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Technology dependance of reflective optical systems 
comes in many forms and has different levels of system im-
pact. The optical system is composed of parts such as a 
light source, an optical design and a light sensor. The opti-
cal design comprises optical components made with materi-
als, surface shapes, coatings, etc., which are manufactured 
then assembled perhaps monolithically. In particular, from 
past to present, electroforming of reflective components has 
featured strongly in the manufacture of reflective optics for 
13.4 nm soft X-ray extreme ultraviolet lithography (EUVL) 
and space based astronomical X-ray telescopes (see Fig-
ures 1 and 2).

The EUVL optical system illustrated in Figure 1 employs 
grazing incidence mirrors and near normal incidence mir-
rors which in the case of the latter depends on computer 
controlled and ion beam precision polishing technology 
and short wavelength coating technology to maximize im-
age quality and transmission. Although electroforming may 
be considered an old technology, when coupled with other 
technologies such as monolithic components and special 
coatings, electroforming is capable of producing unique 
optical solutions providing compactness and low mass. In-
deed the electroforming process as shown in Figure 2. is 
also quite suitable for producing complex freeform reflective 
surface profiles.

Reflective optical systems may have some disadvantages 
over refractive optical systems such as having a surface 
profile reflective index sensitivity about four times greater 
than a surface profile refractive index sensitivity, where a 
single mirror surface sensitivity for light in and light out is 
1.0-(-1.0) giving |2.0| versus a single glass surface sensitiv-
ity for light in and light out is 1.0-1.5 giving |0.5|. However, 
this is mitigated by reflective optical systems normally need-
ing far fewer optical surfaces than refractive optical systems 
and offering many potential advantages such as compact-
ness, lightweight, multispectral and passive athermal ca-
pabilities. Therefore, mirror systems are actually becoming 
more popular and interestingly terrestrial and space based 
astronomical telescopes are utilizing ever larger apertures 
but have trended towards using smaller reflective panels 
and segmented mirrors (see Figure 3).

To maximize the performance of all-reflective imaging (and 
non-imaging) systems a combination of technologies may 

FIG. 1. (a) EUVL optical system with collector, illuminator and 
projector optics. (b) Type I Wolter wide field X-ray optics collec-
tor having two reflections from hyperbolic and parabolic mirrors. 
(c) Collector integration at optical bench. Respective images from 
Ref’s [1], [2] and [3].

FIG. 2. (a) Artist impression of XMM Newton X-ray telescope. (b) 
Cut-out of XMM Newton telescope assembly. (c) Pictorial repre-
sentation of the electroforming replication process. Respective 
images from Ref’s [4], [5] and [6].
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be required in future. These might involve optical design for 
the optimization of off-axis toroidal aspheric surface profile 
mirrors and additive manufacturing (AM) as a practical and 
cost effective means to produce mirror components with 
such profiles (see Figure 4).

Additive manufacturing, also sometimes called 3D printing, 
appears to enable off-axis toroidal aspheric mirror based 
optical systems to be effectively realized. AM and versatile 
reflective optical system designs could signal the birth of 
much more advanced reflective optical systems for EUV 
and astronomical applications as well many other kinds of 
imaging (and non-imaging) systems for other applications.
Curved sensors are not new but they are another technol-
ogy that may soon become commercially viable. Reflective 
imaging systems might benefit from such sensors because 
they release optical design degrees of freedom for optimiza-
tion of maximum image performance (see Figure 5).

Looking back over the history of optical technology devel-
opment it appears to have been quite slow until about the 
middle of the twentieth century. Perhaps development ac-
celeration came with the invention of the laser and all the re-

lated developments that followed. However, most reflective 
optical systems including those for EUV and astronomical 
applications have depended on tried and trusted technolo-
gies. Reflective optical systems could become dependent 
on AM and optical design freeform surface technologies 
which may be strong drivers in the development of future 
EUV and astronomical applications.
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FIG. 3. Size comparison of large aperture astronomical telescope 
mirrors showing segmented mirror structure. Image from Ref. [7].

FIG. 4. (a) Additive manufacturing process. (b) Three mirror ana-
stigmat (TMA) imaging system with at least one non-rotationally 
symmetric mirror. (c) Freeform surface profile. Respective images 
from Ref’s [8], [9] and [10].

FIG. 5. Flat and curved sensors shown with lenses which can be 
replaced with mirrors. Image from Ref. [11].


