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Thin films of magnetic monocrystals
as light signal converters*

Alina Bokkowska

Institute of Industrial Automation, Technical University, Szczecin, Poland.

This paper presents the results of study on thin garnet films and yttrium orthoferrite
plates as magnetic gratings that can be used in optoelectronic light-signal converters for
the deflection and modulation of the laser beam. The magnetic domain structures of
the investigated monocrystals can be sufficiently regular, depending on the adequate
choice and configuration of Ihe external magnetic fields. One-side epitaxial films with a
minimal number of defects proved to bo the most suitable magnetic gratings. Meth-

ods and testing equipment can be used for diagnostic and parameter measurement
of thin magnetic films.

1. Introduction

Magnetic monocrystals in the form of thin films with adequate magnetooptical
parameters (high figure of merit, high Faraday rotation, low coefficient of ab-
sorption) and material parameters as well as domain structure controlled by the
external magnetic field can be applied as light signal converters on optoelectron-
ic devices.

Magnetooptical diffraction of the laser light on the regular domain structure
controlled by a magnetic field is the base for this application. Magnetic diffraction
gratings (MUG) can be the essential element of modulators, switches or laser
beam deflectors.

The necessity of further investigations in the field of magnetooptical use of
epitaxial films arises from the evaluation of the scientific and patent papers
published so far, especially concerning experimental results and from the techno-
logical possibilities of the country [1].

As investigated samples in most cases uniaxial ferromagnetics in a form
of a thin film have been used, non-magnetized with easy magnetization axis
perpendicular to the sample surface. In the film there occur domains with the
same magnetization direction but with a reverse sense in the adjacent domains.
The resultant magnetization equals zero.

Thin magnetic films (TMF), transparent in the visible range of the electro-
magnetic spectrum, can be studied with the help of Faraday’'s magnetooptical

* This paper has been presented at the VI I'olish-Czechoslovakian Optical Conference
in Lubiatow (Poland), September 25-28, 1984.
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laser-light method. This method has been chosen from those applied so far
because of its simplicity in laboratory work. It makes it possible to get domain
structure pictures of good quality and together with the optical diffractometry
method it may be used for magnetic gratings investigations.

TMF with uniaxial anisotropy create a binary transmitting grating for the
laser beam. The change of the structure period d (of two adjacent antiparallel
magnetized domains) causes a change of deflection angle an. This is the principle
of the laser beam deflection. Change of the domain structure orientation is used
for this purpose. Change of symmetry (increase of width of the applied field
magnetized domains and decrease of width of the domains of an antiparallel
direction of magnetization with an unchanged period structure) brings about
the modulation of the light beam power in all deflected orders. Even diffraction
orders that do not exist in symmetric gratings (with the same width of adjacent
domains) may appear and there is a powEr change in the zero maximum. This is
the principle of switch or optical filter functioning. It can also be applied in high
sensitive instruments for magnetic field measurements.

Other magnetooptical applications investigated in world laboratories arc:
page composer being a dynamically controlled slide necessary in optical coherent
processors, logical facilities and operational holographic memories, and reversible
recording material for magnetooptical and holographic memories. Films of domain
structure with low coercive force can serve for reproduction of magnetic field
leakage configuration in complex magnetic systems. Bubble domains are repeat-
edly tested information carriers in digital processors. All given suggestions for
the application of magnetic gratings can be solved in integrated technology [1-3].

Depending on the properties of TMF (technology, domain structure, crystal-
lographic orientation, magnetooptical parameters, defects) the results of various
magnetic diffraction grating configurations and the results of deflection and
modulation being a base of their application may appear in various forms.

2. Aim of research

The aim of research is to investigate thin monocrystal yttrium orthoferrite
plates and garnet films: Y¥e® 12 EuErZaald-e4,012 YiGal2Fe3® 12 Y ti
BiOaFe3gGa, jO 12 of various thicknesses in laboratory magnetooptical systems
as controlled diffraction gratings for optical signal processing. The investigated
films have been produced in the Magnetic Materials Plant POLFEB and in
the Institute of Physics in the Polish Academy of Science in Warsaw.

3. Experimental arrangements

The experimental program based on Faraday’'s and optical diffractometry
methods included following works:
— Setting up of laboratory systems adapted to the properties of magnetic
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films and to the purpose of the experiment, including the design and construc-
tion of approximate coils of the homogeneous magnetic field.
— Domain visualization in Faraday’s laser arrangements.

- Studying the formation of various two-dimensional magnetic gratings
in a magnetic field with an adequate configuration.

- Investigating magnetooptical diffraction through a study of diffraction
patterns, measurement and calculation of diffraction parameters: grating period,
deflection angles and optical frequency in the given range of magnetic field
characteristics of the film, diffraction efficiency as well as through comparing
those results.

Fig. 1. Magnetooptical arrangement for domains visualization including:
He-N'e laser with 6 inAV-output power of continuous wave (A — 032.8 nin,
TEMoo mode, polarizer and analyser, sample of TMF, two pairs of
Helmholtz coils, microscope, oiue-camcra or set of cameras, television
camera coupled with monitor, single-line scanner and oscilloscope
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Figures 1 and 2 present exemplary laboratory arrangements for visualiza-
tion of domain structure control and for the study and analysis of domain
structure diffraction patterns in the magnetic field. All the arrangements have
been scaled in order to determine diffraction parameters.

4. Characteristics of thin magnetic films as light signal converters

Characteristics of investigated magnetic monocrystals as laser beam converters
is shown in the Table. This table summarizes the results of the experiments.
The magnetic-field and diffraction-parameters change ranges and arc repeatable
ones. Diffraction efficiency has been measured and compared with the result
of calculations according to the formula given in paper [4], where the film param-
eters are known.

On the ground of obtained results the following inferences have been drawn.

The sample 1 may be used as two-dimensional controllable grating for both
laser light deflection (change of d without a change of symmetry, change of
orientation with small hysteresis) and modulation in zero maximum. The fourteen
distinguishable positions of diffraction beam are visible. The thickness of plate
should be smaller than 60 pm.

The sample 2 can serve for multi-channel one-dimensional diffraction (change
of d without a change of symmetry). The defect is superimposing of domain
structures from films deposited on both sides of the substrate.

The sample 3 makes the dynamic magnetic grating of various domain struc-
tures: labyrinth, zigzag, honeycomb, stripe and bubble (dynamic slide) for
modulation and two-dimensional deflection (change of d, orientation and a type
of structure).

The sample 4 is useful as deflecting and modulating element (change of d,
orientation and symmetry). It is the one-side film with the best contrast of
domain structure (admixture of Bi), the best figure of merit, Faraday rotation
and spatial frequency.

The sample 5 works as regulated slit for deflection (change of domain width
and orientation).

The following Figs. .3-6 show the selected results of the experiments.

5. Conclusions

The presented investigations of the home-made thin monocrystal magnetic
films, especially epitaxial films with various chemical compositions, have been
carried out for the first time in our country on such a large scale.

It has been experimentally stated that the domain structure of the investi-
gated home-made thin magnetic films creates magnetic diffraction gratings
which can be applied as laser-beam converters in optoelectronic devices (particu-
larly one-side epitaxial films). To this end, however, their technology should be
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Fig. 3. Various magnetic gratings in sample 3: zigzag (a), stripe (b), bubble (c) and
honeycomb (d) domain structures

developed so as to minimize the number of defects and to improve the diffrac-
lion parameters.

Laser arrangements, based on the magnetooptical Faraday’'s method for the
laser-light deflection, proved to be laboratory arrangements having also the
functions of non-destructive diagnostic systems of thin magnetic films.
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I"ig. 5. Picture of stripe domain (for its diffraction pat-
terns and oscillograms sec Pig. §
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distribution in diffraction patterns of single stripe domain (sample 5), shown in Pig. 5.
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Determination of the magnetic-domains grating period by the method of
diffraction-pattern measurement is very useful when investigating films with
submicronic structure or when a direct measurement of the grating period under
a microscope is impossible. The method of magnetooptical diffraction is more
accurate than those used so far and may be applied in many fields of science.
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ToHKMe cnou MarHUTHbIX MOHOKPUCTa/I/10B Kak npeo6pa3OBaTen|/| onTUYecKom VIH(*)OpMaLI'VIM

B cTaTbe npeacTaBneHbl pe3ysibTaTbl UCC/IEA0BAHNIA TOHKUX C/I0EB FPaHATOB U M/IUTOK UTTPUEBOIO Op-
TocheppuTa Kak MarHUTHbIX AUMPaKLUMOHHBIX PELLETOK, KOTOpble MOTYT HaliTy NpUMeHeHWe B OMTO3/IeK-
TPOHHBIX MPeo6pa3oBaTe/IAX OMTUYECKOV MHMOPMAaLMM AN OTK/IOHEHWS! MyyKa /la3epHOro CBeTa U ero
Moy nsummn. CTPYKTYpPbl MarHUTHbIX JOMEHOB 06C/1ef0BaHHbIX MOHOKPUCTa/I/IOB MOTYT 6bITb AOCTATOUHO
PerynsipHbIMA Npy COOTBETCTBYIOLLEM MOAGOPE 1 CPOPMYIMPOBAHMM BHELLHMX MarHUTHbIX Mnoneit. Kak
MarHUTHble ANGPAKLMIOHHbIE PELLETKN CaMbIMU MOAXOAALLMMN OKA3a/IUCh aNUTaKCUa/bHble O4HOCTOPOH-
HVEe C/Io C MUHMMAJIbHBIM KOMMYECTBOM AetheKToB. MeToavka U 1cc/iefoBaTe/isckas anmnaparypa npu-
rogHbl 4718 AUArHOCTUKN U M3MEPEeHUs] NapaMeTpPoB TOHKUX MarHUTHbIX C/I0eB.



