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Hp:iswmeammux r:of:f:alr? 05!’_03“(—{’ deppomacumnoi naenxu Fe 10V 74C0 15 moawunot 30 um nocae ee ocaxcoenus u dayx
pa%ua(._m el C:‘;? OBbIX 8AKYYMHbBIX OMACUL06 Npu memnepamypax 400 u 600 °C. Xapaxmepucmuku nienku, 8 mom
sucae 6:1 P AL ”Mf’ GHNSOfﬂpomm.'a MAKXCe UX UIMEHEHUS NOCAe OMNCUL08 OnPedetsiii ¢ NOMOUWbIO CUCEMbL
uCcIegoBarHuUA .‘CGEHH;??OOHHIUQEC.'\.GEO 3¢¢exma Keppa uw cnekmpansHoeo uncomempa. Ho.'cmrwn. HMo CusHaa cnexmpdib-
B2 IRRUNCONCBIPL S PLGEUDYEM Ha cmpykmypy naeniku Fe ;oNi;,Co s, usmensiowyiocs npu eaxyymnos omcuze. Hpusem u3-
mexenue cuenana I, na daunax éoan A, paguvix 450 u 650 um, npakmuvecxu & dea pasza Goaviue, 4em Ha OAUHAX 0AH A, pAGHbIX
550 u 750 um.

Kuroueswie caosa: peppomacriumnas naenka Fe ;yNi-,Co 16+ KO3PUUMUBHAS CUAA, NOAE GHUIOMPONUU, CUCMEMa uccaedoganus
MazHumoonmu4eck020 3pgexma Keppa, cnexmpaavnuiii 301uncomemp
Beenenue noiieHuss PHASE 11 J komnanuu AJA International
. K ' Inc. (CIIA) B noamarunumsaiowem noie Hy = 40 3.
MarnuroonTiyeckuit 3¢dekt Keppa ) e BbUIH MCMOB30BaHbI CEAYIOLIME ONEPALIMOHHbBIE
BO BPALICHUU TUIOCKOCTH MOJAPU3ALIAM CBETA, OTPA- | papaverppr poLiecca OCAKAEHHS: TEMIEPATYpa TIOA-
KEHHOTO OT HaMarHMYeHHOro eppomarHeTika. Bsa- | o T, = 270 °C: '0CTaTONHO® JARTEHME TA30B B
BUCHMOCTH OT B3aMMHOIO PACIIOJOXEHUS BEKTOpa kamepe p, = 1075 Ta; MOWHOCTH, MoaaBaemasi Ha
HaMarHM4eHHOCTH M., IUIOCKOCTH (ePPOMATHHTHO- | \ioryerpon W, = 160 Br; paGouee 1asieHue aproHa
ro 3epkana (MoBepxXHOCTH (heppOMarHUTHOM TUICHKH) p = 0,5 Ma.
H TUIOCKOCTH MOJISPU3ALMK CBETA MOXET OCYLICCT- O6pasew raerku Fe oNisyCoq uccnenosanm cpa-
BIATLCS MOJIAPHOE, MEPUAMOHAIBHOE W SKBATOPHATb- 3y MOCJIE NMOJIYUEHHS! U MOCJIE ABYX MOJYYaCOBbIX pas-
HOE HaAMarHMYMBaHME oOpasla M, COOTBETCTBCHHO, MArHUYMBAIOLIMX BAKYYMHBIX OTXMIOB MpPH TEMIe-
Hab0aThCs MONAPHBIA, MEPUAMOHATBHBII U 9KBA- | yapynax T\ =400 °C u T, = 600 °C Ha cucteme s
TopuanbHbiii abdextsr Keppa (puc. 1) [1]. JIOKAJTLHOTO MCC/IEOBAHMSI MATHUTOONITHYECKOTO 3¢h-
¢dekra Keppa BH-P17892-M1 npounssoacTsa Koma-
cnepument Hun NEOARC Corp. (SINOHUS) M € MOMOLUBIO CEK-
- ; a Auto SE komnannu Horiba
B Hactosieit pabore mccrenosatu obpasell dep Fﬂ?ﬁﬁ?ﬁ; ;‘;ﬁﬁz; s
PomarauTHOI ruieHku FegNizyCojg TOMUMHON 30 HM. 0 - X sex-
Miekka ocaxkmanacs Ha MOMIOKKY, MPEACTABISIOLLYIO B orCyrcTBMe BHEUIHErO MAarHMTHOrO 1oJist kK Be
coBoi o ucmnm;qecxoro KpeMHUsi | TOP CHOHTAHHOI Hamarnuuerxocth M heppoMar-
KB 1;1%‘(:]1-“}{3( MOHOKPISO MM CO CJIOSIMH TEPMH- HUTHONM TUIEHKHN HAMpapjieH 1o OCH JIErKoro HaMar-
4 (100) MaM'erpo-o M 15 Loii 0.6 Mikm H Brico- | Hiunsanys (OJTH), copnazatowero © HAMpaBICHUEM
- ro okcuza (SiO,) Tomun Mm;ﬂ (SisN,) To11- noamarduumsatouiero nomnst Hy. [lepnenanky/sipHo
-M{Ieparypnoro D - H31-[0r0 pac- OJIH B rutockocTH (heppoOMArHUTHOM TUICHKI JICKNT
nHo# 0,13 MKM, Ha yCTAaHOBKE MarHeTpo
el 521
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,Ppm;;;.rnumbl\ MICHOK B CHCTeME BH-P17892-M]
OAYRICTGRU IS TAL SURRSANMOTIN M = /) e
saBHCHMOCTH Theta & = fTH) (puc. 3, ew. -“mp.\-R. ‘r._.m

S oGnoXKN). TIpH nonayuenun xpunwix H;{\.,:l_“llu.
gupraHns " "CT'.m_ S i d‘cl"lxn;';ru:::__
RIX TRAGHONE BT BH-P17892-M] oﬁccnellmm‘

rouHOCTh BPALLLCHIA oGpasios no yray a » ropu ul\::

LaIbHOI MIOCKOCTH Ha ypoBHe 1°,

[TONYMCHHBIC HA OCAKIACHHBIX W OTOXKCHHBIX 06-

qauax oK FejpNizyCo g s rpadmkon wa pue. 3

(CM- R.Tnp'vm CTOPOHY OGIOXKKH) 3HAYCHUS k(b[ul."__

THBHOIL CHAN H,. n noas annsorponun H, npusencin

B 1abin. 1

Te xe 00pasibl OCAXACHHBIX M OTOXKCHHBIX TU1C-

HOK chNi;r,,Col(, HCCACAOBANIN HA cnempaﬁbud(m

3 THIICOMETPE Auto SE, umerouwiem auanaszon winn

soni A = 440..850 Hm, dukcnposannbii yron nane-

just = 70° € MCNOTBIOBAHMEM Pa3Mepa 0GAACTH W3-
wepetinst 500 X 500 Mxm [5]. Ontnueckas cxema a1-

AUNCOMETPA MOKA3AHA HA pUC. 4 (CM. BTOPYIO CTOPOHY

QBIOXKH). b

B npubope Auto SE MCTOYHMKOM u3nyueHus sB-
qseTCs TAJIOTEHHAs IaMIa MOWHOCTBIO 5 BT 1 romy-
Goit CBETOANOA. ABTOMaTHYECKHIA 3aTBOP MCTIONb3YeT-
cs 19 BBISIBJICHUS W noAasiieHus wyma. [lneuo Hany-
yaTessi COCTOMT M3 MCTOYHMKA CBETa, nonnpma"ropa' "
MOMYJIATOPA HA XWIKMX KPHCTALIAX, OObEANHEHHBIX
B ONTHYECKHI BIIOK.

Ha mcceayeMblii obpasell MIeHKH namaeT JHHeH-
go (MIOCKO) MOJIsIPU30BaHHAs BOIHA CBeTa, KoTopas
nociie OTPaXeHUsl CTAaHOBMUTCH B obuieM ciydae -
IMTITHYECKH mosipu3oBaHHOM. Tlocne oTpaxeHHs oT
obpasua Jy4 MICT Yepes3 KUIKOKPUCTALTUUECKHH MO-
AVASTOP M MOJSPU3ATOP. B 3aBeplleHUH BBIXOAALNH
cBeT aHAJIM3UPYETCs Ha CIEKTPOMETPE. HU3mepeHue
spinonusercss Ha [13C-aeTeKTope (neTekTOpe Ha OC-
Hose npubdopa ¢ 3apsi1I0BOM CBSI3bK0) B IMAra3’oHe JUTHH
sosH 440...850 HM.

B 0CHOBE 3JUIMIICOMETPUYECKHX MCCIIeI0BAHMH Jie-
XHT ONpe/ie/ICHAE OTHOLIEHMS KOMILICKCHBIX K090-

buiMeHTOB OTPAaXEHHUs RP/RS JUISt IBYX TWUITOB [OJIS-
pM3alMK CBETOBOW BOJIHBL: B ruiockocTH naxeHust (p)

M NEepneHaInKYJIsSpHO K Heit (s). DTO OTHOLICHHE npH-
HATO BbIpaXarTb 4€pe3 AIUTUIICOMETPUYECKHE Tapa-
MeTpbl ¥ U A, KOTOpbIC XapaKTepu3yloT OTHOCHTCIL
HOe M3MeHEHNe aMILTUTYL i p- 1 s-riosipu3alMi 1
caBUT (ha3 MEXIy HUMHU [6]:

tgwexp(id) = Ry/Rs

JTleiicTBuTeNbHO (DU3NUECKUI CMbIC AIUTUIICOMET-
PHUYECKUX MapaMeTpoB, uHoraa Ha3bIBaeMbIX -nqmlpn-
SO HbIMH nApameTpamu, mpocToit: Y noKa3bIBa-
€T OTHOIEHME aMIUIUTYL KOI(OUIMEHTOD OTPEE:
HUA L5l p- W S-BOJH, @ Mapamerp A pasen PRBHOSEA

(1)

KoMiuiekcume Ko WPOUMLIMEHTHE OTPAKEHMA 3ARN-

CHT OT \c\nu‘wwrhu\ cBoiicTn uecenenyemoi heppomar-
HHTHOH TJICHKH, @ TAKXKE OT yIia naicHus coera B v

Cro JUTMHBLI BOAHBLE A. Ecan yucao napaMerpon, 1nou-
NeXaunx onpeneneHuo, bonsine ABYX, TO MOXKHO
NPpoOBECTU N IMCPEHMHA NTPH CKAHWUPOBAHHH JUTHHK BOJI-

Hbl CBETA MO CNEKTPY (CHEKTPANLHAN WUTHICOMETPHA)

W, TEM CaAMBbIM, YBEIHYUTH YHCI0 YPABHCHMHI.
DJUTHNCOMETPHUICCKHIT IKCTIEPUMEHT Mpeanosara-

€T MNMOCNENOBATENLHOE BBINOJIHEHNUE CICAYIOIMX 1A~
ros |6]:

— TIpOBEEHHE HEOOXOAMMOro YNCAA WIMEPEHMH
(onpenencHue nesoit uactu ypastenui suaa (1)):

— BbIOOP aneKBATHOW ONTHYECKOH MOICIH, OfK-
ChIBAIOIEH OTPaXaIOlMe CBONCTBA HCCAEAYEMOTO 0b-
pasua (MoaennpoBaHHE TIPABOH YACTH YPABHCHHA (1))
— YUCJICHHOE peleHHe CHCTEMBbI ypaBHEHHH W OTl-
peieieHne HCKOMBIX MAapaMeTpoB MOICIIH.

— WHTEPNpPETALMS NOJTYUSHHbIX THCIOBbIX pe3yib-
TATOB HA S3bIKe (PUIUYECKUX XaPAKTCPHUCTHK MCCACIy-
€MOro obbeKTa.

CrnekTpaibHbIi 3JUTHIICOMETP Auto SE He uaMme-
PSET HAMPSAMYIO JUTHTICOMETPHHIECKHE napameTpsl ¥
1 A. OHW OTPpEACIsOTCH B PE3Y/bTaTe aHaaM3a CreK-
Tpa, H3IMEPEHHOTO Ha ACTEKTOPE, Mpy pasiIHyHbIX MO~
NOXKEHUAX XKHAKHX KpHUCTaLIOB. 3aTo IUTANCOMETP
Onpe/ensicT CBA3aHHbIE C HAMH XapaKTepUCTHKH I

u I, [5]:

I = sin2¥ - sinA; (2)
I. = sin2¥ - cosA. (3)
Tadnuua 1
Table 1

Pe3y/IbTATH H3MEPEHHI MATHHTHLIX NAPAMETPOB oOpasna IWieHKR
Fe 1Ni;4C014 C NOMONIBIO CHCTEMBI LIS JOKAILHOTO HCCe10BAHNA
marnmToonTHYeckoro dddexta Keppa BH-PI7892-MI
ch =408 nmupn g = 0°

Results of measurements of the magnetic paramelers of the sample
of FejoNi+4Co s film by means of BH-PI17892-MI system
for the local research of the magneto-optical Kerr effect
with A =408 nm at B=O°

Vron opreHTauuy obpasua
ienkn FeoNizgCog
B FOPH3IOHTAIBHON TIOCKOCTH
@ = 1257 (110 HanpaBICHHKO

Vron opHeHTaluy odpasta
TUTEHKH FC[DNi?4C016
B FOPH30HTATBHOH TLIOCKOCTH
a = 35° (1m0 HAMPABACHHIO
OCH JIerKoro HaMarHHYHBAHMA | OCH TPYAHO

(OJTH)) (OTH))
Angle of orientation of the sample Angle of oriemafian
ofFewNiHComﬁfm in the Qf FE")NI‘HCQM in the

horizontal plane @ = 125
(in the direction of the axis
of hard magnetization (AHM)

horizontal plane a. = 35
(in the direction of the axis
of easy magnetization (AEM))

Koopuurusnast cima H, 9 Mone auwsorporun H,, 9

roO HaMArHHYHBAHHA

)

Coercive force H, O¢ Field of anisotropy Hy, Qe
29 25,9
Su7 17.3
4.6 6.4

Mexay dasosbiMU CKaUKaMi 5TMX BOJIH MpH OTPa-
KEHUHU.
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T"'f‘-'nh .

e gNi7aCOt6 © MOMOUIRE CEKTPAILIOND dimnicomern, Autg « "nhti
opan WIS 5o f Auto SE s
meTpon B . - by means of Awto SE spectral oy Psome
Peryasrana masopesnit armer TPY e of Fe oV 2016 N’”____,__| N -—___”"" fer gy it ¥ i
’ ! he sampie A y ! Vi T S fhs
e MGENEnc paramerers o r_!_l__ S Lt pOpasia TIeHKH r:” []ll[‘:m':.':"“"“ OBy e
Resuies of moasarements of ¢ e ——— ( Vo n|1ll(-'"”‘“||‘ ropi JOHTAILHON Umu(H: “:-1 Mg v I'““"3“’ll'l-l-ll:“'.]‘”iq ’al';
B ek i ) it JKOC = uny, /
- F"‘ul'\“:"( f‘:t 15° (1o |t;|1l|"='“-'“"';ll';) (:cu 'l'D\frllln;':] H'll 2'7-‘ (o g, 1 m""ﬁ
pockocT! @ .;\l:i;llillllllliillillﬂ l'()? /lfl-,iy't’ “f””;'::-lilljtl'11|1:;l| H““-Tt.mu, [
ocw Jerkore ”f-.prrl.f."rm of the sampe of Fe ;yNi,C N o the ¥a “y“h i
Angle 'f’f ‘:::,“ film in the horizontal : J JE f;'i" C ':fr. ilnt iy the Jm:'ﬂir i
of Fe Nz .:: e direction of the axis | plane a;f;mm_r ; I( in Ihrf d.‘rc{-rim, X gy
plane @ 'Wn::mm-rf-umm (AEM)) - agnetizajg, Mlh\f”” iy,
of easy ma “ — —
I ey 450 550 <
B e IR 550 A‘ 650 j ; 5 650 W { 1
. =T 450 i |
| damma panmn &, HM e L 0.880 0.702
| Wavelength %, nm -—-—-—}-;;{':"' 0.705 0.616 0,562 : ' 0614 " !
L 0,882 e
| Cwrsan a0 orkura /, ——— I'
| Signal before annealing 1 ————1 o672 | 0555 | 0525 [ 0821 | 0676 | 05 P
Curiaa nocae nepsoro OTKNGa mpi fo 1) - = |
Stgnal after the first annealing ar I Tf_‘_"_ﬁf)__c___ﬁ____.——-———-‘_—"“'ﬁ# 0,504 0,782 0,657 | 0,50 t
‘ —e00-C| 0781 | 0658 i ) 506 |
Cursan nocae sroporo otxura npi I 7 _ﬂﬁ' C Lt
o e ___-—_-_‘W__-()_-()_S-‘)_— 0,057 0,099 0,045 0,091 0,0 |1
L \ s
0,101 ' 53
Pasnocts curranos |5 — [yl |
Difference of signals |1, — Iy/| s e | 00 o
0.066 0,033 0,061 1 1 0.0%
Pasnocts curnanos |1 — [ : .
Difference of signals | ; — 1 5| |I

[1pu 3TOM 3HA4YEHMsI XapaKTePHCTHKH [ coc*r?BM-
10T NEPBHYHbINH HAOOP JaHHBIX, ONpeIessoIeH Ta-
pameTphl obpasia mueHku FeoNizgCo g, U ABIAIOTCH
KJIH04YeBbIMH 31€MEHTAMHM CIIEKTpa, MCIOJb3YEMOIo
ATA MOIOS/IHPOBaHHA.

O6paseu maenku FegNisyCo Ha cTONMKE ClIEK-
TpainbHOro sjaauncomerpa Auto SE Bpaiuiaid B ropu-
30HTATbHON TUIOCKOCTH BPYYHYIO, [0 3TOH MpUYHHE
TOYHOCTL BBICTABJIEHMS yria o cocrapasia +5°, JlaH-
HBIC Ha OCaXJAEHHbIX M OTOXKEHHBIX obpasuax rie-
HOK Fe gNi;4Co ¢ cHumann npu yrmax o = 35° u
a = 125° Ha yerbipex wtuHax BoaH A: 450, 550, 650 u
750 um. [ts Kaxaoro obpasiia, yria v JUIMHBL BOTHbI
3HAYEHMsI XapaKTePUCTHKM [, CHUMATK 10 3 pasa, yTo-

Ob! y4ecTb BO3MOXHbIE (uyKTyauuu, Bbi3BaHHBIE arl-
NapaTHbIMK OLUIMOKAMM, a 3aTeM YCPEAHSUIM U 3aHO-
CUIM B Tabi. 2.

Xots caenyer orMeTuTsb, yToO HanbonbLIMe Bapua-
UMM XapakTEPUCTUKH /i HEOTOXOKEHHOTO obpasiia
ﬂ"“’“"";?';flomncom Habmoxanu npu yriax o = 90°
Ha= :

3akmoyenne

_ Ha OCHOBAHWM MpOBe/eHH
9(’41&;181‘5 CICAYIOLME BBIBOIb:
Opasen nuewku Fe.,_oN._iHCam HE pasmaruu-
BaKyyMHOro omxura MpH Tem-
BTeyeHue 30 mun, tak KaK rer-

bIX SKCﬂepHMeHmB

JIW TepeMarH HYMBAHHA OTHOCHTCIIBHO OCY JIETKor) Ha-
varununsanus (OJIH) noa yriom o = 35° (e, pye 3
MO3ULIMK @ M b) MPAKTUUYECKH HE M3MEHMucy o
CBHETENLCTBYET O TOM, 4TO TOUYKa Kiopu mng yegye.
AyeMOi TUIeHKH JiexXUT Bbitie 400 °C.

2. [ocsie BTOPOTO BaKyYMHOIO OTKUTA MPH Teype.
patype 7, = 600 °C B Teuenue 30 MuH obpaser njey.
ku FejgNizyCoq pasMarHuTHiICS, YTO Onpeneses
MO MCYE3HOBEHWIO OCHM TPYIAHOTO HAMArHWYHBAHI
(OTH) noa yrnom a = 1257 (cM. puc. 3, nosuiums e, oy,
BTOPYI0 CTOPOHY 0010xKH). B npouecce octsisanis
00pa3La rnose 3eMIn HABEO AHU3OTPOTHIO O YION
o~ 70%, 4TO ObLIO 3ahUMKCHPOBAHO IKCTIEPHMEHTA
HO. JList Toro utoGel none AHWU30TPOITUH HE HABOLH:
JI0Ch, MUIACTHHY HYXXHO Bpallath B npoLecce ocTs:

BaHMsI.

3. Curnan cnextpanbroro sumncomerpa Iy e
THPYET Ha cTpykTypy ruteHkn Fe gNizgCoq, HIMCH
lolylocst B mpouecce Bakyymnoro orxura, [pre!
USMEHEeHME curhana /; Ha niHax BonH A = 430 HN*I‘
A =650 HM npakTHyecku B Ba pasa Gobue, 1
AUMHAX BOMH A = 550 um n A = 750 1M (cM. 1801~

4. MpoGaema TAaPUPOBKM CUTHANA cncmp”""ﬁn.
SUIMNCOMeTpa [ 1uist u3MepeHmst 3HAuCHMi Kogl:.w.
TMBHOI cunbl H, 1 nonst anusorponuu H, Gep i«
HUTHBIX MICHOK Hyxaetest B monoAHHTEIbHHY

ClenoBaHusx.
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A sample of Fe ;o;_\’ i 74C0 15 ferromagnetic film of 30 nm thickness was investigated after its deposition and two demagnetizing half-
hour vacuum annealings at the temperatures of 400 °C and 600 °C. The magnetic parameters of the film, namely, the coercive Jorce

and the anisotropy field, as well as their changes after the annealings, were determined using a system for studying of th
oprical effect of the Kerr and a spectral ellipsometer. A sample of the Fe ;yNiz,Co 4 film was not demagnetized after the first vac
°C during 30 minutes, since the magnetic loop relative to the axis of easy magnetiza
at the Curie point for the studied film lies above 400 °C. It is shown that

of the magnetic parameters of the Fe 10Ni74C0 46 film changing during a

annealing at the temperature of T, = 400
(AEM) at angle @ = 35° did not change. This means th
the signal of the spectral ellipsometer reacis 10 the change

vacuum annealing. Moreover, the response range at the wavelengths of 1
em of calibration of the signal of the spectral ellipsometer I; for meas-

at the wavelengths of A = 550 nm and A = 750 nm. The probl,

uring of the values of the coercive force H, and the anisotropy field H,
coercive force, anisotropy field, system for research of the magneto-optical effect

Keywords: Fe yNiz4Co s ferromagnetic Silm,
of Kerr, spectral ellipsometer
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Introduction

ot of Kerr consists in rota-
f the light reflected
Depending on the
magnetization of M,
(the surface of the
f polarization of
al magnetization
accordingly, the
of Kerr can be

The magneto-optical effe
tion of the plane of polarization 0
from a magnetized ferromagnetic.
relative positioning of the vector of
the plane of a ferromagnetic mirror
ferromagnetic film) and the plane ©
light, a polar, meridional and equatori
of the sample can be carried out, and,
polar, meridional and equatorial effects
observed (fig. 1) [1].

zurkin N. N. Analysis of the Para
o-optical Effect of Kerr and a Spectral Elli psometer,
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e magneto-
uum
tion

= 450 nm and A = 650 nm is almost twice as large, than

of the ferromagnetic films needs additional research.

meters of the Ferromagnetic Films by Means of the
Nano- i Mikrosistemnaya

Experiment

We investigated a sample of a ferromagnetic film
of Fe gNiz4Coye with thickness of 30 nm. The film
was deposited on a substrate, which was a wafer of
KDB-12 (100) monocrystal silicon with diameter of
150 mm with layers of thermal oxide (SiO5) of 0.6 um
thickness and high-temperature silicon nitride (Si3Ny)
with thickness of 0.13 pm. Process deposition of a
film was implemented on magnetron sputtering tool
PHASE 11J, AJA International Inc. (USA) under mag-
netic bias field near substrate of Hy = 40 Oe.

P———— Y
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tor of the spontancous magnetization = .rl-f;w mag-
romagnetic film is directed along the axis 0— t"'--n' o the
netization (AEM), coinciding with the directi€

magnetic bias field Hy. In the plane of lh.e tctron.’l:ir

netic film, perpendicularly to AEM., there 15 the axis 4

hard magnetization (AHM). When the ex[ei.'nal_ maﬁl

netic field H is applied, the vector of magnetization
urns. coming nearer to the direction of the field with
an increase of its value, i.e. there is a dependence

M = f(H) [2]. :

For the investigated samples in the form of thin fer-
romagnetic films the meridional Kerr effect 1s chargc—
teristic. It consists in a turn of the plane of polarization
by Kerr angle, designated as ; and occurrence of c!-
lipticity of the reflected light during the film magneti-
zation.

The coercive force H, and the field of anisotropy H,
of the received sample of the ferromagnetic film was
measured in BH-PI7892-MI system manufactured by
NEOARC Corp. (Japan) for the local research of the
magneto-optical Kerr effect. The measurement circuit

this system is shown on fig. 2.

A monochromatic beam of light radiated by laser /
with the wavelength 2. = 408 nm, formed by optical el-
ements 2, 4and 5, passing through polarizer 3, acquires
a linear polarization. The linearly polarized beam of
light with diameter of about 3 um is directed to the

sample of the ferromagnetic film 7 practically perpen-
dicularly to its surface (the incidence angle of the beam
of light . counted from a normal to the film surface,
is close to 07, i.e. B = 0°).

After reflection from the surface of the ferromagnetic
film 7, which is in the external magnetic field (S — N),
c-reat_ed by the electromagnet 6 with a power unit /2,
the llghl polarization becomes elliptic. Then, the beam
of light falls on the analyzer 8, the role of which is
played by the Wollaston prism, which divides light into
two beams of orthogonal polarization. The two beams
coming from the prism get to the photodiodes of the
photodetector 9 with Glan — Thompson prism, wher

:.hc optical signals turn into the electric signals, the dif.
ference of which is modulated and detected by the syn-

ctor 10and arrives for Proces
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parameters, which are sometimes called polarizi®®

rameters, is simple: g% shows the relation of (¢
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The values of the coercive force ﬂ( and fiely of ments (
isotropy Hy, receivcd on the dcpnsneld and ;mﬁe:ln. e ond
samples of Fe,oNi74C0i6 films from diagrams i ﬁgﬂ; e
(see the ond gide cover) are preseme‘d intable | Se il

The same samples of the deposited and annegley |  (model
fims of FejgNizgCoye Were investigated on Ay, :‘:: \ =
spectral ellipsometer with the‘ FOERE of the Wave. tions a
lengths A (440 — 850) nm, fixed incidence angle b=y \ eters:
with the use of the size of th}e area of measuremey, | —
(500 x 500) um [5]. The optical circuit of the e, the la
cometer is shown in fig. 4, see the 2" side of coyer vestig

In Auto SE device the source of radiation is a hy. | Al
ogen lamp with power of 5 W and a blue light-emitting rectly
diode. For detection and suppression of noise an aytq. deter
matic shutter is used. The radiator shoulder consists of meas
a light source, a polarizer and a modulator on the liquig liqui
crystals integrated in the optical unit. the ¢

A polarized wave of light falls linearly (plainly) on
the investigated sample of a film, which after its reflec-
tion becomes elliptically polarized. After the reflection
from the sample the beam goes through the liquid crys-
tal modulator and the polarizer. In the end, the outgo-
ing light is analyzed in the spectrometer. Measurement set
is carried out on a CCD detector (the detector based on sar
a charge-coupled device) within the range of the wave- of
lengths of 440...850 nm.

The ellipsometric research is based on determina- hc
tion of the relation of the complex reflection coeffi- sp
cients R,/R for two types of polarization of a 1ighl s€
wave: in the plane of incidence (p) and in the on¢ which a
is perpendicular to it (s). This relation is usually & c
pressed through the ellipsometric parameters ¥ and & I
which characterize the relative variation of the 9:“‘91" P
tudes for p- and s-polarizations and the phase shift be- b
tween them [6]: :




S litudes or‘lhe rcﬂcctign coeflicients for p- and S-waves,
i 1 while the Pammelcr Ais equal to the difference between
’0\»39"‘ (he phase jumps of lhcs.e waves during the reflection.
. Th._\ con"lpler_c reflection goemcients depend on the
'cltiog‘ optical properties of .[h‘f‘ Investigated ferromagnetic
n't'on film, and Ialso ]0‘" the incident fingle of light f and its
R = w:welcpgﬂ A It lhe.nun‘ﬂscr.nl the parameters, which
Fh:_.)l are subject to determination, is more than two, it is pos-
rin~ sliblf-‘ to rf;;:kc lmeasuremenls during scanning of the
theg light wavt]t,ng_l 1‘ by ‘lhe Spectrum (spectral ellipsome-
try) and thus increase the number of the equations.
:n(ff TIw ellipsomc‘_tric experiment envisages a consecu-
e tive |111p|e1T1€nlat1011 of the following steps [6]:
— carrying put pfthe necessary number of measure-
e ments (determination of the left part of the equations of
d the kind (1));
3 — sc[ec!ion of an adequate optical model describing
the reflecting properties of the investigated sample
- (modeling of the right part of the equation (1)):
E — a numerical solution to the system of the equa-
< tions and determination of the required model param-
)° eters.
it — interpretation of the received numerical results in
= the language of the physical characteristics of the in-
vestigated object.
: Auto SE spectral ellipsometer does not measure di-
: rectly the ellipsometric parameters of W and A, they are
i determined as a result of an analysis of the spectrum,
measured by the detector at different positions of the

liquid crystals. However, the ellipsometer determines
the characteristics of /. and /. [5] connected with them:

I, = sin2¥ - sinA, (2)
I, = sin2¥ * cosA. (3)

At that, the values of characteristic /; are the initial
set of the data, which determine the parameters of the
sample of Fe;yNi;4Co4 film and are the key elements
of the spectrum used for modeling.

The sample of Fe;(Ni;4Co,¢ film was rotated in a
horizontal plane manually on a little table of Auto SE
spectral ellipsometer, for this reason the accuracy of

setting of angle o was +5°. The data on the deposited
and annealed samples of Fe oNiz;Co,¢ films were re-
corded at angles a = 35° and @ = 125° on the wave-
lengths of A: 450, 550, 650 and 750 nm. For each sam-
ple, angle and wavelength the values of characteristic /;
were taken 3 times in order to consider the possible
fluctuations caused by the hardware errors, and then

they were averaged and brought into table 2.

Although it is necessary to point out, that the great-
est variations of characteristic /; of the unannealed
sample of FeyNi,Co,4 film was observed the at angles
o =90 and a = 270".

Conclusion

On the basis of the experiments it is possible to draw
the following conclusions:

|. The sample of FeyNi;4Co g film was not demag-
netized after the first vacuum annealing at T, = 400 °C
during 30 min., because the loops of the magnetic re-
versal practically did not change in relation to the axis
of easy magnetization (AEM) at angle o = 35° (fig. 3,
positions a and b, see the 2™ side of cover). This tes-
tifies to the fact that the Curie point for the investigated
film is above 400 °C.

2. After the second vacuum annealing at 75 = 600 °C
during 30 min. the sample of Fe yNi;4Co,q film be-
came demagnetized, which was defined by the disap-
pearance of the axis of hard magnetization (AHM) at
angle a = 125° (fig. 3, position e, see the 24 side of
cover). In the course of cooling of the sample, the field
of the Earth induced anisotropy at angle a ~ 70°. which
was recorded experimentally. In order to avoid the field
anisotropy, the plate should be rotated in the course of
cooling.

3. The signal of the spectral ellipsometer [, reacts
to the structure of FeyNi;4Co,q film, which changes
in the course of the vacuum annealing. At that. the
change of signal /; on the wavelengths of » = 450 nm
and A = 650 nm is practically twice is more than on the
wavelengths of A = 550 nm and A = 750 nm (see the
table).

4. The problem of calibration of the signal of spec-
tral ellipsometer / for measurement of the values of the
coercive force H_ and fields of anisotropy H,, of the fer-
romagnetic films requires an additional research.

The work was performed on the equipment of MIET
Core facilities center "Microsystem technique and the bas-
es of electronic components”, supported by the Ministry of
Education and Science of the Russian Federation (state
contract No. 14.594.21.0012, unique identifier of the
project REMEFI5S9417X0012).
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PHCYHRN K CTAThE A. A

N. N. Mazurkin

a)

f)
Ni_,Co,, Boab nanpasienns ocu jierkoro savarumusanns (OJIH) opu
yrae o= 35° (a, b, ¢) u KpuBBle HAMATHHYHBAHNA B[10/Ib HANPABIEHHs ocH Tpyanoro namaruwunsanus (OTH) opu yrae o = 125°
(d, e, [), noayuennnie B cicreme BH-PI7892-MI:

@, d — 0bpasiibl IIeHKH 110CIe 0CarIeHus]; b, € — 06pasiibl IIICHKH [oc/ie NepBOro OTHKATA TIPH I =400°C;

¢,/ — obpasiibl [IIEHKM NOC/E BToporo oTxkura npu T, = 600 °C

d)

Puc. 3. et nepemarununBanus o6pa3nos mienkn Eell

Fig. 3. Loops of magnetization reversal of the samples of Fe Ni, Co, film along the direction of the axis of easy
magnetization (AEM) at angle o. = 35° (a, b, ¢) and the curves of magnetization along the direction of the axis of hard
magnetization (AHM) at angle o = 125° (d, e, [), obtained in BH-PI7892-MI system:

@ d — samples of the film afier the deposition; b, e - samples of the film after the first annealing at T, =400 C;

¢, [ — samples of the film afier the second annealing at T, = 600 C

Puc. 4. Onmideckas cxema cnexrpaisaoro cazosoro
aLmncomerpa Auto SE:
obpaser| — IUICHKa FemNLJCoM; n — HOPMATIh K
MOBEPXHOCTH IUIeHKH; B = 70° - yron najgeHus CBETOBO-
[0 Iy4YKa Ha TMOBEPXHOCTh TUICHKH;
I — KamUBPOBOUHbIE KoJeca; 2 — ONTHYCCKIE OJIOKH;

3 — YO dustp; 4 - CBETOMMON AT OCBEICHIS obpasiia;
5 — II3C kamepa (kamepa Ha OcHOBE npubopa co cBsA3aH-
HBIM 3apsifioM); 6 — 3aTBOP; 7 — BEIOOP e,

&8 — aBToMaTH3HpOBaKHas aneprypa; 9 — CHEKTPOMETP;

N

7

10 - romy6oit cBeTommon; I/ — ranoreHoBas naMma

\‘ Fig. 4. Optical circuit of Auto SE spectral phase
- - ellipsometer: sample - Fe Ni, Co,, film;
n — normal to the surface of the film;
i B = 70° — angle of incidence of the light beam on the
’ surface of the film; 1 — calibration wheels;
2 — optical units; 3 — UV filter; 4 — white LED for

sample illumination; 5 — CCD(charge coupled device)
Obpasel camera; 6 — shutter; 7 — slit selection;
Sample 8 — automated pinhole; 9 — spectrometer;
10 — blue LED; 11 — halogen lamp




