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Abstract:  In this paper, we experimentally demonstrate flexible 
wavelength conversion, in which the input signals can be freely converted to 
output wavelengths through widely and arbitrarily tuning the pump 
wavelength within a broad second harmonic (SH) bandwidth up to 25 nm. 
The scheme is based on the cascaded χ (2) process in a 20-mm periodically 
poled MgO-doped LiNbO3 (PPMgLN). Also, wavelength broadcasting can 
be performed by simultaneous use of multiple pumps with wavelengths 
located in the broad SH bandwidth.  
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1. Introduction 

All optical wavelength conversion is essential for all-optical signal processing, especially for 
dense wavelength division multiplexed (DWDM) optical networks. Future DWDM optical 
networks require wavelength conversion to route and switch the information carried by 
different wavelengths/channels, which can help optical networks to overcome wavelength 
channel contentions, and fulfill higher flexibility and efficiency in traffic management and  
dynamic reconfiguration. Among various wavelength conversion approaches, the wavelength 
converter based on quasi-phase-matching (QPM) nonlinear materials is of great attraction, for 
this kind of wavelength converter has the advantages of high speed, low noise and complete 
transparency to the signal format owing to its pure optical nonlinear processes. Moreover, 
broadcasting wavelength conversion based on QPM technique may play a significant role in 
future DWDM networks such as video distribution and teleconferencing. 

Wavelength conversion through QPM-difference-frequency generation (DFG) has been 
realized in periodically poled lithium niobate (PPLN) waveguides [1,2]. DFG-based converter 
shows high conversion efficiency, but is complicated in mode matching of signal light (1.5-
µm-band) and pump light (0.77-µm-band). To mitigate the mode matching complication, 
wavelength conversion based on cascaded χ (2) process involving cascaded second-harmonic 
generation (SHG) and DFG (cSHG/DFG) or cascaded sum- and difference frequency 
generation (cSFG/DFG) was proposed and demonstrated [3-9].  In these schemes, the pump 
band is narrow and therefore signals can only be switched to limited wavelengths, resulting in 
poor flexibility of the converter. By imposing intentionally designed structure to QPM device, 
multiple pumps in a large wavelength tuning range can be realized, which improves the 
flexibility of the converter [10-13].  However, the pump wavelength channels are discrete and 
cannot be adjusted once the designed QPM structures are formed.  

Besides, the operation temperature of the above PPLN-based wavelength converter should 
be set high enough (90 ºC or higher) to eliminate photorefractive damage (PRD) effect 
induced by strong pump power, causing much inconvenience for practical application 
[6,10,11]. In order to enable the device to work at lower temperature, MgO-doped PPLN 
(PPMgLN) with large PRD resistance was proposed to fabricate wavelength converter 
[14,15]. 

To pursue highly flexible wavelength conversion with lower operation temperature, a 
broad and continuous pump band in PPMgLN is needed to ensure that the input signals can be 
freely converted to the desired output channels. It is noticed that broadband type I QPM SHG 
in PPLN has been proposed and realized [16-18]. However, to the best of our knowledge, 
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highly flexible wavelength conversion by arbitrarily tuning pump wavelengths using this type 
QPM broad second-harmonic (SH) bandwidth has not yet been reported.  

In this paper, for the first time, flexible wavelength conversion via cSHG/DFG process is 
experimentally demonstrated by arbitrarily tuning the pump wavelength within the broad and 
continuous SH bandwidth. The pump SH bandwidth is large up to 25 nm and obtained by the 
type-I QPM SHG at 38 ºC in a 20-mm-long bulk PPMgLN. Also, potential wavelength 
broadcasting with transparent bit-rate is also proposed by simultaneously employing multiple 
pumps within the broad SH bandwidth, which is very attractive for the future all-optical 
networks. 

2. SHG characteristics 

A Z-cut 5-mol. % MgO-doped PPMgLN for the wavelength converter was fabricated by the 
electrical poling method. The QPM grating period is 20.4µm, which enables the device to 
perform 1.5-µm-band wavelength conversion. Using type I interaction, a broadband SHG can 
be realized in this device, because QPM and group velocity matching (GVM) conditions are 
simultaneously satisfied at proper wavelength and temperature [16-18]. The dimension of this 
device is 20mm×10mm×0.5mm. By carefully tuning the pump wavelength and temperature, 
we obtain broadband SHG as plotted in Fig. 1. The circles are experimental results with pump 
wavelength tuning from 1540 nm to 1572 nm. The solid line is the theoretical curve of a broad 
SH bandwidth calculated by Sellmeier equations of 5-mol. % MgO-doped PPMgLN with a 
grating period of 20.4µm [19]. The peak normalized SH efficiency is 0.1%/W with incident 
pump power of 300 mW when the pump wavelength is 1562 nm at 38 ºC. The full width at 
half maximum (FWHM) of SH efficiency, namely SH bandwidth, is about 25nm for the 20-
mm-long PPMgLN. This broad SH bandwidth can be used for arbitrarily tuning pump 
wavelengths to yield free output wavelengths, as well as for simultaneously employing 
multiple pumps to perform wavelength broadcasting.  

 
Fig. 1.  SHG wavelength tuning curve for PPMgLN with a 20.4 μm grating period. The circles 
and solid line indicate the experimental and theoretical results, respectively. At 38 ºC, the peak 
normalized SH efficiency is 0.1%/W at 1562 nm. The measured SH bandwidth is about 25 nm. 

 
We also measured the temperature tolerance of the device as shown in Fig. 2, which is 

important to SHG process. The pump wavelength is fixed at 1562 nm when the temperature is 
tuned. The circles are experimental data and the solid line is the best fitting to them. From Fig. 
2, we can find that the optimal temperature is 38 ºC, at which the SH efficiency reaches its 
maximum value. The measured 3dB temperature bandwidth is 0.9 ºC. 
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Fig. 2.  SHG temperature tuning curve. The pump wavelength is fixed at 1562 nm. The circles 
are experimental results and the solid line is the best fit of the experimental data. The optimal 
SHG temperature is 38 ºC. The measured temperature bandwidth is 0.9 ºC 

 

3. Experimental results and discussion 

Figure 3 shows the schematic diagram of the experimental setup for flexible wavelength 
conversion. Two tunable lasers act as the pump and signal source, respectively. Both the 
pump and signal light are mixed by a 90:10 coupler and then boosted by an erbium-doped 
fiber amplifier (EDFA). Loose focusing is employed in the experiment with a 10 cm focus 
lens to obtain output beam size of 150 µm in PPMgLN sample. The temperature of PPMgLN 
is controlled by a temperature controller with an accuracy of 0.1 ºC. The output light from the 
converter is observed by an optical spectrum analyzer (OSA). Since we use type I SHG, two 
polarization controllers (PC) are implemented to ensure that the pump and signal lights are 
both ordinary lights for Z-cut PPMgLN. No output SH light was observed when the pump and 
signal were extraordinary lights. 

 

 
Fig. 3. Schematic diagram of the experimental setup; PC: polarization controller, EDFA: 
erbium-doped fiber amplifier, PPMgLN: periodically poled MgO-doped lithium niobate, TC: 
temperature controller, OSA: optical spectrum analyzer.      

  
The mechanism for wavelength conversion based on cSHG/DFG process comprises of two 

steps. First, the pump light with frequency ωp is doubled to SH frequency 2ωp by SHG 
process. Then, the frequency of signal light ωs is converted to the frequency of converted light 
ωc (ωc=2ωp-ωs) by DFG process. The measured wavelength conversion diagram with pump 
tuning is shown in Fig. 4.  
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Fig. 4.  Measured wavelength conversion with pump tuning. The signal wavelength is fixed at 
1546.92 nm. The pump wavelength is selected to be 1561.42, 1561.83, 1562.23 nm in the 
broad SH bandwidth, and the correspondingly converted lights are at the wavelengths of 
1576.20, 1577.03 and 1577.86 nm, respectively. Three individual optical spectrums are 
combined to form this plot.  

 
In the experiment, the signal wavelength is fixed at 1546.92 nm. The pump wavelength is 

tuned to 1561.42, 1561.83, 1562.23 nm, and the correspondingly converted lights are at the 
wavelengths of 1576.20, 1577.03 and 1577.86 nm, respectively. The three pump wavelengths 
are selected according to International Telecommunication Union (ITU) grid with 50GHz 
spacing to obtain three converted lights with 100 GHz spacing. Figure 4 is the combination of 
the three individual optical spectrums. In Fig. 4, one fixed input signal is freely converted to 
three different output channels pumped by three different wavelengths within the broad SH 
pump bandwidth. In our experiment, from the OSA spectrum, we observed that the peak 
intensities of signal and pumps were about 6 and 14 dBm, which has exceeded the maximum 
of the vertical axis of Fig. 4. This scheme provides more flexibility for wavelength conversion 
than the approaches using narrow band pump [5]. However, we noticed that the experiment 
exhibits  low conversion efficiencies (-62.3, -63.2 and -62.9 dB respectively), which mainly 
results from the use of the nonlinear coefficient  d31 in SHG and the lack of guiding structure 
in bulk PPMgLN. Currently, we are not able to measure the DFG signal bandwidth. In our 
experiment, due to the low conversion efficiency, the signal should be amplified by a high 
power EDFA, which only covers C-band window. This problem will also be mitigated by 
fabricating waveguide structure on bulk device and the related work is in progress. We can 
further enhance the conversion efficiency by increasing the device length and pump power 
[4]. The expected conversion efficiency can be around -30dB in PPMgLN waveguide.  

To demonstrate the merit of the wide and continuous SHG pump wavelength bandwidth, 
we perform a highly flexible wavelength conversion by using 9 pumps separately. The 
experimental results are illustrated in Fig. 5, in which limited wavelength conversion using 
narrow band pump is compared with our results. In Fig. 5(a), the input signals (1545.32, 
1548.51 and 1551.72 nm) can only be converted to another fixed corresponding wavelengths 
(1582.85, 1579.52 and 1576.20 nm) by a single pump (1563.86 nm) for the narrow pump 
band. While in Fig. 5(b), each of the three input signals with 400 GHz spacing (1545.32, 
1548.51 and 1551.72 nm) is converted to one output of the three channels with 100 GHz 
spacing (1574.54, 1575.37 and 1576.20 nm) by a selected pump. Hence, a highly flexible 
wavelength conversion, in which each of the 3 inputs can be switched to each of the 3 outputs 
arbitrarily, is demonstrated by employing 9 pumps separately. In this flexible wavelength 
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conversion shown in Fig. 5, the 9 pumps are of 1559.79, 1560.20, 1560.61, 1561.42, 1561.83, 
1562.23, 1563.05, 1563.45 and 1563.86 nm, which are all located at the broad SH pump 
bandwidth respectively. 
 

 
Fig. 5. Limited wavelength conversion by narrow band pump versus flexible wavelength 
conversion by broadband pump.  (a) Input signals are converted to fixed channels by a single 
pump (1563.86 nm). (b) Flexible wavelength conversion using 9 pumps separately 

 
Furthermore, by simultaneously using M pumps within the broad SH bandwidth of 25 nm, 

our wavelength conversion scheme can perform N×M wavelength broadcasting, in which each 
of N input signal lights can be converted by M pumps to M output wavelengths. However, due 
to the total pump tolerance, each of the M pumps will be lower than the single pump, resulting 
in efficiency dropping for wavelength broadcasting. In addition, multiple pumps can be used 
to enable simultaneous multi-channel all-optical header recognition, and to perform a multi-
pole multi-throw switch, in which several inputs are directed to a set of outputs [20,21]. 

4. Conclusion 

In conclusion, we have experimentally demonstrated flexible wavelength conversion based on 
cSHG/DFG process in a 20-mm long bulk PPMgLN, which employs a broadband SHG with a 
25 nm pump wavelength bandwidth. In our scheme of wavelength conversion, there is another 
advantage of large temperature tolerance of 0.9 ºC. Also by simultaneously using multiple 
pumps, the device can perform N×M wavelength broadcasting potentially by employing 
PPMgLN waveguide. The low conversion efficiency can also be enhanced if adopting the 
waveguide structure in our experiment. Based on the flexible wavelength conversion scheme 
proposed in this paper, future works will focus on improving the performance of wavelength 
conversion, especially exploring its various applications to accommodate the rapidly 
increasing demands on the high speed and large capacity optical communications. 
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