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Multichannel Wavelength Conversion Exploiting
Cascaded Second-Order Nonlinearity in
LINbO5 Waveguides

Jungiang Sun, Wei Liu, Jing TiaMember, IEEEJ. R. Kurz, and M. M. Fejer

Abstract—Ten-channel wavelength conversion is achieved by fff‘fﬁf.
exploiting cascaded second-order nonlinearity in periodically Bandpass analyze
poled LiINbO3z waveguides. No external pump input is required pPC _filter PC e
in the converter and conversion efficiency is improved due to the IR,

enhancement of pump and signal interaction. Approximate 70-nm
conversion bandwidth is realized under pump power less than
25 mW at 1550-nm band.

Isolator

Index Terms—Nonlinear optics, optical fiber communication, ol

wavelength conversion, wavelength-division multiplexing.

Fig. 1. Experimental arrangement for DFG-based multichannel wavelength

conversion. PC: Polarization controller. FC: Fiber coupler.
|. INTRODUCTION P

A LL-OPTICAL wavelength conversion is expected to be

a crucial technique in broad-band dense wavelength-§QUPle the 780-nm pump and L&n band signals into the

vision-multiplexed (DWDM) networks owing to its capability undamental mode of the waveguide. Wavelength conversion in

of wavelength reuse, thereby avoiding wavelength chanrier tN waveguides is achie\{ed more cqnveniently by employing
contentions and facilitating network management [1]. F&AScaded second-harmonic generation (SHG) and DFG so
practical DWDM system applications, requirements for higWat allhmcr:]ldent agng{;s are 'n.th? Tubm dband_ ar?d propagate
conversion efficiency, wide wavelength conversion bandwidtﬂ?roug the waveguides in singlé mode. Hig pump powers
low frequency chirp, and capability to accommodate signaqgloo .mW) ‘f"t,l'a‘m are required ',cor standard devices, hovy—
of any format and protocol including analog and frequenc§’e" high efficiency buried Wave_gwdes can reduce the_requwed
modulation must be satisfied. Compared with the previo®MP Power to 75 mW [7]. In this letter, a novel experimental
demonstrated approaches such as cross-gain modulation ;ﬁheme is presented to enhance conversion efficiency, in which
cross-phase modulation [3], and four-wave mixing [4] in sem 10" external pump injection is required and pump light is

conductor optical amplifiers (SOAs), wavelength conversidﬁtemhaIIy generated f'n;"d? the proposed cc|>nf|gurat|on. Eue to
employing difference frequency generation (DFG) can me%}e ¢ aractgnsﬂc; oft e Intracavity pump 1aser ar'1d.en anced
p and signal interaction, conversion efficiency is improved

the above requirements and has manifested several advant g

In addition to strict transparency for random modulation ratgignificantly.

and formats and without intrinsic frequency chirp, it can simul-

taneously up and down convert multiple channels with equal Il. EXPERIMENTAL SETUP

efficiencies [5]. DFG-based wavelength conversion has bee .
S o S : he experimental arrangement for DFG-based wavelength
demonstrated utilizing periodically domain-inverted LiNHO S . A S
conversion is schematically shown in Fig. 1, which includes

(PPLN) [5], and AlGaAs [6] waveguides, showing impressive

potentials for DWDM networks. However100-mW pump a mul_tlwa_velength laser source and the combination of a tun-
. . . _ablering fiber laser and a DFG-based wavelength converter. The
power at wavelength of 756800 nm is required to realize

. - o ees : multiwavelength ring laser consists of an SOA, a comb filter,
0-dB conversion efficiency, and it is difficult to simultaneously ; . o
a bandpass filter, an isolator, and polarization controllers. The

multiquantum-well SOA serves as a gain medium, which pro-
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Fig. 2. Output optical spectra from the multiwavelength laser for the bandpasig. 3. Measured output spectrum from the wavelength converter for single
filter with wavelength region of 1561-1579 nm. channel wavelength conversion.

through a 9:: 1 fiber coupler. The tunable ring laser is composed 22 ' . L ]
of a tunable Fabry—Pérot filter and a erbium-doped fiber ampli- 241 i
fier (EDFA) which can offer the small-signal gain of 25 dB and

saturation output power of 27 dBm. Its lasing wavelength can be g Ul |
tuned as a pump wavelength to satisfy the SHG in the periodi- 3 28 P _o—0—0—%—0 \ ]
cally poled LiNbG; (PPLN) waveguide. The waveguide is fab- § -30 - //o O\ ]
ricated by annealed proton exchange in PPLN. The component{ ., [ o © ]
used in this experiment is 50 mm in length, has quasi-phase- § -/

matching (QPM) period of 14.7m, waveguide width of 12m, 2% o ]
and an initial proton exchange depth of @&. The device pa- § 36 - —=— Ring Configuration T
rameters allow phasematching at room temperature between the® 38 —O— Single-pass Measurements il
fundamental mode of the pump at 1544 nm and the fundamental 0 L . , ,

mode of the second-harmonic wave at 772 nm. The fiber-to- 1480 1500 1520 1540 1560 1580 1600
fiber coupling loss is estimated about 4.7 dB caused by the re- Singal Wavelength (nm)

flection losses at the uncoated endfaces, mode mismatching be-

tween the fibers and the PPLN waveguide, and intrinsic Wavlég. 4. Conversi_on efficigncy as a function of the inpu_t signal wavelengt_h for

guide losses. Making use of cascaded second-order nonlineaﬁfgfé%pﬁéﬁ and ring configurations. The pump power inside the wavegLide (at

DFG-based wavelength conversion can be achieved by means of

pump and multichannel signal interaction in PPLN waveguide. . o o

The output spectra are monitored by an optical spectrum afawered and the conversion efficiency is improved thanks to the

lyzer with the highest spectral resolution of 0.06 nm. enhancement of pump and signal interaction. Fig. 4 shows the
variations of the measured conversion efficiency with the input

signal wavelength while keeping the pump wavelength fixed
at 1543.5 nm. The conversion efficiency varied by less than
Fig. 2 shows the output spectrum from the multiwavelengdB across the wavelength span of 70 nm, and the fluctuation
laser when the central wavelengths of bandpass filter is chosetess than 1 dB from 1510 to 1570 nm. By keeping the same
at 1570 nm. Ten lasing wavelengths are observed withpawer and polarization state of the pump light injected into
fixed channel spacing of 1.6 nm. More thari6-dBm output the waveguide as in the ring configuration, the conversion
power for each wavelength is obtained with more than 30-d8ficiency for the single-pass arrangement is measured and
signal-to-ASE ratio. The device performance is verified bglso plotted in Fig. 4. Approximate 3.5-dB enhancement of the
launching a single channel signal with wavelength of 1580.2 noonversion efficiency is achieved with our suggested scheme
into the suggested configuration. Fig. 3 illustrates the meander the input pump power of 25 mW. The improvement of
sured output spectrum and distinctly displays the wavelengtbnversion efficiency can be explained due to the following
conversion between 1580.2 and 1508.5 nm. The optimuacts. First, in the ring configuration the intracavity laser serves
pump wavelength is measured at 1543.5 nm to satisfy the QR pump light while the externally amplified signal is used
condition when the PPLN waveguide operates at room tempas pump light in the single-pass configuration. Evidently, the
ature. In the experiments, the largest conversion efficiencylisewidth of the intracavity laser is narrower than that of the
realized by tuning the Fabry—Pérot filter. From the measuredhplified signal. According to the cascaded second-order
results, it can be estimated that the intracavity pump powerrisnlinear effect in the PPLN waveguide, the narrower pump
less than 50 mW. It can be concluded that the pump powerlight will produce the higher conversion efficiency. Second,

IIl. EXPERIMENTAL RESULTS AND DISCUSSIONS
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. PPLN waveguide filters one polarization, removing half of the

spontaneous emission in one pass, while keeping the correctly
0 polarized signal. For DFG-based wavelength converters, the
pump wavelength can be changed by the design of different

g A QPM period and the adjustment of operation temperature.
> -2 l Moreover, the QPM condition can be further relaxed by intro-
g ] ducing various phase-shifting domains into the QPM gratings
3 w0 [8]. Consequently, The lasing wavelengths within the entire
& l | N j — . EDFA gain bandwidth can be used as the pump wavelength [9].
mu/ Mo ..] This implies that broad bandwidth tunable laser from 1400 to

~BOpmaet 1700 nm can be potentially generated employing our scheme.

o0 IV. CONCLUSION

1500.0 1550.0 1600.0 . .
Wavelength (nm) A novel multichannel wavelength conversion scheme

Fig. 5. Measured output spectrum from the wavelength converter l‘hras been proposed and demonstrated within theum5—

multichannel wavelength conversion with input signal wavelength region &K nd by exploi?ing Cascaded second-order nonlinearity in

15611579 nm. LiNbO3; waveguides. Ten lasing wavelengths are generated
and converted simultaneously. Approximate 70-nm conversion

transverse mode distributions in the waveguide are differgsandwidth is achieved. Owing to the enhancement of pump and

between the amplified signal and the intracavity laser. Lasis¢gnal interaction, the conversion efficiency is increased and,

is established on the basis of the sustained oscillation amence, the pump power is lowered. Our scheme also provides

the lasing power is concentrated along the central axis in tte possibility to realize a broad bandwidth tunable laser source

PPLN waveguide. Thus, the pump power density in the rirffgr optical communication applications.
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