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Abstract 

 
The laser system has been constructed and operated locally to get ultra-violet 

laser pulse at 337.1 nm. A short laser channel, low pressure system with V-shape 

electrodes design will be described in detail. We studied several discharge parameters 

such as gas pressure applied voltage and capacitance of Blumlein capacitors. The best 

results obtained with applying voltage 10 KV, gas pressure 60 mbar, electrode 

spacing 1 cm, and repetition rate 1 PPs, no gas flow and E/P ratio 222 V / (cm.torr). 

 

 
 
Introduction 

 
The pulsed molecular nitrogen laser is a gas discharge laser that produces ultra 

violet laser output at 337.1 nm. This laser operates on the (C
3
 u           B

3
 g) 

vibronic system, which involves a change in both electronic and vibration energy 

level [1, 2, 3, and 4]. A pulsed nitrogen laser has been constructed at relatively low 

cost.  This design incorporates V-shape electrodes to ensure even transverse 

discharge at low pressure closed system and produces superradiant emission at 337.1 

nm. Our nitrogen laser was constructed for spectroscopy studies and oil spill 

detection. 
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General Description 
 

The laser cavity consist basically three plates of Perspex with 30 cm length, 12 

cm width and 1.5 cm thick for each one that past with together. The mid plate has a 

rectangular hall in center with dimension (24.6 and 1.5) cm to make the laser channel 

and two circular hall one on each side to do as output aperture. Other plates do as a 

cover of laser channel for both sides. The electrodes were constructed with V-shape 

edge to great high current pulse inside the laser channel and operate the laser in low 

range of operating high voltage region. Also v-shape electrodes can be generated self-

preionization to obtain high stability electrical discharge. The electrodes were fixed in 

a rectangular hall of mid plate and connected with Blumlein capacitors by copper foil. 

The laser cavity fixed directly on the copper plates of Blumlein capacitors by 

pressing.  

Figure (1) shows the photographic picture of our laser system, it illustrates the 

discharge circuit is conventional flat plate, laser head and spark gape switch. 

        The flat plate transmission line was made of 0.42 mm thick fiber glass epoxy 

dielectric and 0.03 thick of copper foil on both sides to form Blumlein circuit as 

shown in figure (2). The capacitors are formed between the top and bottom copper 

foil on (30 * 46 * 0.042) cm printed circuit board (P.C.B) the top and bottom foil were 

etched for 3 cm around the edge and 3 cm strip was removed from middle of the top 

metal. The two equal capacitors have value 5.34 nF. 
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Figure (3) shows the geometrical shape of the electrode with it's dimensions. 

The both electrodes have one sharp edge as a V-shape with angle 26.5
0
 and 24 cm 

length, the separation between electrodes is 1 cm. this design will be reducing the 

chance of undesired arcing that could be made from the far edges of the electrodes. 

Fiber glass epoxy dielectric 

Copper foil Lower 

layer  

Copper foil upper 
layers 

Laser beam 

Fig. (2): . Schematic of Blumlein Circuit 

 

Fig. (1): Photographic picture illustrating the cavity of laser with PCB 

and spark gap. 
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 The output laser pulse will be getting out from two sides (both ends of laser 

channel). A totally reflecting mirror was used in one end and transparence quartz in 

the other side to direct and increase the output laser pulse.  The self triggering spark 

gap was used in our system as a fast switch.  

 

 

 
 

 

 

 
Experimental Results  

 

At the beginning of operating the system, the arc mode (hot spot) has more 

chance to be generated and no lasing action was occurred because the contaminate 

inside the laser channel, moisture, molecule of gases that trapped in the wall of cavity 

and electrodes and out gassing from the channel material. During operating of system 

the hot spot decreases slowly. 

Figure (4) shows the variation of the number of laser pulse for every ten 

shoots of discharge pulses as a function of the number of shoots. The number of laser 

pulse for every ten shoots increases with increase the total number of shoots because 

the electrical discharge operation will be heating the gases inside the laser channel 

and the channel material that helping to get out of trapped gases on the wall of cavity 

and moisture[5]. By evacuating the laser channel continuously, all undesired gases 

and defects will be removing. The laser channel was cleaned gradually. When the 

laser channel is cleaned, all the shoots result laser pulse. 

Figure (5) shows the photographic picture of laser head at firing that appears 

the distribution of electrical discharge and the florescence spot of laser pulse on the 

white paper. 

 

 

 

1cm 

   

1cm 1.5cm 

24 cm 

     

 

Fig. (3): The geometrical shape of the electrode. 
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Figure (6) and figure (7) show the dependence of the peak laser power on the 

capacitance of storage capacitor C1 and switch capacitor C2 respectively. 

When C2 is a constant value (C2 =1 nF), the peak power of laser increases 

rapidly with increasing C1 until it reaches to a certain value (C1=C2=1 nF). After that, 

Fig. (4): The variation of the ratio of number of laser pulse to ten 

discharge pulse as a function of number of shoots. 

Fig. (5): Photographic picture of laser head at firing and spot form of 

laser pulse. 
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the peak power increases very slowly with increasing C1. The energy in storage 

capacitor C1 converts to laser energy before reaching the saturated point [6, 7]. When 

the stored energy is in excess of the saturated value, most of it will be wasted as 

shown in figure (6). 
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When C2 increases (at C1 is a constant value C1=1 nF), the peak power will 

increase. The peak power decreases in excess of the optimum value of C2  

(C1=C2=1nF) as shown in figure (7). The interpretation of this behavior based on the 

fact that the starting voltage of the laser discharge depends on the rise time of the 

anode voltage, and actually the starting voltage decreases gradually with increasing 

the value of the C2.[1,6,8]   

 

Fig. (6): Dependence of peak power laser on the C1 for C2=1 nF at applied 

voltage 10 KV and gas pressure 60 mbar. 
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Figure (8) illustrates the effect of the applied voltage on the peak power of the  

laser at a constant value of pressure 60 mbar. It is clear that the peak power of laser 

increases with the charge voltage to reach a certain value then begin to decrease 

slowly. This behavior can be interpreted according to the fact that the output power is 

proportional to б (Te) and Ne where Ne is the electron density; б (Te) is the sum the 

electron excitation cross section to the upper and the lower laser level. The output 

power increases linearly with Ne; Ne depends on the current passed through the laser 

channel which depends on the applied voltage. This means that the output power 

increases linearly with applied voltage. The deviation from linearity originates from 

the voltage dependence of Te and therefore, б (Te) [2, 9]. The electron temperature 

(Te) can be calculated by equation (1) [3]. 

               K Te =0.11 (E/P)
 0.8

     eV (E/P in V/cm torr)      ------------   (1) 

The equation (1) determines an effective electron temperature which is 

sufficient to predict the observed rates of ionization in nitrogen. Since the excited 

states associated with the laser are close to ionization limit, one would expect the 

same electron temperature to closely approximate the electron excitation of these 

states [4, 6]. 

At increasing applied voltage in excess the certain value, the peak power will 

decrease because the rate of ionization and chance of creating arc will increase, in 

addition the cross section of excited states will decrease, so the most energy will 

wasted.[10]   

 

C1 

Fig. (7): Dependence of peak power laser on the C2 for C1=1 nF at applied 

voltage 10 KV and gas pressure 60 mbar. 
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The peak laser power as a function of Nitrogen pressure at certain applied 

voltage (10 KV) is shown in figure (9). We note that there is an optimum value of 

pressure to get the maximum peak laser power, because there is an optimum value of 

E/P for each design of N2 laser system within the fixed range of E/P (180-250)         

V/ (cm.torr) because the electrical power to the laser tube is maximum when the 

impedance of the discharge is about equal to the impedance of the driving electrical 

circuit [4, 11]. So, the electrical power is a maximum when E/P ratio is about               

222 V/(cm.torr) and thus the impedance–matching condition is reached in coincidence 

with the discharge conditions that are most favorable for the production of laser 

emission. So the changing pressure at applied voltage is constant will effect on the 

E/P ratio. 

At pressure greater than the optimum value, the discharge in the laser tube 

becomes non uniform with concentrations of current flow. In the extreme limit of very 

high pressure, the discharge degenerates into one or more spark. 

  
 

Fig. (8) Shows the variation of peak power as a function of the 

applied voltage at pressure (60 mbar). 
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To determine the best E/P ratio, we will draw the peak laser power as a 

function of E/P ratio at constant value of applied voltage once and gas pressure in 

another time as shown in figure (10) and figure (11) respectively. We note two 

different behaviors of the laser power with variation of E/P ratio. 

In figure (10) the peak laser power increases with the decreasing of E/P ratio 

(i.e. when the pressure increasing) till to reach the maximum value of power. This 

value determines the best ratio of E/P. The laser power falls rapidly with decreasing 

E/P ratio less than optimum value. The increasing pressure will increase free electrons 

in laser medium (electron density Ne). So, the current density (Je) passed through the 

laser channel will increase according to equation (2) [9]. 

  

dee evNJ                       -------------------    (2) 

Where: e is the electron charge.  

 vd is the average electron drift velocity . 

 Also the increasing pressure will increase the laser voltage [12] that leads to 

increase the electron drift velocity according to equation (3) [9]. 

 

Evd .                          -------------------    (3) 

Where: µ is the mobility of the electron.  

 E is the electric field. 

Fig. (9): The peak power versus gas pressure at the applied voltage 

(10 KV). 
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So, the increasing current density will increase the number of collision 

between the electrons and molecules and increase the number of the excited 

molecules, i.e. the population inversion will increase. Also, the current determines the 

discharge type that can be occurred inside the laser channel, this fact can interpret the 

rapidly fall in curve.  

In figure (11) the peak laser power increase slowly with E/P ratio, when the 

applied voltage is variation. There are semi- stable region in curve, then it begin 

decrease with increasing E/P ratio.   
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Fig. (10): The variation of peak power as a function E/P ratio at applied 

voltage constant (10 KV). 
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Conclusions 

 

 One of the most important parts of the N2 laser system is the shape of the 

electrodes. The V-shape electrodes is a good choice because of the high current 

density produced inside the laser channel can be acted as preionization then fast rise 

time of voltage and current pulse. The discharge parameters have been studied 

experimentally and concluded that: The peak laser power increases with applied 

voltage until reach certain value, the output will decrease. There is an optimum value 

of gas pressure gives the maximum peak laser power. The optimum value of the E/P 

ratio has been measured by determining the maximum value of peak laser power, and 

then dropping vertically on the X-axis. The output laser takes a somewhat saturated 

value when the capacitance of storage–side capacitor C1 is in excess of that of switch 

–side capacitor C2; (C2  C1). The output laser decreases when the capacitance of 

switch –side capacitor C2 in excess that of storage –side capacitor C1; (C2  C1). 

Provided that C1 =C2=C o, although the laser output increase with Co. 

 

 

 

 

 

Fig. (11): The variation of peak power as a function E/P ratio at gas 

pressure constant (60 mbar). 
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    Vتروجين باقطاب على شكل حرف بناء منظومة ليزر الن
 الخلاصة

 
تم بناء وتشغيل منظومة الليزر محلياا للحواوع ىلاب ة لاة ليازر لانط الننفواة الساوة بنسوا ية وبفاوع ماو   

ةاةو متر3 ستوصف كل تساصيل الننظومة ماط ننااا الليازر الووايراظ منظوماة اللاغط الاوام ء وتوانيم  99939

3 ننناا برراساة ىارا مالناات للتسرياغ الكهرباائ  م ال لاغط الغاا   Vريغ الكهربائ  ىلاب كاكل فار  انفاب التس

داخل ف را الليزرظ السولتية النولفة ىلب النتواات و ساة متواات ال لوم لايط ومرى تأثيرها ىلب ناررا الرار  

ملا   99كيلو فولتظ لغط الغا   99الليزري3 إن أفلل النتائج الت  تم الحووع ىليها كاةت ىنر فولتية التشغيل 

ها   E/Pة لاة لكال ثاةياة بارون ماارع  رياان للغاا  وةوا ة اع  9سمظ مارع تكرارية  9بارظ موافة بيط الأنفاب 
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