Fig. 3. In this case, a layer of
crystallographically oriented pores is first formed with a low poros- Acknowledgments
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