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ABSTRACT:

Diffraction gratings are widely used in optical experiments and in semiconductor -
optoelectronic devices like distributed feedback lasers and distributed Bragg reflectors.

This project deals with the fabrication of diffraction grating by the method of holographic
interferometry. Holographic interferometry using a UV laser provides a very convenient way
of producing simple gratings with the dimensions less than that obtained by the conventional
optical lithography. We use this also to make orthogonal gratings. These were in turn made
on quantum well substrates to produce quantum dots.



Introduction:

The method used here to fabricate the gratings is based on the concept of holographic
interferometry which is a two step process .An object is illuminated by coherent light is made
to reproduce fringes on a photosensitive medium. This pattern is then produced on the
substrate by etching. The line width is of the order of wavelength.

1. Fabrication of gratings:

Throughout the fabrication of gratings the most critical step is the optimization of the
parameters for reproduction of perfect gratings. We optimized the parameters on a GaAs
substrate since our final aim was to reproduce the pattern on GaAs/AlGaAs samples.

Experimental setup:
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Schematic of the experimental setup

A) Optics

If an expanded He-Cd laser beam is allowed to fall on a mirror and a substrate in such a
way that half of it falls on the substrate and half of it on the mirror, an interference pattern
is observed. The equidistant fringe pattern with a spacing of
D=N2Cos @
Where A is the wavelength of the light used
@ is the incident angle of the laser beam on the substrate

We use the 326 nm line of a 20mW He-Cd laser (operating power is around 18 mW). The
flatness of the mirror is A/4 at 326 nm wavelength. Our setup permits the samples of around
6mm X 6mm comfortably.
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Schematic diagram of the Mirror and the substrate

Beam Expander:

Using Galilean telescope arrangement the laser beam is expanded as shown in the figure
2.The beam expansion ratio is

X= f]/ f2
fi  is the focal length of the first lens and f, is the focal length of the second lens

The optical setup requires certain very critical adjustments and choice of lens. The important
points to be taken care of are:

1. The lens should be perfectly vertical and even the slightest of inclination should be
taken care of. This could be done by checking the back reflection from the lens. The
Newton’s ring that is formed closest to the centre should overlap with the beam
centre.

2. A very important consideration is the way of placing the Plano-convex lens. It is
known " that in order to get minimum aberration we should ensure that convex side
faces the beam.

3. The mirror surface should be absolutely smooth without any scratches

Spatial Filter

The spatial filter plays a major role of cleaning the beam. The beam profile after its passage
through the filter is perfectly Gaussian. The central part of the beam is uniform over a
considerably area and this is very important for the formation of uniform fringes. It is this
area where the pattern is best observed and hence this decides the quality of the gratings.

The adjustment of the 1* lens and the spatial filter are very crucial factors for getting a good
beam profile. The filter has to be placed exactly at the intersection of the two focal points.
The proper position of the filter at the intersection of the focal point can be checked by the
examining the diameter of the expanded beam; if the position is not correct the beam
diameter will be much smaller than the beam diameter without the filter but if it is correct the
diameter will be same.

We use quartz lens of focal length f, = 200mm and f}; = 6.44 mm and a 14 pm aperture spatial
filter.

B)  Processing:



The prepared samples are exposed for an optimized duration. The power of the laser plays
a very important role. A better control on the exposure time is possible with a laser having a
lower power. In our case, due to high power of the laser the control of exposure time had
become difficult.

Positive photoresist coating (PPR):

Prior to coating of the sample with PPR is heated for 15 minutes at a temperature of about
90°C to drive off any moisture on the surface. The sample surface should be clean before
coating.

PPR coating thickness should be comparable with the spacing of the pattern required, so the
ultra thin PPR coating is used for submicron lithography . We use the PPR and the thinner
in a ratio of 1:3 at spinner speed of 8000 rpm with 20 s spin time, 800A PPR coating is
achieved. The pre-baking time was kept 30 min at a temperature of 90°C.

The sample coating quality should be checked after coating. The color of the coating is a
good indicator of this. If the coating color is uniform the sample can be used for further
experiment.

Exposure and development:

The intensity at the maxima of the fringe is four times the intensity of the expanded beam,
which means that the exposure time should be reduced with higher power. The intensity of
the central shaft of beam falls to 1.1 mW/ cm?” due to limited reflectivity of the mirror used
and also due to increase in area. It is important to note that at least an area of 1 cm?”should
have uniform intensity to obtain a pattern of at least 5 mm®.

We tried out different exposure times between 2 s and 15 seconds. Exposure time of more
than 5 s resulted in complete removal of the PPR after developing. A better way to ensure
control is to have an intentional underexposure time with subsequent control during the

developing of the image. The developing time was chosen as being either 6 seconds or 8
seconds
In our case an exposure time of around 3.5 seconds and a developing time of 8 seconds
worked perfectly. For an exposure of 4 s, the appropriate time of developing was 6 s.

For the orthogonal gratings the exposure time was reduced to 3 seconds .This was done as
some parts were exposed twice. The development time was kept at 8 seconds.

The post bake time was kept 20 minutes at a temperature of 110°C. When the sample was
post baked for a very long time the PPR removal after etching became very difficult.

Verification:

A rough estimate of the quality of the gratings can be made by qualitatively by holding the
sample almost vertically to view at a grazing angle. A strong violet coloration is seen.
This can be easily explained by the grating equation:

DSin®-Sin@)=mA
Substituting @ = 270 ® = 90°, we get

2D =ML
Hence, the wavelength for D ~ 2000 A becomes around 4000A which is in the violet range.
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Etching:

Some etchants that etch the I1I-V compound semiconductors in selective directions It is
possible to etch the V-Groove structure with a mixture of 3:1:50 H3PO4:H,0,:H,0 solution
for anisotropic etching of the GaAs substrates. The etchant has etch-rate of 1000A / minute
which we to etch the sample for a minute. The etchant mentioned above however, did not
show satisfactory results.

Measurements
We have done two measurements the overall quality of the grating; the first one being the

AFM, and the second one is the High resolution XRD in which the diffracted vector is
modulated by the corrugation of the surface.

Fabrication of quantum dots:

The confinement of electrons in smaller dimensions is gaining immense potential because of
its utility in electronic devices. In this project we also give an attempt to get islands on the
substrate that act as quantum dots. The limitation of the method is that we cannot use the
method to get the islands over a large area.

The method used to get gratings on the surface was same as mentioned as above. The only
difference being that in this case the substrate is exposed twice such that the two grating lines
are perpendicular to each other, which yields us the required islands. Moreover the substrate
used is a quantum well GaAs/AlGaAs structures.

Results and discussion :

1. The AFM measurement of the developed image pattern is shown in the figure below. The
sample is exposed at an angle @ = 42° so the expected grating spacing is D = 2267A.
Figure shows the surface morphology of the etched surface .The experimental value of D =
21904 is close with the expected theoretical value. The shape of the groove is nearly
sinusoidal from AFM measurements.

AFM image:



The
image above clearly shows equally
spaced groves for the gratings produced.
The substrate used was n' GaAs. The exposure
time was 3.6 seconds with a developing time of
8 seconds. The etchant used was 3:1:50
H3P0O4:H,0,:H,0. The sample was etched for 1
minute.
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2. The AFM image of the orthogonal pattern
developed is shown .The sample was exposed
at an angle @ = 42° so the expected grating
pacing is D = 2267 A. Figure shows the
surface morphology of the etched surface .
The experimental value of D ~2189 A

is close with the expected theoretical value.
The shape of the groove is nearly sinusoidal
from AFM measurements.

The pattern was made on n'GaAs Substrate.
The sample had an exposure time was 3 seconds
with a developing time of 8 seconds. The sample
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AFM is taken prior to etching. . t . s ‘;-33.

What took me so long?

The hassles that were experienced during the course of the experiment were:

1. Quality of the surface: The pattern that had to develop was of the order of .2 microns.
Even the slightest of irregularity on the surface can give rise to glitches in the
development of the pattern. Use of epiready wafers provided the best results. Cleaning
wafers with TCCE/Acetone / Methanol usually resulted in poorer gratins. Extreme
care while handling the sample was required.

The control of the particles on the surface was yet another crucial factor .A
single particle (considering the size to be around 1 micron) can spoil the pattern. The
best way to ensure least particles is the use of fresh wafers without any cleaning prior
to the coating.

2. The optics setup is very sensitive. During the experiment even slight vibration should
be avoided.



3. Since the orthogonal gratings require double exposure, any error in the time can lead
to bad pattern formation. For this we incorporated a tunable mechanical control over
the exposure time which gave very good results.

4. Proper etching of the sample is most important. The regular etchant removes the PPR
from the areas which are not to be etched resulting in poor grating.Moreover, it is
very important that the etchant acts in the right direction. Here, we require an etchant
that etches V-Grooves anisotropically in the direction (110) and (-1 -1 0). [ am still
trying to figure out the best possible etchant for the sample.

5. Another possibility that we are still exploring is that of insufficient developing time
which lead to non-reproducibility of the pattern on the substrate. The information of
depth as reported AFM(in tapping mode) was not very reliable. Thus, it became very
difficult to ensure that developer reached the substrate or not.

Conclusion:

Linear and 2-D gratings of period approximately 2000A were successfully obtained in PPR
coated GaAs substrates. Pattern transfer to the semiconductor substrate via wet chemical
etching was difficult, and not reproducible. Further work is to optimize the etchant and the
etching time for production of pattern on the substrate.
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