
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Characterization of Light Diffraction by a Digital
Micromirror Device
To cite this article: C Pereira et al 2022 J. Phys.: Conf. Ser. 2407 012048

 

View the article online for updates and enhancements.

You may also like
Crosstalk-free large aperture
electromagnetic 2D micromirror for LiDAR
application
Behrad Ghazinouri and Siyuan He

-

A translation micromirror with large quasi-
static displacement and high surface
quality
Yuan Xue and Siyuan He

-

Optical MEMS-based micromirror arrays
for active light steering in smart windows
Hartmut Hillmer, Basim Al-Qargholi,
Muhammad Mohsin Khan et al.

-

This content was downloaded from IP address 3.145.151.141 on 07/05/2024 at 12:21

https://doi.org/10.1088/1742-6596/2407/1/012048
/article/10.1088/1361-6439/ace453
/article/10.1088/1361-6439/ace453
/article/10.1088/1361-6439/ace453
/article/10.1088/0960-1317/27/1/015009
/article/10.1088/0960-1317/27/1/015009
/article/10.1088/0960-1317/27/1/015009
/article/10.7567/JJAP.57.08PA07
/article/10.7567/JJAP.57.08PA07
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjst4nqaDTYRHMfz572JP8fPJfFjlzGkp1rHM6pGRYAMTsZ8ZHvH0giqyBiq4biuhs5fM5xRGTfuNl86SKzeGtvGVjOZT0R3g3UbwaxXHvZhjmfaNYPUwgmqZ9COil9j9hRex50gz8L1qTV59JBB8mCvjCEgoi4eggguCvcA3pBBxTv7IRrxmZMj8X1DiAEADP-NIw3ppeBAVXvxK83dHe1IoxaJzquWOM7fCOAn8RVaQLyeqeVWzAqcbCGyMyJtr6gz8GL7oDPqFr5VTBE5ae8sQy3QbN9QDxHEHsDgYKfgWv5vrQpu7hu5vcdJVKADhtzv3jcLlFJudLm28VgmRKhkFhE9NHg&sig=Cg0ArKJSzFM1YaE_BFuR&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

Fifth International Conference on Applications of Optics and Photonics (AOP2022)
Journal of Physics: Conference Series 2407 (2022) 012048

IOP Publishing
doi:10.1088/1742-6596/2407/1/012048

1

 
 
 
 
 
 

 

Characterization of Light Diffraction by a Digital 
Micromirror Device 

C Pereira1,2,3, M Abreu1,2, A Cabral1,2 and J M Rebordão1,2 

1 Instituto de Astrofísica e Ciências do Espaço, Universidade de Lisboa, Campo 
Grande, 1749-016 Lisboa, Portugal 
2 Faculdade de Ciências da Universidade de Lisboa, Departamento de Física, Campo 
Grande, 1749-016 Lisboa, Portugal 
3 Email: cppereira@fc.ul.pt 

Abstract. A Digital Micromirror Device (DMD) is a technology developed by Texas 
Instruments, that consists in a two-dimensional array of micromirrors, which can be individually 
tilted between two positions. It has been used as a digital video and image processing solution, 
commonly found in Digital Light Processing (DLP) video projectors. Over the years, DMDs 
have become popular in different fields: industrial, automotive, medical, government and home 
user solutions. In the astronomy field, it has been also considered in on-ground space 
instrumentation and it has been proposed for the development of some astrophysical space 
instruments. In order to evaluate the actual impact of such device in the instrument optical design, 
it is important to know how the light behaves when it interacts with a DMD, namely in what 
regards to the diffraction process when a light beam is reflected by a periodic array of 
micromirrors. In this study we describe how we simulate the diffraction patterns produced by a 
periodic array of micromirrors, for coherent and incoherent sources of light. The results from 
simulations are verified against laboratory experiments, described also in this study. 

Keywords: instrumentation, diffraction, digital micromirror device. 

1.  Introduction 
A Digital Micromirror Device (DMD) is a technology developed by Texas Instruments, in 1987, that 
consists in a two-dimensional array of micromirrors [1] that can be individually tilted between two 
positions, typically ± 12° in reference to the normal of the DMD chip [2]. It has been used as a digital 
video and image processing solution, commonly found in Digital Light Processing (DLP) video 
projectors [3]. 

In a video projector, each micromirror represents one pixel in the projected image. If a micromirror 
is in the ON state (typically +12°), the reflected light is sent through a set of lenses contributing to the 
projected image, while in the OFF state (typically -12°), the reflected light is sent in the direction of a 
heatsink, to be dissipated. With this system, it is possible to control the brightness of each pixel, 
switching the micromirror to the ON state (white pixel), to the OFF state (dark pixel), or toggling it at 
high frequencies between the two positions (grayscale) [2-3]. 

Over the years, DMDs have become popular in different areas: industrial sector (control panels, 
human-machine interfaces, 3D vision system, holography, lithography), automotive sector (displays, 
center consoles, intelligent lighting systems), medical sector (medical spectroscopy, 3D printing, 3D 
vision), government sector (education, cinema, mobile projection) or even in the home user sector (video 
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games systems, mobile phones, tablets, computers, home automation) [4]. With such versatility, it is 
also considered for space instrumentation [5]. One of the most popular cases is the integration of DMDs 
in spectrographs, in order to create multiple slits, to get the spectrum of multiple astronomical objects 
at the same time. Some instruments like IRMOS [6], RITMOS [7] and BATMAN [8] were designed 
based on this technology. DMDs were also proposed to the development of some space mission 
instruments, for example the JWST [5] and EUCLID [9], however, this technology is not yet available 
with space certification. DMDs have also become popular in wavefront shaping techniques. Liquid 
crystal spatial light modulators (LCSLM) are traditionally used when it is required to modulate a 
wavefront, but their low refresh rates are a major limitation. DMDs can be a potential solution for 
LCSLM speed limitation, as they enable much faster modulation speeds (kHz-order) [10]. 

With a good representation in different fields, DMDs are an important technology for the scientific 
research community. To successfully make use of this technology, it is important to know how the light 
behaves when it is reflected by a DMD. When a beam of light is reflected by this periodic array of 
micromirrors, diffraction patterns will be produced according with different conditions, starting in the 
wavelength range, up to the state or the angle of each micromirrors. 

This study presents an exploratory work on the technical feasibility of using DMDs for optical 
applications, focusing on the diffraction patterns produced by an array of micromirrors. This is not only 
important for space technologies, but it has relevance to every technology that uses adaptative optics. 
To cover a wide range of potential applications, it is considered two types of light sources (coherent and 
incoherent light) and a successful DMD on the market, commonly used in some evaluation boards (TI 
DLP7000 1024x768 XGA) [11]. The simulations are verified against laboratory experiments. 

 

2.  Simulation of Diffraction Patterns 
The approach chosen to calculate the diffraction pattern produced by a DMD starts by studying first the 
simplest cases, as for example, the diffraction pattern produced by a single square aperture, going further 
in the degree of complexity until the final structure. This study takes into account the Fraunhofer 
approximation methodology, valid when the source of light and the target screen are placed at infinite 
distances from the obstacle/aperture (far field) [12]. A plane wavefront reaches and emerges from the 
obstacle/aperture. This can be performed in the laboratory using two convex lenses, one to collimate the 
beam of light from a point source and another to focus the diffracted light onto the target screen (Fourier 
plane). 

2.1.  Single Square Aperture 
When a beam of light reaches an obstacle with a square aperture and the size of the square aperture is 
comparable to the wavelength of the incident wave, spherical wavefronts are emitted from different 
sections of the aperture. The interference of those spherical wave fronts creates a diffraction pattern on 
the screen target. 
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Figure 1. Diagram taking into consideration to calculate the 
diffraction pattern of a square aperture. The diffraction aperture is 
placed at the (𝜉, 𝜂) plane, with the origin of this coordinated system 
at the center of the square aperture and the screen target is placed at 
the (𝑋, 𝑌) plane. The 𝑍 axis is shared by both coordinate systems. 
The planes are parallel to each other, at a normal distance 𝑧. 𝛿𝜉 and 
𝛿𝜂 represent an arbitrary small area of the square aperture, where a 
wavefront is emitted and contributes to the diffraction pattern at an 
arbitrary point 𝑝, at a distance 𝑟 from the center of the small area 
(𝛿𝜉, 𝛿𝜂) and at a distance 𝑅 from origin of the (𝜉, 𝜂) coordinate 
system. 

 
The following calculations follow the derivation of the Fraunhofer diffraction approximation 

indicated in the Goodman Fourier Optics [12] textbook. The Fraunhofer far field equation can be seen 
as the Fourier transform of the aperture distribution function U(𝜉, 𝜂), evaluated at spatial frequencies 
𝑓 =  and  𝑓 = : 

 
 

U(𝑥, 𝑦) =
e e

j𝜆𝑧
 U(𝜉, 𝜂) e

( )
𝑑𝜉𝑑𝜂 

 

(2.1.1) 

 
U(𝑥, 𝑦) =

e e

j𝜆𝑧
𝔉[U(𝜉, 𝜂)]|

,    
 (2.1.2) 

 
 
The amplitude transmittance of a single square aperture is given by the product of two rectangular 

functions, where 𝑙 , 𝑙  are the aperture widths in 𝜉, 𝜂 directions: 
 

 
τ (𝜉, 𝜂) = rect

𝜉

𝑙
rect

𝜂

𝑙
 (2.1.3) 

 
The following equation shows the Fourier transform of equation (2.1.3), where 𝐴 is the area of the 

square aperture: 
 

 𝔉[τ (𝜉, 𝜂)] = 𝐴 sinc 𝑙  𝑓  sinc(𝑙  𝑓 ) (2.1.4) 
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From equations (2.1.2) and (2.1.4):  
 

 
U(𝑥, 𝑦) =

e e

j𝜆𝑧
𝐴 sinc

𝑙 𝑥

𝜆𝑧
sinc

𝑙 𝑦

𝜆𝑧
 (2.1.5) 

 
The intensity is given by: 

 
I(𝑥, y) =

𝐴

𝜆 𝑧
sinc

𝑙 𝑥

𝜆𝑧
sinc

𝑙 𝑦

𝜆𝑧
 (2.1.6) 

 
 
The simulation of the diffraction pattern given by a square aperture is shown in figures 2 and 3, for 

coherent and incoherent light sources, respectively. For an incoherent light source, a diffraction pattern 
is calculated for each wavelength and the resulting irradiances are integrated. Depending on the type of 
the light source, each wavelength contributes with a different weight to the final result.  

The diffraction pattern shows a central square lobe with successive horizontal and vertical fringes. 
The size of the central lobe is related with the size of the square aperture, the distance between the 
aperture and the target screen and with the wavelength of the incident light. The separation between 
fringes is inversely proportional to the size of the square aperture. Figure 3 is the simulation of the 
diffraction pattern for a black body source at 10 000 K. Such light source has a wide range of 
wavelengths, not in phase to each other and whose photons oscillate at different frequencies. In the 
image, for the same order, it is possible to observe that each wavelength is shifted with respect to each 
other, as the diffraction angle depends on the wavelength and longer wavelengths produced larger 
diffraction angles. 
 

    

Figure 2. Diffraction pattern simulation of a 
square aperture, for a coherent light source, with 
a wavelength of 632 nm, passing through a 1 µm 
square aperture, projected onto a target at 1 mm 
distance with 10x10 mm area.  

Figure 3. Diffraction pattern simulation of a 
square aperture, for a black body at a temperature 
of 10 000 K, with a wavelength range from 375 
nm to 750 nm, passing through a 1 µm square 
aperture, projected onto a target at 1 mm distance 
with 10x10 mm area. 
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2.2.  Two-dimensional Array of Square Apertures 
When a beam of light reaches an obstacle with an array of square apertures, multiple spherical 
wavefronts are emitted from each aperture, interfering with each other and creating a diffraction pattern. 
 

 

Figure 4. Diagram taking into consideration to calculate the 
diffraction pattern of a two-dimensional array of square apertures. 
The aperture array is placed at the (𝜉, 𝜂) plane and the screen target 
is placed at the (𝑋, 𝑌) plane. The 𝑍 axis is shared by both coordinate 
systems. The planes are parallel to each other, at a normal distance 
𝑧. 𝛿𝜉 and 𝛿𝜂 represent an arbitrary small area of one square aperture, 
where a wavefront is emitted and contributes to the diffraction 
pattern at an arbitrary point 𝑝, at a distance 𝑟 from the center of the 
small area (𝛿𝜉, 𝛿𝜂) and at a distance 𝑅 from origin of the (𝜉, 𝜂) 
coordinate system. 

 
The amplitude transmittance of a two-dimensional array of square apertures is given by the product 

of two rectangular functions convolved with a comb function (convolution is denoted by the symbol ⨂), 
multiplied by the product of two another rectangular functions to delimitate the aperture array area, 
where 𝑙 , 𝑙  are the aperture widths in 𝜉, 𝜂 directions, 𝑤 , 𝑤  are the dimensions of the aperture array in 
𝜉, 𝜂 directions and 𝑝 is the pitch between apertures:  
  

 
τ (𝜉, 𝜂) = rect

𝜉

𝑙
rect

𝜂

𝑙
⨂ comb

𝜉

𝑝
comb

𝜂

𝑝
rect

𝜉

𝑤
rect

𝜂

𝑤
   (2.2.1) 

 
 

Equation (2.2.1) can be expressed into a series of sums to simplify the comb functions: 
 

 
τ (𝜉, 𝜂) = rect 

𝜉 − 𝜉

𝑙
 ,

𝜂 − 𝜂

𝑙
  

 

   (2.2.2) 

 
 
The Fourier shift theorem can be used to do the Fourier transform of equation (2.2.2): 

 
 𝔉[g(𝑥, 𝑦)] = G 𝑓 , 𝑓  (2.2.3) 

 
 𝔉[g(𝑥 − 𝑎, 𝑦 − 𝑏)] = G 𝑓 , 𝑓  e (   ) (2.2.4) 
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The following equation shows the Fourier transform of equation (2.2.2), where 𝐴 is the area of the 
square aperture: 
 

 𝔉[τ (𝜉, 𝜂)] = 𝐴 sinc 𝑙  𝑓  sinc 𝑙  𝑓  e     

,

 (2.2.5) 

 
From equations (2.1.2) and (2.2.5):  

 
 

U(𝑥, 𝑦) =
e e

j𝜆𝑧
𝐴 sinc

𝑙 𝑥

𝜆𝑧
sinc

𝑙 𝑦

𝜆𝑧
 e

 
  

 

,

 (2.2.6) 

 
The intensity is given by: 

 
 
 I(𝑥, y) =

𝐴

𝜆 𝑧
sinc

𝑙 𝑥

𝜆𝑧
sinc

𝑙 𝑦

𝜆𝑧
e

 
  

 

,

 (2.2.7) 

 
 
The simulation of the diffraction pattern given by a two-dimensional array of square apertures is 

shown in figures 5 and 6, for coherent and incoherent light sources, respectively. For an incoherent light 
source, a diffraction pattern is calculated for each wavelength and the resulting irradiances are 
integrated. Depending on the type of the light source, each wavelength contributes with a different 
weight to the final result. 

In a two-dimensional array of square apertures, the light coming from each aperture interfere with 
each other, creating multiple orders. For this case, where all apertures have the same size, the intensity 
of those orders depends on the diffraction envelop calculated from the width of a single aperture. The 
intensity of central orders is higher than in the periphery. The width of a single aperture and the 
separation between apertures, have a major role in the final geometry of the diffraction pattern. A greater 
number of apertures contributes to narrower and higher intensity peaks. In figure 6 is the simulation of 
the diffraction pattern for a black body source at 10 000 K. Such light source has a wide range of 
wavelengths, not in phase to each other and whose photons oscillate at different frequencies. In the 
image, for the same order, it is possible to observe that each wavelength is shifted to each other, as the 
diffraction angle depends on the wavelength and longer wavelengths produced larger diffraction angles. 
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Figure 5. Diffraction pattern simulation of a two-
dimensional array of square apertures, for a 
coherent light source, with a wavelength of 632 
nm, passing through an array of 51x51 square 
apertures, with 13 µm in size and with a spatial 
frequency of 13.6 µm, projected onto a target at 
400 mm distance with 200x200 mm area.  

Figure 6. Diffraction pattern simulation of a 
two-dimensional array of square apertures, for a 
black body at a temperature of 10 000 K, with a 
wavelength range from 375 nm to 750 nm, 
passing through an array of 51x51 square 
apertures, with 13 µm in size and with a spatial 
frequency of 13.6 µm, projected onto a target at 
400 mm distance with 200x200 mm area. 

 

2.3.  Two-dimensional Array of Tilted Micromirrors 
To simulate the diffraction pattern created by a DMD, the apertures are now replaced by micromirrors, 
rotated 𝜃 degrees along their diagonal. Figure 8 represents a single micromirror (in yellow), rotated in 
reference to the plane contained in the (𝜉, 𝜂) coordinate system (in grey). The rotation orientation is 
indicated in the figure. 
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Figure 7. Diagram taking into consideration to 
calculate the diffraction pattern of a two-dimensional 
array of rotated micromirrors. The aperture array is 
placed at the (𝜉, 𝜂) plane and the screen target is placed 
at the (𝑋, 𝑌) plane. The 𝑍 axis is shared by both 
coordinate systems. The planes are parallel to each 
other, at a normal distance 𝑧. 𝛿𝜉 and 𝛿𝜂 represent an 
arbitrary small area of one square aperture, where a 
wavefront is emitted and contributes to the diffraction 
pattern at an arbitrary point 𝑝, at a distance 𝑟 from the 
center of the small area (𝛿𝜉, 𝛿𝜂) and at a distance 𝑅 
from origin of the (𝜉, 𝜂) coordinate system. 

Figure 8. Diagram of a single rotated 
micromirror (in yellow). Represented 
in gray is the reference plane 
contained in the (𝜉, 𝜂) coordinate 
system, perpendicular to the 𝑍 axis. 
In yellow is a plane rotated 𝜃 degrees 
along the diagonal of the reference 
plane. 𝑛 represents the normal vector 
of the rotated plane. 

 
The orientation of each micromirror can be expressed in the form of 𝑍(𝜉, 𝜂) = 𝑎𝜉 + 𝑏𝜂 (from the 

general form of the equation of a plane), where a and b coefficients are related with the components of 
a normal vector to the surface plane of the micromirror. The normal vector depends on the rotation axis 
of the micromirror. It is assumed the center of each micromirror is located at 𝑍 = 0. It is possible to find 
the components of a vector normal to a plane, with two other vectors contained in the same plane. The 
cross product of two independent vectors is an orthogonal vector, normal to the plane that contains them. 
For this case it is used the vectors 𝑂𝐸 and 𝑂𝐹. As the lengths 𝑙  and 𝑙  are the same for each micromirror, 
to simplify calculations, it is assumed 𝑙 = 𝑙 = 𝑙: 
 

 
 =

𝑙

2
; −

𝑙

2
; 0           =

𝑙

2
cos 𝜃 ;

𝑙

2
cos 𝜃 ; −

𝑙

√2
sin 𝜃  

 
(2.3.1) 

 
 

→  =  ×  =
𝑙

2√2
sin 𝜃 ; −

𝑙

2√2
sin 𝜃  ;

𝑙

2
cos 𝜃  (2.3.2) 

The amplitude transmittance of a two-dimensional array of tilted micromirrors is given by the 
product of two rectangular functions convolved with a comb function, multiplied by the product of two 
another rectangular functions to delimitate the aperture array area, where 𝑙 is the size of the micromirror 
equal for both 𝜉, 𝜂 directions, 𝑤 , 𝑤  are the dimensions of the aperture array in 𝜉, 𝜂 directions and 𝑝 is 
the pitch between apertures. For this case, associated with the first two rectangular functions, are the 
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components 𝜉, 𝜂 from the normal vector to the surface plane of the micromirror, expressed as 2𝑗𝑘(𝑎𝜉 +
𝑏𝜂). The factor 2𝑗𝑘 accounts for a phase delay of incoming and outgoing light:  
 

 
 τ (𝜉, 𝜂) = rect

𝜉

𝑙
rect

𝜂

𝑙
e √

   
√

  
⨂ comb

𝜉

𝑝
comb

𝜂

𝑝

× rect
𝜉

𝑤
rect

𝜂

𝑤
  

(2.3.3) 

 
Equation (2.3.3) can be expressed into a series of sums to simplify the comb functions: 

 
 

τ (𝜉, 𝜂) = rect
𝜉 − 𝜉

𝑙
 ,

𝜂 − 𝜂

𝑙
  

 

e √
   

√
  

   (2.3.4) 

 
To perform the Fourier transform of equation (2.3.4), it can be splitted in two parts and the results 

are then convoluted: 
 

 
𝔉 rect

𝜉 − 𝜉

𝑙
 ,

𝜂 − 𝜂

𝑙
   

 

= 𝐴 sinc(𝑙 𝑓 ) sinc 𝑙 𝑓  e     

,

  (2.3.5) 

 
 

 
𝔉 e √

   
√

 
= g(𝜉, 𝜂) e ( ) d𝜉d𝜂

= e √
   

√
 

 e ( ) d𝜉d𝜂 =

= 𝛿
𝑙

√2
sin 𝜃 𝑘 − 𝑓 ; −

𝑙

√2
sin 𝜃 𝑘 + 𝑓  

 

(2.3.6) 

 
 

𝔉{τ (𝜉, 𝜂)} = 𝔉 rect
𝜉 − 𝜉

𝑙
 ,

𝜂 − 𝜂

𝑙
  

 

⨂ 𝔉 e √
   

√
  

=

= 𝐴 sinc[𝑙 (𝑓 − 𝑡 )]  sinc 𝑙 𝑓 + 𝑡  e  ( )   

,

 

(2.3.7) 

 

In equation (2.3.7), the mathematical result 
√

sin 𝜃 𝑘  is defined as 𝑡 . From equations (2.1.2) and 

(2.3.7):  
 

U(𝑥, 𝑦) =
e e

j𝜆𝑧
𝐴 sinc 𝑙 

𝑥

𝜆𝑧
− 𝑡  sinc 𝑙 

𝑦

𝜆𝑧
+ 𝑡  e    

,

 (2.3.8) 

 
The intensity is given by: 

 
 
 I(𝑥, y) =

𝐴

𝜆 𝑧
sinc 𝑙 

𝑥

𝜆𝑧
− 𝑡  sinc 𝑙 

𝑦

𝜆𝑧
+ 𝑡  e    

,

 (2.3.9) 

The simulation of the diffraction pattern given by a two-dimensional array of tilted micromirrors is 
shown in figures 9 and 10, for coherent and incoherent light sources, respectively. For an incoherent 
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light source, a diffraction pattern is calculated for each wavelength and the resulting irradiances are 
integrated. Depending on the type of the light source, each wavelength contributes with a different 
weight to the final result. Note that these simulations are still under development, which is why they 
look different from the previous ones.  

The diffraction pattern changes according with the typology of the light source. For a coherent light 
source, the structure of the diffraction pattern is well defined, where the orders are mostly distributed in 
a dotted pattern (figure 9). For an incoherent light source, the structure of the diffraction pattern is 
distributed in a striped pattern (figure 10), as each wavelength is shifted to each other, due to changes 
in diffraction angles according with the wavelength. Since it is used a discrete vector of wavelengths, 
the stripes visualized in the simulations are not continuous. 
 

     

Figure 9. Diffraction pattern simulation of a 
two-dimensional array of tilted micromirrors, 
for a coherent light source, with a wavelength of 
632 nm, falling in an array of 51x51 
micromirrors rotated 12°, with 13 µm in size and 
with a spatial frequency of 13.6 µm, projected 
onto a target at 400 mm distance with 200x200 
mm area.  

Figure 10. Diffraction pattern simulation of a 
two- dimensional array of tilted micromirrors, 
for a black body at a temperature of 10 000 K, 
with a wavelength range from 375 nm to 750 nm, 
falling in an array of 51x51 micromirrors rotated 
12°, with 13 µm in size and with a spatial 
frequency of 13.6 µm, projected onto a target at 
400 mm distance with 200x200 mm area. 

 

3.  Experimental Validation 
To validate the calculations and simulations presented above, it is required to develop an experimental 
setup to observe the diffraction patterns resulting from each case: a single square aperture, a two-
dimensional array of apertures and a two-dimensional array of tilted micromirrors. 

3.1.  Experimental Setup 
The basic experimental setup to observe the diffraction patterns consists in two types of light sources, a 
coherent and an incoherent light source, collimating lens, to collimate the light beam coming from the 
light source through an optical fiber, a DMD, where the collimated light beam will be 
reflected/modulated, focusing lens, to collect the diffracted light, target screen, to visualize the 
diffraction pattern focused by the lens and a digital camera, to acquire scientific images. More secondary 
components are needed, as for example, a micrometer drive, to correctly adjust the position of 
collimating lens, a square aperture, to create a square light beam as used in the simulations, a cage 
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mount, to assembly different optical elements, breadboard tables, electric connections, etc. It is also used 
a computer with a Labview interface specifically programmed to control the DMD board. 
 

 

Figure 11. Diagram with the basic setup needed to 
perform the experimental validation of diffraction 
patterns. The key component is the DMD, 
configurable to obtain a two-dimensional array of 
square apertures and a two-dimensional array of 
tilted micromirrors. 

 
 
The coherent light source chosen to perform the experimental validation is a Melles Griot Helium-

Neon Laser, 30 mW, 632.8 nm; The incoherent source is a Thorlabs OSL1-EC Fiber Light Source, 150 
W, 3200 K; The DMD chosen is a DLP D1100 EVM evaluation board with a DLP7000 DMD; The 
camera chosen to acquire scientific images is a Canon EOS 600D, 22.3 x 14.9 mm sensor size, 4.30 µm 
pixel size.  

 

Figure 12. Laboratory setup to perform experimental validation 
of simulations. 

 

The DMD can be controlled to obtain a two-dimensional array of square apertures or a two-
dimensional array of tilted micromirrors. For the array of square apertures, the DMD needed to be 
commanded to place the micromirror in the FLAT state. Take into account that an array of micromirrors 
in the FLAT state acts as an array of apertures, resulting in the same diffraction pattern. When the 
micromirrors are in the FLAT state, they are not perfectly horizontal to each other [13], but rather 
slightly tilted to one side or the other, as represented on the top left image in figure 13. For the array of 
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tilted micromirrors, the DMD needed to be commanded to place the micromirror in the ON or OFF state, 
where the micromirrors are tilted +12° or -12° in reference to the normal of the DMD chip, as 
represented on the right side of figure 13. 
 

 

Figure 13. DMD micromirrors states. On the left side is the representation of 
micromirrors when they are in the FLAT state. When in this state, the micromirrors 
are not perfectly horizontal to each other, but rather slightly tilted to one side or the 
other. On the right side is the representation of micromirrors when they are in the ON 
state, tilted +12° in reference to the normal of the DMD chip. Switching between these 
states, it is possible to obtain a two-dimensional array of square apertures or a two-
dimensional array of tilted micromirrors.   

 

3.2.  Experimental Results 
Figures 14 (simulation) and 15 (experimental image) shows the diffraction patterns observable with a 
coherent light source, with a wavelength of 632 nm, for a two-dimensional array of square apertures. 
Figures 16 (simulation) and 17 (experimental image) shows the diffraction patterns observable with an 
incoherent light source, with a black body equivalent temperature of 3200 K, for a two-dimensional 
array of square apertures. 

As shown in the figures, the diffraction patterns are similar to each other. The number and the 
distance between orders match in both cases. Some effects visualized in the simulation are not 
observable in the experimental image and vice-versa, mainly because it is difficult to predict the effects 
produced by the gaps between micromirrors and other structures present in the DMD and it is also 
difficult to correctly adjust the brightness of the simulation and the brightness of the experiment, without 
saturating parts of the image and with a correct sampling. 
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Figure 14. Diffraction pattern simulation of a 
two-dimensional array of square apertures, for a 
coherent light source, with a wavelength of 632 
nm, passing through an array of 51x51 square 
apertures, with 13 µm in size and with a spatial 
frequency of 13.6 µm, projected onto a target at 
400 mm distance with 200x200 mm area.  

Figure 15. Experimental image taken in the 
laboratory, for a Melles Griot Helium-Neon 
Laser, with a wavelength of 632.8 nm, falling in 
a DMD array of square micromirrors in the 
FLAT state, with 13 µm in size and with a spatial 
frequency of 13.6 µm, projected onto a target at 
a focal distance of 400 mm. 

 

    

Figure 16. Diffraction pattern simulation of a 
two-dimensional array of square apertures, for a 
black body at a temperature of 10 000 K, with a 
wavelength range from 375 nm to 750 nm, 
passing through an array of 51x51 square 
apertures, with 13 µm in size and with a spatial 
frequency of 13.6 µm, projected onto a target at 
400 mm distance with 200x200 mm area. 

Figure 17. Experimental image taken in the 
laboratory, for a Thorlabs OSL1-EC Fiber Light 
Source, with a black body equivalent 
temperature of 3200 K, falling in a DMD array 
of square micromirrors in the FLAT state, with 
13 µm in size and with a spatial frequency of 
13.6 µm, projected onto a target at a focal 
distance of 400 mm. 
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Figures 18 (simulation) and 19 (experimental image) shows the diffraction patterns observable with 
a coherent light source, with a wavelength of 632 nm, for a two-dimensional array of tilted micromirrors. 
Figures 20 (simulation) and 21 (experimental image) shows the diffraction patterns observable with an 
incoherent light source, with a black body equivalent temperature of 3200 K, for a two-dimensional 
array of tilted micromirrors. 
 
 

    

Figure 18. Diffraction pattern simulation of a 
two-dimensional array of tilted micromirrors, for 
a coherent light source, with a wavelength of 632 
nm, falling in an array of 51x51 micromirrors 
rotated 12°, with 13 µm in size and with a spatial 
frequency of 13.6 µm, projected onto a target at 
400 mm distance with 200x200 mm area. 

Figure 19. Experimental image taken in the 
laboratory, for a Melles Griot Helium-Neon 
Laser, with a wavelength of 632.8 nm, falling in 
a DMD array of micromirrors rotated 12°, with 
13 µm in size and with a spatial frequency of 13.6 
µm, projected onto a target at a focal distance of 
400 mm. 
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Figure 20. Diffraction pattern simulation of a 
two- dimensional array of tilted micromirrors, for 
a black body at a temperature of 10 000 K, with 
a wavelength range from 375 nm to 750 nm, 
falling in an array of 51x51 micromirrors rotated 
12°, with 13 µm in size and with a spatial 
frequency of 13.6 µm, projected onto a target at 
400 mm distance with 200x200 mm area. 

Figure 21. Experimental image taken in the 
laboratory, for a Thorlabs OSL1-EC Fiber Light 
Source, with a black body equivalent temperature 
of 3200 K, falling in a DMD array of 
micromirrors rotated 12°, with 13 µm in size and 
with a spatial frequency of 13.6 µm, projected 
onto a target at a focal distance of 400 mm. 

 

4.  Conclusions 
From simulations and experimental activities, we concluded that the DMD, in one of the ON or OFF 
operational states, acts as a blazed grating [1], commonly used in some spectrographs. The dispersion 
of light with the increase of wavelength range needs to be taken into account, when a DMD is chosen 
to be implemented in a specific application. 

For a coherent light source, it is possible to efficiently collect light from the main order expressed in 
the diffraction pattern, however, using a white source, the orders are not point-like. In this case, it will 
be difficult to efficiently couple light from the Fourier plane without losing part of the radiation and part 
of the spectrum, expressed as a stripped pattern in the diffraction pattern. 

The next steps in this work are to finish the development of the code used to simulate the different 
diffraction patterns and the development of a methodology to collect light after reflection from the 
DMD, emitted from an incoherent white source, minimizing the loss of light and the loss of the spectral 
component. 
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