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Abstract

This paper discusses the mechanism of appearance of colossal magnetoresistance in manganese based oxide materials,
focusing on the essential physics of the colossal magnetoresistance of the perovskite type crystal Re;.xAxMnO3; (RAMO; where
Re is a rare earth element such as La, and A is a divalent element). The state of the electron spin for Mn(3d) of RAMO is shown
as Mn3*[3d*(t2g(3)eq(1))]-Mn*"[3d3(t2¢(3)eg(0))]. The electrical conduction of RAMO material comes from the interplay between
a strong electron—phonon coupling and the “double exchange” effect of spin alignment on electron kinetic energy and is caused
by the electronic hopping phenomenon. The magnetic and magneto-transport properties of RAMO are governed mainly by the
mixed-valence Mn ions and are less affected by the oxygen ions. This coupling, which is a type of dynamic extended-system
version of the Jahn-Teller effect, in conjunction with the double-exchange interaction, is also given by G{MR(T) =
A T/(w,zc + (CT)Z) according to the Green function calculation with the temperature parameter.
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Fig. 1 The conceptual models of the localized electrons S
and the hopping electrons s for RAMO: (a) ferro-
magnetic spin ordering at temperature 7=0 [K] and
(b) anti-ferromagnetic spin ordering at 7>0 [K].
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Table 1 Hamiltonian of the spin interaction between the
localized electrons S and the hopping electron s.

0 | f=1-sitem—site | Ho="Jess z 5/~Sf—tZ(c:acm,,+h.c.)
f=lm sy
s 8 .
,f ‘f =-Js(I/)+0-¢t+0
Sp: .1 .v
6=0
Syt |
a d =Js(1/y) +0—t+0
Syt .’ "
s P b
& o =—J(1/5)s cos(®/,) = 1(1/)s sin(®/,) — t +0
Sp: w »
0+0 ; i ’:
Spt L
d 9 =—J(1/5)ssin(8/5) = 1(1/3)S cos(8/5) =t + 0
S W ey,
[—js/2 0 —t 0
_| o JS/2 0 t
Ho=| = o (=JS/2)cos(6/2) (—]S/2)sin(6/2)
0 -t (=JS/2)sin(8/2)  (JS/2)cos(6/2)
(3)

B RO AE,

Ep = —{(J?S)Z +t2 + JSt |cos <§)|}1/2 4)

TohD. 12121, Jyr=]Th Y, BERMOFHEBREZ AV
%10,

2.3 SSTBMEEER

Fig. | DL A AN RN A X A T )~ a7
DOFHEZBEH L, Mn A MO ENER 2B
5. AAIEBOAR EWHBEE 2 hat tal L,
AV URERE T 2A(=S—SHBLOZOEAH AN
L5, £, REAEY L +SICH LT,

St =V2SF(S)a
S; =V25a F,(S) (5)
Sf=-S+ a;ral

722U, FOIEA Y R ZEDEA KT GERIE) T, F(S) =
(1 —ajal/zs)l/zf%é N, T TIHEMIZFS) =1%¢&
5. WE, IEmEBO Mn BT ROMNER S0, —1 =
RYDIZHER & Jor & L, HALEFTMS 72D O Mn A A
ZN, Mn-Mn A F HAEAEHOFEH: Mn A A B %27
LT BHE, RHHEER NIV =T I3 EIZLD,

H,

= —JoxS {z Z exp(—ikR)ay a} + Z Z exp (ikR)aj ak}
X R X R

— NZS§2 +2Z7],, Z al a;
k

(6)

LB 22T, BFRICBIT D Mo-Mn A A I E
Bral+TH 7 HRMERLTEY, BFORYIMEE
b‘i‘%ykﬁ,

1
Vi = EZ exp(ikR)

R
= %{cos(kxa) + cos(kya) + cos(k,a)}
(7

TERDEND. Lo T,

H,oy = —JoxNzS? + 2],,28 2(1 - Vk)aztak
= (®)

B LU OE AL, Mn(3d,2) & Mn(3d,2_y2) DHLE O B
BHEND, REFFD0THDHDT,

Eex = _]exNZSZ + zjexZS (9)
Thd.

2.4 ¥Y—2-T5—HE

CMR-Mn L AT 5 I-T ZhHi%, $EBEN OIRAE
EERMBRMEEICIE S B> T b, RAMO BHEY)
B LaMnOs H O M3 (dYEFEFITTRW I-T A 4 Th
v, LT 2R EPUEEMORAIMEZ S S, HAEH
NI =T 0T,

(7] . (0 1 10
}[]T=Kq{Azcos<E>+Ax51n<5>}+§Mw2q2 (10)

BIO, EAMETDY,
6 0 1
= — Z . Z M2a2 (11)
Ejr Kq {COS <2> + sin <2>} + ZMw q

ThHzbond., 7217, MiEMn A A OEE, qif J-T
EBHICLDEFHEDOEMTHD.

PLEDRER, ®AIL =7 okt 5 EABE=
Ep + Eox + Ejp)iE,

E
BT U R
—Kq {cos (g) +sin (g)} + %szqz

(12)

Thb. LIEN-ST, RV AV LV RIZBITAEFOFR Y
B T RRE 7R R ENE, 2z BhICxETT A A B U OfR Y B A
Scos(6/2) >0 TR UM & IZ/AN L, KRB % =~ T EK
R4y (Ssin(8/2) L W KEWZ ENEFHEEIND. ZO%KMt
DL ET, BEETORYE L TOEOORNRET v
¥ IV RV —T,



A7 AT A R Mn R O -8 RS SHRHURN R 0D FE BB A

iE] =1, (13)

Thb. 2O NG, RAMO ROEERBIZEITAE
TRy T, RO T RSB T DEMEA A EO
EAEBIOEARICKEEINDZ ERHLNE 20T,

3. BEJV)—VEHMERRY FILERTFR

CZTHEHEROIE, ONRETIZE>TELTLIOT
TOWETFIT)ETHZ LT, BLEITLARy LS
BT OBELRMEERBEOERIIRE LCEHMIND., T2
T, Ay U TETI 3deREIZH Y, Fig. 1 O Mn #%
F ROy, )Z BB R FME LT 5 r-RARTUm) =
(V1/R)exp(ikR)TH 2 6 5. 172U, RIEBEH|HD S
EAIIL N TH B, kidd v © L SETFOWRIMT, RIT
R=1r—-1,CTHY, J-T BRI L DqgNEREIREETD r-F
RTHD.

ZORITEBIT DIRERNEE, BRES Y — B R
7 MUVRRELTRDD., ROBET YV — B GBh
D7V —BMER) BUTOXIITREND. ROR
E7 ) — v BEoES AL,

d? 1
<m — Q(Z)> Glm(T) = —Mé\lms(f) + KZ Dlm Glm(T)
m

(14)

THEz2bND., ZOHFBRREML =H12, UUTFOMHE T
BEAT D ARERTA—F 21l THINA BV
AT L7 o TEMEE FG(0)iT

G(r) = e’ g(0)e™* (15)
T, BFRUZEBR L, BAIEED 74/ VAR & THIRTE
B %,

bf (1) = e®oTh? by(t) = e b (16)

[b, b)) = Sim [b, bl =[], 6] =0 (17)
DEIITRL, BEARHHOE KR Ew,D 7 4/ DFng%
RoTHE T,

~ 1
exp(Bwo) — 1
1
1 —exp(Bwo) (18)

(b/ b)) =,

(bby=ny+1=

THDH. INOOEETZ AN TRU4)DEARMEG (D)1,
K =004,

Go(7) = h(TX(T[q: (DG (0)])

= oMo (T{(e“h; + e~®o%) (b + b))} (19)

THzoNha. 72720, TWXERRD], h@iZ~EY A K
BEcH 5. KANZXUA)~U)E AW,

1
= —wolt| wolt|
Go(7) IMay {(ng + De~®oltl + nye@oltl} 0

EELND. 2L, ZORTIHRENRT A—ZHRAIC
DT eV BEOIEFHA0<T<B, B<T <28,
7R DRE O A 2 B E L TR T — U =i
BT &,

Go(7) = Z exp (ZﬂiUT/ﬂ) Go(v) (21)

v

777U, B=1/kzT T, kzyldAR ALY <= B, v=
0,41,42,Ths. 22T, XA7)DIREO <t <BITD
WCTT7— U R ElTo &,

18
6o = 5 j et Go(r)dt

1 b B
= e 3 {j e~ (ny + 1)e~“o%dr + j e ¥ noe“’ﬂfdr}
ob Lo 0
11
CBMwi+ 2

(22)

wiz, N1 —RITZRERIEOS 1 Tl Huv
T, K+ 0084,

Gin(©) = Go@)Bin + KEMGo() ) DiGin@)  (23)
1

Thb. 2120, wldfllx Ok 5o EARIREE K,
(=Qu+Dr/BIXHEDOIZDDEKERIT7-. Zh &
0,

_ 6®
{2 twi, 24)

Glm(() =

2%, EEL, 0=l +KDThb. ZOFRFR
ks TR (mFR) IZB VT Y — B HE DS wo
B~V 7 P LEZEERLTNS.

ZIT, ERTORy B T 8B FORE S Y —
CVHEOBREFREEL 0, RO T — Y =L
7L,

Ge@) = ) Gyne K
1

_ 6®  pm
1+ KBMDGy({)  (?+w? . (25)

ELIBICR L= Ru+ /B = Qu+ DrksTTh
200, EXZRETTRDT L,



THERESL - /IR

T
o= e 2o
EETD. L, A= kg/M)EC(= Qu+ Drkgld & B I
BN 2EHTH D, NQROEEH vy B 7 EEDR
EERFEEZRT 7Y -V EAEANXT NV THD DT,
CMR D BRI Q) RT AT M OKIHRTH
U

GEMR(T) = Aiwi Ty o7

KOQNDIIHEBE O FRBIO L & T, REZEHL
95 CMR OV ) —BEABEARTRITHS. EHA, CB
L QBT A—=FIZL Y, AT MERRT D & Fig.
20X D. Wb bnb X DI CMR X, BE RS
WZEBRWVEFEESNERL, BOEREZRLTRBY E
BfERE L<HBAL TN D,

100 E
1] a (J)k=005
— E O (Uk=01
2 b A (l)k=05
3 10 E
o=
g a
g o
R n
) £
< o
g
E:
8
< 0.1
53 E
© E o
001 L Ll L Ll
0.1 1 10 100 1000

Temperature T [K]

Fig. 2 The calculated simulation for the colossal magneto-
resistance dependence on the temperature as a functions
of the angular frequency wy,.
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