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Diffractive Optics -
Stronger reading glasses

A recent, highly specialised technology is opening up
new paths in the calculation and manufacture of small,
lightweight, high-magnification plastic spectacle lenses
with outstanding properties. So-called diffractive lens
systems are now finding application, especially where
higher powers are needed. This new technology, whose
theoretical and mathematical foundations were laid more
than 200 years ago by Huygens and Fresnel, will be
outlined here. Success and experience gained thus far
indicate that new developments in optics are entering
into a new dimension. High-magnification reading
glasses now no longer have to be thick, heavy and
unattractive. The desire that many people express -
"| just want more powerful spectacles" - is met here
with an aesthetic, lightweight solution.

The way in which this new generation of optics works,
including the phenomenon of diffraction and diffractive
optics, will be clarified in greater detail below. An
outlook on the future possibilities in optics is given
at the end of this article.

Light deflection due to diffraction:
"Light diffraction or diffraction (Fig.1) refers to light's
deviation from propagation in a straight line, attributable
solely to the wave nature of light."

Fig. 1: Diffraction

Wave theory is used to describe all phenomena relating
to diffraction. A general definition on the subject of
diffraction: "Diffraction in the general sense, a
phenomenon, whereby, as a result of reflection or
refraction, wave or particle radiation does not propagate
in a straight line, but is diverted in a certain way.”

Today, as a result of new technological possibilities,
the phenomenon of diffraction can be put to use via
microstructures (diffractive optics).

The difference between
Fresnel lenses and diffractive lenses

Fresnel lens:

One can think of Fresnel lenses (Fig. 2) as lenses that
are cut up into a large number of concentric zones,
which are then pushed together on a surface.
As a result, very large lens diameters with low central
thickness can also be achieved for illumination tasks
and simple imaging.

With this type of light deviation what we are usually
dealing with is pure optical refraction.

Ring Zone Lense (spheric/aspheric)

Fig. 2: Fresnel lens

How diffractive structures work:

In diffractive optical systems, the light, i.e. the
wavefront incident on the surface of the elements, is
split up into in numerable elementary waves, which
interfere to form a new overall wave directed onto the
desired focal point. Diffractive - light-bending -
elements can be much thinner and lighter than
refractive ones, because they need to alter the form
of an optical wavefront only by fractions of a wavelength.

The way in which they work is based on the
Huygens-Fresnel principle:

Spherical waves, also known as elementary waves,
which emanate from every point on a wavefront, interfere
constructively or destructively for form a new
wavefront.

In the process, their form can be modified such that the
light bundle is focussed onto a focal point.
This effect can most easily be demonstrated with the
aid of a phased Fresnel zone plate (Fig. 3), with which
monochromatic (single colour) light is focussed onto
a focal point by means of diffraction. A plate of this
kind consists of alternate opaque and light-transmitting
concentric rings.



The spacing of the rings is chosen such that the
penetrating light waves interfere constructively at the
focal point, where they strengthen one another and
generate abright light spot. The efficiency is low though
with the Fresnel zone plate.

Fig. 3: Fresnel zone plate

The basic principle of a diffractive structure is shown in
Fig. 4. This takes the form of a ring shaped, saw-tooth
structure. The spacing of these concentric rings must
be dimensioned such that the optical path length for all
light rays corresponds to the focal distance plus an
integer multiple of the light wavelength (basic condition
for the diffraction effect according to Huygens). All light
rays within the separate zones have the same optical
path length to the to the focal point. The path length
from tooth to tooth differs by exactly A (one wavelength
with the 1st order of diffraction). At the focal point the
diffracted light then unites as a result of constructive
interference.

Fig. 4: 1st order diffractive structure / optical path length

1st order diffractive structures are used by
Eschenbach for colour corrections in optical systems,
e.g. noves 12, 16, 20 and 24 dpt spectacle glass,
objective lens Galilean 2.0 GF wide-angle system or
mobilux far.

Multi Order Diffraction Structure (MOD)

A further development pertaining to the diffractive
structure is the so-called MOD structure (Multi Order
Diffraction). In this case, structures of higher order are
involved. Here, the constructive interference is
generated by several higher orders.

This MOD structure differs in geometrical arrangement
from the first order diffractive structure. As

far as the structural size is concerned, it is generally
higher and wider by several factors.

A new lens system or, that is to say, a new spectacle
glass, has been developed at Eschenbach using the
MOD structure. This is in the form of a two-part lens
system (Fig. 6). The surface on the object side is
aspherical. On the inside is the MOD structure, which
generates an additional refractive power for the front
surface. This MOD structure fulfils the previously
described basic conditions for the diffraction effect.
A first order diffractive structure for colour correction
is also mounted onto an element fitted onto this MOD
structure on the ocular side. Thus, in this case we
have a spectacle lens with colour correction (Fig. 7).
The difference between this spectacle lens and
conventional systems can be seen in Fig. 8.

These high magnification diffractive spectacle lenses
are currently available in strengths of 12, 16, 20 and
24 dpt with a maximum central lens thickness of
4.5 mm. The total weight of the lens is 3.2g.

Layout: Diffractive spectacle lens
Technical specifications:

Lens weight: 3,2 g

System weight: 20 g

Refractive power: 12 dpt, 16 dpt, 20 dpt, 24 dpt
Structural height diff. 1St order: 0,0011 ym
Structural height MOD: 0.014 mm to 0.025 mm

Aspheric

MOD-Structure
for refractive power generation

Diffractive structure of 1St order
for colour correction

(important with higher additions!)



Fig. 6: Layout: noves lens system

| ——Aspheric lens 7 dpt

| ———MOD structure 5/9/13/17 dpt
| _—Airgap

| __—™Diffractive structure 1st. order

Fig. 7: noves lens system
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Fig. 8: Comparison of lens thickness

Prism half eyes

With higher additions for binocular F
use it is always necessary to give
convergence support through a
/e
Fig. 8: Convergence -

prism basis inside. The well-known
method used for this is either through

an additional prism wedge on the  sypportthrough prism
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The combination of decenteringand =
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prism half eyes. These lenses are

Fig. 10: Convergence

very thick and comparatively heavy. g op0rt by bringing
spectacle lens out of
centre + prism basis
inside

Conventional prism half eyes:

+ offer a range of magnification when normal reading
glasses are no longer adequate

* in strengths of 4, 6, 8 and 10 dpt each with matched
prism values

* macropsia effect by combining addition with prism basis
inside

+ drawback: wedge-shaped, bulky lenses

noves hino

noves bino - reading glasses with convergence
support for 4, 5, 6, 8 and 10 diopter.

The special feature of noves bino as compared to
previous prismatic half eyes: The prismatic effect
is produced solely by decentering of the MOD
structure on the surface on the ocular side of the
eyes lens.

optical center of
MOD-Structure

Decentration



With noves, Eschenbach uniquely has succeeded for
the first time in implementing the prismatic effect
solely through decentering an MOD structure, without
aprismfitted in series. The lens surface on the object
side is aspherical. This innovative spectacle lens
structure with prismatic support allows an edge
defined and distortion free image. A decentering of
this kind is not possible with conventional methods!

Why is the decentering of the MOD structure so unique?

With conventional prismatic half eyes or high additions
the lenses are very thick, heavy and conspicuous. The
customer is more discriminating though and what he is
really looking for is realized in the noves product.

NOVES in general

* noves can be worn like reading glasses

* noves can be used quickly and without complication

* noves fulfils a need that previously could not be met

* noves allows self-reliance and independence

* noves, the thin, unobtrusive and light weight spectacles
with high addition

« aspherical glass of PXM® material with diffractive
structure

« glass is hard coated on both sides with cera-tec®

* spectacle frame with spring hinges, contractible
ear-pieces, softpads and well adjustable bridge arms

* owing to the half spectacle form, orientation in the room

noves bino

* look like normal reading glasses; in spite of high
magnification, convergence support incorporated

* has a high degree of acceptance with end users
because of the aesthetic appearance of "normal
spectacles"

« are extremely comfortable to wear because the lenses
are thinner and thus also lighter: noves bino
weighs only 189
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noves products are classified according
to the magnification requirement.

noves mono
¢ lens thickness 4.5 mml(
« total weight 20g

High magnification requirement:
* 12,16, 20 and 24 diopters [

yesterday
now

noves bino

* lens thickness 4.0 mm

* total weight 18g

Lower magnification

requirement:

*4,5,6,8 and 10 diopters

_ yesterday

now

Summary and outlook
The development steps thus far for diffractive structures:

The combination of a first order diffractive structure
with an MOD structure has resulted in a highly
focussed, colour corrected and extremely thin
spectacle lens. Further areas of application for
diffractive optics are: Objective lens of a Galilean
system. Here, the first order diffractive structure for
colour correction was fitted to a plane surface. (Galilean
system mobilux far).

A further development was a diffractive objective for
a video magnifier system. In a third step, a diffractive
structure was integrated into an aspherical surface for
the objective of a Galilean wide-angle system (Galilean
2.0GF).

These microstructures are produced through the use
of ultra-precision technology. The main technological
tool here is a diamond lathe that works to an accuracy



of nanometres (1 nanometre = 10° m). The degree of
precision will now be illustrated using a numerical
example.

If, for example, a sphere of golf ball size (4 cm) were
to be magnified one thousand times, then it would have
a diameter of 40 metres. The deviation from the
spherical form, however, would be only 0.1 mm. The
average surface roughness, R,, i.e. the unevenness
within the surface, would be around 0.001 mm, viz.
one thousandth of a millimetre.

Christian Huygens laid down the theoretical basis for
these structures more than 200 years ago by. Starting
out from the known theories, many years of fundamental
development has been carried out at Eschenbach
Optik in Nuremberg.

Using state-of-the-art ultra-precision technology with
highly accurate measuring accessories, it has been
possible to convert this theory into small, light, aesthetic
products.

The developments described here are the beginning
of a new generation of magnifying, colour-corrected
spectacle lens systems. The desire that many people
express - "l just want more powerful spectacles” - has

been fulfilled here. With the NOVES product line, a
new generation of visual aids has been created. Visual
aids, which are no longer immediately perceived as
such, are intended to improve the quality of life of their
users.

The fast and simple solution. Just try it out.

With this high technology that Eschenbach has used
to undertake pioneering work, real innovations in the
sphere of plastic optics have been possible.
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