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ABSTRACT

in this study the design and cons‘truétion of a molecular
nitrogen laser intended as a pump source for a dye laser
system is precented. This laser emite radiation at a
wavelength o¢f 3371 nanometers and luses Blumiein switching to
achieve fast (* & few nanosecond width) and high peak power (~
a few hundred Kkilowatts) pulses, It coperates using atmospheric

pressure nitrogen with a cavity length of ten centimeters,

The incecrporation o©f this laser into a wavelength tunable,
pumped dye laser system is outlined, Methods for studying fast

optical pulses are given.



O0ZETCE

Bu ¢aligsmada, organik boys lazerlerinin pompalanmasi amaciyla,
atmosfer basincinda ¢alisan, enine uyarmalil bir azot lazerinin
tasariml ve yapiml islepmistir.

Fiziksel dizgelerin deneysel ¢oziimlenmesinde, bilimsel
disiplinlerin ¢ogu, gereksinimlere gdre uyarlanmis parametrelerde
hizli uyarrci mekanizmalar kullanirlar,

Boya 1lazerinin sagladigi defisken renkli hizla 1g1k darbeleri,
katihal fiziginde defisik enerjilerde uyarimlar yaratmada,
plazmalarda sok dalgalari oOlgiimiinde, optik 1lif ¢alismalarinda
yayinim b6zelliklerini bulmada, foton etkilesimlerinde
kullanilarken, kimyada molekiiller arasi enerji aktarimainda,
1s1kla ayrigmada, yik aktariminda kullanilir. Biyolojide ise
fotosentez ¢alismalari, hemoglobin, rhodopsin ve DNA ile ilgili
calismalarda dnemli bir aragtar, :

Bu tezde s&zii ge¢en azot lazeri, yarr iletken fiziginde
siirdiiriilen ¢aligmalarda, dogrusal olmayan optik ve ¢ok hizla
goriingiilerin ¢&ziimlenmesi <c¢alismalaranda kullanilmak ilizere bir
boya lazerini pompalamak ig¢in tasarlanmistar.

Galigma siliresi igerisinde azot lazerinin yapimi tamamlanip, boya
cbzeltileri igerisinde 1s1ldama ve lazer etkisinin
gbézlemlenmesine ¢alisildi, Azot gazindaki lazer 1sildamasinin
darbe genisligi, 1s1k siddeti, dagilmasa gibi bir takaim fiziksel
parametrelerin kuramsal ve deneysel kestrimleri ig¢in ¢alismalar
yapilda.

Olg¢iim aygitlarinin eksikligi nedeniyle fiziksel parametrelerle
1lgili kesin bilgiler verilmemekle birlikte, bu ¢alismada, enine
uyarilan azot lazerinin tasarimil ve yapimiyla ilgili bilgi ve
genel fiziksel kosullara iliskin gdzlemlerle, hizli darbelerin
Olgiilmesi yé&ntemleri ve lazer 1simasi ig¢in gerekli kosullarla
ilgili bilgi verilmistir,
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. INTRODUCTION

Lasing action in molecular nitrogen was first reported n 1963

by Heard (4).The lasing action occured between the
Cs'u'u and B> Tg bands transition at a
measured wavelength of 337.4 nm, following this discovery, the

lasing and excitation mechanisms were investigated by several
workers (2,3,4,5). Generally the lasers constructed by these
workers operated at low nitrogen pressures (between about 30 to
100 torr} and often used the technique of Blumlein
switching (6,7,8,9,i0) to obtain fast, high current pulses
(typically 40 KA over 1 ns period) through a discharge region,
populating excited 03 Ty States by direct electiron

impact,

Theoretical calculations by Gerry,Ali et.al. {(11,12,13)
and experimental studies showed that the optimum working
pressure should be about &0 to 30 1torr as a result of 1the
cooling of electrons at higher pressures (12,14) and the
formation of erratic discharges at higher vollages. The advent

of photopreionization techniques by Bergmann, Hasson and
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others (i5,16,17) in the 1970s, where UV radiation from a
corona discharge initiates the lasing 1transition, enabled much
higher pressures of nitrogen to be used thus increasing the
output power of the system in some cases by many orders of

magnitude (18,19,20) {(figure 1.

The very high gain of the high pressure Np lasers allowed
the physical size of 1the lasing c¢avity 10 be reduced to permit
much more compact designs, Laser cavities of only a few cubic
millimeters in volume have been reported with output powers of
several hundred Kilowatts (20). The gain of these systems is
generally such that mirrors are not necesgsary for the
production of pulses in c¢ontrast 1o virtually every other type
of laser, The general structure for the 1transversely excited

gas lasers is shown in figure 2,

The use of a Fabry-Perotl cavity with Np lasers does not
significantly change the Tow cchereéence {several miltimeters
(23)) and high beam divergence (10 mradian (21,22)) because of
the short photon lifetime inside the <c<avity, The effects of low
coherency and poor divergence are generally minimized by using
two coupled lasers in a configuration where one is used as an

oscillator and the other as an amplifier (24), The Np laser



is frequently used in conjunction with dye lasers, ag the
combina_tion of high output power, shert wavelength, short puise
duration, typical of the Nz laser, create excellent pumping
sources for dye lasers, There have been several methods
devetoped for exciting dye solutions, the simplest one uses

Np laser pulses 1o drive a dye solution in a UV transparent

cuvette into the superradiant mode (8,24,2%5,26,). Generally an
optical cavity is used to obtain more ¢oherent and
monochromatic output and to improve the system gain.. A unique

feature of dye lasers is that the output wavelength c¢an be
continuousiy varied over a wide range if the cavity includes a

tuning mechanism Such as a prism or grating (27,28,29).

In order to obtain shorter (<500 ps (3Q)), high power pulses,
passive Q-switching is often employed. It has been shown
that the use of a Q-switch can increase 1the dye laser gain by a

factor of six,

Experimental systems and techniques used are covered
extensively in the literature, There are many references 1o the
physics of dye laser systems and 1to their lasing and excitation
mechanisms. However, the theoretical foundation o©of N lacser

was first developed by Gerry, Leonard and Alj (11.13).



These autlhors present the system equations and several
parametiric solutions after a number of approximations (i2). The
theoretical basis for all subsequent Np laser systems refer

to this work,

A second formalism that <¢ould be related to the physics of
Np lasers, 1treats the Jlaser as a “"cooperative system”
and predicts the pchenomenon of superradiance. Dicke
first dicovered the superradiant effect (33,34,35) which forms
the ©basis for all subsequent work. Using this approach
Arecchi, Bonifacio and others (36,37,38,3940,41) extended
the limited scope o¢Ff Dicke’s original superradiant model, and
were able 10 calculate threshold conditions, radiation modes,

pulse shapes and and o¢ther physical parameters,
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L DESIGN RULES

At low nitrogen pressures (less than 20 kPa) it is reported
that specific output powers of the order of 650 GWm'3 have been
attained (22,42), with conventional nitrogen lasers. However
developing high pressure operation, von Bergmann et.al.
reported (43,48) that vields of up to | TWm'3 were probable,
using photoionization-stabilized glow discharge systems, The
specific output powers made the construction of compact Np

lasers possible,

.} General Considerations

The mechanism of the laser action s unusual since the lifetime

of the upper €2 wm, level (with lifetime < 40 ns) is
much shorter than that of the lower B> mg level
(with &l s lifetime)}, The energy jevel diagram for the
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nitrogen molecule is

given in figure 3, Population inversion <¢an only be achieved
because 1the electron excitation cross-section is sabout twice as
large for the upper as for the lower level (44), The most
important c¢onsideration is that the pumping rate should be
faster than the €3 w; tlifetime,so that an inversion
of the population can be attained before spontaneous emission,
which causes  significant depopulation to the lower levels. At
higher fill-pressures,the lifetime of the upper laser level s
even shorter which makes it mpr‘e difficuit to establish the

inversion threshold,

The laser requires large current densities ( > 1kAcm™? (8,45))
and a high electron temperature (2 5 ev {46,13)).The
required rate of current rise, of the order of 10”’A/sec. places
severe restrictions on the inductance and resistance of 1he
entire discharge circuit (figure 4) (6).To minimize these
parameters, instead of energy storage elements, transmission
lines are used and connected directly to the laser 1tube, In
order to use it also as a pulse forming networkK, a high speed
switch is utilized %o allow the line to charge to 1the necessary

potential before discharging through the gas.
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The common way of high-speed high voltage pulse forming is to
use the Blumiein effeet, where the transmission line is
used for two sceparate purposes of energy storage and pulse
formation (figure 5). The energy storage capacitor Cg and
pulse forming capacitor Cp are charged to the same
potential wvia an inductor L <connected in between them. In
parallel to the inductor there is the laser discharge cavity
where the ionization occurs. By the breakdown of the sparkgap

at the threshold v¢liage a high potential difference appears

between the electrodes or across the inductor. Given a
sufficiently high rate of current rise {%1012'A/sec) the

stimuiated emission in the 1transverse direction is obtained.
The problem with this system is to over¢ome the erratic
discharges and arc formation at high pressures. The method of
solution is to use a photopreionization technique
(20,47,49,50,51) where the gas in the discharge volume is
ionized with the UV photon eémission from the corona discharge
formed over the surface of dielectric between the auxiliary

electrodes {(figure ).



2.2 Transmissien Line  Analysis

The characteristic impedance of the system determines the
current through the cavity, the current risetime therefore is a
¢ritical parameter for succesful operation and output power.
The systiem, without impedance matching would result both in
pulse Dbroadening because of reflected electromagnetic waves in
the stripline and power reduction (44), Breakdown of the spark
gap switches the pulse-forming plate, previously charged 1o
Yo Py the high voltage supply, to the ground. A ground-
going pulse of amplitude Vo pPropagates along ithe
stripline of impedance Z, towards the cavity. At 1the end of
the cavitly the pulse sees a total impedance of
FAS VAR Transmission line analysis gives, for the

reflecteg and transmitted c¢urrent pulses:

Zb+ZL'Za

(2.1)

Ip:
Zb+ZL+Za



2l
- - d
L = L=l I

1°r '

y/ +Zb+ZL 1
d (2.2
where lislpate are incident, reflected and
transmitted currents respectively and Za.Zyp, 2

are line forming, storage and plasma impedances in the given
order (in figure 2, the impedances of circuit elements are

shown),

The reflected pulse propagating towards the spark gap reverses
its polarity, since it is terminated by a shorted spark gap.
The pulse that was 1transmitted 1o the energy storage plates

does not <c¢hange its polarity since it is terminated by an cpen

circuit.For Zy=2Zg=22Zp,all the succeeding
refiections will be matched and cancelled, giving a total pulse
of duration 2T o, where Teg=zal/vVv. | £
Zy <<  Za=Zp,then the reflected pulse amplitude

is negtigible with giving a pulse of duration To: where
a is the 1legth of the PRlumiein plate, and ¥ is 1he velocily

of the electromagnetic wave in a material media,



For paraliel plates the characteristic impedance (52,44,6) is:

Za:Zb: [ " ] Q . (2.3)

where h is the thickness of the dieleciric medium, and
inciuded in the denominator as a correction factor for edge
effects of 1the dielectiric medium on either side of the Blumiein
plate and should be constant in order to match the impedance of

the storage and puise forming lines,

The characteristic impedance of 1the laser cavity depends on the
icnization level of the medium, For unpreionized parallel
cylingrical - electrodes with an electromagnetic wave

propagating perpendicular to 1the electrode, the characteristic

impedance Zy  nas the same form as Za: ¥With  the

electirode separation d substituted for h.

10
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In our system d=2.3 mm with capacitor width w=100 mm, we have
Zy =5.65Q. This value is quite high compared to Zs
(1. Q), and according to equations (2.1) and (2.2) most of
the power ig8 reflected, making it impractical for using the

system in  an unpreiochnized mode,

The characteristic impedance of the preionized system is
noenlinear and depends strongly on the density of the gdas and
the discharge current, that is, 1o the extent that the gas has
been ionized. The current-voltage relationship s given by

Marotta’s formula for high current discharge plasma,

o
o
o

(2.4}
V:kl
where Kk depends on plasma density (i.e. fill pressure),
The plasma discharge has the characteristic impedance:
AV -0, 156 {2.5%5)

7 —= (']
L™ g

-12/13 -0, 156

ap (d/r) 1

\



where p i the gas pressure and r i the radius of the

cylindrical electrodes.

The edquation reveals that the impedance of the cavity is nearly
inversely proporitional to the il pressure, At low
pressures,the plasma impedance and reflected pulse amplitude
are high, giving double pulses at the laser output, The effect
can be shown graphically (figure 7 and B8). I the
characteristic impedance of the plasma cavity s high because
of the electrode separation or low gas pressure, multiple
reflections between the spark gap and the cavity occur. The
laser peak power would decrease and would be a superposition of
two peaks resulting from the reflected and forward pulses. The

duration between the two peaks, Tg, is then:

o ra ¢

+e
-~
"

(2.6)

when Zg is reduced to the order of 0.1 Q, it ¢an be

12



seen that 1the backreflected part is negligibly small and the

peak power of 1the Afirst pulse is enhanced.

Because of 1the high speed of the wave travelling through the
dietectric, the skin effect becomes important, To minimiz e
this effect the plates should be <cleaned and if necessary
polished, The skin effect, while reducing the output power,
alse delays the risetime of the step discharge pulse and
broadens the pulsewidth, The time delay due to skin resistance

aleng the iransmission line is:

Pl
Td: 0 | (2.7)

1672 2,1

where P is the resistivity of the plate surfaces, and
Bo=4®xi10Qs/m where Z 3 i 8 the
characteristic impedance of the Biumlein plates, Variables a
and h are the width of the Blumlein plate and the thickness of

the dielectric between the capacitor plates,respectively

(figure ),

13
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2.3 Laser  Power Density Calculations

The theory of the pulsed molecular nitrogen laser was described
by Alij {12) and Gerry (13) where the nitrogen

moleculieés are coupled to an electric field to form a laser

oscillator, The electric circuit consists of an energy storing
capacitor C, charged initially to some voltage v,
a lumped circuit inductance L, a fixed resistance R
(figure &), The ¢as, as described previously acts &8s a varible
resistance because of electron-molecule collisions. The upper

and lower laser leveis are populated directly from the ground
state, The laser power density and related 1time histofy are
calculated by solving numerically a system of coupled laser
rate equations {28,29).

This section presents a qualitative overview of the solution of

these equations._

The laser power density and its duration depend 1o a great

extent on the current rise time as shown in figure 9, The laser

14
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power density and its time development are given for several
values of circuit inductance, The total energy of the laser is
larger for ‘Fast‘ rising currents because both the ionization
rate for high ~currents, with fast rise times and the electron

temperature are higher than for low risetime current pulses,

This is valid for the 1time period of interest. That is, the
lifetime of the upper laser level. The lifetime of the C
Ty laser level at a pressure P (in Torr) is given
by (21

36

Tpe)

i

-1
1

(2.8)

and is calculated to be 2.5 ns for atmospheric pressure,

The laser power density is proportional to the rate of the
excitation of the upper laser level which is a function of the
electron density and its temperature. The higher power
densities result with increasing electron density and higher
electron temperature, The hotter electrons Icse less energy for

the excitation of the ground state vibrational levels (12),

For electron temperatures below & eV, the rate of energy Iloss

by electirons into the excitation of the ground state

15



vibrational levels predominates over other rate processes,for
example molecular ionization and the excitation of the upper
laser level.  The efficiency of Np laser system depends on
having the electron temperature above 4 eV and thus reducing
the energy 10ss by electrons by the excitation of the ground

state vibrational leveis,

The relationship for peak power density and the charging

voitage -Fo_r different capacitors are shown in figure 110 (20).

The laser power density i seen to increase with increasing
voitage which c¢an be attributed to intense electric field,
leading to higher (electric field/pressure) E/p values, This
results in higher electron densities producing higher currents
and enables higher power (ohmic heating per unit volume) to be
transferred 10 the gas system, The higher electron temperatures
obtained results in more efficient excitation of laser levels

producing higher peak power densities,

The narrowing of the power pulse remains 1o be explained, The
laser line at 3374 nm has a lower level which has a longer
lifetime compared with the radiative lifetime, Te

(44). This fact limits 1the derivation of 1the laser pulse 1

16



to be less than Teo with higher laser power
density, the induced- emission rate predominates over the
spontaneous decay, Since the effective lifetime is the inverse

of 1the induced emission rate, smaller halfwidths are expected,

The mixing of 1the laser tlevels by electron impact and the
electron impact ionization of the mcelecule from the C

state would also influence the population density of the upper
laser level, further shortening the duration of the laser
pulse. Therefore the increasing electron density would lead to

higher laser power density and eventually to narrower pulses.

2.4 Photopreionization of the Laser Cavity

The high pressure glow discharges can be produced in a variety
of different gases by simultaneously initiating many
overlapping e€lectron avalanches in & homogenous electric field,
The electrons c¢an be obtained by volume photoionization and
photocathode emission or can be extracted from a tenuous plasma
formed between the electrodes, The electrons may thus be

conveniently derived from tnhe Uy - radiation or afterglow of a

suitably priming discharge.

17



Since the 19705 when the glow discharge process was first used
1o excite laser systems (16,47), it has been extensively used
in the double discharge excitation of large volume, high

pPressure lasers,

It was shown 1hat 1the plasma can develop on nanosecond time
scales (36). The fast formation of discharges was used to
excite high pressure UV gas lasers and provided a physical
basis for 1the develiopment of fast, erosion-free low inductance,

high voltage switches,

The application of the glow principle 1o uv N2 fasers
utilized - the existing IR double-discharge technology 1o produce

effeclive lasing action at high pressures {27).

Conventional laser systems with glow discharge plasma have
shown that lasing is limited by the attainable excitation rate
and discharge stability. The relatively high loop inductance
tends to limit  the excitation rate. The stability is stirongly
influenced by the intensity and distribution of the trigger

discharge and by the timing between the trigger and main

discharges.

18



The stabilization can be effected over a wide range of
pressures and overvoltages, The principle is adapted to the
nancsecond excitation of nitrogen lasers at pressures of up to

five bars (17).

The glow discharge is formed by c¢hanneling current from a
distributed (surface 1tracking corona-ilike) pilet discharge into
the adjacent "uniform field® gap. The corona-to-glow
switching process is affected autcomatically. The pilot and .the
main dischatges are essentially derived from a single pair of

appropriately c¢ontoured electrodes,

' The simple arrangement shown in the figure 6 can be used to
stabilize discharges over a limited range of elctrode spacings.
The auxiliary c¢orcna electrodes serve 10 provide an initial
{low energy) distribvted <c¢orona discharge to photoicohize and
thus prepare the main gap for glow formation., The stabilization
and giow uniformity <¢an be optimized by adjusting the relative
spacings between the blades and the main elecirodes. The
optimum blade separation is typically 20-40/4 greater than that
of the main electrodes (49).The settings are reported not 1o be

critical, Trace levels of a photoionizable additive,
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triethylamine were used to improve discharge uniformity at
smajl electrode separations and high discharging voltages
(45).The stability of the main glow discharge is relatively
insensitive to the profile and surface quality of the main
electrodes,

The discharge formation and stabilization processes derive from
a combmation of electron seeding and compensated inductive
switching effects; the details are not well understood.
Qualitatively it can be expained as Tollows, The <¢orona serves
to  photoionize the main gap and condition it  for & glow
formation. A c¢orona-to-glow transfer becomes favorable when the
gap resistance is low enough for inductive effects 1o become
dominant, The <¢orona discharge <¢an have a significantly higher
effective inductance than the main glow discharge. The
effective expansion of the plasma can 1then compensate for the
apparent increase in inductance in current by lifting the
discharge into tihe .ma‘m upiform  region,

The dqualitative explanation is supported by 1the fact that the
glow discharge is confined only to discharge regions that are
photoionized, in order to have a uniform glow, a well
distributed corona discharge s necessary. The experiments
clearly showed that the reason for stabilized glow discharge is

an effect of c¢orona discharge (47).
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11 B EXPERIMENTAL SYSTEM

3.4 Electronic Circuitry

The electronic circuitry of the nitregen laser s a simple DC-
to-DC  converter without any consideration to power requirements
or current rating.The buwit-in unit can supply DC voltages up
to 40KV and sufficient current 1o sustain a itwo hertz pulse
rate, For higher repetition rates or more controlled pulse
shapes, i1 is necessary 10 use a separate HY power supply with

the appropriate specifications.

The full circuitry is given in figure 1, The line voltage is
rectified and filtered via R1, Z1 and Ci to ocbtain a
Tow voltage DC level, Through D4 and R2 transistor
T4 s made to cut triggering at positive half cycles which
enables D2 to charge c2 rapidly, without resistive

power  dissipation, R3 connected 10 1the ceollector of T
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charges C which determines the frequency of oscillation and
triggering pulse, The capacitor value, C is critical at two

points

i It sets the ¢scillation frequency,

ii. It supplies the gate current,

Therefore it should be noted that, for low SCR voltages
(<40 V) higher wvalues of € should be used and vice versa.
- Since T1 contrels the rate of oscillation, it may alsc be
used for HVY regulation (see the schematic for regulation

add-on).

However, since the voltage tlevel is determined by the spark
gap, there is no need for HV regulation in the free-running

mode.

3.2 Mechanical Construction

The compact construction of the laser allows it to be exiremely

portable but restricts the ability to adjust and measure some
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cf the experimental constraints,

The whole unit is machined from plexiglass material {(figure
12k), The plexiglass box need not necessarily be gas-tight, but
for a homogenous gas flow and economic gas usage it s
preferable, The main block is used to hold the laser cavity

blocKk, inductor, spark gap and transmission line (figure 12e).

The bottom of 1the block has a recess to contain lower half of
the spark gap assembly, An O-ring ensures that the complete
spark gap is gas-tight when compressed against the capacitor
piates. Electrical contact with the capacitor is also made by
compression. The block has a separate gas inlet for cooling the
spark gap assembly and the removal of any particies that form

during the arcing progcess.

The plasma c¢avity i8 another removable unit and comprises the
cavity mirror holders and elecirodes, The aluminium 'eiectrodea
are machined in such a shape that the plasma should form  only

in the c¢enter of the gap (figurel2ec, 12d).

The surface finish and exact alignment of the electirodes do not
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greatly affect the lasing action (48,47,22). Therefore the

electrodes are only roughly ground and then polished.

At each end of the cavity a mirror is mounted in a perspex
holder, The holder can be adjusted by three spring loaded
screws equidistantly spaced around the edge of 1the holder and

mounted directly on the plasma cavity block (figure 12 f).

The unit allows the gas to flow out from 1two ports, one in the
spark gap assembly and the other in the cavity volume, The
second port also doubles for the output window which is left
open, to maximize UY transmission. There is enough space for
the electronics inside the box, but c¢onnections ar*e‘ provided to

allow the wuse of external power supplies if required,

The capacitor plate, which acts as a transmission line, s made
from polyethelene sheet obtained by bleaching an X-ray film,
and covered with thick aluminium foil It was seen that use of
soft metal foils is better 1o overcome sparking from sharp
edges and unexpected parts. The aluminium foil was glued to the
polyethelene dielectric sheet with a special adhesive, Polip
Kieber 31t Double sided adhesive tape can alsc be used,

However this usually results in a ifower value, nontinear
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capacitor causing uneven triggering and hence an unstable laser

output.
The elecirical connections 1o the Blumiein plates and
electirodes are all made with pressure contacts, Therefore <care

should be taken for the c¢leanliness of the contact points and
surfaces, The nitrogen gas enters from two different hoses into
the system: one Iinput c¢onnects to the laser cavity whilst the
other connects tq the other. This gas flow configuration easily
and quickly fills the discharge veolumes, with no ozZone or other
free radical production which would als¢e destroy the electrode
surface finish, In  this con.figuration. the spark gap <¢an be

Pl"E‘SSUT‘iZ_&d t¢ give higher breakdoewn voltages.

The spark gap is machined from aluminium, Hemispherical
stainiess steel bolts ~are used as electrodes, One end of 1t1he
spark gap is accesible through a hole in the bottom of the box,

This permits easy adjustment of the spark gap (figure 12a}

Units are connected to each other with allen bolts to enable
€asy component replacement and necessary places are <c¢overed

with silicone rubber for gas-tightness.

25

poGAZIC v gy



Relative Peak Output Power

VERTICAL

PEAK POWER

120
".'6“
2
E
BEAM DIVERGENCE o
[
10 o
HORIZONTAL 2
-
£
O
- [+4)
(48]

1 1 I 1

10 20 30 50

Output Coupler Reflectivity (%)

FIG 13:;

PEAK QUTPUT POWER
and
BEAM DIVERGENCE

25a



3.3 Optical System

The optical system of the lagser is very simple because of the
short pulse duration is comparable to the lifetime of the upper
laser level, Since the laser is working in  the bidirectional
mode, an end reflector is included, First a dielectric coated
Uvy mirror was used but because of the problems with the quality
of its surface an aluminium coated reflector was substituted,
It has a reflectivity of 92 per cent and an increase of output
power with a factor of 1two to three is reported elsewhere
‘(22.21,53,54). Hasson et.al, (22) reported that the
inclusion of the output coupler with reflectivity of 12-18 per
cent would not only increase the output power but also decrease
the beam divergence subst.antionally which c¢an be compared in

the figure 13,

The output window can be made of quartz microscope slides,
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however we prefered it to be left cpen to be used a8 a gas

outlet,

The beam divergence is a functicn of the discharge region
length and width, which results with an elliptically shaped

beam. For our cavity:

d :
e-—L- rad |

2.3 (3:1)
TOO_ ¥ 20 mrad

However when the back reflecter is used, the effective length
is doubled with a horizontal divergence of %10 mrad. The
vertical divergence is function of vertical length of plasma
formation region which i usually qguite small, The coherency of
these systems is quite low, with a value .of 2Tmm measured
using a michelson interferometer with a laser cavily of '270 mm

lengtih (23).
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3.4 Measurement of - Optical Pulses

Concerned with the measurement of optical pulses from a
nitrogen laser with wavelength of 337.4 nm and nanosecond
regime there are several probiems amcng which an important one
is the spectral region of detection, and another is detection

of high speed pulses,

A design of high speed photodiode assembly is dgiven by Mc Call,
with 100 ps risetime {55). A sampling oscillos¢cope is used to

detect the pulses,

Another inexpensive method for pulse-width measurement is to

use the reverse biased emitter t¢ base Junction o©of an open

migrowave transistor (HP 35832 E) (19). This transistoeor’s
epitaxial tayout ledaves some of the base region exposed,
permitting photoexcitation . A gimple calculation for

photodicde and scope c¢ombination measurement system c¢an be done

as follows:
Because of the finite system-response time, the actual

pulsewidth should be different and necessarily be smaller than

that of the observed pulse, If the observed pulsewidin is
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tobs: and the rise-time of the oscilloscope is

tge: the Photodicde source resistance s Rg and
scope input resistance Rin with a shunt capacitance
Cin: we have an input charge time;tinp,with

equivalent charging resistor Rept

¥
"

inp e, R<:hcin

(3.2)

o R Ry :

Rg+Rin |

then the laser pulse duration tg can be estimated to be

(44):

tg : ﬂtobs? - (tSCz 4 tinp?” (3.3)

in order to measure the laser output energy the photodiode

energy can be calibrated with a laser of known characteristics,

such as a GaAs laser (25,56,57,58)
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To find long term performance or energy distribution of the
nitrogen laser, a multichannel analyzer c¢an be used {(69).8treak
cameras are also used for fast optical pulse measurements (24)

where 1the time resolution is on the order of 10 ps.

3.5 N2 Laser Pumped Dye Laser System

The nitrogen laser was designed for pumping a dye taser, The
dye laser was designed to work on an optical breadboard, The
dye solution i in an HV transparent optical aquality cuvette
which lets 3374 nm nitrogen laser radiation +to pass through.
Referring to the previous studies, we have first tried 1to
observe superradiant emission from Rhodamine 640 solution

and Discdium fluorescein solution.

For & high optical quality dye laser beam with a small band-
width and stability as well as higher c¢oherence; we have
planned to use the dye solution in a Fabry- Perot cavity
with the backreflector reptaced with a diffraction grating
which allows fine +tuning of the wavelength of the output beam,

The diffraction grating is planned to be coupled to a8
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galvanometer which enables electronically controlled tuning,
The galvanometer is a part of a digital control system under
the supervision of a personal computer wused for data
c¢ollection, control and anzlysis, The accurate wavelength
tuning c¢ould be achieved with a real time spectroscopic
analysis done with the optogalvanic effect which is the
change of plasma resistivity upon illumination with light and
as a function of wavelength, Then the measured wavelength of
the output pulses would be used to control 1the diffraction
grating via the computer, 1thereby the output wavelength (figure

14),

The dye laser setup has not been completed in the way it is
designed vyet, However experiments related t¢ fluorescence and

superradiant effects are being c¢onducted,

3.6 Qualitative Observations on the N;2 Laser Beam

The observed beam pattern from the nitrogen laser with the
output coupler removed, that is, with an effective cavity
length of 20.0 c¢m, is an ellipse, filling a rectangular area of

Ecmx4cm at a screen bm away from the laser. The beam divergence
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is roughly equal to the wvalue calculated via eq.3.{, on the
horizontal axis. The vertical beam divergence is a function of
the plasma distribution inside the cavity, for which the

theoretical calculations do not exist.

wWith the output coupling mirror removed the beam is very
homogeneous, with a lower intensity, and greater divergence.
The misalignment of the back-reflecting mirror gave rise to
non-homogencus intensity distributions because, the decreasing
divergence as a result of stimulated emission caused by the
back-reflected photons only occured on a part of the beam

pattern.

The output coupling mirror has the effect of increasing beam
intensity and decreasing the divergence, However the
misalignment of the cavity results with a highly irregular
intensity distribution, which would be quite probltematic in

pumping the dye laser.
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CONCLUSIONS

This wori, which was planned to be a part of the
microcomputer controlled dye laser system for solid-state and
quantum-optlics studies is the design, construction of the

transversely excited atmospheric (TEA) molecular nitrogen laser.

Lack of necessary hardware (optical and electronical) slowed
down our studies 1o a great extent. However, the nitrogen laser
described before is working properlly and can supply useful pulses
of energy (qualitatively). Our c¢ontinuing plan is as Tfollows

The rigorous theoretical analysis of TEA nitrogen lasers in
order 1o find pulse lengths, c¢oherency and optical power output,
This is because of insufficient information and theoretical work
on the atmospheric pressure very high gain lasers, Also  the
study of the superfluorescent emission will hopefully c¢lear the
problem of 1the way to describe these laser systems.

Completition of the dye laser system, which will be
wzvelength tunable via a personal computer driven diffraction
grating used as a backreflector and spectroscopic analysis done
with optogaluamic effect fed into the computer to fine control
the output besam.

.Use of the nitrogen laser in shadowgraphy 1o measure
parameters of the shock wave created by a HY capaciter discharge.

Photoconductivity measurements in semiconductors with fast

UV~ nitrogen laser pulses.

It was realized thet for experimental purposes, one does not
need c¢ompact devices which bring complexities to  align or
optimise the laser parameters. Therefore it should be better,
easier and mofe pleasant to design the laser with elementary

geometries such as planar Blumline plates, cylindrical discharge
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electrodes, etc, Then it is gquite easy to make the electrodes,
mirrors and the gpark gap adjustable even in operation, However
it has 1the disadvantage of covering a large area and the risk of
a mechanical failure,

it is hoped that this theses will give a better insight and
pave the way for 1the development of techniques which will provide
a wuseful tool for the analysis of various physical phenomenon via
excitation with fast powerful pulses,
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