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TOM TAT: Su dung ly thuyét trudong phan i cho hé ferri tit Ising hai phdan mang,
ching t6i dd khdo sdt mgt cdch hé thé'ng dnh hudng cia frustration lén‘ds ti hda cia
hé trong pha ergodic (T > T,) khi tit trudng ngodi H bdng khéng va khdc khong.

1. DAT VAN DE |

Khi giam nhiét do xudng tdi mot nhiet do T, xdc dinh, mot s8 he tir mat trat tu sé
chuyén sang mot trang thai mdi: trang thai thdy tinh spin (spin glass). Trong trang thai
nay, cac spin nguyén tit dinh hudng hoan toan mat trat tw, khong tuan theo mot trat
tw khong gian nao ca. Nguoi ta thuong néi & dudi nhiét d6 T}, cdc spin nay déng bang
(freezing) tai vi tri ctia ching. Cac nghién citu thuc nghiém va ly thuyét cho thdy, thay
tinh spin c¢6 nhitng tinh chat rat ky la ma trudc day ngudi ta khong he thdy & nhiing vat
lieu tit trat ty truyén théng [1, 2].

Cung nhu trong cac hé tu trat ty, tuong tdc trao déi gitta cdc spin, mot loai tuong
tac c6 ban chdt luong tu thudn tdy, déng vai tro quyét dinh cdu trdc tit cta thiy tinh
spin. Tuy nhién, & day tuwong tdc trao ddi bién thién mot cdch ngiu nhign ca vé ddu va
do 16n. Dieu ndy dén tdi sy canh tranh gitta trat tu sit tir va trat tu phan st tir ma
két qua la tinh trang dinh hudéng hoadn todn ngiu nhién va mat trat ty cia cdc spin &
nhiet do T' < T,. Ciing chinh su canh tranh ndi trén 14 nguyén nhan gay nén cdc lien két
gitta cdc spin ma sy dinh hudng cla ching khéng tuong ttng vdi nang lugng trao ddi cuc
tidu. Nhitng lien két kidu ndy goi 14 lien két khong théa man (frustrated bond). Trong
ly thuyét thiy tinh spin, ngudi ta thuong diing thuat ngit "strong frustration” va "weak
frustration” dé phan anh mitc do thang gidng cta tuong téc trao ddi gilta cdc spin la
manh hay yéu. ;

Trong s8 ba loai vat lieu tit co ban cé thé xudt hién trang thédi thiy tinh spin 13 sét
tir, phan st tir va ferri tir, thi sdt tit dugc nghién citu sdm nhdt. Ly thuyét trudng phan
bt cho he sét it c6 frustration (frustrated ferromagnet) ditgc Sherrington va Kirkpatrick
(3] khoi xudng va phat trién tiép boi De Almeida, Thouless [4] roi Parisi [5] v nhigu nha
vat 1y khdc (xem cdc bai téng quan (1, 2]). Nh¢ d6 ngay nay ngudi ta da hidu duge mot
cach dinh tinh nhitng gi xay ra trong thiy tinh spin & mién nhiét do thap.
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Sau dé, mé hinh Sherrington-Kirkpatrick da dugc Korenblit va Shender [6, 7] m& rong
sang cdc he phan st tir c6 frustration (frustrated antiferromagnet). Tiép tuc phét trién
md hinh Sherrington-Kirkpatrick, ching t6i1 da xay dung ly thuy&t phan tit cho cdc he
ferri tit cé frustration (frustrated ferrimagnet)(8, 9]: Cdc phwong trinh co han cia ly
thuyét nay se dugc tém luge trong muc 2. Nho 1y thuyét nay, trong [10, 11] ching tai da
khdo sat sy phu thudc nhiét do cia do cam tir x(7') trong cdc hé tir Ising hai phan mang
va giai thich dugc mot sd k&t qua thyc nghiem.

Bai bdo nay trinh biy nhitng két qua nghién citu tiép theo cta ly thuyét trudng phan
tit cho cdc he tit hai phan mang cé frustration [8, 9]. Trong bai nay, ching t6i mudn tim
hidu dnh hudng cla frustration lén cdc ddc trung vat Iy ctia he nhu do tir hda toan phin
M, do tit héa phan mang M, ,, nhiet do chuyén pha T,, diém bu trir T,,,,. Céc khao sdt
se dugce thyc hién cho hai trudng hop: khong cé tir tru’dng ngoai (H = 0) va cé tir trudng
ngoai (H #0).

2. MO HINH HAI PHAN MANG VA CAC PHUONG TRINH CO BAN

Nhim mo6 t& céc he tit m&t trat tu cé cdu tric phitc tap nhu phan sét tir hoac ferri-tir,
ching to6i dung md hinh Ising hai phan mang véi Hamiltonian [8, 9]:

H = E Jij51i52j — ZZI‘(;’)SP'S HZEQP pi (1)
“J

P 14,j p i=1

Trong (1) chi s8 p = 1,2 dénh s8 cdc phan mang, Sp; = 5, la spin Ising tai nit mang ¢
thuodc phan mang p, H 14 tir truong ngodi. Trong bai nay sit dung he don vi qui udc vdi
kg = pp = 1. N, 14 s& spin thudoc phan mang p (N; + N, = N). Tuong tac trao ddi gitia
céc spin thudc hal phan mang khdc nhau J;; va giifa cdc spin trong cing mot phan mang
I,-(f ) dugc gia thiét 15 bién thien ci v& ddu ciing nhu do 16n va tuan theo théng ke Gauss
vdi tri trung binh va phuong sai:

< Jy>=dy; < (Jy=do) >M=J,
<IP>=1I, < (IP) - I,,)? >V2= 1, (2)

Diing thuat todn replica va phuong phdp Parisi, trong [8, 9] ching toi da thiét lap
duoc he phuong trinh mo ta trang théi clia he trong pha ergodic (7' > T,) ciing nhu pha
phi ergodic (T < T). O nhiet do T' > T,, cac phuong trinh cho tham s8 trat ty tit m, va
tham sd trat ty Edwards-Anderson g, ctia cdc phan mang ¢é dang nhu sau

m, =< tanh E;(z) >, § =< tanh® E,(z) >, (3)

trong do

Ey(z) = lng &2 Jlrnpmp i ap'JUm %+ Z\/ 136+ apf.f"’qp;] (4)
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<A(z)>e=5- [ J:ne“”zA(z)dz. (5)

Dé tien, trong cdc phwong trinh trén ta di dua vio nhitng ky higu mdi

-

) m, = mp/Sp) ‘ip = Qp/S;zn ng = 9pY9p;
o = SISZJ, Jo = 5152-]0, Ip = S;Ip, IOp = SJEIOP (6)

; iy
n,=N,/N,ny =z,ny=1-2; a, = Vnp/ny (p#p')

Di¢u kien dam bao tinh én dinh ciia nghiem (3) thu duoc trong ghn ddng d&i xitng
replica c6 dang nhu sau

S
—ﬁl— < cosh™ E;(z) >.< cosh™* Ey(2) > +
L i . .
Z:F-; < cosh™" E (2] 5=1 (7)

P

Theo 1y thuyét thiy tinh spin [1, 2], dudng cong xdc dinh béi (7) goi la dudng de Almeida
- Thouless va la dudng xdc dinh ranh gidi giita cdc pha ergodic va phi ergodic. Cing vdi
(3), phuong trinh (7) cho phép tinh nhigt do chuyén pha sang trang thai thiy tinh spin.

3. TRUONG HQP H =0

Trudc tien, ta xét dnh hudng clia frustration len do tit héa toan phin M(T) cia he
ferri tit gom hai phan mang khéng tuong duong dwgc moé td bdi Hamiltonian ( 1) khi
khong c6 tit trudng ngodi (H = 0). Theo dinh nghia

M = M, + M, = zg; iy + (1 — z)gy iy (8)

Trong pha ergodic (T > T,), cac tham s trat ti tit ni; vA m, duge xéc dinh tir he phuong
trinh tu hop (3) - (7). Day 14 mot he phuong trinh tich phan phic tap chi cd thé giai
béng phuong phap tinh sd. -

Nhu da ndi, mic do frustration ciia he dugc dac trung bdi thang gidng J va I, cta tich
phan trao ddi giita cic phan mang J;; vA ciia tich phan trao déi trong titng phan mang
Ig’ ). Do a6 ngudi ta thudng goi J la frustration giita cdc phan mang (inter-subblatice
frustration) va I, 1a frustration trong phan mang p (intra-subblatice frustration). Sau day
ta sé lan luot khao sit dnh hudng ciia frustration giifa cdc phan mang J vi frustration
trong titng phan mang I, 1en dd tit héa tu phat M(T).

Gia si frustration giita cdc phan mang manh hon nhidu so vdi frustration trong ting
phan mang: J > I, 5. Trong he phuong trinh (3) - (7) ta cé thé dat I, = I, = 0 rdi xét
st phu thugc cia do tir héa M(T) vao nhiét dg khi cho thong sd J thay déi. Tren hinh
114 cac dudng cong M(T) khi Jo = 1.7,z = 0.2, cdn J = 0.7,1.0,1.4. Céc miii tén trén
hinh v& ddnh ddu vi trf ctia nhiet do T,. D& thdy khi J tang, nhiet do chuyén pha sang
trang thdi thiy tinh spin T, tang, con do tir hda tw phat M(T) giam.
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Hinh 1: Sy phu thuéc cia d¢ tit hda M(T) vao nhiet do khi J, = LT Lyq =0,
0,2=0.2,5,/S, =1,H =0. Thong s8 J thay déi: J = 0.7,1.0 va 1.4.
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Hinh 2: Sy phu thudc cia dé tit héa M(T) vao nhiet do khi J, = 1.7,I13 = 0,1y =
1.5,Ips =0,z =04,5,/S, = 1, H = 0. Thong s8 J thay déi: J =0.7,1.0 va 1.4.

Ta nhan thdy v& co ban cdc dudng cong trén hinh 1 ¢é déng dieu giéng do tir hda
toan phan cia he sét tit mat trat tu mot phan mang. Mat khic néu ehon cdc thong s&
dac trung cho titng phan mang (chdng han n; = z,n, = 1 — &) khong qué khdc bigt thi
do tit hoa toan phin cé thé bi triet tieu tai mot gid tri nhiet do T = Teom xac dinh goi la
di€m bu trit (compensation point). Khéi niem diém bu trir do Neel dua ra dau tien khi
khéao sdt cdc he ferri tir trat tuw. Theo Nell, didm b trir khong phai 14 didm chuyén pha.
Day la mot diém déc biét trén truc nhigt do ma tai dé cdc do tit hda phan mang M, va
M; c¢6 d9 ldn bing nhau nhung cé hudng nguoc nhau, vi thé ching triét tiéu nhau, din
tdi do tir héa toan phin M bing khong. Khi H = 0, cdc do tir hda phan mang M, ,(T')
van bién thién lien tuc khi di qua diém bt trit. Tuy nhien khi H # 0, bitc tranh vat ly se
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thay déi ding k&. Ta sé ban ky ve didu nay trong muc 4.

Tren hinh 2 14 céc db thi M(T) cho trudng hop Jo = 1.7,11, = 0,1y = 1.5,Ip; =
0,z = 0.4 khi cho thong s8 J thay déi: J = 0.7,1.0,1.4. Ta nhan thdy trén db thi M(T)
xuét hien diém b trit T,,,, va nhiét do nay gidm khi tang J.

Bay gid ta xét anh hudng ctia frustration trong titng phdn mang (dac trung bdi thong
s8 I,) len do tir hda tu phdt cla he. Tréen hinh 3 la cac do thi M(T) cho truong hop
Jo=17,J =1,Ip = 1.5,Ip3 = 0,z = 0.4, con I; = 0 trong khi cho thong s6 I, thay doi:
I, = 0,0.6,1.0. Vdi céch chon cdc thong s8 nay, ta nhan thdy ciing gidng truong hop xet
& hinh 2, db thi M(T) ¢é diém bu trit T, va diém nay dich vé chieu gidm cua nhigt do

khi tang I,.

Hinh 3: Su phu thuoc ctia do tit héa M(T') vao nhigt do khi Jo = 1.7,J = 1,1y =
1.5, Ioz = O,SB = 0.4,51/52 = 1,H = 0, Il =5 Th@ﬂg 50 Iz thay déi Ig = 0, 0.6 va 1.0.

M

Hinh 4: Su phu thuéc cia do tit héa M(T) vao nhiet do khi Jo = 1.7,J = 1,1 =
1.5, I02 = 0,113 = 04, 51/52 - 1, H = 0,.[2 = Théng 56 Il thay déi: Il = 0, 0.6 va 1.0.

Tuong ty, ta cling cé thé c¢8 dinh I, v cho I; thay déi. Trén hinh 4 & cic do thi
M(T) cho'trudong hop Jo = 1.7,J = 1, Ip; = 1.5, Ipy = 0,z = 0.4, con I, = 0 trong khi cho
thong s3 I, thay déi: I, = 0,0.6,1.0. Trong trudng hop nay ta nhéan thay diém bu trur
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T.om dich vé chiéu tang cta nhiet do khi tang ;. Nhu vay, frustration trong ting phan
mang khong nhitng cd thé lam gidm méa con c6 thé tang nhiét do bu trit T,,,.

Tém lai, frustration gitta cdc phan mang va trong ting phan mang deu gay anh hudng
quan trong lén dang digu ctia do tit hda toan phin M(T). Bing cich thay déi cic thong
s8 J va I, ta cé thé lam thay ddi dang do thi do tir héa tu phat tir dang R sang dang Q
nhu trén hinh 1, hoac tit dang V sang dang N nhu trén cdc hinh 2 va 3. Cling bing cach
thay déi nhitng thong s8 nay, ta ¢ thé lam tang nhiet do chuyén pha T, sang trang thai
thiy tinh spin, lam dich chuyén diém bt trit T,,,,. Nhitng két qua nghién cifu ly thuyét
tren day cé thé gitip cdc nha thyc nghiém thu dugc nhitng dang dudng cong M(T') va
cac dac trung vat ly khdc theo y mudn cho céc hé tit mat trat tu.

4. TRUONG HQP H #0

Trén day vira xét anh hudng cia frustration lén do tir héa cia he ferri tir khi tir truong
ngoai bing khong (H = 0). Tiép theo, ta xét trudng hop cd tir trwdng ngoai (H # 0).

Trén hinh 5 13 su phu thudc vao nhigt do ctia do tir hda phan mang M, 5(T') va do tiu
héa toan phin M(T) trong tit trudng H = 0.2 khi cdc thong s6 cua hé duge chon nhu
saw: Jy = 1.7,1; = I, = 0, Iy = Ipy = 0,5,/5, = 3, N;/N; = 4. Céc tinh toan trén hinh
5 duoc thyc hien cho hai trudng hop: (a) he trat ty J = 0 va (b) hé ¢ frustration vdi
J = 0.9.. Ta nhan thdy trong ca hai trudng hop céc do tit hda M, o(T) va M(T) deu bien
thién dot ngot tai mot nhiet do xdc dinh (7 = 0.84 khi J=0vaT=0.48 khi J = 0.9).
Luu ¢ ring trong ca hai trudmg hop J = 0 v J = 0.9, db thi M(T) deu cd diém b trir
khi ‘H =0.

9
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Hinh 5: Su phu thudc vao nhiét dé cla doé tit héa phan mang M, (T) (dudng nél thanh),
M,y(T) (duong diét nét) va do tir hda toan phian M(T) (dwdng dam nel) trong tir truong
H=02khiJy=171 =1,=01Iy = Ipy =0,5,/5, = 3, N/N, = 4. Céc dudng (a)
ung vdi he trat ty (khong cd frustration: J = 0), con cdc dudng cong (b) la cua he cé
frustration véi J = 0.9.
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So sanh véi trudng hop H = 0 ta nhan thay khi khong cé tir truong ngoai cdc do tir
héa M, »(T'), M(T) bién thién lien tuc khi di qua diém bu trit Tppm(H = 0). Con khi
H # 0 thi cdc do tir héa nay cd ky di tai moét nhiet do xdc dinh phu thudc tir truong
ngoai, ky higu 1a T.,,.(H). Luu ¥ ring tai T = T.om(H), cdc do tir hda phan mang khong
triet tieu nhau ma chi dot ngot dao hudng. Do dé tai T' = T,,.(H) cac dai lugng nhiét
dong nhi entropy, nhiét dung ... sé cé k¥ di. Nhu vay, sy hién dién cua tit truong ngoai
dén tdi hién tugng chuyén pha logi I (chuyén pha gian doan) trong cac hé ferri tit Ising
hai phan mang. Hién twgng ndy dugc quan sit dau tién trong cdc he ferri tir trat tu va
dvge giai thich nhu sau [12]. Gid sit khi H = 0 dd tir hda cla phan mang thit nhat co tri
tuyet ddi 1én hon ctia phan mang thi hai M; > M, néu T < T.,,.(0) va& M; < M, néu
T > T.om(0). Cdc mémen M, , hudng nguoc chigu nhau nhung khi H # 0 thi mémen
toan phin M = M, 4+ M, phai hudng theo tit treong. Do d6 ¢ T < T,,,, thi M, phai
hudng theo tir truong vh M, thi hudng nguge lai. Khi T' > T.,,,, tinh hinh thay déi: M,
phai hudng theo tir triedng con M, thi hudng ngugc lai. Nhu vay, khi di qua T,,.,(H)
cdc momen M, , déi hudng dot ngdt va lam cho mémen toan phin M ciing thay déi dot
ngot. Hinh 5 cho thdy frustration khong lam thay déi bitc tranh trén tuy cé giam cac do
tit hda M(T'), M; o(T') so vdi khi khong c6 frustration.

Ta cling quan sat dugc hién tugng ttrdng tu khi giv nguyén nhigt da, nhung thay déi
tit trudng. . Hinh 6 mo ta sy phu thudc vao tit truong H cia cac do tit héa M(H) va
My 5(H) tai nhiet do T' = 0.3cho hai trudng hop: J = 0.9 (hinh 6a) v& J = 1.0 (hmh
6b). Ta nhan thdy cdc db tit héa phan mang M 5(H) bién thien dot ngot tai mot gia tri
xac dinh cla tit trudng ngoai H = H, (J ) va gid tri nay rdt "nhay cam” vdi su thay déi
cia thong s8 J. Chi chn thay déi J chit it tit 0.9 len 1.0 1a H, da gidm tir 0.91 xudng
0.61. Khi J = 1.1 thi H, = 0.1.

Ding phuong trinh dudng de Almeida-Thouless (7), ¢6 thé khao sat dugc sy phu
thudc clia nhiét do chuyén pha T,(H) sang trang thdi thiy tinh spin vao tit truong ngoai
H. Nhu da bigt [1, 2], tit trudng ngoai luon lam gidm nhigt do chuyén pha T,(H) trong
cdc he sdt to vh do dd ludn cé xu hudng thu hep mitn tbn tai cia pha thuy tinh spin
trong nhitng hé ny. Ngugc lai, dac didm ndi bat ctia cdc he tit hai phan mang nhu phdn
sdt t va ferri tiz 13 trong mot s8 ditu kign nhdt dinh, tit trudng ngoai ¢ thé lam tang
nhiét do chuyén pha T,(H) v vi thé cé kha nang md r¢ng mién tbn tai clia pha thiy tinh
spin [6, 7, 8, 9]. Trong [8], chung toi da ching minh ring déi véi cdc he ferri tit thi dieu
kien dé T,(H) tang theo H la: 1) he ¢é diém bu trit T, (0) khi H =0 va ) frustration
khong qua manh, sao cho khi H = 0 thi T,(0) < T.om(0). Vdi cic thong s8 dugce chon
nhu trén cc hinh 6a vA 6b, sé tbn tai mot mién gid tri tir trudng ngoai ma & do nhiet do
chuyén pha T,(H) sé€ tang khi H tang.
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Hinh 6: Sy phu thudc vao tit trudng cua QQ tir héa phan mang M, ,(H) va do tir hda
toan phin M(H) & nhigt do T' = 0.3 khi J, = 1.7, L =1, = 0,1y = I, = 0,5,/5, =
3,N;/N; = 4. Thong s8 déc trung cho frustration J = 0.9 (hinh 6a) vA J = 1.0 (hinh
6b).

5. KET LUAN

Sit dung ly thuy@t trudng phan tit cho he ferri tit Ising hai phan mang, ching tai da
khao sat mot cach he théng anh hudng cta frustration lén do tit hda ctia he trong pha
ergodic (7' > T,) khi tir truong ngoai H béng khong va khdc khéng. Cdc tinh todn cho
thay ca frustration giita cdc phan mang cling nhu frustration trong tirng phan mang deu
tdc dong déng ké len ddng dieu ctia do tit hda, lam thay ddi nhigt do chuyén pha sang
trang thdi thiy tinh spin T}, lam dich chuyén diém bl trit 7.,,,. Dac biet khi I # 0, cdc
do tit héa phan mang M, , bién thien dot ngot tai gid tri xdc dinh cta T hoac H va gia
tri nay rat "nhay cdm” vdi sy bién thién di nhd cia frustration.

39




Science & Technology Development Vol 3, No 7&8-2000

Influence of frustration on magnetizations
of the two-sublattice frustrated Ising ferrimagnets

Hoang Zung - Hoang Thai Hien

ABSTRACT: The influence of frustraltion on magnetizations of the two-sublattice frus-
irated Ising ferrimagnels in the ergodic phase has been systematically studied. The behav-
ior of sublattice and total magnetizations 1s shown to be influenced remarkably by inter-
and intra-sublattice frustrations.
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