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Tom tat

Su canh tranh cac trang thai trat ty to do anh hudng cta mat trat tu trong hé ban dan tir pha loang véi dai tap lép dfiy
dugc khao sat. V&i gan dung truong trung binh dong, ham Green cua hat tai trong mé hinh mang Kondo khi c6 mat trat
tu chéo dugc xac dinh. Ham cam tng spin tinh tiép tuc dwoc khao sat cho phép ta nghién ctru birc tranh thing giang tir
trong h¢. Tinh chat ctia ham cam ting cho ta dugc gian dd pha mo ta cac trang thai trat ty tir khi nhiét d¢ thap. Gian do
pha cho ta thay, khi dai tap l4p day hoan toan, hé c6 thé ton tai & trang thai sat tir hodc phan st tir ty vao mirc do mat
trat tu trong hé. Ban chét canh tranh cua cac trang thai trat tu to do anh hudng cua thé mat trat tu vi vay dugc thao luan
mot cach chi tiét.

Tir khéa: Béan dan tir pha lodng; gian db pha; sat tir; phan sit tir; Iy thuyét truong trung binh dong.

Abstract

The competition of the magnetic stabilities under the influence of a disorder in a diluted magnetic semiconductor is
addressed. In the framework of the dynamical mean field theory, the Green function of carriers described in the Kondo
lattice model with the diagonal disorder is established. The static spin susceptibility function in the paramagnetic state is
then examined and the low temperature magnetic diagram in the system is discussed. The phase diagrams show us that
either ferromagnetic or antiferromagnetic stability might appear if an impurity band is completely filled, that depends
on the disorder effect in the system. The nature of the magnetic competition in the influence of the disorder then is
discussed in detail.

Keywords: Diluted magnetic semiconductor; phase diagram; ferromagnetic; antiferromagnetic; dynamical mean-field
theory.
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1. Mé& dau

Ban dan tir pha lodng d3 va dang 1a mot
trong nhitng vat li¢u thu hat sy quan tdm cua
cac nha nghién ctru vat liéu vi nhitng kha nang
ma vat liéu nay mang lai trong cong ngh¢ dién
tor hoc spin [1,2]. Thuc vay, khi pha tap mdt
luong nhd céc ion tir vao vat liéu ban dan, ta co
vat liéu ban dan tir pha lodng. Véi vat liéu nay,
hat tai vira mang tinh chat dién cua ban dan lai
vira c6 tinh chat tir khi co tuong tac tir v6i cac
ion pha tap. Vi vay, v6i cac chip ban dan tir pha
lodng, cac tinh chéat ddi lap 1a luu trir va xir Iy
thong tin co thé ton tai trén cung mot thiét bi
dién tir. O vat liéu ban dan tir pha lodng nay,
ngoai khao sat cac tinh chat dién cua hé, tinh
chat tir ciing thu hat sy tdp trung nghién ctru
cua cac nha vat ly [3,4]. Trong nhitng nam
trude, nguoi ta méi chi quan sat dugc trang thai
sat tir (FM) cua hé.

Khi d6, dai tap chat cua hé thudong chua lap
day. Gan day, cong nghé dién tr hoc spin phat
trién va nhan théy v6i nhitng vat lieu ¢ trang
thai phan sat tir (AF) co thé c6 nhiéu ung dung
hon vat liéu FM [5,6]. Diéu d6 cho thay, viéc
khao sat ca trang thai AF trong ban dan tir pha
loding 13 hét sirc can thiét.

Gan day, mot s6 nghién ctru vé trang thai AF
trong ban dan tir pha loang da duoc tién hanh
va kh:flng dinh trang théi AF co thé ton tai trong
ban din tir pha lodng khi dai tap gan nhu lap
day hoan toan [7]. Trang thai AF c6 thé quan
sat dugc khi twong tac tir da 16n [7]. Tuy nhién,
anh huong ctia mat trat ty 1én trang thai AF hay
canh tranh giita trang thai AF va FM van chua
duoc khao sat mot cach chi tiét. Vi vat lidu
pha tap nhu ban dan tir pha lodng, anh hudng
ciia mat trat tu ludn dong mot vai tro hét stc
quan trong. Nghién ctru anh hudng ctia mat trat
tu Ién canh tranh cac trang thai trat ty tu trong
vat liéu ban din tir pha lodng vi vdy 1a hét sirc
can thiét. Trong nghién ciru nay, ching t6i s&
khao sat chi tiét cac gian d6 pha mé ta canh

tranh trat tu tir trong ban dan tir pha lodng
thong qua tinh chit ciia ham cam tng spin tinh.
Ham cam Ung nay duoc xdc dinh trong pha
thuan tor (PM). Khi ham cam tng phéan ky, n6
cho ta tin hi¢u thé hién sy chuyén pha trang thai
trat tu tor. Tuy vao gid tri xung lugng ma ham
cam Ung spin tinh phan ky trudc ma hé c6 thé o
cac trang thai trat ty to khadc nhau. Ham cam
ung spin tinh dugc xac dinh thong qua ham
Green cling nhu ham nang luong riéng cua hat
tai, dugc xac dinh qua ly thuyét truong trung
binh dong ap dung cho md hinh mang Kondo
khi tinh t&i mat trat tu chéo [8].

Bai bao duogc chia lam bén phan. Ngoai
phan mo dau thi phan 2 mo ta co sé 1y thuyét
ap dung dé tinh ham cam tng spin tinh. Phan 3
trinh bay két qua tinh s, mé ta gian dd pha cac
trang thai trat tu tir. Cudi cung, phan 4 13 phan
két luan cta bai bao.

2. Co s& 1y thuyét

Trong pham vi bai bdo nay, chiing toi tap
trung khao sat nhiing tinh chét tir ctia hé ban
dan tir pha lodng do anh hudng ctia mat trat tu,
vi vdy, dé don gian nhat chung t6i sir dung mo
hinh mang Kondo khi c6 mat trat tu chéo.
Trong biéu dién s6 lip ddy, Hamiltonian cia
md hinh ¢6 thé dugc viét nhu sau
H=-t> clc,+23> aS'si+> Uag —pn,.

{i,j)o i i
1)

O day, ching toi dd st dung cac ky hiéu
¢! (c,)l1a toan tu sinh (hiy) hat tai tai nit i ¢6
spin 6. SO hang dau tién vi vay mo ta sy nhiy
nut cua hat tai trong gan dung lién két chat. S6
hang thr 2 m6 ta twong tac tr Hund gitra spin
cua hat tai voi spin dinh xu. J 1a cuong do
tuong tac tu. Tiép theo, U thé hién cuong do
mét trat tu. Khi co pha tap tu, ai=1, hé s¢& tdn
tai déng thoi mat trat tu va tuong tac tur. Nguoc
lai, néu tai nat mang khong cé pha tap tu, ai=0,
hé tro thanh ban dan thong thuong. Trong
Hamiltonian (1), x 1a thé hoa.
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Pé xac dinh ham cam tng spin cho hat tai
mo ta trong Hamiltonian (1), trudc hét ching
t61 thiét 1ap cac mbi lién hé cua ham Green va
nang luong riéng cua hat tai. Trén co s¢ cua ly
thuyét truong trung binh dong, ham Green cia
hat tai G, (im,) & tan sd matsubara o, lién hé
voi nang lugng riéng X_(iw,) theo cong thirc

1
o, —e+u-3 (o)’

G, (i) = [dep(e)- 2)

voi @, =(2n+1)zT vaT la nhiét do con p(e) la
ham mat do trang théi cua hat tai khong tuong
tac. Chu y rang, & gan ding sb chiéu vo han
trong 1y thuyét truong trung binh dong, ca ham
Green va nang lugng riéng déu khong phu
thudc vao xung lugng.

Co sé cua 1y thuyét truong trung binh dong
la ham Green ¢ phuong trinh (2) trung véi ham
Green cua hat tai mo ta boi Hamiltonian (1) [8].
Véi 1y thuyét tich phan phiém ham, ta co thé

“iqr,R)) 4G; , (o)
dh..

xac dinh dugc ham Green cua hat tai trén co s&
ctia cong thuc (1). Két qua cho ta

. W,
G, (i,) = Z G (iw,)-(Iso+U)a ®)

Véi G (iw,) 1a ham Green cua truong hicu
dung va Was 13 cic trong khdi. Haim Green cua
truong hi¢u dung lién h¢ véi ham Green cua hat
tai va nang lugng riéng theo phuong trinh Dyson

G, liw,) =0 (iw,)-Z (iw,). o

Nhu vay, cac phuong trinh (2-4) cho ta mot
h¢ phuong trinh tu hop. Giai hé phuong trinh tu
hop nay bang phuong phap lap cé thé cho ta két
qua cua ham Green cling nhu nang luong riéng
ctia hat phu thudc vao tan sb. Két qua nay giup
ching ta tinh toan ham cam tng spin dé khao
sat cac tinh chét tir cua hé. Thuc vay, ham cam
mg spin tinh c6 thé xac dinh thong qua ham
Green nhu sau:

!

lh-o 007,

(5)

V6i hje 13 tir truong ngoai. V6i két qua cia ham Green & cong thirc (3), ta c6 thé viét mot cach tuong

477

2T%0y,(q)

T2y, (@ie,)+ ) Gl (iw,)-S,;

+ :
;cm 28,25 (i) 2, (@1@,) + Y G*(iw,) - S,

(6)

2@)=T°>e
ijn,oo’

minh hon

x@=->
trong do

W
S — as
" ; (22 (iw,)]

va

D Mg s (@75 (@) = Qs (@),
vOl1

Was [ng (ia)n)71 — Ga (Ia)n )]

Has,a's' (q) = 50:0:'555' - Z

S. 27 (ic,)

no™~—o
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2

no =~ no

as (3 -1 H
Ly RU@WZS (0) =G, ()]
=~ S S22 (i)

S

Qas (q) — _22 Rn (q)Was [Z;Z (Ia)n )7 B Gg (Ia)n )] o )

O day

2

no

R,(@) =

va

2)(0_1(q’ Ia)n) +ZUG;2 (Ia)n) _Sn_al

%(@ie,) =3 G, (k+q,ie,)G, (K,ia,).

xo(Q,iwn) dugc goi la ham cam Gng khong
tuong tac. RO rang, ham cam tng spin tinh phu
thudc vao xung luong chi thong qua ham cam
ung khong twong tac yo(q,iwn).

Nhu d thao ludn & phan trudc, ham cam
ung dugc xac dinh trong pha thuan tir, khi nhiét
d6 giam, thang giang nhiét nham pha v& trang
thai trat tu ciia spin bi giam theo. Két qua thang
giang tir ting dan va khi nhiét d6 da nho, hé bi
pha v& dbi xtng tu phat va trang thai trat ty tir
xuat hién. Khi d6 ham cam tng phan ky. Tuy
vao sy phan ky cia ham cam ng spin tinh tai
mdi xung lugng khic nhau ma ta cé trang thai
trat tu tr khac nhau. Khi ham cdm tng phan ky
tai bién ving Brillouin q = (7,7,..., @), chuyén
pha thuin-phan sit tir (PM-AF) xay ra, con khi
ham cam Ung phan ky tai tam vung Brillouin
q = 0, ta co6 chuyén pha thuan - sit tir (PM-
FM).

3. Két qua tinh s6 va thao luin

Nhu vay, v6i két qua cua ham Green va
nang luong riéng cua hat tai tinh toan tu hop tu
ly thuyét truong trung binh dong, ta c6 thé xac
dinh dugc ham cdm ung spin tinh dya trén cong
thire (6). Bat dau bang mot gia tri bat ky cua

nang lugng riéng X_(iw,), ham Green G_ (i, )
dugc xac dinh tir cong thic (2). Tt d6 ching ta
xac dinh ham Green cua truong hiéu dung
G (iw,) theo phuong trinh Dyson ¢ cong thirc
(4) va tu do6 ta tinh dugc ham Green cua dién tir
trong gan ding trudng hiéu dung tir phuong
trinh (5). V6i két qua ctia ham Green nay, ta lai
tinh lai dugc nang luong riéng tir phuong trinh
Dyson. Qua trinh 1ap lai dugc tiép tuc cho toi1
khi su sai khac vé gia tri cia nang lugng riéng
hay ham Green giita hai l1an l3p lién tiép khong
nhiéu. Bai toan hoi tu va két qué chung ta thu
dugc ham Green va nang lugng riéng tai mdi
gia tri cia tan sb. Thay két qua vao (6) ta thu
dugc ham cam tng spin tinh twong tmg véi moi
c4u hinh xung luong. Khao sat ham cam ung
nay theo nhiét do ta co thé xac dinh duoc nhiét
do gidi han ma tai d6 ham cam ung bi phan ky.
Tuy vao viéc ham cadm tng bi phan ky trng véi
gia tri ndo cua xung luong ma ta cé thé xac
dinh dugc trang thai trat ty hoac FM hodac AF
ctia hé. Trong tat ca tinh toan dudi day, chung
ta xét truong hop dai tap 14p ddy hoan toan,
tuong Ung voi mat do hat tai va néng do tap
chat bang nhau, n = x. Khi d6, thé hoa duoc
thay d6i dé thoa man diéu kién nay.
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U

Hinh 1. Gian d6 pha cac trang thai tir (FM: xanh 14 cy,
PM: trang) cua hé phu thudc vao nhié¢t do T va mat trat tu
U cho J=1 va n=x=0.1.

Hinh 1 mé ta gian d6 pha trang thai trat ty tir
ctia hé trong miat phing (T,U) cho trudng hop
J=1. Tir hinh v& ta nhan thiy, trong toan pham
vi x4c dinh ciia mat trat tu ta chi quan sat duoc
chuyén pha thudn-sat tir khi giam nhiét do. O
vung nhiét d6 cao, hé ¢ trang thai thuan tur, khi
giam nhiét d9, ton tai mot gia tri cua nhiét do
ma tai d6 ham cam ung phan ky va hé & trang
thai FM. Tuy nhién, trang thai FM chi ton tai
khi U du nho. Thyc vay, khi ting U, mat trat ty
lam phd v& su sip xép c6 hudng clia cc spin
cua hat tai va két qua hé c6 thé chuyén sang
trang thai thudn tur néu U du 16n.

Tang thé tuwong tac trao d6i Hund J, véi J=2,
Hinh 2 cho chung ta thay buc tranh trat tu tir
cua hé cé su thay ddi o rét khi chiu su anh
huong cua mat trat tu.

0.015 " T T T T

J=2

1 1.5
u

Hinh 2: Gian d(;)’pha cac trang thai tir (FM: xanh 14 cay,
AF: cam, PM: trang) cua hé phu thudc vao nhiét @6 T va
mat trat ty U cho J=2 va n=x=0.1

Khi khong c6 mat trat tu, U=0, hé ¢6
thé ton tai trang thai phan sat tir. Diéu nay co
thé giai thich khi J da 16n va U nho, dai tap
duoc tach roi hoan toan so voi dai chinh cua
chat ban dan [9], vi vay, khi dai tap duoc lap
day hoan toan thi kha ning nhay nit cia dién tir
tap quyét dinh trang thai FM khong con. Thay
vao do, chi con sy nhay nat do, uvu tién trang
thai AF. Tang U, mat trat ty lam giam kha ning
sap xép spin cua hat tai theo hudng xac dinh va
trang thai trat tu bi thu hep. Khi U du 16n, vi du
U>0.5, ta nhan théy trang thai FM bt dau hinh
thanh va nhiét d6 chuyén pha ting manh khi
tang U. Ldc nay, khi U du 16n, dai tap va dai
chinh bi chong chap 1én nhau vi viy né ting
cuong kha niing nhay nit cua hat tai va dan t6i
ting cudng trang thai trat twr FM. Néu tiép tuc
tang U, thé mat trat ty lai dong gop vao viée
pha v& trat tu ddi xing clia cic mo-men tir va
lam giam kha ning 6n dinh cua trang thai FM.
Nhiét d6 chuyén pha PM-FM vi véy lai giam
khi U tang.

0.015 | \ |
J=3
0.01+
l_
PM
0.005}
AF
2 1 i il i
% 0.5 i 15 >
U

Hinh 3: Gian d(k)’pha cac trang thai tir (FM: xanh 14 cdy,
AF: cam, PM: trang) cta hé phu thudc vao nhiét 46 T va
mat trat tw U cho J=3 va n=x=0.1

Tiép tuc ting J, vi du J=3 nhu trong Hinh 3,
chung ta nhan théy btrc tranh trat tu tir trong hé
do anh huéng cta mét trat tuy khong thay doi,
tuy c6 dich vé phia voi gia tri 16n hon cua U.
Vung cua trang thai AF dugc mé rong hon voi
pham vi 16n hon cia do mat trat tu. Diéu nay co
thé hiéu dugc vi khi J 16n, thé tuong tac tur
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dong vai tro quan trong hinh thanh va duy tri
trang thai trat tu tir cia hé. D6 mat trat tu vi vy
phai du 16n dé pha v trat ty di ximg. Trong
truong hop J 16n hon nay, ta ciing quan sat thay
nhiét do chuyén pha trang thai trat tu tu cling
ting 1én. Chu y rang, trong tit ca cac trudng
hop cua thé tuong tac Hund, ving phan sit tir
va sat tir ludn tach xa nhau, ¢ giita 13 trang thai
thudn tur. Nhu vdy, dudi sy anh huong cua mAt
trat tw, hé co thé chuyén tur trang thai phan sat
tir, sang thudn tir r0i trang thai sat tir. Mot tinh
chét tha vi ¢o thé quan sat dugc ¢ vat liéu ban
dan tir pha loang.

4. Két luin

Trong bai bao nay, chung t6i da khao sat chi
tiét buc tranh gian d6 pha mé ta cac trang thai
trat tu tir 6 thé ctia hé ban dan tir pha loang khi
dai tap dugc lép dﬁy khi ¢6 mat cua mat trat tu.
Bing gan dung trudng trung binh dong, ching
t61 ¢ thé thu duoc ham Green va ning lugng
riéng cua hat tai tr d6 cho phép xac dinh ham
cam ung spin tinh. Khdo sat tinh phan ky cia
ham cam tng véi nhitng cdu hinh xung lugng
khac nhau giup ching t6i xac dinh dugc cac
trang thai trat tu tir khac nhau cua hé. Khi thé
tuong tic Hund nho, chi trang thai sat tir hinh
thanh. Trang thai sit tir nay bi suy giam khi
tang cuong do mat trat ty. Khi ting thé tuong

tac tir, trang thai phan sat tir hinh thanh ¢ ving
mat trat tu nho. Khi ting mat trat tu, trang thai
phan sit tir nay ciing bi suy yéu va thay vao dé
trang thai sit tir hinh thanh khi mat trat tu du
16n. Néu tiép tuc tang do mat trét tu, trang thai
sit tir ndy bi suy giam va bién mat khi thé mat
trat tu da 16n. Két qua cua nghién cuu cho ta
duogc blc tranh twong ddi tron ven vé canh
tranh cac trang thai trat tu tir trong h¢ ban dan
tir pha lodng khi dai tap dugc lap day hoan
toan.
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