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Introduction

The light absorption in optical elements of Faraday rotators causes
nonuniform cross-section distribution of temperature, which has three physical
mechanisms of influence upon laser radiation;

1) wavefront distortions, or thermal lens, caused by the dependence of the
refraction index on temperature;

 
 
 
 
 
 
 
 

2) nonuniform distribution of the rotation angle of the polarization plane caused
by the temperature dependence of Verdet constant;

 
 
 
 
 
 
 

3) simultaneous appearance of circular (Faraday effect) and linear birefringence as
a result of mechanical strains due to temperature gradient (photoelastic effect).
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I. Comparison of the influence of the temperature dependence of the
Verdet constant and the photoelastic effect

In case of small depolarization, i.e.     γ<<�
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Thus, the depolarization is a sum of two terms representing two physical
mechanisms that give rise to the depolarization.
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Here indexes «min» indicate values of γp and γV  obtained at optimum
values of θ  and  δ0 , respectively, and
P0 - laser power
L - length of optical element
α - absorption

κ - thermoconductivity
Q - thermo-optic constant
V - Verdet constant
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Thus, the influence of the temperature dependence of the Verdet constant on
depolarization is much lower than that of the photoelastic effect.

Investigation of the ways of compensating depolarization caused by
photoelastic effect is therefore more promising. In our discussion to follow we
shall neglect the temperature dependence of the Verdet constant.



II. Novel schemes of Faraday isolators

The idea of compensating depolarization consists in using two 22.5° rotators
and a reciprocal optical element between them instead of one 45° Faraday
rotator. The basic idea of compensating depolarization consists in using two
22.5° rotators and a reciprocal optical element between them instead of one 45°
Faraday rotator.
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Jonse matrices for all optical elements determine the isolation ratio.
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δl=δl(r,ϕ,Q,ξa,ϑ)  - phase delay of linear eigen polarization
Ψ=Ψ(r,ϕ,ξa,ϑ)  -  direction of linear eigen polarization
δc - phase delay of circular eigen polarization
βR - angle of rotation of quartz rotator
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βR - the inclination angle of the λ/2 plate optical axis



III. Comparison of the novel and traditional schemes
(case of small depolarization, i.e.  γ<<��

The depolarization ratio γ0,L,R can be minimized by

1) varying the angle βL,R  i.e., rotating the λ/2 plate or changing the thickness
of quartz rotator

βoptL π�8�Nπ�� βoptR=3π/8+Nπ

2) varying the angle θ, i.e., rotating the crystal around beam axis
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The minimal values of the depolarization ratio  γmin0,L,R=γ0,L,R(θopt,βopt)  are
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Parameter  p  characterizes the force of the photoelastic effect.

ξa =1  for glass    ξa =3.6  for TGG

The formulas for  γmin0,L,R  are justified at any ξa including ξa =1, i.e., for glass
magnetooptical media in which the depolarization ratio does not depend on θ.



IV. Comparison of the novel and traditional schemes
(case of large depolarization, i.e.  γ≈��

At a given ξa the depolarization ratio of a Faraday isolator, like in the
case of the weak linear birefringence, is completely determined by
parameter p.
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Dashed lines show the formulas for small depolarization.

Approximate estimations show that

for TGG  p=1 at power  P0=2.5kW
(Q=7×10-7/K, κ=7W/Km , L/λ=2×104, α=2×10-3 cm-1).

for glass  p=1  at power  P0=250W
(Q≅5×10-7/K, κ=0.5W/Km, L/λ=4×104, α=2×10-3 cm-1).

Taking into account these estimations and graph, it is evident  that the
novel schemes allow construction of Faraday isolators with isolation ratio of 30
dB (γ=10-3) for average laser power at kW (glass) and multikW (TGG) level.
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V. Experimental investigation of novel schemes

• λ=532nm
• CW  Nd:YAG laser
• power up to 5.5 W

• 2 mm diameter Gaussian beam.
• magneto-optical glass
• absorption α(532nm)=0.05cm-1
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The disagreement between the predictions and experiment at low power is due
to the residual, power independent depolarization in magneto-optical elements.

At high powers, however, when the depolarization ratio is mainly determined
by self-induced effects, experimental data are in good agreement with
theoretical predictions for all three schemes

The good agreement of the experiment with theoretical analysis, which assumes
only photoelastic-induced depolarization, confirms the theoretical prediction
that the photoelastic limits the isolation ratio at high average power. Analysis of
the transverse structure of the depolarized radiation also confirms this result:
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VI. Conclusions

The theoretical and experimental investigation of a traditional scheme
of a Faraday isolator and two novel schemes with a λ/2 plate and with
a quartz allows us to draw the following general conclusions.

• The depolarization ratio is a sum of two terms which  represent two
effects: the change in the angle of rotation due to the temperature
dependence of the Verdet constant and, more efficient, the
birefringence due to the photoelastic effect of thermal strains.

• At optimal values of β and θ the depolarization ratio (and,
consequently, the isolation ratio) is determined by parameters p and
ξa in all three schemes.

• Parameter p characterizes the degree of influence of the photoelastic
effect on the depolarization ratio. To decrease the depolarization
ratio, the parameter p must be decreased. Parameter ξa may assume
two values of much  practical interest: ξa = 3.6 for TGG crystal and
ξa =1 for all types of glass.

• The depolarization ratio in the both novel schemes is considerably
lower than in the traditional scheme at any value of parameter p.

• For Faraday isolators with glass optical elements the novel scheme
with a rotator is most optimal at any p. When TGG is used, the both
novel schemes have approximately equal depolarization ratios at
small p; when p is large, the scheme with a rotator ensures a
significantly lower depolarization ratio.

• The data obtained confirm the possibility of creating a Faraday
isolator with isolation ratio of 30 dB for laser radiation with average
power of several kilowatt.



6FKHPH βopt θopt γmin at p<pm

(accuracy ���

pm γmin  at high p

TGG JODVV TGG JODVV TGG JODVV� p=2 TGG,  p=6

traditional − −π/8 1.4×10-2p2 1.4×10-2p2
��� ��� ���� ����

ZLWK KDOI�

ZDYH SODWH

π/8 ≅0.275
����

0.85×10-4p4 1.1×10-3p4
��� ��� ����� �����

ZLWK

UHFLSURFDO

URWDWRU

3π/8 π/16 1.07×10-5p4 0.71×10-3p4
��� ��� ������ ������

� 7KHVH YDOXHV RI S DSSUR[LPDWHO\ FRUUHVSRQG WR SRZHU RI ODVHU UDGLDWLRQ ���N: IRU JODVV DQG �N: IRU

7**�


