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Tom tat

MAt trat tu dong vai tro rat quan trong trong cic hé co pha tap. Trong bai bdo ndy, sy anh hudng ctia mét trat tu 1én tinh
chat tir trong ban dan tir pha lodng dwoc khao sat thong qua ham cam mg spin cho mé hinh mang Kondo c¢6 mat trat ty
chéo. Gia thiét mat trat tw chéo chi ton tai khi ntit mang c6 pha tap, khi 6, ham cam tng spin hoan toan c¢é thé xac dinh
dugc dua trén két qua cua 1y thuyét truong trung binh dong. Khi nhiét d6 giam, thang giang spin tang va két qua hé co
thé & trang thai trat ty tir khi nhiét do du thip. Tuy vao cuong dg tuong tac tir hay mat trat tw ma ham cam mg tuong
g vdi cac xung luong khac nhau c6 thé phan ky trude, dan t6i sy canh tranh giita cac trang thai tir khac nhau trong hé.

Tir khéa: Ham cam tng spin tinh; mét trat tw; ban dan tir pha lodng; 1y thuyét trudng trung binh dong.

Abstract

Disorders play important roles in a doping material. This paper discusses the effects of diagonal disorder in magnetic
correlations in diluted magnetic semiconductor from signatures of the static spin susceptibility function for the Kondo
lattice model. Suppose that the disorder occurs only in a doped lattice site, the static spin susceptibility function thus is
able to be found in the framework of dynamical mean-field theory. Numerical results clarify a divergence of the static
spin susceptibility when temperature is sufficiently small. Depending on the magnetic coupling and the disorder
potential, the spin susceptibility might diverge for each momenta that delivers a complex magnetic instabilities in the
system in the low temperature range.
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1. Mé dau

Trong nhitng nim gan day, v6i sy phat trién
cua cong ngh¢ dién tr hoc spin, vat li¢u ban
dan tr pha lodng tr& nén dugc quan tdm hon
bao gio hét [1,2]. O vat liéu ban dan tir pha
lodng, cac ion tir dugc pha tap véi ndng do thap
trong cac tinh thé ban din. Ban din tir pha
lodng vi vy vira thé hién duoc tinh chét dién
(do hat tai trong ban din) va vira thé hién tinh
chat tir (vi co twong tac tir cua hat tai v6i ion tir
pha tap). Tinh chat tir cia hé vi vay tré nén hét
strc tha vi [3,4]. Khi ¢ pha tap tir, phd ning
lugng cua hat tai xuat hién dai tap. Dai nay
cang thé hién rd khi ting nong do pha tap ciing
nhu tdng cuong do tuong tac tur [S]. Khi dai tap
chua lép déy, hé tdn tai & trang thai sat tur (FM)
gidng nhu cac hé manganite pha tap [6].

Vi cac hé ban dan tir pha tap, anh hudng cta
mat trat tu dong vai tro quan trong. Thuc vay,
khi c6 mét trat tir, nhiét do chuyén pha trang thai
FM duoc cho rang s& bi giam dan toi pham vi
ton tai trang thai FM bi thu hep. Diéu nay cho
thay, khi cudng do twong tac tir ting cuong nhiét
do chuyén pha FM thi ngugc lai, mat trat tu lai
lam giam nhiét do chuyén pha FM. Hon nita, khi
tang dan nong do hat tai, hay khi dai tap dan bi
lap dy, trang thai FM ciing bi thu hep [7]. Pic
biét, khi dai tap bj lap day hoan toan, trang thai
FM c6 thé bi bién mat va thay vao do 1a trang
thai phan sat tir (AFM), gidng nhu trong cic hé
manganite pha tap [8]. Piéu nay goi ¥ cho chiing
ta thay, viéc nghién ctru mot cach chi tiét birc
tranh trat tu tir khi ddi tap ctia h¢ ¢ trang thai lép
day hoan toan 1a mot van dé hét stc tha vi.

H=-t) clc,+2) S5
(i.§) i

trong d6 ¢/ va c,_ 1a cdc toan ti sinh, huy hat
tai tai nit i CO spin o, toan tir spin twong Ung
ciahattaila §=) ¢ & c,/2véi G, la
cac ma tran Pauli va n, = Gcfacig la toan tir

sO lap day twong tmg. SO hang thtr nhit trong
Hamiltonian mé ta tich phan nhay cta hat tai

Thing giang tir hay chuyén pha trat ty tir trong
hé co thé duogc khao sat bang xac dinh do tir hoa
hay ham cam tng spin tinh. Trong bai béo nay,
chiing t6i sir dung ham cam tmg spin tinh dé
nghién ctru tinh chét tir ciia hé. Ham cam tng
spin tinh ¢6 thé phy thudc vao xung luong va vi
vay tuy vao gia tri xung luong, ham cam ung
nao déng vai trd quan trong s& quyét dinh trang
thai trat ty tr cua hé. Ham cam Ung spin trong
bai bao nay s& dugc tinh toan dua trén 1y thuyét
truong trung binh dong (DMFT) dp dung cho
mo hinh mang Kondo khi tinh téi mét trat ty
chéo. V61 mot hé cac hat tai ¢6 tinh toi tuong tac
tor dinh xr, m6 hinh mang Kondo c6 thé mo ta
mot cach ddy du tinh chit vi mo cia hé trong
gi6i han luong tir. Ngoai ra, 1y thuyét DMFT c6
thé ap dung mot cach dé dang dé giai quyét bai
toan hé hat tai trong m6 hinh mang Kondo [9].
Tinh chét tir ctia hé vi vy c6 thé duoc khao sat
mot cach chi tiét.

Bai bao nay dugc chia lam bdn phan. Ngoai
phan m¢& dau, ching t6i gisi thiéu mo hinh va
ly thuyét truong trung binh dong ¢ phan 2.
Phan 3 trinh bay két qua tinh toan giai tich cho
ham cam ng spin tinh. Két qua tinh s va thao
luan cho ham cam tng spin tinh dugc thé hién
trong phan 4. Cudi cung, phan 5 1a phan két
luan cua bai bao.

2. M hinh va Iy thuyét truong trung binh dong

Pé mé ta trang thai cua hat tai cling nhu
nhing tinh chét tir tinh trong hé ban dan tir pha
loang, chung t61 sir dung Hamiltonian duoc viét
trong biéu dién sb luong tir 1ap day

fUYan-uYn ®

gilta cac ndt 1an cin gan nhat. S6 hang thir hai
mo ta twong tac tir gitra spin cua hat tai véi mo-
men tir dinh xtt S; v6i cuong do J. oi=1 néu nat
i dugc pha tap boi ion tir véi xac suat X va ai=0
néu nut i khong dugc pha tap. U 1a gia trj dic
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trung cho do mAt trat tu cua hé hat tai khi ban
dan c6 pha tap tir va p 1a thé hoa.

Trong ndi dung bai bao nay, Hamiltonian &
(1) dugc khao sat biang ap dung 1y thuyét
DMFT. V¢i Iy thuyét DMFT, ham Green cta
hat dan c6 thé dugc xac dinh mot cach chinh
x4c ¢ gan ding sb chiéu vo han. Khi d6, ham
Green dugc xem nhu khong phu thudc vao
xung luong

G, (im,) :J.dgp(g) o —g+/j—20(ia)n) )

trong d6 X_(iw,) la nang luong riéng voi
@, =(2n+1)7ZT (T la nhiét d6). O gan dung sb
chiéu v6 han, ning luong riéng ciing khong phu
thudc vao xung lugng. p(e) 1a ham mat do trang
thai cda hat tai khong tuong téc.

Ham Green & phuong trinh (2) trung voi
ham Green cua hat tai mo ta boi Hamiltonian
(1) khi gia thiét hat tai nam trong truong trung
binh dong [13]. Khi d6 ta c6 thé viét

W

G, (ien) = Zg Yim,) - (ajSO'+U)a )

2@=T*>e

ijn,oo’

Trong d6 hj, Ia tir trudng ngoai. Tir dong nhat thac

-iq(Ri-R}) dG; , (im,)

107

O day, G, (iw,) 1a ham Green cua truong
hiéu dung vo1 Wes (0=0;1) dong vai tro nhu céc
hé $b trong khéi, duoc viét mot cach chi tiét

L-x)exp)’ In[G (iw,)/im,]
0 Trexp). In[G(im,)]

va
~ xexp Y In{[G; (im,)—(Iso +U)]/iw,}
0 Trexp) In[G\(io,)-(Iso+U)]

Ham Green cua hat tai cing thoa mén diéu
kién cua phuong trinh Dyson

Ggl(ia)n) = g;l(ia)n)_zg(iwn)' (4)

T cac phuong trinh (2-4), ta thu dugc hé
phuong trinh ty hgp, cho phép xac dinh ham
Green cua di¢n tu cling nhu ham nang lugng
riéng. Diéu d6 gitp chung ta xac dinh dugc
ham cam tng tir tinh trong phan tiép theo.

3. Ham cam wng tur tinh

Ham cam tmg tr cho ta tin hiéu phan hoi
tinh chat tir cia hé khi tir trudng ngoai tac dong
vao. Ham cam ung tir vi vay, co thé dugc xéac
dinh tr két qué cua ham Green. Thuc viy, ta c6
thé viét [18]

dh,, 07 ¥

Gii,o- (lCl)n) = ZGil,o- (ia)n)Gl;nl,O' (Ia)n )Gmi,a (ia)n)’

vachi yrang > G, (i0,)G,; . (iw,) = & , ta c6 thé thu duoc

dG; , (iw,)
— foer N7 __ E G.
dhjo_, il, O'(I

- ZGH o-(la) ) Im mJ

dGIm o’(la) ) ) (la) )
16’ o
+ B i) o Gy, (i@,). (6)

io’

Chu ¥ rang, & day, ching ta da str dung biéu dién ctia ham Green phy thudc vao tir trudng ngoai

c6 dang
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1
é‘lm [Ia)n +u— hlo- _Zlm,o-(ia)n)] _tlm

Gy o (10,) =

v6i tim phu thudc vao tich phan nhay nat hiéu dung t* va sé chiéu cua hé [13]. Xem ning lugng
riéng nhu 13 phiém ham cua ham Green, ta c6 thé viét

dE” cr(la) ) _Z %, (w,) dG, .(io, )
- dG, .(iw,) dh, . @
Thay (6) vao (5) cung vdi (7) ta thu duogc
) =T (@i’ + (@)oo S G 7., @ier)

noo’ noo’

O day

: Ligr-r) 4G, (@)
(a,i —_T? e iq(Ri-R;) i,o n r’
lao (q a)n) Z —dth, (0]02

ij,00’
Va ham cdm Ung khong tuong tac
Y.(Qiw,) = ZGU (k+0q,i0,)G, (k,ia,).
k,o

Chu y rang, tir két qua ctia ham ning luong riéng & gan ding DMFT, ta hoan toan c6 thé xem
> (i) nhu 1a phiém ham cta ham Green G,(iwn) va cac hé s trong khdi W, Khi d6 ta co
Az (iw,) 0JZ (iw,) "‘Z X _(iw,) dW,
dGo‘” (va) ﬁGo‘" (Ia)v) oo sa &V\/as dGo’” (Ia)v) .

Vi két qua cua ham trong khdi Wa phu thudc vao ham Green cho & muc trudc, ching ta cé thé
xéc dinh dugc biéu thirc giai tich cu thé hon ctia ham cam ting tir tinh
472
2@ == —— — —
n 2)(0 (q' Ia)n) + ZO.GO' (Ia)n) - Sna

2T%0y,(q)
* 05 77 o) @ia)+ Y G ) 5. ©

trong do
W

as

S —
" ; (27 (i0,)]
con ham yas(q) duoc xac dinh tir ma tran véi
2 Mo s (@7 (@) = R, (0,
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W, o
aa ss ZS Zas

no—o

0 (@) =

as” o

(@) 1< R ()
(io,) Eg

Qas (q) = _ZZ S

O day, ta da dung ky hiéu
I (o) =25 (o)™
va

R.(q) = 2

-G, (im,)
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W I'”(iw,)
oo
S..S.. 25 (im,)

no ~'no’

R (@OW, [ (e,)

2%, (@ie,) + ) G (iw,) =S,

Nhu vy, ta nhan thay, ham cam tng phu thudc vao xung luong chi thong qua ham cam tng

khong tuong tac xo(q,icwn). O sd chiéu vo han, su phu thudc vao g c6 thé duoc xac dinh théng qua

tham sb X = Y'i cosqi/D [13, 16], cu thé

1@ i@,) = 7,(X iw,) = Wfdfp(f) (%J

trong d6 F(z) = | dep(€)/(z-¢) 1a phép bién doi
Hilbert ctia mat dg trang thai khong tuong tac
V6i z=iwntp-Y (iwon). Chll ¥ rang, ham cam ung
spin duoc xac dinh trong pha thuan tir. Diéu d6
cho thay khi ham cam ung c6 xu hudéng phan
ky, cho ta tin hidu ciia sy chuyén pha trang thai
trat ty tu to trang thai thuan tuo. Tuy thudc vao
su phan ky ctia ham cam {mg tir tai mdi xung
lugng khéc nhau ma ta c6 trang thai trat ty tr
khéc nhau. Vi dy, khi ham cdm trng phan ky tai
X = -1 (twong Umg v&i bién vung Brillouin q =
(x,7,..., ©)) ta c6 chuyén pha thuin-phan sit tir
(PM-AF) con khi ham cam tng phan ky tai X =
1 (hay tai tam vung Brillouin q = 0), ta cé
chuyén pha thuén — sét tir (PM-FM).

4. Két qua tinh s va thao ludn

Trong phan nay, chiing toi trinh bay két qua
tinh s ham cam ung spin tinh tinh toan giai
tich & phan trén. Véi két qua cia ham Green
cling nhu nang luong riéng cua hat tai sau khi
giai tu hop trong gan dung DMFT, ham cam

tng spin tinh dé dang dugc xac dinh theo cong
thtrc (8). Trong tinh todn cua chung t61, dai tap
dugce xem nhu 1ip ddy, tic mat do hat tai n va
nong do pha tap x 1a bang nhau, n=x. O diéu
kién nay, nhu ching t61 da dé cap, co thé xuét
hién su canh tranh cac trang thai trat tu to nhu
trat tw FM va trat tu AFM khi nhié¢t do du nho.
Bang viéc thay d6i thé twong tac tir J ciing nhu
cuong do mét trat ty U, chung t61 co thé khao
sat btrc tranh thang giang tir cua hé khi c6 anh
hudng cua mat trat tu 1én tinh cht tir cia hé.
Xuat phat tir mot nhiét do du 16n, khi d6 hé
¢ trang thai thuan tor (PM), ham cam Ung spin
dugc xac dinh co gia tri nho, thé hién thing
giang tir yéu. Khi nhiét do giam xudng, thing
giang nhiét bi giam va thay vao do, thang giang
tlr ting cuong dan t4i ting gid tri cia ham cam
ung spin tinh. Nhi¢t d§ cang giam thi thang
giang tir cang dong vai tro quyét dinh va khi
nhiét d6 du nho, ham cam tng spin c6 thé phan
ky. Nhiét do tai do ham cam ung spin phan ky
thé hién su pha v& d6i xtimg tu phat va hé & mot
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trang thai trat ty tu nhét dinh. Tuy thudc vao
gia tri xung luong cia ham cam tng ma no
phan ky, h¢ s€ ¢ trang thai trat tu tir khac nhau.
Vi dy, néu ham cam tng phan ky tng v6i xung
lvong =(0,0,..0), hay X=1, hé chuyén sang
trang thai trat ty FM, nguoc lai néu ham cam
ung phan ky ung véi xung luong q=(z, =,..., ©),
hay X=-1, hé chuyén sang trang thai AFM. Con
néu hé phan ky & gia tri trung gian ctia xung
lugng hay -1<X<1, thi hé ¢ trang thai phan pha
khi c6 sy canh tranh gitta trang thai FM va
trang thai AFM.

Hinh 1 m6 ta su phu thudc ctia ham cam ung
spin tinh y vao nhiét d¢ T khi cuong do tuong
tac J con nho, cu thé J=1, cho mét sb gia tri
khéc nhau cua cuong do mat trat tu. Trong tat
cd céac truong hop cua cuong do mat trat ty, ta

nhan thiy ham cam tng spin déu ting dan khi
giam nhiét d6. Piéu nay cho thiy, khi giam
nhiét d9, thang giang nhiét gidm lam giam bot
anh hudng cua thang giang nhiét 1én trang thai
spin cua h¢ va thang gidng tir dong vai troé quan
trong. Két qua hé cé thé & trang thai trat ty tu.
Vi J nho, dai tap van chua tach roi so voi dai
chinh, va voi cac gia tri cia U, ta nhan théy
ham cam ng spin tinh Gng véi X=1 lubn phan
ky trude cac gia tri khac ciia X. Diéu nay cho
thiy, véi moi gié tri ciia U trong pham vi ching
ta xét, chung ta chi tim dugc trang thai FM. Khi
taing d6 mat trat ty, nhiét d6 ma ham cam tng
c6 thé phan ky giam. Piéu d6 cho thiy, mat trat
tu 1am giam nhiét 46 chuyén pha trang thai trat
tur tur.

90{] I | T | | T
'| () |

600

300

\

(b) : (c)

U=2

.I"-.
L¢ — |

0.03 0

0.02
T

0.01

0.02 0.03 0 0.01 0.02
T T

0.03

Hinh 1: Hdm cam tng spin tinh phy thudc nhiét d6 cho ba gia tri ciia xung lugng X véi J=1, n=x=0.1,
cho ba gia tri khac nhau cua U.

Khi tang cuong do tuong tac tur, chiing ta thu
duoc buc tranh chuyén pha hoan toan khac.
Thyc vay, Hinh 2 cho chung ta théy, khi cuong
d6 twong tac tir di 16n, J=3 chang han, ham
cam ung spin tinh véi X=1 c6 thé phan ky véi
nhiét d0 nho hon nhiét d0 ma tai d6 ham cam
mg spin tinh tai X=-1 phan ky. Diéu nay cho
chung ta thdy su canh tranh cua cac trang thai
trat tu tir. Khi U nho, U<0.5 chéng han, Hinh 2
(a&b) chi ra rang hé co6 thé ton tai trang thai
AFM khi nhiét d6 nho. Khi U 16n hon, U=2

chang han, Hinh 2(c) cho ta thiy hé lai & trang
thai FM khi nhiét d§ gidm hon nhiét do t6i han.
Diéu nay cho chung ta thdy vai tro clia thé mét
trat tu trong su tdn tai cac trang thai trat tu tu
ctia hé. Chu y rang, chung ta dang khao sat cho
truong hop dai tap 1a 1ap ddy hoan toan. Khi do,
voi U nhd, tuong tac tor dong vai tro chu dao va
dai tap ltc nay tach roi so véi dai dan. Két qua,
khi dai tap 1ap ddy, qua trinh nhay nat cua hat
tai dé tao trang thai FM bi ngin cidm, thay vao
do chi c6 qua trinh nhay nlt 4o ctua céac hat tai
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dan t6i trang thai AFM nhu trong cac hop chat
manganite pha tap. Khi tang do mat trat tu, su
tach biét gitra dai tap va dai chinh tré nén nhoe

di, lam cho qua trinh nhay nut tao trang thai FM
c6 thé xdy ra va hé ¢ trang thai FM.

8000 e . —
| @ [ €
6000 [ | - T — X=-1 —
| l | — X=0 |
II | X=1
= 4000 |- | | - - .
- L U=0 - | U=2 -
2000 - = -
D | \ ---I- — \"‘--_\l'l-— =i | L
0 001 002 003 0 0.01 0.02 003 0 0.00 0.02 0.03
T T T

Hinh 2: Ham cam tng spin tinh phu thugc nhiét d6 cho ba gia tri ciia xung luwong X véi J=3, n=x=0.1,
cho ba gia tri khac nhau ctua U.

5. Két luin

Trong bai bao nay, ching t61 da khao sat
ham cam tng spin tinh cho hé ban dan tir pha
lodng bang ap dung 1y thuyét truong trung binh
dong cho md hinh mang Kondo khi c6 mét trat
tu. O gan dung sé chidu vo han, chung toi da
thu dugc hé phuong trinh ty hop cho phép xéc
dinh ham Green cling nhu nang luong riéng cua
hat tai trong hé. Gia thiét hé ¢ trang thai thuan
tir, ham cam Ung spin tinh cling dugc tinh toan
dua trén két qua cua 1y thuyét truong trung binh
dong. Két qua tinh s chi ra rang, khi nhiét do
giam, 4nh hudng cua thang giang nhiét lén su
sap xép trat tu spin cua hé giam, din toi ham
cam ung spin tinh tang. Khi nhiét do dua nho, ta
¢6 thé quan sat duogc sy phan ky ciia ham cam
tmg spin tinh. Nhiét d6 chuyén pha trat tu tir vi
vay duogc xac dinh. Vdi tuong tac tor nho, khi
dai tap 14p day hoan toan, ta chi quan sat dugc
trang thai sét tur. Cuong do mat trat tu chi lam
giam nhiét d6 chuyén pha sét tir. Tuy nhién, khi
tuong tac tur du 16n, ta co thé quan sat dugc sy
chuyén pha thuén tir-phan sit tir khi mat trat tu
nhé. Tang dan d6 mat trat tu 1am cho trang thai

phan sat tir bi suy yéu, thay vao dé, ta lai quan
sat duogc trang thai sat tir. Nghién ciru nay dong
vai tro quan trong gitp chung ta c6 thé khao sat
chi tiét canh tranh trang thai trat tu tir trong he.
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