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Abstract: System of microring resonators (MRRS) incorporatvith an add/drop MRR system are presented to gémer
single and multi-temporal and spatial ultra-shaiiten pulses applicable in optical soliton comnuations. The chaotic
signals caused by the nonlinear condition couldjémerated and propagated within the system. The éffsct in the MRR
system induces the nonlinearity condition. The pegal MRR systems are used to generate ultra-stigdanspulse within the
system. Using the appropriate MRR parameters, -shicat spatial and temporal signals are genergteelading over the
spectrum. In this work, narrow soliton pulses colddlocalized within the proposed systems. Hergosopulses of 0.7 ps,
0.83 fs and 19 pm are generated using series of $\ifdRnected to an add/drop MRR system. The nomlieizactive index
is n,=2.2 x 10" m%W. Using the panda ring resonator system, theshort soliton pulses with full width at half maim
(FWHM) and free spectral range (FSR) of 5 MHz ar@2z, were generated at the throughput port. Theubsignals pulses
with FWHM of 10 MHz and FSR of 2 GHz could be obtd at the drop port of the system. As second tesising this
system, multi-carrier soliton pulses with FWHM=2Mlare localized within this system with respec2@000 roundtrips of
the input pulse. Localized optical tweezers coukddenerated using the half-Panda MRR system, witergpeaks have
FWHM and FSR of 8.9 nm and 50 nm respectively. itvalinear refractive index was selected$o2.5x10"" m’/W.

Keywor ds. Microring Resonator (MRR), Ultra-Short Soliton, §iphand Temporal Soliton, Kerr Effect

1. Introducti combination of modulation and multiplexing [22-25].
- Introauction Modulation refers to the process of changing theiea

Ultra-short soliton generation is very attractiepecially ~Phase, frequency, amplitude, or their combinatioith va
when it uses quantum cryptography in an opticaqnodulgted signal that typically con_talns mfor_matlt_[_) be
communication network, which is reported by Amiri4]. A transmitted [26-29]. However, the aim of multiplegiis to
spectrum of light over a broad range can be gesdrahus share a bandwidth. Single-carrier modulation ischology
an optical soliton pulse is advised as a powedsét pulse that modulates information onto only one carrid-B3]. The
which can be utilized to generate chaotic filteatéees when Main problem of this technology is satisfying theed for
spreading within microring resonators (MRRS) [5_8]'h|gh band\_/wdth in fixed _spectrum Iw_mts of one slmgarrler
Therefore, the capacity of the transmission data ba [34-38]- High data rate in one carrier causes d fsgmbol
secured and increased when the chaotic packetrsmgtgs 'ate- AS the duration of one symbol or bit becosesller,
utilized provided using this technique, [9-11]. this study, e System becomes more susceptible to loss ofnafton
Wwe propose a systems of MRRs that uses ultra-&matized from impulse noise, signal reflections, and otmepairments
spatial and temporal soliton pulses to form thentigpacity [39-43]- These impairments can impede the abibtyecover
communication [12-16]. The device parameters areisited Nformation sent. In addition, as the bandwidthcdusy a
associating to the practical device parameters 2fj7- Single-carrier ~system increases, the susceptibility

Orthogonal frequency division multiplexing (OFDM$ & interference_ from oth_er continuou_s signal sourcesolmes
greater. This type of interference is commonly ledokas a
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carrier wave (CW) or frequency interference [44-4A7§rk-
Gaussian soliton controls within a semiconductod/abp
multiplexer has numerous applications in
communication [48-53]. Nano optical tweezers teqhaihas
become a powerful tool for manipulation of microeresized
particles/photons in three spatial dimensions [8}-& has
the unique ability to trap and manipulate moleciplestons
at mesoscopic scales with widespread applicatiotsalogy
and physical sciences [63-69]. The output is acdewhen
the high optical field is set up as an optical teexs [70-73].
For communication’s application purposes, the @ptic
tweezers can be used to generate entangled phdtan the
proposed network system [74-78].

Internet security becomes an important functiontha
modern internet service. However, the security napke
known as quantum cryptography has been widely asebl
investigated in many applications, using ultra-shaptical
solitons [79-83]. Amiri et al, have proposed thevrdesign
of optical switching used in optical communicatisystems
[84-89]. This method uses nonlinear behaviour ghtliin
MRR which can be applicable for high-capacity traission
and switching [90-94]. Transmission of all-optic@FDM
can be
subcarriers, separating these subcarriers via apdievices,
and finally modulating each subcarrier separat&ly-97].
Optical carrier generation thus constitutes thacbhsilding
block to implement OFDM transmission fully in thetizal
domain [98-101]. The MRR system provides a viab&Eans
to generate this building block that representsgiieeration
of the necessary multi-carriers [102-104]. A saliteolution
of the nonlinear wave equation is always stabler avéong
distance link, and this stability of soliton signéd even more
remarkable than the possibility of balancing disper and
non-linearity [105-110]. One important aspect of¢ tMRR
system is that suitable tuning of the system patarsallows
for desired soliton carriers with specific key daeristics,
such as full width at half maximum (FWHM) and staito
be obtained at the drop/through ports of the sy$idii+-116].

2. Picosecond Soliton Pulses Gener ation

The schematic diagram of the proposed system igrsimo
Fig. 1. A soliton pulse with 20 ns pulse width, bemwer at
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Fig. 1. Schematic diagram of soliton pulse generation,riRg, radii andxs,
coupling coefficients

The soliton pulse is introduced into the proposgstesn.
The input optical field ;) can be in the form of bright
soliton (equation 1), dark soliton (equation 2) @aussian
laser beam (equation 3) [131-136]. Here, the bragiliton
pulse is input into the system. The input optidaldf (E;,) of
the bright soliton, dark soliton and Gaussian ldssam are
given by:

_ T z | .
E, = Asech[_ro } epr oL, J |a)0t} (2)
E, = Atan){T} eprZj —iwot] 2
T, 2L,
_ z .\ .
En (1) = Aexp{(ZLD ) 'wot:| 3

A and z are the optical field amplitude and propagation
distance, respectively [137, 138] is a soliton pulse
propagation time in a frame moving at the groupoeiy
[139-141],T = t-B,xz, wherep, andp, are the coefficients of
the linear and second order terms of Taylor expanef the
propagation constant [142-144]| =T02/\,82\ is the
dispersion length of the soliton pulse [145, 148&he
frequency shift of the soliton ig,; .

This solution reports a pulse that maintains immgeral
width invariance as it spreads, and thus is callédmporal

soliton [147-149]. When a soliton peak intens(’pyzeroz‘)
is established, therr is recognized [150-152]. For the

500 mW is input into the system. The suitable ringsoliton pulse in the MRR system, a balance shoud b

parameters are used, for instance, ring r&j#10 pum,

accomplished between the dispersion lendtk) (@and the

Ro=5um, andRs=4um. In order to make the system associatgopjinear length (. =1/T ¢y ) [153-155], where™ =n,xk,

with the practical device, the selected parametdrghe
system are fixed td,=1.554m, n5=3.34 (InGaAsP/InP) [117-
121], As¢=0.50, 0.25m? and 0.12m? for the different radii
of MRRs respectively [122-124§=0.5dBmn, y=0.1 [125-
127]. The coupling coefficient«) of the MRR ranged from
0.50 to 0.975 [128-130].

is the length scale over which dispersive or nadimeffects
makes the beam gets wider or narrower [156, 157].

Since for a soliton pulse, there is a balance batwe
dispersion and nonlinear lengths, therefasel y, [158, 159].
Whenever light spreads within the nonlinear mediuheg
refractive index (n) of light within the medium dsntributed
by [160-162].

n
N1yl =1+ (P,

ff

(4)
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wheren, andn, represent the linear and nonlinear refractiveutput mirrors with a field reflectivity, (), and a fully
indices, respectivelyl and P are the optical intensity and reflecting mirror [169, 170]« is the coupling coefficient,
powers, respectively [163, 164]. The effective mamee and x=exp(wL/2) symbolizes a roundtrip loss coefficient,
area of the device is introduced By For the MRR and @,=kLn, and @&y =kLn|Ei.[> are the linear and nonlinear
NRR, the effective mode core areas range 0.50110 |0n”>.  phase shifts [171, 172k=217/} is the wave propagation
When a soliton pulse is input and propagated withMRR  number in a vacuum. Where and a are the waveguide
as shown in Fig. 1, the resonant output can beopeed, length and linear absorption coefficient, respetyivi173,
hence, the normalized output of the light fielddefined by 174]. In this work, the iterative method is brought to
the ratio between the output and input fields prese by obtain the results as shown in equation 3, likewigeen the
E.u(t) andEi,(t) in each roundtrip, and can be expressed amutput field is associated and input into the othieg
[165-168] resonators. The nonlinear refractive indexjs2.2 x 10"
m?/W. In this case, the waveguide loss utilized Sd@mm™.

e 1 (= N2 As shown in Figure 2, the signal is chopped intsnaller
Eoull) =1-y)|1- A=@=pxx (5) signals spreading over the spectrum. The atteruatiche
E.(®) (1—xw/1—y\/1—/()2+4x,/1—y\/1—/(sirf(g) optical power within a MRR is necessitated in order

maintain the constant output gain.

The equation 5 suggests that a MRR in the spea&d s
very similar to a Fabry-Perot cavity, having anuhpnd an
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Fig. 2. Results obtained when temporal soliton is localizgtthin a MRR, where (a): Chaotic signals fromy B): Chaotic signals from JR(c): temporal
soliton, (d): temporal soliton with FWHM of 0.7 ps.
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Fig. 3. Results of temporal and spatial soliton generatihere (a): Chaotic signals from;R(b): Chaotic signals from R (c): filtering signals, (d):
Temporal soliton with FWHM of 83 fs, (e): Spatiali®n with FWHM=19 pm
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Figure 3 demonstrates the results while temporal arb(b-c), where, pulses with FWHM of 10 MHz and FSR2o

spatial optical soliton pulses are localized withilVRR and GHz are obtained.

add/drop MRR systems with 20,000 roundtrips, thos t
optical pulse of 83 fs can be generated. Hereritite radii
areR;= 10pum, R;= 5 pm,Rs= 4 um,R,;=4 um andR,~ 200
um with coupling coefficient ok ;=0.3, x ,=0.5, k 5=0.7,
Kk 4=0.9, ks=0.1 andx ¢=0.1.

3. Soliton Generation in Frequency
domain for Communication
Application

The system of soliton frequency band generatigh@vn
in Figure 4. Here, series of ring resonators armeoted to a
panda ring resonator system. The filtering prooslsshe
input soliton pulses is performed via the ring redors,
where frequency band ranges 40—60 GHz can be ebitaia
the output signals of the panda ring resonatoresystThe
soliton pulse shown by equation 1 is introducea itite
nonlinear system.

Ed

Fig. 4. Optical frequency band generation system usingaadp ring
resonator connected to a series of MRRs

A frequency soliton pulse can be formed and trappe,

within the panda ring resonator system with suéabhg
parameters. The centred ring of the panda ringnedso
system has a radius of 1@@n and coupling coefficients of
K, = 035 andk, = 030, where the right and left rings have

radii of 18 um and 8um, respectively. The effective core
areas of the right and left rings apg, =A ., = 025nt, where

the coupling coefficients have been selectedkfo= 022

and x, = 010. Filtering of the interior soliton signals can be

performed when the pulses pass through the coupterand
K 4. The output signals from the throughput and drogtspof
the system can be seen in Figure 5, where soldoge of

40-60 GHz are generated and used in many optice

communication applications, such as wireless peailsarea

networks (WPANs) and wireless local area networks, s (P) |

(WLANS). The throughput outpuE(,) shows localized ultra-
short soliton pulses with an FWHM and free speataalge
(FSR) of 5 MHz and 2 GHz, respectively, where salit
pulses at frequencies of 50 GHz and 52 GHz arergtatk
The drop output signals expressedHyare shown in Figure

[ ()
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Fig. 5. Results of localized solitons: (a): throughput autsignal with
FWHM=5 MHz and FSR=2 GHz, (b): chaotic soliton mds(c): expansion
of the soliton pulses ranges 50-52 GHz with FWHM#I8z and FSR=2
GHz

A bright soliton with a central frequency of 92.%&and
power of 2 W is introduced into the first MRR. Ttesults of
the chaotic signal generation are shown in FigureTite
rings’ radii and coupling coefficients afg =6um, x, = 0.3,

R, =4/m and «, = 0.3. The ring of the Panda ring resonator
system has a radius of 120 um and coupling coefftsi of
k3 =03 and x, =05, where the right and left rings have the

same radii of}; =3ur and R =3um. The effective core areas
of the rings areAuw=Aun= 01Qnt , where the coupling

coefficients have been selected g = 0.2 andx, =01. The
wave-guided and fractional coupler intensity losse®
a=05 dBmm-1, andy=01 respectively. The through put
output shows localized narrow bandwidth solitonspslwith
FWHM and FSR of 3 MHz and 200 MHz, respectively,
where soliton pulses at frequencies of 92.6, 9AB3I8 GHz

re generated. The drop port output signals arsvisha

igure 6(c-d), where multi-soliton pulses with FWHM 11
MHz and FSR of 188 MHz could be generated.

As it can be concluded from the results, the eafficly of
this system can be evaluated by the output sotitoarrier
signal generated by the MRRs. Long distance fiber
communication link is implemented using this metra
can be integrated to short distance indoor wireleds for
ultra-high data rate transmission.
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] pm, 1.6 um. In order to make the system associdtetie
practical device (InGaAsP/InP), the selected patarseof

i | the system are fixed t@, =334 and n, = 25x10°%" M/W.

s e A, Filtered and clear optical tweezers are seen urdi@ where

. ‘ _ Frequency (GHz) ‘ - the peaks have FWHM and FSR of 8.9 nm and 50 nm
o Jd) FSR=188 WHz | respectively. In the case of communication networks
= o | M= Mz ] generation of narrower signals is recommended to
- ; compensate the fiber loss and system'’s attenuation.

9255 926 9265 927 9275 928 52,85 By using suitable dark-Gaussian soliton input pewer
Frequency (GHz) tunable optical tweezers can be controlled. Thisvioles the
Fig. 6. (a-b) throughput output signal (W/dmwith FWHM=3 MHz and  entangled photon as the dynamic optical tweezarisepiThe
FSR=200MHz, (c-d) drop port multi-solitons outpugreal (W/urd) with  required data can be retrieved via the throughdiog ports
FWHM=11 MHz and FSR=188 MHz of the add/drop MRR. High capacity data transmissian be
obtained by using more wavelength carriers. Theaathge
4. Ultra-Short Soliton Tweezers of this study is that ultra-short nano optical taems can be
Generation genergted and trg_n_smitted via a network system thus
improving the sensitivity and capacity.
The array of dark soliton pulses expressed by émua&
are introduced into the input port half-Panda MRRtesm 5. Multi-Carries Soliton Gener ation for
shown in Figure (7). This system consists of an/dcrdg

MRR system connected to a smaller ring resonatothen ered/W|re|e$Optlca]

right side. Communication Systems
Input Port Through Port Using the system shown by Figure 1, the opticaitcol
E., ue)> K4 Ey ns)> carrier can be generated. Figure 9 shows the sesiien
[

' soliton pulses are localized within the MRR and /ddup
MRR systems with 20,000 roundtrips, where the aeplit
pulses with FWHM=20 MHz could be generated as tesful

5 the fourth ring resonator shown in Figure 9(d). Theput

results from the drop port of the system can ba sedhe

s Figure 9(e-f). Here, the ring radii aR=15 um, R,=9 um,
| - , Rs=6 um, R=6 pm and R,&=100 um having coupling
<€ E, < E, coefficients ofx, =0.98, «, =0.98, k, =0.96, x, =0.92,
Drop Port Add Port ks =0.1 and x, =0.1. The nonlinear refractive index is
2.4x10Y. A (UMP)=0.50, Aez (UNT)=0.25 and Acfza
Fig. 7. A schematic diagram of Half-Panda MRR system (un12)=0 10
1 g "l £ o)
i & 1 o
] g_ 05 go.os
: LR Freq“:ﬂ;(mz) LAl 192° {97 193.05 Freq“:‘c.; i 193.15 1932
z % s[(d)
13 14 143 15 15 16 .63 17 l-‘:N } 4 FWHM=20 MHz
Wavelength (un) s )
T T T T T 5 £ Ll e e
_ 193.05 1931 193.15 1932 & o3 193.05 1934 19315 1932
,.E 16— - FrequenFy (THz) . Frequency (THz)
%j . FWHM=8.9 nm %“-5 (f)
E B : E 0.4
) ) ) FSR=50 nm ) | | ?0.2
135 14 145 15 ) 1.55 16 185 17 =l
Wavelengih (un) 193.099625 193.1 193.100375 0193_00999 193.1 193.01001
Frequency (THz) Frequency (THz)

Fig. 8. (a): Through port chaotic output signals (b): drpprt output with . . . )
FWHM=8.9 and FSR=50 nm Fig. 9. (a): output from first ring resonator, (b): outp@itom second ring
resonator, (c): output from third ring resonatod)( multi-solitons output
Input optical dark solitons and Gaussian laser b@aput oM the drop port, (e): muiti-carriers generation
into the add port) with powers 2W and 1W respetfiee L . i
inserted into the half-Panda MRR system. The adg/dr Thus, filtering of the input pulse within the systallowed
MRR system has radius &t15 pum where the coupling for generation of single- and multi-soliton puldesbe used

coefficients arex, = 035 and «, = 025. The dark solitons in a multiple-input and multiple-output (MIMO)-OFDM

. o .communication systems.
are propagating inside the half-Panda MRR syster wi y

central wavelengths ofy = 1.4 pm, 1.45 pm, 1.5 pm, 1.55
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6. Conclusion

We have proposed an interesting concept of tha-short
soliton pulse generation using microring resona(MBRS),
in which the single and multiple temporal and sgatoliton
pulses could be achieved. The balance establisbbdebn
the dispersion and nonlinear lengths of the solipufse
presents the soliton behavior known as self-phasdutation,
which introduces the optical output constant, megrthat
the light pulse can be localized coherently witttie nano-
waveguide. We have demonstrated that a large balttolwf
the arbitrary soliton pulses can be generated antbressed
within a microring waveguide. The chaotic signahgeation
by means of a soliton pulse in the nonlinear MRRs been
presented. Selected light pulse can be localizedused to
perform the high capacity of optical communicatidue to
generate ultra-short bandwidth of the pulses. lipedl
spatial and temporal soliton pulse are useful toegme
optical communication signals applicable for wirgidéless
networks. As an application, the classical infolioratand
security codes can be formed by using the tempanal
spatial soliton pulses, respectively.
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