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The diffraction efficiency curves of multicoatad dielectric gratings are measured as a function of wavelength and angle
of incidence for S and P polarization in the visible tegion, Strong anomaties are abserved, due to the excitation of guided

" waves in the grating.

1. Introduction . -

Reflection diffraction gratings are coated usually
with a metal layer, most frequently aluminium,
Despite their wide application in various spectroscopic
devices {monochromators, spectrographs), in dye
lasers far tuning of the emission spectrum, a3 well as
for optical information processing, such gratings pos-
sess some disadvantages:

(i) Most of the metal reflactances are very low in
the ultraviolet, which reduces the diffraction grating
efficiency. :

(ii) High power laser radiation destroys the gratings,
due to light absorption by the metai layers.

(iii) Surface plasmons excitation at the metal—air
boundary leads to the appearance of grating efficien-
¢y anomalies. To avoid these difficulties, usually the
aluminium gratings are covered with a thin dielectric
layer. The influence of such a layer on the grating
efficiency has been studied experimentally in ref. [il.

Maystre et al. [2] proposed to deposite two or
four quarter-wavelength dielectric layers on the alu-
minjum grating. Theoretical considerations [3] show
that the light absorption is reduced two times for
cach stack of MA diglestric tayers, However. the ef-
fects of excitation of surface plasmons and quasi-
guided waves are not discussed in [3].

In this paper we report the properties of 2 new

kind of reflection holographic grating, consisting of
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multilayered dielectric system of 21 layers with high
and low refractive indices, each one with M4 opticul
thickness, deposited directly on the photoresistive

grating,

2. Experimental

The grating with 1200 }/mm was prepared Izter-
ferometrically in a photoresist Shipley AZ-1350 by ’
the technique, reported elsewhere {4].

After development the grating was coated with 3
dielectric system (HL)*H by vacuum evaporation,
where H denotes ZnS with = 2,3 and L denotes
NajAlFg (cryolite) with 7= 1.35. Separately, the
same dielectric system was deposited on a plane glass
substrate with a photoresist,

Diffraction efficiency of the grating was measured
in Littrow mount as a function of wavelength, using
the experimental setup, described earlier [5.6].

In our previous measirements, we have been able
to obtain the spectral dependance of the relative
grating efficiency, i.e. the ratio grating efficiency/
Al-mirror reflectance, We shall see further {figs. 5-and
6) that in some cases the grating efficiency can ex:
ceed the dielectric mirror reflectance under the same
working condltions. Therefore the relative efficiency
is not quite convenient to be used. )

In order to determine the spectral dependence of
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absolute grating efficiency, we measured first mirror
reflectance as a function of wavelength in normal in-
cidence with a Specord UVVIS. The maximum value
of 98 * 1% is located at A = 632.8 nm. Taking into
account mirror reflectance, the signal from the lock-
in amplifier for the grating in Littrow mount is nor-
malized with the signal from the mirror in normal
incidence for each wavelength.

Angular dependence of grating efficiency was mea-
sured using output from He-Ne (A = 632.8 nm) and
Ar (A = 457.9 nm) lasers. In both cases the experi-
mental setup was adjusted so that the beam fell on
one and the same point of the grating. A A/2 plate
and polarizer were used to change the polarization of
the incident beam. ‘

3, Results . L

The'measured Littrow efficiency curves of -1 dif- -
fracted Brder for S and P polarization are shownin
fig. 1. , -

In both polarization curves anomalies are observed,
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* an aluminium grating is free from any anomalies,

fraction efficiency exceeds the mirror reflectance for

‘haviour of grating efficiency of Al and multicoated

© * tation of guided waves in the grating. In particular,

—
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due neither to features in mirror reflectance, not
Wood anomalies including passing-off orders in air
and dielectric layers, The corresponding ¥ curve tor

Prma-a=ap

while in S curve a Wood anomaly occu rs at Rayleigh
wavelength MA = 2/3 {7].
It is interesting to notice that in some cases dif-

e b o I

i
L e B — 4 Pt

both polarizations. Maximum value of 70% is located
at A = 610 nm for S polarization. Quite different be-

gratings is clearly observed in fig. 2 and fig. 3. For §
polarization the Waod anomalies for muiticoated
grating are shifted and in addition weak resonance
anomalies appear. Quite narrow anomalies for P po-
larization for multicoated grating are due to the exci-

the anomaly shown with a circle in fig. 2 is attended
with an apperance of so-called m-line (fig. 4A). It is
well known that the same picture is observed when
the modes in 2 planar waveguide are excited by 2
prism or a grating coupler {8]. .

“The location of the resonance anomalies is given
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Fig. 1. First-order efficiencies as a function of wavelength: ——— P polarization, —- § polarization. Heavy line — mireor reflectance
in normal incidence. ’ . :
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Fig. 2. First-order absolute efficiencies as a function of angle of incidence for P polarization and A = 632.8 nm. —.—.— - Al coated
grating, =—— - multicoated grating. With vertical lines are indicated: in the upper part of ‘he figure — Littrow angle, in the lower

part —passing off orders. The shape of the anomaly, marked with 2 circle, s sho
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by the phase-matching condition:

T

sin ﬂ? = (8/k)., — mMA . (n
where 87 is the angle of incidence, {B/%),, are the ' {: .
mode effective indices (# =0,1,2,..), Ais the 1
grating period and m = 0, 1, 2, ... is the number of
diffracted orders. . )
The propagation characteristics of the dielectric B §
system have been calculated without corrugation. It :
is found that for A = 632.8 nm the planar multi-
layered system can support four TE and three TM { .
modes,
The calculated value of the Oth maode g/% = 1.8068 B
_is in good agreement with the calculated from (1) -
_ value f/k = 1.8090. The dark band in fig. 4 corre- ] '
Fig. 4. m-line picture, observed on the screen, when Oth - ;
mode is excited.
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- Fig. 6. Same as fig, 5, except for S polarization.

sponds to the power loss, “carried away” by the
waveguide mode. The interference between the inci-
dent and the guided wave gives the possibility to esti-
mate the quality of the grating. Fig, 4B shows the ex-
cited m-line in the presence of a local defect in the
grating, '

The measurements of the angular dependence of
the diffraction efficiency for A = 457.9 nm are shown
in fig. 5 and fig. 6. The number of anomalies in §
polarization curve is increased. Shape and locations
of the anomalies are not connected with the mirror
reflectance peculfarities. Near Littrow angle the
grating efficiency exceeds the mirror reflectance. The
enlargement of the anomalies width at A= 457.9 nm
is probably due to higher losses of the waveguide
modes. .

An important feature in figs. 1, 2, 5 and 6 is that
the positions of the anomaiies are not symmetrical
about Littrow angle, unlike Wood anomalies. On the
other hand, the position of the anomalies is symmetri-
calin terms of eq. (1), 1.e. the values of (B/k),, evaluat-
ed from (1) for one set of anomalieslocated on the
left hand side of Littrow mount corresponds fairly
well with (§/k),, of the set of anomalies on the right
hand side of Littrow mount, Similar behaviour has
been observed earlier by Hutley and Bird [9] due to
the excitation of surface plasmons on metat coated
gratings. To our knowledge, however, such a strong
asvmmetry has not heen ahserved un to now in
gratings,
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4, Conclusion

We have nroposed and studied the properties ofa
new kind of holographic diffraction grating. The dif-

* fraction efficiency behavioue is completely different

from the most commonly used aluminium gratings.
The excitation of guided waves in the dielectric

" gratings in general reduces their efficiency. Neverthe-

Jess, the maximum value of 70% can be considered
encouraging. Further experimental and theoretical
works are required to improve the performance of
such gratings for applications.
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