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In this paper we describe fabrication and characterization methods of two-dimensional periodic microstructures in 
photoresist with pitch of 1.2 μm and lattice constant 1.2-4.8 μm, formed using two-beam multiple exposure holographic 
lithography technique. The regular structures were recorded employing different angular positions of the sample in between 
two and three sequential exposures, adding up fringes of various symmetries on thin positive tone photoresist layer spin-
coated on floated glass substrates. After exposure and development, the resulting structures were analysed employing 
optical and scanning electron microscopy. It was demonstrated that structures with rhombus, triangular and square point 
lattice types with 2-fold, 4- fold or 6-fold rotational symmetry can be obtained. The results obtained from the micrographs 
were compared with the simulation results of interference field light intensity distribution. Camera images of the transmitted 
and diffracted laser beam light far field spatial distribution were compared with the fast Fourier transforms (FFT) of optical 
microscope dark field micrographs. Diffraction efficiency measurements were demonstrated as an efficient method to 
control quality of the structures as well as to optimize the multiple exposure processes. 
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1. Introduction 
 

Interference or holographic lithography (HL) is 

emerging as very promising and powerful technique for 

creating structures with sub-micrometre to nanometre 

scale periodicities [1]. Currently fabrication of photonic 

crystals is perhaps the most common HL application [2]. 

Besides research trends in photonic crystals, HL is shown 

to be applicable in vast range of areas where regular 

microstructures are necessary. There have been shown 

successful attempts where formation of optical sensors [3-

7], nanowires [8], porous membranes [9], broadband 

membrane reflectors [10], magnetic dots [11], nano-fluidic 

structures [12], micro lenses arrays [13], photonic phased 

arrays [14], polarization gratings [15] and, after 

introducing defects, optical channel drop filters [16] were 

performed employing HL. 

HL technique is based on interference of two or more 

coherent laser beams and does not require photomasks like 

conventional contact lithography used in integrated circuit 

industry. Compared with other common lithography 

techniques including e-beam and nanoimprint used to 

produce arrays of nanometre sized features, HL can offer 

much higher throughput at a lower cost. Using shorter 

wavelengths (in EUV range) and immersion techniques, 

feature size approaching 10 nm were achieved [17, 18]. At 

the moment basically two instrumentation architectures are 

used for HL: the Lloyd’s mirror interferometer, which is 

usually used for high resolution patterning and the dual 

beam interferometer which is used for large areas [19]. 

Despite the fact that HL is relatively easy to setup and 

operate, its main drawback is that it is limited only to 

patterning of periodic structures [10]. In its simplest form, 

when interference of two beams is imposed, such 

lithography is capable to produce 1D periodic structures, 

i.e. linear diffraction gratings. This limitation can be 

overcome by using multiple beams. For example, by using 

modified Lloyd’s mirror interferometer into three-beam 

interferometer patterns with true hexagonal symmetry can 

be realised [20]. Applying four-beam HL setup and 

controlling the polarization and intensity threshold of the 

beam, two-dimensional periodic patterns can be created 

with a wide range of possible geometries [21, 22, 23]. 

Employing five and more beams complex quasi-periodic 

patterns can be produced [24, 25]. By using multiple beam 

interference combined with multi-photon polymerization 

technique, 3D microstructures can be fabricated [26]. 

On the other hand, 2D and 3D microstructures can 

also be achieved using two-beam multiple exposure HL 

process together with the sample rotation in between the 

individual exposures [1, 8-11, 13, 24, 27-40]. In such case, 

the resulting exposure dose of each individual exposure is 

accumulated as a sum of the partial exposures [28]. In this 

way various patterns can be created by changing number 
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of applied exposures and angle of the sample orientation 

[1]. Multiple two-beam HL exposure has been successfully 

realised employing Lloyd’s mirror setup [19, 29-31, 41], 

and other optical systems including: mirrors in glazing 

incidence configuration [25], double-iris [27], beam-

splitters [32, 38, 42]. The possibility to fabricate complex 

structures, including 3D patterns as well as production of 

hierarchical periodic patterns (with two different spatial 

periods) using a multiple exposure procedure was 

demonstrated in [39] and [40] correspondingly. 

Two-beam multiple exposure interference technique 

possesses many advantages over the commonly used 

multi-beam interference technique, such as: simple optical 

setup, easy to fabricate different patterns by controlling the 

angle between sequential exposures and number of applied 

multiple exposures, and high contrast between the minimal 

and maximal intensities of interference fringes due to the 

identical polarization of two laser beams in the 

interference area. That is difficult to achieve using multi-

beam interference method [27]. Recently areas as large as 

whole 4 inches (10 cm) wafer were reported to be 

patterned employing HL [43]. To obtain uniform patterns 

over large area, a laser with a long coherence length is 

required [1, 29]. 

In our previous research we have demonstrated that 

using two beam HL setup one is able to form diffraction 

gratings in photoresist [4] and later on, to transfer the 

pattern in DLC layer and use them as refractive index 

sensors to determine refractive index of liquids and track 

kinetics of chemical and biological processes [6, 7]. 

Moreover, we have shown that the sinusoidal relief 

imposed in the photoresist employing vacuum deposition 

and electrochemical processes can be replicated in 

polymer films for document optical security tag 

applications [44, 45]. 

In this paper we propose a systematic study where 

interference patterns in multiple exposure two beam HL 

system are simulated to produce complex 2D periodic 

structures. We demonstrate that the simulated interference 

fringes of variable geometry having rhombus, triangular 

and square point lattice types with 2-fold, 4-fold or 6-fold 

rotational symmetry can be produced experimentally after 

few seconds of exposure in a standard positive photoresist 

on glass substrates in several cm
2
 area. Finally, we show 

that the diffraction patterns produced by these structures 

can be used for the fast quality control of the structures. As 

an example, different multiple exposure doses were 

examined to produce highest diffraction efficiency in the 

case of three exposures process. 

 

 

2. Laser beam interference formalism 
 

In order to calculate multiple exposure interference 

pattern intensity distribution at the sample surface, one has 

to consider two collimated laser beams interference 

formalism, i.e. to assume superposition of two 

monochromatic and linearly polarised waves and to use 

plane wave approximation. In this case electromagnetic 

waves can be described by complex wave functions [46]: 

    1111111 exp,   rkprU tjEt ,   (1) 

 

    2222222 exp,   rkprU tjEt .  (2) 

 

Here p1, p2 - polarization vectors, E1, E2 – electric field 

amplitudes, j – imaginary unit, ω1, ω2 – angular 

frequencies, t – time, k1, k2 – wave vectors ( kk ˆ2 ), 

k̂ - unit vector presenting direction of phase velocity, 

λ=λ0/n, λ0 – free space wavelength, n – refractive index, r 

– position vector, φ1, φ2 – initial phases of the first and the 

second beam respectively. We can eliminate the first and 

the third terms in the exponent if we consider stationary 

case and do not evaluate initial phases. This can be done 

because in the case of two beams superposition, due to the 

difference of initial phases, the interference pattern is 

shifted, but its distribution remains unchanged. Since in 

the employed optical setup, described in Sec. 5.1, beam 

splitters produce two beams of nearly equal intensities, the 

electric field amplitudes E1, E2 are equal (E1=E2) so they 

can be denoted as E. Moreover, polarization terms can be 

removed from the equations, assuming that the produced 

beams have parallel polarization planes. Intensity resulting 

from two beams superposition is     2

2211 rUrU I . 

Using Eq. (1), (2) and assumptions described above, 

intensity distribution of the interference field produced by 

the superposition of two beams can be expressed as [46]: 

 

  12cos22 kkr  III .      (3) 

 

This Equation shows that intensity of superposed 

beams at a certain point of space depends only on the 

phase difference of interfering beams   12 kkr  . 

Optical path Ri of each beam in polar coordinate system 

can be expressed as [33]: 

 

         iiiiiii zyxR  cossinsincossinˆ  rk  (4) 

 

here i – index indicating the beam number; θ – angle of 

incidence in the plane of incidence;   – angle of beam 

projection in the plane perpendicular to the plane of 

incidence (see Fig. 1). Arrangement of the beams and 

angles used in Eq. (4) is depicted in Fig. 1. For the known 

wavelength and arrangement of the beams involved in the 

process, one can calculate intensity distribution pattern of 

the two beam interference field by using Eq. (3) and (4). In 

case of multi-exposure HL, intensity distribution can be 

calculated by summation of the interference fields created 

by each exposure:  

 


j

jsum II
.          (5) 

 

Here j – number of exposures. Pitch of the interference 

fringes (Λ) of each exposure and accordingly pitch of the 

structures imposed in the photosensitive materials (for the 

fixed i ) depends on the angle of incidence θi, refractive 
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index of the medium surrounding the sample n and 

wavelength of the employed laser λ0: 

 





sin2

0

n
 ,                 (6) 

 

 
 

Fig. 1. Arrangement of two interfering beams with 

indicated notations used in Eq. (1)-(4). θ1, θ2 – angles 

between the incident beams (1, 2) and z axis in the plane 

of incidence. 1,2  – angles between the incident beams 

projections in x-y plane and x axis. While 1’ and 2’ are 

beams in the second exposure with sample rotation by α 

angle in x-y plane around z axis  between  the  sequential  

exposures 

 

 

3. Simulation Results 
 

Employing the developed formalism (Sec. 2) for the 

accumulated multiple two beam interference pattern 

exposure, the simulations of light intensity distributions 

for single exposure, two sequential exposures with 

different rotation angles α=15º-90º in x-y plane with steps 

of 15º and finally three exposures with two sequential 

rotations of α=60º were performed employing MATLAB 

(MathWorks) software. The simulated interference patterns 

are depicted in Fig. 2 and as it will be demonstrated in Sec. 

5 they can be reproduced experimentally as corresponding 

surface relief structures after developing the exposed 

photosensitive material. 

 

 

4. Experimental 
 

4.1. Fabrication of the structures 

 

The structures were patterned on 

20 mm x 20 mm x 2 mm floated glass (Gravera) substrates. 

Glass substrates before the deposition of photoresist were 

cleaned employing RCA SC-1 cleaning method i.e. rinsing 

the substrates in H2O+H2O2+NH4OH (5:1:1) solution at 

80 ºC for 10 minutes and washing off with deionised water. 

100-200 μl per sample of ma-P 1205 positive tone 

photoresist (Micro resist technology) were used. 

Photoresist was spin-coated employing KW-4A spin-

coater (Chemat technology). Spin-coating was performed 

at 500-700 rpm for 6 s and 3000-3200 rpm for 30 s. The 

thickness of a photoresist layer at ≥3000 rpm was 0.5 μm 

[47]. Photoresist was dried at 110 ºC for 30 s employing 

KW-4AH hot plate (Chemat technology). The exposure 

was performed using HeCd laser (λ=442 nm, 90 mW, CVI 

Melles Griot 4074-P-A03) in a custom made HL setup (see 

Fig. 3). The laser beam in the applied setup was expanded 

employing spatial filter, i.e. 40x, 0.65 NA microscope 

objective (Lomo) and 30 μm aperture (Standa), collimated 

with a 50 mm diameter and 75 mm focal length convex 

lens (Eksma Optics). The collimated beam was diffracted 

into two beams by the 50x50 mm 1800 l/mm diffraction 

grating beam splitter (Thorlabs). The diffracted beams 

were directed and overlapped on the sample holder with 

50 mm diameter dielectric laser line mirrors (Eksma 

Optics). The sample on the rotatable sample holder was 

fixed with a vacuum chuck. Time of the exposure (4-9 s) 

was chosen depending on the laser power (89.7-90.8 mW) 

and corresponding applicable power density on the sample 

side (2.9-4.3 mW/cm
2
). 

 

 
 

Fig. 2. Simulated 1D (a) and 2D (b-h) interference 

pattern intensity distributions employing different 

number of exposures and rotation angles between them 

(λ0=442 nm, n=1, θ1,2=10º): a) single exposure, b) angle 

between two exposures α=15º, c) α=30º, d) α=45º,          

e) α=60º, f) α=75º, g) α=90º, h) angles between three 

exposures α1=60º, α2=120º. Lines and angles indicated 

in the images b-h represent resulting angles between the 

2D lattice points in the accumulated  interference pattern 

 

1D periodic structures were fabricated by a single 

exposure. 2D periodic structures were fabricated by two or 

three exposures. Between the multiple exposures, the 

sample was rotated by an angle α (see Fig. 1). The angle α 

in the current rotatable sample holder can vary from 0º to 

120º in 15º steps (see insets of Fig. 3). The incidence 

angles of two interfering beams were set to be identical 

θ1=θ2=θ 10±0.7º. Such angle provides pitch of the 

structure (see Eq. (5)) of 1.2 μm. The employed system is 

capable of producing sub-wavelength pitch [4-7], but in 

this case dimensions that are still visible on optical 

microscope were selected. The area of single exposure was 
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in the forms of an ellipse due to oblique incidence of the 

beams. The size of exposed area was limited by the size of 

the beam splitter and employed mirrors, i.e. 5 cm. After 

exposure the samples were developed in MF-26A 

developer (Micro resist technology) for 9-14 s. The details 

of the applied exposure are summarised in Table 1. 

 

 
 

Fig. 3. Principle scheme of the employed two beam HL 

setup utilised for the multiple exposures. The system 

consists of mirrors - 2, 4, 8, 9, computer controlled 

shutter – 3, objective – 5, pinhole – 6, lens – 7, 

diffraction grating beam splitter – 10, rotatable sample 

holder – 11. The total path of a beam from the laser to 

the sample holder is approximately 232.5 cm. The insets 

depict snapshots of the sample holder positions for the 

three times exposed samples (Table 1, sample No. 8-11): 

a) initial  position,  b)  second  position  (angle  between  

exposures α1=60 o), c) third position (α2=120 o). 

 

 

4.2. Analytical techniques 

 

The fabricated structures were analysed employing 

optical microscope B-600MET (Optika) and scanning 

electron microscope (SEM) Quanta 200 FEG (FEI). Low 

vacuum mode enabling direct sample surface visualization 

without any further preparation was applied. Dark field 

optical microscope images of the fabricated structures 

were used to obtain frequency domain images of the 

periodic structures using 2D Fast Fourier Transforms 

(FFT) employing MATLAB (MathWorks) software. The 

experimental diffraction efficiency distributions for the 

produced periodic structures were obtained employing 

three different wavelength lasers: laser diode (Photonic 

products) λ=405 nm, diode pumped solid state laser 

(Apinex) λ=532 nm and HeNe laser (Melles Griot) 

λ=632.8 nm. The intensities of the diffracted light were 

measured using NOVA II power meter (Ophir) with 

PD200UV photodiode sensor. Far field diffraction pattern 

spatial distributions in the transmission regime obtained on 

a screen from the samples were registered with a compact 

digital camera (Power Shot A590, Canon). 

 

 

 

 

 

 

 

 

Table 1. Applied exposure parameters of the HL setup for 

different samples: α – angle of rotations between 

exposures, θ – angle of incidence, te – duration of 

exposure, td – duration of development. Average laser 

power   was  89.7  mW   (88.6-90.8 mW),  average  power  

density at the sample 3.5 mW/cm2 (2.9-4.3 mW/cm2) 

 

Sample 

No. 
α (º) θ (º) te (s) td (s) 

1 - 10.3 7 14 

2 15 10.3 7; 5 11 

3 30 9 9; 6 10 

4 45 10.3 7; 5 13 

5 60 9 9; 6 10 

6 75 9 9; 6 10 

7 90 10.3 7; 5 13 

8 60; 120 10.6 7; 6; 4 9 

9 60; 120 10.6 6; 6; 6 10 

10 60; 120 10.6 5; 5; 8 9 

11 60; 120 10.6 4; 6; 7 9 

 

 

5. Experimental results 
 

In Fig. 4 one can see optical microscope dark field 

images and their calculated 2D FFT that are compared 

with the camera images of the three different wavelength 

light diffraction patterns registered on a screen. The 

obtained angles of diffraction were consistent with the 

experimental ones based on the diffraction grating 

equation, e.g. the angle of the first order diffraction of 1D 

structure presented in Fig. 4 a) was 20º, 26º and 32º for 

blue, green and red light lasers respectively. 

From the SEM micrographs, point lattices were 

identified and typical lattice constants of different 2D 

periodic structures were determined. The SEM 

micrographs together with the corresponding point lattices 

are summarised in Fig. 5. 

From the previous two beam multiple exposure 

experiments [48] with the same photoresist material it was 

known that the pattern quality depends on the ratio of the 

first and second exposure doses. Therefore, a set of 

samples (No. 8-11) with four different exposure routines 

were fabricated. The exposure details for these samples 

can be found in Table 1. The measured average absolute 

diffraction efficiencies of the 1
st
 diffraction maxima, i.e. 

denoted as 1-6 in Fig. 4 h), and corresponding standard 

deviations are depicted in Fig. 6. 
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Fig. 4. Optical microscope dark field micrographs (i) of 1D (a) and 2D (b-h) structures together with their 2D FFT 

(ii) and camera images of diffraction patterns obtained employing different wavelength lasers: λ=405 nm (iii), 

λ=532 nm (iv), λ=632.8 nm (v). a) sample No. 1; b) No. 2; c) No. 3; d) No. 4; e) No. 5; f) No. 6; g) No. 7; h) No. 8. 

Numbers 0-6 denote diffracted beams numbering used in the diffraction efficiency measurements. Bright spots in (i)  

corresponds to cured area 

 

 
 

Fig. 5. SEM micrographs of different 2D periodic structures and corresponding point lattices. Mesh with the points 

in the cross-section of the lines were used to determine the unit cells. The insets (lower left corner) demonstrate 

corresponding unit cell with lattice constants a, b and γ. Areas marked with truncated lines indicate substrate (“s”) 

and photoresist (“p”). a) sample No. 2, rhombus point lattice type, 2-fold rotational symmetry; b) No. 3, rhombus, 

2-fold; c) No. 4, rhombus, 2-fold; d) No. 5, triangular, 2-fold;  e) No.  6, rhombus,  2-fold;  f) No. 7,  square,  4-fold;                 

g) No. 8, triangular, 6-fold 

 

6. Discussion 
 

Comparing Fig. 2 and Fig. 4 one can see that the 

simulated 1D and 2D interference pattern intensity 

distributions (Fig. 2 a)-h)) are in good agreement with the 

optical and SEM micrographs (Fig. 5) of the 

experimentally fabricated structures. Due to small 

variations in applied exposure doze and development 

duration (see Table 1) the obtained structures demonstrate 

slightly different threshold, i.e. the photoresist after 

development fully dissolved down to the substrate only in 

sample No. 2, No. 4, No. 5, No. 7 (see Fig. 5). Similar 

analysis of simulated interference fringes and 

experimentally fabricated structures has been described in 

[1,2,20-29,33,36-38,40,42-49]. Frequency domain images 

obtained from 2D FFT of the optical microscope 

micrographs of the structures (see Fig. 4 a)-h) inset ii) can 

be used for comparison with diffraction patterns of these 

structures (see Fig. 4 a)-h) insets iii-v), because relative 

distances between 0
th

 order maximum and symmetrical 1
st
 

order maxima as well as corresponding angles between 

these maxima are the same in both images. These results 
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are in good agreement with [37, 49, 50] where the 

comparison between diffraction patterns and micrograph 

analysis including 2D FFT was also reported. In some 

cases, the longest wavelength diffraction peaks are hardly 

visible in the camera images because they were diffracted 

at higher angles than the field of view or the intensity 

contrast between 0
th

 and first maxima were too high for 

the used camera. Some of the frequency domain images 

demonstrate slightly elongated dots (see Fig. 4 e), f)) that 

could be addressed to small variations of the fabricated 

feature size that are visible as bright spots in the optical 

microscope micrographs. The structures might 

demonstrate different threshold due to local variations of 

exposure intensity or photoresist thickness variations. 

 

 
 

Fig. 6. Average absolute diffraction efficiencies 

(wavelength of illuminating laser beam: λ=405 nm) of 

averaged 1st diffraction maxima (Fig. 5 h) beams 1-6) of 

the samples No. 8-11. The numbers next to the diffraction 

efficiencies indicate the exposure durations of each of the 

three exposures with the energy density of 3.5 mW/cm2. 

The inset depicts diffraction efficiencies of the sample              

No. 8, the numbers above the bars represent numbering 

of diffraction maxima identical  to  the  ones  depicted  in  

Fig. 4 h) inset ii 

 

 

It is known that the geometry of regular optical 

structure determines its optical responds. These 2D 

periodic structures can be classified employing point 

lattice model in terms of their regularly repeated objects in 

space. If every object in 2D periodic structure is imagined 

as a point, the corresponding array is called point lattice 

[51]. Any cell in the point lattice can be chosen as a unit 

cell, which forms point lattice by repeating itself in space. 

The unit cell is described by lattice constants a, b and γ. 

There exist five types of 2D point lattices: oblique, a≠b, 

γ≠90º; rectangular, a≠b, γ=90º
 

; square, a=b, γ=90º
 

; 

triangular, a=b, γ=60º; and rhombus, a=b, γ≠60º, 90º [51]. 

If the structure repeats itself more than once after rotating 

it around certain point by 360
o
, it is said that it has 

rotational symmetry. Then the repetitions are in 360
o
/n 

angles, the structure has n-fold rotational symmetry [52]. 

Possible lattice types were identified from the SEM 

micrographs (Fig. 5). One can see that the current optical 

setup employed in the multiple exposure regime, when 

angle of rotation between the exposures was varied with a 

step of 15º, provides 3 out of 5 possible point lattices 

types: square (Fig. 5 f)), triangular (Fig. 5 d) and g)) and 

rhombus (rest of the samples). It was demonstrated that 

the symmetry of the structures and value of angle γ can be 

easily controlled by choosing number of exposures and 

rotation angle α. In the current work most of the fabricated 

2D structures have 2-fold rotational symmetry except of 

two, which have higher degree symmetry: 4-fold (Fig. 5 

f)) and 6-fold (Fig. 5 g)). Obtained 2D lattice parameters 

are in good agreement with the simulated interference 

fringes (see Fig. 2). Other authors report the same or even 

higher degree experimental values of symmetry that can be 

reproduced employing different, more complicated HL 

setups: 4-fold employing two beams double exposure 

technique [35], 5-fold and 8-fold employing five- and 

eight-beam setups [25], 10-fold employing two beams and 

five exposures [35], 12-fold employing two beams and six 

exposures [22], 18-fold employing two beams and nine 

exposures [36], 60-fold employing three beams and ten 

exposures [37]. On the other hand, our system appears 

flexible and simple in production of a wide range of 2D 

structures.  

Based on the previous knowledge of one [44] and two 

[48] exposure optimization, in the current research 

multiple exposure routine for the three times exposed 

samples was investigated and multiple exposure 

exposition doses were defined to develop symmetrical 1
st
 

order diffraction efficiency distribution (Fig. 6). Similar 

experiments were described in [36] where filling factor 

influence on the exposure durations was investigated. The 

comparison of absolute diffraction efficiencies of the 

samples fabricated employing different exposure duration 

shows that the diffraction efficiency depends on the way 

of exposure, and the highest efficiency can be achieved 

when the subsequent exposure times are not equal that is 

in agreement with [48]. Moreover, according to our 

experiments the diffraction patterns produced by these 

structures can be used for the fast quality control of the 

structures – two dimensional distribution of the diffraction 

peaks coincides with the 2D FTT of the structures and 

analysis of intensities of the peaks allows one to optimize 

multiple exposure process. 

Structure in the photoresist film demonstrated low 

absolute diffraction efficiency, but it is due to small height 

of the features. The resulting patterns can be transferred 

into the substrate, e.g. fused quartz, and moderately 

controlling the height of the pitch one can obtain efficient 

beam splitters of e.g. two-, four-, six-port. As it was 

already described elsewhere [53, 54] if one imposes the 

pattern of predefined height that is in the range of the 

wavelength in to the transparent substrate of known 

refractive index, e.g. fused quartz, one can obtain efficient 

beam splitters based on the phase shift imposed by the 

plane grating. In this way, employing conventional 

microlithography combined with dry etching and 

controlling the height of the structures 2-20 µm pitch 

efficient two-port beam splitters for spectral range from 

the UV to near IR [53, 54] were obtained. According to 

the current results, similar applications of 1D and 2D 

variable geometry could be easily implemented in 
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production of different optical devices where more 

sophisticated geometry is desirable. 

 

 

7. Conclusions 
 

We have shown that intensity distribution of two 

beam interference in multiple exposure holographic 

lithography can be simulated using simple approach where 

optical path of each beam is evaluated depending on the 

angular position of the sample. 

We have validated this approach using two-beam 

multiple-exposure holographic lithography setup and 

demonstrated that it is suitable for high throughput and 

efficient fabrication method of 1D and 2D periodic 

structures on few cm
2
 areas.  

It was demonstrated that choosing number of 

exposures and rotation angle α structures with rhombus, 

triangular and square point lattice types with 2-fold, 4- 

fold or 6-fold rotational symmetry and angle γ can be can 

be obtained. The fabricated structures had a lattice 

constant of 1.2-4.8 μm. The diffraction patterns of these 

structures are well described by 2D FFT images of the 

optical microscope micrographs.  

It was demonstrated that the diffraction patterns 

produced by these structures can be used for the fast 

quality control of the structures. Multiple exposure 

exposition doses were optimised and defined to develop 

symmetrical 1
st
 order diffraction efficiency distribution. 
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