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ABSTRACT

A computerized high precision ad justement
of a new wavelength independent unidirectional
device for using in ring dye lasers is discussed.
The one way travelling wave operation of the laser
beam is achieved without adding more optical
elements in the resonator. The Optical diode
consists of wedged Faraday rotator and epecial
arrangement of three mirrors. The perforiance
and the optimum adjustement precision for
enforcing one perferred direction travelling
wave are computer controlled. This leads to
actively stable unidirectional high power laser

beam.

INTRODUCTION
In the field of laser spectroscopy and laser applica-
tions, it is necessary to use time stable single frequency
laser beam. This stable single mode operation can be obtained
using linear or ring laser by a combination of many wave-
length selective elements. in ring laser one find addationally

optical devices for enforcing one perferred direction
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travelling wave operation. Without such devices the
travelling wave could pick either direction, resulting in
capricious and hence near useless operation [1]. The
advantages of the ring laser in comparison with the linear
one were discussed in early papers [2-4]. Some methods to
produce oné way travelling wave operation for ring dye laser
were done [5-8]. The disadvantages of these methods and

other design of an optical diode were discussed [1].

In general the optical diode consists of two components:
(i) direction dependent polarisation rotation using Faraday
effect [9]. (i1) direction independent polarisation rotation
using one of the following possibilites: Crystal of optical
active molecules, half wave plate, OT fresnel prism [10,5,11].
The problems of operation of the previous components of the
optical diode depend on wavelength. This dependence leads
to limitations on the operating region and interacavity

power levels.

The aim of this work is to design @ wavelength
independent optical diode efficiently suitable for enforcing
one directional beam. The performance and adjustement

precision of the optical diode are computer controlled.

DESIGN CONSIDERATIONS
The idea of the optical diode is based on selective

production additional losses in the undesired direction of
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the laser beam. This is accomplished by rotation of the
polarisation plane in the ring resonator. For the desired

direction the rotation angle will be exact compensated.

Different designs of the optical diode have been
applied in laser research institutes for achieving one way
propagation in ring lasers. All these designs used wavelength
dependent Faraday effect as the fundamental component of the
optical diode. When a linear polarised light, passes through
isotropic medium of length 1 (e.g. glass) where an external,
homogenious and longtudinal magnetic field of magnetic flux
density B is applied, the polarisaticn plare of the laser
beam will rotate with a certain angle (&) according to the
following emperically determined expericsion: o =VB1,V
is the factor of proportionality known as Verdet constant
(in min/gauss/cm). The Verdet constant for a particular
medium varies with both wavelength and temperature [9]. In
this case the polarisation plane will always rotate in the
same direction and independent on the incident direction.
The selective direction of propagation of the laser beam is

determined by the poles of the magnetic field.

By selection Qf the Faraday material as isotropic
medium, important considerations must be taken into account
e.g. low absorption losses, high Verdet constants, high
optical quality and the desired rotation angle. On the other

hand the alloy of the permenant magnet must contain high
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remenance and axially magnetised. Figure (1-a) shows the
form of the used magnet (Firma vacuumschmelze Hanau aus

Vacodil 170).

In order to eliminate the dependence of Faraday effect
on the wavelength, a-new form of Faraday rotator is used.
Plane parallel plate (BK-7-Glass supplied by [13]) of
thickness = 16.7 mm, a length of 20 mm is cutted under

Brewster angle according to the relation:
d =1 cos ( 90% —-GB) =1 sin BB

where: d = the glass plate thickness, 1 = length of glass
rod, and QB

length of 589.3 nm. The new form of the glass rod is shown

= Brewster angle which equal to 56.6° by a wave-

in figure (1-b). This rod is inserted in a cobalt-samarium
magnet of length 1=20 mm, internal diameter of r = 11.5 mm
and external diameter of R = 50 mm. The calculated rotation
angle for one revolution equals ca. 1.93° at a wavelength
of 600 nm (V = 0.016 in min/gauss/cm, B = 9000 gauss). The
wedged Faraday rotator in Fig. (1-b) leads to the compensa-
tion of the wavelength dependence of Faraday effect. By
displacing the Faraday rotator system perpendicular to the
beam direction, the optical pathlength will be changed and
accordingly the rotation angle. To eliminate the reflection
losses of the incident surface, it is made under Brewster
angle and the output surface is coated with antireflex layer

of reflectivity = 0.2% (Fig. 1-b).
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The second rotation of polarisation plane is direction
independent rotation, i.e the polarisation plane of a linear
polarised light wave will always rotate in the same direc-
tion of the beam. This can be realised by different methods
[1]. Other direction wavelength independent special
arrangement of three mirrors for the rotation of the
polarisation plane of the laser beam was developed [12],
This rotation is achieved when one of these three mirrors
is placed high or low out of the real resonator plane as
shown in Fig. (2-a). The advantage of this mcthod is that
the rotation achieved by the same mirrors of the resonators
without addition more optical elements in the resonator.

In comparison with the other described methods [10,5,11],
that its action is wavelength independénts The disadvantage
is that the height of the mirror which placed out of the
laser resonator is proportional to the angle of rotation

of the polarisation plane. This height will be estimated
and adjusted coarsely. This leads to high power losses and

unstable undirectional beam.

In this work the previous disadvantage is avoided.
A combination of the wedged Faraday rotator and the special
arrangement of the mirrors is used to achieve the unidirec-
tional operation of a ring laser. Both are components of
the optical diode with action independent on the wavelength.

A computer program is developed for exact calculation of the
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position of the laser beam in a plane high or low out of

the laser resonators. The same program is used to control
the change in the pathlength of the laser beam in Faraday
wedge to achieve high adjustement precision of the optical

diode.

THEORETICAL

Consider that the polarisation.of the laser light is
described by polarisation vector ?. It lies prependicular
to the propagation direction. As the propagation of laser
light realised in one plane, the polarisation vector of
'ﬁ—polarised laser light lies also in this plane. For one
revolution of the laser beam through the resonator, the
polarisation vector‘g on every mirror appears as in figure

(2-b) with phase change 7T due to refelction. This can be

described by the relation [14]:
o b b = -
n

Pi — Pi—l -2 (Pi—l . ni.). i

(1)

-‘ s 3 ° o k3

Pi = the polarisation vector after reflection by i-mirrors.

i

= the polarisation vector before reflection by i-mirrors.

= the normal vector on the i-mirror

b
The angle & between the polarisation vector Po

(start polarisation vector) and the polarisation vector Pm
after one revolution in a resonator consists of m components,

can be calculated as follows:

e
L Pm

O¢ = arccos s (2)
1Pl 0P |
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A computer program is developed to calculate the polarisa-
tion rotation angles due to the special arrangement of the
mirrors and the wedged Faraday rotator. The program is
carried out as follows: (i) The position vectors of the
mirrors (x,y,z) in the resonator must be given as input
values. (ii) The computer calculates the direction vectors

ek s Lo ¥ s
dv between the mirrors: JV; =ov, = OV j- (iii) Normaliza-

. 03 ‘d “ “ . 0
tion the direction vectors dvi = dvi /fdvii; (iv) calculation
- Y e sl
of the normal vectors (Nv,) on the mirrors: Nv, = dv, - dv,.
i i i+l i
Py

) pee o
(v) Normalization of the normal vectors: I\Yv‘i = ij / ENvi!a

e
(vi) calculation of the polarisation vector (Pv) behind

the mirrors:

-t ek g ol -
Pi = Pi»l - 2(Pi—1' Nvi). Nvi
el i
(vii) calculation of the angle O¢ between Pv, and F_ :
— 1 0
Pvi; PO
X =arccos ~——;=——=3~ (3)

Pvg NN

The program checks the input data of each mirror. On the
other hand the data of Faraday rotator (the magnetic field
strength, the length of wedged rod and verdet constant)

must be given.

EXPERIMENTAL

Figure (3) shows a ring resonator with optical diode

consisting of three mirror arrangement (M3 ,M4 ,M5) and
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the wedged Faraday rotator. The position vectors of the
optical elements in the resonator are determined, where the
original point (start point) is the dye jet stream. M1 ,M2
are concave mirrofs with focal length 25 mm. At the mirrors
M3 ,M4 ,M5 the polarisation plane is not in the incidence
plane, where the mirror M4 find out the resonator plane.

The rotation achieved in thé distance M3-M4-M5. At small
angles?”,?? the rotation angle & is given approximately
by X=¥ . P . The rotation angle O( can by a given resonator
geometry‘be adjusted through the height of the mirror M4.
The asymmetrical rotation will be compensate for the desired
laser beam direction by the wedged Faraday rotator. For the
opposite laser beam direction the rotation is additive and
results in a net loss due to increased reflection by the
Brewster surfaces in the cavity. These losses suppress the
laser oscillation in the opposite direction and one has
stable one way propagation in the desired direction. The
single mode operation achieved with the new development of
Mach-Zehnder Interferometer [15] in combination with Lyot
filter and the developed optical diode. Because the rotation
angle due to Faraday rotator is proportional to the optical
pathlength of laser beam through it, therefore it is mounted
on micrometer displacement table. The displacement is
proportional to the angle of polarisation rotation. On the
other hand the hight of a mirror out of the resonator plane
is proportional to the angle of polarisation rotation. This

height is also precisely adjusted by a micrometer SCrew.
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Using the developed computer program, the calculations of

the polarisation angle due to the system of mirror arrangement
are achieved firstly. Secondly the program calculates the
compensation rotating angle caused by Faraday rotator. The
optimum efficiency of the optical diode can be observed by

measuring the output power level of the laser beam.

CONCLUSION

The developed new wavelength independent optical diode
leads to stable unidirectional beam in ring lasers. This
has been achieved without introducing additional losses in
the ring resonators. The losses are limited only in the
absorption of the wedged Faraday rotator material which is
equal to 0.0015 cm—l by A = 580 nm. High power laser beam
is realised by using computer adjustements program. In
comparison with the limited range wavelength dependent
optical diode which is applied in many laser research
institutes, many advantages are achieved: complications in
the adjustement are eliminated, the losses are minimised,
simplicity of producing stable one way propagation indep-—

endent of wavelength and high power laser beam.



59

Delta J. Sci. 16 (2) 1992

FARADAY-ROTATOR -
s s o w— — o Smows oo G—_n B oo e e — — o—— _—’{
N r _‘—_——-—:‘Jll‘l]‘ll.rd
T I O |
_______ i i -+
P— L —
(a)
z
&
(180-8,)
S E—
..\‘ ’/'
.
\\/
8 < > Y
o ~ ANTIREFLECTION
e /< ~ LAYER
// 64
e ) %)
{ i
¥
(b)

Fig. (1): a- The dimension of the used magnet and the wedged

Farady rotator

b~ The wedged form (BK-7-glass) Faraday rod.
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Fig. (2) a- Rotation of polarisation plane by three mirror
arrange ment.
b- Reflection of polarisation vector for P-polarisation
with phase change equal 9 .
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Fig. (3): The coordinates of laser resonator (jet is (0,0,0)).
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