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MATHITOAE®OPMAIIHHUN E®EKT
Y IBOIIAPOBUX IINIIBKAX Co/Cu
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Cymcovkuii depoicasHutl yHieepcumem,
Yrpaina
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[MpeacrariieHi pe3yabTaTu JOCTIHKEHHS CTPYKTYpHO-()a30BOr0 CTaHy JBONIAPOBUX IUIIBOK OCHOBI
Co Ta Cu no Ta micisa nedopmartii. Becranosneno, mo npyxHa nedopmariiss IpakTHYHO HE BIUIMBAE
Ha KPUCTAJIIYHy CTPYKTYpPY 3pa3KiB. JloCHiKEHO BIMB MEPICHIUKYIIPHOTO MAarHITHOTO TIOJNS Ha
TEH30PE3UCTHHI BJIACTUBOCTI 3pa3KiB, pO3pax0oBaHO MAarHITHUN Koe(dimieHT KoedimieHTa TeH309y-
TIUBOCTI. Mar"iTHe moJjie MPU3BOAUTH 10 301TBIIeHHS KOS(hIi€HTY TeH30TY TIIMBOCTI.

Kurouosi cioBa: naomraposi mriBku Co/Cu, Maraitogedopmamiianii epext, KoedimieHT TeH304y-
TIIMBOCTI, MPYKHA JeopMariis.

MATHUTOJE®OPMAIIMOHHBIN DODPEKT
Y ABYXCJIOMHBIX IIJIEHKAX Co/Cu
3. H. Makyxa, HU. E. IIpouenko

[IpencraBieHHbIE PE3yIbTATHl UCCIIENOBAHMS CTPYKTYPHO-(a30BOr0 COCTOSHHS IIJICHOK Ha OCHOBE
Co u Cu 5o 1 mocne nedopmanum. YCTaHOBICHO, UTO YIIPpyTas AeGopMaItis MPakTHISCKH HE BIUIET
Ha KPUCTAJUTMYECKYIO CTPYKTYypy 00pasnoB. MccnenoBaHo BIMsSHUE MEPHICHIUKYISPHOTO MArHHT-
HOTO TOJISI Ha TEH30PE3UCTUBHBIC CBOMCTBA 0OPAa3lOB, PACCUYMTAaH MarHUTHBIA KOY(D(OUIMEHT KO-
a¢dunreHTa TeH309yBCTBUTENFHOCTH. MarHuTHOE 10Jie TIPUBOAUT K YBEIHUSHHIO KO3 duImeHTa
TCH301YBCTBUTCIbHOCTH.

KnrwueBsie cioBa: nByxcioiinbie mwienkn Co/Cu, marantonedopMauuoHHbiil adekt, korpduuu-
C€HT TCH301YBCTBUTCIIbHOCTH, IUIACTUYCCKAs I[e(l)opMaHI/Iﬂ.

MAGNETO-STRAIN EFFECT
IN DOUBLE — LAYER FILM Co/Cu

Z. M. Makukha, I. Yu. Protsenko
The results of a structural-phase state study of the films based on Co and Cu before and after strain
were presented in the work. It was found that the elastic deformation didn’t influence the crystal stru-
cture of the samples The influence of a perpendicular magnetic field on the strain properties of thin-
films samples was investigated, magnetic coefficient of the gauge factor was calculated. Magnetic
field leads to increase of the gauge factor.
Keywords: double-layer films Co/Cu, magneto-strain effect, gauge factor, magnetic coefficient of
the gauge factor, elastic strain.

BCTYII

Po3poOka OararodyHKITIOHATBPHUX JATYUKIB,
aKi O peecTpyBaiu NBI Ta OLIbIIE BEIUYUH
OJTHOYACHO, € aKTyaJIbHOIO MPoOJIeMOoro (Pi3uKu
TOHKUX TIUTiBOK. OIHHUM 13 BapiaHTIB TaKOTO
JaT9uKa MOXe OyTH TEH30[aTYMK Ha OCHOBI
MaJOAOCIIKEHOTO0  MarHiToaepopmaliiitnoro
edexty [1, 2], TOOTO 3a1EKHOCTI TEH30UYT-
JIUBOCTI BIJI BEJIMYMHHU 30BHIITHHLOTO MAarHiT-
Horo moJisi. Lls1 mpoGiemMa 3HAXOMUTHCS B TIO-
Ji 30py JAOCHITHHUKIB 3 TOYKH 30pY BIUTUBY
MarHiTHOTO TOJII Ha TEH30PE3UCTUBHI Ta Me-
XaHIYHI BJIACTUBOCTI MACHBHHMX 1 ILIIBKOBHUX

MmarepianiB [3—S5]. Byno BcTaHOBIEHO, 110 Jis
MarHiTHE TO0Jie HEBEJIMKOTO 3HAYCHHS MPU3BO-
TUTH 10 30UIbIICHHS 3Ha4YeHHs KoedilieHTa
tenzouytuBocti (KT) y macuBHux amopd-
HUX METaTIYHUX CIUIaBax Ha ocHOBI Fe, B Toit
yac SK 30UIbLICHHS BEJIHMYMHU MAarHITHOTO
noJist mpu3BoauTh 110 3MeHmeHHss KT 3 Buxo-
JIOM Ha HacM4YeHHS y 1ux cmasax [3]. YV Ha-
MIBIPOBITHUKOBUX Marepiajax p-THITY TIpO-
BIJIHOCTI y MAarHiTHOMY IIOJ1 BEJIMYHUHOKO 3
Tn cnocrepiraetscss 3menmeHHss KT (BigHo-
CHa 3MiHa OMOpPYy CTaHOBHUTH 12 % mnpu mii
MardiTHoro noist ta 9,5 % 06e3 moasa, ToOTO
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KT 3menmyerbes 3 4 10 3 BIAMOBIIHO) MpHU
nedopmaii €, = 0,03 % [4]. [luranns 3minu
¢$az0BOro cTaHy Ta KPHUCTAJI4HOI CTPYKTYpH
TUTIBKOBUX MaTepialliB y MpOIleci Ta Micis Jie-
¢dopmairii OyJi0 BUBYEHO 1 0OTOBOPEHO B poOO-
Tax [6—38].

MeTtoro gaHoi poboTH OysO JOCIHIIKEHHS
TEH30PE3UCTHBHUX XaPaKTEPUCTUK TUTIBKOBHX
MarepiajiiB B yMOBax [ii 30BHILIIHHOIO EPIIEH-
JTUKYJISIPHOTO MarHiTHOTO ITOJIsA, @ TAKOX BILIU-
By nedopmallii Ha CTPYKTypy Ta (Ha30BHi cTaH
wiiBoK. [lmiBkoBi cuctemu Ha ocHoBi Co Ta
Cu mpencTaBisOTh 3HAYHHUMA 1HTEPEC 3 TOYKH
30py MOXJIMBOTO iX 3aCTOCYBAaHHS SIK UyTJIU-
BUX €JIEMEHTIB MIKPOCEHCOpPIB, OCKUIbKH B
[[UX CHUCTEMaX yTBOPIOETHCS TBEPAMM PO3UUH
Ha cTajii KOHJEHcallll, a TaKOX peani3yeThCs
CITIH-3QJIC)KHE PO3CIIOBaHHS €JICKTPOHIB.

EKCIIEPUMEHTAJIBHA YACTUHA
[111BKOBI 3pa3Ku OTPUMYBAIKCS METOIOM TEp-
MIYHOTO BHIIApOBYBaHHS y BaKyyMHiil ycra-
HoBii BYII-5M (10°—10* Ila). ToBmuna
KOHTpOJTIOBaJach B TPOIECi KOHIEHcamii Me-
TOZOM KBapIIOBOTO PE30HATOPA, a TAKOXK yTOU-
HIOBAJIACh TMCIS HANWJICHHS METOIOM OIl-
TU4HOI 1HTepdepometpii. s mocmimkeHHs
TEH30PE3UCTUBHUX BJIACTHBOCTEH Ta MarHiTo-
nedopmaniitHoro eexry 3pasku gepopMmyBa-
JMcs B IHTepBai NpyxHO1 nedopmarii 1s na-
Hux Marepianis €,= (0—0,4) % 3a 1onomororo
AaBTOMATH30BAaHOI CHUCTEMHU 3 KOMII IOTEPHUM
YVOpaBIiHHAM TMpoliecy (AeTanpHime podoTa
YCTaHOBKM omnucaHa B [9]). Sk miakiagku Bu-
KOPHCTOBYBAJIUCS CMYXKKU TOJIICTUPOIY, Y
AKUX 1HTepBaJl NpykHbO1 Aedopmariii 10 2 %,
TOOTO 3pa3ku aeOPMyBaTTUCS TIPYKHO.

[{ukn «HaBaHTa)KEHHSI-3HATTS HaBaHTAKEH-
HsD» TPOBOAMBCS 0€3, a MOTIM ITPH 111 30BHIITHB-
Or0 MarHiTHOTIO I0JIs, OPIEHTOBAHOTO MEPIIEH-
TUKYIISIPHO IO HANpsIMKY pO3TITY IUTIBKH.
MarHiTHe TOJ€ CTBOPIOBAJIOCH MOCTIHHUMHU
MarHitTamu 3 ingykuieto 30 mTo.

CepenHe Ta MUTTEBE 3HAYCHHS KOC(]ILI€HTY
MOB3/IOBKHBOI TEH30YYTJIUBOCTI PO3paxOByBa-
Jock 3a popmynamu [10]:

1 AR .
— i

— — 1 A121'
R, Ag,

K - E Ag, ’

Yii

ne R ta R, — 1oYaTkoBe Ta MUTTEBE 3HAYEHHS
eneKTpu4Horo onopy; AR = R(g) — R(0) ta AR,
= R(g,+ Ag,) — R(g,) — 3MiHa Onopy y BCbOMY B
inTepsan aedopmanii (Ag) Ta B inTepsai Ag, ;
€, — 3HaYEHHs M0310BXKHBOT edopmarii.

Jlnst KimbKicHOI OIiHKM MarHitoaedopma-
HiiHOro edexkty npu TMOB3IOBXKHIN nedop-
Marii 3pazka Oysio po3paxoBaHO MAarHITHUI

KOC(IIIEHT KOE(IIEHTYy  TEH304yTJIHUBOCTI
(MKKT), 3a popmymoro [1, 2]:
1 Ay,
=— | =0 (1)
Ble Y] (0) ( AB jgl

ne Ay, =v(B) —v(0); AB — 3mina iHayKUii Ipu-
KJIQJICHOTO MarHiTHOTO TOJI.

JlocnimkeHHsT CTPYKTYpHO-(a30BOr0 CTaHy
pOBOAMIIOCS 3a nornomMororw npunany [IEM-
125K. Ha momicTHposioBl CMYKKH KOHICHCY-
BaBcs map NaCl (ToBuiuHa B AEKIJIbKA TECATKIB
HM), a ToTiM TuTiBKa Co abo momapoBo oca-
)kyBaBcsa Co ta Cu. Ilicist mpoBeneHHs UKITIB
«HABAHTAKCHHS <> 3HATTS HABaHTAXCHHSD
3pa3Ky TpenapyBajuch A €JIeKTPOHHO-Mi-
KPOCKOMIYHUX JOCIIDKEHb iX CTPYKTYpHOTO
CTaHy, TOOTO eJIeKTpOHOTrpadidHi JOCITIIKEHHS
MIPOBOJIMIIMCH JI0 Ta Ticis Aedopmariii 3paska,
10 JTO3BOJIJIO BU3HAYUTH BIUIMB Aedopmariii
Ha 3a3Ha4€HI BIaCTUBOCTI.

PE3YJIBTATH TA iX OBIOBOPEHHS
Bynu mpoBeneHi AOCHiIKEeHHS Y OTHO- 1 JABO-
nrapoBux IIiBok Ha ocHOBI Co ta Cu mepen
ta micng aedopmanii go 0,4 %. Pesynbratu
npenactapieHi Ha puc. 1, Ha mpukiaagi Co(30 Hm)
/NaCl/II.
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Puc. 1. Kpucraniuna ctpykrypa Ta audpakiiifHi Kap-
TuHU Big omHomapoBoi rmiiBka Co(30)/I1 y cBixko-
CKOH/ICHCOBAaHOMY CTaHi (a) Ta micimsa nedopmarii 1o
£,=0,4 % (0)

OnHomapoBi 3pa3kd MalOTh KPUCTATIYHY pe-
uritky, mo Bignosigae I'IIIT-Co, y nBomapo-
Bux, okpim ['IIII-Co, Ha enekTpoHOrpamax ¢i-
KCYIOThCS KUIBIIS TBEpaoTro po3uuHy T. p. (Cu,
Co) na ocnosi rpatku ['TIK-Cu.

[Ticns nedopmanii (puc. 16) cyTreBUX 3MiH
B CTPYKTYpHO-()a30BOMY CTaHI HE crocTepira-
€THCA, 10 MOXKHA TIOSICHUTH THM, IO 3pa3Ku
neOopMYIOThCS TIPYKHO, Ha BiIMIHY Bia, Ha-
NPUKIIAJ, TaHUX poOiT [6, 7], B IKMX 3pa3KH 3a-
3HAIOTh TUIACTHYHOI Aedopmarliii, B pe3ynbTari
YOro CIIOCTEPIraroThCs 3MiHa (ha30BOTO CTaHy,
pyX AMCIOKaIii 3 06’ eMy 3epHa Ha Horo Mexi
Ta YTOHEHHS 3pa3ka. Po3mmdpyBaHHSA enek-
TpPOHOTIpaM HaBeJieHe B Talu. 1.

TumnoBi aedopMarliiiHi 3aJeKHOCTI OIHO-
Ta JIBOIIAPOBUX IUTIBKOBUX CHUCTEM 0€3 Ta mpu
Il TepHEeHAMKYISIPHOTO  MAarHiTHOTO — TIOJIS
(B = 30 mTn) npencrasneni Ha puc. 2, 3 (me-
dopmarrist 6e3 1ii MarHiTHOTO TOJIsS pHC. 24, 3a,
Ta MPU BHECEHHI 3pa3KiB B MarHiTHE moje 20,

36).

ARIR

M
:\/H vl= 2’9

0,020 ¢

0,015f

0,010

0,005

0,000F

452 l. i " i i
00 010203 ¢, %

-0,005

0,0 0,1 0,2 0,3 €, %

ARIR
0,025 v,

V:= 3,7
0,020 }

o N MO

0,015 ¢

0,0 0102 0,3 a% B v
528

524 | _ i
520 p w7
516 F s

512f

00 0,102 03¢,%

0,010 f

0,005

0,000

0,3 €, %

6
Puc. 2. 3anexnicts AR/R, R ta Y, BIJ €, I TUTIBKHA
Co(36)/I1 6e3 (a) Ta mpu aii MarHiTHOTO TONA (0)

Taomms 1

Po3paxyHok esiekTpoHorpam Bia onHomaposoi miisku I'IIIT-Co(30)/NaCl/I1
Y CBIZKOCKOHIEHCOBAHOMY CTaHi Ta micas aepopmanii 10 €= 0,4 %

N =0% N £=04 %
Ls.o. |d,A| hk a, A Ls.o. |d A | hk a, A
1 C 2,16 100 | 2,50 1 C 2,18 100 | 2,51
2 C 2,04 111 - 2 C 2,06 111 -
3 C 1,92 101 - 3 C 1,93 101 -
4 e 1,49 102 4 e 1,51 102
5 cp 1,25 110 2,51 5 cp 1,27 110 2,53
6 e 1,16 103 - 6 cn 1,17 103 -
7 cp 1,07 | 201 - 7 cp 1,08 201 -
a (CIIII-Co) = 2,51 A a (F'I1-Co) = 2,52 A
a,(TI1-Co) = 2,51 A [11]

C — cunpHa; Cp — CepenHs; ¢l — ciadka
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ARIR
0012} Yw |
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9 3 W
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L 0,0 01 02 03¢,% RO
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1475 b0 o
0,000 ) 000102 03¢,%
0,0 0,1 0,2 0,3 0,4
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ARIR
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6

Puc. 3. anexnicts AR/R, R Ta v, Bix €, i mnisku Co(20)/Cu(30)/I1 6e3 (a) Ta npu aii MarHiTHOTO Mo (6)

s medopmamiiHuX 3aJICKHOCTSH Xapak-
TEpHA THIIOBA BiMiHA TepIIoro aedopma-
[IITHOTO IMKITY BiJl HACTYIHUX, 110 MOB’SI3aHO 3
penakcariifnumMu nporecamu y tuiiBii. Koedi-
[IEHT TEH30YyTIIMBOCTI Ul OAHOIIAPOBUX ILTi-
BoK Co 3HaxonuThes B Mexax v, = (1,4—2.,9), s
JIBOIIAPOBUX — 7, = (1,3—3,4) B 3a1€KHOCTI Bij
TOBIIMHHU 3pa3ka. KoedilieHT TeH304y TIIMBOCTI,
B Me’KaxX MOXUOKH, CT1a/1a€ 3 TOBIIMHOKO Ta BiJIIO-
BiJIa€ KJIACUYHIN pO3MIpHIN 3alieXHOCTI. BigHO-
CHO MaJIe 3HAYECHHA Y, TOSACHIOETHCS MOXKIIMBUM
301bIIeHHs KoedirienTa [lyaccona 1o Benudun-
HU, OutbmIol, HiX 0,5 (meranpHime aus. [12]).
Pospaxynox Benmmumau MKKT 3piiicHroBaBCs
3a (hopmymoro (1).

3 OTpUMaHUX pe3yJbTaTiB MOXKHA 3pOOHUTH
BHCHOBOK, 1[0 Mar"iTHE TOJI¢ TPU3BOAMTH JIO
301IbLICHHS KOS(IIIEHTY TEH30Uy TIIMBOCTI ISt
OJTHO- Ta JUIS IBOIIAPOBUX ILJTIBKOBUX CHUCTEM
Ha ocHoBi Co 1 Cu, a Bennunna MKKT mae 3Ha-
yenns 7,1— 16,7 T ! (Tadm. 2).

BUCHOBKH

BupueHo cTpykTypHO-(ha30BUli CTaH ILIiB-
koBUX MarepiamiB Ha ocHOBI Co ta Cu 1o ta
micna pedopmanii € = (0—0,4) %. Beranos-
JIEHO, IO TMpY)XKHA Ae(opMallisi IpakTUIHO HE
BIUIMBA€E HA KPUCTAIIYHY CTPYKTYpY 1 HE 3Mi-
HIO€ (pa30BUil cTaH CUCTEM.

JlocnipkeHO BIUIMB MArHITHOIO IIOJS Ha
TEH30PE3UCTHBHI BIACTHUBOCTI OJHO- Ta IBO-
nrapoBux cuctem Ha ocHoBi Co ta Cu. Berano-
BJICHO, IO MEPHEeHIUKYISpHE MarHiTHE MoJe
MPU3BOIUTH 10 30UIbIICHHS KOe(illieHTy TeH-
304y TIAUBOCTI, III0 MOKHA MOSICHUTHU IMHAMIKOIO
PYXy €JIEKTPOHIB Yy MarHiTHOMy Mo (OuIbIn
netanbHo nuB. [13]).

Po6oTa BUKoHaHa y paMKax J1epKOrKETHOT
temaruku Ne 0112U001381 MinicrepcTBa oCBi-
T 1 HayKku Ykpainu (2012—2014 p. p.).

Tabmurs 2

Besnuuna v, i MKKT pas muitiBok Co Ta qBomaposux miiBkoBux cucrem Cu/Co

3pa3ok 3araabHa Cepe/iHe 3HAYEHHH Y, »
TOBUIMHA, HM B=0 | B=30mTa P T
OaHomapoBi MJIIBKH
Co(30)/11 30 1,4 1,1 7,1
Co(36)/11 36 2,9 3,7 9,2
Co(40)/11 40 2,2 1,1 16,6
JABomaposi niiBku
Cu(10)/Co(30)/T1 40 1,3 1,9 15,4
Cu(20)/Co(30)/T1 50 2,2 3.3 7,6
Cu(40)/Co(30)/T1 70 1,6 2 16,7
Cu(50)/Co(30)/T1 80 2,7 3,3 7,4
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