One stage Nd-glass Oscillator — amplifier ,Design
Aspects

This work deals with the design and construction of
“doglass oscillator and - one stage amplifier system. Parameters,
which effect the system operation like mode of operation are
studied in free running mode, this operation help to obtain wide
pulse duration of the output laser pulse.

The output energy from the oscillator found to be (565 mJ)
with pulse duration of (80us). The slope efficiency of the

oscillator was (0.71%) and (0.606%) overall efficiency. '

The output energy from the amplifier was ~ 900mJ and the
overall efficiency of the oscillator — amplifier equal to (1.18%),
amplification ratio of (1.6).

A good agreement between the theoretical and experimental
results was achieved for both oscillator and amplifier outputs.
The stability of the of the system was studied during the
operation when the input energy was fixed at suitable value.
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Introduction:

The first demonstration of laser action in Nd-doped glass by
snitzer was in 1961[1]. Solid state host material may be broadiy
grouped into crystalline solids and glasses. The host must have

good optical, mechanical and thermal properties for sever

Lt

operating condition of practical laser.

Material for laser operation must posses sharp fluorescent
lines, strong absorption bands, these characteristics are generally
shown by solids (crystal or glass), which incorporate in small
amounts elements in which optical transitions can occur between
state of incomplete element shells.

The energy buildup in a laser puls.e propagating through a
laser amplifier has been studied by a number of works in the field,
Petars et al [2] investigated the exponential amplification of a
“non — Q — switched “ laser pulse through an amplifier, Geusic
reported experiments in laser pulse amplification by amplifier
rods driven by both non—Q-switched and Q — switched oscillators.
But again all of these experiments considered only the exponentizl
amplification regime. Frontz& Nodvik [3] and others theoretically
considered the pulse propagation problem through a ruby
amplifier by solving the time — dependent photon transpor:
equation for varions types of input pulse shapes.

Steele & Davis [4] reported a set of experiments where the

amplifier gain was measured, their experiments performed in 2
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v energy regime. Davis & Sooy [5] solved a set of amplifier

cquations with and without regeneration, and their solutions
corvered energy ranges from small signal gain to saturation.

The possibility of light pulse amplification in a laser
amplifier was first demonstrated by Arcchi & Schulz [6] thus the
generation of high - power light, pulses is based on the
combination of master oscillator and multistage amplifier.

In (1996) M.R.Ismaeel [7] obtained (140 mJ) from two
stages Nd:YAG amplifier. With rod dimensions (5cm) length and
diameter (0.4cm).

In (1999) N.N.Nassir [8] obtained a Q-switched Nd:YAG
oscillator (136mJ) output energy with (35ns) pulse duration,
pumping one-— stage Nd:YAG amplifier with the same dimension
of the rod used by Ismaeel [7], giving an output energy (318mJ)
with total efficiency of osc- amp 0.35%. In our work we used Nd:
glass rod (7.5cm) length and (0.6cm) diameter as an oscillator and

one stage Nd:glass amplifier with the same dimensions.

[hie output energy of the oscillator and the slope efficiency:

B.ASEE [9] derived an expression for the output energy from
pulse pumped laser was

I .tAnlr=1) G (1)

Where: I, :is the saturation intensity
T, : the fluorescent decay time
A is the rod area
77: Energy coupling term
r: Inversion ratio

The coupling term 77 equal to [10]
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Where: R, :Reflectivity of output
T; : total transmission of the laser cavity

Koechner [1] considered : |
An(T*=L S L: Optical loss
Therefore we can rewrite eq. (2) into :

- 2(1_81 ) >
= 12.; ; i
R7(L-InR,)

When the lamp input energy Ey, for threshold operation has been
replaced by E;,, the input energy above threshold equals:
E,=olE, -E,) ee(4)

Ew: the lamp — input energy required achieving threshold from
the following equ.

Ep=(L-InR;) \2k sl
o, : Slope efficiency of the laser output varies lamp-input

I

'

curve.
K: Pumping factor.

Therefore .

o, =Kl An ...{6)

Hence, the slope efficiency is simply the product of all the
individual efficiencies of the system, the output coupling efficiency

(77) can be optimized by proper selection of the output mirror

reflectivity.

Laser Amplifier:
In an oscillator-amplifier system, the puise width beam

divergence & the spectral width are primarily determined by the
oscillator [10] where as pulse energy & power are determined by

the amplifier, therefore from an oscillator-amplifier combination
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wme can obtain either a higher energy than can be achieved from

e oscillator alone, also toincrease the brightness of the output
beam
in the design of a laser amplifier, the following aspects must be

considered:

(-2in and energy extraction.

“Wave front and pulse shape.

Ve

_Energy and power densities at the optical elements of the

Lav

amplifier system.

. Feedback in the amplifier, which may lead to superradiance or i

e

Prelasing of primary interestin the design of amplifier, is the
gain, which can be achieved, and the energy, which can be

extracted from the amplifier.

The rod length in an amplifier is determined primarily by the desired
gain. |

There are two regimes of licht amplification. Short pulse and stéady
state or long pulse.

We will see, however, that in the case of pulses, which are short
compared to the fluorescent lifetime of the material, the amplification
depends on the energy density, whereas in the case of long pulses or

CW mode of operation the gain depends on power density [11].
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Pulse Amplification:

The amplification process is based on the energy stored in the
upper laser prior to the arrival of the input signal. Asthe input

pulses passes th;'ough the rod, the atoms are stimulated to release the
store energy.

If we take for the input to the amplifier a square pulse duration (t;).
and initial photon density, therefore the input energy per unit area

can be expressed as:

E:’rr :_Céorphu sk #)
C: Light velocity
A saturation fluence E, can be defined by
E,s:hU:Eﬁ ..(8)
e 18,
o : Absorption cross-section.
g, : small-signal gain coefficient.
¥=1-g,/g; is the degeneracy parameter .
In a four level system 7 =1, and the total stored energy per umit

volume in the amplifier is:

E.; =g,E; .-(9)
The gain of the amplifier

R e e 10
G=—"Ins1+jexp, — |=1.G, ¢ ...(10)
- | !|_ II\ E: /_| _i J
G, :small — signal single pass gain
G=exp(gl) ..{i1

For a low input signal E;, such that Ei/E<<1
Then eq.(10) becomes
G ~ G, = exp(g.l)

Equation (10) can be recast into a form, which makes it convenient 1o
model the energy output and extraction efficiency for single and

multiple stage.
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And the extraction efficiency

~ (£ is the input energy to the amplifier and (E,) is the output from
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Experimental part:

1. Design and construction of power supply.

A (ZKV) D.C power supply (0.5 Amp) was designed and shown
in fig (1) because of the limitation of the flash lamp characteristics
{maximum operating voltage 2KV).

The output voltage of power supply is connected to two charging
circuits (pulse forming network PFN) in parallel, one for the

oscillator and the second for the amplifier.

1-1 Pulse forming network

The PFN used is a single - mesh (LC) network with C =50 uF
and I= 20 uH , the network stores the discharge enei'g}-‘ and

delivers it to the flash lamp in the desired current pulse shape .

1-2 Triggering circuit:

The two moest common methods of triggering flash lamps are
external and internal triggering. In our work external triggering

was used because cooling technique was not used.
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The trigger circuit consists of two main parts, the first one is
used to rise the voltage between (20 . 3 kv) using trigger
transformer (1: 100), the second circuit is used to control the
process of the thyr istor ON/ OFF as shown in Fig (2).

The funcﬂon of the tnfrgex signal is to create an ionized spark
Streamer between the tno electrodes so that the main discharge
can occuy. :

In external trigger device a wire is w rapped a round the flash
lamp between the electr odes and connected to the secondary of the
trigger transformer, a high voltage is generated by discharging a
capacitor through the primary of the ty ansformer. The switching
element was a thyristor (type BTX, 8A, 400V).

2. Desion of the optical resonator:
The optical resonator of the oscillator consists of four main parts

as shown in Fig (3).

2-1 Optical resonator:
A plane - parallel optical resonator was used with two mirrors

the rare mirror of leﬂecnuh (R =100% for 7. = 1.06 um ), and

the output coupler with partial reflectivity( R, = 632 ) for the same
wavelength . The two mirror were fixed outside the laser cavi ty with a

distance (L =18 cm) between them.

-2 The Active medium:

The active medium used in this work was an (Nd - glass)
rod (7.5 (‘m) length and (0.6 cm) dmmetez the rod was fixed

with two clamps m.slde the cavm




—-3 The Reflector:

Ve used a circular cylindrical reflector consists of two parts, the ;
first is fixed in the cover of the cavity which holds the linear flash o --"'--j;-'_
lamp and the second p;u-t is situated under the laser rod when the is ' s
Stted above the cavity the reflector from circular cylindrical shape.

The cavity dimenéion are (15 x 3.5 x 3.5 ¢m) made from
Aluminum metal which had high thermal diffusivity to dissipate the

heat generated from the flash lamp.

2-4 Flash lamp.
A xenon flash lamp was used with pressure (P = 430 torr), total

length (13.5 cm) and the active length (8 cm) i.e. the distance between
the electrodes, the external diameter (D =0.61 cm).

This type of cavity configuration is called close - coupled cavity.
The lamp and the rod are placed as close together as possible [1],

surrounds closely by the reflector.

3. Flash lamp characteristics:
Calculation of the lamp impedance parameter ( k, ) which

describes the impedance characteristics of the particular lamp .

The voltage - current relationship is described by [12].

_ .;"
R = (14
v/

From Fig (4), the intersection of currentand voltage pulse are

shown on an oscilloscope using current and voltage probe.
The resistance of current probe equals to (10 m Q) and the value

of voltage = 11 volt therefore the value of the current.
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The 1‘1]ue of the \ol age at the intersection point = 1000 volt.

Hence From eq. (14): KO =30.15 Q. (Aﬂlp )G,:'

To determine the value of K, theoretically we use the damping
factor equals ¢ =08, H‘mn0

Ao : 5!
G - {13)
\‘JI’.-,Z:.'
And
L/ '
L2
LS ..{16)
- (
From the PFN
L=199uH
C=380/F
Z,=0.63
Using equ (16)

And from equ. (15) -
K, =2839 Q. (Amp )*?

To measure experimentally from fig ( 5 ) the current pulse

duration is equals to t, =84 ;is using the current probe .

FromPFN C=350 uf , therefor the inductance L, equals to

t: .

L=t ol U7 L=16
oc (17) HH
Fromeq. (16) . Z,=0563Q

And from eq. (15) and when K, = 30.15 the damping factor
a =0.89 Hence the rise time t, equal to




f‘p :OS(I :

1, =1769.94mp

=28.3 uus

And the current pulse duration

, =3(LC)

=/

The peak current I, when the applied voltage V, =2 Kv

Comparing the experimented with the theoretical results we can

notified that the difference in the table (1)

Ly ,as) F' !r(,us) i%z.'p (A'mp)

|
r

Z.(2)

1
|
i
i
|

1/
Q.(Amp )72

= b Lo g e . 3t 1

i

rimental |

T 0.89 |

Table (1) the characteristics of the flash lamp




4. Measurements and Results:

4-1 Measurements of the output energy of the oscillator .

The theoretical value of O/P energy of the oscillator
can be found from eq. (1) .
Ec,‘.;,’ = ]S{.—u'f_f' A 7 (}‘ A 1)

ho=1.8x107"7
i r,=300us
[, =— TR
DB Ty 0> =3.5x10 " em-

L., =177142W

e Ly

Fromeq. (2):

n=0.343

L8]

The inversion over threshold (r-1)=1.3
Substituting these value in eq. (1) we get :
E,.=657mJ

The experimental value of the oscillator output energy using
joulemeter (Genetic ED - 200) equals 565 mJ.

This result shown a good agreement between theoretical and
experimental value for the output energy of the oscillator, and the

difference between them is related to the losses in the input pumping

energy to the system.

4-2 Measurement of output enersy of the amplifier .

The small signal gain coefficient is given by [ 10 ]

T 1.7




o =(L113 em’

fromeq. (11 ):

Go=2.3

1

Fromeq.(8)and y =1 for 4- level system :

E.=5.31J/cm’

From eq. (12) We have E;=90.25 J the pumping input energy

and one can expect typically ( 0.5) % conversion of pump input

energy to energy stored in the rod. [8,10]

Therefore E;=0.45 J and the output energy from the amplifier

equals :

Eou =531 In {1+ [exp(0.45/5.31)-1]2.37}

Eou=1013 mJ = (1.013 J)

When a low input signal E; such that E/E; <<1 then
G=G,=exp(gl)

G=2.3

3. experimentally we got the value of the output energy from the

amplifier equal to (900 mJ) by using joule meter.

Fig (6) shows show the variation of the input and output energy
for both oscillator and amplifier. The overall efficiency of the
oscillator equals to (0.606%), and from fig (7) the slope
efficiency equals to (0.71%). The total efficiency of the osc-amp

system equals to (1.18%).

From equ{13) the extraction efficiency 77, =12.7% . Fig(§)
shows the pulse shape of the oscillator with pulse duration

equals to (80 ss ) using silicon - pin photo diode type (SGD-100)

118




with rise time (4ns), an IR fiter is used with transmission

around 90% for 1.06 .

4-4: For optimal operation, the flash lamp for the amplifier stage has
1o be synchronized with that of the oscillator. This mﬁst be
timed so that there is maximum population inversion in the
amplifier when the beam from the oscillator inters it, the firing
of the flash lamp for the oscillator, then is usually delayed
relation to the amplifier flash lamp. The amount of this delay
depend on the cct used and the particular flash lamp, but

ordinary it is of the order of [50 - 100 us[{13].

In our work the delay time between the osc- amp was within
[70 us], which gavea good amplification for the oscillator pulse
as shown in Fig(9), Fig(10), and the amplification factor around

twice as much.

The stability of the system was shown in Fig(11) which gives a
high stability of the system during the operation for different

pulses when the input energy was fixed at suitable value.
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Fig(8)

Output laser pulse (80 us) with free generation mode.
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