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Fig. 1: Optical Spectrum at I = 6mA, and 

Power-Current characteristic (inset)  
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ABSTRACT:  

We present the characterization of the optical response of a commercially available 1310 

nm VCSEL under gain-switching operation. We demonstrate short pulse generation with 

pulse widths of 45 ps at 2 GHz repetition rate. The experimental results are compared 

with simulations based on a rate equation model for single-mode semiconductor lasers. A 

good agreement is found after a sensible estimation of the simulation parameters.  
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1.  Introduction 

Vertical Cavity Surface Emitting Lasers, 

(VCSELs) have become one of the most used 

light emitters due to their properties, such as 

low cost, low threshold current, high 

modulation bandwidth, and single-frequency 

operation. They have been used as high 

quality light sources in various fields, for 

instance, optical communications [1] or 

infrared spectroscopy [2]. Furthermore, 

VCSELs can generate optical pulses with 

duration of tens of picoseconds, which find 

application in many fields: signal processing, 

lidar, time resolved microscopy, etc. [3]  

Short pulse generation in semiconductor 

lasers can be achieved either by gain 

switching or by mode locking. In the former 

case, the lasers are modulated using the 

superposition of a bias current and a 

sinusoidal current, generating chirped pulses 

with amplitudes and widths extremely 

depending on the driving conditions [4].  

Gain Switching in VCSELs has been 

previously characterized by different groups 

[5-8]. Pulse durations of 55 ps have been 

reported for C-band devices [5, 8], and 14.6 

ps in the 850 nm region [6]. Employing 1550 

nm gain switched VCSELs, optical 

frequency comb generation has been 

demonstrated with teeth spacing up to 5.2 

GHz and 11 ps pulse duration [9]. 
 

In this letter, we report on the 

characterization of short optical pulses from 

a gain-switched 1310 nm VCSEL. This paper 

is organized as follows: in Section 2, the 

device characteristics and the experimental 

setup are presented. The experimental results 

and the comparison with a rate equation 

model for single-mode semiconductor lasers 

are described in section 3. Finally, the 

conclusions are summarized in section 4. 
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Fig. 2: Scheme of the used experimental setup. 

OSA: Optical Spectrum Analyzer, OSC: 

Oscilloscope. 

 

2. - Experimental Setup and VCSEL 

characteristics 

The laser used in this work is a commercially 

available 1310 nm fiber pigtailed VCSEL 

(Raycan). The measured threshold current is 

1.57 mA, and the emission is centered 

around 1312 nm (see Fig. 1). The shoulder 

which can be appreciated at high wavelength 

in the emission spectra is attributed to the 

switched-off orthogonal polarization mode. 

This was checked by performing spectral 

measurements (not-shown) with a fiber 

polarization rotator and a polarization 

controller to separate the two polarizations. 

  
 

 

 

Fig. 2 shows the schematics of the 

experimental set-up. The laser is driven by a 

superposition of two currents, a bias current 

I0 provided by a current source (Arroyo 4205 

LaserSource) and a sinusoidal current from a 

RF signal generator (Rohde & Schwarz 

SMB100A) with nominal power level Prf. 

The optical beam is split in two branches, 

one is directed to an Optical Spectrum 

Analyzer (OSA, ANDO AQ6315, resolution 

0.05 nm), and the other to the optical input of 

an oscilloscope (Tektronix DSA8200).  

3. – Results and discussion  

3.1 - Optical pulses from a 1310 nm Gain 

Switched VCSEL 

The characteristics of the pulses were studied 

for different driving conditions. The shortest 

temporal Full Width Half Maximum 

(FWHM), 45 ps, has been achieved using a 

repetition rate (fR) of 2.5 GHz with a nominal 

power of 18 dBm combined with a bias 

current of 5 mA (see Figure 3).  

The principle of gain-switching is well 

known: when the laser is injected with a 

superposition of a bias and AC current 

around its threshold value, the carrier density 

oscillates above and below the threshold 

carrier density. Basically, the laser is 

periodically switched on and off, producing 

the optical pulses. 

 

 

Fig. 3: Temporal profile of the optical pulses 

using fR = 2.5 GHz, I0 = 5 mA, Prf = 18 dBm  

Fig. 4: Optical Spectra of a gain switched – 

VCSEL using fR = 2.5 GHz, I0 = 5 mA and three 

different Prf. 
 

Figure 4 shows the measured spectra for 

three different Prf. The spectra have been 

horizontally shifted for clarity, as the 

measured peak position changes slightly with 

Prf due to heating effects. As it can be 

observed, the spectra are broadened by 

increasing Prf. This spectral broadening is 

due to chirp during the switch-on process 

caused by the refractive index dependence on 

the carrier density [8].  

3.2 – Comparison with simulations 

A conventional rate equation model for 

single-mode semiconductor lasers has been 

used for simulating the optical pulses. This 

model contains equations for carrier and 

photon dynamics, together with a description 

for the instantaneous frequency [8].  
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The model parameters (Table 1) have been 

estimated by comparing the simulations with 

the experimental results.  

The differential gain and the photon decay 

time have been extracted from RIN 

measurements, by fitting experimental data 

with analytical expressions for the relaxation 

oscillation frequency and damping factor. 

The transparency carrier density has been 

obtained from the threshold current. The 

linewidth enhancement factor (LEF) and the 

gain saturation factor have been obtained by 

comparing the simulations with the gain-

switching experimental spectra and the 

temporal profiles. Other parameters have 

been taken from [10].  

Figure 5 shows a comparison between the 

experimental and simulation results for the 

temporal profiles (top) and optical spectra 

(bottom). The simulated optical spectra have 

been convolved with the filter response of 

the OSA to take into account the limited 

spectral resolution. The agreement between 

simulations and experiments in temporal and 

spectral shapes is very good, but the driving 

conditions are not identical as it is explained 

below.  

Parameter Value 

Differential gain (
𝑑𝐺

𝑑𝑛
) 1.6·10-16 cm3/s 

Photon decay time (τp)  21.8 ps 

Transparency carrier density  

(NTR)  

4.2·1018 cm-3 

LEF (α-parameter) 4.7 

Gain saturation factor (ε)  5·10-18 cm-3 

Table 1: Summary of main simulation 

parameters 

In the rate equation model, the sinusoidal 

current modulation is defined by the 

amplitude which can be characterized by the 

peak current Irf. In order to compare with the 

experiments the estimation of the 

experimental current is not straightforward 

due to the intrinsic non-linearity of the laser 

diode under large signal modulation. An 

initial estimation can be obtained by 

considering a simple linear circuit with the 

laser as a simple resistance RS (the value 

obtained from the Voltage-Current 

characteristic), which is around 100  in this 

device, in series with the generator output 

impedance Z0 = 50. Then Prf and Irf are 

related by: 

𝐼𝑟𝑓 =
2√2√𝑃𝑟𝑓· · 𝑍0

(𝑅𝑆+𝑍0)
         (1) 

However, in order to reproduce the 

experimental results it was necessary to use a 

lower value of Irf than that obtained using Eq. 

(1). A good agreement has been obtained 

after reducing Irf by a factor 3. This can be 

observed in Figure 6 where we compare the 

experimental (blue line) and simulated (red 

line) pulse duration as a function of Prf and 

the reduced Irf, respectively. The origin of 

this apparent reduction of the applied current 

 
Fig. 5: Top: Experimental (blue line) a 

simulated (red line) temporal profiles of a gain 

switched – VCSEL using fR = 2.5 GHz, I0 = 5 

mA. Prf = 10 dBm. Down: Experimental (blue 

line) and simulated (red line) optical spectra of a 

gain switched – VCSEL using fR = 2.5 GHz, I0 = 

5 mA. Prf = 10 dBm.  
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Fig. 6: Experimental (blue line) and simulated 

(red line) temporal FWHM vs. Prf and Irf, 

respectively, for fR = 2.5 GHz and  I0 = 5 mA 

is under investigation: it could be attributed 

either to the limitations of the model, the 

uncertainty in the parameters or to electrical 

parasitics not considered in the estimation of 

the current.   

 

4. - Conclusion 

We report, for the first time as far as we 

know, the generation of optical pulses by 

gain switching a 1310 nm VCSEL. The 

shortest pulses with a FWHM of 45 ps were 

achieved at a repetition rate of 2.5 GHz. The 

broadening of the pulse spectra is due to the 

chirp induced by the gain-switching process. 

Computational simulations using a rate 

equation model for single-mode 

semiconductor lasers reproduce the 

experimental results after a proper choice of 

the model parameters. However, there is a 

discrepancy in the apparent amplitude of the 

injected current in the experiments and 

simulations which should be further 

investigated.  
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