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Induced transparency phenomena and strong dispersion can be produced in a coupled resonator induced transparency
(CRIT) structure. In this paper, we investigate the influences of structure parameters, such as amplitude reflection coeffi-
cient and loss, on transmission spectrum and dispersion of CRIT structure, and further study the control of dispersion in
the structure. The results show that in the CRIT structure, adjusting the loss of resonators is an effective method of con-
trolling dispersion and producing simultaneous normal and abnormal dispersion. When we choose approximate amplitude
reflection coefficients of the two couplers, the decrease of transmittance due to loss could be effectively made up. In the
experiment, we achieve the control of dispersion and simultaneous strong normal and abnormal dispersion in the CRIT
structure comprised of fiber. The results indicate the CRIT structure has potential applications in optical signal processing

and optical communication.
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1. Introduction

Nowadays the realization and application of dispersion in
an optical medium is a hot topic in the field of optical physics,
and the research promotes the developments of physics, such
as quantum electrodynamics, quantum optics, optical infor-
mation processing and optical sensing.!'! The early research
on optical medium dispersion aimed to achieve fast light (the
group velocity of light is greater than its phase velocity) or
slow light (the group velocity of light is less than its phase
velocity). In 1999, Hau et al.
cally induced transparency (EIT) (proposed by Harris ez al.l'l)

utilized the electromagneti-

to realize strong normal dispersion in ultracold atoms and a
light speed of 17 m/s.[?! After that, researchers reported many
methods of producing strong dispersion, such as coherent pop-
ulation oscillation, stimulated Brillouin scattering, and dual
wave coupling.[8] These methods produced strong disper-
sions mainly by using the interaction between medium and
external light field.

On the other hand, with the development of the optical
waveguide technology, strong dispersion could also be pro-
duced in an optical resonator structure.>~'!) An optical res-
onator could be a fiber ring resonator, or Fabry—Perot res-

onator, or micro-ring/micro-disk resonator. The ordered ar-
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rangement of the optical resonators can form a variety of opti-
cal resonator structures with strong dispersion, such as cou-
pled resonator optical waveguide (CROW),!! side-coupled
spaced sequence of resonator (SCISSOR),'” and coupled
resonator induced transparency (CRIT).['! In an optical res-
onator structure, the dispersion is induced by the mutual cou-
pling and interference between the resonators, so it is deter-
mined by the parameters of the resonator structures and can
be formed at any optical wavelength. Also, the structures are
usually comprised of optical waveguide or fiber, and thus it
is compatible with current optical devices. Therefore, the op-

tical resonator structure can be used for filters,1%13

[14-

I disper-

171 and rota-

sion compensation,'*-1%! enhanced nonlinearity,
tion sensing.[1819]

The EIT-like effect originates from the destructive inter-
ference of electromagnetic fields of different pathways. There
are two main schemes for the generation of the EIT-like ef-
fects: near-field coupling!?!1 and phase coupling.?>>*! The
near-field coupling scheme hinges on the strength of the cou-
pling, whereas the phase coupling scheme depends on the
The CRIT is proposed by Smith

et al."'l Compared with other optical resonator structures,

phase of the coupling.

this structure is relatively simple, and can produce the elec-

tromagnetically induced-transparency-like effect due to the
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classical destructive interference of optical fields. In re-

cent years, the CRIT has been widely investigated in op-
tical image delay,!”! wavelength division multiplexing, 6]
optical Fano resonance,?”! optical bistability,”® and optical

29301 In the present paper, using the advantages of

switching. !
high transmittance, simple structure, and flexibility in design-
ing dispersion, we investigate the control of dispersion in the
structure and obtain simultaneous normal and abnormal dis-
persion. The results are beneficial for applications of CRIT
structure in optical signal processing and optical communica-

tion.

2. Theoretical analysis and simulation

The CRIT structure shown in Fig. 1 consists of the in-
put/output waveguide, two ring resonators and two couplers
C 1 and Cz.
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Fig. 1. Schematic diagram of a CRIT structure.

Using the transfer matrix method, [15.16] e can derive the
transfer function of the structure
Eout =0 eXP(i(PZ)Tl

T = = - ,
Ein 1 —rzOtzGXp(l(Pz)Tl

D

with
T] _ ry— o exp(i(pl)
1—rio exp(i(pl)’

where r, and t, (n = 1, 2) are the amplitude reflection and

(@)

transmission coefficients of coupler C,, satisfying r,zl + t,% =1,
and o, is the round-trip amplitude attenuation factor of the n-
th resonator. The round-trip phase shift ¢, = wneL,/c, where
o is the angular frequency, 7. is the effective index, L, is the
total length of the n-th resonator, and c is the speed of light in
a vacuum.
The g-th (g is a positive integer) order dispersion coeffi-
cient is
D?=9%rg(T)/dwi. 3)
The optical characteristics of CRIT structure depend on
structure parameters, such as the length of resonator, ampli-

tude reflection coefficient and loss. The bandwidth of the

structure is mainly determined by the length of resonator, and
in general they are in inverse relation. Amplitude reflection
coefficient affects the transmission spectrum, especially the
dispersion bandwidth and the distribution of dispersion inten-
sity. Figures 2 and 3 show the transmission spectra and dis-
persions of CRIT structures with different amplitude reflec-
tion coefficients, where ne = 1.5, Ly =L, =1 m, r, = 0.85,
o = op = 0.98. It can be seen that there are induced trans-
parency phenomena in the transmission spectra, and the trans-
mittance of the transparency peak and the corresponding dis-
persion intensity change with amplitude reflection coefficient.
With the decrease of amplitude reflection coefficient, the trans-
mittance of the transparency peak increases gradually; mean-
while, the dispersion bandwidth also increases. The two peaks
in the dispersion curve are caused by the dramatic change of
transmittance, so they correspond to the two low transmittance
modes in the transmission spectrum. The distance between the
two peaks is proportional to dispersion bandwidth. As shown
in Fig. 3, the dispersion is normal (the first order dispersion co-
efficient is positive) in the dispersion bandwidth, whereas the
dispersion is weak outside the dispersion bandwidth. When
light frequency is far away from the dispersion bandwidth, the
dispersion gradually approaches the waveguide dispersion.
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Fig. 2. (color online) Transmission spectra of CRIT structures with dif-
ferent amplitude reflection coefficients.
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Fig. 3. (color online) Dispersions of CRIT structures with different am-
plitude reflection coefficients.
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Fig. 4. (color online) Transmission spectra of CRIT structures with dif-
ferent amplitude attenuation factors.
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Fig. 5. (color online) Dispersions of CRIT structures with different am-
plitude attenuation factors.

In the CRIT structure, adjusting loss is an effective
method of controlling dispersion. Figures 4 and 5 show
the transmission spectra and dispersions of CRIT structures
with different amplitude attenuation factors, where n. = 1.5,
Li=Ly=1m,r =0.95,r =0.8, and a; = 0.95. It can be

seen that with the decrease of amplitude attenuation factor the

function
generator

| PC

tunable laser

transmittance decreases gradually. However, neither the trans-
mittance of the transparency peak nor dispersion bandwidth
is almost changed. The dispersion of the transparency peak
is normal, and the dispersions of the two low transmittance
modes in the transmission spectrum are abnormal. The trans-
mittances of the two low transmittance modes increase with
the decrease of amplitude attenuation factor, but their corre-
sponding abnormal dispersion intensities decrease. It can also
be seen that the loss has little effect on the transmission spec-
trum shape, but seriously affects the dispersion spectrum, es-

pecially the intensity of abnormal dispersion.

3. Experimental results and discussion

Figure 6 shows the experimental setup for measuring the
dispersion of the CRIT structure comprised of fiber. The cen-
ter wavelength of the polarized laser is 1550 nm, and the
linewidth is less than 10 kHz. The function generator is used
to linearly tune the laser frequency by applying a triangular
wave voltage signal to the tunable laser. The PC is used to
control the polarization state of the polarized laser in the fiber
CRIT structure. After passing through the isolator and PC,
the laser is equally divided into two beams by the first 3-dB
coupler. Then the two beams pass through the structure and
the other arm respectively, and finally are combined by an-
other 3-dB coupler where the interference signal is detected
by detector D2. Detector D1 is used to detect the transmission
spectrum of the structure. The lengths of the two resonators
comprised of single mode fiber (SMF-28) are both about 1 m,
r1 = (0.90)"/2, and r, = (0.70)'/2. The tunable attenuator is

used to adjust the loss of the structure.
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Fig. 6. Experimental setup for measuring dispersion of the fiber CRIT structure. D1 and D2 are two detectors. PC is the polarization

controller.

Figures 7 and 8 show the experimental transmission spec-
tra and dispersions of the fiber CRIT structure with different
amplitude attenuation factors. It can be seen that there is an in-
duced transparency phenomenon in the transmission spectrum
and the full width at half maximum (FWHM) of the trans-

parency peak is about 6 MHz. The transmittance of the trans-

parency peak is about 0.69, and the transmittances of the two
low transmittance modes are both about 0.32. In the disper-
sion bandwidth, there are simultaneous normal and abnormal
dispersion. The transparency peak corresponds to the normal
dispersion, and the two low transmittance modes belong to the

abnormal dispersion. Outside the dispersion bandwidth, the
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dispersion is weak and approaches the waveguide dispersion.
Therefore, we have realized the control of dispersion in the
structure and obtain simultaneous normal and abnormal dis-
persion.

We can see that adjusting loss is an effective method of
It should be
noted that the loss usually reduces the transmittance of the

controlling dispersion in the CRIT structure.

structure. However, the transmittance also depends on the co-
herent effect between the two resonators. Therefore, if we
choose approximate amplitude reflection coefficients of the
two couplers, we can make up the decrease of transmittance

due to loss.
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Fig. 7. (color online) Experimental transmission spectra of the fiber
CRIT structure with different amplitude attenuation factors.
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Fig. 8. (color online) Experimental dispersions of the fiber CRIT struc-
ture with different amplitude attenuation factors.

4. Conclusions

In this work, it is demonstrated that adjusting loss is an
effective method of controlling dispersion in a CRIT struc-
ture. Meanwhile, simultaneous normal and abnormal disper-
sion can also be obtained by adjusting the loss. The trans-
parency peak corresponds to normal dispersion, and the two
low transmittance modes belong to abnormal dispersion. Al-
though the loss usually reduces the transmittance of the struc-

ture, we can choose approximate amplitude reflection coeffi-

cients of the two couplers in advance to make up the decrease
of transmittance due to loss.

The control of dispersion in the structure could be used
in optical signal processing, such as wavelength division mul-
tiplexing and tunable optical signal delay. For example, op-
tical signals with different center wavelengths have different
group velocities due to strong normal and abnormal disper-
sion, so they could be distinguished in time domain. For a
narrow linewidth pulse, we could tune its speed by adjusting

the loss.
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