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We describe the e�ect of speckle noise in the recording of holographic gratings. The speckle
pattern appears superimposed to the interference fringes and is caused by the laser light
scattering in optical components of the holographic setup. This e�ect is particularly impor-
tant when the holographic grating, recorded �rst in photoresist �lms, is used as a mask to
transfer the pattern to substrates with high re
ectivity. We show that in such cases, even
high quality commercial mirrors may produce serious damage in the recorded grating

Neste trabalho �e descrito o efeito do ru��do produzido por \speckle" na grava�c~ao de redes
hologr�a�cas. O padr~ao de \speckle" aparece superposto �as franjas de interferência e �e cau-
sado pelo espalhamento da luz coerente nos componentes �opticos da montagem hologr�a�ca.
Este efeito �e particularmente importante quando a rede gravada na fotorresina �e usada como
m�ascara para transferência destes padr~oes para substratos de alta re
etividade. �E mostrado
que nestes casos, mesmo espelhos comerciais de alta qualidade, podem causar s�erios proble-
mas na rede gravada.

1. Introduction

The holographic recording in photoresist �lms is

widely employed to produce masters for replication of

most of commercial holograms (\Benton" type [1]) and

of di�raction gratings. This technique may be used

also associated with reactive plasma etching to produce

new types of di�ractive optical components [2-3] or deep

high spatial frequency structures for recording of quan-

tum wires or quantum dots [4].

The quality of the recorded pattern depends on the

several parameters such as quality of the photoresist

�lm, substrate surface and of the interference pattern

itself. The interference pattern depends strongly on

the optical setup. The quality of interfering wavefronts

determines the distortion of the grating lines. This dis-

tortion, however, is signi�cant only for a great num-

ber of periods of the grating producing a low spatial

frequency noise that does not disturbs signi�cantly the

di�raction properties of the components. Small defects,

however, are more critical because they are of the same

order of magnitude of the grating period and its an-

gular di�raction spectrum convolutes with that of the

di�raction grating [5].

Laser speckle is a well known phenomena caused

by the scattering of laser light in rough surfaces. Al-

though speckle may be a problem in experiments using

laser light beams, it may be used to measure the rough-

ness of surfaces and their movement in a large variety

of applications [6]. In order to avoid speckle, the op-

tical surfaces in holographic set-ups must be dust free

and without small defects such as digs and pits. In

this paper, we shown that even when high quality op-

tical surfaces were used, the speckle e�ect could cause

serious damage to the holographic recording.

2. Holographic recording and speckle pattern

Holographic structures may be recorded directly in

the photosensitive materials or in photoresist �lms and

then transferred to the substrate using the photoresist

pattem as a mask. If the recorded optical modulation is

approximately linear with the light intensity, a variation

in the light intensity is converted in the same relative

variation of the optical modulation. Transference pro-

cesses, however, may be strongly non-linear and small
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variations in the light pattern could be extremely am-

pli�ed. This e�ect is worst for high re
ectivity sub-

strates due to the reinforcement of the light pattern.

Fig. 1 shows an example, in which very thin photore-

sist residues block the etching of the substrate due to

the high selectivity of the reactive ion etching process.

Analyzing the recorded sample using smaller mag-

ni�cations we observe a structure similar to a speckle

pattern as it can be seem in Fig. 2a and 2b.

Figure 1. Grating of 855 nm of period transferred to amor-
phous carbon hydrogenated (a-C:H) �lm by reactive ion
etching, using an Al mask recorded by holographic expo-
sure of a photoresist �lm.

In our holographic set-up, the unique possible

source of speckle are the last two collimating mirrors,

because the expanded light beams are spatially �ltered

just before them. The collimating mirrors have focal

length of 1 meter, with 100 mm of diameter, were made

in low expansion borosilicate glass (LEBG), with sur-

face accuracy �=10 at 546 nm and were coated with

protected aluminum. The optical quality of the surface

stated by the manufacturer is 60-40 scratch and dig.

If the speckle generated in the mirror roughness pro-

duces the grating noise, the speckle grain size should

depend on the mirror aperture. Fig. 3 shows a schema

of the speckle generated in the plane O0 due to the laser

scattering in the roughness surface O.

Figure 2. Micrographs of a grating of period 855 nm
recorded in photoresist and transferred to the Al �lm by
chemical etching: (a) magni�cation of 2000 X (SEM micro-
scope) and (b) magni�cation of 500 X (optical microscope)

Figure 3. Speckle generation in the plane O0 produced by a
roughness surface in O.

The light intensity in O0 is described by the relation

bellow [7]:
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Where:

�m:n are the amplitudes of the waves arriving at O0,

and x is a lateral displacement in the plane O', �m;n are

the arbitrary phases of each interfering waves and the

angles �m;n are the central angles between the waves

(as indicated in Fig. 4). The period of the interference

fringes is given by:

� =
�

(sin�n � sin�m)
(2)

Figure 4. Speckle patterns generated by the mirrors, photographed by an optical microscope, for di�erent apertures �: (a) �
= 10mm, magni�cation 100X; (b) � = 20mm, magni�cation 100X; (c) � = 50mm, magni�cation 200X; and (d) � = 90mm,
magni�cation 200X.
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The minimum size of the speckle grain corresponds

to the minimumperiod �min of the interference fringes.

This minimumperiod �min is determined by the largest

angle between the interfering waves; (sin�n � sin�m) =

2sin�max, with sin�max
�= �(2z) the maximum aper-

ture in O, � = mirror diameter and z = the distance

between O and O0 (mirror and hologram).

�min =
z�

�
(3)

In order to check the speckle origin of this noise we

recorded several gratings using di�erent mirror's aper-

tures. The results are shown in Fig. 4a, b, c, d.

As it can be seen from the Fig. 4 there is a clear

dependence on the sizes of the grains with the aperture.

In Table l we show an evaluation of the minimum grain

sizes (�a), measured from the photographs in compar-

ison with those calculated (�c) using the relation (3)

and the aperture values (�).

3. Conclusions

The measured grain sizes (shown in Table l) are

slightly greater than the minimum calculated sizes.

This occurs probably because, due to the small sam-

pling of the photographs, the measured grain sizes cor-

respond to an average and not to the smallest grain size.

The linear dependence with the aperture size, however,

con�rms that the noise observed in recorded gratings

was caused by the speckle in the collimating mirrors.

Table 1 - Speckle Sizes
� (mm) 10 20 50 90
�a (�m) 24� 5 14� 3 7� 1 2:7� 0:5
�c (�m) 20� 2 10:0� 0:5 4:0� 0:1 2:23� 0:05

There are many possibilities for reducing this

speckle noise in the recorded gratings or holograms.

The simplest one is to change the collimating mirrors

for better quality mirrors. This solution, however, is

very expensive because there are not commercial con-

cave mirrors with better quality and they must be spe-

cially ordered. The other possibility is to blur the spa-

tial coherence, by using a rotating di�user. This so-

lution, however, requires a precise adjustment in the

optical path di�erence between the interfering beams

in order to remain the temporal coherence.

In order to reduce the noise of our gratings we are

using a di�erent method that is based on the nonlinear

processing of the photoresist. If the photoresist is de-

veloped in strong non-linear conditions, the sinusoidal

interference light pattern may be converted in a rectan-

gular pro�led grating in the photoresist. In such condi-

tion small variations in the amplitude of the photoresist

grating (produced by any type of noise) do not change

the line widths of the gratings.
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