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Abstract

This paper is focused on a 940 nm edge type of semiconductor laser, which is made from 940 nm
InGaAs double-quantum-well epitaxial wafer, produced by Metal Organic Chemical Vapor Deposi-
tion (MOCVD). In the absence of coating, the efficiency at the room temperature is 0.89 W/A, and
the averaged threshold current is 0.307 A. The present study investigates the impact of tempera-
ture on the P-I curve, V-1 curve and the centre wavelength, the temperature ranging from 286.15 -
333.15 K. It shows that the threshold current increases from 0.28 A to 0.41 A with the increasing
temperature. The increase rate is 0.0027 A/K. With the temperature ranging from 286.15 - 333.15
K, the characteristic temperature is calculated to be 120 K. At driven current of 2 A, the output
power decreases from 1.47 W to 1.27 W at a rate of 0.00425 W/K. At a constant voltage, the output
current initially increases with the temperature within a certain range, beyond which the impact
of the temperature is minimum. The ideal factor obtained from V-I curve by curve fitting is 1.076.
The series resistance is 0.609 Q. The centre wavelength shifts to a longer wavelength with the in-
creasing temperature at a rate of 0.275288 nm/K.
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1. Introduction

High power 940 nm semiconductor quantum-well-structure laser diodes can be used as optical fiber amplifiers
and to pump some solid state lasers. One of the most important applications is to pump Yb3 + doped fiber laser
diodes [1]-[4]. The 940 nm semiconductor laser diodes have wide absorption band and high stability under
wide-ranging working temperature. However, various factors can reduce their lifetime. In particular, tempera-
ture has a great influence on characteristic parameters of semiconductor laser diodes. With the changing temper-
ature, the centre wavelength, threshold current and output power are affected, in addition to the instability
caused by the mode of multimode laser. Those changes shift the laser diodes away from their optimized working
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conditions, which leads to permanent damages to the equipment in long-term. Hence it is necessary to analyze
the impact of temperature on the semiconductor laser diodes.

The impact of temperature on semiconductor laser diodes of different wavelengths has attracted researchers’
attention globally. In 2001, Ma et al. [5] investigated the temperature sensitivity of 1.55um InGaAs/InGaAsP
compressive strain multi-quantum-well-structure laser diodes. In 2006, Shigeru Kanazawa et al. [6] studied the
temperature sensitivity of 1.2 um GalnAs/GaAs quantum-well-structure laser diodes working under high tem-
perature. In 2012, Li et al. [7] reported the temperature sensitivity of 1.06 pym InGaAs/InGaAsP quantum-well
structure semiconductor laser diodes. In 2013, Huang et al. [8] studied the temperature sensitivity of 850 nm ta-
per semiconductor laser diodes. In 2013, Zhang et al. [9] performed analysis on 808 nm laser array vertical cav-
ity surface. In 2016, Feng et al. [10] conducted a study on the temperature sensitivity on 808 nm. For 940 nm
wavelength semiconductor laser research, in 2013, Li et al. [11] studied relaxation time in test of 940 nm semi-
conductor laser. However, there is less work on the impact of temperature on the 940 nm laser diodes.

This paper is focused on a 940 nm edge type of semiconductor laser diodes, which is made from 940 nm
double-quantum-well quantum well epitaxial wafer, produced by Metal Organic Chemical Vapor Deposition
(MOCVD). Without the use of coating, the efficiency at the room temperature is 0.89 W/A, and the averaged
threshold current is 0.307 A. This paper reports the impact of temperature on the P-I curve, V-I curve, and the
centre wavelength of the semiconductor laser diodes.

2. The Structure of the Laser Diode

In the present study, a 940 nm double-quantum-well semiconductor laser diode is produced by Metal Organic
Chemical Vapor Deposition (MOCVD). The internal structure is made of a large asymmetric optical cavity. The
internal structure is designed into asymmetric large optical cavity.

The semiconductor laser diode is a typical Fabry-Perot edge-emitting laser as shown in Figure 1. The device
was built by the following processes: First, a 100-um wide surface was fabricated using standard optical litho-
graphy in combination with various etching techniques for lateral structuring; Second, one layer of 200 nm thick
SiO, was made using PEVCD for insulation; Third, an 95-um wide Lead hole window was produced with litho-
graphy; Fourth, TiAu layer was sprayed on the P-contact; Then the bottom surface on the N-contact was thinned
to around 120 um, which was followed by producing a AuGeNi/Au substrate on the N-contact; At last, the wa-
fers were cleaved into single chip with a laser cavity length of L = 1000 um , which was finalized with TOs.

3. Results and Discussions

The semiconductor laser diodes is tested with pulsed laser with a duty ratio of 0.5% and a frequency of 100 Hz.
Using pulsed laser is to reduce the impact of internal cooling on the results. Six working temperatures are tested,
including 286.15 K, 295.15 K, 303.15 K, 313.15 K, 323.15 K and 333.15 K. The following sections present
analysis on the impact of temperature on the P-I curve, V-1 curve, and the centre wavelength of the semicon-
ductor laser diodes.
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Figure 1. The structure of the semiconductor laser diode.
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3.1. The Impact of Temperature on the P-I Curves

Figure 2 demonstrates the impact of temperature on the P-I curves with temperature ranging from 286.15 -
333.15 K. As is shown in Figure 2, with the increase of temperature, the threshold current gradually increases,
the decrease of the output light power gradually.

Figure 3 presents the threshold current as a function of temperature. It shows that the threshold current in-
creases with the increasing temperature. Specifically, the threshold current increases from 0.28 A to 0.41 A at a
rate of 0.0027 A/K. Previous studies found that the threshold current density at a given temperature Jy(T) can be
calculated using the following equation [12]-[14]:
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where Jyn(Ty) is the threshold current density at temperature of Ty, in this experiment the T, values set to 295.15
K, Ty represents the characteristic temperature [15]. The main underlying mechanisms for the changes in the
threshold current density caused by the temperature [14] are as following: 1) Temperature changes the statistical
distribution of the carrier, thereby affecting the light gain coefficient; 2) Temperature influences the internal loss
existing in the semiconductor laser (auger recombination, surface composite, free carrier absorption; 3) Temper-
ature affects heterojunction between the potential barrier heights, which in turn affects the hot carrier leakage.
With the increase in the temperature, the internal wear of the semiconductor laser diodes increase, meanwhile
both the internal and external quantum efficiency, external quantum efficiency drops. The potential barrier
height increases with temperature, leading to the leakage of hot carriers, which results in a higher threshold cur-
rent.

The characteristic temperature Ty is calculated by linear fitting the data points in Figure 3, which is 120 K.
The characteristic temperature T, is an important measure of the temperature sensitivity of semiconductor laser
diodes. A bigger T, indicates that the laser diode is less sensitive to temperature. The calculation shows that the
semiconductor laser diode are sensitive to temperature, which implies a strong fluctuation in the performance of
this particular laser diode with temperature ranging from 286.15 K to 333.15 K.

Figure 4 depicts the change in output power with temperature given an input current of 2 A. it shows that the
output power decreases gradually with the increasing temperature, particularly, the output power decreases from
1.47 W to 1.27 W at a rate of 0.00425 W/K. Given a current higher than the threshold current, the output power
can be expressed with the function below [12]-[14]:

am_ @)

“am+ai q

where, #; is the internal quantum efficiency, 7. is the external quantum efficiency, ai and am are internal loss
and loss of end face. The internal loss increases, meanwhile the efficiency of internal quantum and external
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Figure 2. P-1 curves at various temperature.
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Figure 4. P at various temperature.

quantum decreases as the temperature rises. In addition, the leakage of hot carriers increases, which increases
the threshold current, thereby resulting in a reduced output power.

3.2. The Impact of Temperature on V-I Curves

Plotted in Figure 5 is the V-I curves with temperature varying from 286.15 K to 333.15 K. At a given voltage,
when temperature changes from 286.15 K to 295.15 K, current increases considerably. However, the change in
the current is negligible with the temperature ranging from 295.15 K to 333.15 K as the rest curves overlap with
each other. This can be explained by the relationship between voltage and current.

Analysis the reason, by the relationship between electric current and voltage and can know [12]:

I =V F;SVd (> 1) ©))
v, =20 @
q

where V stands for the forward voltage imposed on the laser diode, V, is the internal voltage, R, is the series
resistance, E4 (T) is the forbidden bandwidth at a given temperature, The forbidden bandwidth narrows with the
increasing temperature, which reduces V,, compared to the change in V and V,, the change in R, with
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Figure 5. V-1 curves at various temperature.
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temperature can be ignored. Hence, current rises with temperature within a certain range. However, as the tem-
perature continues to increase, the change in the conduction band and the valence band of Fermi level range re-
duces, leading to a smaller change in Eg, therefore there is minimum change in the current with temperature
above 295.15 K.

The V-1 function for other diodes is as following:

|=%@m{qﬁj—n )
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We obtain V =V, + IR, from Equation (3), derivation Equation (5) gives us the value of % If 1> Iy, the

value of Vy is a constant. when Iy << I, calculate the expression:
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When the change in current and voltage is small, (;—\II r % at a temperature of 295.15 K and a current blow

the threshold current, applying linear fitting to V-1 curves with Equation (6), show in Figure 6 which gives an
ideal factor of n = 1.076. Normally, the ideal factor for diodes ranges from 1 to 2, hence the calculated ideal
factor in the present study is within the range. The series resistance is calculated to be 0.609 Q.

3.3. The Impact of Temperature on the Centre Wavelength

Figure 7 shows the centre wavelength at different temperature while keeping the input current constant. It re-
veals that the centre wavelength increases as temperature rises. It is known that the material used in the semi-
conductor laser is direct band gap materials, and the centre wavelength is determined by Eg, which is a function
of the temperature coefficient. The relationship between the output wavelength and forbidden bandwidth can be
expressed as [12]-[14]:
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Figure 6. Linear fitting of I(dV/dI)-1 at T = 295 K.
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Figure 7. The lasing spectrum at various temperature.

Figure 8 shows the centre wavelength and the forbidden bandwidth as a function of temperature. It demon-
strates that the centre wavelength increases as the temperature rises. The increase rate of the centre wavelength
is calculated to be 0.275288 nm/K. Compared to an increase rate of 0.37 nm/K for temperature characteristic of
1.06 um InGaAs/InGaAsP quantum-well laser diode [7] in a previous study, this change is relatively small. At a
given temperature, the forbidden bandwidth Eg is calculated from Equation (8) by substituting the centre wave-
length at that particular temperature. Figure 8 reveals that the forbidden bandwidth is reduced when temperature
is higher. This result agrees with the inversely proportional relationship between temperature and the forbidden
bandwidth as shown in Equation (9). The decrease in the forbidden bandwidth is responsible for the increasing
centre wavelength at a higher temperature.

4. Summary

This paper is focused on a 940 nm edge type of semiconductor laser, which is made from 940 nm InGaAs
double-quantum-well epitaxial wafer, produced by Metal Organic Chemical Vapor Deposition (MOCVD).
Without the use of coating, the efficiency at the room temperature is 0.89 W/A, and the averaged threshold cur-
rent is 0.307 A. With the temperature ranging from 286.15 - 333.15 K, the present study investigates the impact
of temperature on the P-1 curve, V-1 curve and the centre wavelength. The laser diode is tested with pulsed las-
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Figure 8. The centre wavelength and forbidden width as a function of temperature.

ing with a duty ratio of 0.5%. Experimental results show that the threshold current increases from 0.28 A to 0.41
A at the increasing temperature. The increase rate is 0.0027 A/K. With the temperature ranging from 286.15 -
333.15 K, the characteristic temperature is calculated to be 120 K. The output power decreases from 1.47 W to
1.27 W at a rate of 0.00425 W/K. At a constant voltage, the output current initially increases with the tempera-
ture within a certain range, beyond which the impact of the temperature is minimum. The ideal factor obtained
from V-I curve by curve fitting is 1.076. The series resistance is 0.609 Q. The centre wavelength shifts to a
longer wavelength with the increasing temperature at a rate of 0.275288 nm/K. The forbidden bandwidth de-
creases with the increasing temperature.
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