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GREEN FUNCTION METHOD FOR MAGNETIC SUPERLATTICES

G.R SHAULOV and US.PASHABEKOVA

mwhﬁmm-ﬂ:m
and this is causing increased inlerest o their
and theoretical investigation. A
mhunfw-u:hmdnﬁnlmdln
magnetic supcriattices [1-7). Various models and
nﬁhd:d‘ﬂnmﬂ:nlphymmmdfmthm
study., In most papers artificially created
mwﬂhma[mm
materials, and anti-ferromagnetic,
are investigated. Examples of such superiattices are
Fe/Cr, Co/Cr, Gd/Y, Dy/Y, clc. it has been shown
that multi-laycred systems have new, unique
properties, not found in singic-component systcms
Hm:hmmhﬁnfmo{thtumy
of magnetic remain unsolved.

The purpose of the preseni work is lo
consider morc general model of a
consisting of arbitrary number N (N=23....) of
magnetic layers, and to obtain its physical
mm:sipmmu[mbw

magnctization, and  magnetic
muqliﬁyhﬂrufm:hnnnﬂhni

2. THE MODEL OF A SUPERLATTICE
AND ITS HAMILTONIAN

Let us consider a model of a simple cubic
ferromagnetic supcriattice with arbitrary number N
ufhymil].limmul,bﬂﬂm
ncarest is laken into accounl. Interfaces
mpﬂh@l}pﬁ.ﬁﬂj—hﬂﬁ—lm
is characterized the following common
mmml lande factor g ,
and spin s . Ferromagnctic layers, in ther tum,
consits of nj atomic layers G=1.2,..N). In addition,
let us assume that external static magnetic ficld and
anisotropic onc-axis ficlds (restricted by two atomic
layers at cach interface) arc directed perpendicularly
to the interfaces.

The Hamiltonian of this system has the
following form:
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where the first term describes exchange inlcraction
inside atomic
layer, the second term describes interaction between
neighboring atomic layers, and the last term include
Zeeman"s encrgy and magnetic anisotropy energy.
Here, is the number of the atomic layer, is the
vector of lattice site in this layer (Le. completcly
defines location of the atom in the superiattice), and
. is the vector of location of the ncarest neighbors
in the planc.

Jos and Jussy exchange constanis, g
Lande factor, s spin and Ha. amisotropic ficlds have
the following form, depending on n:
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where j=1,2__N, L defined as L=Ine (Lo =I -
superlattice constant) m is the unit cell index
(m=0+1, £2,___. for infinitc system and m=1,2, _for
semi-infinite system). For j=N, j+1->1.

Here we used the Bloch's method of
expansion by two-dimensional atomic planes, and
now we can bind diffcrent planes by the method of
transfer matrix.

3 GREEN FUNCTION OF SUPERLATTICE
AND TRANSFER MATRIX METHOD

Let us define Gk )the low-lemperature
retarded Green function in ke - space. In real space
the retarded two-time Green function is defined as
B

Gyu-1)=-#a-O)<[Si@s;e)> O
where ij are lattice sites (i=nv ).

Glks.2) obcys Dyson's equation:
aG=1+HG (4)
or, in matrix form,

-:m i_:-:&,+z-c% X ::--:i,‘ Ffil'k.= > (5
]
Here Bloch wave functions lk.> have the form:
1

&, Zﬁp{iﬁl‘h ®

where N is the number of atoms in |-layer.
Matrix clement of the Hamiltonian (I) in
this basis will have the form:

‘W""{EO+ZMM*$}M¢‘

3,657

where Es=-J§SS; is the energy ground state of the
superiattice. Let us transfor matrix clement (7)
using (6):
Hou ok Hok, >< By + 1S, =10+
"'Iuds.a-l d I||..l|-ls|.-t ¥ luF'i(H! + H:l

H,, , =<nk [Hin - Dk, >=-1,, 6,5, )" =H, ,,
)

where Z, is the number of the nearest neighbors in
the plane, and

Ya =Y expliks,) (10)
&
or, if one executes the sum (ks =(k: |, k; ),
72 =4 Costk, ) + Cosik, 2)| (10a)

Inn'ﬁ:rtnﬁndﬁﬁ.‘}ﬁmfmm

Gpua--“l - T-Gt]&'-.]

T. =T.[{.,-j
Let us write down Dyson's cguation for
Gai(ke.m):
Gy, =Hyy 1Gy 4y +Hy Gy +Hy G
Taking into account (11), we obtain
_y H-.--IT;-‘IGH +H,.Gus "‘HQ.-IT-G‘I (13)

(2

k-] Gu

2

o=Ho /Ty +Heu+H T, (130)
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( 34 3 Here Ga+15=Ta Ga . and, in order to find
| mL+) m +l<nsml+) n, Gn-1.n onc has to write out a sequence of n-l
ot ] equations of the following type:
T.*1 (14)

T® -=-L+ii,

Now let us calculate T® . For this purpose
we solve equation (12) for two atomic layers, n and
n+1, at the interface between j-th and j+1-th layers.

This means that n=ml+Zn,.
Now we have two equations,
o=Hy, /T, +H  +H T, (1%
o=H, o /T, +Hysas *HasrnaTas (16)

Taking into account (2), (8), (9) and (14) we obtain:

T,=L T,,=L T,=T¢

H,,,=-19s% H_,=-10"9g¥s"n)"
Hvuq:‘er Hu-t=‘“luhnwﬂ}m
H, =E+(0% +a78%@Z, -7,)+ 1757+
+JOISHE L gV, (H, +HY)

H =By +(JF0 +ATUEOV(Z _y )4 JU-0500

+JURIgE L g0y (H, < H"Y)
Substituting these expressions in (15) and (16), we
get:
.=n{’+ﬂ’
(an
o=0%" K IT?
where new denotions are introduced:
R R e
£y (H, + HY)
QY = E, + 0% 4+ ATPNSHO@Z, -y,) + an
+JOFOSD 4 g0y, (H, + H)
K = -Jurigligi-nya (20)
From (17) we find the final expression for T :
o-0® "
Tmz[u-ﬂ""”] an

Now, knowing T®, one can find G  Green
function with the help of Dyson's equation for any
layer:

u =]+H.HGt-l.- "Hi.nﬁu +HI.I4-|G‘-II (m

o ."Ho Q. tH . G.+H.G.

Gea-Ho Qe Ho G +H. . Ga @)

oy, =

By finding Gsi» through G.. from this
system of recurrent cquations, we find the final
mrmmmp;m.rwwn
numbers the procedure is rather cumbersome, and
therefore this method is better applicable for surface
layers of a semi-infinitc supclattice.

Let us for example find Gii(ksi,@). Green
function of the first surface layer. For simplicity we
will assume that the parameters of the superlattice
at the surface arc the same as in the bulk.

Gy (k,.0)=(o -

If the first layer (n=1) is made of onc magnetic
material, and the second (n=2) is made of other
malerial then

Gy(k,.0) = (e -0 - 7S _KT®) ' (24)

General form of Green function of the
second layer is the following:

G, (k,.0)=(e -Hy -H,Hy /(e -H,)-H,T%)"

HII =) HIZT'I.I. :

clc.

4 DENSITY OF MAGNETIC STATES,
MAGNETIZATION, AND MAGNETIC
SUCCEPTIBILITY OF THE SUPERLATTICE

Local density of states of magnons for 1-th
layer of super-lattice can be found as follows:

D.(-}--—-n.z-ct.lﬂtk. o)k, > @9

where sum by kn goes over Brillowin zone
[10].Knowledge of D (@) )enabies to calculate local

magnetization in the 1th layer in the low-
temperature mit {11}
By = Hell-<my 3) (26)
where
D, (w)de
@tk e &

and e is sponlaneous magnetization of the layer
(at T=0).

The gencral ecxpression of magnetic
susceptibility tensor is the following:
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where @, B=xyz and p=gus is the magnetic
moment of the atom. Taking into account operators
S$=5: + iSs, the i{e) tcnsor can be wrilten in the

Zapl®) =1 <<S‘F' >>,

following form-
1, (=) (@) 0
pe)=|-ig,le) x.,(=) O 29)
0 0

where As is static succeptibility, and A; and ). are
the diagonal and non-diagonal components of
dynamic succeplibility. According to Baryakhtar
V.G. et al. [13)], thcy can be expressed via Green
functions, taking into account analytical propertics
of the latters, in the following gencral form:

:
I‘fu}---ilhz;]!qll*ﬂ'{-ﬂ}} (30a)

1.(m) =~ (30b)

(g2s)’ .
o (~=)|
For our superiattice and its Green function

the components of magnetic succeptibility of the n-
th layer take the form:

. () 1 . il
L@=—020 2 16, €. 0) + G (K, )]
(Gla)

() 1 - "
o)== LN G, € 0)- G K, o)
G1b)

where sum by ks gocs over Brillouine zonc.
Und:lh:mﬁunmhﬁﬂ:muﬁhe

magnetic succeptibility in a simpler form,
depending only on the external magnetic ficld and
magnetization of the material In this case,
according to Tyablikov S.V. [12]. magnetic
succeptibility of a Heisenberg's ferromagnetic has
the form:

1.(e)= Zs

]—{III‘I}’

1) =—1, @) (32b)
oy

where o= pH, and J» =w/H, H is external
magnetic ficld, and o is magnetization of the

material at the temperature 6.
Then, for our superiatticc magnetic
succeptibility of the n-th layer has the form:
u‘-}=m_Tn:‘;_.ﬁ:F (33a)
126e) = m;:f:_'_, (33b)
where
Qf =g My (H, + H}) G4
Q7 = gakakts (35)

and n is the local low-lemperature

the n-th layer defined by the formula (12).
Thus, in this form of magnetic succeptibility

the influence of neighboring layers of superiattice is

revealed by pe local magnetization, which is can be

found via Gua (ke ©) Green function.

5. CONCLUSION

The results obtained above show that

Green function method is applicable for superiattice
as well Calculation of physical parameters of a
is reduced to Green function for

scparate layers. For a superiattice with two layers in
a unit ccll (different magnetic layers alter as
ABABA. ) density of states of magnons and local
magnctization were calculated by this method in the
paper by Zhou and Lin [2]. This method allows to

investigate complex superiattices.
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HRSAULOV, US.PASABOYOVA

MAGNIT IFRAT GOF3SLARI UCOUN GRIN FUNKSIYALARI METODU.
; A il - : icilidi hessblanmisd

IPIIIAYJIOB, ¥.C.ITAIIIABEKOBA
METO/1 ®YHKIHA IN'PHHA /U1 MATHHTHBIX CBEPXPELLIETOK
PaccMoTpena MOACL MAIHHTHON CBCPXPEIICTEM, WICMCHTEPHAS SCHKA KOTOPO#H COCTOHT M3 PO~
IIBOMLHOID YHCIA PAVTHIHLIX GeppoMarmnninn ciocs. Meromaun ymausi ['puia B Tpanchep-uaTpHin

NOSYSCHM COCKTP MATHOHOB, HMIKOTCMIICPATYPHAS HAMATHWYCHHOCTL H MATHHTHAS BOCHPHHMYHBOCTL
BEpPApEIRCTEH.

Jlara nocTyIUICHRS: Pegaxtop: ©® M. amensage.
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