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In this paper the optical properties of pure Y 3Fe50 12 single crystals in the near infrared are presented. The 
transmission and refractive index have been measured in the spectral region 1-2.5 pm at the room temperature. 
The absorption coefficients were calculated from these data. Our data are compared with the results of other 
papers.

Introduction

The possibility of using laser in communica
tion systems contributed greatly to the devel
opment of the modulation techniques of the 
light. Many modulation methods have been 
investigated over past years [3], [6] and, among 
them, the use of magneto-optic effect (Faraday’s 
effect) in the ferromagnetic materials was one 
of the most successfull aplications. The most 
interesting material in the near infrared region 
seems to be Yttrium Iron Garnet crystal. The 
application of the Y3Fe5(_)12 crystals as the 
modulating medium in magneto-optic modul
ators induces great interest and intensive rese
arch works for better knowledge and utilization 
of this material.

Detailed determination of the optical para
meters of these crystals is highly recommended 
since the appropriate publications [1], [2], [4], 
[5] contain significant divergences in experi
mental results.

This paper presents experimental data of the 
refractive and absorption measurements in 
pure Y3Fe50 12 single crystals. All measurements 
were carried out at the room temperature. 
The obtained results have been compared with 
the data of the publications [1], [2], [4], [5].

Experimental procedure and results 

Preparation of samples

The crystals used for measurements have 
been synthetized in the Ferromagnetic Labora
tory of Institute of Physics, of Polish Academy
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of Sciences and in the Central Institute of Optics 
and Spectroscopy of the German Academy of 
Sciences -  Berlin (German Democratic Ee- 
public).

The single crystals were x-ray oriented in 
the direction [111]**. The crystals were cut in 
such a manner that direction [111] was always 
perpendicular to the surface of the samples. 
The samples were ground and polished in 
the customary way to obtain satisfactorily 
good optical surfaces. The thicknesses of the 
samples were 1 mm and their areas approx 
0.2 cm2.

Measurements of the refractive index

The refractive index was measured in 
the spectral region from 1 to 2.5 μΐη employing 
the microscope [7]. The measurements were 
carried out by means of the arrangement 
consisting of a source of radiation, a mono
chromator, a microscope, a PbS detector, 
a narrow band amplifier, a phase detector, and 
a recording voltmeter.

The refractive index were calculated from 
formula:

where
d — thickness of the sample,
x — displacement of the objective lens of the 

microscope.
The results of the refractive index measure

ments are given in Fig. 1.

** Orientation of the crystals is not obligatory 
because Y3Fe50 12 possesses cubic symetry — space 
group 0 ’ °.
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The results of the measurements of the sam
ples done in Poland and Germany agreed 
satisfactorily with the data which may be 
found in the paper [4].

The error of measurement Δη was estimated 
statisticaly. It turned out that Δη <  ±0.1 
(relative error Δη /η approx 4.5 °/0).

Fig. 1. The dependence of the refractive index on 
wavelength for pure Y 3Fe50 12 crystals

• — The results of the measurements of the samples done in 
Poland,

O — The results of the measurements of the samples done in 
Germany.

Measurements of the transmission and 
determination of the absorption coefficients

The transmission was measured in the spectral 
region from 1 to 2.5 gm using “ in-out” techni
que. The measurements were carried out by 
means of an optical system consisting of 
a SPM-1 Zeiss monochromator equipped with 
glass prism, a PbS detector, a narrow band 
amplifier operating at 384 Hz, a phase detector 
and a recording voltmeter. The samples were 
placed before monochromator. The transmis
sion was measured with spectral resolution 
(spectral width of the monochromator) about 
Δλ ϋ  2θΑ. The accuracy of these measurements 
was estimated to be about ±0.01. The results 
of the transmission measurements are shown 
in Fig. 2. The absorption coefficient was calcu
lated using the formula

=  (1—R)2e~ad 
' 1—I£2e~2"d ’ (2 )

where
a — absorption coefficient,
R — coefficient of the reflectivity, 
d — thickness of the sample, 

which takes account for multiple internal 
reflections within the sample.

The coefficient of reflectivity was calculated 
from the formula:

Fig. 2. The resu ts of transmission measurements on 
Y 3 Fes 0,2 crystals

• — The measurements of the samples done in Poland,
O — The measurements of the samples done in Germany.

Fig. 3. The dependence of the absorption coefficient 
on wavelength for pure Y 3Fe5Ol2 crystals:

• — The results of the measurements of the samples done In 
Poland,

O — The results of the measurements of the samples done in 
Germany.

In formula (3) the coefficient of extinction κ 
was neglected, because κ <  10 ~2 in the inves
tigated region.
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The results of the absorption coefficients 
obtained are shown in Fig. 3.

Fig. 4. The relative error (Δα/α°/0) as a function of 
the transmission T and refractive index n. The calcula
tions were carried out for An =  0.1 and AT =  0.01

Fig. 5. The results of the absorption measurements 
taken from papers: 1 -  [2], 2 -  [4], 3 — [1 ], 4 -  our 

data (see Fig. 3), 5 -  [5]

Absolute values of the absorption coeffi
cients are of order 1-2 cm 1 in the spectral 
region 1.2-2.5 μηι (see Fig. 3). The analysis 
of the accuracy determination of the absorption 
coefficient from formula (2) was done under 
assumption that the measured parameters were: 
transmission T, and refractive index n. The 
expression for the relative error can be written as

Δα da(n, T)
An-{-

da(n, T)
a dn dT

The numerical values of the relative error were 
calculated for An =  0.1, AT =  0.01 in the trans
mission region from 0.01 to 0.70 and refractive 
index from 2.0 to 2.6. The results of these 
calculations are presented graphicaly in Fig. 4.

The curves join points concerning constant 
error values (Aa/a =  10 % , Aaja =  20 % , Aaja 
=  50 °/o respectively).

The region of the greatest accuracy (cross
-hatched region in Fig. 4, where Δ α /α < 1 0 ° /0) 
is limited by values of the transmission 0.05 
and 0.40, at the values 2.1-2.3 of the refractive 
index. In the region of the transmission greater 
than 0.60, the relative error is less than 50 °/0 
(see Fig. 4). The results of the absorption 
measurements taken from the papers [1], [2], 
[4], [5] are shown in Fig. 5.

Discussion

As may be seen from the previously mentioned 
publications [1], [2], [4], [5] and from our 
results (see Fig. 5) the values of the absorption 
coefficients differ from each other over two 
orders of magnitude.

It seems that significant divergences between 
experimental results may be caused by:

1) Differences in purity of the measured 
crystals (extremely low values of a can be 
obtained only with very pure samples).

2) Aplication of the different approximations 
to calculate the absorption coefficient [2], [5].

3) Different values of the experimental errors 
(different experimental methods are of different 
accuracy).

It should be particulary emphasized that 
the most probable cause of the divergences in 
experimental results may be conect with the 
difference in purity of the crystals.

It should be noted that the absorption 
coefficients in papers [2], [5] were calculated 
from formula: T =  T010_a<i (so definited a is 
called “optic constant attenuation” ).

Our results and data from the mentioned 
above papers suggested that the technology 
of the production of large sufficient purity 
Y3Fe50 12 monocrystals is not satisfactorily 
developed. The scatter in the obtained data 
may imply difficulties in the concrete technical 
aplications.

* *

*
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OnTHHecKHe cboiicTBa KpHCTajiJia Y3Fe3o 12 
b 6jih3koh ιπιφρΒκρΒεΗοϋ o6jiacTH cneicrpa

B pa6oTe npeflCTaejieHw onTHiecKwe CBOftcTBa KpHCTaJi- 
jia Y 3Fe50 ]2 b  6λη3κοΛ m^paxpacHoft o6nacTH cneKTpa.

ripoHHuaeMOCTb h noxaiaTeJib npenoMJieHHH onpe/jejieHbi 
B AHana30He flJIHHbl BOJIHbl OT 1 flO 2,5 MKM B KOMHaTHOft 
TeMnepaType. Ha ocHoeaHHH sthx aaHHbix paccHHTaH κο3φ- 
φκιΐΗβΗΤ nornomeHH*. riojiyHeHHbie pe3yjn.TaTbi cpaeHeHbi 
c  aaHHbiMH flpyrax aBTopoe.
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ERRATA

Page Line Instead of Read

56 3 from the bottom -plane (a:,2)-plane
60 5-7 from the top The error of measurement Δη was The erroi of measurement Δη  was

estimated statistically. It turned estimated statistically. It turned
out that Δη <  ±0 .1  (relative error out that Δη  <  ±0 .1  (relative error
Δη/η  approx 4.5%). Δ η /η  approx 4.5%).
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