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The effect of impurity ions on nuclear magnetic relaxation has been considered. It is
supposed that an impurity ion introduces an excess electron (or a hole). As a result,
magnetic ions with strong spin-orbital interaction appear and magnetization direction
distribution becomes inhomogeneous. Thermally activated jumps of the excess electron
from one magnetic ion to another generate fluctuations in the magnetization direction.
The interaction between the fluctuating magnetization and magnetic nuclei results in the
appearance of regions of fast nuclear magnetic relaxation. Spin diffusion contributes to
the longitudinal relaxation rate also for nuclei being outside the impurity regions. Taking
into account the spin diffusion dependence on nuclear interactions, we have derive the
dependence of longitudinal relaxation rate on nuclear interactions, what was observed
experimentally in [1]. An assumption about unintentional technological impurities is suf-
ficient to explain the experimental data.

PaccvmarpuBaercs BiAMSHNE IIPHMMECHBIX MOHOB HA IIPOIIECCHI AAEPHOII MArHUTHOI pejak-
canuu. IIpexmosaraercsi, YTO IPUMECHBIH HOH IIPUBHOCHUT MB30LITOUHBINA 9JEKTPOH (wmiiu
IBIPKY). B pesyibraTe moABAsSIOTCH MArHUTHBIE MOHBI C CHJIBHOM CHMH-OPOUTAIBLHON CBA3LIO
¥ pacIipejiesieHre HAIPaBJIEHUH 2JIeKTPOHHON HaMarHMYEHHOCTH CTAHOBUTCH HEOMTHOPOIHBIM.
TepMuuecKn aKTHBUPOBAHHBIE CKAUKM MB30BITOYHOIO 9JIEKTPOHA C OJHOTO MArHHTHOI'O HMOHA
HA JIPYyro mopo:kgarT (GIYKTyaluyd B HAIPABJIEHHM HAaMAarHUYEeHHOCTH. BsammopmeiicTsue
MeXIYy (DAYKTyupylomieli HaMarHM4eHHOCTbI0 M MArHATHBIMHU SAPAMU IIPUBOAUT K IIOsSBJIE-
HHUIO objacreil ¢ ObICTPOM sAAepPHON MarHuTHOII penakcanueii. Biaaromapsa crmHoBOl QY-
3UM BO3PACTAeT CKOPOCTh IIPOJOJIBLHOM DesaKcCalluy U s AHAep, HaXOLAINXCS BHE IIPUMec-
HBIX oOsacreil. [IpuHMMas BO BHHMAaHHE 3aBHCHMOCTh MHTEHCHUBHOCTU CIHHOBOU muddysuu
OT SIIEPHO-SAEePHBIX B3aUMOAeHCTBUIl, II0JyUyeHa 3aBUCHUMOCTbL CKOPOCTH MIPOJOJBHOI pejak-
camuy OT MeKAJEePHBIX B3aMMOAEMCTBUIT, UTO HAOJIIOLAIOCH dKCIIEPUMEHTANbHO B pabore [1].
IIpenmonoxeHre 0 HAANYNK HEKOHTPOJIUPYEMBIX TEXHOJOTHUYECKHUX IIpHMeceil sBiserTcs Io-
CTATOYHBIM JJIsi O0'BbSCHEHUS 9KCIIEPUMMEHTAJIbHLIX Pe3yJbTaTOB.
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The Nuclear Magnetic Resonance (NMR)
is a powerful method to study magnetic ma-
terials due to its microscopic nature. As a
rule, it is just the NMR spectra, which re-
flect the hyperfine field distribution, that
are the subject of NMR investigations. The
opposite case takes place in the analysis of
nuclear magnetic relaxation data. The
strong sensitivity of relaxation parameters
to impurities, even to the unintentional
technological ones, is among possible diffi-
culties in that way.
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The nuclear magnetic relaxation is subdi-
vided into transverse and longitudinal com-
ponents. It is well known [2] that the nu-
clear interaction influences the transverse
relaxation only, if the rigid lattice model is
considered. On the other hand, the influ-
ence of abundant magnetic nuclei on the
longitudinal relaxation has been observed
experimentally in yttrium-iron garnet (YIG)
films at 77 K. Discussion of the mecha-
nisms responsible for this phenomenon is
the matter of this work.

301



S.N.Polulyakh, N.A.Sergeev /| About the influence of ...

We have developed a concept proposed in
[8-5]. The main idea is the assumption on
the influence of unintentional technological
non-magnetic impurities which cause a re-
distribution of ion charges. As a result, the
ions of alternative charge appear in mag-
netic lattice of the sample. The most difficult
point of the approach presented in [3-5] is
the assumption on energy levels of such
magnetic ions: it is supposed, the ion has
magnetic levels at a distance consistent
with the NMR frequency (of order of tens
MHz for 3d ions). In contrast, we have de-
veloped the concept of fluctuations in mag-
netization orientation, proposed before for
the analysis of relaxation data [6]. We have
shown here, that the reason for these fluc-
tuations is the thermally activated migra-
tion of excess (or missing) charge intro-
duced by the impurity ion. The impurity
regions for the impurity ions are regions of
short longitudinal relaxation rate, so that the
assumption on unintentional technological
impurities and spin diffusion is sufficient to
explain the experiments described in [1].

The YIG free of impurities contains mag-
netic ions of one type only: these are Fe3*
ions. The impurity ions, which contribute
an excess electron (or a hole) stimulate
the appearance of Fe2* or Fe*' ions. The
differently charged magnetic ions differ
also in magnetic moment, exchange inter-
actions and more strong spin-orbital inter-
action. To analyze the influence of differ-
ently charged ions on magnetic properties
of YIG, we have built a simple computer
simulation model. The model deals with
magnetic ions only. The classical magnetic
moments p have been placed into octahe-
dral and tetrahedral positions of the gar-
net lattice. The negative exchange interac-
tions of Heisenberg type between nearest
ions have been taken into account. The
zero point has been chosen at an octahe-
dral position and magnetic moment at this
point has been set to be (1 —1/5)u. The
ion at =zero point simulates oppositely
charged magnetic ion. To simulate the in-
itial state, we have directed magnetic mo-
ments of all ions collinearly to the <111>
lattice direction (easy magnetization direc-
tion in YIG). The model deals with ions
being at distances from the center not ex-
ceeding ba (¢ — YIG lattice constant, total
20998 ions).

The effective magnetic field of exchange
interactions applied to the ion has been cal-

culated as B,, = J), u;. Here, J is the ex-
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Fig. Calculated dependence of deviation in
magnetization direction on the distance from
impurity ion.

change interaction constant, the summation
is assumed over the nearest neighbors only.
For the boundary ions, the existence of
"imagine” ions was supposed and direction
of magnetic moments for these ions was
strongly associated with <111> direction. To
simulate the spin-orbit interactions, we
have introduced an additional effective
magnetic field Bg; directed along <I11> di-
rection and applied to the oppositely
charged ion only. To build the equilibrium
state, we sequentially select ions and direct
the magnetic moment of ion strictly along
the effective magnetic field. The energy of
interaction between magnetic moment and ef-
fective field has been used as a criterion for
the iterations. The calculated deviations in
directions of magnetic moments from the in-
itial <111> one as a function of ion distance
is given in Fig. for the case Byg = 1073Jp.
We have assumed the spin-orbit interac-
tions to result in deviations of magnetic
moment orientation of oppositely charged
ion from equilibrium direction for the crys-
tal. Due to the exchange interactions, this
deviation is transferred to other magnetic
ions, so that the weak spin-orbit interaction
(three decimal orders weaker than the ex-
change interaction) can provide deviation
about 1° in the size range of about several
unit cells. Deviations of such order have
been used to explain the experiments in [6].

Special experiments performed on YIG
films doped with Si have shown that the
excess electron (or a hole) migrates from
one iron ion to another [7]. The frequency
of those migrations exceeds the NMR fre-
quency [7]. Taking into account different
local axes for different lattice positions, we
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conclude that the migration of excess elec-
tron (or a hole) generates fluctuations in
the magnetization direction.

When analyzing nuclear magnetic relaxa-
tion, let us follow the approach of [3-5].
We suppose the following relaxation mecha-
nisms: (i) Direct fluctuations of local mag-
netic fields caused by fluctuations in mag-
netization direction and hyperfine field
fluctuations caused by change in ion
charges; (ii) Interaction involving wvirtual
magnons between magnetic nuclei (Suhl-
Nakamura interactions [2]) and between
magnetic nuclei and fluctuated magnetiza-
tion. The last mechanism is important if the
magnetization fluctuations have non-zero
spectral density at NMR frequency.

As a result, we can subdivide all the nu-
clei into two types, which are different in
relaxation rate. The Tuclei of fast magnetic
relaxation are localized within the size
range of Rgy near impure ion. Here, Rgy is
the distance of Suhl-Nakamura interactions.
The fast magnetic relaxation for the first-
type nuclei is caused by magnetization fluec-
tuations, which take place for the magneti-
zation value as well as for magnetization
direction and are caused by thermally
stimulated migrations of excess charge in-
troduced by impurities. All other nuclei in
the sample are nuclei of slow magnetic re-
laxation.

If the magnetic relaxation in a sample is
inhomogeneous, the spin diffusion takes
place. Following to [4], we can write the
nuclear diffusion equation as

om
ot

z m, — my

k4

Ty

= DAm,, -

Here m is nuclear magnetization depend-
ent both on time and position; Ty the
longitudinal relaxation time for the fast-re-
laxing nuclei; D = R%N/STz, the diffusion
parameter; and T,, the transverse relaxa-
tion time caused by interaction between nu-
clei. Assuming average distance R between
the fast magnetic relaxation centers (dis-
tance between impurities) is large as com-
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pared to Rgpy, we obtain for longitudinal
relaxation time outside the impurity centers

1By
i

The relationship between transverse and
longitudinal relaxation is known from ex-
periment for the sample enriched in mag-
netic nuclei: Tl’l = Tz’le.Ol [1]. The dis-
tance of Suhl-Nakamura interactions can be
estimated as Rgp ~ (102 - 103)a, where a is
the lattice constant [2]. As a result, we can
estimate the average distance between impu-
rity centers as R~0.5(103 + 10%)a .

Thus, the average distance between im-
purity centers, as derived from experimen-
tal values for relaxation times, evidences a
very low impurity concentration. The de-
pendence of longitudinal relaxation time on
nuclear abundance is caused by spin diffu-
sion and fast nuclear relaxation near impu-
rities. In contrast to [3—5], we do not need
to have for energy levels of impurity ions
the distances of the NMR frequency order.
The magnetization fluctuations at NMR fre-
quency appear as a result of thermal migra-
tions of excess electron (or hole), which ap-
pears in lattice due to the impurity ion.

T{'=T;
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IIpo BIIMB AXepHUX B3a€EMOIIN
HA MO3J0BXKHI0O MATHITHY peiakcamiio °'Fe
y IIiBKax 3aJi30-iTpi€eBOoro rpaHary

C.H.Ilonrynax, H.A.Cepzeeé

Posriagaerbecs BIJIUB AOMIIIIOK Ha Ipollecw sAepHoi Mar"iTHoi pesakcaiii. PoouTbcs
OPUNYIIeHHsd, IO i0H AOMIIIKM Hajgae HAIJIUIIKOBUI ejJeKTpoH (abo mipkKy). Buacaigox
bOTO 3’ABJAIOTHCA MATrHITHI ioHM i3 cMJIBHUM cHoiH-0pOiTaJBLHUM 3B’SA8KOM i posmoxmis Ha-
IPAMKY €JeKTPOHHOI HaMartiueHocTi crtae HeofgHopigHuM. TepMiuHO aKTWBOBaHI CTPUOKU
HaAJUIIKOBOI'O eJeKTPOHA 3 OJHOTO MAarHiTHoOro ioHa Ha iHNII# DOPOMKYIOTH QAYKTyallii y
HaIpPAMKY Hamartiuenocti. Bsaemogia mMik QuiykTyanisMm HamartiueHocTi Ta Mar"giTHuUMU
AJpaMyu TPUBBOJUTH IO IOABU PETiOHIB 31 IIBUAKOIO AJEPHOI0 MAarHiITHOIO pejaKcalli€elo.
3aBAdgKU cIiHOBifl mAu@ysii spocTae MIBUAKICTh MOJOBMKHBOI pesakcalii i auaa Agep, [0
3HAXOOATHCA 103a perioHamMm gomimiok. I[IpuiimMaloum g0 yBaru 3sajie’KHiCTh iHTEHCHUBHOCTI
crinoBol audysii Big sAgepHO-AAEepPHUX B3AEMOJIiil, OTPUMAaHO B3aJIEKHICTH MIBUIKOCTI IO-
3I0BIKHBOI pejlakcallii Bi BlaeMogilli MisK fAgpaMu, IO CIIOCTepirajocs eKCIEPUMEHTAJNBHO Y
pobori [1]. IIpunymieHHA HOpPO HAaABHICTH HEKOHTDPOJHOBAHUX TEXHOJIOTIYHUX [TOMIIIIOK €
IOCTaTHIM JJIsl TIOSICHEHHS €KCIepUMeHTaJIbHUX Pe3yJbTaTiB.
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