
International Journal of Engineering Trends and Technology                                     Volume 70 Issue 2, 151-162, February, 2022 
ISSN: 2231 – 5381 /doi:10.14445/22315381/IJETT-V70I2P218                                                   © 2022 Seventh Sense Research Group®  
   

 This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 

Original Article 

DBR Laser Design Using Vanadium Doped 

Silicon-carbide Active Region to Achieve Wide 

Tuning Range for Telecommunications 

Application in the 1300nm Window 
 

Patrick Mumba 1, Franklin Manene2, Stephen Musyoki3 
1Department of Electrical Engineering, Pan African Univ. Inst. of Basic Sciences Technology and 

Innovation, Nairobi, Kenya.  
2Egerton university. Kenya.  

3School of Electrical and Electronics Engineering, Technical Univ. of Kenya, Nairobi, Kenya 
 

 mumba.patrick@students.jkuat.ac.ke1,  manenef@gmail.com2,  smusyoki@yahoo.com3 

 

Abstract - The 5G technology is expected to use tunable 

lasers for wavelength selection during optical signal 

transmission. To accommodate the growing data demand, 

there is a need to develop lasers with a larger tuning 

range. In most lasers, Indium gallium arsenide phosphide 

(InGaAsP), Aluminum Gallium Arsenide (AlGaAs), and 

Gallium Arsenide (GaAs) have been used for the gain 

medium due to their direct bandgap and strong optical 
transitions. However, they have limitations such as low 

SMSR, low output power due to their narrow bandgap, 

and a narrow tuning range below 20nm. In this paper, 

vanadium-doped silicon-carbide was used in the active 

section of the Distributed Bragg Reflector (DBR) laser to 

achieve a wide tuning range, high SMSR, low threshold 

current, and high output power at a low gain current. The 

fundamental advantages of vanadium-doped silicon-

carbide, including fast optical transitions, make its 

operation in the O-band (1278-1388 nm) possible. The 

DBR laser architecture design was adopted and designed 

in Ansys Lumerical. This work established that the use of 
Vanadium doped silicon-carbide in the active region 

provides a tuning range of at least 22nm wavelength, a 

threshold current was found to be 22.5mA with an optical 

output power of 13mW at the gain current of 120mA, and 

side mode suppression ratio (SMSR) of at least 45dB. 

 

Keywords — Distributed Bragg Reflector laser, 

Vanadium-doped silicon carbide. 

I. INTRODUCTION 

The demand for high data rates has prompted the need 

for wide deployment of fifth-generation (5G) 

communication technology with a peak data rate of 20Gbs 

[1], the latency of less than 1ms, 1000x bandwidth per unit 

area, 10-100x number of connected devices, perception of 
99.9% availability, perception of 100% coverage, 90% 

reduction in network energy usage, up to ten-year battery 

life for low power machine type devices [2][3]. 5G is set 

to implement Radio over fibre (5G-RoF) technologies 

which combine the advantages of wireless networks over 

fibre technologies by transmitting a radio signal on a fibre 

transmission line. RoF advantages include bandwidth 

larger than that of Radiofrequency technology, facile in 

maintenance and implementation, and minimum loss due 

to attenuation [4]. Unlike the 4G technologies, which used 

the orthogonal frequency division multiplexing (OFDM) 

technique, 5G will employ the hybrid Time/Wavelength 

Division Multiplexing (TWDM) technique for serving 

higher user density Radio over Fibre (RoF) antenna sites 
on the optical network infrastructure [5]. The TWDM 

passive optical network (PON) architecture is 

implemented with tunable lasers to meet the demand for 

high data rates and have low latency. In a traditional 

Optical network unit, several tunable lasers have been 

suggested, such as an embedded tunable laser [6], III-V 

elements based on silicon tunable lasers [7], Indium 

phosphate (InP) based on silicon tunable lasers [8], and 

many more. However, there is still room for improvement 

in the tuning range to surpass the recently developed 

ranges (which include 12.12nm [9], 14nm [10], 20nm 

[11], 8nm [12], etc.) to cover a wider range of the 
spectrum and achieve high data transmission. The design 

of a laser depends on many factors, including the radiating 

material in its active region and the dimensions of the 

active region. 

Many semiconductor elements such as Indium Gallium 

Arsenide phosphate (InGaAsP), Gallium Arsenide (GaAs), 

Aluminium Gallium Arsenide (AlGaAs), etc. have been 

used as light-emitting materials in Light Emitting Diodes 

(LEDs) and Lasers because of their direct bandgap 

structure and strong optical transitions [13]. Lasers with 

quantum wells in the active region tend to show an 
increase in the threshold current and a significant decrease 

in efficiency with temperature variation [14]. This 

threshold current increase with temperature in Quantum 

Well lasers is due to higher threshold density and decrease 

of the gain at high temperatures. 

Other limitations include low output power, narrow 

tuning range to meet the increasing demand for high data 

rates in the TWDM Passive Optical Network for 5G [9], 

low side mode suppression ratio (SMSR) of about 35dB 
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[15] (this implies that most of the transmission power is 

shared with side modes rendering the transmission power 

in the main mode low).  Due to these limitations, other 

semiconductor materials have been studied to find a stable 

material with better features. In most studies, wide-
bandgap semiconductors have picked the interest of 

researchers because of their long tangible spin and spin-

photon coupling through bright optical transitions that can 

be manipulated into working in a Quantum-Well structure 

[16][17]. Their indirect-band gap is the challenge faced; 

this is rectified by doping impurities in a semiconductor to 

match its lattice to emit directly in a telecommunication 

wavelength window. The compound silicon-carbide (SiC) 

is one of the most studied semiconductor materials. It has 

been illustrated that diamond and SiC are capable of 

having many spin-active color centers that could be 

suitable properties in the semiconductor industry [18]. SiC 
advantages include functioning in environments where 

high frequency, high temperature, and high power are 

needed [19]. Experiments have been carried out to prove 

that silicon-carbide can emit light in an 830nm 

telecommunication window [14] and 1300nm 

telecommunication window when doped with impurities to 

match its lattice [20][16][21]. When doped with 

appropriate impurities, hexagonal silicon-carbide (6H-SiC 

and 4H-SiC) can radiate in the 830nm telecommunications 

window. Studies have been carried out on the transition-

metal impurity defects in SiC. The element Chromium 
Cr4+ was found to have spins in SiC that can be 

manipulated to resonate with the first state of excitation of 

Zero Phonon Line (ZPL) optical transition [17][18][22]. 

Molybdenum impurities have shown ZPL transitions at 

1121nm and 1076nm in 6H-SiC and 4H-SiC, respectively, 

and it also forms deep level-defects in stable charge states, 

each with a unique value for its spin and optical transitions 

in the near-infrared region [21][23]. 

Vanadium (V) impurities in SiC form colour centre 

emission in telecommunication wavelength regime 

meeting the generation of large photon states required in 

the telecommunications wavelength regime [14][16]. 
Furthermore, V centres in SiC create the prospect of a 

single-photon emitting diode electrically driven in the 

host, which is the most preferred material in the 

semiconductor industry [20]. Vanadium impurities have 

shown ZPL transitions around 1300nm [21][16]. G. 

Wolfowicz et al. created isolated near-surface dopants of 

vanadium in silicon-carbide. Their results showed optical 

emission wavelengths in 4H-SiC 1278.808nm and 

1335.331nm with radiative recombination lifetimes of 

167ns and 45ns, respectively [24].  

L.Spindlberger et al. [25] presented the optical 
properties of 4H-SiC with tetravalent Vanadium impurities 

with the aim of applications in telecommunications and 

quantum information. Their investigation of V impurities 

in SiC showed narrow optical emission lines in the 

telecommunications window at 1334 nm wavelength, to be 

exact, with an optical lifetime of 43 ns. The time and 

temperature-dependent measurements permitted them to 

clarify unassigned spectrum features and other attractive 

features, including a narrow inhomogeneous line-width 

and rapid optical transitions [25]. 

The optical properties of V dopant in SiC, such as 1300 

nm emission wavelength and the fact that SiC has a high 

output power [26], allow us to suggest it as an active layer 
material in the Distributed Bragg Reflector (DBR) laser 

design to operate in the telecommunication transmission 

windows. The parameters and the optical constants, 

including refractive index and energy bandgap, are not 

given in the literature review. In this work, formulations 

and calculations were done to obtain the optical constants 

used to present a tunable DBR laser with silicon-carbide 

doped with impurities of Vanadium (V) in the active 

region to achieve a wide tuning range and a higher side 

mode suppressing ratio (SMSR). To the best of our 

knowledge, the usage of vanadium doped silicon-carbide 

in the active region of a DBR laser has not been done 
before. 

The rest of this work is arranged as follows, the 

experimental setup and methodology are presented in 

section 2, section 3 discusses results, and section 4 

presents the conclusion drawn. Ansys Lumerical software 

was used for simulations. 

 

II. EXPERIMENTAL SETUP 
The DBR laser was designed with three sections, as 

shown in figure 1. The lasing frequency is in the 1300 

nm telecommunication window in this work. 

 
Fig. 1 DBR laser schematic 

 

The Bragg frequency was set to the required lasing 

frequency 𝑓0 = 224.732 𝑇𝐻𝑧 or 𝜆0 = 1334𝑛𝑚  to allow 

feedback at this frequency. To ensure a single dominant 

resonance occurring at the Bragg frequency, the optical 

cavity length is set such that one of the Fabry-Perot 

modes should be supported with only the reflectance 

situated at the facet and not on the Bragg section. A 

phase section was added to the design for tuning. In this 
research, the active section was designed and analyzed 

first, followed by the phase and Bragg sections which 

were added to adapt the Bragg section’s effective 

refractive index to that of the Active section. 

 

A. Active Region Design 

It is not possible to use Vanadium to achieve doping 

of SiC in Ansys Lumerical interconnect module. 

However, the required optical constants were obtained 

from relevant literature. In this work, data was collected 

from the literature discussed below and applied to obtain 
the required optical constants before the design of the 

active region circuit shown in figure 2.  
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Fig. 2 Fabry-Perot Circuit 

 

The active region circuit in figure 2 is viewed as a Fabry-

Perot laser where MIRR_1 represents the mirror facet to 

reflect light back into the resonating cavity, OM_1 is a 

modulator, and WGD_1 is a waveguide together they form 

a phase section used for smooth transitioning from one 

wavelength to another. TWLM_1 is a Traveling Wave 

Laser Model representing the Active region (Gain 

medium) where stimulated emission occurs. On port 2 of 

the TWLM_1, partial reflectivity is configured to reflect 

some photons back into the resonating cavity, and some 

photons are emitted. On port 2, the optical spectrum 
analyzer (OSA_1) is attached to detect the optical 

spectrum, the optical power meter labelled OPWM_1 is 

used to study the threshold current and the output power of 

the Fabry-Perot laser. The Direct Current source labelled 

DC_1 is used to initiate radiation in the gain medium to 

have stimulated emission. DC_2 is used in tuning. In the 

Fabry-Perot circuit, DC_2 is set to zero. Therefore, the 

modulator acts as a waveguide. 

 

a) Cavity length design 

To ensure constructive interference, equation (1) was 
used to obtain the cavity length  [27]:  

 

𝑁𝜆0 = 2𝐿                                                         (1) 

 

Where N is an integer, λ0 is the lasing wavelength, and L is 

the cavity length. The lasing condition is given by the 

Round Trip (RT) amplification of a photon as given in 

equation (2), and this is used in obtaining net gain per 

unity length 𝑔 (gain threshold parameter). [28]: 

 

𝑅𝑇 = 𝑒2𝐿𝑔(𝑅1𝑅2) = 1                                     (2) 

 
R1 and R2 represent the reflectivity of the facet mirrors of 

the optical cavity. Using equation (2),  the expression for 

net gain threshold parameter of the cavity was obtained as 

shown in equation (3) [28]: 

 

𝑔 =
1

2𝐿
𝑙𝑛 (

1

𝑅1𝑅2
)                                               (3) 

 

The standard cavity length of a Fabry-Perot in fibres is in 

the range of 150µm – 1000µm [29]. In this work, the 

largest value possible was chosen for the active region 

design by setting the length of the active region to 

999.3448µm using equation (1). The modulator labelled 

OM_1, and the waveguide labelled WGD_1 in figure 2 

each has a length of 74.948µm which is a  default value 

assigned by the Ansys Lumerical software [30]. Therefore, 
the total cavity (L) length obtained was L = 1149.241 µm. 

This length satisfies equation (1), with N = 1723, The 

reflectivity R1 of the mirror labelled MIRR_1 in figure 2, 

and R2 defined on port 2 of the TWLM_1 circuit in figure 

2 are 0.999 and 0.7 respectively. Using equation (3), the 

gain threshold parameter was found to be: 

 

 𝑔 =
1

2 𝑥 1149.241 𝑥10−6 ln (
1

0.999𝑋0.7
) = 155.61/𝑚  

 

The gain result was used to calculate the Gain coefficient 

used in the design of the Fabry-Perot laser. The gain 
coefficient defines the change in photons’ density as they 

move along the cavity length. The initial carrier density 

ni was set to the default setting for TWLM in Ansys 

Lumerical, which is expressed in equation (4): 

 

ni=1.5 x 1024m-3                                                     (4) 

 

Equation (5) was used to calculate the gain coefficient ap 

[31]:  

 

𝑎𝑝 =
𝑔

𝑛𝑖
=

155.61

1.5x1024 = 1.037x10−22m2                  (5) 

 

b) Bandgap Energy of Vanadium Doped Silicon-

Carbide 

Given that the laser is to operate at the wavelength of 

1334nm, the required bandgap energy is calculated using 

equation (6): 

 

E.g. = ℎ𝑣 =
ℎ𝑐

λ
                                                     (6) 

 

E.g. =
ℎ𝑐

𝜆0
=

6.62x10−34x 3.0 x 108

1334x10−9 = 1.4888 x 10−19𝑗𝑜𝑢𝑙𝑒𝑠 

 

Where h = 6.62x10-34J/Hz is plank’s constant, c = 3.0 x 

108m/s is light’s speed, λ0 = 1334nm wavelength of 

emission and v is light emission frequency. When 

expressed in electron volts, the above-calculated bandgap 
energy is 0.93 eV. The total bandgap energy of SiC is 3.2 

eV. When doped with the neutral V4+ impurities, the 

ground state is raised by 1.6eV above the valence band 

of the polytypes 4H-SiC and 6H-SiC  [24]. V+4 reduces 

the excited state energy of 4H-SiC from the 3.2eV by 

0.6eV to 0.8eV [32]. Based on these findings, the 

calculations in this paper were done with an assumption 

that SiC was doped by V enough to reduce the excited 

state energy by 0.67eV.  This is illustrated in figure 3.   
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Fig. 3 Energy band gap of V doped SiC 

 

This implies that the effective energy bandgap when both 

acceptors and donors doping are complete is 0.93 eV. 

From equation (6), this energy bandgap (Eg = 0.93) 

radiates at 1334nm wavelength. 
 

c) Refractive index of V doped SiC 

The refractive index was calculated using the Moss’ 

relation as defined in equation (7) [33]: 

n4Eg=95eV                                                             (7) 

where: n is refractive index and Eg is energy bandgap. 

Therefore, refractive index is given as: 

n = 4√(95eV/Eg) = 4√(95eV/0.93eV) = 3.179 
 

d) Radiative recombination coefficient 

The optical properties of 4H-SiC with V4+ impurities 

give two radiative recombination lifetimes. In [25], 

fluorescence was spectrally resolved using blue 

excitation of defects, two emission wavelengths were 

observed. One was emitting at 1334nm wavelength with 

a radiative recombination lifetime of 43ns, and the other 
was emitting in the range of 1277.0 nm to 1280 nm [25]. 

In this work, the studied wavelengths were in the 

1300nm telecommunication window; therefore, the 

1334nm emission was studied. The radiative 

recombination rate was calculated using equation (8)  

[34]: 

𝑅𝑟 =
𝑛𝑖

𝑟
=

1.5x1024𝑚−3

43x10−9𝑠
= 3.488x1031𝑚−3/𝑠        (8) 

Where ni is the initial carrier density from equation (4), 

and τr is the radiative recombination lifetime. With an 

assumption that the non-radiative recombination and 

Auger recombination coefficients are negligible, the 

radiative recombination coefficient B is given by 

equation (9)[35]: 

𝐵 =
𝑅𝑟

𝑛𝑖
=

1

𝑟
=

3.488x1031m−3/s

1.5x1024𝑚−3 = 0.2325𝑥108/𝑠        (9) 

Based on the works done in  [36], the typical value of the 

spontaneous emission factor (σ) is estimated to be σ = 

10-3. 

The phase section and the gain section were 

implemented using the optical constants calculated 

above, and they are listed in Table 1. The Ansys 

Lumerical default values 5µm and 0.1µm for active 

region width and thickness respectively were adopted. 

 

 

Table 1. List of Parameters for Active Region 

Design 

Name value 

Radiative recombination 

constant 

2.326 x 108/s 

Spontaneous emission factor 10-3 

Initial carrier density 1.5 x 1023m-3 

Centre frequency, wavelength 224.732 THz, 

1334nm 

Energy bandgap 0.93eV 

Refractive index 3.179 

Gain coefficient 1.0338 x 10-22 

m2 

Active region width 5 µm 

Left Mirror reflectivity 0.999 

Right mirror reflectivity 0.7 

Modulator frequency and 

length 

224.732THz, 

74.948µm 

Waveguide frequency and 

length 

224.732THz, 

74.948µm 

Active region thickness 0.1 µm 

B. Bragg section design 

The Ansys Lumerical default settings for the Bragg 

section were adopted. Changes were made to the 

waveguide Bragg grating default settings as follows; 

Bragg frequency was changed from 1550nm to 1334nm 

wavelength, the effective refractive index was changed 

from 1.447 to 3.179, adapting to the active region 

refractive index. Figure 4 shows the Bragg section circuit 

designed using the list of parameters shown in table 2 

below. 

Table 2. Bragg section constants 

Name value 

Length 0.005m 

Input parameter Bragg frequency 

Effective index 3.179 

Bragg frequency 1334nm 

Effective index change 0.0009 ac 

Figure 4 illustrates the Bragg section implemented in 

Ansys Lumerical. 
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Fig. 4 Bragg section Circuit 

The optical network analyzer (ONA) is used to view the 

Waveguide Bragg-Grating (WBG) reflectance curve. 

The Bragg section parameters in table 2 were used in the 

design, and the simulation was run in Ansys Lumerical. 

The results are discussed in the next section of this paper. 

A full DBR laser with the calculated optical constants 

was implemented. The circuit is illustrated in figure 5. 
The Terminal mirror shortened as MIRR_1 in figure 2 

circuit was replaced by a Bragg section circuit from 

figure 4, abbreviated as WBG_3 in figure 5. Bragg lasing 

 frequency was set at 224.732THz (1334nm wavelength).  

 

Fig. 5 V-doped SiC DBR laser 

 

III. RESULTS AND DISCUSSION 

A. Tuning Range  

The Fabry-Perot circuit in figure 2 was implemented and simulated using the parameters in table 1. The results in 

figure 6 illustrate the corresponding spectrum as a result of the new material (V doped SiC) used in the active region: 

 

Fig. 6 (A) 
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Fig. 6 (B) 

Fig. 6: Fabry-Perot Spectrum with active region width set to 5µm and active region thickness set to 0.1µm. 

 

The resulting spectrum was covering a narrow width at Full Width at Half Maximum (FWHM), and it was observed from 

the zoomed spectrum in figure 6(B) that the signal impulses had noise in between. These cause interference during 

transmission. The active region thickness was reduced from 0.1um to 0.08um, and the active region width was reduced 

from 5um to 4um. The corresponding spectrum is illustrated in figure 7:  

 

 
Fig. 7 (A) 
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Fig. 7 (B) 

Fig. 7: Fabry-Perot Spectrum with active region width set to 4µm and active region thickness set to 0.08µm. 
 

It was observed that the reduction of the active region width and active region thickness led to the reduction in the number 

of noise impulses and also led to the increase in the spectral width coverage at FWHM. A better spectrum with less noise, 

more transmittable signal impulses and wide spectral coverage is obtained when the active region width was reduced to 

2um, and the active region thickness was reduced to 0.01um. The resulting spectrum is shown in figure 8(A, B, C) below. 

The tuning range width was determined from the spectral width covered at FWHM.  

 

 
Fig. 8(A) 



Patrick Mumba et al. / IJETT, 70(2), 151-162, 2022 
 

158 

 
Fig. 8(B) 

 

Fig. 8(C) 

Fig. 8: Fabry-Perot spectral coverage at FHWM, Active Region Width (ARW) was set to 2 µm, and Active Region 

Thickness (ART) was set to 0.01 µm 
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Figure 8(A) shows the corresponding spectrum at 2 µm 

active region width and 0.01 µm active region thickness, 

and its zoomed spectrum is in figure 8(B), illustrating less 

noise in between signal impulses, it was observed from the 

Fabry-Perot spectrum in figure 8(C), that the tuning range 
of at least 22nm was achieved at FWHM. The tuning range 

obtained in this work is larger than the tuning range of 8nm 

used in [12] by Y. Zhu et al. with the intent to send data 

using a 3s-DBR laser. It is also wider than the tuning range 

found by L. Han et al. [11], who had the tuning range of 

20nm with InGaAsP in the active region, and it is also 

wider than the tuning range in a DBR laser designed by D. 

Zhou et al. [10] who established a tuning range of 14nm 

with InGaAlAs in the active region, it is also better than 

the tuning range by  D. Zhou et al. [9] who had the tuning 

range of 12.12nm with InGaAlAs/InGaAsP DBR laser. 

Therefore, the usage of V doped SiC in the gain section 
has widened the tuning range of the DBR laser. 

 

B. Threshold Current and Output Power 
The threshold current (Ith) was measured through the 

optical power wavemeter (OPWM) shown in figure 2, 

which gave the L-I curve in figure 9. 

 

Fig. 9 Fabry-Perot L-I curve 

The threshold current is found by calculating the gradient 

of the lasing curve, which is m = 0.1333, then setting the 

optical power to 0 and solving for the current, the 

threshold current is found to be Ith ≈ 22.5mA. This implies 

that the laser needs a minimum of 22.5mA current to 

begin lasing. The optical power output from the L-I curve 

in figure 9 is P = 13mW when the gain current is 120mA, 

which is better than the optical power output found by L. 

Han et al. [11], D. Zhou et al. [10], and by D. Zhou et al. 

[9] at the same gain current. The Ith found in this work (Ith 

≈ 22.5mA) is also lower than the Ith found by  L. Han et al. 

[11] and D. Zhou et al. [10] works who had 25mA and 

24mA for threshold currents, respectively. 

 

 

C. Bragg Section Reflectance 

The main purpose of the Bragg section is wavelength 

tuning. The DBR laser design was to operate in the 

1300nm telecommunications window. Therefore, the 

desired reflectance was in this above-mentioned window. 
The Bragg section circuit illustrated in figure 4 was 

simulated using the Bragg section parameters listed in 

table 2. The resulting reflectance is shown in figure 10. 

From the Reflectance graph, it was observed that the 

designed Bragg section was capable of performing 

wavelength selectivity in the 1300nm telecommunications 

window. 

 
Fig. 10 Bragg section Reflectance over a range of 

wavelengths in the 1300nm window as designed in 

Lumerical. 

D. Side mode suppression ratio (SMSR) 

Below is figure 11, showing the spectrum of the DBR 

laser designed in figure 5. The spectrum is of the 

transmitted wavelength as tuned by the Waveguide Bragg 

Grating (WBG_3) circuit.  

 

 

Fig. 11 DBR Laser spectrum 
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An SMSR of at least 45dB was obtained, which showed 

much improvement than those SMSR reported in the 

literature. We therefore report a better SMSR than 

[10][37][38] who reported  SMSRs of 35dB, 30dB and 

30dB respectively. Table 3 is a summary and comparison 

of the results obtained and those found in the literature

Table 3. Results comparison 

 

 

Ref. 

 

Active  

Region 

 Material 

 used 

 

Operating 

wavelength 

Window 

 

Tuning 

range 

 

SMSR 

 

Threshold 

current 

 

Optical Output power at 

Gain medium current 

[12] Not specified 1500nm  8nm 50 dB 9 mA 0.13 W at 1A 

[11] InGaAsP 1400nm 20nm 30 dB 25 mA 12 mW at 150 mA 

[10] InGaAlAs 1500nm  14.28nm 35 dB 24 mA 10. 3 mW at 100 mA 

[37] III-V-on-silicon 1500nm  12nm 30 dB 55 mA 0.4 mW at 120 mA 

[38] InGaAsP 1800nm 11nm 30 dB 30 mA 6.9 mW at 100 mA 

[39] Not specified Not specified 17nm 38 dB Not specified 5.6 mW 

[40] InGaAs/ 

InGaAsP 

1600nm 16nm 34 dB 19 mA 10.3 mW at 100 mA 

[41] InGaAsP 1300nm  15nm 35 dB 13 mA 25 mW at 150 mA 

This 

work 

Vanadium doped 

SiC 

1300nm  22nm 45 dB 22.5 mA 13 W at 120 mA 

 

E. Tuning 

The current injection tuning mechanism was 

implemented. The desired wavelength (λ0 = 1334nm) was 
set in the Bragg section, and the phase section was used to 

adjust the cavity to achieve a single-mode operation. In the 

experiment, the lasing wavelength output was slightly off 

by a few nanometres (between 0.05nm and 0.1nm) from 

the desired wavelength, the current from the Direct 

Current Source labelled DC_4 in figure 5 was adjusted to 

tune to the required wavelength. If the emitted wavelength 

was slightly higher than the required wavelength, the 

current of DC_4 was reduced, which in turn reduced the 

emitted wavelength through the modulator. And when the 

emitted wavelength was slightly lower than the desired 

wavelength, the current was increased in DC_4, which in 
turn increased the emitted wavelength. Therefore, the 

phase section was used to get the exact desired 

wavelength. 

IV. CONCLUSION 

A three-section tunable laser was designed, simulated, 

and analyzed using V doped SiC as the active region 

material. The Material V doped SiC is a new compound 

that was proposed and used in this work. It is a material 

that was not in the material database of the  Ansys 

Lumerical design software and hence the reliance on other 

research works for optical constants data. The active 
region (Fabry-Perot) was then designed using the 

calculated optical constants. From literature, it was shown 

that Vanadium doped silicon carbide radiates in the 

1300nm telecommunication window. The calculations 

indicate that its bandgap energy is 0.93 eV. Based on the 

relation of Moss, the refractive index was found to be 

3.179.  The measurements for the length of the active 

region and the active region thickness were taken from the 

commonly used active region thickness and active region 

length and were referenced accordingly. Several iterations 

were done whilst reducing/increasing the active region 

thickness and active region width. A comparison with 

recent works was made, and it was established that the 

designed laser in this work has better performance than 

most, as shown in table 5, with a tuning range of over 

22nm being observed. A good SMSR of at least 45dB is 

also obtained. A threshold current of 22.5mA was 

achieved with an optical output power of 13mW at the 

gain current of 120mA.  The DBR laser has a simple 
three-section structure which makes its fabrication 

cheaper. The compound silicon-carbide and the element 

Vanadium exist freely in nature and have good optical 

properties making the active region material have low cost 

in fabrication. Better results can be obtained in the lab 

when fabricating the actual laser and carrying out the 

semiconductor doping. 

Future works can include the use of V doped SiC in 

other laser products, such as mid-infrared lasers that can 

be used for wireless optical communications. In this 

system of communication, the LEDs are to be 

implemented with modulators to send light signals to be 

received by communication devices. The frequency will 

be in the visible range of the spectrum, and SiC can radiate 

in that range without doping of metal impurities [14]. This 

makes it a suitable candidate for the visible light 

communication systems LEDs in the near future. 
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