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Abstract: Membrane diffractive optical elements formed by fabricating microstructures on the substrates have two important 
characteristics, ultra-light mass (surface mass density < 0.1 kg/m2) and loose surface shape tolerances (surface accuracy 
requirements are on the order of magnitude of centimeter). Large-aperture telescopes using a membrane diffractive optical element 
as the primary lens have super large aperture, light weight, and low cost at launch. In this paper, the research and development on 
space-based diffractive telescopes are classified and summarized. First, the imaging theory and the configuration of 
diffractive-optics telescopes are discussed. Then, the developments in diffractive telescopes are introduced. Finally, the 
development prospects for this technology used as a high-resolution space reconnaissance system in the future are summarized, 
and the critical and relevant work that China should carry out is put forward. 
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1  Introduction 

 
In 1990, the Hubble Space Telescope was 

launched into space in the USA, with an aperture of 
2.4 m (Allen et al., 1990; Williams RE et al., 1996; 
Freedman et al., 2001). Since 1992, many KH-12 
space reconnaissance cameras have been put into 
orbit, with the maximum diameter being 3.8 m. In 
2002, the launch of the James Webb Space Telescope 
System in 2011 was planned; however, it was then 
postponed to 2021 because of the difficulties in 
manufacturing and adjustment. The aperture of the 

primary lens was also reduced from the original 8 to 
6.5 m (Feinberg, 2004; Gardner et al., 2006; Freese et 
al., 2010; Clampin, 2012). Throughout the develop-
ment of large-aperture space telescopes, it has taken 
nearly three decades to upgrade the optical systems 
with the aperture increasing from 3.8 to 6.5 m. With 
the increase of aperture and the complexity of space- 
based optical systems, the detection difficulty and the 
cost of launch are growing exponentially. It can be 
seen that it is difficult to develop a large-aperture 
spatial optical remote sensor using the conventional 
reflective optical system. At present, three methods 
have been developed to solve this problem: 

1. Space block self-assembly technology 
On the ground, the large-aperture reflection 

primary lens is divided into many lightweight mirrors 
that have small aperture, and they are launched into 
space one after another. Then, they are unfolded and 
stitched to form the telescope system in space. 
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However, because the co-plane of the assembled 
mirror surfaces needs to be realized, both the surface 
accuracy and adjustment accuracy (six dimensions) 
must be on the order of magnitude of wavelength for 
all the mirrors. As a consequence, the primary lens 
needs to be lightweight, and the mirror surfaces can 
be strictly controlled. A precise deployable mecha-
nism and an automatic assembly system must be 
employed, and high-precision wavefront sensors, a 
controlling device, and a space measuring system 
must also be installed. These technical challenges are 
difficult to overcome. 

2. Technology for optical interference synthetic- 
aperture imaging 

A high resolution can be achieved by a 
large-aperture optical interference imaging system 
synthesized via a multitude of small-aperture optical 
systems arranged in a certain way. The total effect of 
the entire spatial fluctuation needs to be controlled on 
the order of magnitude of wavelength because of the 
co-plane requirements for all of the small-aperture 
systems. The requirements for satellite formation 
accuracy are extremely high, and current engineering 
techniques are difficult to realize. 

3. Diffractive telescope imaging technology 
The membrane diffractive optical element is 

very thin and its thickness can reach several tens of 
micrometers. When f 

# (the focal length/the entrance 
pupil diameter) is relatively large, the surface accu-
racy can be relaxed to the order of magnitude of mil-
limeter, and the adjustment accuracy of each 
sub-aperture can be relaxed to be more than 10 times 
the wavelength scale. The difficulties in installation 
and adjustment are greatly reduced. Diffractive tele-
scope imaging technology is currently the only 
proven engineering application of large-aperture or 
super-large-aperture optical systems in space. 

It is generally understood that binary optics is a 
technology based on the diffraction theory of light 
waves. Phase-only diffractive optical elements are 
fabricated by etching the desired shapes into the sur-
face of an optical material to form relief structures 
with two or multiple step depths on a substrate (flat or 
surface of conventional optical materials) using 
computer-aided design, which is originally developed 
for manufacturing very large scale integrated (VLSI) 
circuits.  

To correct the chromatic aberration and thermal 

difference according to their dispersion characteris-
tics, the diffractive optical elements are usually 
etched on the surface of a conventional lens to form a 
diffractive/refractive hybrid optical system, which 
can reduce the size and weight of the system so that it 
is miniature, lightweight, and highly integrated. Of 
course, a true diffractive ultra-thin membrane lens can 
be developed based on the wavefront modulation 
characteristics of binary optics. These lenses have 
many advantages such as being ultra-thin, flat, and 
foldable, with large aperture over traditional optical 
components (lenses and mirrors). These diffractive 
ultra-thin membrane lenses are used in super-large- 
aperture diffractive telescope systems deployed in 
geostationary orbit, lightweight optical payloads for 
small satellites, and long-range and high-intensity 
laser transmitting and receiving systems in space. The 
diffractive membrane lens is a continuous or multi- 
step relief structure with 2π mode etched on the sub-
strate (Fig. 1). It can be made into a series of relief 
structures with a surface depth of about 1 μm in the 
visible light band. With a flat substrate more than 
10 μm thick, the entire diffractive lens can be very 
thin and easy to fold. By adjusting the parameters of 
the phase step such as the position, width, depth, and 
shape structure, the binary optical element generates 
not only a wavefront of arbitrary shape, but also dis-
persion and temperature characteristics that are the 
opposite of conventional optical lenses. The diffrac-
tion efficiency of the binary optical element is related 
to the number of phase steps of the relief structure. 
The larger the number of steps is, the higher the dif-
fraction efficiency is. When the number of steps 
reaches 16 and even more, the phase forms a con-
tinuous phase structure, and the diffraction efficiency 
almost reaches 100%. 

More simple amplitude membrane lenses can be 
formed using binary optics, the Fresnel zone plate 
(Fig. 2) and the photon sieve (Fig. 3). The Fresnel 
zone plate is a diffractive-optics imaging device 
comparable to a converging lens. It is essentially a 
variable line-space grating consisting of a series of 
transparent and opaque concentric rings. Since the 
focal length of the Fresnel zone plate is inversely 
proportional to the wavelength, there is a strong dis-
persion. Thus, a chromatic aberration correction must 
be performed when using the Fresnel zone plate. The 
photon sieve is derived from the principle and 
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technology of the Fresnel zone plate and consists of 
many ring belts filled with tiny holes. By replacing 
the transparent rings in the Fresnel zone plate with a 
microporous ring array, the sharpness of the focused 
beam of the photon sieve increases and the resolution 
improves, but a portion of the luminance flux is  
sacrificed. 

Based on the principles of diffractive optics, a 
binary optical membrane lens can be obtained. 
Compared with mirrors that have the same  
parameters (focal length and aperture), the surface 
accuracy of the binary optical membrane lens in the 
normal direction can be relaxed to 16f 

#2 times, where 
f 

# is the ratio of the focal length to the aperture. This is 
because the membrane diffractive lens is a kind of 
transmission type element, and the path delay on one 
surface will be compensated for by the other surface 
when the incident light passes through a substrate of 
equal thickness. The surface shape error has almost 
no influence on the optical path ultimately. Therefore, 
the requirements for the accuracy of the surface shape 
are greatly reduced. Undoubtedly, the compensation 
of the path length in an actual lens system will not be 
perfect, and it is associated with the deflection angle 
of the incident light caused by the lens. If the deflec-
tion angle is θ, the surface tolerance of the diffractive 
lens is (1+cos θ)/(1‒cos θ)≈16f 

#2 times that of the 
mirror when the optical path difference is the same. 
Therefore, by reducing the refracting power of the 
diffractive lens (i.e., f 

# increases), the requirements 
for the surface tolerance of the diffractive lens can be 
relaxed to a large extent. For example, if the f-number 
of the objective lens is 100 (f 

#=100), the surface tol-
erance of the diffractive lens will be 1/160 000 that of 
a mirror, and the surface profile tolerance can be on 
the order of magnitude of centimeter (Zhang YM, 
2008). In addition, since f 

# is much larger, its posi-
tional tolerance (two dimensions) and deflection an-
gle tolerance (three dimensions) along the radial di-
rection are relatively high, which is very beneficial 
because a large-aperture diffractive lens needs to be 
folded, spread, and adjusted in space. 

Besides the above-mentioned binary optical 
techniques, direct writing techniques of continuous- 
relief micro-optics such as single point diamond 
turning (McClure, 1991; Cox, 1995), electron beam 
direct writing (Fujita et al., 1982; Smith et al., 1989), 
and laser direct writing (Gale and Knop, 1983) have 
also made great progress (Herzig, 1997). Diamond 
turning is a programmable lathe machining technique, 
using machines and cutting tools optimized for the 
fabrication of optical surfaces with minimal rough-
ness and surface damage. Normally, lathe turning is 
used for the fabrication of rotationally symmetric 
surfaces, including aspheric and Fresnel micro-lenses 
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Fig. 1  Evolution of the refracting lens to the relief 
structures of binary optics 

Fig. 2  Schematic of a Fresnel zone plate 

Fig. 3  Schematic of a photon sieve 
Reprinted from Andersen and Tullson (2007), Copyright 
2007, with permission from the Optical Society of America, 
licensed under CC BY-4.0  
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and other types of kinoforms. The surface roughness 
of the optical surfaces produced by this technique is 
generally less than 10 nm. The machining precision 
depends mainly on the diamond cutting head and the 
lathe, and the lather is required to have higher preci-
sion. The materials limit the applications of diamond 
turning, and the fabrication sizes of the microstruc-
tures should not be too small. Laser direct writing is a 
kind of maskless photolithography. It was originally 
used to manufacture metal dies for electronic com-
ponents (Piqué et al., 1999). Using a laser beam with 
variable intensity to control the exposure to the pho-
toresist materials on the substrate surface, one 
achieves the desired microstructure in the photoresist 
layer after development. Compared with electron 
beam direct writing, laser direct writing does not 
require exposure under vacuum. Therefore, laser 
direct writing has the advantages of low cost and no 
special operating environment requirements. In recent 
years, owing to ultra-short pulse duration and ultra-
high instantaneous peak power, the femtosecond laser 
has been widely used for high precision processing 
(Chichkov et al., 1996; Kawata et al., 2001; Yu et al., 
2020). Femtosecond laser direct writing is a mul-
tiphoton absorption process, also known as “mul-
tiphoton lithography,” which can realize machining 
accuracy beyond the diffraction limit and complicated 
microstructures with minimal additional thermal 
damage. Compared with traditional lithography, it has 
the advantages of low environmental requirements, 
wide material applicability, true three-dimensional 
processing, flexible design, and better controllability. 
The direct writing technique greatly enriches the 
preparation of micro-optical diffractive optical  
elements. 

Compared with other space telescope technolo-
gies, the diffraction telescopic technology is currently 
the only engineering application method for large 
aperture and even super-large-aperture optical sys-
tems that can be realized in space. It is also a hot topic 
of research at home and abroad (Buralli and Morris, 
1992; Andersen and Tullson, 2007; Andersen, 2010; 
Hinglais, 2011; Sanders, 2013; Asmolova et al., 2014). 
Diffractive-optics imaging technology has great po-
tential in satellite applications and it can make low- 
and high-Earth-orbit imaging satellites miniaturized 
and well differentiated, respectively. The former 
strives to simplify the structures of the imaging  

system and satellite without reducing the imaging 
capability of the camera, so as to reduce the cost and 
engineering difficulty required for large-scale net-
working; the latter seeks to significantly improve the 
performance of imaging satellites without increasing 
the size of the satellite, and to realize the ability to 
continuously monitor a wide area via a few satellites. 
In view of this application potential, the USA has 
been committed to research in the related technolo-
gies since 1995. Over the last 20 years or more,  
diffraction-based imaging technology has evolved to 
become one of the most promising technologies, as a 
space-based Earth surveillance system. It is the only 
technology in this area that is still making progress.  

In this paper, the basic principles and structures 
of diffractive optics-based telescope systems are in-
troduced in detail, and the status of the current re-
search and progress is systematically discussed. The 
technical development trends for the diffractive  
optics-based telescope system as a large aperture 
space-based reconnaissance system are summarized. 
The relevant techniques requiring a focus on further 
development and breakthroughs are proposed. 

 
 

2  Principles and structure of the diffractive 
telescope system 
 

Using a large-diameter diffractive element as the 
primary lens, the weight of the space telescope system 
can be reduced due to the thin layer, folding ability, 
and the surface tolerance of the diffractive optical 
element. However, due to the high dispersion and 
stray light of the diffractive element, the chromatic 
aberration needs to be corrected by the subsequent 
optical system to widen the working wavelength band, 
and part of the stray light must be excluded by taking 
certain measures. Based on the above, a diffractive 
corrector needs to be introduced into the optical sys-
tem. Thus, a large-aperture space telescope system 
employing a diffractive optical element is composed 
of a diffractive primary lens and a diffractive correc-
tor. The diffractive primary lens is responsible for 
collecting the optical information, and the diffractive 
corrector is used to correct the optical aberration. 
There are two forms of future space-based diffractive 
telescope systems. One is a cooperative-type space 
diffractive imaging camera (Fig. 4), where two parts 
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of the diffractive telescope system are placed on two 
satellites within a certain distance of each other. The 
other places the two parts of the diffractive telescope 
system on a satellite at the same time; the diffractive 
primary lens is flexibly connected to the main body of 
the satellite by an elastic structure, and the diffractive 
corrector is placed directly on the main body of the 
satellite (Fig. 5).  

The diffractive corrector includes a field lens, a 
Fresnel diffractive corrector, and a focusing lens. The 
initial structural schematic and the imaging principle 
of the diffractive telescope are shown in Fig. 6. 

The achromatic theory proposed by Schupmann 
(1899) is used to correct the chromatic aberration of 
the diffractive primary lens by the diffractive cor-
rector. Hufnagel (1985) presented an achromatic 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

imaging system employing a diffractive hologram as 
the primary element. Faklis and Morris (1989) de-
scribed an optical system based on the Schupmann’s 
design, using holographic lenses to produce a 
well-corrected image in broadband light. Based on the 
achromatic theory, the correction of the chromatic 
aberration of any component can be achieved by 
placing another component having the same disper-
sion and the opposite optical power on the conjugate 
image position of the first component. The advantage 
of the theory is that the achromatic waveband in a full 
band can be obtained. However, in practical applica-
tions, for the diffractive corrector to have a minimal 
aperture and be as lightweight as possible, the dif-
fractive corrector system must be placed at the focal 
position of the diffractive primary lens, which 
matches the center wavelength. The achromatic 
waveband of the system is determined by the aperture 
of the diffractive corrector. 

 
 

3 Development of diffractive telescope 
systems 

3.1  The state of development outside China 

In 1998, a space-based diffractive telescope 
program called “Eyeglass” was proposed by the 
Lawrence Livermore National Laboratory (LLNL) in 
the USA. To form a cooperative telescope system, the 
system was made up of two satellites several kilo-
meters away from each other, which comprised the 
diffractive primary lens and the diffractive light cor-
rector, respectively (Hyde, 1999; Hyde et al., 2002). 
Since a large-aperture diffractive primary lens cannot 
be made in a whole block, LLNL divided the diffrac-
tive lens into many small membrane sub-planes, 
making phase reliefs in every segment, and then 
aligned and stitched them precisely to form the 
equivalent diffractive optical elements with a large 
aperture. Clear imaging of the lunar surface was ob-
tained and tested by the laboratory (Fig. 7) with a 
space-based diffractive telescope of 200 mm aperture. 
Subsequently, a diffractive primary lens measuring 
800 mm in diameter using glass as the substrate was 
fabricated (Fig. 8). The folding and unfolding meth-
ods of the large-aperture primary lens were discussed. 
Their optical properties were verified by experiments, 
and the feasibility of the scheme was also verified. 

Fig. 4  Double-star cooperative space based diffractive 
telescope system (Liu H et al., 2013) 

Fig. 6  Schematic of the initial structure of the diffractive 
telescope 

Fig. 5  Single-star flexible connection space based dif-
fractive telescope mirror system 
Reprinted from Atcheson et al. (2012), Copyright 2012, with 
permission from the Society of Photo-Optical Instrumenta-
tion Engineers (SPIE), licensed under CC BY-4.0 
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A 5 m diameter prototype was developed, and 
the folding and unfolding methods of a large diameter 
diffractive planar membrane primary lens were stud-
ied by the laboratory. A 5 m diameter diffractive 
primary lens (Fig. 9) was successfully assembled with 
a focal length of 250 m and a relative aperture of f/50, 
and it consisted of 72 lens plates that were precisely 
cut into rectangles and triangles (Early et al., 2004). 
When a lens plate is installed in the appropriate posi-
tion, it will be connected to the adjacent lens plates by 
sticking to the foldable metal frame.  

The Defense Advanced Research Projects 
Agency (DARPA, 2010) in the USA issued a Broad 
Agency Announcement (BAA) (No. 10-51) soliciting 

  
 
 
 
 
 

 
 
 
 
 
 
 
 
industry proposal for the MOIRE program. The an-
nouncement required participants provide designs 
with the potential for a 20 m aperture system, which 
can provide continuous imaging services with reso-
lution better than 2.5 m, imaging time less than 1 s, a 
field of view greater than 10 km×10 km, and a cov-
erage area over 155 km2. The objective of the MOIRE 
project is to exploit large-scale diffractive membrane 
imaging systems via a deployable system, which is a 
supporting system for use in Geostationary Orbits 
(GEO). DARPA claims that the development of dif-
fractive membrane optics has the potential to signif-
icantly reduce the cost of GEO orbital satellite im-
aging. Fig. 10 is a schematic illustration of a diffrac-
tive element of the MOIRE project. Design proposals 
for the MOIRE project need to address the following 
important technical issues: (1) provide a large aper-
ture, low cost, light weight, and deployable diffractive 
membrane optical system for GEO orbital imaging 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7  Photon sieve diffractive telescope with an aperture 
of 200 mm 
Reprinted from Early et al. (2004), Copyright 2004, with 
permission from the Society of Photo-Optical Instrumenta-
tion Engineers (SPIE), licensed under CC BY-4.0 

Fig. 8  Photon sieve stitching primary lens with an ap-
erture of 800 mm 
Reprinted from Early et al. (2004), Copyright 2004, with 
permission from the Society of Photo-Optical Instrumenta-
tion Engineers (SPIE), licensed under CC BY-4.0 

Fig. 9  The foldable diffractive primary lens with an ap-
erture of 5 m 
Reprinted from Early et al. (2004), Copyright 2004, with 
permission from the Society of Photo-Optical Instrumenta-
tion Engineers (SPIE), licensed under CC BY-4.0 

Fig. 10  MOIRE membrane diffractive primary lens
Image source: https://www.photonics.com/images/Web/ 
Articles/2013/12/9/BIZ_MOIRE2.jpg 
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systems; (2) possess near real-time imaging stability 
and high precision in image localization; (3) make the 
spectrum of the imaging system wider; (4) solve the 
stability and dynamics problems of large-scale 
structures in GEO orbits. 

The first diffractive membrane optical element 
developed for the MOIRE project was finished on 
July 25, 2011 in the Photon Science and Applications 
Laboratory of LLNL (Domber et al., 2014) (Fig. 11). 
Ball Aerospace and the NeXolve Corporation in the 
USA worked together to fabricate the deployable, 
lightweight membrane primary lens. It has an aperture 
of 80 cm, a thickness of 18 μm, and a diffraction 
efficiency of over 30%. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Following the development of the first two 

stages, the project has now smoothly entered the third 
stage, and a membrane diffractive element with an 
aperture of 20 feet has been successfully fabricated 
(Tandy et al., 2012; Atcheson et al., 2014; Waller et al., 
2015) (Fig. 12). The telescope system using the 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

membrane diffractive optical element as the primary 
lens will be developed soon. The future goal is to 
make a membrane diffractive element of 20 m or even 
more. 

The FalconSAT-7 satellite was launched by the 
US Air Force Academy (AFA) in 2014–2015. In this 
satellite, a 3U CubeSat platform was used with a 
volume of approximately 10 cm×10 cm×30 cm at a 
weight less than 4 kg (Andersen et al., 2012). The 
satellite is equipped with a diffractive solar telescope 
with an aperture of 0.2 m (Andersen and Asmolova, 
2014; Dunsmore and McHarg, 2014) and a working 
wavelength of 656.45 nm. Half of the volume of the 
satellite can load the entire diffractive imaging optics 
system and the deployable mechanism completed by 
the Solar Physics Laboratory at the NASA Goddard 
Space Flight Center (GSFC), in cooperation with 
AFA. The NASA test of the small-scale diffractive 
telescopic imaging system is to verify the feasibility 
of the membrane diffractive imaging system in space 
in the future.  

Of course, it is not only the USA that has been 
carrying out related research. Scientists at the Tou-
louse Observatory in France have also proposed a 
Fresnel zone plate imager based on the diffraction 
principle (Serre et al., 2007; Koechlin et al., 2009, 
2011). The research group had already completed a 
large amount of basic work in 2010, and by 2014, a 
third prototype had been developed (Koechlin et al., 
2014). In addition, a Fresnel imager with an aperture 
of 10 to 20 m is planned for development in the next 
10 to 20 years, which will be used in the ultraviolet, 
visible, and infrared waveband, and be launched into 
space. 

3.2  Research and development status in China 

In China, many research institutes and universi-
ties have carried out basic research work and accu-
mulated rich experience in diffractive-optics imaging 
techniques; these include the Changchun Institute of 
Optics and Fine Mechanics and Physics (CIOMP), the 
Institute of Optoelectronic Technology of the Chinese 
Academy of Sciences (IOE), the Beijing Institute of 
Space Mechanics and Electricity, and the Harbin 
Institute of Technology (Wang S et al., 2013; Cheng et 
al., 2016; Zhang J et al., 2016a, 2016b; Zhao XN et al., 
2015, 2016; Jiao et al., 2017; Ren et al., 2017a, 2017b, 
2018; Zhang ZY et al., 2017). Here, we introduce 

Fig. 11  The diffraction film with an aperture of 80 cm 
Reprinted from Atcheson et al. (2012), Copyright 2012, with 
permission from the Society of Photo-Optical Instrumentation 
Engineers (SPIE), licensed under CC BY-4.0 

Fig. 12  The diffraction film with an aperture of 6.08 m 
Reprinted from Atcheson et al. (2014), Copyright 2014, with 
permission from the Society of Photo-Optical Instrumentation 
Engineers (SPIE), licensed under CC BY-4.0 
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mainly the research progress at CIOMP and IOE in 
diffractive-optics telescope imaging techniques.  

3.2.1  Research on techniques of diffractive imaging at 
CIOMP 

Since 1990, research on diffractive optics and its 
applications has been carried out, and the first laser- 
based direct writing device for the production of dif-
fractive elements with an aperture of up to 200 mm 
was developed by CIOMP. Moreover, by upgrading 
the equipment, apertures of the processed compo-
nents exceeded 500 mm (Li FY et al., 2002a, 2002b). 
Diffractive optics telescope systems have been stud-
ied since about 2010. To date, the preliminary design 
and analysis of a super-large-aperture optical system 
has been finished. Research on the processing tech-
nology for a membrane photon sieve has been con-
ducted, and the stitching errors have been simulated 
and analyzed (Zhang H et al., 2008; Liu H et al., 2013; 
Jin G et al., 2014; Wang RQ et al., 2017a; Zhang HL 
et al., 2017a, 2017b; Guo et al., 2018).  

1. Design and development of a large-aperture 
diffractive-optics imaging system 

In 2007, a diffractive-optics imaging system was 
designed by CIOMP with an aperture of 1 m and a 
focal length of 8 m (Zhang N et al., 2007), using a 
planar diffractive lens as the objective lens and three 
lenses off-axis as the eyepiece. The conflict between 
light weight and high resolution in a traditional tele-
scope was solved using a planar diffractive lens as the 
objective lens, which has the advantage of light 
weight, low surface accuracy, and easy control. Ac-
cording to tests of the imaging performance, the con-
trast ratio was greater than 0.4 for 50 pairs of lines per 
millimeter, which is close to the diffraction limit. In 
the case of image compensation, the tolerance of the 
structural parameters of the diffractive-optics imaging 
system is high when the modulation transfer function 
(MTF) value of each structural parameter is reduced 
to 0.4. Liu MZ et al. (2014) developed a membrane 
diffractive lens with a 70 mm aperture, and achieved 
an alignment of the primary and secondary lenses in a 
large-aperture membrane telescope. Wang RQ et al. 
(2016, 2017a, 2017b) produced a diffractive-optics 
imaging system with a 300 mm aperture and per-
formed a test of its imaging performance. The result 
of the resolution test was close to the theoretical  

design value. To improve the diffraction efficiency, 
the diffraction objective lens was used with a 
four-step Fresnel zone plate, and its substrate materi-
als were made of silicon glass (Fig. 13). The diffrac-
tion efficiency was 66.4% and reached 82% of the 
theoretical value at a wavelength of 632.8 nm. CI-
OMP has completed the following work on a 
large-aperture diffractive-optics imaging system: (1) 
design of the achromatic diffraction objective with an 
ultra-large aperture; (2) design of a three-lens reflec-
tive eyepiece that includes the diffractive optical 
elements; (3) development of the stitching, folding, 
and unfolding technologies for the diffractive optical 
elements for large apertures; (4) design of the dif-
fractive telescope system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Establishment of the image quality analysis 

model for the diffractive optical system 
The calculation formula for the diffraction effi-

ciency of an aperiodic diffractive element was cor-
rected. The dispersion characteristics of the impure 
diffractive elements and their influence on image 
quality were studied. The accurate imaging quality 
analysis models for the refraction/diffraction hybrid 
system and the diffraction system were established 
(Wang TS et al., 2010, 2011). Using mathematical 
calculation software and optical design software, an 
application example based on this model was com-
pleted. The image quality of the refraction/diffraction 
hybrid system and the diffraction system could be 
accurately and perfectly evaluated during the design 
process.  

Fig. 13  Image of a four-step diffraction objective lens (a), 
stripe distribution of a small area in the diffraction 
objective observed by a laser confocal microscope (b), 
and three-dimensional topography of the corresponding 
area (c) (Wang RQ et al., 2017b) 
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3. Verification and development of the principles 
for the diffractive compound eye imaging system 

Since 2006, a compound eye imaging system has 
been studied, and its optical model was established at 
CIOMP (Lu ZW et al., 2006). In 2008, a compound 
eye diffractive-optics system along with the entire 
camera structure was designed to solve the problems 
related to the small field of view and narrow available 
bandwidth in a diffractive telescope. The field of view 
can be expanded to 4.2° by the multiple sub-eyepieces 
arranged in the biologically inspired compound eye, 
and the simulation results were ideal (Liu H et al., 
2008; Yue et al., 2009, 2010). 

The compound eye diffractive telescope and its 
star imaging test device are shown in Fig. 14. When 
the sub-eyepiece on the principal optical axis for 
channel 0 is kept fixed, the eccentricity of the dif-
fractive objective relative to the eyepiece ranges from 
+4 to −4 mm. Fig. 15 shows the results of the star 
imaging test for different eccentric tolerances. The 
results of the star imaging test when the angles be-
tween the diffractive primary lens and the diffractive 
corrector are changed are shown in Fig. 16. The res-
olution test results are shown in Fig. 17. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Preparation of the membrane diffractive 

element 
In 2013, research on the fabrication process for 

the membrane diffractive elements was carried out, 
and the membrane diffractive elements were  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
successfully fabricated at CIOMP. An amplitude 
photon sieve was designed by Liu MZ et al. (2014). 
The photon sieve, which was made of polyimide film 
and had an aperture of 100 mm, was successfully 
fabricated by coating, photolithography, and etching 
(Fig. 18). In testing, the actual diffraction efficiency 
of the photon sieve was 4.916% at a wavelength of 
632.8 nm, and it reached the diffraction limit. With its 
fine imaging performance, the photon sieve can meet 
the application requirements of a primary lens in a 
space telescope. This was the first report of the de-
velopment of the photon sieve in China. The exper-
iment results of the star imaging test and resolution 
test are shown in Figs. 19 and 20, respectively. 

A diffraction lens with an aperture of 300 mm 
was formed by stitching a three-ring sub-aperture 
 
 
 
 
 
 
 
 
 
 

Fig. 14  The compound eye diffractive telescope and the 
star imaging test system (Yue et al., 2010) 

Fig. 15  Star images for the eccentric tolerance of the 
primary lens (Yue et al., 2010) 

Fig. 17  Resolution images of two different resolutions 
Reprinted from Liu H et al., (2008), Copyright 2008, with 
permission from the Optical Society of America, licensed 
under CC BY-4.0 

Fig. 18  Membrane photon sieve (a) and the microscopic 
test pattern of the central zone (b) (Liu MZ et al., 2014) 

Fig. 16  Star images for the different tilts 
Reprinted from Yue et al. (2009), Copyright 2009, with 
permission from the Society of Photo-Optical Instrumentation 
Engineers (SPIE), licensed under CC BY-4.0 
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with an incomplete coverage, and the influence of the 
stitching error was tested (Zhang HL et al., 2017a). 
The test results proved that the analysis method was 
correct (Fig. 21). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2.2 Research on diffractive-optics imaging 
technology by IOE 

Considerable research work in the field of dif-
fractive imaging has been carried out by IOE (Gao et 
al., 2007; Li YY et al., 2010; Yin et al., 2012; Du et al., 
2013; Yao et al., 2013; Wen et al., 2017a, 2017b, 2018; 
Liu D et al., 2018). IOE is the first to develop optical 
imaging membrane technology. Membrane infrared 
imaging and the experimental verification of mem-
brane camera imaging systems have been completed 
by IOE.  

In 2008, a micro-structured silicon-based infra-
red imaging prototype with an aperture of 80 mm was 
completed. In 2011, a membrane primary lens with a 
quartz substrate and polyimide membrane primary 
lens was developed (Fig. 22). The diameters of the 
two primary lenses were both 150 mm. The prototype 
for the diffractive-optics imaging system at this ap-
erture was completed. The test results for the target 
resolution in laboratory conditions are shown in 
Fig. 23. It can be seen that the angular resolution is 
1.16″, very close to the 1.09″ of the theoretical design 
value. In 2012, a membrane prototype with an aper-
ture of 80 mm was tested in an outdoor field, and a 
stitching testing of the mirrors with an aperture of 200 
mm was also performed (Wang LH et al., 2016). The 
image of the external scene (Fig. 24) illustrates that 
the imaging performance of the system needs to be 
improved. In 2014, a membrane diffractive telescope 
with an aperture of 400 mm, a waveband of 
0.49–0.68 μm, and a Fresnel zone plate surface mi-
crostructure was first realized in China (Yang W et al., 
2017). A physical diagram of the membrane optical 
system is shown in Fig. 25. Wang YQ (2015) applied 
the wideband achromatic model from Schupmann to 
the design of a large-aperture diffractive-optics im-
aging system, and designed an astronomical scope 
with a 5 m aperture primary lens (Fig. 26). Because 
the light is blocked out in the coaxial system, the total 
light transmittance is less than 30%. Therefore, an 
off-axis reflective back-end optical system was pro-
posed to solve the problem (Fig. 27). As to the prob-
lems in preparation of the multi-phase diffractive lens, 
a high-precision eight-step diffractive lens and a 
32-step multi-phase diffractive lens were prepared. To 
verify the wideband imaging performance of the 
planar diffractive lens, an experiment system for the 
principle verification was established. Its working 

Fig. 19  Star imaging test result (Liu MZ et al., 2014) 

Fig. 20  Images at different resolutions (Liu MZ et al., 
2014) 

Fig. 21  Schematic of the optical path for the imaging 
performance test of the diffraction lens 
Reprinted from Zhang HL (2017b), Copyright 2017b, with 
permission from the Optical Society of America, licensed 
under CC BY-4.0 



Zhao et al. / Front Inform Technol Electron Eng   2020 21(6):884-902 894

waveband is 450–650 nm and the aperture is 200 mm 
(Fig. 28). The results of the wideband imaging test are 
shown in Fig. 29. It can be seen from these figures 
that diffraction-limited imaging can be achieved in 
any band. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3  Development trends in diffractive telescope 
technology 

Throughout the development process of the dif-
fractive telescope system, it has shown great potential. 
However, it also faces many technical difficulties, 
including the design of the optical imaging systems, 
the development of new membrane materials, re-
search on the diffractive element processing tech-
nology, stitching and unfolding of the diffractive 

Fig. 24  Image of the external scene by a wideband 
diffractive-optics imaging system (Yang et al., 2017) 

Fig. 22  Membrane primary lens with quartz substrate 
(a) and polyimide membrane primary lens (b) (Yang et 
al., 2017) 

Fig. 23  Test results for the target resolution (Yang et al., 
2017) 

Fig. 27  Back-end optical system (Wang YQ, 2015) 

Fig. 28  Experimental setup for the broadband imaging 
performance test (Wang YQ, 2015) 

(a) (b)

(c) (d)

Fig. 29  Imaging results for the target resolution at dif-
ferent wavelengths: (a) 630 nm; (b) 560 nm; (c) 500 nm; 
(d) 460 nm (Wang YQ, 2015) 

Fig. 25  Membrane telescope bar with 400 mm in diame-
ter and a complex scene target imagery (Yang et al., 2017)

Fig. 26  Schematic of a space telescope based on the 
planar diffractive lens (Wang YQ, 2015) 
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element sub-apertures, and the realization of the rel-
ative position of the two parts of the diffractive tele-
scope system. Overcoming these challenges requires 
multidisciplinary and collaborative development in 
optics, materials, processing, testing, and mechanics 
and space-borne platforms. 

3.3.1 Optical design for chromatic aberration  
correction 

The chromatic aberration of the diffractive ele-
ment is large, which is difficult for diffractive tele-
scope systems to image in wideband. At present, the 
most effective correction method for chromatic ab-
erration is to take advantage of the Schupmann prin-
ciple for aberration correction for the development of 
diffractive telescope imaging systems. Limited by the 
aperture of the diffractive corrector and the minimum 
feature size of the second diffractive element, the 
system can partially correct the chromatic aberration 
(the general working spectrum is within 100 nm), but 
it is difficult to realize the image in a wider waveband. 
In the future, to reduce the chromatic aberration re-
sulting from the diffraction and effectively widen the 
working waveband of the system, some novel dif-
fractive optical elements, such as multi-layer diffrac-
tive optical elements (MLDOEs), refractive/ 
diffractive hybrid optical elements (RDHOEs), and 
harmonic diffractive optical elements (HDOEs), can 
be used to substitute for conventional pure diffractive 
elements. MLDOEs can achieve very high diffraction 
efficiency within a wide spectrum, which can solve 
the problem that the diffraction efficiency of the tra-
ditional single layer diffractive optical elements falls 
as the light wavelength deviates from that of the de-
sign (Fan et al., 2012). MLDOE improves the imag-
ing performance. In September 2000, Canon became 
the first company in the world to announce a multi- 
layer diffractive optical element (DOE) which was 
applicable to a photographic lens (Nakai and Ogawa, 
2002). In addition, in December 2001, Canon began 
selling a super telephoto lens EF400 mm F4 DO IS 
USM (Fig. 30). RDHOEs can be generally interpreted 
as an optical element in which a diffraction pattern is 
etched on the surface of a spherical refracting lens to 
realize the combination of refraction and diffraction 
and the elimination of aberration and chromatism in a 
wider band. It first appeared in the 1980s, and Jin GF 
et al. (1998) classified it as the first generation binary 

 
 
 
 
 
 
 
 
 
 
 
 
 

optical element. RDHOEs are particularly attractive 
in infrared systems, where the material takes up a 
significant proportion of the overall cost and low 
mass is often a crucial requirement (Wood, 1990; 
Hudyma and Kampe, 1992). Buralli and Morris (1989) 
and Sweeney and Sommargren (1995) both put for-
ward the concept of HDOE. HDOEs, also called 
“multi order diffractive element,” are characterized 
by their multiple 2π or generally said 2πp (p is a pos-
itive integer, generally p≥2) phase jumps at the zone 
boundaries; this means that the depth of its micro-
structure is p times that of an ordinary diffractive 
optical element. Compared to a simple diffractive 
optical lens, the harmonic diffractive lens (HDL) has 
both refractive and diffractive features. In this sense, 
HDL can be called a kind of “hybrid diffractive/ 
refractive lens.” HDLs can be used to perform optical 
transforms or scan for lasers of several wavelengths 
besides imaging in the wide spectrum band (Zhao LP 
et al., 1998). However, the thicknesses of these 
components are usually larger than those of the purely 
diffractive component, especially for the multi-layer 
diffractive components and refractive/diffractive hy-
brid optical components. The thicknesses of these 
components will increase to the order of magnitude of 
millimeters, which greatly increases the weight of the 
diffractive telescope system and introduces more 
difficulties in the folding and unfolding of the system. 
In addition, the processing technology of these special 
diffractive elements is more complicated than that of 
conventional diffractive elements, and the processing 
accuracy is more difficult to control. A balancing 
point needs to be found to weigh these factors in 
practical applications. The exploitation of these new 
types of diffractive elements should be a powerful 

Fig. 30  EF400 mm F4 DO IS USM telephoto lens 
Image resource: http://www.canon.com.cn/Upload/product/ 
sss/2018-04-19/5ad834abf31b7.jpg 



Zhao et al. / Front Inform Technol Electron Eng   2020 21(6):884-902 896

measure to overcome the chromatic aberration in 
diffractive telescope systems in the future. 

At present, many new diffractive elements are 
emerging. Among them, the MODE lenses (multi- 
order diffractive engineered material lenses) under 
development and the metalenses are very attractive 
because of their potential optical characteristics. The 
MODE lenses are used in the Nautilus space telescope 
program at the University of Arizona, which is aimed 
to create a space telescope that can survey transiting 
exo-earths for biosignatures 1000 light years away 
(Apai et al., 2019). The MODE lenses are very 
lightweight diffractive-transmissive alternatives to 
the heavy reflective elements (mirrors) used in ad-
vanced ground and space-based telescopes. The op-
timized multi-order design of these lenses provides 
essentially achromatic and diffraction-limited per-
formance. The Nautilus Unit Telescope will use an 
8.5 m diameter f/1.0 focal ratio MODE lens as the 
light-collecting element for the exoplanet transit 
spectroscopy observations, and a smaller, 2.5 m di-
ameter, wide field-of-view MODE lens for the pho-
tometric exoplanet transit search operations. The 
Nautilus Array will consist of about 35 such unit 
telescopes, providing a combined light collecting area 
equivalent to a single 50 m diameter telescope. The 
Nautilus Unit telescope, with optics consisting of a 
number of MODE lenses, has a light-collecting area 
more than twice that of the James Webb Space Tele-
scope. Because MODE lenses have three key ad-
vantages over telescope mirrors, i.e., much lower 
weight per unit area, less sensitivity to misalignments/ 
deformations, and efficient replicability through op-
tical molding processes, they will be less expensive to 
launch into space. 

The metalens is being developed for its super-  
surface structure, with which a powerful control ca-
pability of the light field can be realized for not only 
monochromatic light, but also the continuous spec-
trum. It can also provide a correct delay distribution 
and arbitrary modulation in wavefronts of different 
wavelengths (Li K et al., 2017; Qin et al., 2017; Chen 
et al., 2018; Lv et al., 2019). The metalens can be 
made into an ultra-thin plane by artificially designing 
the structures to obtain the extraordinary physical 
properties that natural materials cannot have. The thin 
layer is the metasurface that can flexibly regulate the 
amplitude, phase, and polarization of incident light to 

achieve a powerful light field control capability.  
The first metalens that correctly focused polar-

ized light in a wide range to the same focus without 
any additional components (Shrestha et al., 2018) was 
successfully produced by the researchers at the Fu 
Foundation School of Engineering and Applied Sci-
ence at Columbia University (Fig. 31). The thickness 
of the revolutionary “plane” lens whose performance 
can rival a first-class compound lens is much thinner 
than a piece of paper, measuring only one micron. The 
ultra-thin nanostructure planar layer depicted on the 
substrates by the researchers, as thin as a human hair, 
achieves the performances of a conventional lens 
system with the same thickness and weight. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.3.2  Processing of membrane diffractive optical 
elements 

The microstructure pattern needs to be fabricated 
on the film substrate to form the thin and foldable 
diffractive elements. The diffractive elements can be 
classified into the amplitude diffractive elements 
(photon sieve and Fresnel zone plates) and phase 
diffractive elements (the binary diffractive elements 
with step structures). The diffraction efficiency of the 
amplitude diffractive element is usually less than 10% 
due to the fact that its own opaque part greatly affects 
the diffraction efficiency. However, the processing 
technology is relatively simple; only the hollow pat-
tern is engraved on the film substrate, regardless of 
the equal thickness of the substrate material. There-
fore, the substrate material is relatively rich, and some 

Fig. 31  Scanning electron microscopy images and fo-
cusing effects of a broadband metalens segment 
Reprinted from Shrestha et al. (2018), Copyright 2018, with 
permission from Springer Nature, licensed under CC BY-4.0
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metal or organic films can be used as the substrate. 
Because the realization of an amplitude diffractive 
element is relatively easy and the process is simple, it 
is suitable for countries with slightly smaller research 
programs in diffractive telescope systems. For ex-
ample, Koechlin et al. (2012) used the amplitude 
diffractive elements as the primary lens in the tele-
scope system. As far as the current technologies in 
China are concerned, it is also suitable to start from 
the amplitude diffractive element. The phase diffrac-
tive optical element has high diffraction efficiency, 
and even if it has only four steps, the diffraction effi-
ciency can also reach more than 40%. If 16 steps can 
be realized, the diffraction efficiency will be greater 
than 98%, which means that almost all the incident 
energy can be used. However, because the total light 
transmittance of the phase diffractive optical element 
is almost 100%, the requirement of equal thickness of 
its substrate material is very high, and it needs to be 
within λ/10. The substrate material is required to have 
a small coefficient of thermal expansion, low density, 
and good ductility and durability. The material is 
required to not only adapt to the space environment 
but also withstand all kinds of radiation in space. It is 
currently recognized that polyimide optical materials 
are the most suitable. The NeXolve Corporation in the 
USA used polyimide to fabricate an optical film 
which has good adaptability in space environments. 
Its thickness is about 20 μm, and its equal thickness is 
controlled to be within λ/20. The processing precision 
of the polyimide film is limited because polyimide 
materials absorb water and deform. However, touch-
ing water is unavoidable during the processing of 
traditional binary diffractive elements (gluing, ex-
posure, development, and etching). A feasible method 
is to form a template with a step structure on a quartz 
substrate, and then directly use polyimide film 
forming technology to imprint the membrane dif-
fractive optical element with a step structure. How-
ever, the equal thickness control of this technology is 
very demanding and can be realized only in the USA. 
The requirements for equal thickness control in China 
cannot yet be met, and developing expertise and ca-
pabilities in this technique is exactly the direction that 
China needs to pursue. Currently, some research in-
stitutes and universities are in the process of devel-
oping the related research in this area, including 
Soochow University. 

3.3.3  Stitching and unfolding technology 

Single-piece large-aperture diffractive elements 
will be impossible in the future. A complete and giant 
diffractive primary lens is made up of many small 
pieces of sub-apertures, which are put together using 
a stitching technology. The sub-aperture needs to be 
opened by a mechanical structure because it is made 
of films, and its shape may be arbitrary. At present, an 
ideal shape for the sub-aperture is circularity or sector 
with smooth edges and corners. Thus, its marginal 
part will be easily in full contact with the mechanical 
structure, which will make its sufferance force uni-
form, so that the film of the entire sub-aperture can be 
smoothly unfolded and its wrinkles can be reduced. 
Moreover, during the stitching process, the positions 
of these sub-apertures need to be precisely controlled 
within a certain range to ensure the imaging quality of 
the diffractive elements. These stitching tolerances 
include three categories and five dimensions: radial 
tolerance (both x and y directions), axial tolerance (z 
direction), and inclination tolerances (both x and y 
directions). They are all related to the radial position 
in which they are located and the focal length of the 
diffractive element. The effect of these stitching tol-
erances on the wavefront of the diffractive element 
can be obtained by means of joint modeling between 
the mathematical calculation software and optical 
design software. Conversely, if we have knowledge of 
the distribution of the diffraction wavefront via an 
interferometer, the corresponding stitching error will 
be derived by inversion calculation. In this way, the 
stitching and adjustment can be conducted, and all the 
sub-apertures will be in place. When the stitching 
structure is designed, its folding and unfolding pro-
cesses need to be taken into account, and in particular, 
a certain rigidity needs to be guaranteed, so as to 
restore the precision of stitching after unfolding.  

3.3.4  Realization of the relative spatial position for 
two parts of the diffractive telescope system 

Based on the imaging principle, the diffractive 
telescope system contains two major parts: the dif-
fractive primary lens and the diffractive corrector. 
The two parts are far away from each other, and need 
to maintain a certain position as regard to the distance, 
the relative radial position (both x and y directions), 
and the inclination angle (both x and y directions). 
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This requirement means that the relative position has 
five dimensions. Appropriate methods that can 
measure and give feedback on this information in real 
time need to be proposed, because the accuracy re-
quirements on the relative positions are very high. 
Laser measurement methods are very suitable for use; 
for example, the distance can be measured by laser 
range finders. By adding some special diffractive 
optical elements and detectors to the laser distance 
measuring system, the relative radial position and 
inclination angle can be precisely measured. In short, 
many laser testing methods can be applied to measure 
the relative position between the two parts. In addi-
tion, for the diffractive telescope system with an ap-
erture of more than 10 m, the two parts are usually 
mounted on different satellite platforms. For this 
reason, satellite cooperation and networking tech-
nologies are required. Thus, a space-borne platform 
must be perfected to a greater degree, and its pointing 
accuracy and stability need to be improved and per-
fected, which is key to realizing diffractive telescope 
systems in the future. For the diffractive telescope 
system with an aperture of less than 10 m, by com-
pressing the focal length of the diffractive element, 
the distance of the primary lens and the diffractive 
corrector can be shortened so as to be mounted on the 
same space-borne platform. The diffractive primary 
lens will be stretched and opened by the flexible 
connection system after it is launched into space. The 
stretching technology requires very good stability to 
ensure that the position of the stretched diffractive 
primary lens relative to the diffractive corrector is 
within a certain accuracy range. The corresponding 
measurement, adjustment, and compensation mecha-
nisms are required. 

 
 

4  Conclusions 
 
Throughout the history of large-aperture space 

telescopes, nearly 30 years of development have been 
needed to increase the aperture of the optical system 
from 3.8 to 6.5 m. With the increase in aperture, 
during the development of space optical systems, the 
testing difficulty and the cost of launching will have 
an exponential growth. Space-based optical remote 
sensors with an aperture of 30 m or more will be 
difficult to achieve given the current technical levels 

if a conventional reflective optical system is used. 
One of the most important factors is the weight. For 
example, the surface density of the primary lens of the 
Hubble Space Telescope is 200 kg/m2. The surface 
mass density of the James Webb primary lens (the 
next generation of the Hubble Telescope) is expected 
to be reduced to 15 kg/m2. For the primary lens of a 
super-large-aperture telescope, the surface mass den-
sity must be further reduced in the future. Diffractive 
optics provides another very attractive method for 
space telescopes. Fresnel lenses based on the princi-
ples of diffractive optics can be fabricated on the 
surface of the film and such a lens has two important 
characteristics, ultra-light mass and high tolerances. 
In the visible waveband, regardless of the support 
structure, a Fresnel diffractive lens with an aperture of 
25 m and a thickness of 10 μm needs only glasses of 
10 kg and a surface mass density of about 0.02 kg/m2, 
thereby reducing the emission load.  

From the conceptual design of the original dif-
fractive membrane lens from LLNL, to the on-orbit 
verification of the FalconSAT-7 membrane diffractive 
telescope from AFA, and to the collimation GEO 
high-resolution imaging of the diffractive membrane 
imaging system supported by DARPA at present, it 
can be seen that the interest and investment in  
diffractive-optics imaging technology by the USA is 
constantly improving. If the spatial reliability and 
performance of the photon sieve are successfully 
verified by FalconSAT-7, under conditions of main-
taining high resolution, the miniaturization and even 
microminiaturization of a low-orbit satellite will be 
first realized by diffractive-optics imaging technology. 
Soon afterwards, the USA will use technologies to 
develop large-aperture high-orbit imaging satellites, 
and ultimately achieve high-resolution continuous 
surveillance based on space-borne detection.  

The development of this technology cannot be 
finished overnight; it needs time to accumulate. Be-
sides, the technology involves a wide range of fields, 
including satellite platforms, new materials, pro-
cessing technology, space-based optics, and many 
other aspects. According to the state of the current 
research in China, it is necessary to carry out research 
in the relevant technologies and applications, and 
verify the work step by step in powerful combinations. 
The key technologies for super-large-aperture  
diffractive imaging should be developed as soon as 
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possible. The new diffractive optical elements need to 
be developed to extend the working waveband of 
diffractive telescope systems, and the equal thickness 
membrane materials need to be developed to form the 
phase diffraction membrane diffractive elements with 
high diffraction efficiency. The stitching and testing 
techniques for the membrane diffractive elements 
need to be developed to form the large-aperture 
foldable diffractive elements, and the space deploya-
ble techniques need to be developed to form a feasible 
space deployable scheme. The stability control tech-
nology for the satellite needs to be developed to form 
a stable satellite platform that guarantees optical im-
aging quality. In conclusion, if the diffractive tele-
scope system is to be realized, there are still many 
technologies that need to be developed and mastered. 
The road ahead is very long, but the prospects are 
very attractive. 
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