
Broadband Ultra-flat Optics with Experimental
Efficiencies Exceeding 99% at Visible Wavelengths

Item Type Conference Paper

Authors Burguete-Lopez, A.; Getman, Fedor; Makarenko, Maksim;
Fratalocchi, Andrea

Citation Burguete-Lopezl, A., Getman, F., Makarenko, M., & Fratalocchi,
A. (2020). Broadband Ultra-flat Optics With Experimental
Efficiencies Exceeding 99% at Visible Wavelengths. 14th Pacific
Rim Conference on Lasers and Electro-Optics (CLEO PR 2020).
doi:10.1364/cleopr.2020.c1e_3

Eprint version Post-print

DOI 10.1364/CLEOPR.2020.C1E_3

Publisher The Optical Society

Rights Archived with thanks to OSA

Download date 24/05/2023 07:55:29

Link to Item http://hdl.handle.net/10754/666823

http://dx.doi.org/10.1364/CLEOPR.2020.C1E_3
http://hdl.handle.net/10754/666823


C1E_3.pdf CLEO Pacific Rim 2020 © IEEE 2020

Broadband Ultra-flat Optics With Experimental 

Efficiencies Exceeding 99% at Visible Wavelengths 
 

Arturo Burguete-Lopez1¹*, Fedor Getman¹, Maksim Makarenko¹, Andrea Fratalocchi¹ 
¹PRIMALIGHT, Faculty of Electrical Engineering; Applied Mathematics and 
Computational Science, King Abdullah University of Science and Technology, 

Thuwal 23955-6900, Saudi Arabia 

*corresponding author, E-mail:arturo.burguetelopez@kaust.edu.sa 

 

Abstract: We present a platform by which high experimental efficiency (up to 99.2%), ultra-

flat (down to 50nm) optics such as polarizer beam splitters, dichroic mirrors and polarization 

dependent colour filters can be produced in the visible. © 2020 The Author(s) 

 

1. Introduction 

Flat-optics hold the promise to replace the traditionally bulky and expensive optical components by highly 

integrated, versatile flat elements consisting of nanostructured surfaces [1]. While significant progress has been 

achieved in this field over the past decade, the typical efficiency of flat-optics remains between 20% and 67% 

due to absorption losses in designs that rely on propagation effects to operate [2–4].  

In this work we leverage a hidden network of universal approximators, which physically exist in suitably 

engineered nanostructure layers, to produce high efficiency flat optics capable of furnishing arbitrary optical 

responses [5]. We employ an inverse design parallel software platform that combines concepts from 

evolutionary algorithms and the latest generation of convolutional neural networks (CNN’s) to determine the 

optimal geometry of the nanostructures that most closely allows the design to replicates the desired optical 

response [6]. The devices are capable of simultaneous broadband operation in reflection and transmission and 

are fabricated using a CMOS compatible process ready for industrial production at inexpensive costs.  

 

2.  Results 

We design, fabricate and characterize a set of seven different devices designed through our platform. In all 

cases, the devices are manufactured by depositing amorphous silicon on a glass substrate via plasma enhanced 

chemical vapor deposition (PECVD), patterning, and etching with a chromium mask. 

 

For the purposes of simultaneous polarization control in both reflection and transmission we designed a set of 

polarizer beam splitters (PBS’s) centered at common laser emission lines.  

Fig. 1a shows the state of the art in flat-optics PBS’s, the efficiency in the visible of existing designs for the best 

devices lies below 65% and their operation is limited to transmission. Our designs are capable of simultaneous 

reflection/transmission operation and present efficiencies above 96% across the visible and in the near IR.  

Fig. 1b shows the efficiency of the produced PBS’s, defined as                           [7], along 

with the thickness of each device. An example of the structure of the produced devices, corresponding to the 

900nm centered PBS is shown in Fig.1c. 

 

Fig. 1d reports a comparison of the designed and achieved optical response curves for a flat optics dichroic 

mirror. To the best of the authors knowledge, this is the first implementation of a dichroic mirror using flat 

optics that has been reported. Fig 1e. shows the concept behind a two sub-pixels flat optics based display 

technology. Traditional displays, such as liquid crystal displays (LCD’s ) employ three filtering elements per 

pixel to produce colour images by manipulating the intensity of the light that passes through each of them. We 

propose a pixel that employs only two sub-elements. Each element acts as a polarization dependent colour filter, 

when the polarization of the impinging light on an element is rotated, the element changes between blue and red 

or between blue and green depending on the design. Coupled with a variable intensity backlight, this scheme 

allows for the creation of a colour display that can pack 33% more pixels for a given area and consumes 33% 

less energy per pixel compared to a traditional display. The 1931 CIE colorspace coverage of a first design is 

shown at the bottom of the panel. Each bold black line represents the gamut achieved by the individual 

structures as the polarization is rotated. Renders of the designs found to achieve this gamut coverage are shown 

to the right of this figure. 
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Figure 1. a state of the art in PBS’s. b Experimental efficiency and thickness of the produced PBS’s. c SEM 

image of the PBS centered at 900nm. d Optical response, theoretical and experimental, of the dichroic mirror 

design. e Comparison of traditional display technologies with the proposed approach, achieved design gamut. 
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