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FAST LIGHT GENERATION USING GaAlAs/GaAs
WAVEGUIDE

A. AFROOZEH"*, M. BAHADORAN?®, I. S. AMIRIY, A. R. SAMAVATTI’,
J. ALI° & P. P. YUPAPIN’

Abstract. Generation of fast light pulses through a nonlinear microring system is an attractive
research challenge for high speed optical and quantum computer, optical communication networks
and secured communication. In this paper generation of fast light through GaAlAs/GaAs
waveguides with fabricated Micro Ring Resonator is reported. Using multistage system, the
attosecond pulse can be generated. Simulation results obtained have shown that the generation of a
very narrow full-width at half maximum (FWHM) line width and sharp tip is achieved. We
propose a new system of multistage micro ring resonators consist of four rings for optical
communication system. Here, pulse width of 15 attosecond can be obtained, using proper
parameters of the proposed system.
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1.0 INTRODUCTION

Recently, microring resonators have been of interest in many applications of
secured communication, mobile and networks. The most important applications
consist of store of light in optical buffers [1], electro-optical modulators [2], and
polarization of signals [3, 4]. Conversion of frequency is applicable by varying the
resonant frequency of a microring while a signal can be narrow inside [5, 6]. Several
methods have been reported for using in the generation of attosecond pulses.
Biegert and Keller showed that generation of sub femtosecond pulse can be done
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[7, 8]. Yiping Hou et al. showed generation of optical pulse which has width of
40as in multicycle driver regim [9]. Recently Yupapin et al. have generated
attosecond pulse of 50 as i micro ring resonator which is made of InGaAsP/InP
[10]. In this work, we use multi ring resonators consisting of four rings, shown in
Figure (1). These rings have been made form GaAlAs/GaAs [11].

Attosecond pulse from the output of microring resonators can be achieved by
fabrication using GaAlAs/GaAs material. Various authors have also reported
external electro-optic modulators based on GaAlAs/GaAs [12]. Most of the
research on GaAlAs/GaAs waveguide modulators has been at 1.33 um. Significant
successes using the former approach have been reported. The LiNbOS3 devices
are not chip level integrable with semiconductor lasers using current technology.
Numerous authors have also described high speed GaAs-based optical detectors,
mcluding a Schottky hotodiode that is useful to 100 GHz, and GaAlAs/GaAs-based
detectors have been reported [13, 14]. The demonstration of picosecond response
times in the case of InGaAs-matrix material in this work opens up new vistas for
mplementing receiver and terahertz technology with the help of 1.55 »m optical
components such as compact user-friendly femtosecond pulsed fiber sources.
Signal attosecond pulses are recognized as the important tool for improvement in
different optical research areas. Areas of applications are lithography, compact disk
writing and reading, surface roughness, high-speed switching and communication,
high-speed optical and quantum computer [15]. In this paper we discuss the results
obtained to date on the performance of an attosecond pulse generation using two
martial in form of microring resonators. Figure (1) shows the proposed system
which 1s consisting of multistage microring resonators with same radu.
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Figure 1 Schematic of multistage micro ring resonators
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2.0  FUNCTION OF SYSTEM

In order to generate attosecond light pulse, the optical bright soliton 1s fed nto the
series of micro ring resonators. The input optical field in the form of bright soliton
pulse can be expressed by Equation (2.1) [14].

T .
Ein = Asech(_l_—)exp[ —layt]

_z
2L
d 2.1
where T 1s propagation time of soliton pulse, A and z are amplitude of the
optical field and distance of propagation respectively. T 1s a soliton pulse
propagation time, L. 1s the length of dispersion for soliton pulse. Imitial time of
mput soliton pulse during propagation is shown by T, and t 1s the time for phase
shift where the frequency shift of the soliton 1s o . When the optical field input in

the MRR’s, the relationship between the output and mput optical field expressed
by Equations (2.3) and (2.4).
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outl — ~in . .
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I:)out = (Eout)'(Eout)* = |Eout| (2.4)

Here « 1s the coupling coeflicient, and K shows the wave number in a vacuum.
y 1s the fractional coupler mtensity loss. L is circumference of ring, o and » are the

absorption coefficient and intensity loss respectively. Exp (al/2) 1s a roundtrip loss
coefficient.
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3.0 RESULTS AND DISCUSSION

The GaAlAs/GaAs can be used to make the micro ring resonators where, soliton
pulse with centre wavelength of 1.33 um, pulse width of 10 fs and power of 18 W
1s mput mto the proposed system as shown i Figure 2(a). The radn of the
microrings have been chosen as, Ri=7 um, R:=7, Rs =7 um, and R=7 um. Selected
parameters of the system are fixed with no = 3.3, and the waveguide loss of 0.2

dB/mm 1s noted. The coupler intensity loss 1s 0.1 and the nonlinear refractive

2
. . _1p M . . .
index isn, =1.4x10 "> —— . The soliton pulse is coupled into the system where

the coupling coefficient varies from 0.2 to 0.6. When a soliton pulse 1s input into
the system, the chaotic and amplified signals can be generated. The roundtrip of
20,000 times nside the system can be simulated. The input bright soliton pulse 1s
sliced and amplified into the smaller signals over the spectrum shown in Fig. 2(b),
2(c), 2(d). Filtering of the chaotic signals 1s shown i Figure 2(e). Output signals
from the system are simulated using MATLAB programming. Figure (3) shows
the expansion of Fig 2(e) for attosecond pulse generation which has pulse width of

15as and output power 1s 1400 W.
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Figure 2 Result of the output signals from proposed system where (a) shows the input bright
soliton pulse, (b) and (c) the chaotic signals generation, (d) the amplifying and filtering

signals, (e) the attosecond pulse generation
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Figure 3 Expansion of Fig 2(f) for attosecond pulse generation

4.0 APPLICATIONS OF ATTOSECOND PULSE

Attosecond pulses have been the broad areas of investigation i many subjects,
which 1s recognized as the important tool for fast improvement of frontier research
in the areas. For example, areas of applications such as high small-scale lithography,
high-density compact disk writing and reading, high-resolution interferometer and
surface roughness, high-speed switching and communication, high-speed optical
and quantum computer are included. In applications, the roundtrips time at the
resonant peak power can be adjusted, where the required signal width can be
selected and used. Further, the pulse width beyond the attosecond can be
generated when the same principle 1s performing. Signal attosecond 1s available for
the applications such as the new generation of ultrafast switching and lithography,
high resolution image construction [16, 17]. One of the most interesting properties
of attosecond pulses 1s that their short pulse duration allows us to measure both
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phase and amplitude of an unknown wave function or wave packet by pump-probe
mterferometric methods [18, 19], giving us access to the temporal dynamics of the
process that led to this wave-packet. In this study, we described some of these
applications, and in particular recent results concerning measurement of single
photo 1onization dynamics using an attosecond pulse train [20].

5.0 CONCLUSION

We have proposed the novel system to generate interesting results of attosecond
soliton pulse using multi-stage MRR’s. We have shown the results of attosecond
generation from semiconductor materials which have been used to make MRR’s.
Here extremely narrow soliton pulse i the range of 15 as could be generated
using GaAlAs/GaAs material. Detection of narrow pulse 1s the problem in the
realistic application due to the optical material bandwidth limitation. Therefore,
the detection technique has become interesting subject of mvestigation. However,
the attosecond pulse 1s useful for optical lithography, high-speed optical switching

and communication.

ACKNOWLEDGEMENT

We would like to thank the Institute of Advanced Photonics Science,
Nanotechnology Research Alliance, Universiti Teknologi Malaysia (UTM) and
King Mongkut’s Institute of Technology (KMITL), Thailand for providing the
research facilities. This research work has been supported by UTM through IDF.
The authors gratefully acknowledge the IDF financial support from Universiti
Teknologi Malaysia.

REFERENCES
[1] F. Xia, L. Sekaric, and Y. Vlasov. 2007. Ultracompact Optical Buffers on a Silicon Chip. Nat.
Photonics. 1: 65-71.
12] Q. Xu, S. Manipatruni, B. Schmidt, J. Shakya, and M. Lipson. 2007. 12.5 Gbit/s Carrier-injection-

based Silicon Micro-ring Modulators. Opt. Express. 15(2): 430-430.



&)

(4]

[5]

[6]

(71

[8]

91

[10]

(11]

(12]

(13]

(14]

(151

(16]

(17]

(18]

(191

[20]

FAST LIGHT GENERATION USING GaAlAs/GaAs WAVEGUIDE 23

C. Fietz and G. Shvets. 2007. Simultaneous Fast and Slow Light in Microring Resonators. Opt. Lett.
32(24): 3480-3482.

P. Bianucci, C. R. Fietz, J. W. Robertson, G. Shvets, and C. Shih. 2007. Whispering Gallery Mode
Microresonators as Polarization Converters. Opt. Express. 32(15): 2224-2226.

M. Notomi and S. Mitsugl. 2006. Wavelength Conversion Via Dynamic Refractive Index Tuning of
a Cavity. Phys. Rev. A. 73(5): 051803.

S. F. Preble, Q. Xu, and M. Lipson. 2007. Changing the Colour of Light in a Silicon Resonator.
Nat. Photonics. 1(5): 293-296.

J. Biegert, A. Heinrich, C. P. Hauri, W. Kornelis, P. Schlup, M. Anscombe,K. J. Schafer, M.
B.Gaarde and U. Keller. 2005. Enhancement of High-order Harmonic Emission Using Attosecond
Pulse Trains. Laser Phys. 15(6): 899-902.

M. J. Ablowitz, G. Biondini, S. Chakravarty, R. B. Jenkins, and J. R. Sauer. 1996. Four-wave Mixing
in Wavelength-Division-Multiplexed Soliton Systems: Damping and Amplification. Optics Letters.
21(20): 1646-1648.

Y. Huo, Z. Zeng, R. Li and Z. Xu. 2005. Single Attosecond Pulse Generation Using Two Color
Polarized Time Gating Technique. Opt. Exp. 13(24): 9897-9902.

S. Chaiyasoonthorn, P. P. Yupapin. 2010. Generalized Fast Light Generation with Multi-Stage
Nonlinear Micro Ring Resonators. Optik. 121(3): 268-273.

J. Donnelly, N. Demeo, G. Ferrante and K. Nichols. 1985. A High-frequency GaAs Optical
Guided-Wave Electrooptic Interferometric Modulator. IEEE J. Quantum Electron. (21):18-21.

K. Y. Lau, and A. Yariv. 1985. Ultra-high Speed Semiconductor Lasers. IEEE . Quantum
Electron. 21(2): 121-138.

C. M. Gee and G. D. Thurmond. 1984. Wideband Travelling-Wave Flectro Optic Modulator.
Proc. SPIE. 477: 17-22.

P. Buchmann, H. Kaufman, H. Melchior, and G. Guekos. 1985. Broadband Y-branch Electro-
Optic GaAs Waveguide Interferometer for 1.8 pn. Appl. Phys. Lett. 46(5): 462-464.

S. Mitatha, K. Dejhan, S. Chaiyasoonthorn, P. P. Yupapin. 2008. Attosecond Pulse and Beyond
Generation Based on Multi-Stage Micro Ring Resonators. Advanced Materials Research. 55-57:
485-488.

M. L. Stockman. 2010. The Spaser as a Nanoscale Quantum Generator and Ultrafast Amplifier.
Journal of Optics A: Pure and Applied Optics. 12(2) :024004.

P. W. M. Tsang, T.-C. Poon, and K. W. K. Cheung. 2011. Fast Numerical Generation and
Encryption of Computer-Generated Fresnel Holograms. Applied Optics. 50(7): B46-B52.

M. Swoboda, T. Fordell, K. Kliinder, J. M. Dahlstrom, M. Miranda, C. Buth, K. J. Schafer, J.
Mauritsson, A. L’Huillier, M. Gisselbrecht. 2010. Phase Measurementof Resonant Two-Photon
Tonization in Helium. Phys. Rev. Lett. 104(10): 103003.

J. Mauritsson, T. Remetter, M. Swoboda, K. Kliinder, A. L’Huillier, K. J. Schafer, O. Ghatfur, F.
Kelkensberg, W. Siu, P. Johnsson, M. J. J. Vrakking, I. Znakovskaya, T. Uphues, S. Zherebtsov, M.
F. Kling, F. Lépine, E. Benedett, F. Ferrari, G. Sansone, and M. Nisoli. 2010. Attosecond Electron
Spectroscopy Using a Novel Interferometric Pump-Probe Technique. Phys. Rev Lett. 105(5):
53001.

K. Klunder, J. M. Dahlstroom, M. Gisselbrecht, T. Fordell, M. Swoboda, D. Guenot, P. Johnsson,
J. Caillat, J. Mauritsson, A. Maquet, R. Taieb, A. I’Huillier. 2011. Probing Single-photon
Tonization on the Attosecond Time Scale. Phys. Rev. Lett. 106(16):143002.



