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check on the theory. There are 3 figures and 3 Soviet referenc.s.
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AUTHORS : Kirenskiy, L. V., Buravikhin, V. A., Kan, 3. V., and

Degtyarev, I. F.
TITLE: Domain structure of thin ferromagnctic f£ilms

PERIODICAL: Akademiya nauk SSSR. Sibirskoye otdeleniye.
Izvestiya, no. 5, 1961, 3-9

TEXT: In recent. years,.a series of . theoretical.and. experimental
investigations.have. been.carried.out.on.the domain. structures
and.the. structures of.domain.shells.in thin ferro-magnetic films
by.T..Kaczer (Ref. 4: K Doménave.strukturd tenkych ferromagnetyc- O/
kych vrstev, &eskolovensky.&asopis.pro fysiku,.7,.516 (1957), -

I. N. Shklyarevskiy (Ref. 18: K voprosu.ob.izmerenii tolshchin
tonkikh plenok..s.pomoshch’yu.liniy.ravnogo.khromaticheskogo
poryadka,.t.."Optika i.Spektroskopiya!,.5,.617 (1958), L. V.
Kirenskiy,. I.. F. Degtyarev_(Ref..19: O.temperaturnoy. ustoychivosti
domennoy .struktury v kristallakh kremnistogo zheleza, ZbETF., 35,

\
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3, (9), 584.(1958)), R. M. Moon (Ref. 15: Internal. structure of
cross-tied walls.in. thin Permalloy.films tbrough_high-resolution
Bitter techniques,.j.4ppl. Phys.,.30,.82, 1959), 1. B. Gomi ,

Y. odani (Ref. 16: Chain wall in Permalloy.Thin Films,.j. of the
Physical. society of.Japan,_15, .3,.535, 1960) and.C. E. Fuller
(Ref. .17: Domains patterns.and reversals.by.wall movements of
thin films of. iron.and.nickel iron,.j. Phys., et .radium, 20,

No. 2-3, 310, .1959). .The. study of.thin. £ilms.opens up.the possi-
bility"ofAapplyingAknoun"microacopic-methodsuof-investigation in
the . study .of.microscopic.properties_of matter. .. Investigation of
ferro-magnetic.properties.of .thin films could.be useful.in clari-
fying problems_of ferro-magnetic. theory.and here provide useful
data for massive . ferro-maguetic .samples...Detailed study of
space diatribution.of .self-magnetism in.thin ferro-magnetic
films appears.an important.stage.on the way to developing the
theory of technical magnetization.. The practical study of the
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properties.of .thin ferro-magnetic. films.could lead. te perfecting
the. "memory' elements.of modern.computers.. Mainly.due to their
_ comparatively.simple_production_and. better rate of demagnetiza-
tion they have important. advantages. over ferrite cores in com-
puters. The.study of_the .configuration.of the domain structure
of .ferro-magnetic .films and .its_dependability.on the technology
_of preparation,.chemical _composition.and_thickness,.and.also the
change.of domain_structure in.the magnetic field,. could. provide
_ .the best.choice of_"memory".elements.of_computers.and electronic
machines.. Migsing _from most.of the. work.already.done in the
study of domain_structure of thin_ferro-magnetic.films, is the
_effect.of. technology.of .film preparation,.film. thickness on the
. configuration. of domain.structure.and.also.film.changes in the
. process of magnetization_ and.demagnetization. .The present work
deals with. the effect.of the.technology of.preparation and
thickness. of .the .film.of.alloy.conaisting of.80% nickel, 17%
iron, and.3% molybdenum.on. the.configuration. of their domain
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structure .as well.as the change in film domain structure of this
.alloy.and"also.of-the.alloy;containing,SO% nickel,.50% iron in
the magnetic field.. To prepare. ferromagnetic films.a vacuum
device was used,-whose“diffusion"pump.yieldsha”vacuum aggregate
,VAFOSel,..Filmspwere“obtained-by.melting,the“abovegmentioned
alloys in a.tungsten crucible. and.developing films on optically
polished.glassihavingdthe"formnofha,rectangleﬁofnlo x 40 mm,

8 x 36.mm, and. also.on.discs.of.2 to.8_mm. diameter.. The films
were placed. in. a magnetic field produced.by.a pair of Helmholtz
coils. . The .direction of. the field was. in. the plane of the films.
The films. of alloy.Fe-Ni-Mo were prepared as. follows: (a) Base
temperature-of. 3509C., in. a magnetic field. of 125, 100, 75, 50,
55 and. 4 oersteds; (b).Base. temperature.420, 350, 150 and 50°C.,
in a field ofthonoersteds:.(c).The films of. alloy Pe-Ni-Mo of
different. thicknesses from 6150 & to 140 8, and also films of
alloy Fe-Ni were prepared. at base.temperatures. up to 3500C and

in a field of 100.oersteds.. .The films. prepared in the magnetic
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field possessed uniform.anistrophy along. the axis which corres-
ponded. to.the direction_of. applied magnetic field. The thick-
.nesses of the.films.were measured.by. the universal monochrometer
UM-2 by means of the.lines.of uniform chromatic order.. Domain
structure was.investigated by themethod.of powder figures with a
magnification of 280._on. the MBI-6 microscope and also by the
method. of Kerr's meridian.magneto-optical effect. as quoted in
Ref. 19 (Op. cit.)...The powder method:enables the study of
domain structure.at high magnification,.the details of boundaries
.and domains, .and.it possesses.appreciable.inertness. Hence for

'_.the.studyvof,changeuof domain..structure with_ a rapidly changing

field, .the. non-inert method.of .Kerr's.meridian magneto-optical
method is . used which unfortunately does. not enable study at
high. magnification.. .To.use.this method,.the ferro-magnetic film

 heated .to 250°C, was covered in.vacuum with a thin dielectric

.layer of zinc. sulphide.. This.d2creases the destructive effect
of temperature on the.anisotropy of films.and during covering
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with .sulphide.a magnetic field. of 70 oersteds.was applied parallel
to .the direction_of_the field used during.the evaporation of metal.
The dielectric.layer appreciably increases the deflection angle
of plane polarized light and this . increases “he contrast between
ad jacent. domains.making visual.inspection possible.. Subsequent
work.over three months has. not detected. any change in the behavior
.of domains and the.zinc sulphide layer. .The. ferro-magnetic films,

. .prepared on the basis.of heating.above.200°C possessed a time-
stable domain.structure, mechanical. strength and chemical stability.
The domain. structure of. ferro-magnetic.films depends largely on

. the demagnetization.conditions.. Increasing. the.angle between the
demagnetizing field and the magnetization axis, the .structure
becomes.very fine, the.direction of domain. boundaries usually
following. the magnetization axis.. The domain structure also
depends on the demagnetization rate of films. The most correct
structure is._obtained at slow demagnetization; a high demagnetiza-
tion rate gives large domains and. their structurecs are less con-
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trollable.. A decrease in.the.thickness.of ferro-magnetic films
gives.rise.to a tendency.to.bend. the boundaries.and to.give boun-
daries_with.cross.connections..._The.study of the.magnetization
process<indicates_tbat_it,proceedamaswfollows:.(a) For . the . thick-
ness (about 500-700 8) and.for.dissimilar films,.the domains grow
along the orientation.of .the. applied_field, with clear-cut boun-
daries; (b).corresponding. filma.with..thicknesses greater than
1000_8 change .in domain.structure,.occur .along._the axis of the
magnetizing.field_andqa_mixingﬁofmboundaries,takes place. When )K:
magnetizing at. an angle of 457, it.could happen. that the motion
of boundaries.does.not.accur,. but inside.the poorly oriented
domains,,thehbendingdof"magnetic.vectors-resulta,ﬁgradually
gripping“alludomains;"onwthe-other,hand,magnetizing.at.an angle
of 900, the boundary.mixing does.not.take place and magnetic
vectors. turn smoothly. toward.the direction_of the field. The
reverse.magnetization. process.usually. starts with clearly

defined nuclei.,.the growth. of which.is. analogous ta the .magneti-
zation process. There are 9 figures.and 19 references: 3 Soviet
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bloc. and .16.non-Soviet-bloc.. The references to the English-

language .publications._read._as follows: I. By. Gomi, I Odani,

Chain wall.in._Permalloy.Thin Films,.j. of .the Physical society .
of Japan, .15, 3, 535, 1960; C. E. Fuller, Domains patterns and |)<
reversals by .wall movements.of_ thin films of iron and nickel

iron,. j. .Phys.,.et.radium, .20, .No..2-3, 310, 1959; M. Prutton,

The observation.of domain.structure.in.magnetic thin films by

means. of the Kerr.magneto-optia effect, Philos. Mag., 4, No 45,

1063, 1959; and H. W. Fuller, H. Rubinstein, Observations made

on domain walls in thin f£ilms, j.Appl. Phys., 30, 84, 1959,

ASSOCIATION: Institut fiziki, Sibirskogo.otdeleniya. AN SSSR gos.
Pedinstitut, .Krasnoyarsk. (Institute of Physics,
Siberian. Section,.AS USSR, State Ped. Institute,
Krasnoyarsk)

SUBMITTED:  .August 12, 1960
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jg: 92200 ///3'2 //9'7////‘79 E194/E135
AUTHORS : Kirrnnskiy, L.V., Drokin, A.I1,, Cherkashin, V.S., and
Smeliin, R.P,
TITLE: ldeal magnetisation curvea of ferrc-magnetics

PERIODICAL: Izvestiva vysshikh uchetnykh zavedeniy, Fizika,
nc,5, 1961, 78.83

TEXT . The conzsp® 6¢f an idral! hyasteresisdless magnatisation
furve of ferromagnetics has existed for a iong %ime, Various
methods of producing thn i{dsal curvas havs been used, such as

applization to the specimen of d4.-. and a.:, with amplituds
decreasing ts zire, appliiation of suc-essive heating and cooling,
and alsc magne:i: sho:k. it war considered that these various

kinds of treatment would suffice <o establ.sh & condition of
paralle! magneiisaticn in neighbcur:ing ferromagnetic domains.,

The prcblem of whethar or not ideal :zurves produced in different
ways coinctde has st:li nct beren resclved end this was the object
of the presznt :invesr:gatior., The ideal zurves wers obtained by
applying 20 the spe::men direct and aliternating fields of
amplitude d:m:nishing tc zern hwv itrasonic me:hanizal shaking

Card 1//{(/

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722610017-5"



"APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722610017-5
I

ROy
$/139/61/000/005/009/014
El194/E135

and rapping and by tempoarature variaticn, hsating the sample to
temperatures both below and above the Cur:ie point followed by
cooling to the initial tempsratures, Ffor t smperatures below the j74:_

Ideal magnetisation zurves of .,

Curie point the process wan repeated four t .mes, The tests were
made with the materials listed in Table 1. Sample 4 was highly
work hardened. These composittons were chouen because they had a
fairly wide hysteresis loop and ctomparative iy low Curie points.
No special heat treatment was applied bezause this would narrow the
hysterea:s loops and reduce the differences between materials,
Measurements were made in a vertizal astazic magnetometer,
Kondorskiy's ind:cation tha: the method of demagnetisation could
atffect the shape of the magnetisation curves was found to be true
in practice. A:cordingly, before every measurement the samples
were demagnetised by heating ‘o the Curie pecint followed by
cooling in the absence ¢f a magnetic field. Fig. 2 shows graphs
of the relat:on betwern ths magnetisation and field for the
nickel spscimen No. 1l The initial curve No.l lies below all the
others and only at high fields dces it intersect curve 2, which
was produced by ultrason.z mechanizal treatment: curve 2' was
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obtained bv me.han: a! traniment whzlst reducing the magnetic
Ci1eld. The hysiuvruaisdens surve could not be obtained by ultra-
Aontc treatmen: be:ause when the “reatment was made more intensive
the specimen fatlad, Curve 3 was obiatned 9y temperature cycling,

Ideal magnetisation curvas of

keating f-ecm 20 to 250 °C and rezecling to 20 °C, Curve 4 was
obtained bv appiving te the specimen an altrnating field
diminish:ng to zern. Very similar curves wire obtainnd for
samples Nong, 2 and 3. [t was :onfirmed on (ample No.4 that

hysieresinleams zurves obtained :n differant ways approach one
another and toaincide € uniform mechanica!l riresass. within the
clasti: ifimit. are applied ¢o the dgampie dui tng the measurements,
W2thin thn elastir iimit, rcapreasion of the spe:imen sxtends the
Eyvsteroasy lnop and 1t :s pragrble that undér thess condit:ons the
hvstrres isleas cur.es might d:iffeg However , this wcald be

A2t zult 2o check bepuge of bending of the sample, The
‘nveatizationiy shoewed that me:han::a. trestmancs {impazt and
alerasanic eosciliatinn) grnerally do net g.vn hystsreainleas
curves  Evidentlvy o such ircatmant mavy not ke suffi1zrent to over-
feme the prientia) cnergy barrisr and to fatablish parallel
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magnetisation in neightsuring domaing. [emprracure variations
with simultancnus application «f a direct magnatic Cisld can give
hysteresislesa magnetisation curves howrse -, usually these do
not coinz:de with wne ancther. When untfiorm me-hani-al stress is
applied; the hysterests curves obtained by d:¢farans methcds
coincide 1n the f:mi:e
There are 5 figuras, !} table and 22 rofrrene u ‘e Sevaet-bles,

1l Russian translat:on £~cm non-Soviet publicat:ien, and 9 non-
Soviet -blo:. The Engl:sh 'anguage refwnren:~« rvad an follows
Ref.2 ! Ewing, Tranw. Bov Se-  vel ! sp THEC
Ref.9 | R, Ashworth, Ferromognetiam. {ondon 1ot

ASSOCIATION Institat fiz:ik: SO AN SSSH
{lnstitute of pPhysics, SO AS UstR!
hrasnrovarskiy pedinstitu=s
thrasneyarsk Pedagegical Instigyee?

SUBMITTED August 1, 1960
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AUTHORS: Kirenskiy, L, V., Buravikhin V., A, and Savchenko,M.K.

TITLE: Motion Picture Study of the Processes of Changes in

the Magnetic Structure of Thin Ferromagnetic Film in
a Magnetic Field

PERIODICAL: Fizika metallov i metallovednniye, 1961, Vol.ll, No.4,
PP.529-532 + 2 plates

TEXT: Changes in the domain structure of thin films of two
alloys (50% Fe, 50% Ni and 17% Fe, 80% Ni. 3% Mo) were studied by
means of motion picture photograpny, using the powder pattern
method. The films were produced on a pol:shed glass base 1 x 10x40

mm heated to 350°C by thermal deposition :n a vacuum of 7 x 10~ mm Hg
applying an external magnetic field of 100 Qe. In every case the
alloy evaporated from the crucible in 30 nec, which was taken as

an indication that the composition of the ferromagnetic films

differed only very slightly from the init:.al composition of the

alloy. The film thickness varied between 760 and 2470 A, Study Q(
of the photographs indicates that the features of magnetization of
thin ferromagnetic films can be summarize«d as follows:
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l., The domain structure of all ferromagnetic film remains stable
until the magnetic field reaches some critical value;

2. In relatively thick films, magnetization occurs with inter-
mittent displacement of domain poundaries when the magnetic field
reaches a critical value;

3. No boundary displacement was observed in thinner films; their
magnetization takes place by destroying domain boundaries and, in
some cases, there was a change in their structure or
appearance of new boundaries, which sub-divided the unsuitably
oriented domains into individual sub-domains. There is also a
change in the structure of the main boundaries. There are

4 figures and 8 referencest 2 Soviet and 5 non-Soviet.

ASSOCIATIONS Institut fiziki SO AN SSSR v
(Institute of Physics S0 AS USSR);
Krasnoyarskily pedagogicheskiy institut
(Krasnoyarsk Pedagogic Institute)

SUBMITTED: September 10, 1960
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AUTHORS: Kirenskiy, L. V. and Buravikhin, V. A.
e
TITLE: Effect of mode of production and thickness of thin ferro-

magnetic Fe-Ni films upon their domain structure

PERIODICAL: Akademiya nauk SS5SR. Izvestiya. Seriya fizicheskaya,
v. 25, no. 5, 1961, 569-573

TEAT: The present investigation was the subject of a lecture delivered
et a symposium on thin ferromagnetic films (Krasnoyarsk, July 4 to 7,
1960). The authors studied the effect of production conditions, thick-
ness, and annealing of films alloyed with 805 Ni, 17, Fe, and 3/ Mo upon
their domain structure. ghe alloy was sputtered from a tungsten
crucible in vacuum (7-10°° mm Hg) onto polished glass plates (1-10+40 om
in the presence of a magnetic field produced by a pair of Helmholtz coiln
and the direction of which coincided with the film plane. Films were
prepared under the following conditions: (1) the base was heated to
350°C, the magnetic field strengths amounted to 125, 100, 79, 50, 29, anc
4 oersteds; (2) at a field strength of 100 oersteds the bases were heatec
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to 420, 350, 150, and 500C; (3) films of thicknesses ranging between

6150 and 140 X were prepared at a base temperature of 35000 and at

100 oersteds. The film thicknesses were optically determined, while the
megnetic powder method and a microscope served for determining the domain
structure. The direction of magnetization in the films coincided with
the direction of the magnetic field during production. The part played
by the angle between a demagnetizing field and the direction of ecasiest
magnetizing of the film was studied. The number of boundaries was found
to increase on an enlargement of this angle, while their direction was
conserved. This direction coincides with the direction of the magnetic
field applied in the proocess. At 125 oersteds the boundaries are almost
straight and parallel, whereas they become increasingly curved with
dropping field strength. Films produced on a backing kept at a tempera-
ture below 100°C, were brittle and oxidized quickly. In addition, films
with thicknesses between 6150 and 1340 A were found to have domains with
very straight boundaries, coinciding with the magnetic field direction.
Films with thicknesses between 1200 and 800 X had somewhat curved
boundaries. These curvatures rose on a decrease of the film thickness.
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They are explained by the heavy magnetization at-exiguous thicknesses,

in connection with the weakly marked uniaxial anigsotropy, the low satura-
tion, and the gtrong inhomogeneity of the film at the edges. Films 530,
880, and 1200 § thick prepared at 100 oersteds on unheated backings, were
annealed for some hours at 450°C in vacuum (2-10°2 nm Hg) in a magnetic
field of 500 cersteds. The direction of this.field was in the film plane
and it was oriented under various angles to the direction of easiest
magnetizing. The latter direction was proved to shift to the direction of
the magnetic field applied in the annealing process. There are 3 figures
and 9 references: 1 Soviet-bloc and 8 non-Soviet-bloc, .

AS50CIATION: Institut fiziki Sibirskogo otdeleniya jikademii nauk S3SR -
(Institute of Physics of the Siberian Department, Acadenmy
of Sciences USSR)., Krasnoyarskiy gos. pedagogicheskiy
institut (Krasnoyarsk State Pedagogic Institute)
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AUTHORS: Kirenskiy, L. V. and Buravikhin, V. A.

————

TITLE: Domain boundaries of thin ferromagnetic films

YERIODICAL: Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya,
v. 25, no. 5, 1961, 574-576

TEXT: The present investigation was the subject of a lecture delivered
at a symposium on thin ferromagnetic films (¥rasnoyarsk, July 4 %o 7,
1960). The authors conducted an experimental study on the polarity of
bounduries of thin ferrcmagnetic files differing as %o composition and
thickness. Thin films of ferromagnatic iron, cotalt, nnd 80,: Ni, 17,. Fe,
3,6 Mo alloy were utilized for the purpose. Tre films were prepared by
sputtering in vacuum (241072 mm Hg) onto o glasa backing heated to 350°C.
The uniaxial anisotropy was brought about by a mngnetic field (100
cersteds) during *he sputtering process. The boundaries were determined
with the aid of magnetic powder suspensions in a microscope. As is shown
by micrcpictures, the domain structure consists, if no magnetic field is
applied during the microscopic examinaticn. of almogt plane-parallel
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domaing with distinct thin edges. If a magnetic field (220 oersteds) is
applied in perpendicular toc a film surface, more magnetic powder particles
gather on a boundary of a domain. 1If the magnetic field direction is
changed by 180C, more particles gather at the boundary at which there were
less particles before, and vice versa. Tuis is convincing evidence of the
alternating polarity cf the Bloch walls in thin ferromagnetic films, This
observation is generally not made on manusive ferromugnetic crystallites,.
This change in polarity is observed not only on straight, right-angled
boundaries, but on zigzag boundaries as well, In case of cobalt films and
films of the abovementicned alloy, N&el boundaries were established on

films less than 500 % thick and on ircn films less *than 250 A thick. The
particles are uniformly concentrated cn these boundaries. The double
boundaries appearing when applying a magnetic field orieﬁted in perpendi-

cular %o the film are demonstrated cn pictures of a 560 film of the
alloy. If the magnetic field is absent, the boundaries will bte thick
lines. When applying a magnotic field (%10 oersteds) parallel io the film
plane, a change is observed in the occupation of the double lines by
powder particles. To summarize: (%) deuble bcundaries in thin ferromng-
netic filme are Bloch walls with oppoaite polarity; (2) Ploch walls of
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thin ferromagnetic films have an alternating polarity; (3) Néel boundaries
appear on a reduction of the film thickness, beginuing from a deterzined
thickness which depends on the film composition. These boundaries have

no sign-changing polarity, Thare are ¢ figures and 11 references:

1 Soviet-bloc and 10 non-5oviet-bloc. The most important references to
English-language publications read as follows: Nifiel L., Cemp. Rend., 241,
533 (1955); Williams H., et al., J. Appl. Phys.., 28, 548 {19571, uber E.,
et al., J. Appl. thya., 29, 294, (19%8%; Knczer J.. J. Appl. iuys., 29,
569 (1958).

ASS0CIATION: Irstitut fiziki Sibirskege ctdelerniya akademii naul $S353
(Insti*ute of Physizs 0f the 3Siberian Department. Academy
of Seiences UUSR), Krasncyarakiy gos. pedagogichenkiy
irstitat (Krasnoyarask State redagegic Instizute)
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AUTHORS; Kirenskly, L. V., Buravikuin, V. i., and Zvegintsev, 4.C.
TITLE: ‘Domain structure and coercive force of thin ferromagnetic
films

PERIODICAL: Akademiya nauk SSSR. Izvestiya. GSeriya fizichesgkaya,
v. 25%. no. 5, 1961, %77-580

TELT: The pregent investigation was the subjest of u lesture delivered
a% a sympcsium on thin ferrcmagnetic films (Krasnoyarsk, July 4 %o 7,
1960). The authovs studied the dynamics of the domair structures of
ferromagnetic films in o mugnetic field and examirnd 1he offect of the
film thickness upon the dynamics. 4 relationship wus estatlished between
the coercive force and the character of this dynazics The experircents
were conducted with iron and cobaltr films, and witi, £ilms of a nickel
alloy (80x Ni, 17,0 Fe. and % Mc). The film: were prepared by sputterirg

-6
in vacuum (8+1¢7° na Hg) onto pelisned glasa. gputtering took pluce in a
magnetic field (100 oorsteds) produced bty a pair of Helmholtz ceils. Tre
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Domain structure and coercive ... B4 /7220

direction of the magnetic field was in the film plane. An axis of

easiest magnetizing was fcrmed as a result. During prcduction of the
films on which the dowain structure and the coerscive forsce were studied

as functicns of thickness, the glass backings were neated t¢ a tenperatire
of 300°C. Other filnms were agutitered at room temparature The donains
were found to incrense with a dirinuticn of the film trickness, and the
boundary curvatures to hezenms morn proncunced. The strueture of the
domains is not modified up to u certain critical ficld ctrengthu which if
dependent upon the film thickness. In a field abeva the critical iield
strength, a magne-ivation a* thicknesses of RGO % and over causes a
displacement of btoundariea. MNew beunlaries. teing almost pergendicular

to the main boundaries, appear in filams ranging fram S5 to 8.3 ) on an
increase of *he field strength beyond the critical one in domains oriented
unfavorably with respect to the field direction. This i3 explainegd by 8
formation of "subdomaing". }o boundary displacements were established in
films having thicknesses from 500 to 150 3. "Subdomains" under equal cen-
ditions as above could be observed. Figs. 4 ind 5 graphically present the
coercive forces of the tnree film types as fuictions of their thickness.
In Fig. 6, the coercive force for the three film types is shown as a
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function of the temperazture of a vicuun anhealing (' hr) in a magnetic

- field of 500 oersteds. Ag results from e diccussion of the diagraas,

. the coercive force atiains a maximuia if only on2 doamain extende over the
film thickness. Tue diminution of the coercive force with a rise of the
annealing temperature isg explained by the elimisation of internal film

- 8stresses which ere particularly strong in filmg producod on unheatdd
glass backings. If the direction of the mugnetlc field in the annealing
process does not coincide with that of eaolest imagnetizing, the latter
disappears, and a new direction of easlest magnntizing arises, which
coincides with the direction of the magnetic field in the annealing
process. There are 6 figures and 10 referendes 1 Soviet-bloc and 9
non-Soviet-bloc.

ASSOCIATION: 1Institut fiziki Sibirskogo otdeleriye Akademii naul 350R
. (Institute of Physics of the Siberian Department, Acacdemy
' of Sciences USSR), Krasnoyarskiy gos. pedagogicheskiy
institut (Krasnoyarsk State Pedagcgic Instdtute) ’
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AUTHORS: Kirenakiy, L. V., Han, 3. V., a.d Legtyares, &
TITLE: Stuny of tho magretis struacturs of coin foarrodagnetic filmy
with tho aid ¢f the magner: 1 v o affact
PYERIODICAL: akademiya nauk SSUK. Tzvesrtiya Sorviya fizisreskaya,

v. 25, ne. 5, 1961, S£4-59°

TELT: Tre prasens invasatigation was vesure delivered

at a sympralum or thin ferromagneti- . ‘uly 4 to 7,

1960)., Tne devalepment of magnetoopt ; chse:'ﬂ*lcn of

domain structures is lairly recent . hys 19V,, g2,
vy

119 (1951): €. iowler et al., Bhys"

(Philes. dag.. 4, 4%, 1063 {1959} nes in
for the vigual observation of farromagrot
cbtained by this methed have been, hcwave t o
detficioncies of *Le magnetic powder motinoeds urer Son noes o
in this field are crnumeratad, and naxt, ths asudi lareat by the
present authors on tpe magnetia s'ructyre of s Tarrsmyenocie

1/4
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Study of the magnetia niruzture. ..

using the magnetocptical longitudinal Forre .
alloy films (EQ Ni, 17, Fo.o 3% 2} were gpriatiersd .- Lu ;

on‘s polished glaus Lackings Tuo uniacial muagnerio ant stropy while
proedusing the rilm: was breougrt abourt by o !07ece fel o sriontad in the
film plane,  Phe claee backinga hal temperacures oo oo 450 0
vigual cbaservation and for pactographing * .o domain,

sine zulfide layer wat outtered at 1077 oo Ha, aad
being oriented iz ri same way a3z the cne tn tha ;e
magnetic film, was applied. This layer ircereaced ou
the refliec-ed plave-polarized light, wrersty -oe ~en g
domaing was augnentod.  Tre experimernral sofup 12 ;revented an pig. 1.

The properties of w»artous films studied with tihls aetup wore found to
differ. The directions of caciegt and seavy snetising were determined
from the domain structuve of the specimens, which appeared ufter the filna
were demagnetized., “When applying a field being poriendicular *o the field
used in the productisn of the film, *he centrast bertwsen *io domains
dropped with a rise »of the field strengtii, stthou! *:1o domain configura-
tion changing noticeatly, or the favorably orient~d domainz apicared, The
authors discusas the offact of demugnetizaticn 2onditions uyor *us domain

ratation of
wean The
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Study of the magnetic structure... B1C4/mem

structure, and the modification of the domain structure of film; Auri
the magnetizing process, To summarize: (1) A very fine domain structite
appears on an increase of the angle between the dircction of the da=- '
zagnetizing process and the axis of easient nagnetizing of the films;
(2) & structure consisting of coarse domains, differing and undefined in

" shape, was established in case of a fast demagnetizetion., A fine domain
structure appeared on a slow demagnetization, A study of mapnetization
indicated that (1) domains ‘grow abruptly on thin (500 - 602 ﬁ) and non-
uniform f{lms; 25 on an increase of the iilm thickness and of the angle .
between the magnetic field and the direction of easiost magnetizing the
domair boundaries are shif'ted uniformly in ‘case of uniform films. In.
case of a magnetization in the direction of difficult magnetizing the '
configuration of the domains does not change,  but the contrasts between i
the domains become weaker and disappear once saturaetion is attained. 'The .
contrast between the domains is restored in .part when the fleld is.discon-
nected; (3) if a field with the direction at 45° 1o applied, a brightening
_of dark fields (or a darkening of bright fields) w#ll be observed. There
are 7 figures' and 7 references: 2 Soviet-bloc and 5 non~Soviet-bloc. .
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'
AUSOCIATION: Institut fiziki Sibirskogo otdeleniya skademii nauk SS55R

, (Institute of Physies of the Siberian Department, Academy of
Sclences USsSR), Krasnoyarskiy gos. pedagogicheskiy institut
(Krasnoyarsk State Pedagogical Institute) - X

Fig. 1: Scheme of optical arrangoment. Legend: 1) .1ight source; 2, con- *
denser; 3, collimator; 4, diaphragm; 5 and 6, mirror;. 7, polarizer;

8, specimen; 9, objective; 10, analyzer; 11, prism; 12, observation tube:
13, photoygraphic film. ’ . ’

Curd 4/4

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722610017-5"



"APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722610017-5

A_‘.'_f"‘—‘w,;:: B

24,2200

AUTHOJS:

TITLE:

PERIODICAL: Arandoamiya nnuk §300

v, 5, one by YO,

TEXT: The jrosont tuvestignticr wys oo

nt a aymposium cn thin farremasnetis f1om0
19605, The authers studiodr *oe pagne*ic o0 ru

with *ho aid of thae lengsitudinal Derr effecs 1000 0 g

reversal, The pesszible difference butwe.n 27w ot Taet magnetic
ig peinted out Tre produrtier of zpacimens arg po s iaaticn
are described in the prosent dssue [Hi-encany

markedly in wart because of *ha offact o . t,ono rentralied during
the pregaraticr of the Uilma, upen the aatldl prapovsoe Toeopinlity oef

. N . : N . e, - -yt . -
the filme sann~t yel  dn *he aavthirs cpinicn, e L sntralled today

gor., fiz., v. 7%, no. 5, p. 2841 The £ilm porioccroc differsd very
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during preducrion,  In addisicn, *oe
depending upon their irltial stas 2, syoa dtmalr o rracture was not
Ctebserved to appear o hcmosenacus fiimg asturator Dvorery 3Trong Tialda
(up to 200 ceratedal, and fhe mugnetlo vemersal TonTo ty reotaticn of
the pagretizaticrn vector,  WagmeTio peversosoomoLve 0T o s fleids
atways bagan wits *he Torpatten of rucle: wico vovoro o omammetization,
Brig%t wnige pattarng growing jump-like ariae
(BBQ R} withi tne zradaal prowtn of A oadnetie
direstion of easiest magne' 17N
geneitiea of tne filu. Thig stats
switching off *be Tield, waish i=
versal depending murkedly upcn

entirvely diffarent charactor

thicknesses arsund 800 & 7 she
direction cof eaciest mugnetizing, the
abrupt magnetic reverszal at a given
overcome gre=* iifficultiea teo chbfaln nucled wit  roverse ragnetizaticne.
The fiimu »adl o %o well demnagrnetizoed 5 abe ar f ocre films were

mapgnesized tnovery supengs fielde,

soounderes LT et LT revarsag
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AUTHORS: Kirenskiy, L. V., Buravikhin, V., A., and 3avsneake. . K.

— e ——

TITLE: Modification of the domain structure -f forrcmagne~ic fiimse
in a magne%tic field

PERIODICAL: Akademiya nauk SSSR, Izvestiya. Ssriya fizicheskaya,
v. 25, no. 5, 196*, 596-598

TEXT: The present investigation was the subject c¢f a lecture delivered at
a2 symposium on thin ferromagnetis films (¥Krasncyarnk, July 4 o 7. '9€D).
The authors studied the behaviecr of the domatn avrucztures <f <hin fiime
obtained from two alloys (80 Ni. 17;5 Fe, 3, Mo; and 500 Fa, <35 Uth in

a magnetic field during magne<sization and magneti: reversal alcng *he

direction of easiest magretizing. The domain s*ructure was cbssrved by
the magnetic pcwder method. Tre modificaticns cof °nhn demain structura
with magnetic reversal were recorded by a motion-pi:zrure -ameras

(12 pictures per sa2cond). These pictures shcw *ha® '"ie demain atructure
of well demagnetized 2470 spesinens of the PMeo-lli allcy 19 nct medified
up to a magnetization field strength of 9.3 cers+=2ds Ir nase of maasive
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]
very low field gtrengths. A further rise =f *the fialld strvengri ig
accompanied by a displacemsn*t of bcundaries at a varying ra*e. 4 satura-
tion is attained at 17.6 cerstads. Similar results wors shtainad cnoa
specimen of the same alloy having a rhieckress of 760 A, Ir crxporiments
on *thne magnetic reversal cf Fe-Hi films, *he latter were firz- magn-tized
up to saturaticn., When applying tha raversas field no dcmain s ructare
was observed up tc - 3.4 cersteds., At ~3.5 car 13 walg=2-:charad
boundaries appeared, whish separated %‘he demainsg of rewarsas mzarnes
Up to -6.9 oersteda no medification of *h:3 dezain srruz-ure sas
The wedges grew in a field of 7 cersteds, and thair msgne*iza‘izn
coincided with the field. The domain structure disapreared a: -

Films of Fe-Ni-ilo 2lley, 1200 ﬁ *hisk, wers examined 1n a magne*:

which was oriented at angles of 0, 45, and 9G6° to the direc*icn cf
easiest magnetizing.

the domain structure up to 10.5 oersteds, in the seccond zuse up *c

12,6 cersteds, and in *the third sase up tc 1% oersteds, In z83e c¢cf n
slight increase cf the magnetic field atrength., & alight diasplacoment ~f
the boundaries was observed in the first and in “he ceo--nd -as»; ¢cr a

Card 2/3

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722610017-5"



"APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722610017-5

-

279
5/048/61/025/005/008/024
dodification of the domain ... B104/B201

further stronger rise of the magnetic field strength a fast aignetic
reversal was observed in parts of the domain structure, the magnetization
of which was oriented in opposite direction to the field. 1In the third
case, & displacement of boundaries was hardly observable. The magnetic
reversal took place by rotational processes, Saturation was attained

at 11.6, 15, and 15.8 oersteds. To summarize: (1) all ferromagnetic
films display a domain structure that is astable within certain values of
the magnetic field strength; (2) in relatively thick films *he magnetic
reversal takes place by a displacement of boundaries, which begins after
a critical field strength value; (3) with a decrease of the film thickness
magnetization occurs in a determined field strength range by boundary
displacement and rotational processes. In very thin filma magnetizaticn
occurs by very fast magnetic reversal of unfavorably oriented domains.
There are 4 figures and 7 referances; 1 Soviet-blos arna £ ran-soviet-blec,

ASSOCIATION: Institut fiziki Sibirskogo otdeleniyn zkadonii nauk S35H
(Institute of pPhysics of the Siberinn Departme=t, icadenmy
of Sciences USSR), Krasnoyarskiy gos. pedageyichecskiy
ingtitut (Krasnoyarsk State redagogis Institure:
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AUTHORS: Kirenskiy, L. V., Ignatohenko, V. A . and Baklanrov, 0. G.

e

TITLE: Ferromagnetic resonance in thin films

PERIODICAL: Akademiya nauk SSSR. Izvestiiya Seriya f1zi:heskays,
v. 25, no. 5. 1961, 640-642

TEXT: The present inveastigation was the subject of a lecture delivered at
a symposium on thin ferrcmagnetsic films /Krasncyarsk, July 4 to 7, 1960).
The phenomenon of ferromagnetic resonance was used fcr measuring the
saturation magnetization and the anisotropy -onstan: c¢f thin ferromagneti
films. A blook diagram of the system used for the purpcse 1s shown {n
Fig. 1. The superhigh frequenoy vibrations gensrated by a 434 (431I)
standard generator are modulated by the re-tangular pulses from gensrator'.
The chain consiating of a tee junction Ho' a detestor Do' an amplifier, and

an oscillonsccpe aserves for supervising the ganarator operaticn. Ths main
part of the superhigh frequency power incides upon aperture S which
connects the resonant chamber to the waveguidse sircuit. A cylindrical
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FParromagnetic rescnance in thin films B117/B20!1

chamber with TE, mode is utilized. The disk-skaped specimens ares placed
st the rear chamber wall The refiected wave reaching the detector D, via
Junction Hy is meanured. To augmernt the senaitivity of thse system, the
ground level of the signal from the deteater D, is compensated by the
oppvusite phase of the aignal froem detactor D, The difference of thase
signals is transmitted to the amplifisr, and, subsequenily, tc the
detector which had heen synohronized by the pulses coming from the
generator . The amplifisd and rectified signul ia recorded by galvano-
meter A. Osoilloscope 0, controls the mork of the phase detector and of
the compensator., The rescnant chamber 1s piaced into a ocnstant magnetic
field whioh 18 oriented in parallel to the film plane and in perpendicular
to the magnetic component of the superhigh frequency field The eleotro-
nagnet is fed by a stabilized Yilll-* (UIP-1) scurce. The thin {ilms were

prepared by cathode sputtering in vacuum (m:10“5 mm Hg) Disk-shaped cover
glasses 18 mm in diameter served as backings. The backing temperature
during sputtering was about 300°C To create an artificial anisotropy a
constant field of ~s100 oe 1is appliad in the film plane during sputtering.
Several permalloy films (80 % Ni, 17 % Fe, 3 % Mo) and a cobalt film were
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Ferromagnetic resonance in thin films B117/B201 ' S ‘
A . ‘ L}?

examined. The permalloy composition was not controlled after sputtering. i
The film thickness was determined with the aid of a YM-2 (UM-2) ‘ R
monochromator by the method desoribed by I. N. Shklyareyskiy (Ref. 4: s f-';‘;f'
Optika i spektroskopiyas, 5, M2 5, 617 (1958)). Sputtaring took place at. Bes
high temperatures. Since the coeffioients of thermal expansion of netal g‘s

" and backing during cooling are unequal, radially symmetrical elastic _ :
atresses arise in the £ilm. The nctive demagnetizing fields corresponding ' N\
to them were caloulated by J. R. MacDonald (Ref. 5: Proc. Phys. Soc.,

fis vt

. 64, 968 (1951)) and J. H. E. Griffithe (Ref. 1: Physica, 17, 253 (1951)). t:g;
‘General formulas for the effective fields of crystallographio anisotropy @
were obtained by MacDonald (Ref. 5) for single crystals, in particular for ;;’.
‘hexagonal ones: 2 . . , ' v e

' ' H" = 7:((1{1 +[2K3) (7:1—1':1)+2K;(3’f=§—1’:_1)7:’do _ (4)'. ) . ‘f

} ’ ¢ . y . . ’.;:

H3" o 72:' UKy + 2K,) (13 — h) + 2K, (3rh — ) 1l ) 3-;::

Formally, the anisotropy of thin films of non-crystallographic origin can e ) r!{,
be expressed by formulas of this iype (4), where K and X', are the , 5
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effective anisotropy constants. The results obtained from the measurenent

of the saturation magnetization of a thin permalloy film have shown a .
qualitative agreement of the .saturation magnetization as a function of
thickness with data given in Ref. 3 (Tannenwald P. E., Seavey M. N., J.

phys. et radium, 20, 323 (1959)) for an 80 % ¥i, 20 % Fe film. The sharp
magnetization drop mas, however, observed with thicknesses larger than
those of Ref. 3 by one order of magnitude. Possibly, this 18 to Ve e
explained by the varying chemical cumposition. Even more likely, however,

an insufficient homogeneity of the filme employed ie responsible for this
phenomenon. No anisotropy was established on permalloy films, i.e., it

1 - :
cannot exceed 10° erg om 3, On the oobalt film (4 = 3200 2) the resonant -’

field was found to be distinctly dependent upon the rotational angle of ,
the film. The anisotropy constant Ki can be easily calculated from

formula (4) 1f assuming xg 0. 1In this case, E® = (2K{/I ) =175 oe. When
asguming that J = 1.42-107, it follows that K| = 1.24-10° erg cn™2,

. T. A. Stepanova is thanked for her assistance. There are } figures and’ :
5 references: 1 Soviet-bloc and 4 non-Soviet-blooc.
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s/048/61/025/012/0C /022
B116/B138

AUTHORS s Spivak, G. V., Kirenskiy, L. V., Ivanov, R. D., and Sedov,
N. K. - -

TITLE: Development of mirror-type electron microscopy of magnetic
microfields

PERIODICAL: Akademiyas nauk SSSR. Izvestiyae Seriya fizicheskaya, v. 25,
no. 12, 1961, 1465 - 1469

TEXT: The authors present electron-optical photomicrographs of domain
structures of various ferromagnetic materials and compare them with powder
patterns. The distribution of the local magnetic fields scattered by the
specimen is obtained from the contrast. G. V. Spivak, I. N. Prilezhayeva,
and V. K. Azovtsev (Dokl. AN SSSR, 105, 965 (1955)) were the first to re-
commend the eléctron mirror for photographing magnetic microfields. They
carried out their experiments at the laboratoriya elektronnoy optiki MGU
(Electron Optics Laboratory of ¥GU). The electron mirror has the following
advantages over the methods of secondary electiron emission or photoeffect:
high field sensitivity (the illuminating electron beam is stopped by an

Card 1/4.z
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5/048/61/025/012/007/022
Development of mirror-type... B116/B138 V//

electric field in front of the specimen, i. e. "probing" of the spatial =
field structure; hLigh contrast,due to the forwards and backwards motion of

the electrony 4and the possibility of examining the magnetic structure at
different distances from the wsource of the microfield. The optical system
can be traversed by both slow and fast electrons. A 50-kv voltage focuses
the reflected elecctrons and enhances the resolving power of the instrument.
Domain structure electron-mirror pictures of a Pbo(Fe205)6 crystal magnifi-

cation: 400, 800, and 1500), cobalt (400 and 800), and a cobalt film

(-~1000 ﬁ, 400 times), were in good agreement with onesn produced by the

powder method (400). The local magnetic fields were determined from the
contrast. Calculations have shown that the contrast depends on the product
Hz (z = extent of the H-field). The magnetic field decreases almost ex-
ponentially. Results are shown in Fig. 6. Finally it is noted that magne-
tic fields can be examined under an electron mirror microscope and that their
their strength can be measured at different distances from the specimen.

The magnification here anchieved (about 2000) can be further increased,

There are 6 figures and 7 Soviet references.
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9/043/61/025 /012/007/022 .
116, 7138

Pizichaskiy {akulttet Moskovakogo gob. universiteta im. M. V.'{

Lomonouova (Division of Physics of Mosocow State University

{meni M. V. Lomonosov},

Institut fiziki fibirekogo otdeleniya

Akademii nuuk 88SR (Institute of Physice of the Siberian :
Department of the Acadenmy of Boiences USSR)

Fig. 6. (a) Field above the artificiasl specimen, measured with a bismuth !

nicrometer at different magnetio biasing currents H = H.e

calibration curvej}
Pbo(Fe205)6 orystal, %,

- 0002 m'

o poraens !

Card }@3

APPROVED FOR RELEASE: 09/17/2001

=2/%0; (b) mirror;

(o) soattering field above the hexagonal plane of the !
(a) scattering field ‘above the hexagonal

axis which is nearly parallel to the ocovbalt face, z, = 0,05 mnm.
L is a constant, B, ahd B, are the various degrees of brightness on the
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8/048/61/025/012/009/022
B116/B138

different fields at room and oxygen temperatures, as a function of the
angle between the direction of field and the (100] axis. Then the contin- \)(
wous variation in maximum torque in the (1002 plene’ was examined

in the temperature range -183 - +300° =« -183°. A fieud strength of 5100
produced saturation. Powder patterns were produced by ¥W. 3. Elmore's
method (Ref.11, see below). The graphs show that at 220K torque is nearly
zero in fields of jup to 750 oe. Between 750 and 1000 oe it increases,
reaching 0.71°10" erg-om-7, after which it remains constant. In fields

of up to 3000 oe there was & sharp inorease at the temperature of boiling
oxygen. The linearity of - f(!@ means that the Bryukhatov-xirenakiy
law holds for this type of rystal also. Extrapolation to absolute zero
yielded Ko « 17¢10% ergeom™’. The nature of a domain structure is found t»

be dependant on the direction of demagnetization. With demagnetization in
the L}1’1d direction, the powder patterns in the (110) plane form thiok,
parallel lines perpendioular to one of the axes of easy magnetization. J |
secondary, wedge-shaped structure between the principal lines, indicates
that the surface deviates slightly from the }_110) plane., Domain structure .
remains constant under magnetization in the 110] direction up to 400 oej
up to 600 oe only the secondary structure is changed. Between 750 and

Card 2/4
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Temperature dependence of the first.... B116/B138

51959;; Ref. 5: Smith, A. W., Williams, G. V., Canad. J. Phys., 38, 9, 1187
1960

ASSOCIATION: Institut fiziki Sibirskogo otdeleniya Akademiil nauk SSSR
(Institute of Physics of the Siberian Department of the
Academy of Sciences USSR), Institut tsvetnykh metallov im,
M. I. Kalinina (Institute of Nonferrous Metals imeni M. I.
Kalinin), Krasnoyarskiy pedagogicheskiy institut (Krasnoyamk

Pedagogical Institute)
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8/048/61/025/012/014/022

B117/B104
AUTHORS Kilq'g_p'}giy, L. V., and Afoshin, V. 3.
TITLEs Rotational hysteresis of magnetostriction in ferromagnetics

PERIODICAL: Akademiys nauk ggsR. Izvestiya. Seriya fizicheskays, V. 25,
no. 12, 1961, 1492 - 1494

TEXTs Rolled polyorystalline pickel with & reduction from 3,3 to 1 om
was used to study the rotational hysteresis of pagnetostriction (REM).

The disc -shaped specimen had 18 mm in diam ter and was annealed in vacuum
at 1100°C, Rotating the field through 360" with respeot to the initial
angle, RHM was determined in the clockwise and counterclockwise directions
after magnetostriction had changed. RHIM was meassured as 8 function of

H at fixed values of the angle ¥ and as a function of ¥ at fixed values

of the field H. First of all, the quantities had to be determined which
permit a quantitative determination of RHM: (1) The difforence¢32.between
the final and initial values of magnetostriction after the cyocle has been
completed. (2) the mean value of REM (with respect to the area) or its
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8/048/61/025/012/014/022 /
Rotational hysteresis of ... B117/B104 v,
relative magnitude (AR) pean //\o can be determined by the relation

ralg
6N pgn = V7T | |aAf ¢
Here, ;\o is the maximum value of magnetostriction in the direction ¥ = O

which conforms with the rolling direction. 1In ualitative respect, the
curves of the funotionAA (H) at P = const and aA) sean //l0 = f(H) have

been found to agree with the shape of the corresponding curves of the
temperature-dependent magnetic hysteresis. Comparing the curves of
technical magnetization with the type of the change of AA(H) reveals a
characteristic particularity: In fields whose magnetization is due to a
reversible boundary displacement, both, the magnitudes of aAor (AA) gea
and of the hysteresis of any other property are emall. An increase A% the
field causes the irreversible displacements to grow and also an increase
in the amount of RHM, which thus reaches a certain maximum value, This
is in conformity with present-day notions on the magnetization mechanism
in ferromagnetics. In strong fields the displacements become less
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. . s/027/61/156/003/011/027
24,3200 (1732, 147, //S‘EQ B019/B056

AUTHORS: . Kirenskiy, L, V., and Buravikhin, V. A.
—— -
TITLE: Polarization of Domain Boundaries in Thin Perromagnetio
Films

PERIODICAL: Doklady Akademii nauk 98SR, 1961, Vol. 136, Ko. 3,
pr. 575-576

TEXT: The polarization of domain boundaries in thin ferromagnetio films, Uf
which had been produced by thermal deposition of an alloy with 17% Pe,

80% Ni, and 3% Mo in a vacuum of 2:10-5 mm Hg on a glass substrate and

heated to 3500C, is here investigated. During production, the films were

in a magnetioc field of 100 oersteds. The domain boundaries were examined

under a mioroscope by observing the powder patterns. In this connection,

it was found that in thin ferromagnetic films, double boundaries are

Bloch boundaries of opposite polarity, This is in agreement with the
theoretical results obtained by Kaszer (Ref. 5). Bloch boundaries in thin
ferromagnetic films have alternate polarity, which is probably in
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89728
Polarization of Domain Boundaries in Thin ; 8/020/61/1}6/005/011/027\/[
Ferromagnetic Films B019/B056

connection with the pre-history of the film. Néel boundaries have no
sharply defined polarity but become more distinot only with the -
superposition of a suffioiently strong magnetic field perpendioular to the
plane of the film, I} was possible to show in this paper that applying

& magnetio field perpendicular to the plane of the film makes it possible
to draw some conclusions as to the nature of boundary layers in films.
Therg are 3 figures and 11 references: 1 Soviet, 2 German, 1 Japanese,
and 6 U8,

ASSOCIATION: Institut fiziki Sibirskogo Otdeleniya Akademii nauk SSSR
(Institute of Physics of the Siberian Branch of the
Academy of Sciences USSR)

PRESENTED : August 9, 1960, by A, V. Shubnikov, Academician
SUBMITTED: August 8, 1960
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34181
8/048/62/026/002/030/032
2Y,3300 (1/42,118Y, %&3) B117/B138
AUTHORS Kirenskiy, L, V., Kan, 8. V., and Savchenko, M. K.
TITLE: Behavior of the domain structure of thin ferromagnetic filmas

at different temperatures

PERIODICAL: Akademiya nauk 88SR. Izvestiya, Seriya fizicheskaya, v. 26,
no. 2, 1962, 310 - 314

TEXT: This paper was presented at a conference on magnetism and antiferro-
magnetism. The authors studied the behavior of the domain structure of
ferromagnetio films at different temperatures. Fe, Ni, Fe-Ni, and Fe-Ni-
Mo films were produced by hot metal spraying in a vacuum (10~ O mm He) on
to polished glass (350°C) in a magnetic field of 120 oe. The optical de-
vice used for observation of the domain structure has already been descrited
(Ref. 11: Kirenskiy, L., V,, Kan, 8, V., Degtyarev, I, P., Izv. AN SSSR,

Ser. fiz., 25, no. 5 (1961)5. The temperature dependence of the domain
structure was studied on a specially designed apparatus (Fig. 1) with which
the temperature in the specimens could be varied between -150 and +650°C.
To avo}d misting and oxidation of the specimen in the chamber the pressure
Card 1/3%
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Behavior of the domain ... B117/B138

was kept at 10-5 mm Hg during the experiments. In the absence of magnetic
field the domain structure of all the specimens was highly stable. The
behavior of the domain structure at various different temperatures is

largely determined by the magnetic field strength. Magnetic reversal v
nucleation usually occurs in some sections of the film at quite low tem- e
peratures, With repeated magnetic reversal they are easily reproducible,

At higher temperatures the number of nuclei increases, they grow, ani the
boundaries begin to move more rapidly and smoothly. When nuclei are formed
magnetic reversal can only be achieved by increasing the temperature. Hs

and Ho are temperature dependent., In some materials they decrease as the

temperature rises. The curve for iron films at temperatures above 500°C
showed an anomalous course, probably due to the different thermal expansion
of base and film. There are 4 figures and 11 references: 3 Soviet and 8
non-Soviet. The three most recent references to the English-language pub-
lications read as follows: Smith D. O., Electronics, 32, 44 (1959); Murphy
M., Control Engng., no. 10, 38 (1959); Olmen R. W., Mitchell E, N., J. App.
phys., 30, 258 (1959).
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ASSOCIATIONs Institut fiziki Sibirskogo otdeleniya Akademii nauk 55352
(Ingtitute of Physics of the Siberian Department of the
Adademy of Sciences U§SR)

Fig. 1, Apparatus for atudying thn\§gmpe-
rature dependence of domain Btructure.
Legends (1) heater (cooler)s (2) ° ¢
. bifilar winding; (3) tube for liquid
‘nitrogen and its vapors; (4) vacuum n< g
chamber; (5) rubber packing; (6) glass
. domey (7) specimeny (8) clamp for .
- speoimens (9). thermooouple; (10)
heating cooling coil; (11) fastening
acrew,
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KIRENSK1Y, L.V.; RYABININ, V.P,

Study of the law of approach to saturation on iron silicide single
crystals at various temperatures, Kristallografiia 7 no.41634~
637 Jl-Ag 162, (MIRA 15:11)

1, Institut fiziki Sibirskogo otdeleniya AN SSSR i Krasnoyarskiy
pedagogicheskiy institut,
(Iron silicide crystals)
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KIRENSKIY, L.V.; SALANSKIY, N.M,; RODICHEV, A.M,

The Barkhausen effect at the approach of the hysteresis loop to

a rectangle., Fiz, met, i metalloved. 16 no.4:630-632 0 163,
{MIRA 16:12)

1, Institut fiziki AN SSSR,
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KIRENSKIY, L,V.; KUZHETSOV, V.Ye.; ULATCY, V.U,

[Dynnmic mametostriction of iron} Linamicheskain nag-
nitostrikteiia zheleza. [n.p.). AN 535K, Sibirskoe otd-
nie. In-t fiziki, 1964, 29 p. {L1MA 17:7)
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AUTHORS s Antipin, I, Po} mmm. Lo Yo’ Savchenko, M. K,
" IW“’I ot '

L e g .
TITLE: The domain struoture of niokel orystals, assooiated with mechanical
deformations . :

SOURCEs Kriltallosrlﬁqt. vYe 9y n0e Ny 1964' 429-452

TOPIC TAGS: nickel, domain structure, domain reorganization, pow;lor method,
magnetization, plastio deformation, reorganisation irreversibility

- |ABSTRACT: :In nickel, in view of the large inorease of magneto-strioture and the
. |emall anisotropic constant assooiated with an inorease in gtress, & significant
reorganization of the domain struoture takes place. The existence of 71 and 109
degree spatial relationships of the domains determines the unique charaoter of this
reorientation. The nickel samples used here were parallelepipeds with a maximum
grain diameter of 4 zm selected from & list of eleotrolytio nickel. The orystals -
wore chosen with surfaces lying on or near to the (211) and (110) planes, in
accordance with the oriterion of M. Yamamoto and T. Iwata (Soi. Repts Res Inst.
Tohoku Univ. AS, 433, 1958; A8, 293, 1956). Observations were made by the powder |-
Imethod. A1l stresses were unidireotional. Four sets of piotures showed the

r | Cord 1f2_ e
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© |disappearance of domain struoture under stress and its failure to reappear when the
- 1load wag removed. Two sets of piotures dealt with the (211) plane which has one

" {axis of simple magnetization along which the domain structure lay. Stress was
applied parallel to the domain boundary line in one case and perpendicular in
another. The other two sets of piotures dealt with the (110) plane in which there
are two directions of simple magnetization lying at 71 or 109 degrees to each other.
Stress, in this case, produced at first dendritic domain struotures when applied
porpendiocular to the original domain. The domain structure in nickel crystals is
very sensitive to mechanical stress. The distinotive property of the domain struce
ture is its irreversibility., Even after the aotion of very small stresses (less

=~ | than 0.01 kg/mm2), the domain structure did not retum to its initial state. The
irreversibility was explained by plastic deformation which probably could not be
+observed except by the powder method. Orig. art. hass 4 figures.

ASSOCIATIONs Inotitut fisiki 50 °AN 855R (Institute of Physios, 50 AN 888R)
SUBMITTED: 17Jul63 ‘ DATE ACQi  18Jun64 " ENCLs 00

SUB CODEr MM O REF 80Vi 001 ' OTHER: 001 |
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KIRENSKIY, L.V.; SALANSKIY, N.M.; RODICHEV, A.M,

e e i o AT St £8 10

Reversible and irreversible processes in the magnetic reversal
of an elastically stretched-out iron-nickel polycrystal (Barkhausen
effect appearing as the hysteresis loop apprzzcgg; aJrec%g?gular
. Izv. AN SSSR, Ser. fiz., 28 no.l:164- a o
shape) zv (171

1, Institut fiziki Sibirskogo otdeleniya AN SSSR.
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AP4010321 8/0048/64/028/001/0198/0201

AUTHOR: Kirenskiy, L.V.; Patyukova, LMo

.
.

TITLE; Investigation of elastic hysteresis of the thermoelastic effect in nickel
and nicle-silicon alloys [Report, Symposium on Questions of Ferro- and Antiferro«
magnotism held in Krasnoyarsk)20 June to 7 July 19637

SOURCE: AN SSSR. lzvestiya. Seriya fizicheskaya, n.28, no.l, 1964, 198-201

TOPIC TAGS: thermoelastic effoct, thermo-emf, Thomson effect, stress hysteresis,
hysteresis loop, magnctoelastic effect, nickel, nickel-silicon alloy

ABSRTRACT: The Thomson (thermo-emf) effect in ferromagnets is characterized by

some distinctive and interating features connected with the presence in them of. e
spontancous magnetization. There have, however, boen few investigations of the e
hysteresis of the thermoolastic effect, that 18, of the difference between the
thermo-emf curves obtained incident to application and removal of stress in the

case of iron and other ferromagnotic specimons. The present work was concerned with
investigation of hystoresis of the elastic thormo-emf in nickel and nickel-silicon
alloys containing 0.5 to 4% 81 by weight, both in the absence of an external field
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and in tho case of proliminary magnetization of the specimen, The experimental
set-up and proceduroc have been described eariier by one of the suthors (Z.M.Patyu-
kova, 1ZV,AN S88HR,Ser.fi1x,28,173,1963) (see Abstract ACC NR AP4010316) . The results
of tho stress cycling experiments for demagnetizod and magnetizod specimens are
presented in the form of curves. JIt.was found that preliminary application of a

- magnetic fiold doas not change the general character of thehysteresis up to fields
close to tho valuo for technical saturation, the point at which hysteresis disap-
pears. A rosidual effoct, observed in magnetized specimens, disappears after de-
magnetization of the spocimen in the unstressed state and the initial shape of the
thermo-emf curves 18 ro-ostablished. A magnetic field applied prior to application
of the tensilec stross leads at first to increase in the area of tho hysteresis loop
(to a maximum valuc in a field of about 38 Oe) and then to rapid decrease of the
area with further increase of the field. In cases of plastic deformation "nega-
tive” hystercsis 1is observed. Elastic hysteresis of the thermoelastic effect in
forromagnoets may be attributed to irreversible changes’in the domain structure un-
dor. tho influence of elastic stresses, Orig.art.has: 4 figures,

2/3
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:AU'IHOR: Kirenskiy, L.V.; Drokin, A.I,; Dy*lgerov, V.D,; Sudakov, N,I.; Sinegubov,V.X

TITLE: Domain structuro in ferrites and its dynamics in varying and rotating mag-
notic fields A'ieport Symposium on Forromagnetism and Forroelectricity held in Le~
ninzrad 30 May to 5 Juno 18637

SOURCK: AN SSSR: Izvestiya., Beriya fizicheskaya, v.28, no.3, 1964, 545-552

. TOPIC TAGS: ferrite, domain structure, ferrite domain structure, garnet ferrite,
garnet foerrite domain structure, spinel ferrite, spinel ferrite domain structure,
hexagonal ferrite domain structure, double domain structure, domain wall fino struce
ture

"ABSTRACT: The domain structure of a number of ferrite single crystals having the
garnet, spinel or hexagonal structure was investigated. The powder method of V.S.
Elnore (Phys.Rev.51,10,1092, 1838) was employed to reveal the domains. The polarity
' 0f the domain boundaries was determined with the aid of the polar Kerr effect, ea-
- ploying a proviously desoribed technique (V.D.Dy*lgerov and A,.I,Drokin, Kristallo- :
.grafiya,5,6,945,1060); A,X.Drokin, V,D.Dy*lgerov and B.V.Beznosikov, Ibld 9,3,465,

Qd 1/3 - . . . .. . R . .
. ‘ l ’,A P . cee - -

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722610017-5"



"APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000722610017-5

4

ACCESSION NR: AP4023403
1962). The Yb, Ho, Er and Gd garnet forrites were obtained as single crystals from
melts. Lead hexaferrite was also prepared in this way. Crystals of Co-Fe, Mn-Fe and
Mg-Mn ferrites with the spinel structure wore grown in an oxy-hydrogen flame.
Spheres of 4 to 8 mm diameter were obtainoed. These wer annealed above the Curie
point and oriented in a magnetic field. The planes to be investigated were ground
flat, polished and treated with hot sulfuric acid to destroy surface mosaic. Lead
hexaferrite was found to have a domain structuro similar to that of cobalt. The fer-
rites with the garnet structure had very complex domain structures, for which it
does not seem possible to construct a model. "Stringy" walls, double banded walls,

and curved walls were observed in different matorials. The curved domain walls of
gadolinium ferrite garnet would shift under the influence of an applied magnetic

- field. The domain structure of the spinel ferrites was somewhat lesa complex. The

.: presence of double domain structure was established. Successive walls would have i
‘ opposite polarity, and in the presence of a gradually increasing magnetic field 51-2
éternate walls would first disappear, the remaining walls disappearing only when tho;

' field became stronger. Somotimes a single domain wall would separate into two under: "
“the influence of a field; in such a case the two new walls would have the same po-
“larity as the old, thus interrupting the regular alternation of polarity. Wide do~

E P R
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.+ main walls were observed in which a fine structure could be perceived. Such complox
; walls oxhibited alternations of polarity, as though they were composed of soveral
walls having opposite polarities. It is suggested taat the double domain structure
", of ferrites may be due to the interaction betwcen the two magnotic sublattices, .
: ;ﬁench striving to establish its own domain pattern. Orig.art.has: 6 figures. '

! | !
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_ Physics, Siberian Division,. Acadomy of Sciences, SSSR)
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' ; §.v.; Antipin, L.Pgl’
AUTHOR: Kirenskiy, L.Ve; Savchenko, M.K.; Degtyﬂre\f ' I.F.; Kan, ;
" ; ‘Edel’ 1.5. R ‘
: Tropin, Yu.D.; Edel'man, _ ‘ e
: ' tructure of forromagnetic crystals, films, and :!tu-:;:;;““ oh
‘!T;ﬁi; a?:‘:':::r: Eundor tho influonce of difforont i:gtg;l uﬁc:: 5.June 2063,
;:‘orromngnotism and Fegroelectrictty held in Llening
)

y 59-567
"SOURCE- AN SSSR., Izvestiys. Soriys g£izichoskaya, V.28, no.3, 1964, &

in struc=,
in structure, whisker doma
i : main structure, film dona o e, iron
 tore, :}:ﬁ;nc:?r::tug: variation, demagnetization condit;::k::n:::n i:! . ’ |
':gzénl domnins, iron film asymmetric hysteresis, iron W

1 ¢ e do-

. This paper summarizes & large amount of information co:x;::ni:s t’:‘ e
AniTnzfrr;xcturo o:’:, orystals, films, and whiskers, and 1:-Mch:xzxg: .:n o taation. et —
i": :a otizing fiolds, stress, temperaturo, and oondtt :turo it fpsrioa i B
h kzopicgnd“cu“ed e eon 0 m:::: ﬁr:tzigon:?i:h: ::toot of mechanical stress on

’ n t ss
. i :;?di‘;ﬂgs?rgzzzg‘::oziﬁo‘;n iron crystals; the 1nz1uon§o ot’ ng!nnicfl stress

-~ . .
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on the domain structure in the (110) and (211) faces of nickel crystals; the effect |
of demagnetization rate on domain size in thin cobalt films; the effect of tempera=-| ©
. |ture on the variation of domain structure under the influence of magnetizing fields
*"{in thin cobalt f£ilms; the variations of domain structure in thin iron films during
traversal of an asymmetric hysteresis loop in a transverse field; and the'domain
structure on the (001) surface of iron whiskers (100 to 200 micron diameter) grown
':1n the [119) direction. The report is illustrated with 47 reproductions of domain
jStructure photographs. Among the different kinds of behavior of domain structure
‘mentioned or discussed are the following. When iron crystals are magnetized in the
ijeasy direction, the process of domain wall motion stops short of saturation, and the
.- |remaining narrow unfavored domains disappear suddenly. When the magnetizing field - N
]makos a sufficiently great angle with the preforred magnetization direction, initial T
imagnetization takes place by domsin wall shift; this is followed by a restructuring|. --
'ot the domains, after which further wall shifting occurs. The final approach to sa-
jturation 13 by ordinary rotation. The herring bone or fir tree domain structure on|
“:the (110) face of nickel crystals gives way under the influence of mechanical stress...
‘to a simple structure. At groater stresses the domains disappear entirely. At still

fgreater stressos & simple domain structure reappears, but the domains are now ‘relat+ *

canme
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i .

’ ed to the othor magnetization axis. The net result is thus a 1089 rotation of the

j domains. The size of the domains in cobalt films increases with the rate of de-
magnetization by alternating field. This is related to the formation of wedge
shaped domains, one within another. When a thin cobalt f£ilm is cooled from above
the Curie .point in a field free environment, an equilibrium dowmain structure is not
‘formed. The domain structure of a thin iron film was found to change largely by
wall shift during traversal of an asymmetric hysteresis loop in the presence of a .
i constant transverse field. This 1s not in accord with the explanation of these asym
metric hysteresis loops given by V.V.Kobelev (Petli gistorezisa odnoosny*kh ferro-
magnitny*kh plenok. ITM 1 VT AN §SSR,4.,1961) on the basis of a model in which the
magnetization was assumed.to rotate uniformly. Orig.art.has: 9 figures. ’

ASSOCIATION: Institut fisiki Sibirskogo otdeleniya Akademii nauk 88SR(Institute |
. | of Physics, Siberian Division, Academy of Sciences,35SR)j Krasnoyarsidy pedagoe -.:.°
| gicheskiy institut (Xrasnoyarsk Pedagogical Institute) . LT : :
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| AUTHOR: Kirenskdy, L.V. (Correspondlig member AN SSSR); Chistyakov, N.S. YA

'ORG: Physics Institute of the Siberian Department of the Academy of Sclences,S8SR, - @ &
| Krasnd yarsk (Institu R) ” R

| TITLE:, S8ome possible practical uses

.| SOURCE: AN 88SR. Doklady, V. 165, no. 1, 1965, 81-84

m\. thin film circuit, UHF oscillator

TOPIC TAGS: ferromaguetio film, magnetic thin i

ABSTRACT: The use of ferrite elements in UHF devices is often inconvenient because of their
| considerable gize, large control power tequirement, and slow response,resulting in inoreased
°| interest in the possible utilization of ferromagnetic film. The authors inveétigated the UHF
properties (f = 9,000 Mo) of thin ferromagnetic films in weak magnetic fiefds at a large .
distance from the ferromagnetic resonance. -~ The 17Fe80Ni3Mo ermalloyfilms with unfaxial |'- -
oduced by vdéuum evaporation at v10~® mm Hg on a glass support} =

- | ‘magnetic anisotropy were produ vdéuum .
‘heated up to 200C. The tests inoluded studies of 1) th'e influence of weak perpendicular, magnet -

1o fields on the variations in UHF susceptibility during remagnetization of the film at a certain |
angle to the easy magnetization axis (Big, 1) and 2) the shift in eigenfrequency of resonators as|
| a function of the thickness of single and multilayer films (Fig. 2). The films were separated | .. -
by insulating silicon monoxide layers. “Results show that the UHF multilayer film systems in
-1 weak magnetic fields are superior to single-layer film units in that the multi}ayer Cpys= |

»tcc;n:s vge a greater effect on the UHF fields. Itis 'exgected that af;e; the development of an-. | .
: T . ypcs: 93 ,221;621,37/3 .
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ability during film remagnetization at an angle of ¢~ = 40° with respect to the axis
of easy magnetization; a ~H | =0, b~H [ =20e; c-H | =-20e

Fig. 1. Influence of the weak perpendicular field Hf" -on the changes of UHF perme-

| Card 2/_ 3
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1 ~ thickness (1) ,an_d‘thg 9".9“?‘,_1_1;
.| appropriate taéiinologigql.‘btrdéﬁ tlonprocess.
| engineering. Orig. art, has: ga”tgrmnlaa’an‘d
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mnc TGS mgmtic thin"mn errite, discharge phmiutal vapor aepocmon

: Ansmcrs The authors duoribo thc pﬂmation of thin _cgra.o. Oy fu-ritc :
- | £41ms by -cathode lp\:tter:lng of po:lyorystauine ferrites. Tue work was’ lt:lmht‘d
| by published data by others. (J. Appls Puys. Suppl. V. 33, 110 and 1150, 1962), where
- | 4% is indicated that lputtermg in the ‘presence of & gas yields ferrites of pre-:
"’} "scrived properties. - The vacuum: installation used :for the sputtering was made of - :
‘| ‘metal and was designed to sputter ferrcmagnetic materials in xenon gas. ‘The gas
- =] f1ows through the installation during the sputtering (Fig. 1) and its pressvre can
| be maintained constant during that time,  The sputterel material serves as.a thn'd
- 7| electrode in a non-spontanecus d.lschnrge plasma, The initial ferrites were pre-’
+'|" pared by usual ceramic techniology. ' The: sputtering procedure 1s desoribed. - 'nmo
i:| techniques were used: 1) sputtering on a cold substrats and heating in vacmm, '
| 2) sputtering on a hot .substrate without heating the vacuum, and 3) sputtering on ,,_,,
| hot substrate with heating in vaotum. All films exhibited a spinel structure aith
htt:lce pemioda coinciding vith thole of the bulk mterm The films of the ﬁ.rlt

5"5003 539023 :
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Dhgrm of apparatus forluthodc :
= Anode, 2 = cathods; 3 = third
holder

l coercive force of the films in the multxlayer system. Thxs is explamed by local
i magnetic interaction between the magnetic layers. The decrease in coerciveness
depends on the thickness of the film and is explained by a change in the character
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AP6033897 .
of local interaction. Measurements were made of the coefficients of transmission .
and reflection as a function of the thickness of single-layered films and the total '
thickness of ferromagnetic metal layers in a multilayer system. It was found that
the coefficients of transmission of multilayered systems is substantially greater
than that of single-layered film. The characteristics of the transmission of UHF-
energy through multilayered films are explained with in the framework of ordinary
electrodynamics, [Translation of abstract] [SP]

SUB CODE: 20/ SUBM DATE: 31May66/ ORIG REF: 005/ OTH REF: 015/
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AUTHORS s Kirenokiy, L. V.; Izotova, T, P,y Salanokiy, N. M,

ORGt Inatituto of oloay 80 AN 8SSR (Institut £isiki 80 AN 8883)"Krmoynr.k
Pedagogio Institu te Exmanoyarskiy pedinstitut)

TITLE: Multilayer thin film {yu‘tm

SOURCE: Fizika metallov i mletallovedeniye, v. 21, no. 2, 1966, 293.295
TOPIC TAGS: iron, nickel, cobalt, ferromagnetio film, ferromagnetio mterial,eurmrz

ABSTRACT: The interaction between two~layer ferromagnetic films separated from each
other by a 2000 £ thick layer of gquartzwas studied. The study supplements the
results of L, V, Kirenskiy, 7. P. Izotova, and N. M. Salanskiy (Izv. AN SSSR, per.
fiz., 1965, No. 4, 610). The coeroive foroe in the films and the distribution of
Barkhausen jumps as a function of the field strength were determined. The experi-
mental results are presented gra hically (see Pig. 1). It is oonoluded that the bond
field strength of the bond ISiOsza-Hi depends mainly on the properties of the high-
coerocivity layer, . ‘

UDCs 5390216.2'53&022
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Fig. 1. Integral curves for the distribution of Barkhausen jumps
along the field. a - for film of Cof smzlro-m b « for film of

Fe-Hi (16% Fo, 84% H1). : B
P\ ~ . . . 1’1 2t . [
Orig. art. hass 4 graphs. ' S
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: ‘AUTHOR: Kirenskiy, L. 3 Pyn‘ko, v, G.; Sukhanova, R. V.; Sivkov, N. I.; Pyn'ko,
iG. P.; Eaei'h,-*.i B.; Komalov, A."5.; Kan, §. V. Syrova, N. I1.; Zvegintsev, A.. C.

ORG: Institute of Physics S0 AN SSSR (Institut fiziki 50 AN SSSR); Krasnoyarsk Peda- |
gogical Institute (Krasn arskiy pedinstitut) ' )

ITITLE: Epitaxial filmslor iron?gickel"'znd cobal‘.ﬂ[report presented at the Conference
_jon Physics of Ferro- and Antiferromagnetism, Bverdlovsk, 5-T July 1965) ﬁ ’ -

|SOURCE : Fizika metallov i metallovedeniye, v. 22, no. 3, 1966, 380-391
TOPIC TAGS: magnetic anisotropy, epitaxial groving, hysteresis loop, metal film

ABSTRACT: The authors study the epitaxial grovwth of iron, nickel and cobalt f£ilms
thermally vaporized onto ionic erystals split in air and in a vacuum. It is shown that
When the substrates are heated in a vacuum of 10™% mm Hg, the surface state is changed
with a favorable effect on epitaxy. The phase composition of the film may be control-
Fed by proper selection of the substrate.’' The fields of anisotropy of the films are

- ees e ety -

|

easured and the effect which application of a magnetic field during vaporization -hasg -
on the magnetic anisotropy of the films is studied. The domain structure of the films.
and its dynemics are analyzed and the results are used as a busis’ for explaining the
shape of hysteresis loops. The coercive force is measured in films of various thick-
ness. It is shown that the coercive force of the films is alvays much les than the
field of anisotropy and is approximately inversely proportional to the saturation mag-
netization. Orig. art. has: 13 figures, 1 table, 5 formulas. .
BUB CODE: 11, 20/ BUBM DATE: 30Jul65/ ORIG REF; 004/ OTH REF: 007
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I ) B A Fo it wi 1":’.'\\‘,‘\»;_”{'-; S P o
f,.."r,xm: Domain ‘structiire of cobalt films grown on NaCl crystals /Transactions of the - |-

_-|8econd ATT-Union Sium on the Physics of Thin Ferromagnetic Films held at Irkutsk .
10 July to 18 July, 19684/ R ———— e

 |AUTHOR:  Kirenskiy,L.V, ;.

of Sclences, SSSR . .

v

SOURCE: AN §86R. Izvestiya.Seriys fisicheskaya, v.30, no.1, 1966 34-36

TOPIC TAGS: ferromagnetic film,
" ([msgnetic anisotropy e
T AR AR - IR
ABSTRACT '-ggbn'ltenl- were deposited at 10 mm Hg on NaCl crystal cleavage surfaces .
- jhaving temperatures from room temperature to'-'400‘_’c, and their domain structures were .
obgserved by means of a transmission electron microscope. Conditions for obtaining -
single~crystal films are reported -in ‘another communication. Films deposited on sub~- -
strates at 20°C contained hqxaionllyi-ﬁ,WDip__;!nd.!mrphoul phases and had a domain =
structure that was initially mottled ‘and developed under the influence of an ac field
into a structure'of coarse domsins with weakly developed substructure. The mottled

domain structure is ascribaed to the presence of nonmagnetic inclusions. Films de-
posited on substrates heated to 70 to- '

0 180°C did not show a mottled .@m_-mgu,_;‘
Card 1/2 L ' s

<

ni@_otio_ thin film, cobalt, msgnetic domain structure,
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t the substructure was stronglyédevclobed. It was possible to obtain oriented uﬁn
f p-cobalt crystallites on a 200" ‘substrate,

200" ‘suba The domain structure of these films
oved no substructure, Investigation of -the domain st

| z{tuic of the oré:ﬁénd»tilu 1
showed that films of cubic cobalt ‘deposited from molybdenus br tungsten” ibles at.

‘ 0™% m Hg have positive magnetic anisotropy, with an snisotropy constant about an

rder of magnitude leas than . that of iron, This finding contradicts the results of

’ -Sato,K.8,Toth, and R,W,Astrue (J.Appl.Phys., 34, 1062 (1863))., Filas deposited on e

ubstrates heated to 300°C and above had a mottled domain structure which is ascribed |

o the presence of nonu:notl_qf;nglnltonl "cohulung, in this case, of voids, - Orig. - -
rt., hass U S I L _ R
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chloride, magnetic domain at';-:uetugjg_\;-‘ -

on NaCl .substrates was investigatod by ‘elactron microscopy end

|V+G.Pyn' ko and R,V,Sukhanova (Izv. AN 88SR, Ser.

AP6004464/). 'The films wore ‘transferred in water from the NaCl
foxr exaninsti_on'h’y- the ‘pqwderjpat:to_m»vt'echniqua or to 50 x 50
with the electron microscope. The £ilms could be roughly class
1) fully oriented films with the '(QOI),_plang in the plane of th

Card 1/2

SOURCE: AN 888R, Izvesti_yal'sexfiip ;?1;1cheskaya, v.30, no. 1, 1966, 46-49

TOPIC TAGS: ferromaguetic film, magnetic thin film, irom, epitaxtal grovth, sodius

|ABSTRACT:  The domain structure of 800 to 1000 epitaxial iron f11

~{technique. The growth and ‘crystal structure-of the films are discussed elsewhere by
! -£i%., 30, 43 (1966)/ see Abstract

0/001/0046/0049 37 1~

ORG: Institute of Physics, Biberian Section of tho Academy of Sciences, 8SsR . - |
(Institut 'tiz_ikt_gs:.birakogo:ot_dqlmi_yukhkmn“u_. nauk 888R); Krasnoyarsk Stite
Pedagogical In_ltitqto ( ,my,rglg;‘y_:oqucdntvcnnyy pedagogioheskiy institut)

of the Second All-Unton|
Symposium on the Physics of Thin Ferromagnetic Filas hold at Irkutsk 10 July to

by the powder pattern

substrate to glass
grids for examination

ms vacuum deposited: &
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crystallites oriented in two or three different ways with the (001) face in the fIim 7} ..
|parailel to thé (001) face of tho substrate and the [100] axis in the film parsllel to}
the [110] or the [100]'ut@'inithe?li;bltrnt‘c, or with the (110) face in the film .. | -
parallel to the (100) face in the substrate and the [100] nxis in the film parallel:to

" |the [100] axis in the substrate; ‘and-3) films containing a large number of randomly .-

oriented crystallites, It was very difficult to obtain a checkerboard domain ‘structur
14n type 1) films;under the influence ‘of ‘an ac field there usually appoared large -
| rectangles or squares of differont sizes, A .resular checkerboard structure was ob= .

tained in type 2) and 3) films, but the “gquares” were rectangular, These checkerboard
structures developed in two. stages, the domain walls perpendicular to the sc field . .=
forming first, Type 1) films initially had'a fine domain structure with 180% and modi-
" Ified 90° walls; type 2) films regularly had an initial mottled domain structure; the
initial domain structure of type 3) films was 1like that of type 1) or type 2) films, '
- | depending on the substrate temperature and deposition rate. After demagnetization the
|domains of type 3) films always showed substructure and those of typs 1) filas did not,

The 180° domain walls were ’gpntinndun ‘except thore in type 3) filus containing & ‘large
- |pumber of randomly oriented crystallites. It 1s concluded that substructure in epit-
laxial films 1is associated with anisotropy dispersion, and that 180° domain walls'in  :
epitaxial iron films alvays have n internal structure which, hovever, msy not appear
in the elecgron microscope ‘image: ' It was not possible to observe the domain structure
of the 600 A films, oqig.-—nxjt;._hqs};,d tigures. , I RIREEI
SUB CODE: 20 SUBM DATE: 00 ORIG, REF: 003 OTH REF: 008
——-—wc‘?":s’/ 2
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Ped-gg_gical Iutitutc (xrunoy ’ sudautvcnnyy podlmichnkty hutitut)

Txmx:ug‘h—on.t 16 2aamathe sron nckel- alloys (Transsotions of the Becond n;;m“m" :
sius on the Physics o! Thin Fe 'ttio mu held at Irkum: 10 July to R
; 15 July 1964 Sl T R B :

| sounce: -Ax sssa, Izvutiy iiienemy--.-'v.'so. no. 1, ma. 50-63 .,na.mi-_r‘t:
. (fucing page 45) ; E : ' ‘ ‘ g

- 'I'OPIc TAGB: torrongnotic ﬂln,_uguouc «-thin ﬁl-, pemlloy, iron nickel alloy,
single crystll. ugnotic mintropr.u;uotic coercive forco. magnetic douin ltmcturo,

ABSTRACT:. smglo-ery-tu aoo At _&m oz -m .uoy- (S to 95% Ni) were obtnmd by
vacuum evaporation at lo "to 10"} mm Hg onto the heated (250 to 400C) surface of: n
NaCl crystal, although 0,5,Heavens (Proc. Piys. Soc, 78,33 (1961)) and A.Balts (3.
|Appl. ‘Phys., 33, 815 (1861)) found that huh ‘vacuum (1072 wm Hg) and anealing was nocu,
sary to obtain. siule-crntnl ‘#41ms. Mo reason for this discrepancy is m“ntod. 'nu
alloys containing less thay .20% Ni. cryltmized in a body~centered lattice with a.
. ‘{1attice constant of 2.828-2 and grew with the (001) face sand (100) axis ‘parallel to .
.~ |the (001) face. .nd (110) uil. rupoctinly, ot the NaCl substrate; the ‘alloys m- ff F’
| Cord 1/2 « ) i
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: tuniuc -oro ‘than. m Ni crystauiz«l m a fuoo-contorod cubic lattice with a lnttico
“ |constant ‘of 3,576 X and grew witli the (001) face and (100) axis parsllel to the .(001)
o face and- (100) uil, rupectivoly ot!the: -ubstratuu Microtwinning was observed, _Tho
ainglo—cryatal 2ilms ‘had two. lu(mil porpcndiculur easy unotization axes, this was
- |not observed by B;Chiknzuli (J. Api Phys.; 32,818 (1961)), The anisotropy constant’
“lwas positive for films containinc 79.4% Ni and was negative for films contunu(
- |82% Ni or more. - The cocrc:l.vo foro jended ‘stresgly on ‘the’ temperature of ‘the Sub=
E o strate during depouuon: the oocrciva,;.tomo of films. of an undisclosed co-pouuon
- ‘|creased from 9 t0 80 Oe a8’ ‘thé ‘temperature of the oubstrate durinz deposition was in<
' |creased ‘trom 250 to’ 350C..  Films: ‘deposited at ‘temperatures below 250C were poly=
i~ |erystalline, -The unglo-cryltul £11ms either consisted of & single domain with sub-
C structuro, or were mottled, - After dmgnetizauon 4n a decreasing ac field pnrnncl
“ |to . the hard axis the films’ hud '90°; domain walls in the direction of the hard axis and
- 11809 walls in-the direction of ‘the.essy exis, When & mottled film was demsgnetized
" |along the easy axis, the spots’ bccuo aligned along: lnbltructurc 1ines; when the uu
J241m ‘was” dmgnot:lzed llong tho hard axis there appeared domain walls consilting of
separate points.” frhe preuncc oL uubltntcturo pnku it possible to determine: the -
directions of- tho oasy axes,:  Theé easy axis directiocns determined from the lubltmct
. |agreed with thou dot-rlinod trol ‘the lhapu ot tho hyltorun loops, Ortg. ‘art, has:
18 tiguru., ’. B A (18]

. :JSUB CODE' 20/ 'SUBH DATE: ‘-noneldA'l'D rnxsss ;1906- ' e
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"ACC NR:  AP6004470 T SOURCE CODE: UR/O(M8/66/03()/001/0063/0070
AUTHOR: Kirenskiy, L,Y,; Chistyakov,N,8,
{ -

ORG: Physics Institute,.Slbérian Sectlon, Academy of ﬂ'!vnloqund
(Institut T1zIk1 Sibirskogo otdeleniya Akmloml nauk saofty T

TITLE: Superhigh frequency properties of multilayer film syatema (Transactions of the
Second All-Union Bymposium on the Phyasics of Ferromaynetic Thin Films, held at Irkutsk,
10 July to 15 July 1964)

SOURCE: AN BSSR, lzvestiya. Seriya fizicheskaya, v. 30, no, 1, 1966, 68-70

TOPIC TAGS: ferromangnetic (ilm, magnetic thin film, iron, nickel, molybdenum, quartz,
laninafcd matorigl, superhigh frequency, magnotizatxonlﬂu,v“,“,~4 /(;&“J‘¥4'*4k_,4j.é~ﬁ
mf" o | eom "
A CT: The interaction of multilayer ferromagnetic filn,sfstémh with microwave
frequency fields has  bheen investigated in order to determine whether the
limitation imposed by the skin effect on the use of conducting ferromagnetic materinle
in microwave frequency applications can be obviated by depositing the material n
layers that are thinner than the¢ skin depth and are insulated from cach other., The
films were vacuum evaporated (1079 mm Hg) in n 100-ce magnetic fleld onto 9-nm diameter
circular or 23 x 10 mm rgctangular glass plates heated to 200C.  The metal (18F0-79- i

YNi- 1-3__17§11ms were 1000 A thick and were scparated by 1500-2000-A quartz flims.:/ Each
metal f1

-
Y

m and its covering quartz>film wers deposited without breaking the vacuum, o

The vacuum was then broken and the crucibles recharged for deposition of tho nncceqqxu{

Card 1/2
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metal and quartz layers. Systems containing up to ten metal Igve-s were fnvestigated., s

The absorption of 3.2 cm microwaves by tho film systems was fnveitigated, Tho fiins
were mounted so as to cover the entire area of a waveguide but with no electrical
connection between the metal films and the waveguide wall, and the attenuation in
the waveguide was measured. The attenuation was practically tho same for a ten-layer
{ilm system as for a single film, The magnotization switching of the film system in

]
a woak sinusoidal microwave frequency field was 1nvcstl%uted by the technigue deacribe
ot the present pymposium by N,8.Chistyakov and V,A,Ignatchonko (Xzv. AN &SGR, Ser.fiz,,).

30, 61 (1966)). The signal “obtained by this technique, vhieh
depends on tho reaction oxorted by the ferromagnetic film sysiem on the superhigh
frequency magnetic field in a resonator, increased rapidly with ncreasing number of
layers. The observed behavior is ascribed to breakup of the eddv currents by the in-
sulating quartz films, and it is concluded that further study will reveal pousibilitiep
for the practical application of sultilayor ferromagnotic thin f:lm systems, Orig.
art. has: 1 figure. {t5]

!
fm o

5UB CODE: 20/ SUDM DATE: none/  ORIG, REF: 001/ g
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- JORG: Institute of Physics, ﬁv:lrian'ﬂoction'ot the : : <.
.| (Institut fiziki 8ibirskogo otdeleniys Akademii nauk sssn). ‘Krasnoyars stntc Podu- ,{
o gogical Institute (Krunoytnkty zoludn‘ltvennyy pedagog heskiy institut) -

TITLE. Domain atructurs and uituhing of J_m;,g;gm_ui_pickel £ilms ﬁnnuctionl o

of the Second All-Unioa Szmuun on the Ph zucs of Thin Ferromagnetic Films held at-
Irkutsk 10 July to 15 July, 19& jf/ s

' SOURCB- AN 88SR,. Izvoatiyu. soriyu uzicheaknyn, v, 30, no, 1, 1866, 91-92

, TOPIC TAGS: ferronagnotic fnn, uznotic thin film, nickel, msgnetization, unglo

E crystnl, nngnetic douix(x ltmcturo. epitaxiul groung, sodium - chlorido S
L g RN B

ABS’mACT- mcue'i ‘#31ms from 200 to 1300 § thick were deposited on NaCl :ummu |

> lat 120°C, the mir nin:lnm temperature for epita ‘and their domain structures and

~.|were investigated, -Th 'nSOJ.) ‘planes and" hi%j axes of the epitaxiasl films v

"|parallel to the (001) planes and. [100] ‘axes, respectively, of the substrates,

| o88y axis in the plene of the film was in or close to the [110]) direction, - lpitlxhl

“|nickel f£ilms deposited on NaCl at: ‘higher temperatures usually have a fine: tthd

/| domain structure and switch by nonuniform rotation, The domain structurefbt the :
"cold‘ films and their wuchm bohavtor varied v:l.th the thicknou. The domains of [

Card 1/ 3
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L the :nn thtcker than 500 A oxhibited lmbltmctun snd the ulll evincod a co-plox
~| internal structure, _Domain formation -took pllco over the full ares of the film and .
i nitchinz was acconpushed by ‘domain. dutmt&on without significant wall movement
""|'These films were chnrlctoriud by: 1nc11nod hyltoruu loops. This behavior is’ -
.| eribed to inclination of the ‘easy axu to the plane of the film, owing t the nbunco ;
| in that:plane of a [111] sxis. The essy axis of a fila from 300 to 500 A thick 1ay 1n
2| the plane of the film in the. [110] dimtion. - These films were rather uniform and =

.| amplitude dispouian of ‘the anisotropy was not detected. The dosains von large: and ;
+ | domsin wall movementysplayed a. significant role in the svitching process, ' Switching ot j
“124ims leu than 300 A thick began with the appearance of substructure owing to- the i"
nonuniton rotation of the uznotiution.. ‘The behavior of these films is ucribod to
- uputude dispersion of the anintmpy duo to nonunifon thtclmou of tho tm. Oric

. bn't. h-i*' 4 n;ur--. o : _ (

| soB coos 20 . |SUBM DATE:’ - .00 .f'{}"?“;‘.“- REF: 000
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TITLE: _ cbncemtng the goercive ?force of 2ilus with biaxial ma
ransactions of thé Second A

Films held at Irkutsk 10 July -to 18 Ju ¥

_ T ARG0M4Te SOURCE cwk:d un/ooqs/ss/oso/oouooéa/oogg' 46,
| Aumsior: xmu‘i&iz‘.x..'v’.'; P'koN.a. . | ;7[@,

o84 rhnﬂ»d‘tio'n of the Academ of Sciences, S3SR 6 E

Institute of_
(Institut f£iziki 81birskogo otdeleniya Akadenu',_n?drsssn) ;

gnetic anisotropy !
um on the Physics of Thin Ferromagnotic

~Union 8

facing p. 94 and 95

VT,C_:J,P1¢ TAGS : 1erronagneti¢ fiig',' vnhrgttfetic‘ tli;u
;| Wagnetic anisotropy, magnetic goercive force,

| ABSTRACT:  The coercive forces in directions formin
. |88y axis of a film with strong ‘biaxial ‘magne bas
| of a-model according to ‘which gwitching takes place by processes of fomation and dis-
| Placement ot gq?.ggonmLiglhgf‘ia,rh.‘{iha.'x‘Auc‘p‘t‘ea for switchi '

| involves successive’ formation and displacement of two sets of
two values of the coercive force.

Card  1/.2 ] . ’ : - 1'7

M,

SOURCE: AN 835R, Isvestiya. Seriya fizicheskays, v.30, no. 1, 1966, 93-94, and insert.

,:t_ih._ magnetic domain utruoture.'

g angles of 0, 25, and 45°

with en xl
tic anisotropy are calculated on the bas!

ng at 25% to an easy axis

_ : 90° walls and leads to
: The presence of two values of the coercive forge is

revealed by steps in the hysteresis loops of epitaxisl iron Zilng. The calculated
' ) —— TRIIZAS) :

=z
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qoemiié~fb;c§l‘.iiu;cmpared with éﬁfpéi-imntal values devived "
, )] BT 23 th ex; valy from hysteresis loops.
:‘heg:lcu}atad coercive forces were nommalized to agree with the exp:riuntil vnI::
or ( 1m11‘nat19p“_:f.o an easy ‘axis, and good agreement between theory and experiment v
nvshm'tor the jxﬁe_na:lning .thxﬁpe-vnl,t.xgaf,(tv‘ov at 25° and one at 45°), It 18 conmoluded | -
:g'a:é:l::n czeﬁizz tsl?rce of !::q with strong biaxial magnetic anisotropy is due mainly| - -

a placement and not to nucl . . . : ) : =
2 tigures, and 1 ~taple. Sz ke _m;;gn/(Orlg art. has: 8 fomulgs.
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