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High-Efficiency Broadband
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Hanna Lajunen, Jani Tervo and Jari Turunen

One of the major problems with
diffractive elements is their high

level of chromatic sensitivity, which
means that the use of diffractive optics 
in broadband applications is usually out
of the question.

Recently we showed1 that the prob-
lems that result from the chromatic sensi-
tivity of phase gratings can be overcome
by means of binary surface-relief polar-
ization gratings.2, 3 To understand the
principle, note that a subwavelength-
period grating can be considered as an
artificial form birefringent material. If the
local direction of subwavelength fringes
varies slowly with position, the state of
polarization of the transmitted field
becomes spatially variant as well. This
permits us to produce interesting optical
effects by controlling only the groove
direction. Assuming a circularly polarized
input field, any scalar transmission func-
tion can be replaced by a unique fringe-
orientation function without changing
the (monochromatic) optical effect.1, 4

What’s more, by assuming a linearly
polarized input field, one can design
diffractive beam splitters with 100 per-
cent efficiency, a result that is not possi-
ble in the realm of scalar optics.3

In contrast with conventional parax-
ial-domain surface-relief elements, the
optical effect produced by polarization
gratings depends mainly on the phase-
difference function between the electric-
field components rather than on their
actual phase transmissions. This suggests
that the wavelength dependence of the
optical function generally differs from
that of the corresponding scalar design.
In fact, the dispersion of the effective
refractive indices can be effectively
employed to keep the phase difference
approximately the same over a wide
wavelength band.5 As a result, the 
optical effect produced by a polarization
grating remains nearly the same over a
broad band.

The results summarized above imply
that, if polarization-modulating ele-
ments are used, each design obtained for
scalar diffractive elements for a single
wavelength can be effective over a broad
wavelength band.

We next examine a design of diffrac-
tive one-to-two beam splitters made for
broadband radiation. In the design fringe
orientation � is a linear function of the
transverse coordinate x in analogy with
Refs. 2 and 3, i.e., �(x) = �x/�, where 
� is the global grating period. We first
assume a sandwich structure illustrated
in Fig. 1(a), in which the modulated
structure is located between homoge-
neous media with refractive indices of
n0 = n3 = 1.8. We chose the parameters 
d = 0.4�0 (�0 is the vacuum wavelength),
g/d = 0.8, h = 3�0, n1 = 2, and n2 = 1.

After computing the effective refractive
indices by rigorous diffraction theory, we
obtained the spectral diffraction effi-
ciency curve illustrated by the solid curve
in Fig. 1(b). If the medium behind the
element is replaced by air (n3 = 1), the
diffraction efficiency decreases as illus-
trated by the dashed curve in Fig. 1(b),
but it is still high over the entire wave-
length band if compared with the highest
attainable efficiency in scalar optics,
which is 81 percent.
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Figure 1. (a) Local structure of a form birefringent, subwavelength-period grating
with period d. (b) Spectral diffraction efficiency of a one-to-two beam splitter.
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Tell us what you think: http://www.osa-opn.org/survey.cfm
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