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Introduction
Due to extended operation or ambient temperature varia­

tions, semiconductor Laser Diodes (LDs) are well known for 
extreme sensibility for case temperature changes. They have 
a decrease in power output as a result of their operating point 
continuously shifting as a temperature rises, that is, their oper­
ating point moving farther from its initial position. Temperature­
‍‑compensated bias systems, which can monitor variations in 
the surrounding air temperature and so increase the LD’s safe­
ty, are considered to be the solution to these issues.

Many strategies have been used to maintain the diode’s 
stable operation so that it can operate in continuous wave 
mode. A conventional approach of accomplishing the goal is 
to affix the laser diode using a heat sink. The requirement re­
sults from the way LDs behave; as temperature rises, output 
power rapidly decreases, making it challenging to operate 
the device within the parameters that were intended. The au­
thors Beni et al. [1] reported success in creating a heat sing 
with microchannels, namely sinusoidal type channels, result­
ing in a rise in laser diode stability and lifespan. By adding 
mathematical terms to Pspice simulation software, Borràs et 
al. [2] created a model. Lastly, a contrast between the actual 
diode and the model device has been examined. When deal­
ing with a high power diode‍‑pumped Tm: YLF, Duan et al. [3] 
encountered and researched the similar temperature issue of 
dependency and stability and were able to achieve a 36.8% 
optical‍‑to‍‑optical efficiency. A diode laser’s self‍‑referenced 
stabilization was documented by Hakobyan et al. [4]. None­
theless, the work involved a 2.1W high power laser. Similar 
to this, Sobczak et al. [5] demonstrated power stabilization in 
high power lasers to accomplish stability in the lateral modes. 
This characteristic has been applied to raise the beam quality’s 
stability. By regulating low and high frequency sounds, Ynag 
et al. [6] attempted to achieve power stability of a laser diode 
output power; unfortunately, the stability was only temporary. 
By employing double Q switching, Zhao et al. [7] were able to 
obtain increased stability and, as a result, mode‍‑locked out­

put. With a good repetition rate, the tested laser diode may 
reach a peak output of up to 20W. An electrical circuit based 
on the feedback concept was reported by Zivojinovic et al. [8]. 
Li et al [16] developed a Pirani gauge using glass material and 
achieved temperature compensation for it using MEMS to re­
port good precision and reliability. Xu et al [17] also suggest­
ed a temperature compensated Pirani gauge which has high 
sensitivity and temperature stability. However, temperature 
compensation was based upon CMOS technology. Kristiani 
et al [14] developed a method for temperature compensation 
on the lathe head. This helped them to reduce tolerance lev­
els of the product under manufacture. Tang et al [15], worked 
to develop a high precision temperature compensation circuit 
for LD, so that they could achieve an accuracy of 3mK at room 
temperature. The CMOS technology was used to construct 
the circuit. This circuit produced optimistic outcomes for the 
hetero‍‑structure laser’s average output power for steady, con­
tinuous operation. The bias voltage supplied to the LD must 
adjust as a means of making up for temperature variations to 
sustain a constant providing optical power for a specified input 
current level. To investigate the similarities and differences be­
tween laser diodes and normal light emitting diodes, Trivellin 
et al. [9] conducted an examination of a laser diode’s structure. 
Additionally, a comparison of different laser operating modes 
has been provided. In their study and discussion of laser di­
ode chaos, Sciamanna et al. [10] offered a number of strate­
gies and their benefits for using chaos in a variety of contexts. 
Variations in the LD’s temperature have the potential to per­
manently harm the device, overheat it, and result in an optical 
power amplitude that is less than ideal. The LD may sustain 
irreversible harm should the applied voltage rise over the op­
erational value (due to drop in temperature). Furthermore, an 
temperature elevation will lead to a modification of the opera­
tional point, which will reduce the production of optical power. 
There are three typical approaches to solving this issue:
1.	 Continuous current flow.
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2.	 Preserving a steady temperature in the LD is the sec­
ond goal.

3.	 Use a power supply that adjusts for temperature to bias 
the LD.
Nishida et al. [11] recommended constant current pow­

er supply circuit, which is shown in the reference. The ava­
lanche photodiode in this circuit is biased by a current sta­
bilizer, while a capacitor Cs serves as the charge bank. The 
same configuration, though, can be applied to achieve output 
light power stability due to temperature. This might necessi­
tate carefully reworking the circuit to meet the requirements 
of the laser diode under consideration. By employing a sec­
ond diode to generate a reference voltage signal, it is possi­
ble to ensure that the LD’s voltage follows any alterations in 
warmth. This is a further technique for achieving temperature 
compensation. Gardner [12] has provided the schematic lay­
out for a similar circuit, but for a photodiode. In this approach, 
a Zener diode was put on the same heatsink and utilized as 
a reference diode. On the other hand, bias control has been 
achieved by the use of a differential amplifier.

The above‍‑mentioned second method may result in con­
densation on the LD window, which would reduce power sup­
ply and necessitate more regular window cleaning. Using 
temperature sensing components in a circuit design is the 
third way to stabilize an LD, as seen in figure 1.

where VB β is its temperature coefficient in volts per degree 
Celsius. Since VB in this instance has a value of 3 Volts, there­
fore Eq (1) results in [13].

(2)	

Figure (2) shows the circuit for an LD’s temperature­
‍‑compensated bias supply. Below is a detailed design and 
evaluation of the circuit to help understand how it works.

Fig. 1. Temperature maintenance flow plan.

Parts for temperature sensing typically generate an in­
dicator of current that fluctuates in response to temperature 
changes. The operational amplifier which is configured as 
I to V converter can possibly be used to convert this output 
current to a voltage. After that, the output of this sub circuit 
is connected in a non‍‑inverting configuration to a summing 
amplifier, which will sum the voltage using a reference volt­
age of 4 and the adverse amount derived from a traditional 
power source with high voltage. The bias control transistor’s 
base current is managed by the resulting output.

Design insights
This research used a Toshiba LD, whose data sheet indi­

cates that its temperature coefficient is 1×10‒3%/°C. Finding 
the voltage variation (Volts/°C) for this temperature coefficient 
requires noting that [12]:

(1)	

Fig. 2. Schematic for customized power supply for LD.

Steady reference voltage
Using the precision reference diode package LM329, 

a consistent ‍‑6.8 volts as the voltage reference was attained. 
With the temperature coefficient of 1 A/°K, the temperature 
sensor 1C AD590 was then given this constant reference 
voltage.

Voltage converter from current
Considering the setup where the operational amplifier A1 

and the temperature sensor IC1 are combined. For a temper­
ature increase of T degrees Kelvin, 1C1 will produce a total 
current of T×10‒6A. Therefore, in order for the temperature 
sensor must provide current I in order to raise the tempera­
ture by T°K.

(3)	

Thus, when the feedback resister R1 is connected, the volt­
age at the op‍‑amp A1’s output is used is as follows:

	

Consequently, the voltage shift Vl becomes

(4)	

The summing amplifier
Utilizing a summing amplifier arrangement, the operation­

al amplifier A2 added to produce the output voltage Vo, the 
three voltages supplied at its inputs. A resistor was mount­
ed to supply this output, Vo, to an NPN transistor Q1 base. 
The configuration of Q1 transistor was designed to minimize 
conduction between the collector and emitter, with a reduced 
voltage signal at its base. A current flowed between Q1’s 
emitter and collector when the transistor was conducting. As 



197PRZEGLĄD ELEKTROTECHNICZNY, R. 101 NR 6/2025

a result, there was a modification of the output’s bias voltage 
point and the +bias voltage point floated.

This part of the electronic circuit can be described math­
ematically as: According to Kirchhoff’s law for current at 
a node, the total algebraic summation of current flowing 
through a circuit at any one time is null (Figure 3). Conse­
quently, the expression for current at the input of A2 that fol­
lows Kirchhoff’s current law can be expressed as

(5)	

But if you change the value of V in equation 4 to equation 5, 
what you get is

(6)	

When equation (6) is differentiated in relation to T, it produces

(7)	

After setting dVB/dT = β, equation 7 can be expressed 
as follows

(8)	

This provides the value for the LD’s temperature coefficient 
β. Adding this number to equation 5 yields

(9)	

By concurrently solving equations 5, 8, and 9, the resis­
tor values R2, R3, and R4 can be determined.

Practical realization
The particular LD under consideration’s bias voltage was 

ascertained as 3 volts from the data included with the LD; 
based on this value, the temperature coefficient that was ini­
tially estimated was 30 μV/ºK. It is necessary to include this 
voltage value into the equation 2 using R1 = 20kΩ to deter­
mine the proper values for the several resistors that will be 
used in the circuit, results in

	

Consequently

(10)	

Thus, 666R4=R3 is the result. The LD had to function at 
300ºK in temperature, which is similar to that of a  typical 
room temperature. This implied that the subsequent param­
eters had to be fixed already:
T = 300ºK
β = –300μV/ºK
R1=20kΩ

Equation 9 produced a value for the reversed breakdown 
voltage after these values were entered.

	

Moreover, the LD had to be operated at a biasing voltage 
of VB = 3 Volts. Consequently,

	

but Vref =5Volts, therefore,

	

Given the assumption that R2=10kΩ, equation 10 there­
fore yields

	

and

	

The power supply for the LD that adjusts to temperature, 
operated satisfactorily after key design parameters for R1, R2, 
R3, and R4 were incorporated into the circuit. Rather than uti­
lizing a fixed value for R2, a variable resistor was inserted in 
order to precisely set the temperature coefficient. After that, 
adjustments could be made to get the necessary output val­
ue for bias voltage. Figure 3 depicts the assembled intended 
circuit on a printed circuit board with two sides.

Fig. 3. Circuit assembled for verification and testing.

Fig. 4. Thermal stability comparison.
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In order to facilitate an easy comparison of the two sce­
narios, Temperature was not taken into consideration while 
recording the output power level. Attaching the LD to the tem­
perature correction setup allows for the observation of well­
‍‑stabilized output optical power.
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Results and conclusions
On a printed circuit board with two sides, the circuit for 

LD’s temperature adjustment was assembled and implement­
ed in accordance with the component design values deter­
mined in the preceding section. As seen in figure 4, observa­
tions were made for power output against time for the sake 
of quantifying variations in the output of optical power. After 
that, a graph was created using the observations for com­
parison’s sake.


