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Abstract. The formations of sinusoidal surface relief structures recorded in positive photoresist (Allresist AR-P 3120) have been studied and optimized for different recording parameters
of gratings with spatial frequency of ∼1200 grooves/mm. A stable sinusoidal pattern generated using
a two-beam laser interferometric technique was recorded in thin films of positive photoresist
deposited on glass substrates. Several gratings were generated by varying the exposure time of
interference pattern and time of chemical development of exposed media. Time duration of exposure for 90 s and chemical development for 15 s were observed to be optimum for the translation
of the sinusoidal interference pattern into nearly-sinusoidal profiled grooves in the gratings for a
developer AR-300-26 of dilution of 2:1 (developer:de-ionized water).
Keywords. Holographic diffraction gratings; groove profile; holographic recording materials.
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1. Introduction
Diffraction relief gratings are used substantially in the wide area of lasers, optics and spectroscopy due to their high dispersion properties. There is an emerging demand of such
gratings for the development of next generation photonics devices [1,2] based on resonant grating-waveguide structures (GWS) consisting of a substrate and a waveguide over
coated with a diffraction grating [3]. The surface relief profile of the gratings plays a dominant role for achieving the ultimate efficiency of the GWS devices. The grating profiles
may be chosen to be sinusoidal, rectangular or saw-tooth depending on the requirements
of GWS devices. However, GWS devices with ultra-narrow bandwidth may be achieved
with sinusoidal profiled grating [4].
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Such types of diffraction gratings [5,6] are fabricated mainly by recording an interferometric pattern in photosensitive materials such as photoresists and many other types of
photopolymers that are capable of generating surface relief structures. Indigenous development of such diffraction gratings has been taken up in our department for laser and
spectroscopic applications. The purpose of the present work is to study the profile optimization for sinusoidal type of gratings formed in positive photoresist. The diffraction
gratings recorded using interferometric techniques must have sinusoidal groove profile,
provided the interference pattern formed in the recording plane is sinusoidal. Other
parameters affecting the shape of groove profile in a photosensitive material are exposure time, development time, inter-beam angle geometry and nature of recording material.
Moreover, these gratings provide a broader spectral coverage than the gratings with other
shapes of the grooves and can also be utilized as compact beam-splitters due to its symmetrical shaped groove structure. Other vital applications of holographically recorded
gratings with a sinusoidal modulation (phase/ amplitude) include pattern projection profilometry [7–9] and monitoring of surface self-diffusion of solids under ultrahigh vacuum
conditions [10]. In the present work, recording parameters, i.e. exposure time and development time for fabrication of such holographic gratings have been optimized to obtain
nearly perfect sinusoidal profiles in the positive-type of photoresist for grating-waveguide
resonant filter applications.

2. Experimental
As the spectral sensitivity of photoresist (Allresist AR-P 3120) is high in the shortwavelength region (200–500 nm), a He–Cd laser emitting at 325 nm is used to generate
the interference pattern. The light beam from a He–Cd laser (50 mW, Model: IK5751I-G,
Kimmon Koha) is spatially filtered and diverged using a microscope objective of magnification 13X. The beam is then collimated using a concave mirror of 850 mm focal
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Figure 1. Schematic optical lay-out for recording the surface relief gratings using an
interferometric arrangement. BS is the beam splitter.
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length, splitted into two equal-intensity beams and recombined on a spin-coated photoresist plate using a set-up as shown in figure 1. The resulting interference pattern is a
sinusoidally varying intensity pattern consisting of a set of straight equally-spaced fringes
(bright and dark lines). The fringe pattern thus generated is then recorded in a layer
(thickness = 655 nm) of photoresist spin-coated onto the surface of a glass substrate
[11]. The variation of light intensity across the fringe pattern is recorded as a variation of
solubility in the resist, so that development in a suitable solvent produces a surface relief
grating.
The photoresist plate records the resulting interference pattern consisting of a set of
straight, parallel and equally-spaced fringes. The equation relating the grating groove
spacing (d) to the inter-beam angle (θ1 + θ2 ) is given by
d = λ/ (sin θ1 + sin θ2 ) ,

(1)

where λ is the wavelength of the laser beam used to record the grating. Here we used an
inter-beam angle of 22.5◦ with symmetrical recording geometry (θ1 = θ2 ).
Several types of grating profiles are generated into thin films of photoresist by varying
the exposure of sinusoidal interference pattern in the range of 30–150 s with an increment
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Figure 2. One-dimensional surface profiles of relief gratings fabricated for an exposure time of 60 s and for developing time of (a) 10 s, (b) 15 s, (c) 20 s, (d) 25 s and
(e) 30 s.
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of 30 s. Development time of 30 s has been chosen for a developer AR-300-26 of concentration 2:1 (developer:de-ionized water) for chemically removing the exposed regions
of resist while retaining the unexposed areas. For second set of experiment, photoresist
gratings recorded for a constant exposure time of 60 s are processed for different times of
chemical development in the range of 10–30 s. Surface profiles thus generated are studied
by atomic force microscopy (AFM).

3. Results and Discussion
Figures 2 and 3 show the shapes of the grooves formed in the photoresist film for
different development and exposure time respectively while retaining other recording
parameters constant. It is observed that a highly sinusoidal grating profile has been
achieved for an exposure time of 90 s and developing time of 15 s. For other values of exposure and development, the profile conforms to the pseudosinusoidal forms
with either sharp peaks or broader valleys and vice versa. It may be noted that all the
surface relief gratings have been recorded for a symmetrical recording geometry with
constant inter-beam angle and constant thickness of the photoresist films. Figure 4 shows
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Figure 3. One-dimensional surface profiles of relief gratings fabricated for a development time of 30 s and exposure time of (a) 30 s, (b) 60 s, (c) 90 s, (d) 120 s and (e)
150 s.
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Figure 4. Three-dimensional AFM image of a surface relief grating recorded for a
development time of 15 s and an exposure time of 60 s.

a near-sinusoidal three-dimensional AFM image of a grating structure recorded in photoresist for an exposure time of 60 s and developing time of 15 s. The groove frequency of the gratings recorded was measured to be 1200 mm−1 . Moreover, figures 2 and 3
point out some trivial changes in profile that are not highly uniform and periodic. This
behaviour may be attributed to fluctuations in output power of the recording laser and
inevitable presence of environmental vibrations even after using a vibration isolation
table.
4. Conclusion
Relief gratings have been recorded for different exposure time and development in positive photoresist (Allresist AR-P 3120). Studies have been carried out for evaluating the
groove shapes of grating structures recorded for varying time durations of sinusoidal
exposure of interference pattern and process development for a symmetric recording
geometry with constant inter-beam angle. Time duration of exposure for 90 s and chemical development for 15 s are observed to be optimum for the translation of the sinusoidal
interference pattern into nearly-sinusoidal shaped grooves in photoresist.
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