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Abstract: - This paper reports experimental results on temporal characteristics of injection-locked polarization 
switching of a conventional type 1.55-μm wavelength single-mode vertical-cavity surface-emitting laser (VCSEL). The 
polarization of external injection beam was kept orthogonal to main mode of VCSEL. The relation for variation of 
intensity of two polarization modes of VCSEL with wavelength detuning for various repetition rates of injection pulse is 
reported. 

Index Terms—injection locking, polarization switching, vertical cavity surface emitting laser (VCSEL)  
Introduction 

Bistability and polarization-switching (PS) of the VCSELs have been of significant interest of many researchers 

recently. Many experimental and theoretical investigations1-4 have been performed for multimode VCSELs mostly 

with continuous wave (CW) injection locking technique, but detailed temporal behavior of the PS in single-mode 

VCSELs under short-pulse injection locking is still to be uncovered fully. All optical PS of single-mode VCSELs 

under two orthogonally polarized injections has been reported5. 

Fig. 1 Experimental setup      Fig. 2. VCSEL spectrum showing two orthogonal 
 polarization outputs 

In our experimental scheme hown in Fig. 1 a DFB laser is a tunable master laser while a conventional type 1.55 

μm VCSEL is slave laser which is kept at fixed bias current and maintained at constant temperature. The output 

spectrum of the VCSEL shown in Fig. 2 indicates the two peaks, each corresponding to the main mode of X 

polarization and the side-mode of Y-polarization. The X and Y polarized peaks were observed at 1553.56 nm and 

1556.96 nm, respectively, with a spectral separation of 0.40 nm. The spectral width of Y polarization was 0.08 nm. 

Therefore, the spectral width of the injection pulse was maintained at 0.076 nm using a Fabry-Perot filter. The 

resolution of the OSA used was 0.07 nm. The SMSR (Side Mode Suppression Ratio) was maintained at 26.65 dB 

using the polarization controller PC2. 

359



A gain-switched DFB laser with a 500 MHz pulse generator delivered laser pulses of temporal pulse width 50 ps. 

The wavelength of the injection DFB laser was tuned with temperature control. The pulse average power and 

spectral pulse width were maintained at 20 μW and 0.076 nm, respectively. The polarization of the DFB Laser was 

matched with the side-mode (Y) polarization using the PC1. The injection-locked pulse was fed to circulator and 

then to polarization beam splitter. The separated X and Y polarized outputs were analyzed using optical channels of 

a DCA. The L-I characteristics of a stand-alone VCSEL showed that no polarization switching took place under 

change of its driving current, thus illustrating no inherent bi-stability in our VCSELs.  

 

 

There was a pulse delay after the orthogonal Y-

polarization pulse injection as shown in Fig. 3 and 

relaxation pulse shape responses on both polarization 

modes took place at a detuned pulse injection as shown 

in Fig. 4. The temporal pulse widths (FWHMs) for both 

polarizations were measured, and were plotted with the 

detuning wavelength for various injection pulse 

repetition rate (Fig. 5). Physical interpretation and 

numerical simulation to describe these phenomena will 

be discussed. 
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Fig. 3.  X & Y polarization intensity as seen on DCA 
Fig. 4. Abrupt change in X polarization pulse width 

with a wavelength detuned injection 

Fig. 5. Variation of X-polarization pulse width (above) 
and Y polarization pulse width (below) with detuning 
wavelengths at various injection pulse repetition rates. 
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