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Abstract :

This study aimed to determine the effect of low temperatures, ranging from 0°C to 
-16°C, on the characteristics and performance of a 532 nm green DPSS laser. The re-
sults showed a decrease in threshold current with decreasing temperature, consistent with 
the laser’s typical behavior. Temperature is the most important factor in determining the 
performance and stability of the green DPSS laser. The results showed that increasing 
temperatures leads to a significant deterioration in optical power, impaired stability, and a 
decrease in optical conversion efficiency. Conversely, operating the laser at low and stable 
temperatures showed a significant improvement in energy stability and an increase in op-
tical conversion efficiency, reflecting improved laser output quality. These results indicate 
that the adoption of precise thermal control systems and operation within low and stable 
temperature ranges is essential to ensure the reliable operation and high performance of 
DPSS laser systems, especially in scientific and industrial applications that require spec-
tral stability and high operational efficiency.

Keywords : DPSS green laser , low temperatures ,Frequency output breakdown.

الخصائص التشغيلية لليزر الأخضر من نوع DPSS في درجات الحرارة المنخفضة
رحمة شــامل ســلطان     ،     مصعب صالح محمد

جامعــة الموصل/كليــة التربيــة للعلوم الصرفة-قســم الفيزياء

E-mail1 :rahma.es1235@student.uomosul.iq

E-mail2 : wesamusab_67@uomosul.edu.iq
مستخلص:

تهــدف هــذه الدراســة إلى تحديــد تأثــر درجــات الحــرارة المنخفضــة التــي تــراوح مــن °C )0 -16( عــى 
خصائــص وأداء ليــزر الحالــة الصلبــة المضخّــم ضوئيــاً )DPSS( الأخــر بطــول موجــي nm532. أظهــرت 
النتائــج انخفاضــاً في تيــار العتبــة مــع انخفــاض درجــة الحــرارة وهــو يتوافــق مــع الســلوك النموذجــي لليــزر. 
تُعــدّ درجــة الحــرارة العامــل الأهــم في تحديــد أداء واســتقرار ليــزر الحالــة الصلبــة المضخّــم ضوئيــاً الأخــر. 
أظهــرت النتائــج أن ارتفــاع درجــات الحــرارة يــؤدي إلى تدهــور في القــدرة الضوئيــة، وضعــف في الاســتقرار، 
وانخفــاض في كفــاءة التحويــل الضوئــي. في المقابــل أظهــر تشــغيل الليــزر عنــد درجــات حــرارة منخفضــة 
ــناً في  ــس تحس ــا يعك ــي مم ــل الضوئ ــاءة التحوي ــادة في كف ــة وزي ــتقرار الطاق ــاً في اس ــناً ملحوظ ــتقرة تحس ومس
جــودة خــرج الليــزر. تشــر هــذه النتائــج إلى اعتــاد أنظمــة تحكــم حــراري دقيقــة والتشــغيل ضمــن نطاقــات 
ــزر  ــة لي ــالي لأنظم ــوق والأداء الع ــغيل الموث ــان التش ــم لض ــراً مه ــتقرة أم ــة ومس ــرارة منخفض ــات ح درج
الحالــة الصلبــة المضخّــم ضوئيــاً كــا في التطبيقــات العلميــة والصناعيــة التــي تتطلــب اســتقراراً طيفيــاً وكفــاءة 

تشــغيلية عاليــة.
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Introduction
Semiconductor lasers have rapid-

ly and drastically evolved into a vari-
ety of shapes and patterns since 1962, 
reaching highly advanced phases in the 
development of laser manufacturing 
[1]. These days, low dimension materi-
als like quantum wells or quantum dots 
are used as the active region in laser 
diodes.  The threshold current in these 
lasers is greatly decreased because of 
the nanoscale size of these materials 
[2]. created an intracavity frequen-
cy-doubled acousto-optic Q-switched 
Nd: YAG laser in 2019 that used two 
identical diode-pumped gain modules 
with fivefold pumping symmetry in a 
straightforward two-mirror linear cav-
ity arrangement to produce an average 
green power of 260 W [3].  Individual 
green-pulse duration was found to be 
73 ns at maximum output power, with 
a beam quality of M2 = 35 and a pulse 
repetition rate of 18 kHz.  Over the 
course of five hours of continuous op-
eration, the laser’s average green pow-
er fluctuated by ±0.83 W, indicating 
its remarkable stability.  The pulse-to-
pulse amplitude variations and pulse 

delay time jitter were found to be with-
in ±5% and ±4.25 ns, respectively.   

The 532 nm high-power laser’s 
beam quality was subpar in earlier in-
vestigations. In order to produce a 532 
nm laser with high-power laser’s beam 
quality was subpar in earlier investi-
gations.   In order to produce a 532 
nm laser with high power and good 
beam quality, an acceptable resonator 
was created while taking the crystal’s 
thermal effect into account [4]. Due to 
its high pump absorption coefficient, 
which makes it possible to produce ef-
fective lasers with short cavities, a Nd: 
YVO4 crystal has a number of advan-
tages over a Nd: YAG crystal [5 ,6]. 
The relationship between threshold 
current and temperature was calculat-
ed using the relationship, I=Ith exp ( T /
To).The structure of a microchip laser 
is depicted in Figure 1, which primari-
ly consists of a pump diode laser oper-
ating at 808 nm and two crystals bound 
together: potassium titanyl phosphate 
(KTP), a frequency-doubling crystal, 
and the laser gain crystal (Nd: YVO4).  
Some traces of 1064 nm remain with 
green output light, even though the crys-
tals are coated so that only light at 532 
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nm (green) may leave the cavity while 
the fundamental lasing wavelength at 
1064 nm (NIR) can resonate in the cav-
ity.  As a result, we have used optical 
bandpass filters in our test methods to 
take advantage of this benefit. The use 
of microchip Nd: YVO4 lasers in many 
equipment is made possible by their ri-
gidity and compact structure [7].  It is 
important to note that the stiff structure 

of the Nd: YVO4 laser is used to make 
the green laser pointers.  The operator 
for spatial hole-burning (SHB) in (inac-
tive materials).  However, a number of 
methods have been devised to achieve 
such desired behavior because single 
longitudinal mode (SLM) operation is 
necessary for a number of applications, 
including optical length metrology [8].

Figure (1) DPSS green laser structure

The potassium titanyl phosphate 
(KTP) crystal exhibits high frequency 
doubling efficiency due to its relatively 
large second-order nonlinearity coeffi-
cient, its ability to achieve good phase 
matching through birefringence, and 
its suitable spectral transparency. The 
nonlinear conversion efficiency de-

pends primarily on achieving the phase 
matching condition (∆K=0). Any de-
viation from this condition leads to a 
significant decrease in the second har-
monic intensity due to phase accumu-
lation loss within the crystal. Further-
more, temperature directly affects the 
refractive indices via the relationship 
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 . This alters the phase matching 
conditions and necessitates precise 
thermal control to maintain the highest 
conversion efficiency and good spec-
tral stability. The practical design of 
laser systems based on the KTP crystal 
requires the integration of selecting the 
appropriate crystal cutting angle and 
precise temperature control to ensure 

good and stable performance. This is 
confirmed by experimental and theo-
retical studies in the field of nonlinear 
optics[9,10].

Experimental part
Figure (2) shows the experimental 

set up for studying the static character-
istics of DPSS green laser at low tem-
perature.

Figure 2. Experimental setup 
for studying the properties of green lasers at low temperatures.
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The experimental setup consists of 
a DPSS green laser mounted on the top 
surface of a Peltier TEC (thermal elec-
trifier). The Peltier TEC ensures the 
necessary cooling for the laser, which 
is electronically controlled by a ther-
mal controller circuit that regulates 
the TEC’s operation and maintains its 
precise temperature. The hot surface 
of the TEC is placed on a water block 
through which cold water is passed to 
ensure efficient heat dissipation to the 
hot surface. This, in turn, significant-
ly reduces the temperature of the cold 
surface, easily achieving temperatures 
below -18°C. The laser light output 
power was controlled by adjusting the 
laser bias current via a current con-
troller with an accuracy of ±1 mA. 
The laser output power was measured 
using a photometer with a power rat-
ing of up to 1MW. The components to 
be aligned (laser and detector) were 
placed on a three-dimensional X-Y-Z 
movable stand to ensure the laser light 
was aligned with the photometer’s de-
tector.

Results and Discussion
Figure (3) shows the L-I charac-

teristics of DPSS semiconductor laser 
electrodes at laboratory temperature 
[22°C]. The current was measured on 
the x-axis and the output power on 
the y-axis. A slight increase in power 
was observed at low currents, while at 
high currents the power became high 
(near-linear). The threshold current 
was measured by the intersection of 
the linear region of the curve with the 
current axis and found to be 135 mA. 
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Figure (4) shows the L-I curves of 
DPSS green laser at temperature range 
from (0 to -16) oC It was observed that 
the L-I curves shift to the right as the 
temperature decreases, indicating that 
the threshold current decreases as the 
temperature decreases. The threshold 
current can be determined by taking 

the extent of the linear region at each 
temperature and its intersection with 
the current.
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Figure (5) shows the relationship 
between temperature and threshold 
current for a semiconductor lasers. 
As is clear from the figure, the thresh-
old current decreases as the tempera-
ture decreases. The equation derived 
from the graph which relates the thres 
hold current and the temperatures is  
 as : Ith = 1.4654T + 99.048 ,The thresh-

old current decreases with temperature 
by1.4654 mA/0C, which is the com-
mon behavior in semiconductor lasers.
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Figure (6) illustrates the relation-
ship between ln(Ith) and temperature of 
a semiconductor laser to find the char-
acteristic temperature coefficient. This 
figure clearly shows two distinct re-
gions. The first region is in the range of 
(0 to -8) oC, where To = 137.9 is found. 
The second region is in the range of 
(-10 to -16 ) oC where To = 120 oC . 
In the first region, To is higher, mean-
ing the laser is more thermally stable 
at this point. In the second region, To 

is lower, indicating that the laser may 
be semi-sensitive in this range of tem-
perature.
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When observing the characteristics 
of a dpss green laser at low tempera-
tures ranging from 0°C to -16°C, a 
breakdown in the output frequency of 
the green laser was observed as the 
temperature decreased, resulting in a 
shift towards and IR frequency DPSS. 
At 0-°C, the laser light was green, but 
as the temperature decreased, the inten-
sity of the green laser light weakened 
until it became reddish. With further 
temperature reductions, the laser light 

transitioned to pure IR at wavelength.
This is attributed to the fact that the 

phase-matching process of the KTP 
crystal is affected by decreasing tem-
perature, thus reducing the efficiency 
of frequency conversion. Consequent-
ly, the 532nm green light output de-
creases, while the primary laser light 
output increases at a wavelength of 
1064nm, as shown in figure 7(a,b,c) at 
lower temperatures.
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Figure 7(a) laser spot light at(2-) oC the laser light was green

Figure7(b)laser spot light at (-10) oC as the temperature decreases,the intensity 
of the green laser light weakens and becomes reddish-green

Figure7(c)laser spot light at (-16) oC as the temperature continued to decrease, 
the laser light converted into infrared radiation with a wavelength of 1064 nm
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Applications of lasers with a wave-
length of 1064nm                   

Lasers with a wavelength of 1064 nm 
are widely used due to their low cost, 
good efficiency, and high power. They 
are employed extensively in medical, 
industrial, and scientific applications. 
In medicine, they are used in tumor 
treatment, ophthalmology, pigmenta-
tion removal, and hair removal. They 
are also used in dentistry. In industrial 
applications, they are used in welding 
and engraving on materials due to their 
high energy and ability to induce lo-
calized thermal changes. They are also 
used in communications, scanning, and 
optical measurements [11]

Conclusion
1-The results of this study showed 

that a decrease in temperature leads 
to a decrease in the threshold current, 
which is the expected behavior of the 
laser.

 2-The characteristic temperature 
was determined in two regions. The 
first region was more stable, ranging 
from 0 to -8°C, while the second region 
showed increased sensitivity, ranging 
from -10 to -16°C.

 3- A significant decrease in frequen-
cy doubling efficiency was observed in 
the second region. The green color of 
the 532 nm laser shifted to the red col-
or of the 1064 nm wavelength, result-
ing in an increase in the core emission 
at 1064 nm under the same conditions. 
This indicates that improved pow-
er performance does not necessarily 
translate into improved optical shift.

4- The second wavelength shift 
in the KTP crystal depends on the 
phase-matching conditions between 
the core radiation and the green output. 
At low temperatures, these conditions 
are disrupted, reducing the shift effi-
ciency from 1064 nm to 532 nm while 
the core output power remains high.

5- Laser performance depends on 
two variables: power and stability on 
the one hand, and nonlinear shift ef-
ficiency on the other. Both must be 
considered to ensure independent and 
efficient green output. Operation un-
der low and stable thermal conditions 
is essential for the reliable operation 
and performance of laser systems in 
advanced scientific and industrial ap-
plications.
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