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ABSTRACT

The aim of this study is to produce a model via iterative description of the beam distribution to connect the output
power of a He-Ne, continuous and low power laser in terms of its beam radius by operating it as regular pattern of
repeated wave front with in the space between the mirrors. Because of the spherical shapes of laser resonators have
complete Gaussian shapes. Hence the beam radius changes according to its position and along the principle axis of the
cavity. We used a LASCAD simulation program as an analyzer for our data; the results didn’t change that much with

those of original Gaussian beam model.
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I. INTRODUCTION

he laser resonator has mostly a pair of
identical concave mirrors with super
high reflective input one (typically 100%, and an
out coupler of typically 95-99% reflectance. The
Gaussian nature of the beam distributions makes
the beam radius to increase as the distance
increases from the resonator center [Siegman A.,
2001]. As the results of this distribution, the
parameters in question, necessary in producing
the emerging laser beam are:
1- Engineering dimensions (g-parameter)of the
resonator are:
a- The surface area of mirrors (A).
b- The radius of curvature for
symmetric resonator (R).
c- The physical distance between mirror centers
of curvature (L).
2- The beam characteristics represented by their
power behavior with the beam center 1/e?, which
are the radius and intensity distributed.
3- The total created power by stimulated
emission and the output power emerging from
the laser aperture [Gahtak A., 1984].

Figure (1) represents a typical low power gas
laser resonator with specifications described in
(1), namely (A), (R) and (r) for (a), (b) and (c)
respectively.
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Fig. (1): Represents a typical low power gas laser resonator
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Here r is the beam distance from z laterally,
W, is the min waist spot size, and w is the beam
radius at the surface of the output mirror.

Il. THE LASER OUTPUT POWER
PROFILE

In classical Electromagnetic theory, the
Transverse E-field can be written as [Lee P.,
2006]:

E(r)=Ee™™ ™ (1)

Here E- in the field strength at the center, (w)
is the beam waist at (z) distance and, (r) in
lateral distance from the beam center, where
r? = x? + y?, The average intensity of the beam
is related to E [Jaegwon Yoo, B. C. Lee and Y.
J. Rhee, 2004]:

€-cE?
I = o e e (2)

Converting this into central field strength,

e-cE?
Combining these equations:

Io
and
I(r) = Le 27/ ... (5)

Where I o< E2

Since the power P=Il*area, so the radial
power contained within arbitrary radius (r) or the
beam by integrating equation (5) over (r) and
(2m)as:

21

T
P(r)=jf le™2"*/W* dordr ..........(6)
00
Where da = rdrd@is an infinitesimal area
element plane polar coordinate, performing
integral of (6):
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Io 2
P() =2 [1= e ()
At r — oo extra far field propagation, then:
nnw
P(x) = I S .. (8)

Combining eq. (7) and eq. (8) we get:

P(r) = P(@)[1 — e 27/¥*] ... (9)
At r=w

P(r) = P() [1 - eiz] — 0.865 P() .... (10)

This equation shows that only 0.135 of the
total power stored in the cavity will be lost at
result of running away from(r = 0) - (r = w).
Since eq. (10) is obeyed along the whole cavity
length, this means that the power created inside
the resonant cavity is independent on the beam

. 1 - .
waist (w) at — points. These points could be

selected along the z-axis according to what is
called Newton-Raphsor iterative criterion
[Chattopadhyay D., 2006]. This iteration is
selected such that the step change in the value

1- 1”2) could be very small in eq.(9). For
e wZ

example if (w=0.1m). The real meaning of cavity
iteration is to minimize the effect of increasing
in (r) away from the axis center so that it could
be divided in to a number of equal periodical

distance such that the difference between two

consequent values of (r) does not exceed a um
or so.

In practice, the numeration of interval values
in (r) complicates the applicability of eq. (7), but
as we have said above the change interval value
of (r) in microns is the periodicity in the value of
(w —wo) as (100) Or (120) microns optimum
[Jes H., 2009].

I11. RESULTS AND DISCUSSION

Fig. (2) represents a plot of the variation in
the (%) points, which is the spot size w(z) as a

function of the iteration repetition rate is equal

values of (r) at different axial distance (z) from

the center of the cavity where z=0 and w(z)=w-.

Fig. (3) represents the variation in beam spot

size in (um) at (36) points, amplitude version of
rZ

the function |E(r) = E-e wZ| where E- is the

central field amplitude at r=0 and (w) is the spot
size. From fig. (2) and fig. (3), it is clear that the
iteration of the amplitude variation is less
effective other than the power and intensity
variations, because of the slightly change in the

value of (%) rather than in (%) changes as occur

in power and intensity [Jaegwon Yoo, B. C. Lee
and Y. J. Rhee, 2004].
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Fig. (2): Variation of the spot size versus cavity iteration.
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Fig. (3): Variation of the beam radius versus cavity iteration.

Figure (4) and (5) represents the plot of beam  squared radius (r?) and the beam radius increase
radius and power variation with the beam center ~ exponentially with axial forward distance from
(r=0) respectively. It is quite clear that power is  the cavity center (z=0) these are compared
decreasing with the exponential reciprocal of  formally with those of Lee [Lee P., 2006].

30

N
(6;]

N
o

[y
o

(63}

Lateral Beam Distance (um)
=
(6]

o

80

z-axis (mm)

Fig. (4): Variation of lateral beam radius with distance along z-axis
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Fig. (5): Variation of lateral beam distance with output power inside the resonator.
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The numerical expression for the beam
quality of laser system can be written as [Cortes

R. and et al., 2008]:

5 TWo0o
M= = i N G )|

Where 8. cone half angle. The beam radius
along the propagation axis (z-axis), can be
written as [Jin Qian and et al., 2012]:

w?(2)
AMZ\®
1+|—) 2
TTWo
The beam quality factor gives a description of
how well a laser beam can be focused. The ideal
Gaussian beam has an M? factor of 1. The M?
factor increases all the more than the actual

beam deviate from the ideal Gaussian beam.
noticing that M? equals 1, we have a perfect

40

= w? e e e e e e (12)

Gaussian beam. Higher values for M? means
poorer beam quality [Cortes R. and et al., 2008,
Jin Qian, ant et al., 2012]. A method for
measuring the M? factor consists of measuring
the beam radius in different transverse planes
around the position of the beam waist and to
adjust the theoretical equation (12) with the M?
factor as fitting parameter. Figures (6) and (7)
are quite clear that the dots represent selected
experimental value for axial distances with the
beam center. This means that both theoretical
and experimental values of p(r) coincide on each
other, unless the geometrical parameters and the
output power to be on request are changing
depending on the type of application, which the
companions suggest [Jin Qian, ant et al., 2012].
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Fig. (6): Variation of radius of curvature with cavity iteration.

1.052

1.05

Beam Quality
L
o o
=~ =~
N o

1.042 -

1.04 -

1.038

0 20

40 60 80

Cavity Iteration

Fig. (7): variation of beam quality with cavity iteration.
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IV. CONCLUSIONS

Since the laser output induced power and the
beam radius depend on both distance from the
beam center where (r=0), this means that each of
them varies axially according to their
correspondent equations (8) and (4) respectively.
The power decreases exponentially squared and
the beam radius increases radialy along the
principle axis of the cavity. We have
investigated these variations with the aid of
convenient standard simulation programs
LASCAD and according to the availability of the
equation mentioned earlier. Thus our limit of
changing the parameter lies  between
(r=0—>r=w)and within the inverse

(O(p(p,), this means that the central power
produced in the center of the cavity have

maximum intensity(lozp—‘;]. And another
W,

important sequence of the work is that the beam
radius has to be reiterated consequently so that
the variation in its value ranges from zero to the
boundary of w/10. This makes the calculation to
take its track correctly and with infinitesimal
repetition. In stable resonator as the laser
resonator in use in our study, the number of

round trip iterations, the number of changing in

the w(z) position per unit length is imaging

directly the impact number of (r) variation.
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