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CYHTE3, MMKPOCTPYKTYpPa 1 MarHUTHbIE CBOICTBA

MarHUTOMArknx rnaeHok CoP

MpviBeageHbl pe3ynbTaThl UCCNe0BaHUSI CBOMCTB MAarHUTOMSFKMX TOHKUX MIeHOK CoP, MOMy4YeHHbIX Me-
TOA,0M XVMUYECKOl MeTann3aumy U3 BOAHOIO pacTBoOpa Ha OCHOBE LiMTPAaTHbLIX KOMIJ/IEKCOB C MPUMEHEHNEM
B KauecTBe LenoyHoro peareHta NaOH. C nomolblo BapuaLmmn cocTaBoB pabounmx pacTBOPOB MosyyeHbl on-
TUManbHble 3HAYEeHUs MarHUTHbIX MapamMeTPOB M/IEHOK: HAMArHWYeHHOCTU HACLILWEHUS W LWNPWHBI IMHAK

(heppoOMarHNTHOro pe3oHaHca.

TOHKMe MarHuTHble nneHku, CoP, xumunyeckoe ocaxxgeHne, ®MP

MocTOSAHHO BO3pacTalwlMii MHTepec K HaHOMa-
Tepuanam, B T. 4. U K TOHKMM MarHUTHbIM MJIEHKaMm
(TMN), obycnosneH 60MbWNMN NOTEHLUNANbHbIMUN
BO3MOXHOCTAMN UX NPaKTUYECKOro MNpUMEHEHMS.
TOHKME MAEHKN N3 MarHUTOMAMKMX Matepuanos Wn-
POKO MCMOb3YTCA B rO/IOBKax 3annucu nU cYnTbiBa-
HUA nHoOpMauum, B Jatymkax cnabbiX MarHUTHbIX
nonen. OA4HO M3 BaXHbIX 061acTeii NPUMEHEHW
TMTI1 sgBnaetca Auana3oH CBEPXBbICOKMX 4acToT
(CBUY), Ha nX OCHOBe Takxe pa3pabaTbiBalOTCH KOH-
CTPYKLUMM pasnyHbiX YNpaBAseMblX YCTPOWUCTB:
(PUNLTPOB, aMNINTYAHbIX MOAYNATOPOB, OrpaHuyun-
Tenen MoWHOCTH, (ha3oBbiX MaHUNYAATOPOB. OAHUM
M3 CcaMblX BaXKHblX MapameTpoB MAEHOK A8 TakKuxX
YCTPOWCTB SIBNIAE€TCA BbICOKAs MarHWTHas NpoHuua-
eMOCTb L, Np® OAHOBPEMEHHO A0CTaTOYHO HU3KOM
ypoBHe notepb CBY-MOWHOCTM B 3a4aHHOM Auana-
30He yacToT. [ns pelweHus 3aTux npobsem Heobxo-
AnMo  aobuBatbCs yBENIMYEHUSA HaMarHWYeHHOCTU
HacbllWeHns mateprvana M g M yMEHbLEHNSA WUpwn-

Hbl IMHUX EepPPOMarHNTHOro pesoHaHca (P MP)
AH [1], yTO BO MHOrOM CBfI3aHO C COBEPLUEHCTBOM
PaspaboTka u
COBEpLIEHCTBOBaHME MeTOoA0B cuHTe3a TMI1, obna-
[alLWnx BbICOKON MarHUTHOW NPOHULLAEMOCTbIO Ha
CBY, aBnseTcs O4HOM U3 BaXKHbIX 3aJa4y COBPEMEH-

TEXHO/IOTMM nonyvyeHnAa O6paBLJ|OB.

HOMN (OU3NKN MAFHUTHbIX AB/IEHUIA.

C TOUKM 3pEHUA TEXHONOIMYHOCTN 0coboe BHU-
MaHue npusnekaeT meTo 6e3TOKOBOro XMMNYECKOro
ocaxAeHNs MeTan/INYeCcKUX MNJIEHOK M3 pacTBOPOB.
MonyyeHne MarHUTHbIX MNJIEHOK Ha OCHOBE CrjaBa
CoP Xmmunyeckum cnocobom BrepBble OCYLLEeCTBUII
BpeHep [2], n K HacTosiLeMy BpEMEHW AaHHbIN Me-
TOA4, MOMy4Ynn A0CTaTOYHO LWKWMPOKOE MpakKTuyeckoe
npumeHeHne [3]. XnMmnuyeckoe ocaxpaeHuve oTnuya-
eTCcA OTHOCUTENbHOW NPOCTOTOM U HU3KOW cebecTo-
MMOCTbIO. HeManoBaXHbIM fiBSETCA TO, YTO Takum
cnocoboM MOXHO MonyvyaTb MNNEHKU Kak Ha meTan-
NIMYecKUX, TakK U Ha AUNINEKTPUYECKUX MNOAN0XKKaX.
MpuBnekaTenbHbIM NpeacTaBnseTcd BO3MOXHOCTb
nonyyYeHns CIHABUY-CTPYKTYP C TO/LWUHOW C/OEB B
HECKO/IbKO HaHOMeTpoB [4]. JLOCTOMHCTBOM YyKa3aH-
HO MeTOAMKM SIBNSEeTCA BO3MOXHOCTb MOJy4YeHUs
KaK KpUCTaninyeckmx (BbICOKOKO3PLMTUBHbLIX), Tak
N aMOpP{U3NPOBaHHbIX (HU3KOKO3PLUUTMBHBLIX) TMIT,
npeacTaBNAlwLWMNX HanboNbWNA MHTEepec An4 Npwu-
MeHeHna B CBY-3neKTpoHUKe.

Ana nonyyeHusa nneHok CoP npumeHseTca me-
TOAMKA XMMMNYECKOro BOCCTAHOB/IEHMS, BK/OYaoLLas
B cebs cTaHAapTHble Mpoueaypbl NpeaBapuTesibHOM
NOArOTOBKN CTEKIAHHbIX MNOAJOXEK (0YMCTKA, CEH-
cnbunmsaumns, aktmeayms).
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MonyyeHne nneHok CoP. Xumunyeckoe BoccTa-
HOB/leHNe NneHok COP MOXeT OCyLU,eCcTBMATbCA M3

coneii ko6anbta C0SO4, COCI2 B npucytcTBumn

aMmmmaka, CoA0BbIX PacTBOPOB, rMApoKcMaa HaTpus,
NIMMOHHOM KNCNOTbI, a Takxke runogocumra HaTpums
B KauyecTBe BoccTaHoBuTena [5]. Lienbio paboThl,
pe3ynbTaTbl KOTOPOW npeacTaBfeHHbl B HacToALleln
cTatbe, ABUMAOCL onpegeneHne OoNTUMasbHbIX COCTa-
BOB pabounx pacTBOPOB A8 MOSYYEHUA MNEHOK C
TpebyembiMU NapameTpamm gna CBU-npumeHeHniA.
Kak nokasaHo B [5], Ha csoicTBa TMI BAuset
Kak pH pacTBopa BOCCTaHOB/IEHUS, TaK U TUN KOM-
NJEeKCHbIX cCOeAVHEHU KobanbTa B pacTBope - UUT-
paTHbIX WA amMuadHbiX. MNMpenmyL,ecTBoOM UCMOfb-
30BaHUA aMMMaYHbIX KOMIMJIEKCOB SIB/ISIETCA BO3MOX-
HOCTb Bapuaumm KonmyecTsa MMraH4o0B BOKPYr aTOMOB
Ko6anbTa B pacTBOpe Npun M3MEHEeHUN KOHUEeHTpaLun
aMmmaka. 370 NPUBOAUT K WU3MEHEHUIO MPOYHOCTU
nosyvyaemblX KOMMIEKCOB, YTO HanpsMylo BAUSET Ha
MarHuTHble cBOcTBa hopmumpyembix TMT1. OgHako,
MOCKOJ/IbKY OCaXKJeHue BefeTcsa Mpu Temnepartypax

85 100 °C, paboumnii pacTBop OGbICTPO MEHSIET CBOU
CBOMCTBA, B YacTHOCTW pH, M3-3a UHTEHCMBHOIO WUC-
napeHus ammMmuaka, YTo YC/NOXXHAET KOHTPO/b 3a Tex-
HOJIOrnyYecknm npoueccoM. MNMoatomy 6onee NPoOCTbIM
M TEXHONOTrMYHbIM aBTopam CcTaTbW MpeacTasfseTcs
MCNO/Ib30BaHME LUTPATHLIX KOMIMJIEKCOB U MpUMeHe-
HMe B KayecTBe LLE/IOYHOro peareHTa efKoro Hartpa
(NaOH) nnn rmgpokap6oHata Hatpus (NaHCO 3).

Ana nonyyeHUs MarHUTOMArkux nneHok CoP
ocaXk[eHVe Ha CTEKNAHHYI0 MOAJIOXKKY OCYLLEeCTBA-
flocb B TeyeHMe 2 MWH U3 pacTBOpa CcoOCTaBa:
CoS04 «7H20 - 875 r/n, Na(H2PO2) - 7.5 r/n,

Na3CgH507 - 175 r/n, NaOH - go pH =9.4.

Mony4yeHHble MNMIEHKU MCCNe[oBaNCL MeToaamu
npoceeuynsatoLL e 3N1EKTPOHHOW MWUKpPOCKONnn
(Bkntoyas metoabl AU paKLMn 3NEeKTPOHOB U 3Hep-
rogmMcnepcuoHHOro aHanamsa) Ha npubope HT-7700
("Hitachi") npu yckopstowem Hanps>keHun 100 KB.

PesynbTatel n o06CcyxaeHue. Ha 31eKTPOHHO-
MWKPOCKOMNYECKOM M306paXeHnn ydyacTka MAeHKn
CoP (puc. 1, a) BugHa 3epHUCTas CTPYKTypa Cc pasme-
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pamu 3epeH OKono 50 HM, BHYTPU KOTOPbIX MMeEKTCS
BK/IIOUYEHMNA C pa3mepamMmu 3.. .5 HM. JneKTpoHorpamma
3TOr0 yyacTKa CBUAETENbCTBYET O HaInumu MesKo-
ANCNEePCHON KPUCTaNIMYECKON CTPYKTYPbl C pasmepa-
MW KPUCTaNIMTOB NOPsAKa HECKO/IbKMX HAHOMETPOB.

Ha puc. 2 nokasaHbl pacnpeeneHns NHTeHCUB-
HOCTel XapaKTepuUCTUYECKNX N3yYeHUn KobanbTa n
ochopa, HOPMMPOBAHHBLIX HA MaKCUMYM WHTEH-
CUBHOCTWN MN3NyyYyeHUsa KobanbTa. PacnpeneneHus no-
KasblBaloT, UTO yKa3aHHble 3/1eMeHTbl pacrnpeeneHsbl
B NNIeHKe HepaBHOMEpPHO.

Ana onpepeneHns MarHUTHbIX NapameTpoB WC-
cnefyeMbiX NAeHOK UCNO/b30BasICA MeToA, 06paboTKu
KPMBbIX MOrAoWeHns (eppoMarHUTHOro pesoHaHca
[1]. KpuBble nornoweHns nony4vyeHol Ha aBTOMaTU3U-
poOBaHHOM CKaHMpyloLiem criektpomeTpe [6] ¢ yacTo-
Tolh Hakaukm f =3.329 I'Ty. [OCTOAHHOE BHellHee

MarHuTHoe none HO OpPNEHTNPOBa/IOCb NapasfiesilbHO

NAOCKOCTU MAEHKN W MeprneHAMKYISpHO BbiCOKoua-
CTOTHOMY MOJI0 MUKPOMOJIOCKOBOIO pe3oHaTopa.

Ha puc. 3 mapkepamu nokasaHa 3KcNepuMeH-
TaflbHO MOJlyYeHHas 3aBMCUMMOCTb HamMpsXKeHHOCTU

pe3oHaHCcHOro nofis Hp oT yrna nosopoTta o6pasua

OTHOCUTE/IbHO BHELUHEro rMOoCTOSAHHOro nons 9BH.

M3mepeHnsa BbiNosHeHbl € warom 10°. TeopeTuye-
ckas 3aBUCUMOCTb (CNAoLWHas NMHUSA Ha puc. 3) no-
nyyeHa M3 BblpaXeHWs, CBA3bIBAIOLW,Ero HanpsXeH-

HOCTb pPe30HaHCHOro nona Hp ¢ MarHUTHbIMWU Xa-

Puc. 3

pakTepucTtMkamum o6pasua [1]. Ha ocHOBe ykasaHHO-
ro BblpaXeHus MoslyyeHbl 3HadYeHUs 3PeKTUBHOMN
HamarHuyeHHocTu [7] M gwu 1120c W WUPUHY NU-

HUM ®MP AH n 23.7 3 ansa nccnegyemoro obpasuga.
Takum 06pasoM, UCMO/b30BAHME LIUTPATHBLIX KOM-
N/IEKCOB U MPUMEHEHVE B KauyecTBe LLUENOYHOro pea-

reHta egkoro Hatpa (NaOH) nossonseTr NONy4nTb
MarHuTHble nneHkn COP C BbICOKOW 3hdeKTnBHOMN
HaMarHM4YeHHOCTbO. 18 AO0CTUXXEHUA aHanOrnyHbIX
XapakTepuctuk naeHok CoP paHee NpUMEHANUCL A0-
MOMIHUTENbHbIE MPOLEAYpbl: OCaXAeHue MnoAcios un3
NiP, a Takke HanoXeHne BHELIHEero MarHUTHOro nons,
C NMOMOLLbI0 KOTOPOro B MNJIEHKE HaBoAWNacb OAHOOC-
Hasa aHm3oTponus [1]. B paccMOTpeHHOM B HacTosLen
cTaTbe crlyvyae OOCTUMHYTble XapakTepUCTUKN Nonyye-
Hbl B OTCYTCTBME yKa3aHHbIX npoueayp, AnWb C Mo-
MOLLbIO ONTUMU3ALMN COCTaBOB pPabounx pPacTBOPOB,
N3 KOTOPbIX OCaXAANNCh MNIEHKN.
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Synthesis, Microstructure and Magnetic Properties of Soft Magnetic CoP Films

Abstract: Soft magnetic thin CoP films were obtained by means of chemical metallization from aqueous cobalt salt
solution in the presence of sodium hydroxide, citric acid and sodium hypophosphite as the reducing agent.

The optimal values of the magnetic film parameters (saturation magnetization and width offerromagnetic resonance line)
were obtained by variation of composition of work solutions. It allows to reduce losses in their application in microwave devices.

Microphotographs of magnetic film indicate a grain structure with agrain size of about 50 nm and presence of inclu-
sions with the size of 3-5 nm. To determine the magnetic parameters of the investigatedfilms the method offerromagnetic
resonance (FMR) absorption curves processing is used. The values of FMR line width and an effective magnetization offilm
material saturation were obtained.

Keywords: Thin Magnetic Film, CoP, Chemical Deposition, Ferromagnetic Resonance

REFERENCES

1 Belyaev B. A, lzotov A. V., Kiparisov S. J., Sko-
morokhov G. V. Synthesis and Study of Magnetic Properties
of Nanocrystalline Cobalt Films. Fizika tverdogo tela [Solid
State Physics]. 2008, vol. 50, no. 4, pp. 650-656. (In Russian)

2. Brenner A., Riddell G. Deposition of Nickel and
Cobalt by Chemical Reduction. J. Res. Nat. Bur. Std. 1947,
vol. 39, pp. 385-395.

3. Glenn O. M.,Juan B. H. Electroless Plating: Fundamen-
tals and Applications. Noyes Publ.: Norwich, 1990, 401 p.

4. Chzhang A. V., Kiparisov S.J., Seredkin V. A, Patrin G. S,
Palchik M. G. Magnetic Properties of Three-Layer Films
Based on Co-P. Izvestiya Rossiiskoi akademii nauk. Seriya Fizi-
cheskaya [Bulletin of the Russian Academy of Sciences: Phys-
ics]. 2009, vol. 73, no. 8, pp. 1222-1224. (In Russian)

Received February, 27, 2017

5. Chzhan A. V., Patrusheva T. N., Podorozhnyak S. A,,
Seredkin V. P., Bondarenko G. N. Effect of Alkali Reagents
on the Crystal Structure of Chemically Deposited Co-P
Films. Izvestiya Rossiiskoi akademii nauk. Seriya Fizi-
cheskaya [Bulletin of the Russian Academy of Sciences:
Physics]. 2016, vol. 80, no. 6, pp. 762-765. (In Russian)

6. Belyaev B. A., Izotov A. V., Leksikov A. A. Magnetic
Imaging in Thin Magnetic Films by Local Spectrometer of
Ferromagnetic Resonance. IEEE Sensors J. 2005, vol. 5,
no. 2, pp. 260-267.

7. Macdonald J. R. Stress in Evaporated Ferromag-
netic Film. Phys. Rev. 1957, vol. 106, no. 5, pp. 890-892.

For citation: Podorozhnyak S. A., Ryzhenkov A. V., Patrusheva T. N., Volochaev M. N., Chzhan A. V. Synthesis, Microstruc-
ture and Magnetic Properties of Soft Magnetic CoP Films. Izvestiya Vysshikh Uchebnykh Zavedenii Rossii. Radioelektronika
[Journal of the Russian Universities. Radioelectronics]. 2017, no. 4, pp. 56-60. (In Russian)


mailto:ilansky@mail.ru
mailto:pat55@mail.ru
mailto:Volochaev91@mail.ru
mailto:avchz@mail.ru

Sergey A. Podorozhnyak - Master of Science in Design and Technology of Electronic Facilities (2012), Teach-
ing Assistant for the Department of Instrument Engineering and Nano Electronics of School of Engineering Physics
and Radio Electronics of Siberian Federal University (Krasnoyarsk). The author of 25 scientific publications. Area
of expertise: thin magnetic films; nanocomposite materials; nanopowders; transparent conductive films.

E-mail: srodinger@mail.ru

Aleksey V. Ryzhenkov - Master of Science in Electronics and Microelectronics (2011), postgraduate student of
the Department of Instrument Engineering and Nano Electronics of School of Engineering Physics and Radio Elec-
tronics of Siberian Federal University (Krasnoyarsk). The author of 17 scientific publications. Area of expertise:
solar cells; transparent conductive films.

E-mail: ilansky@mail.ru

Tamara N. Patrusheva - D.Sc. in Engineering (2006), Associate Professor (2000), Professor of the Department
of Instrument Engineering and Nano Electronics of School of Engineering Physics and Radio Electronics of Siberi-
an Federal University (Krasnoyarsk). The author of 250 scientific publications. Area of expertise: oxide functional
materials; nanopowders; thin films.

E-mail: pat55@mail.ru

Mikhail N. Volochaev - graduated engineer in automatic control systems (2014, Institute of Space Research
and High Technologies named after academician M. E. Reshetnikov Siberian State University of Science and Tech-
nology (t. of Krasnoyarsk), postgraduate student of the Department of Technical Physics. The author of 50 scientific
publications. Area of expertise: transmission electron microscopy; thin magnetic films.

E-mail: Volochaev91l@mail.ru

Anatoly V. Chzhan - D.Sc. in Physics and Mathematics (2014), Associate Professor (2002), Chief of the De-
partment of Physics of Institute of Engineering Systems and Energy of Krasnoyarsk State Agrarian University, Pro-
fessor of the Department of Experimental Physics and Innovation Technologies of School of Engineering Physics
and Radio Electronics of Siberian Federal University (Krasnoyarsk). The author of 115 scientific publications. Area
of expertise: magnetism; nanostructures; thin magnetic films.

E-mail: avcliz@mail.ru


mailto:srodinger@mail.ru
mailto:ilansky@mail.ru
mailto:pat55@mail.ru
mailto:Volochaev91@mail.ru
mailto:avcliz@mail.ru

