TAP CHi KHOA HOC VA CONG NGHE, BAI HOC BA NANG - SO 10(71).2013

MO HINH HOA TINH TU TRONG VAT LIEU SAT TU
BANG MO HINH ISING
MODELING MAGNETISM OF FERROMAGNETIC MATERIAL USING ISING MODEL

Bui Thi Minh Tu
Truong Pai hoc Bach khoa, Dai hoc Da Nc?ng
Email: thi-minh-tu.bui@dut.edu.vn

Phan Ton Ky Nam
Hoc vién cao hoc K24, nganh Ky thudt Dién tu,
Pai hoc Pa Nang
Email: kynam81lvn@yahoo.com

TOM TAT
Mb hinh Ising la mét trong nhitng c6ng cu c6 thé dwoc ding d& mé phéng tr tinh clia vat liéu. Chang t6i
xét sw thay ddi chiéu ctia cac spin Si dwdi sy twong tac tlr véi cac spin lan can cla ching, cung sw anh hwéng
clia ti trwdng ndi ngau nhién hi va tlr trwéng ngoai H(t) bién thién ddng nhat, khéng chiu anh huéng cla nhiét
do. Trong bai viét nay, dweng cong tir tré ctia vat liéu sét tir dwoc tao ra bang cach tinh toan do tir héa (tlr do) M
ctia moét md hinh mang tinh thé spin hai chiéu kich thwéc 100x100, khi thay ddi tir trwérng ngoai H theo mét chu
trinh kin (tdng dan tlr gia tri &m sang dwong va gidm dan tir gia tri dwong vé& am). Trén co s& dwédng cong tiy tré
thu dwoc, chung tdi nhan thay gia tri dd hén loan R cla vat liéu &nh hudng dén do déc clia dwéng cong tir tré.
V6i gia tri R nhd, dwéng cong tir tré c6 dé déc I16n va nguoc lai.
T khéa: duwdng cong tw tré; mo hinh Ising; vat liéu s&t t; d6 hdn loan; tr tinh
ABSTRACT

The Ising model is one of the available tools that can be used to model the magnetic property of material.
We consider the flip of spins S;, interacting with their nearest neighbors, under the effect of random local field hi
and a uniform external field H(t), without considering the effect of temperature. In this paper, the ferromagnetic
hysteresis loop is generated by measuring the magnetization (M) of a two-dimensional lattice model with 100x100
spins while the external field H is changed in a closed cycle (increasing in the positive direction and reducing in
the negative direction). From the hysteresis loop, we understand that the disorder — R of ferromagnetic material
affected the slope of the hysteresis curve. The smaller the disorder is, the greater the slope of the hysteresis loop
is and vice versa.

Key words: hysteresis loop; the Ising model; ferromagnetic; disorder; magnetism

quay quanh hat nhan ctia nguyén tir gy ra cac
momen tir (spin) (Hinh 1) [1, 2, 3]. Tinh chat tir
cua vat liéu dugc tao thanh tir nhitng spin nay.

1. Pit van dé

Sit, niken, coban va mot sb dit hiém
(gadolinium, dysprosium) la nhiing vat li€u sat
tir dién hinh. Céc vét liéu nay co6 tu tinh ndi tai
ngay khi khong cé tir trrong ngoai, nhung dong

O trang thai ban dau, cac spin quay theo
cac hudng ngau nhién nén xét mot cach tong thé

thoi cling c6 dac tinh huéng ng manh, thuan
theo tir truong ngoai [1].

Hién tugng tir tré 1a mot dic trung quan
trong va phé bién & vat liéu sit tir. Hién tuong tu
tré dugc biéu hién théng qua dudng cong tir tré
(tr d6 - tu truong, M(H) hay cam ung tur - tur
truong, B(H)). Qua trinh hinh thanh duong cong
tir tré duge mo ta nhu sau:

Vit liéu duge cau thanh tir cic nguyén tir.
Céc nguyén tir ndy lai dugc cau thanh tir cac hat
nhén va céc electron quay xung quanh no. Hién
tugng cac electron quay quanh chinh né khi
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thi vat li¢u trung hoa vé mit tir tinh.

Khi tir hoa, vat li€u chiu anh huong cua
mot tir trudng ngoai, cac “spin” s€ co xu hudng
sap xép trat tu theo hudng tir truong ngoai. Do
do, tir 6 ciia vat liéu ting dan dén do bio hoa
(khi @6 tat ca cac “spin” déu song song véi
nhau). Néu ta giam dan tir trudng ngoai, thi qué
trinh tir hoa cta vat liéu khong quay tré vé theo
duong cong tir hoa ban dau, ma di theo mot
duong khac. Va néu ta dao tir truong ngoai theo
mdt chu trinh kin (tor gid tri am sang gia tri
duong va nguoc lai), thi qua trinh tir hoa sé& dién
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ra theo mot duong cong kin goi la duong cong tur
tré hay chu trinh tir tré (Hinh 2) [1, 2].

Electron

Hinh 1. Su hinh thanh momen tur

M (T)

H (Afn::}

Hinh 2. Puong cong tir tré [1, 2]

Dua trén dudng cong tir tré, chiing ta c6
thé xac dinh duoc céc dai luong dédc trung cua
vat liéu sit tir nhu: tr 46 bdo hoa, tir tham, tir du,
lyc khang tur. ..

2. M6 hinh Ising

Viéc md hinh héa dudng cong tir tré gitp
ching ta giai quyét cic vin dé thuong gap trong
nghién curu cling nhu tng dung cua vat liéu tu.
M6 hinh Ising, md hinh Jiles — Atherton, mé
hinh Stoner — Wohlfarth... 1a cd&c md hinh c6 thé
duoc st dung trong viéc mo hinh hoa tinh tir cia
vat ligu tur.

M6 hinh Jiles — Atherton sir dung ham
Langevin dé mo ta su thay dbi cua tir 46 M khi
tir truong ngoai H thay dbi theo cong thirc sau:

[4]
M(H)= M .L(H)= M S{cotf(ij —3} )
a H

Trong d6: a 1 thong s6 cia mo hinh, H tir
trudng ngoai, Ms tir o bao hoa.

M6 hinh Stoner — Wohlfarth duoc dua ra
boi Edmund Clifton Stoner va Erich Peter
Wohlfarth vao ndm 1948. Trong md hinh nay,
vector tir d0 M xoay khi tir trrdng ngoai H thay
d6i. Nang lugng ciia spin duoc tinh theo cong
thire sau: [5]

E=K,sin*(p—6)— ;M Hcosp  (2)
Trong do6, Ms la tir 4o bao hoa, g, la do
tir thAm moi truong chan khong, H 14 tir truong
ngoai, K, la mat do ning lugng bat dang hudng,
@ la goc gilra vector M va tir truong H, 6 1a goc

gitra tir truong H va truc dé duoc mé ta nhu
Hinh 3.

Hinh 3. Cdc théng sé ciia mé hinh Stoner —
Wohlfarth. Puong nét dirt la truc de.

Theo md hinh Jiles — Atherton va mé hinh
Stoner — Wohlfarth trén, ta khong biét duoc anh
hudng cua cdu trac vat lidu hay anh huong cia
cac qua trinh xt ly vat li€éu lén tinh chat tir cua
vat liéu. Bén canh do, viéc mdé phdéng dua trén
hai md hinh trén ciing twong dbi phirc tap so véi
mo hinh Ising. Do d6, chiing t6i chon m6 hinh
Ising lam co s& cho viéc md hinh hoéa tinh tir
trong vat liéu sat tir.

M0 hinh Ising 18 mo6 hinh don gian trong
viéc md hinh hoa vat ligu sét tir, dugc biét dén boi
nha khoa hoc Ernst Ising va hoc tro ctia minh
Wilhelm Lenz vao nam 1925. Trong bai viét nay,
chung t6i sir dung mo hinh Ising hai chiéu (2D)
khéng chiu anh hudng ciia cac dao dong nhiét dé
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mo hinh héa dudong cong tir tre trong vat li€u sat
tir ¢ cau tao gom cac spin phan bd hon loan.

MO HINH ISING 2D KICH THUOC 100x100
Si=-1, Si=+1

Hinh 4. M6 hinh Ising 2D kich thude 100x100.
Méi spin dwoc dai dién boi mot diém mau xanh
(si=-1) hodc do (si= +1)

Theo mé hinh Ising, vat liéu sét tir co thé
dugc mé hinh héa nhu mdt mang tinh thé cac
“spin” (Hinh 4). Mbi spin mang gia tri +1
(hudéng 1én) hodc -1 (hudng xudng). Xét mot
mang hai chiéu c¢é kich thuéc NxN 1a tap hop
cac “spin” sj = 1. M6 hinh nay dugc xét trong
truong hop duoc dit trong mot tir trudng ngoai
H(t) bién thién chdm theo thoi gian va c6 gia tri
H(t)=(-o0, +o0). Ham nang lugng, ham Hamilton,
trong md hinh Ising dugc dinh nghia nhu biéu
thue (3): [6, 7, 8, 9]

Ez—ZJsisj—ZH(t)si—Zhisi (3)
ij i i

Trong do:

J 13 Tyc lién két cua cac spin. Mot spin tuong
tac tir voi cac spin 1an can ctia nd bang luc lién két
J. Bé don gian hoa, & day ching t6i chon J=1.

hi 1a mot truong ngiu nhién, dai dién cho
tinh chat d6 hon loan ctia cac spin (disorder).

Ching t6i chon ham ngiu nhién phan bd
Gauss p(h) véi gia tri trung binh bang 0 va do
1éch chuén 1a R (d6 hon loan — disorder) dé bidu
dién cho h;: [6, 10]

e 2R )

p(h) =
R
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Trong mo hinh nay, chi xét sy anh hudng
gilta céc spin lan cdn v6i nhau, dudi tic dong
clia tir trudng ngoai thay doi theo thoi gian H(t)
va do hén loan R. Tur truong ndi cua spin thir i
dugc dinh nghia nhu sau: [6, 7, 9]

l;=J3>s; +h +H (5)
i

Khi gia tri tir truong ngoai H tang dan, tir
truong nodi | ciing ting dan va s& dat gia tri
duong, khi d6 spin sé& thay ddi trang thai. Mot
spin thay do6i trang thai tai thoi diém t s& tac
dong va tao ra sy thay ddi trang thai ctuia cac spin
lan can véi no tai thoi diém t+1. Mot spin s&
thay ddi trang thai khi n6 dat mirc ning lugng
cho phép theo hai cach: [6]

- Céc spin lan can véi né thay ddi trang
thai.
- Su gia ting cda tr trudng ngoai H(t).
3. M0 phéng dwong cong tir tré
3.1. Gidi thudt

C6 nhiéu phuong phap duoc st dung dé
md phong dudng cong tir tré cta vat lidu sat tir
dya trén mo hinh Ising 2D. Trong bai viét nay,
ching t6i sir dung phuong phap xét mirc nang
lugng cla tirng spin trong mo hinh mang tinh
thé, cu thé nhu sau:

Ban dau, tao mang 2 chiéu kich thudc
NxN v6i cac gid tri ngau nhién £1 mé phong mo
hinh Ising 2D céc spin cua vat liéu.

Tao mang 2 chiéu gdm cac gi4 tri phan b
ngau nhién Gauss c6 gia tri trung binh u = 0 va
o =R, md phdong cho tir truong ndi h; ctia vat
liéu.

- Ung v&i mdi gia tri cta tir trudng ngoai
H, bat diu v6i H = 0, tt ca cac spin déu duge
kiém tra d& xac dinh xem spin d6 c6 thay dbi
trang thai hay khong, biét ring cdu hinh bén
virng ciia vat chit 13 ton tai & muc ning lugng t6i
thiéu. Bang cach xac dinh mic chénh léch ning
luong ciia mot spin (AE ) khi né thay ddi trang
thai (si=>-si). Néu AE <0, (su thay doi chidu ciia
spin lam giam ning lugng cua hé thdng), spin s&
thay d6i trang thai [7, 11]. Khi mot spin thay doi
trang thai, cac spin lan can véi no s& duoc kiém
tra, va ctr thé tiép tuc cho dén spin cudi cung.
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Sau d6, chiing t6i xac dinh gia tri d¢ tir hoa (tir
d6) trung binh M sau khi xét dén spin cudi ciing
trong mang tinh thé spin: [12]

M=—228i (6)

Nhap kich thuéc méng spin N
Nhap gia tri do hon loan R

Y

Tao mang spin S
Tao mang gia tri tir trudng ngoai H
Tao mang gia tri tir truong ndi h;

DeItaEi,- <07?

S(i.j) =-S(i.j)

Hinh 5. Luru do gidi thudt thuc hién mé phong
- Tang gia tri tor truong ngoai H va 1ap lai
qué trinh trén dé xac dinh sy thay doi trang thai
clia cac spin trong mang tinh thé va gia tri tir do
trung binh M.
Qua qua trinh m6 phong trén, ching toi
x4c dinh dugc duong cong tir tré M(H), chinh 12

dudng biéu dién gia tri tir 6 trung binh M theo
tir truong ngoai H.
Luu d6 giai thuat dwgc md ta nhu Hinh 5

3.2. Nhdn xét

Khi thay doi tir trudng ngoai theo mot chu
trinh kin (tr gia tri &m sang gia tri duong va
nguogc lai), thi qué trinh tir héa ciing s& dién ra
theo mgt duong cong kin tao ra duong cong tu
tré M(H,R).

Hinh 6 1a két qua mo phong duong cong
tir tré ctia vat liéu sit tir voi mo hinh mang tinh
thé spin c6 kich thuéc 100x100, R = 2, tir truong
ngoai H = [-3,3] va gia tri gia tang cua H la
AH =0.1. Pudng cong tir tré theo mo phong co
hinh dang twong ty dudng cong tur tré theo 1y
thuyét (Hinh 2).

DUONG CONG TU TRE
T T

0.5

M (Tesla)
o

-0.5

Hinh 6. Puong cong tir tré ciia vt liéu sdt tir

Ban dau, khi vat liéu sit tir chua dugc tur
héa (hoac da dugc kht tir hoan toan), qua trinh
tir hoa sé theo dudng xuét phat tir gbc toa do va
tang dan dén gia tri bdo hoa duong khi ting tir
truong ngoai H (Hinh 6).

Khi vat liéu dat dén gia tri bdo hoa duong,
néu ting tr truong ngoai H, gid tri tr dd6 M
khong thay doi nita. Luc nay, tat ca cac spin déu
sap xép cung chiéu véi nhau (si=+1, xoay 1én) va
cling chiéu véi tir truong ngoai.

Tir trang thai bdo hoa duong, néu giam
dan tir truong ngoai H vé 0, dudng cong tir tré
khong theo duong ban dau. Khi tir trudng ngoai
H =0, tr 46 M c06 gia tri khac 0. Pay chinh 1a d¢
tir du cua vat liéu (M) [2]. Lic ndy, mot sb spin
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van con cung hudng véi nhau va mot s spin da
thay doi hudng do tac dong ciia tir truong ngoai.

Khi tiép tyc giam tir truong ngoai theo
chiéu 4m, duong cong tir tré tiép tuc thay dbi va
tir 0 M giam dan vé 0. Gia tri tir truong ngoai
ding dé khir hét tir du trén vat liéu goi 1a luc
khang tir (hay truong khang tir He). [2]

Néu tiép tuc giam tir truong ngoai H theo
chiu am, vat liéu s& dugc tir hoa trd lai va dat
trang thai bdo hoa 4m. Luc nay, tit ca cac spin s&
sap xép cung chidu v6i nhau (si=-1, xoay xudng).

Khi tang tré lai tir truong ngoai H theo
chiéu dwong, duong cong tir hoa s& di theo
nhanh dudi dé dat dén trang thai bao hoa duong
ma khong theo dudng ban dau. Boi vi tir trudng
ngoai H con duge sir dung dé kha tir du trong
vat liéu.

DUONG CONG TU TRE
T

o

M (Tesla)

-0.5

H (A/m)
Hinh 7. Két qud mé phong dwong cong tir tré
ing Vi cdc théng sé do hon loan R khdc nhau

Hinh 7 thé hién két qua mo phong duong
cong tir tré clia vat lidu theo tir trudng ngoai H,
mg v&i cac gia tri do hon loan R khac nhau.
Theo két qua mo phong, tir truong ngoai H cang
16n, do tir hda M cang cao. Piéu nay phi hop véi
ly thuyét, do tir hoa duoc xac dinh theo cong
thire sau: [2]
M=y, H @)

m

Zm goi la d0 cam tr (Magnetic
susceptibility), thé hién kha niang phan tng cua

vat li€u doi voi tir truong ngoai. Mot cach rd
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rang, z, thé hién do doc tai mot diém bét ky
trén duong cong tir tré [9]. Ung véi gia tri R
nho, duong cong tlr tré cua vat liéu co do dbc
cang cao, va nguoc lai.

Do tr thim tuong ddi (relative
permeability) ctia vat li€u dugc xac dinh theo
cong thirc: [2]

He =1+ xn, (8)

Do d6, c6 thé két luan rang, gia tri ¢ hdn
loan R thé hién ban chat ciia vat liéu. Vi gia tri
R nho, d¢ tir tham twong ddi cta vat ligu x, 16n

va nguoc lai.

4. Két lugn

Véi gié tri o hon loan - R 16n, ham phan
bd ngiu nhién cia tir trudng ndi hi rong hon, cac
spin c6 khuynh hudng thay d6i trang thai mot
cach doc 1ap v6i nhau. Khi d6, duong cong tir tré
s& c6 do déc nho hon va gan nhu bang phing
hon. Nguoc lai, voi do hdn loan nho, s& dan dén
ham phén bd ngiu nhién cua tir truong ndi hi hep
hon, dudng cong tir tré s& c6 d6 doc 16n hon.

Thong qua viéc md hinh hoa tinh tur cla
vat liéu sit tir, cu thé véi mé hinh duong cong tur
tré cua vat liéu, chung ta cé thé biét tinh chit tur
cta chiing. Vé6i nhitng vat lidu sit tir co dudng
cong tir tré phang hon (d6 dbc nho hon) thi do tir
tham, gia tri tor du va d6 khang tur cling nhd
hon... Bén canh d6, viéc nghién ctru anh hudng
ctia d6 hon loan (disorder) R dén tir tinh cua vat
lidu ciing rit quan trong. Bang cach thay d6i qua
trinh xur 1y vt liéu, ta c6 thé thay doi tir tinh cia
nd, tao ra cac vat li€u mang tur tinh méi, nhu
chuyén tir vat liéu tir cirng sang vat liéu tir mém
va ngugc lai. Tir do, kha nang tmg dung cta vat
lidu sat tir vao thyc té ciing trd nén pho bién va
rong rai hon.

Viéc str dung mé hinh Ising dé nghién ctru
tur tinh trong vat liéu co thé duoc tiép tuc b.%mg
cach st dung cac ham phan bd ngiu nhién khac
cho ham hi. Tuy nhién, lic nay, do hon loan
khong chi dugc biéu dién boi gia tri R ma boi
cac tham s dic trung ciia cic ham biéu dién do.
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