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Description

[0001] Bragg gratings can be created in a suitably
photoresponsive optical waveguide by illuminating it
with an interference fringe pattern of appropriate pitch
generated in ultra-violet light of a suitable wavelength,
typically in the region of about 200nm. A first order Bragg
grating in such a waveguide may typically have a pitch
of about 1.0 µm.
[0002] One technique by which such an interference
fringe pattern can be generated is to arrange for two co-
herent beams of collimated ultra-violet light to intersect
each other at an appropriate angle. The wavefronts of
these two beams are respectively schematically repre-
sented in Figure 1 by the sets of parallel lines 10 and
11. Their interference sets up a fringe pattern in which
an optical fibre 12 is placed. The resolved component
of the pitch of the fringes, measured along the axis of
the fibre, depends upon the wavelength of the light being
employed, the angle at which the two beams intersect,
and the angle between the fibre axis and the resulting
fringe pattern.
[0003] The spectral selectivity of a Bragg grating de-
pends in part upon the length of that grating. The pro-
duction of long interference patterns in the manner de-
scribed with reference to Figure 1 requires the use of
correspondingly wide beams, which in its turn imposes
increased constraints upon the coherence length of the
light emitted by the source employed to generate these
beams, and upon the optical quality of the associated
optical system. Alternatively, narrower beams of shorter
coherence length could be employed together with
some mechanical 'step-and-repeat' arrangement to
step the position of the interference pattern with respect
to the waveguide in which the Bragg grating is being cre-
ated. However this alternative approach is seen to suffer
from the disadvantage of requiring mechanical transla-
tion stages of ≤ 100nm absolute precision over the re-
quired length of the Bragg grating.
[0004] A different approach to the generation of the
interference fringes is to employ a diffraction grating,
and to locate the waveguide in close proximity to its dif-
fracting elements. This arrangement is for instance de-
scribed in a paper by D M Tennant et al. entitled, 'Char-
acterization of near-field holography grating masks for
optoelectronics fabricated by electron beam lithogra-
phy', J Vac. Sci. Technol. B, Vol. 10, No. 6, pp 2530-5
(Dec 1992). That paper is particularly concerned with
using an e-beam written phase grating etched into fused
silica substrate as the diffraction grating, and the design
of the phase mask was such that, when it was illuminat-
ed with ultra-violet light at 364nm at the appropriate an-
gle of incidence, only the zero order and first order dif-
fracted beams propagated in the region of space be-
yond the phase mask. The (near-field) interference be-
tween these two beams was then used to write a pho-
tolithographic mask on an InP substrate for subsequent
etching to produce the DFB grating structure of a DFB

laser. When this general approach is attempted for the
direct writing of Bragg gratings in photosensitive glass
waveguides, a crucial difference is encountered that is
attributable to the much lower refractive index of glass
than InP. This means that the required pitch of the Bragg
grating in the glass is much greater than in the InP, typ-
ically 1.08µm as opposed to 0.24µm. In the case of the
writing of the fringe pattern in a photoresist layer on InP,
the wavelength of the writing beam, at 364nm, was long-
er than the pitch of the fringe pattern, which lay in the
range 235 to 250nm, and hence the non-evanescent
propagation of a second order diffracted beam beyond
the phase grating does not occur. However in the case
of the writing of a fringe pattern having a pitch of about
1µm using a writing beam with a wavelength of about
240nm, non-evanescent propagation of at least second
and third order diffracted beams beyond the phase grat-
ing is not automatically suppressed, but is very liable to
occur unless the profile of the diffracting elements is
specifically designed to suppress any of these higher
order diffracted beams.
[0005] Figure 2 illustrates the situation in respect of a
short phase grating of pitch 1.08µm, 1:1 mark space ra-
tio and phase π, that is illuminated at normal incidence
with light of 244nm wavelength. The phase step π sup-
presses the zero order beam, but the first, second, and
third order beams are propagated. The near field inten-
sity is plotted in 5µm steps from 5µm out to 300µm from
the phase grating. It is seen that the near field interfer-
ence is no longer the simple fringes resulting from two-
beam interference, but has a more complicated struc-
ture.
[0006] For figure 2 it was chosen to exemplify the near
field intensity pattern in respect of a short grating only
40 periods long so that the separation of the different
diffraction orders is more readily apparent. Normally the
grating would be much longer than this, with the result
that the different orders remain substantially totally over-
lapped out to a much greater distance from the grating.
This is the situation exemplified in the near field intensity
patterns plotted in Figure 3. The illumination conditions
for Figure 3 are the same as those for Figure 2, and the
sole difference between the gratings is that the Figure
3 grating is 1000 periods long instead of only 40. In Fig-
ure 3 the intensity profile is plotted in 2µm steps from
40µm out to 200µm from the grating. Figure 3 shows
that if the waveguide core were spaced from the grating
at an optical path distance equivalent to 70µm in air,
then the resulting photo-induced Bragg grating would
have the same principal periodicity as that of the phase
grating, whereas if the spacing were at an optical path
distance equivalent to 95µm in air, then the resulting
photo-induced Bragg grating would have its principal
periodicity equal to half that of the phase grating.
[0007] The situation is even more confused if imper-
fections in the phase grating are taken into account. Fig-
ure 4 is a replot of the intensity profiles of Figure 3 with
the sole difference that the Figure 4 phase grating has
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a 10% error in mask height, thus corresponding to a
phase step of 0.9π instead of π. Similarly Figure 5 is a
replot of the intensity profiles of Figure 3 with the sole
difference that the Figure 5 phase grating has a mark
space ratio error, being 9:7 instead of 1:1. It is seen that
in both instances the errors give rise to intensity varia-
tions of high spatial frequency in the near field in the
direction normal to the plane of the phase mask.
[0008] The present invention is directed to a method
of creating a Bragg grating in a photosensitive optical
waveguide by irradiating the waveguide with an interfer-
ence fringe pattern of light generated in the near field of
a diffraction grating in a manner that circumvents these
high spatial frequency problems.
[0009] According to the present invention there is pro-
vided a method of creating a Bragg grating in a photo-
sensitive optical waveguide by irradiating the
waveguide with an interference fringe pattern generated
by the passage of electromagnetic radiation through a
diffraction grating located adjacent the waveguide and
oriented to have diffracting elements of the grating dif-
fraction extending at an angle to the waveguide axis,
wherein, during said creation, the physical spacing be-
tween the diffraction grating and the waveguide is var-
ied.
[0010] It may be noted that, in the context of a different
technical field of activity, specifically that of photolitho-
graphically generating high area-density periodic ar-
rays, such as vidicon camera tube targets, United States
Patent No. 3,615,449 discloses writing a two-dimen-
sional array of dots in a layer of photoresist using ultra-
violet light diffracted by a two-dimensional array of
opaque square pads supported on a glass sheet, the
writing process being carried out while the physical
spacing between the photoresist layer and the pads is
varied by approximately a quarter wavelength of the
light specifically for the purpose of eliminating interfer-
ence (Fizeau?) fringes resulting from non-uniformities
of spacing between the photoresist layer and the pad-
supporting sheet over the area of that sheet.
[0011] There follows a description of the creation of a
Bragg grating in a photosensitive single mode optical
fibre by a method embodying the invention in a preferred
form. Previous reference has already been made to Fig-
ures 1 to 5 of the accompanying drawings, in which:-

Figure 1 is a diagram illustrating the generation of
a fringe pattern in an optical fibre by two-beam in-
terference,

Figure 2 is a plot of the near field intensity distribu-
tion at incremental distances from a short phase
grating illuminated at normal incidence,

Figure 3 is a plot similar to that of Figure 2, but in
respect of a longer grating,

Figure 4 is a plot similar to that of Figure 3, but in

respect of a phase grating with a phase step of re-
duced height, and

Figure 5 is a plot similar to that of Figure 3, but in
respect of a phase grating with a different mark to
space ratio.

In the ensuing description reference will additionally
be made to Figures, 6, 7 and 8, in which:-

Figure 6 is a schematic diagram of the apparatus
employed to create the Bragg grating,

Figures 7(a) to (f) are plots of the mean near field
intensity distribution at incremental distances from
a phase grating illuminated at normal incidence, the
near intensity distribution being the value averaged
over six different values of distance increment rang-
ing from 0 to 50µm, and

Figures 8(a) to (f) are plots similar to those of Figure
7, but in respect of a phase grating with a phase
step of 0.9π instead of π.

[0012] Referring to Figure 6, on a table 60 is secured
a laser 61, two cylindrical lenses 62a, 62b, a piezo-elec-
tric translation stage 63, and an optical fibre clamping
yoke 64. The laser 61 is an argon ion laser providing a
frequency doubled output at 244nm which is directed by
the lenses 62a, 62b to be incident substantially normally
upon a phase grating 65 mounted on the translation
stage 63 to form an area of illumination substantially
matched in length to the length of the phase grating 65,
and in width to the diameter of an optical fibre 66 ex-
tending between the two arms 64a of the fibre clamping
yoke 64 so as to lie in close proximity behind the phase
grating. The diffracting elements of the phase grating
extend in a direction inclined at an angle to that of the
axial extent of the optical fibre 66 between the yoke arms
64a. Typically this angle is a right-angle. The piezo-elec-
tric translation stage operates to provide controlled
translational movement of the grating 65 with respect to
the fibre 66 in the direction normal to the plane of the
grating (as depicted by arrow-terminated line 67).
[0013] To create a Bragg grating in the fibre 66 ac-
cording to the method of the present invention, the pie-
zo-electric translation stage is operated to ramp the
spacing between the fibre 66 and the grating 65 through
a certain distance, typically through 50 µm in the case
of a phase grating having a grating period of 1.08µm,
while the fibre is illuminated with ultra-violet light from
the laser 61 through the grating. The ramping may be
on a continuous or stepped basis, and similarly the illu-
mination from the 60 may be continuous or pulsed dur-
ing the ramping. It should also be evident that relative
movement between the grating and the fibre can be ef-
fected by using the piezo-electric translation stage to
move the yoke 64 instead of using it to move the grating
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65.
[0014] The effect of the relative movement between
fibre and phase grating while the Bragg grating is being
created may be understood by reference to Figures 7
(a) to 7(f). Whereas each of the individual lines plotted
in Figure 3 represents the calculated intensity profile at
a specific distance from a phase grating (having a phase
step of π), each of the corresponding lines plotted in Fig-
ure 7(b) represents the mean of the calculated intensity
profile that occurs on steadily ramping through from that
specific distance to a distance 10µm greater. Figures 7
(c) to 7 (f) are equivalent figures, but with different am-
plitudes of ramp, respectively 20µm, 30µm, 40µm, and
50µm. Figure 7(a) is provided for comparison purposes,
its range being zero, and thus this figure is equivalent
to Figure 3.
[0015] Inspection of Figure 3 reveals that its intensity
profile plots have a measure of periodicity of about 50µm
in the direction normal to the plane of the grating, while
inspection of Figures 7(b) to 7(f) reveals that individual
mean intensity profile plots exhibit a greatly reduced de-
pendence upon the magnitude of the specific distance
of commencement of the ramp. This means that the use
of the ramping process in the creation of a Bragg grating
in the fibre makes that creation much less sensitive to
variations in distance between the grating and the fibre.
[0016] Figures 8(a) to 8(f) are mean intensity profile
plots respectively corresponding to the plots of Figures
7(a) to 7(f), but with the sole difference that the phase
step of the grating is reduced by 10% from π to 0.9π.
Inspection of these Figures 8(a) to 8(f), and comparison
with their counterparts, Figures 7(a) to 7(f), reveals that
the differences between Figures 7(f) and 8(f) are much
smaller than those between Figures 7(a) and 8(a). Ac-
cordingly it is seen that the ramping has greatly reduced
the sensitivity of Bragg grating creations to errors in
phase step of the phase grating employed in the crea-
tion of the Bragg grating.

Claims

1. A method of creating a Bragg grating in a photosen-
sitive optical waveguide (66) by irradiating the
waveguide with an interference fringe pattern gen-
erated by the passage of electromagnetic radiation
through a diffraction grating (65) located adjacent
the waveguide and oriented to have diffracting ele-
ments of the diffraction grating extending at an an-
gle to the waveguide axis, characterised in that, dur-
ing said creation, the physical spacing between the
diffraction grating and the waveguide is varied.

2. A method as claimed in claim 1, wherein said vari-
ation comprises linearly ramping the spacing from
a first value to a second value.

3. A method as claimed in claim 1, wherein said vari-

ation comprises stepping the spacing in equal am-
plitude steps from a first value to a second value.

4. A method as claimed in claim 2 or claim 3, wherein
the difference in spacing between said first and sec-
ond values is substantially matched with a periodic-
ity, measured in a direction normal to the diffraction
grating, in the intensity profile exhibited in the near
field of the phase grating.

5. A method as claimed in any preceding claim, where-
in the electromagnetic radiation is pulsed during
said variation.

6. A method as claimed in any preceding claim where-
in the diffracting elements of the diffraction grating
extend in a direction substantially at right angles to
the waveguide axis.

7. A method as claimed in any preceding claim where-
in the waveguide is a single mode optical fibre.

8. A method as claimed in any preceding claim where-
in the diffraction grating is a phase grating.

Patentansprüche

1. Verfahren zur Erzeugung eines Bragg-Gitters in ei-
nem photoempfindlichen optischen Wellenleiter
(66) durch Bestrahlung des Wellenleiters mit einem
Interferenz-Streifenbild, das durch das Passieren
von elektromagnetischer Strahlung durch ein Bre-
chungsgitter (65) erzeugt wird, das benachbart zu
dem Wellenleiter angeordnet und ausgerichtet ist,
Brechungselemente des Brechungsgitters zu besit-
zen, die sich in einem Winkel zur Wellenleiterachse
erstrecken,
dadurch gekennzeichnet, daß
während der Erzeugung die physikalische Beab-
standung zwischen dem Brechungsgitter und dem
Wellenleiter verändert wird.

2. Verfahren nach Anspruch 1, wobei
die Veränderung ein lineares Ansteigenlassen der
Beabstandung von einem ersten Wert auf einen
zweiten Wert umfaßt.

3. Verfahren nach Anspruch 1, wobei
die Veränderung ein Abstufen der Beabstandung in
gleichen Amplitudenschritten von einem ersten
Wert auf einen zweiten Wert umfaßt.

4. Verfahren nach Anspruch 2 oder 3, wobei
der Unterschied in einer Beabstandung zwischen
den ersten und zweiten Werten im wesentlichen mit
einer Periodizität, die in einer Richtung senkrecht
zum Brechungsgitter gemessen ist, in dem in dem
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Nahfeld des Phasengitters ausgebildeten Intensi-
tätsprofil übereinstimmt.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei
die elektromagnetische Strahlung während der Ver-
änderung gepulst wird.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei
sich die Brechungselemente des Brechungsgitters
in einer Richtung im wesentlichen in rechten Win-
keln zur Wellenleiterachse erstrecken.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei
der Wellenleiter eine optische Einzelmodefaser ist.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei
das Brechungsgitter ein Phasengitter ist.

Revendications

1. Procédé de création d'un réseau de Bragg dans un
guide d'onde optique photosensible (66) par irradia-
tion du guide d'onde par un diagramme de franges
d'interférences créé par le passage d'un rayonne-
ment électromagnétique à travers un réseau de dif-
fraction (65) placé afin qu'il soit adjacent au guide
d'onde et orienté afin que les éléments de diffraction
du réseau de diffraction forment un angle avec l'axe
du guide d'onde, caractérisé en ce que, pendant
cette création, l'espacement physique entre le ré-
seau de diffraction et le guide d'onde est modifié.

2. Procédé selon la revendication 1, dans lequel la
modification comprend la variation progressive li-
néaire de l'espacement d'une première valeur à une
seconde valeur.

3. Procédé selon la revendication 1, dans lequel la
modification comprend la variation de l'espacement
par pas d'amplitudes égales d'une première valeur
à une seconde valeur.

4. Procédé selon la revendication 2 ou 3, dans lequel
la différence d'espacement entre la première et la
seconde valeur correspond pratiquement à une pé-
riodicité, mesurée en direction perpendiculaire au
réseau de diffraction, du profil d'intensité présenté
en champ proche du réseau de phase.

5. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le rayonnement électro-
magnétique est pulsé pendant la modification.

6. Procédé selon l'une quelconque des revendications
précédentes, dans lequel les éléments de diffrac-
tion du réseau de diffraction s'étendent en direction
pratiquement perpendiculaire à l'axe du guide d'on-
de.

7. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le guide d'onde est une
fibre optique monomode.

8. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le réseau de diffraction
est un réseau de phase.

7 8



EP 0 684 491 B1

6



EP 0 684 491 B1

7



EP 0 684 491 B1

8



EP 0 684 491 B1

9



EP 0 684 491 B1

10



EP 0 684 491 B1

11



EP 0 684 491 B1

12



EP 0 684 491 B1

13


	bibliography
	description
	claims
	drawings

