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Research on the Dispersion Compensation of Slot
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Abstract—Negative group velocity dispersion (GVD) in the slow
light region of the slot photonic crystal waveguide (PCW) is used to
compensate the positive GVD of the conventional PCW. Through
designing the proper structure, we plot the waveforms and field
pattern of the light propagation in the waveguide. We find that the
waveform gets broaden first for the positive GVD in conventional
PCW and recovers through the slot PCW with the negative GVD.
The light energy fades away as the light propagated along the PCW,
but it can be well confined into the narrow slot, which may effec-
tively enhance the interaction between slow light and the low-index
waveguiding material filled in the slot. So the slot PCW can open
the opportunities for wide applications such as optical dispersion
compensation, optical delay line, and so on.

Index Terms—Dispersion compensation, field pattern, slot pho-
tonic crystal waveguide (PCW), waveforms.

I. INTRODUCTION

HOTONIC crystal (PC) with single line air-holes missing

can bring into guiding modes in the photonic band gap
(PBG) [1]-[3]. PCW has many advantages such as working
under room temperature. great potential bandwidth, and real-
izing slow light in arbitrary wavelength and so on. Slow light
offers a promising approach to realize optical delay line, optical
buffers and data synchronization in future all optical communi-
cations and information processing systems [1]-[3].

However. the slow light region near the photonic band edge
is usually accompanied by large GVD which severely deforms
optical pulses and disturbs practical application. To decrease
the GVD. several methods have been proposed. such as modi-
fying the waveguide width, changing the air hole size and using
micro-fluidic infiltration [2]-[5]. All these methods can only
slow down the signal waveform broadening. but cannot elim-
inate the waveform broaden. Here we will propose a special
structure to eliminate the waveform broadening based on slot
PCW.

The slot PCW can confine light in a narrow slot filled with
low-refractive index material which is more convenient and fea-
sible for fabrication [6]-[9]. The slot PCW can be filled with
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Fig. 1. Schematic diagram of the model of PCW.

nonlinear or electrooptical (EO) material to construct various
applications, such as all-optical logical switch, modulators and
so on [10]. This letter will show that the slot PCW can also be
used to compensate dispersion by structure optimizations.

Firstly we calculate the band model of the conventional PCW
and slot PCW respectively. Then we slightly adjust the param-
eters of the two types of PCWs to make the even guided mode
at the same frequency and to make the GVD in the slow light
region of the slot PCW is negative to compensate the positive
GVD of the conventional PCW. Finally. through designing the
proper structure, we calculate the waveforms and field pattern
of the light propagation in the PCW to verify the compensation
results.

II. THEORETICAL MODEL

We mainly focus on two types of PCWs which are triangular
lattice with air holes as shown in Fig. 1. One is the conventional
PCW (the left part in Fig. 1) the other is the slot PCW (the right
partin Fig. 1). The refractive indexes of the background material
Si and the air-holes and the air-slot are 3.5 and 1. The radius of
the circular air-holes r is 0.32q. the radius of the second two
rows of air-holes adjacent to the waveguide 5 is 0.28a. the
width of the slot w is 0.1«. the lattice constant ¢ is 336 nm.
Detector A, B, C are set to detect the waveform of the light
signal.

The group velocity v, of light waves can be given as [1]-[3]:

dw ¢
Vg = — =

“7 ok

Ty

)

where w is the frequency. % is the wave vector, ¢ is the light
velocity in vacuum. n, is the group index. The group velocity
in a PCW is strongly dependent on the frequency as quantified
by the GVD parameter [ [1]-[3] as:
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Fig. 2. (a) Band diagram for conventional PCW. (b) Band diagram for slot
PCW.

The GVD will broaden the pulse width propagating through the
PCW. Hence, the extreme GVD in the conventional PCW will
be devastating for the utilization of slow-light [2]. That may
severely deform the pulse, reduce the propagation distance and
increase the bit error rate.

The condition of dispersion compensation can be written as.

,U]Ll + JZL_) = “: (3)

where I. = I; + L is the dispersion-map period. 5; (j = 1,2)
is the GVD parameter of waveguide of length L; ( = 1,2).
When (3) is satisfied the pulse recovers its initial width after
each compensation period [11].

III. SIMULATION RESULTS

A. The Guided Modes

The dispersion curves for TE polarized mode in conventional
PCW and slot PCW are numerically calculated by 2-D plane
wave expansion (PWE) method to simplify calculation. The de-
fect modes inside the band gap are studied with a super cell as
shown in the inset of Fig. 2. The conventional 2-D triangle lat-
tice PCW with circular air-holes supports: even and odd modes
in the PBG [12] as shown in Fig. 2(a). The even gap guided
mode concentrate most of its energy in the unstructured part of
the waveguide [3], [4]. Here we just discuss the right flat band
edge of the even mode which is theoretically slow light region.

We carefully adjust the width of the slot w to 0.1a in order
to make the even guided modes of the two PCWs at the same
frequency. Correspondingly. we simulate the bands of slot PCW
in Fig. 2(b). which supports only one even mode in the PBG.
The slab mode bands are slightly affected by the insertion of
the air-slot [7].

The group velocities at the band edge of the two PCWs are
plotted in Fig. 3. In this range both of the group velocities are
under 0.045¢. It is addressed as the slow-light regime.

B. The Dispersion Properties in Slow Light Region

In the following, we mainly research the GVD of the slow
light region mentioned above. Fig. 4(a) sketches the GVD of
even guided mode of conventional PCW. Fig. 4(b) sketches
the GVD of even guided mode of slot PCW. We can see that
the GVD of the conventional PCW is positive on the order of
107 ps? /km, while the GVD of the slot PCW at normalized fre-
quency of 0.216~0.217 is negative on the order of 10¥ ps? /km.
Therefore. this slot PCW can be used to compensate group ve-
locity dispersion of the conventional PCW.
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Fig. 4 (a) GVD of conventional PCW near the band edge. (b) GVD of slot
PCW near the band edge.

C. The Waveform and Field Pattern in the PCW

In this section we mainly focus on the dispersion compensa-
tion structure and analyze the broadening and recovering of the
signal pulse. Meanwhile. the delay time and field pattern will be
given

Firstly as the opposite GVD property of the above two PCWs
mentioned in Section III-B. we design a special structure to
realize the dispersion compensation as shown in the Fig. 1.
The normalized centfer frequency of light source is 0.2168.
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Fig. 5. (A) Waveform of light pulse propagation in PCW at (a) Detector A,
(b) Detector B, (c) Detector C; (B) the fitting and enlarging curves of (A).
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Fig. 6. Field pattern of the designed PCW.

The length L; of conventional PCW is 80a. the length L. of
slot PCW is 10a. In order to observe the pulse width we plot
the waveforms of light pulse at detector A, B. C in Fig. 5(A)
by FDTD (finite-difference time-domain) in MEEP. In MEEP
units, a/c is our unit of time. « used as our unit of distance,
where ¢ is the velocity in vacuum. We set the time steps as
10000, the resolution as 10. We can see that the waveform
becomes broaden while light propagates in the conventional
PCW. When the light coupled into the slot PCW and propa-
gated through it, the waveform almost recovers its initial width
as shown in Fig. 5(A). We measure the FWHM (full width half
maximum) of the fitting curve of the signal envelope at point
A. B, C as shown in Fig. 5(B), which are 14.26 ps, 18.27 ps
and 14.08 ps, respectively. The results show that the dispersion
compensation can be realized in the proposed structure. The
loss 1s about 17 dB.

In addition, by calculation we can get that the whole delay
is about 3.70 ps as shown in the figure. which is in accordance
with the calculated result from PWE which is about 3.68 ps.

Simultaneously. we calculated the field pattern by FDTD in
Fig. 6. The figure show that the energy fades away as the light
propagated along the conventional PCW. Then it is coupled
and concentrated in the slot which means that this structure can
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well confine slow light in the narrow slot. This can effectively
enhance the interaction between slow light and the low-index
wave-guiding material filled in the slot.

IV. CONCLUSION

Though slightly adjusting the parameters, we make the even
guided modes of the two types of PCWss at the same frequency.
Negative GVD in the slow light region of the slot PCW is used to
compensate the positive GVD of the conventional PCW. We de-
signed the proper structure and plotted the waveforms and field
pattern of the light propagation in the PCW. It is found that the
waveform got broaden firstly for the positive GVD in the con-
ventional PCW and narrowed down through the slot PCW for
the negative GVD. The energy fades away as the light propa-
gated along the PCW. but the light can be well coupled into the
narrow slot. So the slot PCW can open the opportunity for wide
applications of slow light.
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