_-'§I. Iﬂi’mdﬂctmn _

~only W0 magnet;c subiattxces formed with
' ._Fs“_ ions.

- In each formula unit, there: are: three Fe’"
_'-____10ns i tetra.hedrai sites (24{d) posmons
-._'hcreafter referred 10 as d—szte) ‘and two Fe’*

ions:
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: On the bas;s s}f the moiecular ﬁeid modei sablaétwe magnetizatlens i gaihum-'. R

: substltuteé yttruz:n iron garnet. Y3 Ga,Fes 05 arecalcblated over.a wide range .

i vof ‘temperatirs and applied anagoetic feld with a computer program Com«_' S
paring ‘the calcufated temperature:: dependence of spontaheous magnetization, R

_the gritical fields of ths spin-flip {ransition at high magnetic fields and the fertk: . ° -

e maguet;c Carie’ temperature, wath experimental data the super—exchangs coefﬁ-'_ 2

i 'c:ents in YIG and YsGaxFesﬁxOm were evahzatsd : il T R

' Fe“- 'ic'ens-; at:a- and- d-sites is negative: (anti
. The. femmagnetm 1ron garnets havc been " produced.in the; djrectlon of the d-site: moment:
of great linterest: for many years., They con-
m_stztute a.large ciass of mixed oxides. with the .
‘rather comphca’sed cubic ‘structure. Yttriam
: wiron. gam&:ﬁ (YIG} i§ the s1mpiest magne‘ad

member " of th;s senes, since it conms‘tq of

- considerable’ dlscrepancms anong: these data,
- particularly for J;; and. Jyq. Anderson anai}/sed

'_and J 44 are-also kaown te be negative:

'Jm, Jig and Joy ha.ve been reported by many

: The: chemlcal formuia of YIG'
s convemenﬁy Wwritten. as. {YQ{E‘@;}{F@}OH ks
“cyrve. based . on- the :molecular. field: model.®

: dependence - of
in octahedral. sites (16(a}. pes;tions ©curve; or.a thermomagnetic curve is.not: s

_:_hereafter referred - to s a-site).  The super-

: ﬁxc,hange mteract;on coeﬁiment Jad between :

.-.-;'jij S R i ;_: i '. ?abie I Exchange coeﬁ‘iczents iix YiG

ferromagnetic), .and a . net - magnetization . is
The “intrasite . SUper- -exchange - coefficients * 7,
The- values. of | the ‘exchange - coefﬁczents

authors as fsted in Tabie L. There have. been

the spontaneous magneﬁz&tion Vs temperaturc

.Unfortunately, howaver such: a temperamr
: _spo_ntaneous : magnetizat_i__on

sensitiveto:the exact values:of the exchange |
co_efﬁci-egts,;_-_- .__so. : ‘%:halt it bas ‘been: difficult to

Year:” Aﬁﬁmrs s '_'—.—'Jaa ““fdd SRR ST UL Ref.
S i o S R DR
1958 . Pauthenet .o 574 Co 029 2419 (!
19607 CUAleomard o 630 T 0103 T 282 2
1962 G WoRteWICZ s e s O o R L2430 R S
1963 7 Boyd ef ul. : STV | T N SR KX 4
1963 GBS T 638 635 - 3.8 - R
1964 ' Anderson (et A) o 845 186 2536 6
R ' (setCy - .- 7.8 TR0 25.36 RIS
s _ (set B) 0 TN T £ XY SRR P
1966 - Lthi~ - . 104 138 Lo e 16
1967 Harrig =70 o 2 L2548 o
1967 . Gonanoeral . . o0 0.5 200 L. 125 8
© Guillof and Gall - 0 0 ' ST g

1534
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obtain a unigue set of exchange coefficients.
with high accuracy from such a thermomagneti{;-.

curve.
When a ferrimagnetic material is subjected

to high magnetic fields comparable to the
exchange field, its spin structure is expected

to be radically altered. The magnetic field

induced spin-flip fransition has besn observed .

in several rare eéarth iron garnets.''? In rare

earth iron garnets which have compensation

points 7T,, the critical field for the spin-flip
transition becomes low near T,, The critical

field is very senmsitive to the value of the
intersite exchange coeflicient. Therefore, the.
measuremient of the spin-flip transition is a -

useful means to determine the exchange coef-
ficients. The molecular field arising from the

exchange interactions in. YIG is of the order

of “ several. megagauss. Recently, techniques
have been developed for generating the ultra-
high magnetic field in the megagauss range,'!
which open up .a possxbxhty to observe the
spin-flip  transition. in° substances Wlﬂl such
large exchange fields as YIG.. '

The large exchange ﬁe}ds in YIG can be
reduced by substitution of nonmagnetic’ ions
for Fe:"* ion. Many znvestzgatzons have been
made on the magneﬁzation of "gallium sub-

stituted © YIG,’ ‘)('3_(}ea.,c§es_x(_}3 218 When
Ga?t ions are substitufed for Fel*, Ga?t .

is* known to ‘substitute preferentially onto
the d-site.. For small x (x<2), the net mag-
netization of Y,Ga, Fes 2,0y, decreases almost
linearty with: x, and it crosses zero at about
x=1.25.'" Depending on x, the spontaneous

magnetization” exhibits various: types of: tem-

perature dependence of - fervimagmets- in- the
Néel's theory- (R=; Q< P-, or N-types).!®:2%
Recently, the spin-flip transition was observed
in' the measurement of the Faraday rotation
on Y;Ga,Fes Oy, {(x=0.5 1.0y at very high
magnetic fields: up to. 2 MG.'? Because of
its rather: simple ‘sublattice stiucture. despite
the complex crystal structure, YyGa, Fe; O,
provides a- good system. for investigating
téemperatuire - dependence and’ magnetic - field
dependence  of  the: sublattzce magnet;zatmn
in'a ferrimagnet. -

In this paper, we. study the temperature'

and_ﬁelci dependences of sublattice magnetiza-
tiotis - and " the  spin-flip transition in Y,Ga,
Feso, Oy, based - on - the  molecular: field

Computer Stinulation of Temperative dnd Fz‘el&:-

'mociei The calculation. was performed for_'
“arbitrary x; temperature and applied magnetic
field; with a computer program. In order 'to

- are expressed as’

' 1535 :

discuss the exchange coefficients for: YIG,

the calculated. results are compared with
experiments of  the magnet;zatwn and the =

Faraday rotation.

§2 Magﬁenmtmn in Zem Apgaheé F:eki

" The molecular fields H, and H; acting on
the - two sublatt}ce sites in Y3Gd Fes 3c(}m-

__'_(2-1')”. -

where H, is the externai magne’{lc ﬁeid iy

H H0+naaM +naﬁM{;,.:
T Hd»«H0+n e +nd¢M‘;, o

are the molecular field coefficients; and M L

and' M, are the sublattice : magnetlzanons g
per unit volume for the a- and d-sites, respec- -

tively. The coefficients’ n;; are relafied to’ the'

exchange coefﬁcrems by’

ZZdaJad

_;n. . Zzadjad
T T Mgy KN(QMB)?’
22 J : R T R
Sl k- 4y
TN g o9
R (2‘5_)_ -

Flgg =5 e
T uN (g
wheére Hy 18 ‘the B{}hr magneton, ZU are the'

numbers of the nearest’ nelghbor J-site fons® -
surrounding an i-site jon, N is the number of :
Fe' ions per unit volume, and A and R

répresent the fraction of the Fe®* ions in the '
a- and d-sites, respectively.

Starting from (2.1) and (2.2) the SPOHY&HSOHS._. S

magnetization of YIG can be calculated putting

H,=0, along with the molecular field theory
described in the  Appendix, once the exchange . « - -
coeflicients J;; are given. For YIG, numbers- AR

of nearest nelghbors £ are §
7 =8 Zd-é Zéa—4 dewé

and other quantxtles are as follows:

',104 ;,L06 S_g,gz

The data of 'le hsied in Table T afe in’ poor . :
agreement with each other. The ferr;magnetic T

Curie temperature. @; of YIG is 559 K.
Few. sets of the coefficients in Table I givethe
experlmentai value of &= 559K When puﬁz
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-'._mio {A 8} If we' assume - “that J
“we obtain Jyy=13.61 ‘e L {Andetsons st

“fwo sets of- c.oe‘fﬁments given by Anderson

c _trastmg extreme casel

_curve for YIG

3'.?YIG Y Ga e ,,Ou can also be calculated
inca similar: way, We! rewrite the chemical
" formula as Y3iGa Fﬁzﬁy}(Gé Fey 1 )0, where

0.8

S

TOTAL - MAGNETIZATION

SUBLATTICE ‘MAGNETIZATION 7

. i : L e
U G100 2007309400 500 60O
’ ?EMPERATURE LK

Fig i
-+, magretizationgof ' YIG.. The total magnetizatmn is

RIS T broken curves with .}}.B—Jddmi) Jadf-fES 61 <:m”2
"'_(aetB) R

: Nobm‘u Mma, Isamu OCURO and Soshm CHIEAZUME
_..—jdd"‘@ SR o

B in order to satisfy 0?-‘5591{ This'is a0
setiof wvalies of an extieme case- where a-a ..
. ‘and ' d=d-interactions. are: ‘absent. The: other
)"
© also lead to @;=355%.K. The set A assimes
reiailvely iarge values of J, . and Jaa contrary -

. tothe'set’ B, “and it i anotber set’ of con-

g F;gure 1. shows temperature éepemienee i

:'_'of the spon‘ianemzs magnetization -of YIG

- _caiculeted assuming - two different sets: of
a, (Anderson s set Aand B). Aithough the
o _-dlf’ferences in.the assumed. values of Jy are’
-_'fajrly large. between the. two sets, there 1s oniy
~little. dxﬂ‘erenee in the shape of. the. thermo- .
'mdgnetxe curve.. Csﬁsequent}y, it is, difficult
© o obtain,'a unique set of interaction coef- -
* ficients - oniy from such & thermomagnetw s

.'s ware brackets a.nd those in d-s e b curveci
. The magnehzatmn for- gaiﬁum subsﬁtuted- 5 e by

x y+z the mns in a- glte are eﬁclosed by_

- change with x, that is, J;; are mdependem of
of % from (2.-3)#_-»(2.5), The  calculated. mag-

‘respectively. Here - Anderson’s 'set” A of the

Spentaneous magnetlzatlo:z an{f sublattice .

plotted i units of Nogus. The solid . curves. are -
caleulated  with Jo,=—8.45em™%, Jag= 1186
e i gad- fad-———ZS 36 cm~* (set " A), and the.

L IR A o 3_:_?
ixt..vem _

_Fxg 2 Fractlon of Fe** jon in each sub- Eatt;ee sxte_'-:
of YSGaxFeﬁ O¢s as a fanction of x, The curves’_
were caiculated fmm the éata in ref 12

brackets. The fraction of Ga®* ions'in d—e;ie
1e fiEz/x was ‘eyalnated by Geﬂer et. dl,
as a function of x. The depenéence of 2=y
and 3>z on x are z:eprodﬁced in Fig, 2° from
ref. 14: We see that the Ga®* fon has a greatef '
preference for d-site than for a-site. ;
~ For gallium  substituted YIG we can _5
express Z,J, ):u and ;,e as follows:

aa“"gx{z y)/z i:‘l"6><{és Z)/
Za=4x Q=32 Za=4x (3= z)/S
A=04x0-5)2 n= =0.6%(3-2)/3. (2_.6)

For smaﬂ X, We Inay assume that J de ot

galligm.. substitution. . Wl_‘thm - this. approxi-
mation, it follows that »;; are also independent

netization . curves . for . x=0.5, x=1.0. and
x=1.5 are -shown in Fig. -3(a), (b) and ()

exchange = coefficients. were assumed. As:is
seén in the figures, the shape of the magnetiz
zation: curve changes drastically with-a small”
increase of x; i.e. curves of R-type: for x=0,
Q-type: for. x=0.5; P-type for x=1.0 and:
N-type for xwi 5 appear successively. Such-_
& ¢hange in the thermomagnetic curve shape
has actually been observed in experiments.* 2%
On the -other: hand, if we assume. that the
intrasite inferactions are absent as in the, sét’
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- Computer Shnulation of Tgfﬁbé?af&i’é-'c’iﬁd'?iéld

8.2 CoLp

TOTAL MAGHETIZATIGH -

TGTAL MAGNETIZATION

SUBLATTIDE MAONRETIZATION
L SUBLATILEE MABKETIZATION

¢ TOTAL MABNETIZATION

SUBLATFICE MAGKRETIZATION

My (Maa

. Py _
To o g0 300 oo soo sop =
TEMPERATURE { X ] N

®
Fig. 3.

10 i M0 400 Sae | G0e - .. )
TEMPERATURE { Kb . - T

B

Spontaneous magnetization and sublattice magnetizations of YaGa.Fes..O1; for (a) x=0. '5'(b) x=

tag 200 3I1 0o 5011 60
TEMPERATIRE [ K'F - :

©

1.0 and {c) x=1.5. The total magneiization is plotted in a unit of Ng,ua The ca}culatlcms were made w;th

the parameier set A

B', the éurve shape should beé always R-type

irrespective. of x and the above mentioned
change should not appear. Accordingly, we
can deduce qualitatively that there are sig-

nificant. contributions ¢f the a-a and d-d

interactions to the magneﬂzatioﬂ of Y;Ga,
Fes 0y ' :

' §3 Spmthp Traasztmn

Sublattice magne’uzamons and the spin-
fiip transition of ferrimagnets in high mangetic
felds have been discussed by several auw-
thors. 2122 In this section, we shall concentrate
on the spin-flip transition of Y,Ga, Fes_.0y,.
As'is shown in Fig. 4, when the applied field
H, is lower than a thréshold H,, (region I},
two  sublattice” magnetizations M, and M,
remain-'collinear and: the crystal exhibits usual
ferrimagnetic’ - properties. Since “the moment
M, ‘is along the opposite diréction to Hj in
this conﬁguratmn when H, becomes high
enough, M, may rotate towards the direction

cof H, in spite of the oppositely directed -

Ma

| N E

H<Hm" . Hm<H =Hy H, >ch"'

Fxg 4. Subiattxce magnetlzatmns in exiemai mag-
_ retic ﬁeids Hegions I and I are the coiimﬂax phase '
©and T 4s the spin cant phass,

~other. Therefore, (3.1} requires that the ‘both o

effective field coming from thé interaction’
If M, changes its  direction, the ~ .
vector My may also be’ influenced - by, the " .

with M, a

exchange interaction between M, and My
in this way, when Hy exceeds a certain critical

field H,,, noncollinear phase (spin cant phase}

oceurs as the region 11 in Figi 4. As the field
increases further in the canted conﬁgnratzon )
the angle between véctofrs M, snd M, de-

creases. Finally when H; éxceeds the second

critical fleld K., (region III), the system - .

enters a collinear phase again, where both -

M, and M are in the same direction with
H,. This is the field induced splnwﬁlp transuw
’CIOH in'a two-sublattice fervimagnet.

“The critical fields M., and H.; can be éb% :'_: .

taivied using  the ‘molecular field ' relations

2. 1} and (2.2). In the following argument,

we' shall neglect effects of the magnetic an-

1sotropy Ehmmatmg Ha from {2 1} and {2 2), SR

We have

ad)M Hd (”dxs ad}Mc{ _{3-1)

(naa )

As the- sublattice magnetizations lic- aloﬁgf s

theit molecular field, it is required that M, //H,
and M,//H; Equation. (3.1} -is> a" general

relationship which should hold for all the = -
the configurations ‘in Fig. 4. In the spin-cant .

phase; M, and M, are not parallel with each -

sides of (3.1} should be zero' in the cani phase,
S _a”_"(”_aa _ ad_}.Ma’- _
L Hy= (g ma )My

Inserting these into (2.1 or {2.2), we obtain -

(3 2} :- g
{._33) Pe
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' Ho,f( ) A triangle is formed -with the three

the ﬁgure

M +Md~HoK nad)

Ma,

'these vectors te form a tnangie 13 : _
' §M =M, i<H0i( ~n<M, ~1~Md (3 5

'crmcal ﬁelds {}f the spm ca,nt phasc are gwen

. Hcl""_ ad;Md M!‘,
ch""_ sd(M +M¢)

: {3}-’_6)'

i _spm cant . phase are also led from the above
i argment.

" that’ the moiecular ‘field acting on. M, and
M, are determined. only by M, and M, them-'

external field in the whole region of the’ spin
“cant phase. Moréover, M, and My can be

taneous . magnetlzatmn of 4 simple. ferro-

. field: coeﬁic;ent (P — Tyg OF Py lag):. .
ca I s al§o’ an 1mportant point that the total
: "magnetlzatmn MMMy equals to: Hg/l
Sy and s independent. ‘of temperature.
- These: propert;es mentioned .above  Simplify
" thecaléulation of the magnetizatlons for the
. '-spm cant phase. :
Exampies of the ﬁelé dependeacc of the
© . sublattice’ magneuzanons and’ the total mag«
- netization. in. YIG:at: constant tempexatures

- NeberuMmaA,isamuOGURO anc'i'_Séshin'CHﬁ.{A'sz;‘;_ o

Flg 5 Relatlonsmp between vecters M., Md and' e

Cvectors) Angles 8, 9.3 and & are d&ﬁneé as shown in

e 34
.The relatmn (3 4} means that the vectors -

Md and Ha/( nad} form ‘a tnangie as’
is. shown in Fig 5 A necessary conditson fﬂr o

'-'En ancﬁher words, the lower and” the uppef

37

Some other important propertzes of the'

Equamons (3.2). dand. (3.3). show '

* selves and are. mdependent of Hy,. This, means
:“that magmtudes of the sublattice magnetzza—-
~‘tions - M, and. My are. mdependsnt of the = .

_3 :'_'Temperature is (a) 100K (b) 200K,

calculated as if each of them were the spon-' EIE R - e N :
‘are. shown ifi F}g 6 fo: the parameter set A

~inagnetic - substance. wﬁh a new. molecuiar The critical fields H., and H,, can be readﬂy e

"constructed as shown in Figs: 7 and §, for -
: two different sets. of exchanpe parameters__

B phase does not occur any more. The broken

ey e e

r Mg I Mdo . E

L. MAGNETIZATION

vetoek |
e 43
L “MaiMag .
“'.i_ﬁ - s I T 1_. s SO WP VOIS W
o G.cooe- BOGo 0 1066 1500 -0 2e0t - - -
MAGNETIC FIELD (T30 -1 ¢ W
L Hed o T T Hey T
10 et e AT
- My iMg, N
- S S s PN
s e : P
E.. : &___‘_/ d:
e - s
ui L R ;
g ~. L B ..
< : & -t
SOSFETT : T.a00k 0 T
T MMy T
i v._. . -3
] S R A PRI AN RS SR el
CUG B0 3000, 0 s BE08. n. 2DOO
o UUMAGNETIC FIELU LT} 0

Fxg 6 Magnetlc ﬁeid depeﬂdence of M, Ma, e

My and My, inYIG. The. calculations. were. per= -
formed with set. A M,,Z and .My, are plotted in
inits of N/Sgﬂg, and M is in umts of EISngn

known from the graphs 'From' such- calcula--
tions, the. magnetic phase diagram. can be -

As the tempera‘ture is- raised;, the interval =
between H,y and. H, decreases and ‘above &
certain - critical. temperaiure,, the’ spm cant

carves in Flgs 7 and 8§ represent the boundary-
between the anuparaﬂel coiimear (f'emmag»-.
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o b
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Fig. 8 Magnctlc phase dlagfam of YIG assumzag
the parameter set B (JM—JM-—O Joa==13.6%"
“ém~ ). - n

'n:e't'i'c:) and the 'péiraliéi "Ii:.'dﬂiﬁear' {p'érama:giiétié)__

phase On this curve, M, =0. This leads to :
. | Hd (’Tdd ”ad)Mdf :

at 'z much: higher temperature Ty than the
ferrimagnetic ‘Curie’ temperature . @)

an. mﬁmteszmally smaﬂ externaﬁ ﬁeid even
above & :
i we compare Fzgs 7 and 8 we can see

that the eritical fields’ for the spm flip transi-

tion are very sensitive to the choice of the
- values of the excharige coeflicients. Assum!ng

- the parameter” set A, the critical fleld” H,,
of YIG is very high as in Fig. 7. Substitution '

- of Ga®* for Fe’ ¥ reduces the critical fields. The
magnetic phase diagram for Y,Ga, Fey O/
can be calculated similarly by modifymg the
parameters as deseribed in §2. Results of calcu-

fation of H,, are shown in Fig. 9 as a function

of tcmperamre for various x. With- ;ncreasmg

“ Computer Simulntion of Temperature and :Z;“éfeid;_ S

L MR ;. 1 L ¥ : '_
g 200' S HD0 800 o BOG

(39

: the same eq&atmn &s (3 3) it should ‘be noted-
" that- this broken curve crosses the abscissa:

This
shows that the ferrimagnetic order avises at

' ?EMPERA?URE (Kb

Fig 9 Dependence of H.y on T The set A was
: assume{i i, the calculatmn S EERE

X, ch decreases sxgmﬁcantiy, and Hci at' i

T 0 shoulci become zero for about x= 1 25

§4 quc&ssmn

As'is sliown § in Figs Tand 3 YsGa Feg ._x()u.:t_ B
exhibits “various “types  of tcmpcrature de-

pendence of the “spontancous: magnetzzation'

with varymg x:-THis charactenstic was! actually_ : eNiey
observed experﬂmentally in Y3Ga Fes inz'__'_

for various x.1%2% 1t should be noted at his
point that the curves i Fig: 3 vwere “obtained

assuming finite intrasite. exchange ‘coefficients -

(set A). If we assume, ‘o the other ‘hand,
that the intrasite exchange coefficients are -
2610 (set’ B), ‘the curves should be R- £ype for
the’ whole range of ‘x. This fact: Jmphes that

the intrasite mteract;on shouid be’ of a con—-__'_' i
siderable’ amount T SRR
O the other hand, the. set A results in much_

highier critical fields. of the spm-ﬁxp fransition -
than the set Bl (Figs. 7 and '8).In the recent- i
experiment of ‘the Faraday rotation in Y5 Ga
Fey 2,045 at very high' mdgnetic - fields;

‘was found ! ‘that H, is much lower than exs .: i
‘pected from the set'A forx=0.5and x=1.0."1

The experimental  points: were closer to the

‘clirves calculdated with sét B, but ‘the- expenm'-_- -
meniaﬂy “observed temperature dependence R,

of H;is larger than ‘the calculation witl set.
Al - Although - there “are ._some._ambxgmty in

the estimation of "x in’ this expetiment, the = :

experimental " restlts: :shqw_'. that the’ exchange
coefficiént’ —J,, in’ gallium substituted YIG
should be somewhat smaller than in pure




500 IR

3{)(}k 3.-.4 i . Lo R 1.1. I PP
G i 0B 1,0____- Y

FElrves wert calculateé w1th pardmeter set Adnd

. _:__B respectively Expenmental boinls are “plottad

i fg}r the: present: exper;meni: {O—samples: from
Bell: - Laboratorics, []mqamples from - Natwnal

s the cfa‘fa Gf Luﬂn (A, ref 16)

: .'YIG as far as we assume the set A for YEG

_expeﬂments This’ means:. also that. —Jy for_
'_x;é() should. be smaiier than assumed in §2. ..

_moment and femmagneuc ‘Curie temperamre_

© interaction wﬁh the remamder of - the . ions;

0 that tho c.ions: musi be:. excluded from:'

.'_j."-j:pam(:ipatloa in femmagne{lsm Accordmg 10,
" Gilleo,2¥) the probability that an jon. in 2+ or
S d-sﬁe be linked. wzth none or.at most one of

E 6(2/3)5w5(z/3}5
Ed 4(3}/2)3 B(yfz)“

' Noboru MIURA Isamu GGURO and Seshm CHEKAZUMI

' effect

" considered, the effect of the local field acting

. However,

F zg 1{} Depen&ence ef @g on x. The solid ami broken ' ; :

~ for small x.'" If we 'permat the decrease of

¥ Institate for Resealches in Tnorgamc Materia]s) ‘and eXper}memai resulis of spontaneous magneti- "

" the moiecular fisld modei

s Fxgnre 10.45 2 plot of the varzatfon of the -
o -ferr;magneﬁc Cune tempera‘iure ay a' functl(};z :
of x.2%) Theorétical lines were calculated aifmg-'_ '
with the treatment in.§2. with' parameters of
: :the set A and B, Although ihere s a sc&tter'.-.
o '-_'of the: experlmental ‘points,: ‘it 'is. ‘noted tha’s'-
'the theoretlcai curves give. higher @f than the

on crystals of whzch y and z are; accurateiy :

o We have assumed in, §2 that the. exchange-
coefhments =Jy for Y3Ga Fes. x0§2 does not'
i'change Wlth X However there mlght be a-
-poss;bzhty ‘that. it decredses Wlth increasing,
x: Gilleo: ccms;dered the variaticm of magnetlc.'

inthe direetion of edch sublattice magnetiza- . |
- tion:as: {8, > and {84y, the sublattice ‘mags
" netizations: are:. expressed m terms of (Sa)

. and (Sa> : o o

: "in terms. of the change in the number of active
_"_-:'exchange knkages pér: magnemc jon2Y. Magw_'
neticions which. interact with no Gther magne‘ﬂc-. '
DTS, 178t e) o wr{h oniy one: other magneﬁc ion. i
'_ _?another site. cannot be active in a cooperatwe _

_wehave,.'_ T
._ 2.2 ajan zzad ad
-ty e S.a+ S=A3"'
G ol )_-
22 ¥ e 22; A
dd dé(Sd> 4 d<Sa> (A 4’) .

: Hd~HO
the magnetzc wns m anothcr srte is. given by_'

CO
| _;@..z}.}

{Vei 45

.For x<2 these fractions ate neghgxbiy smaH s
(if y'and s are given by Fig. 2. Therefore, it is

concluded that the above mentioned break :
of the exchange Imkage has oniy a neghgtble

~In the moiecular ﬁeki model so far We..."

on ‘a magnetic ion due to- ne:gh‘oormg -fons
are: averaged and are regarded as ‘uniform, . .
the -substitution of gallium may
alter’ the environment of a magnetic-ion ina -
different way - from that considered- in. the
molecuiar field: model in"§2: Accordingly,
there is & good réasog’ to cons1éer tha‘i ‘the .
molecular field coefficient.” -—?’fu or —Jy; might
decrease appreczabiy with increasing. x even

=Ji; with mcreasmg x,_ we. can mterpret.-

zation, - the - critical- fields and: ferr1magnei1c"
Curie tﬁmpera‘éure within the’ framework of g

However in ‘order to chscnss the exact
values -of ~the" ex_change_ “coefficients  more
quantltatively, we: need: more comprehensive
expsrimental results for the above quantities -

kn oWl

’\/Ioiecu!af F;eié Mﬂdel fcr a Twem'-
Sﬂbiattnce Ferrimagnet

Awe_ﬂdsx. ;

If We des;gna’{e the thermaﬂy averaged:
value of the spins of ions in the a~ and d-site

Mgy, ”(A"'-'“i)"-_f__
_ Md“ﬂNgz’lB(Sd) _ {A 2)
Puttmg {A 1) and (A 2) into (2 ) and @ 2)

Mdgmtudes of (S ) and (Sd> are’ g}ven by

R . g.uBH Sae)
5, B e A 5
s (), @




R Computer S’z‘muzarfon of-Temp'er'am}e-'éxfed.p.éezd.

' <Sd>*5d03sm<mw) {A 6)_

where B(x) is the Brillouin function and
5,, and 8, aré the values of {5,> and: {5,

at- T=0. Combining (A-3)-(A-6), ¢(S,> and.

{8,y can be numerically calculated.

In the colimear phase the total magnen-"

zauon is

M=M,TH, oSS FAGSL (AT

The mints and. plus s;gns are for the an-.

tiparallel and  parallel - phase, respectively.

The ferrimagneilc Curze temperature is given

byz‘” o o
@I—S(S-f_l)ﬁk [ +’zddfd'd L

+ \/{Zaajaa de‘fdé}z + 4{1/!1}2 ']’azd ] .
" (A 8}

where e Sa,,-Sdo_S/Z - and Ty is the

Boitzmann constant.

When the. applied ﬁeid HG sansﬁes (3 5) _ S
" the, spin. cant phase. ocours,. where the trlangﬂe :
relation holds as in Fig. 6. In this ‘configuration’

the. projection-. of each. sublattice magoeti-

zatmn in the dsrectmn of‘ the external ﬁeid is

: gwen by

. where
cos 6, —-iM 2%(He/nad)2 M§3

S 12, MHo/( ﬂad)},-
' cos Bd—-[Md +(H0/nad>2

2 Mdﬂgz( nm)z (A-11)

The total magnetlzaﬂon is expressed as.
M =M+ My =Hol(— ngi (A 12)

whlch is conmstent Wli‘h {3 4) The moiecuiar
ﬁelds are

H= HD cos O —|~nm,ﬁaf'a nadMé cos@ (A-"l3j

Hﬂ —.Ho COS Gd —I-}iddM& adMa COS 8; (A‘ 14}

'Smce _
_ 0089 {M?‘+Md“{ffo/nad)2}/(2M M.s)
R o (A 15)
: we'ébtaiﬁ-

- from (3.2) and (3.3). Putting (A-16) and (A-17)

- V. V. Eemenko; §. L. Gratchenko, L. L Belyi~

Maz M CQS 8&? B 3 (AQ) .

L iy N Migra,  G. Kido, T Oguro,_K Kawauchr o
My, Mdcosf?d,- o (AG10)

12y M.UAL Gilleo and”S: Gel]ex‘ L appi Phys 29 L

as4r
H, =202, zda ad><sa> (A1)
Hr-zf{g.“s){zdéjdd adJad)<S&_>' {A In-
Thé_s'_e ‘eqiations can also be derived directly
into (A'5) and {A-6), sublattice magnetiza- R
tiong are c’aiguiated for the spin cant phase.
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