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Analysis of nonuniform gratings
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It has been shown earlier that the launching of gap solitons into nonuniform nonlinear Bragg
gratings can be significantly easier than for uniform nonlinear Bragg gratings. In this paper we ex-
amine a variety of simple nonuniform Bragg gratings and compare their suitability for the launching
process, by studying the positions of the zeros of the reQection spectrum.

PACS number(s): 42.70.Nq, 42.65.Hw, 42.50.Rh, 42.50.Ne

I. INTKODU CTION

In this paper we consider light propagating through
nonuniform Bragg gratings in a direction orthogonal to
the grating rulings, such as, for example, in fiber grat-
ings, or in thin-film stacks. Previous work on nonuni-
form Bragg gratings concentrated on either the electric
field profiles inside the Bragg grating, or on the general
aspects of the reflection spectrum [1]. However, since the
reflection spectrum can be written as the ratio of two
analytic functions, it can be described completely by the
positions of its poles and zeros in the complex frequency
plane. If we continuously deform the Bragg grating, it
is to be expected that the zeros and poles move continu-
ously in the plane. Such trajectories are the focus of our
paper as they provide new insight into the properties of
nonuniform Bragg gratings.

We have earlier found that the launching of gap soli-
tons [2—4] can be improved by using frequencies associ-
ated with the complex zeros of nonuniform Bragg grat-
ings [5,6]. Since at a zero no light is reflected, the cou-
pling of energy into the grating is most eKcient at these
frequencies. A zero in the reflection spectrum corre-
sponds to a resonance inside the Bragg grating. The
peak intensity at such a resonance can be much higher
than the intensity outside the Bragg grating. As most
optical nonlinearities increase with intensity, such reso-
nances enhance these effects and thus allow them to be
observed at lower powers than for a uniform structure.
Which types of complex zeros are the best to use is the
subject of this paper.

A complex frequency ~ = ~„+ iu, implies that the
electric field is growing exponentially at a rate given by
cu;. This can occur in two diBerent ways. The first is that
at a frequency cu„ the material has a gain or loss propor-
tional to w;, which occurs when, for example, dealing
with a laser problem. The other is that cu; describes the
exponential growth or decay of an external signal as oc-
curs, for example, when dealing with pulses incident on
the structure. Thus when using such zeros to launch gap
solitons where vanishing reflection is required it is neces-
sary to use pulses whose leading edge increases exponen-
tially. The simplest such pulse is the hyperbolic secant
shaped pulse, on which we have focused previously [5,6].

In possible experiments to launch gap solitons, the

pulse width of the laser and hence of the input pulse
is usually fixed and this determines u, . The best value
of u„ is determined by a number of factors [4,6]. The
power needed to create a gap soliton increases as the
frequency moves closer towards the bottom (top) of the
band gap for a material with a positive (negative) non-
linearity. Thus the maximum power available from the
laser sets a limit on the possibie frequencies. If the fre-
quency is too close to the band edge, then the gap soliton
is no longer manifestly nonlinear as significant amounts
of energy would be transmitted in the linear limit as well.

Thus in choosing the best grating for possible exper-
iments it is necessary to know the position of its zeros
in the complex frequency plane. In a previous paper [6]
we simply assumed that we could always find a suitable
zero. Using this assumption we were able to provide es-
timates for the power needed to create a gap soliton. In
our previous work we considered step gratings and did
not evaluate other grating types.

In contrast this paper describes the positions of com-
plex reflection zeros for three types of nonuniform grat-
ings. Each grating type is the concatenation of two uni-
form gratings. These have been chosen as they are the
simplest nonuniform gratings to analyze and to fabri-
cate. The purpose of the front grating is to facilitate
the launching of the gap soliton, which then propagates
through the back grating. The length of the &ont grating
is thus roughly the length of the gap soliton we are trying
to launch, while the back grating is much longer to allow
a reasonable propagation distance. For each nonuniform
grating we give a general description of the zeros, with
an emphasis on the zeros which are relevant to launch-
ing gap solitons. We then discuss the suitability of each
grating for the launching of gap solitons.

II. COUPLED MODE ANALYSIS

A Bragg grating couples light moving in opposite di-
rections. This coupling is strongest at frequencies near
the Bragg frequency wo. Thus we only need concentrate
on the forward and backward propagating modes at fre-
quencies close to uo. Also we make the slowly varying
approximation and ignore rapid time oscillations. The
slowly varying envelopes of the forward and backward
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traveling modes are denoted by T+ and T, respectively.
The only other parameters are K, the grating strength per
unit length of the grating and hence the strength of the
coupling, and b, a normalized complex frequency which
describes how close the frequency is to the Bragg reso-
nance (at h = 0). For the gratings we consider both 8
and v are piecewise constant. In each section the linear
coupled mode equations can then be written as [7]

where [7]

b= & —Mp

Vg
(2)

(id sinpz+ pcos pz irsinpz
p ( iK sin—pz pcos pz —ib sin pz ) '

Ln is the maximum refractive index change in the grat-
ing, A is the wavelength of the incident light, and v~ is
the group velocity. As noted above, both u and b can be
complex.

Equation (1) is solved by exponentiation, yielding the
transfer Inatrix M:

uniform grating, then the matrix M is given by

M = M(n) M(n —1) M(i) . M(2) M(1). (8)

The reflection coefficient is still given by Eq. (6). Such
nonuniform gratings form the focus of our paper, as un-
like most grating structures their reflection spectrum can
be found analytically.

For each detuning b we can find the field distribution
inside the grating; at a reflection zero the grating acts
as a resonator and hence the peak field intensity inside
the grating is higher than the intensity outside the grat-
ing. This resonance eKect allows eKcient launching of
gap solitons using the complex zeros of nonuniform grat-
ings.

Each of the nonuniform gratings we are interested in
can be obtained by deforming a uniform grating. For
these nonuniform gratings we can write the reHection
spectrum as r(8, z), where h is the detuning and x is some
parameter which describes the nonuniformity. Typically
x = 0 corresponds to a uniform grating. If b = bp is a
reflection zero at x = xp, then if we vary x slightly we
would expect the zero to move slightly. In fact the zero
follows a trajectory given by

dx

where P = h —e . In terms of M the solutions to the
coupled mode equations are

(4)

together with the boundary conditions,

X+(l) = 1 and X (l) = 0,

where r follows from Eq. (6). This method for following
a zero is only useful if we know a point on the trajectory.
For a uniform grating all the zeros are given by Eq. (7)
and hence at x = 0 we know the initial point of the
trajectories. In the sections below we utilize this method
to determine whether or not particular gratings are useful
for the launching of gap solitons.

where l is the length of the grating. These boundary con-
ditions reflect the assumption that light is only incident
upon the grating from the front (z = 0).

The amplitude reflection coefficient r(b) is given by

(0) ™21
~+(p) M22

(6)

For a uniform grating the band gap lies between —v (
b ( r where the reflection approaches unity, while out-
side the band gap the reHection decreases.

The zeros of the reflection spectrum are found by solv-
ing r(6) = 0 for 6. A11 the zeros of a uniform grating are
real and occur at detunings given by [8]

A. Step gratings

Step gratings consist of two uniform gratings, each
with a different K and length l, but with the same Bragg
frequency. Figure 1 shows the band diagram [8] for the
step grating. The band gap for each grating is the shaded
region in the diagram between —K, and K. Light inci-
dent upon the grating at these detunings is strongly re-
Hected. We consider that rc2 and l2 are fixed, and vary
the strength and length of the front grating in order to
obtain suitable reHection zeros. In our previous paper

1
b = +—Qv2l2+ n2~2

l

where n is a positive integer. In contrast, for nonuniform
gratings analytic expressions for the zeros cannot usually
be found.

By concatenating several uniform gratings, we obtain
a nonuniform grating, whose field profile can be found
by simply multiplying the separate transfer matrices to-
gether. If M(i) denotes the transfer matrix for the ith

z=O z=1, z=l pl2

FIG. 1. Band diagram of a step grating. The front grating
has a length lq and a strength rq. The main grating has a
length lq and a strength Kq.
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we obtained estimates for the power required to launch
gap solitons in these gratings, however here we wish to
describe the position of the zeros in more detail.

From Fig. 1 it can be seen that when v~ ——0 or vi ——r2
then the step grating reduces to a uniform grating. In
these cases we know that all the zeros must lie on the
real axis at positions given by Eq. (7). When, however, vq
takes on intermediate values the zeros are in general com-
plex. Equation (9) allows us to track a zero as vq ——K2 to
vi ——0. Since no new zeros are created as we vary Ki this
method gives us knowledge about the positions of the ze-
ros of the step grating, for when K, i ——K2 they all lie on
the real axis at detunings given by Eq. (7). This method
can be used whenever we can obtain the required nonuni-
form grating by deforming a uniform grating. The tra-
jectories obtained in this way possess features discussed
below. Many of these can be understood with the help
of the following theorem concerning the real zeros of the
step grating.

Theorem 1. If a real frequency b is a reHection zero of
the two uniform gratings, then b is a real reHection zero
of the compound structure.

A proof of theorem 1 is as follows. If b is a zero of
the two uniform gratings, then M(1)2q ——M(2)2q ——0,
where M(l) and M(2) are the transfer matrices for each
uniform grating. The [2, 1] element of the product is
hence also zero and thus by Eq. (6) r = M2q/M22 ——0. It
should be noted that when r2 g Kq the converse is also
true. We are now able to discuss the trajectories in more
detail.

For the step gratings there are two types of trajecto-
ries. The first of these occurs when a zero begins and
ends on the real axis as Ki varies from K2 to 0. The sec-
ond is when a zero goes to inHnity as ri ~ 0. A typical
trajectory of each sort is shown in Fig. 2. In Fig. 2(a)
the zero is initially at the fifth zero of the large struc-
ture and it ends up at the third zero of the back grating
when ri ——0. If the zero's trajectory remains bounded,
then the trajectory must end on the real axis at a zero
of the back grating given by Eq. (7). By following the
trajectories of all the zeros and noting where they land
we can obtain a mapping IIrom Z to Z, however we have
not been able to find a closed form analytic expression
for this mapping. Hence we cannot predict where a par-
ticular zero's trajectory will finish.

For zeros that remain bounded as in Fig. 2(a), the
main features of their trajectories are the "loops" and
"bounces" that occur when the zero returns to the real
axis. These features can be understood as follows. As I i
decreases the zeros of the front grating move in towards
the origin along the real axis [see Eq. (7)], while the zeros
of the back grating remain fixed. By theorem 1 whenever
the zeros of the two gratings match up, the step grating
has a real zero and hence one of the trajectories must
return to the real axis. It should be noted that such
trajectories in general remain outside the band gap and
hence are of no use in launching gap solitons. Instead we
must look at the zeros which go to infinity as in Fig. 2(b).

Recall that when ~i ——v2 or Ki ——0 we have a uniform
grating and all the zeros lie on the real b axis. Since
at the beginning and end of the trajectories we have a
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FIG. 2. Trajectories for a step grating with parameters
K,, = 5, 0 & K& & 5, l& ——2, and l2 ——10. (a) shows the
trajectory for the n = 5 zero of the large grating which starts
at b = 5.169 when vq ——5 and finishes at b = 5.088 when

= 0. The value of ~q at some intermediate positions is
shown on the graph. (b) shows the trajectory for the n = 1
zero of the large grating which starts at b = 5.007 and moves
to the left as K~ decreases.

uniform grating, the zeros can be put into a 1-1 corre-
spondence with the positive integers [using Eq. (7)] and
hence it is possible that all trajectories could begin and
end on the real line, with no trajectories going to infinity.
However most simple one-one pairings, such as the nth
zero of the initial grating going to the nth zero of the
final grating, would cause the length of the trajectories
to increase without bound. The reason for this can be
seen &om Eq. (7), which shows that the spacing of the
zeros for a uniform grating is asymptotically vr/t. The
initial and final distribution of zeros is shown in Fig. 3;
note that the final distribution of zeros is less dense than
the initial distribution and hence the distance between
the nth zero of the initial grating and the nth zero of
the final grating increases without limit as n increases.
Instead of the length of all the trajectories increasing we
find that the length of most zero's trajectories remains
bounded, except for some for which b; ~ oo. The &ac-
tion of zeros which goes to infinity appears to depend on
the ratio of lengths of the two gratings. We are, however,
unable to predict which zeros go to infinity. The zeros
that go off to infinity have asymptotic trajectories given
by
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FIG. 3. The position of the zeros on the real axis. (a) shows
the initial position of the zeros, and (b) shows the final point.
Note that the density of zeros is higher in (a).

b'(r. i) = P7C Z K2 —Ki
ln

2li 2li
(10)

B. Chirped gratings

where p is a positive integer. Note that when p = 1,
= z/(2li), which is less than r2 if li is sufficiently

large. Thus the trajectory of the first zero which goes
to infinity can pass through the band gap. This can be
seen in Fig. 2(b) where the trajectory approaches that
given by Eq. (10) with p = 1. Numerical simulations
show that this zero can be used to launch gap solitons,
and that the power required can be less by a factor of 5
compared to the uniform case [6]. We have found that
this zero corresponds to the first zero of the grating with
~i ——e2. So when deciding which step grating is best to
launch a gap soliton only the trajectory of the first zero
needs to be considered.

different period &om the first. The difference between
the two resonance frequencies is given by 4 while the
actual frequency of the zero is given by b with b = 0
corresponding to the Bragg &equency of the back grating.
When A = 0 the chirped grating reduces to a uniform
grating with length l i + I2. When the two gratings have
very different Bragg frequencies, which corresponds to
L )) K, , the two gratings are essentially independent as
seen in Fig. 5, which shows the reflection spectrum for a
chirped grating when the frequency difference 4 is much
larger than the width of the gratings. In the extreme
limit when L ~ oo the frequency difFerence is so large
that the first grating has no effect and we can consider the
chirped grating to be a uniform grating with length l2.
By varying 4 and following a particular zero we obtain
trajectories similar to the ones described above. Typical
such trajectories are shown in Fig. 6.

Again there are two sorts of trajectories, those which
cross the band gap of the larger grating, and ones that
loop about before settling down at the location of a zero
of the back grating. The looping of the trajectories is
again caused by the crossing of zeros of the &ont and
back grating which force the trajectory back to the real
axis. As 4 increases the trajectories that settle down are
affected less by the front grating and move closer to the
position of the zeros of the back grating given by Eq; (7).
The zeros that continue to move with L also approach
the real axis as the effect of the back grating decreases.

The trajectories that cross the band gap can be under-
stood by examining the zeros of the two gratings sepa-
rately. As L increases the zeros of the &ont grating all
move to the left in Fig. 6 by the same amount. Eventu-
ally one of them enters the band gap of the larger grating.
When this happens our numerical work suggests that a
zero of the compound structure begins to cross the band
gap. These trajectories go to infinity as 4 approaches
infinity. Also since they pass through the band gap they
can be used for launching gap solitons.

The next nonuniform grating type we consider is the
step chirped grating whose band diagram [8] is shown in
Fig. 4. Here we have two gratings with the same strength
but with a different length and Bragg frequency. This
can be achieved by writing the second grating with a
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FIG. 4. Schematic of a chirp grating. The front grating has
a length lq and a strength mq. The main grating has a length
l2 and a strength m2. The difference between the two Bragg
frequencies is given by A.

FIG. 5. RefIection spectrum of a chirped grating with
I~ ——lcm, l~ ——3cm, ~ = 2cm, and A = 50cm . Note
that the two refIection peaks are well separated and that close
to either peak the refIection spectrum is essentially that of a
single uniform grating.
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FIG. 6. Trajectories for a chirp grating with parameters
tc = 5, 0 & A & 13, lq

——1, and l2 ——10. (a) shows the tra-
jectory of the n = 1 zero of the initial grating (when A = 0)
which starts at b = 5.008 and moves to the left. The rapid
oscillations at the end of the trajectory are caused by the
crossing of the zeros of the back grating. (b) shows the tra-
jectory for the n = 5 zero of the initial grating. It begins at
b = 5.2 and moves to the left finishing at b = 5.155 which
corresponds to the n = 4 zero of the back grating.

FIG. 7. Typical trajectories for a phase shifted grating. In
(a) P = 0.47r, l = 12, and 0 & z & 12 the trajectory starts and
6nishes at b = 5.027, which is the second zero of the uniform
grating. Note that it returns to the real axis six times during
the course of the trajectory; various values of z are shown on
the graph. In (b) P = 0.5m, l = 6, and 3 & z & 6. Here we
show only the b, as a function of z. Initially b„= 0 and it
varies insignificantly as a function of z.

C. Point defects

The last nonuniform grating we consider consists of a
uniform grating with parameters l and tc plus a point
defect located at z where 0 & z & L. The eBect of the
point defect is to change the phase of the electric field
at that point. Such features are well known in the semi-
conductor laser literature, where they are used in some
distributive feedback designs [9]. When the phase shift
is located at the center of the grating, then the reflection
spectrum has a zero at the center of the band gap. If the
point defect is located at either the &ont or the back of
the grating, then grating is uniform.

The transfer matrix for a point phase shift is a diago-
nal matrix with diagonal elements exp(iP) and exp( —iP).
The phase shift P can take any value from 0 to 7r. When
P = n the transfer matrix becomes Diag[ —1, —1) and the
reflection spectrum is thus unchanged. In order to Gnd
the positions of the zeros we start with the point defect
located at either the &ont or the back of the grating and
move the defect through the grating, while tracking the
zeros. Figure 7(a) shows a trajectory as the position of
the point defect moves through the grating. Its main fea-

r(8p, P, l —z) = r(bp, P, z)*
= r((bp)* » z)
= r(bp, P, z)
= 0.

(11)
(12)
(»)
{14)

In particular this implies that when z = l/2 all the ze-
ros lie on the real b axis. Hence once the point defect
has passed halfway, the trajectory returns to its start-
ing point by following the conjugate of its outward path.
These trajectories remain outside the band gap and so
cannot be used to launch gap solitons. To be able to use
such gratings we need to find zeros which enter the band
gap.

Whereas above all the zeros started on the real axis for
the case of a phase shifted grating, some zeros start and

ture is that the trajectory begins and ends at the same
point. The reason for this is that the reHection spectrum
for a lossless grating &om one end is the complex conju-
gate of the spectrum at the other end. Consider a reflec-
tion spectrum r(b, P, z) for a grating of length l, where
P is the phase shift caused by the point defect which is
located at position z. If at h = Sp, r(hp, P, z) = 0, then
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finish at infinity. One such zero is shown in Fig. 7(b).
In contrast to previous plots which show the trajectory
in the (b„,b;) plane, here we plot b; against the location
of the point defect z. The reason for this is that b = 0
initially and when z = I, b„& 10 i4. When the point
defect is at the center of the grating the zero is on the real
axis inside the band gap, but as the point defect moves
towards the edge, the zero moves almost vertically away
Rom the real axis. When the point defect is near the
center of the grating we can get an approximate position
for the zero by assuming that the grating is in6nite. The
case of an infinite grating with a phase defect at the origin
can be solved exactly and leads to a resonance inside the
band gap located at

b = icos/.

For a 6nite grating this resonance becomes a reflection
zero at the position very close to that given by Eq. (15).
This approximation is most accurate for long gratings
and when the point defect is closest to the center.

III. LAUNCHING ZEROS

In Sec. II we discussed the general properties of vari-
ous nonuniform gratings. In this section we concentrate
on the suitability of each type of grating for launching
gap solitons. In particular we consider, if we have two
gratings which have a zero at the same (complex) fre-
quency, which grating is best to launch a gap soliton. To
create a gap soliton efBciently two problems have to be
overcome. The first of these, the "reflection problem, " is
that of coupling energy eKciently into the grating. The
second of these, the "formation problem, " is that the en-
ergy inside the grating must be able to form a gap soliton.
Before discussing these in detail below, we note that the
reflection problem depends only on the position of the
re8ection zeros in the complex &equency plane, i.e. , h',

must match the source pulse width (see Sec. I), while
b„matches the &equency of the source. In contrast, the
formation problem deals with the 6eld distribution in-
side the grating, which not only depends on the position
of the reflection zero, but also on the grating geometry.
In particular the formation problem depends strongly on
the width of the Geld distribution inside the grating. Of
the two problems, solving the reflection problem is more
crucial since the gap soliton cannot form if there is insuf-
ficient energy. However, the formation problem provides
a criterion to rank difFerent gratings which all solve the
reflection problem.

We 6rst turn to the reflection problem. For a zero to
be suitable b; must match the temporal pulse width of
the source. Specifically, for a hyperbolic secant shaped
pulse the width T must equal 1/(h, vs) [6]. A typical
pulse width for possible experiments is 100ps, which cor-
responds to h; = 0.5cm in glass (with a re&active in-
dex n = 1.5). Similarly in an experiment the value of b',

must match the &equency of the source. When designing
the grating this consideration is somewhat relaxed since
the entire reflection spectrum can be moved by about a

nanometer by tuning the grating after it has been written
[10]. Instead the value of b is determined by the solution
to the formation problem.

In solving the formation problem we rely on the follow-
ing features of a gap soliton: (i) they are single peaked;
(ii) their spatial width m~ and center frequency b, obey

4
(16)

Earlier [6] we argued that a structure with a linear res-
onance which has the above features would be most eK-
cient at launching a gap soliton. That is, we require the
linear resonance also to be single peaked and to have a
width m' = to~, and furthermore ur' and frequency b„of
the zero to satisfy Eq. (16).

For a uniform grating, the intensity profile associated
with the nth reflection zero has n local maxima. As we
deform the grating and track the zeros this property re-
mains. Since gap solitons have only a single intensity
maximum we can therefore restrict our search to the first
zero of nonuniform gratings. In general the width m~ of
the resonance is a complicated function of the frequency
of the zero and the geometry of the structure, and hence
we treat it as an independent parameter in our problem.
By requiring that m' and b„satisfy Eq. (16) we thus fix
the value of b„. We stress that T, the temporal width
of the incoming pulse, and m~, the spatial width of the
linear resonance, are not related; for example, in a step
grating m) —li.

Thus for each grating we are concerned with the fol-
lowing three parameters: the real and imaginary part of
the first zero and the spatial width mt of the associated
linear resonance.

For a step grating, finding zeros which lie on the ellipse
given by Eq. (16) is a simple task. Figure 8 shows the
positions of 8000 zeros in the (h'„, 1/m) plane. Each zero
is the first zero of a step grating with K,2

——5, l2 ——10,
and with ei and li uniformly distributed in the intervals
0 & Ki ( 5 and 0.5 ( li ( 2. Figure 8 shows only
those zeros which are suKciently close to the ellipse and
satisfy e2 —1 & b, & e2 and b'; & 1. The solid line is the
ellipse given by Eq. (16) where K = r2 The valu. e of K

for the back grating is used in drawing the ellipse since
the gap soliton propagates through the back grating [6].

2.5
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0.5

FIG. 8. Graph showing the position of various zeros on
the (8„,1/w) plane, along with the ellipse given by Eq. (16).
Each point on the graph corresponds to the Grst zero of a step
grating with K2 ——5, l2 ——10, and 0 ( Kg & 5, 0.5 &. lg ( 2.
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1
w 2

plane. Since the zeros of the other two gratings cover the
relevant part of the ellipse, the zeros of the phase shifted
gratings would be expected to be above the ellipse, and
hence not suitable to launch gap solitons. In fact this is
the case as can be seen in Fig. 9, where again ~ = 5 and
l = 10. This implies that the phase shifted grating is not
suited for launching gap solitons.

IV. DISGUSSION

FIG. 9. Graph showing the position of various zeros on the
(b, 1/w) plane, along with the ellipse given by Eq. (16). Each
point on the graph corresponds to a zero of a phase shifted
grating with tc = 5, l = 12, and the position of the defect is
between 0.5 and 2.

In addition, for the zeros of interest we have found that
e2 and hence the ellipse is not significantly altered

if we used Kq instead of +2. It is clear that the zeros
cover a significant proportion of the ellipse, and hence
we can easily find a suitable zero to launch a gap soliton.
By changing the parameters of the grating slightly, while
keeping K2 constant we can find zeros which cover nearly
all of the ellipse. The imaginary parts of the zeros take
on a wide range of values which means that finding zeros
suitable for a wide range of pulse widths is possible.

For the chirped grating, finding suitable zeros is more
complicated than for a step grating since the zeros that
enter the band gap return to the real axis on the other
side of the band gap, and thus b; tends to be smaller than
for the step grating. This implies that for longer pulses
a chirped grating would possibly be better than a step
grating of the same length. The coverage of the (h„, I/to)
plane is not as complete as it is for a step grating, making
it harder to find zeros which lie on the relevant ellipse.

For a phase shifted grating, T+ and T are discon-
tinuous at a point defect, which means that the width
of the resonance is generally narrower than it would be
if it were continuous. Thus the zeros for a phase shifted
grating would on the average lie above the zeros of ei-
ther a step grating or a chirped grating in the (h„, I/to)

The launching of gap solitons in nonuniform gratings
requires zeros in the reHection spectrum at particular
complex frequencies. By tracking the zeros of a uniform
grating as we deform it we are able to determine whether
a particular grating is suitable. In addition the trajec-
tories of the zeros themselves possess many interesting
features, which can be easily seen using our approach.

Of the three gratings that we examined the best grat-
ing to use for launching gap solitons is the step grating,
while the phase shifted grating is not suitable for launch-
ing gap solitons. The third grating type —the chirped
grating —is suitable for experiments involving nanosec-
ond pulses but is not as good as the step grating for
shorter pulse lengths.

Step gratings differ &or+ the other two grating types
in that the total strength of the grating decreases as we
deform it. This feature causes some of the trajectories to
go to infinity, and hence we can find zeros which have high
values for b; corresponding to short pulses. In contrast
the zeros for the other two gratings hug the real axis and
hence b, never increases suKciently.
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