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PIEU BIEN TRUONG TRAO POI DICH VA LUC KHANG TU THEO PHUONG
VUONG GOC TRONG MANG PA LOP [Co/Pd]/IrMn
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TOM TAT

Hiéu Gng trao ddi dich (EB) da dugc khao sat trong cac vat liéu tir ¢6 16p tiép xuc sit tir/phan sat
tr (FM/AFM) hon ntra thép ky qua. Hau hét cac nghién ciru déu dugce thyc hién trén cac vat ligu tir
truyén théng c6 di hudng tir nam trong mat phing mau (di huéng tir song song). Trong nghién ctru
nay cac hé vat liéu co lop tiép xac FM/AFM dua trén mang da 16p [Co/Pd]/IrMn ¢6 di huong tur
vudng goc duogc ché tao bang phuong phap phun xa magnetron. Déc trung cau tric va tinh chat tir
cua cac mang da 16p da ché tao dugc khao sat lan luot voi phép do nhiéu xa tia X (XRD) va phép
do tir ké mau rung (VSM). Su phu thudc ciia trudng trao (101 dich (Hgg) va luc khang tir (Hc) theo
phuong vubng goc trong mang da 16p [Co/Pd}/IrMn vao s6 10p, vao chiéu day cua 16p Co va 16p
Pd duoc tién hanh khao sat mot cach hé thong. Két qua thuc nghiém chi ra ring cic mang da ché
tao ¢ di hudng tir vudng goc tt, c6 hiéu tng trao ddi dich theo phuong vudng goc cao & nhiét do
phong. Thu vi hon nita, gia tri Heg VA He cia mang da 16p [Co/Pd])/IrMn ¢6 thé diéu bién duoc
mot cach d& dang thong qua su thay d6i vé i) s6 16p N; ii) chidu day cua 16p Co (teo); VA iii) chiéu
day cua 16p Pd (tpg) trong mang da 16p [Co/Pd].

Tw khoa: Mang mong tir da I6p, di huéng tir vuong goc; hi¢u ing trao déi dich; twong tc trao
doi sat tir; trao doi sat tit/phdn sdt tie
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ABSTRACT

The effect of exchange bias (EB) has been investigated in ferromagnet/antiferromagnet (FM/AFM)
bilayers for more than fifty years. Up to now, most studies have focused on conventional in-plane
magnetic anisotropy materials. In this study, the FM/AFM systems with perpendicular magnetic
anisotropy were fabricated using a magnetron sputtering system. Structural and magnetic
properties of the fabricated multilayers (MLs) were carried out by using X-Ray Diffraction (XRD)
and Vibrating Sample Magnetometer (VSM) systems, respectively. The dependence of the
exchange bias field and coercivity of [Co/Pd]/IrMn MLs on the multilayer repetition number,
thickness of Co layer and Pd layer have been investigated systematically. The experimental results
showed that the developed MLs have a strong perpendicular magnetic anisotropy and a large
perpendicular exchange bias at room temperature. Interestingly, the perpendicular exchange bias
field (Heg) and coercivity (Hc) of [Co/Pd]/IrMn MLs can be easily tuned by tuning i) multilayer
repetition number N, ii) Co thickness (tc,); and iii) Pd thickness (tpq).
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1. Gi6i thiéu

Tuong tac trao d6i trong cac mang c6 16p tiép
gidp sit ti/phan sit tir (FM/AFM) duoc biét
t6i tir nhiing gitra nhitg nam 50 cia thé ky
truée [1,2] va thuong biéu hién théng qua
hién tugng dich dudng cong tir hoa doc theo
truc cda tir truong (con goi la hiéu tng trao
doi dich, Hgg) va/hodc tang cuong lyc khang
tu He (con goi la hi¢u Gng ghim tr) khi: i)
mau duoc lam lanh (trong tir truong) tir nhiét
d6 khoa Tg (Blocking temperature) cua vat
litcu AFM hodc ii) cac mang moéng dugc
moc/hinh thanh trong mot tir trudng dang
huéng; hodc iii) miu duge U trong tir trudng
[1-4]. Trong mot vai thap ky qua cac hé vat
liéu FM/AFM c6 hi¢u ting trao ddi dich duge
nghién cuu rong rdi do kha nang ung dung
cua chung trong cac linh kién luu trii thong
tin, cac cam bién tir [5-8]. Hiéu tng trao doi
dich trudc day thuong quan sat dugc trong
céc hé vat lieu FM/AFM c6 di huéng tir nam
trong mit phang mau (di hudng tir song song)
nhu hé IrMn/NiFe, IrMn/CoFe [5-8]. Gan
day, hiéu ung nay quan sat cling quan sat
duge trén mot s6 hé vat lieu FM/AFM ¢ di
hudng tir vudng goc voi mit phing mang [9-
12]. Viéc quan sat dugc hi¢u ung nay trén cac
hé vat liéu c6 di hudng tir vudbng gbéc md ra
kha nang ung dung to 16n cho cac linh kién tir
thé hé méi bai kha ning giam kich thude linh
kién ciing nhu d6 6n dinh nhiét cao [9-12].
Trong cac vat liéu sét tir (FM) c¢6 di hudng tir
vuong goéc (cac hop kim chira nhém kim loai
chuyén tiép nhu CoPt, CoPd, FePt, TbFeCo...
hay cac mang mong da 16p [Co/Ni], [Co/Pd],
[Co/Pt]...), cac mang da lop [Co/Pd] va
[Co/Pt] duoc coi la cac tmg cir vién tiém ning
cho céac tmg dung thyuc t& do d& ché tao (ché
tao & nhiét do phong), c6 tinh di hudng vudng
goc tdt, tir 46 bdo hoa cao, luc khang tur cao
va dé dang diéu khién dugc di hudng tir thong
qua diéu khién cac théng sd cdu triic clia cac
lop vat li€u [13,14]. Trong cac vat liéu phan
sit tr (AFM) (CoO, NiO, FeMn, FeRh,
IrMn...), vét lidu dugc dung phd bién nhit

trong cac thiét bi tir tinh thuong mai 1a rMn
do nhiét do chuyén pha Tc cao va thuong cd
truong trao doi dich 16n ¢ nhiét do phong [15-
17]. Vi thé, trong nghién ciru ndy, chung toi
Ira chon hé vat liéu gém mang da 16p FM
[Co/Pd] c6 di hudng tir vudng goc gin véi 16p
AFM IrMn lam d6i twong nghién ctru. Trong
mot sb bao céo [18,19], di huéng vudng gdc
trong cac mang mong da 16p [Co/M] duogc
nghién ctru mdt cach twong dbi hé théng va
dugc chi ra rang tinh di hudng trong cac
mang da 16p c6 mbi lién hé mat thiét véi cac
thong s6 cau trac ciia mang nhu chiéu day 16p
Co, chidu day 16p kim loai Pd, hay s 16p kép
Co/Pd. N6i cach khac, hoan toan c6 thé diéu
khién duoc tinh di huéng (hing sé di hudéng
hiéu dung K, luc khang tir Hc) trong cac
mang da 16p loai nay thoéng qua sy thay ddi
cac thong sb cdu trac cia cac 16p trong cac
mang da lop. Tuy nhién, tinh cho tdi nay,
chua c6 mot nghién ctru c6 tinh hé théng nao
vé vai tro ctia cac théng sb ciu truc nay dbi
v6i truong trao ddi  dich trong hé
[Co/Pd)/IrMn dugc bao cao. Trong nghién
clru nay, chung t6i khao sat sy thay doi cua
luc khang tir ciing nhu hiéu tng trao di dich
theo phuong vudng goc trong mang da 16p
[Co/Pd])/IrMn v&i cac thong sd ciu tric te,
teg, hodc s6 16p N khéc nhau.

2. Phwong phap nghién ciru

2.1 Ché tgo mang mong da lép

Ba hé mau dugc nghién ciru, ché tao va khao
sat ¢co céu tric va do day danh dinh nhu sau:
Hé mau 1:

Si/SiO,/Tas m/Pds nm/[COo5 nm/Pd1 nm]n/C0os
am/ IfMNg o/Pd3 i/ Tas nm (N=1, 2, 3..., 10) (ky
hiéu [Co/Pd]n/IrMn)

Hé mau 2:

Si/SiOy/Tas ym/Pds nm/[CO(tco)/Pd; nm]s/C0gs
amd ITMINg /Pd3 n/ Tas nm (tco=0.3-1.0 nm) (ky
hiéu [Co(tco)/Pd]/IrMn)

Hé mau 3:

Sl/S|02/Ta5 nm/Pd3 nm/[COO.S nm/Pd(tpd)]5/COO.5

am/ ITMNg 1/Pd3 o/ Tas nm (tpg=0.6-2.0 nm) (ky
hiéu [Co/Pd(tpq)]/IrMn)
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Mot miu mang mong da 16p khong co 16p
phan sat tir IrMn: Si/Si0x/Tas nm/Pd3 nm/[CO0s
nml Pdy nm]S/COO.S am/Pds om/Tas om (k}” hiéu
[Co/Pd]) dugc ché tao va st dung nhu mau
dbi ching. Cac mau duoc phun xa trén dé Si
¢6 phu mét 16p SiO, day 1000 nm bang hé
phun xa DC magnetron vdi chan khong co s&
cao (~3x10® Torr) va ap suit khi Ar khi phiin
xa la 5 mTorr. Lép kép Ta/Pd dugc dung lam
16p dém dé ting cuong huéng moc (111)
trong khi 16p kép Pd/Ta dugc dung lam lop
phii chdng 6 xi hoa cho mang da 16p [20,21].
Tbe do le'ing dong cham dugc ap dung cho ca
Co (0,18 A/s) va Pd (0,46 A/s) twong tmg voi
cong sut phun xa lan luot 1a 37,5 W va 87,5
W cho tit ca cac mau dé dam bao su lang dong
1a ddng déu, 16p tiép xuc giita cac 16p 1a sic
nét va mirc d6 xen k& cua Co-Pd 1a thap [22].
2.2 Cdac phwong phdp khdo sat

Sau khi le'ing dong, cac mau dugc tir hoa trong
tor truong song song va vudng goc voi mat
phang mau bang hé tir ké mau rung (VSM)
Vv6i tir truong 16n nhat dat 14 kOe. Céu tric
tinh thé cua cic miu dugc kiém tra bing
phuong phap nhiéu xa bot trén hé nhiéu xa tia
X cua X’pert Pro véi dién ap 45 kV va dong
dién 40 mA st dung buc xa Cu-Ka
(A=0,12518 nm). T4t ca cac phép do duoc tién
hanh & nhiét do phong.

3. Két qua va ban ludn

3.1 Pdc trung hinh thdi ciu tric

Phé nhiéu xa tia X cta hai miu mang da 16p
c6 va khong c6 16p AFM duoc so sanh dé 1am
rd vai tro cua 16p AFM trong viéc hinh thanh
truong trao ddi dich ty phat. Mang [Co/Pd] va
[Co/Pd]/IrMn sau khi phun xa dugc khao sat
qua phép do nhiu xa tia X. Hinh 1 biéu dién
phd nhidu xa tia X ciia ciia hai mau mang da
16p [Co/Pd] va [Co/Pd)/IrtMn. Phé nhidu xa
tia X trén ca 2 mau déu chi ra su ton tai cla
16p a-Ta c6 ciu trac (110) v6i dinh nhidu xa
dic trung & goc 260 = 38,5° va f-Ta cb cau
tric (212) voi dinh nhidu xa ddc trung xuat
hién & goc 26 = 39° [23] trong khi 16p Pd ¢
cAu tric (111) moc trén 16p Ta véi dinh nhidu
xa trong khoang 39,5°-40,6°. Gan voi dinh
nhiéu xa Pd (111), mot dinh c6 cuong do

nhiéu xa manh & khoang 40,8° dugc quan sat
vl mang [Co/Pd], tuong tung vdéi Co/Pd
(111). Do Co (111) tinh khiét c6 dinh &
khoang 44,4°, Pd (111) tinh khiét c6 dinh
nhiéu xa & khoang 40,8°, nén mang da 16p
Co/Pd c6 dinh nhidu xa (111) ndm giita hai
dinh nay, vi tri dinh Co/Pd (111) tuy thudc
vao chiéu day ciia cic 16p ciing nhu s6 16p
trong mang da 16p. Piéu nay phu hop véi cac
két qua nghién ctru da dugc cong b trude do
cho hé Co/Pd [24,25]. Hudng (111) cia CoPd
cling 1a huéng thé hién tinh di huéng tir
vudng goc manh hon cac huong khac, huéng
uu tién nay thuong duogc thé hién dic biét
manh khi mang da lop [Co/Pd] moc trén 16p
dém Ta/Pd [26].

[Co/Pd],/Co
8000 — [Co/Pd] /Co/IrMn

Co/Pd (111)
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Hinh 1. Phé nhiéu xa tia X cua mang da l6p
[Co/Pd] (dwong mau den) va cua mang kép
[Co/Pd]/IrMn (dwong mau do)

So voi phé nhidu xa ciia miu mang [Co/Pd],
& mau [Co/Pd)/IrMn, khi c¢6 thém 1ép Ir'Mn
dugc lang dong 1én trén mang da 16p [Co/Pd],
xuat hién dinh nhidu xa rit manh (gap hon 2
lan so véi trong mang [Co/Pd]) quan sat duoc
& géc 26 khoang 40,9°. C6 mot sy dich dinh
phd Co/Pd(111) nhe vé phia bén phai khoang
0,1° va dac biét 1a sy ting cuong cuong do
nhiéu xa & vi tri goc 26=40,9° 1a do su c6 mit
ctia dinh nhiéu xa IrMn (111) (phd tia X dic
trung cho IrMn (111) tinh khiét ¢6 dinh nhiéu
xa & khoang 260=41,2°) din d&n su chong phu
ctia hai dinh nhidu xa, Co/Pd(111) va IrMn
(111). IrMn véi hudng wu tién (111) ciing da
dugc chimg minh 1a thich hop nhat cho sy
phat trién 6n dinh cau trc phan sit tir va vi
vay thé hién hiéu tng trao doi dich 16n dang

chay [27-30].
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3.2 Tinh chit tir

Hinh 2a va 2b biéu dién dudng cong tir hoa
ciia mau [Co/Pd] (mAu ddi ching) theo hai
phuong song song (IP, duong mau den) va
Vuong goc (OOP, duong mau do) voi mait
phang mau va véi tir tru:orng dat vao 1én t(n 14
kOe. Két qua do dac bang VSM chi ra rang
v6i miu mang da 16p [Co/Pd] dd ché tao,
phuong tir héa song song VO‘l mat phang la
phuong kho, va tir truong can thiét dé tir hoa
mau theo phuong song song 1én tdi 12 kOe,
trong khi phuong tir héa vuéng goc véi mat
phiang miu 1a phuong dé. Pudng cong tir hoa
theo phuong vudéng goéc cho thiy qué trinh
dao tir xay ra dot ngdt (d0 vuong cia dudng
tir hoa gan nhu bang 1) néi cach khac gia tri
cla truong dao tir bang voi gia tri cua luc
khang tr, Ha=Hc=690 Oe. Két qua nay phu
hop v6i mot s6 nghién ciru trude ddy rang voi
cac mang da 16p Co/Pd c6 di hudng tir vudng
goc cao qua trinh ddo tu theo phuong vudng
goc s& dién ra rat dot ngdt [31]. Noi cach
khéc, cac do dac, tinh toan dua trén két qua
do VSM hoan toan phu hop vé6i phd nhidu xa
tia X, chimg to ring, mang mong da 16p
[Co/Pd] d4 ché tao c6 hudng wu tién (111), ¢6
tinh di huéng vuéng goc cao.

Tt cac duong cong tur hoa theo hai phuong
song song va Vuong goc, ching ta c6 thé thu
dugc hai théng sb tir quan trong gdm c6 tir do
bdo hoa Mg va di huéng tir hiéu dung Keg.
Bing cach v& chong cac duong tir tré do theo
hai hudng (song song va vudng goc voi mat
phiang mau) (Hinh 2), tir truong bdo hoa, Hs,
dugc xac dinh 1a diém giao nhau giira hai
duong. Trudong di hudng, Hy, va di hudng tir
hi€u dung K¢ dugc tinh theo cong thurc:

Hy = Hs + 4nMg (1)
Kerr = HixMg/2 2
trong d6 Ms la tor do bao hoa cua mau trén
mot don vi thé tich, dugc tinh bé“mg tr do cua
méu do duoc tir thuc nghiém chia cho thé tich
ciia mau [32-34]. Trong mau [Co/Pd] di ché
tao, gid trj cia Mg=385x10° emu/cm® va
Ke=6.5%10° erg/cm?, gia tri nay hoan toan phu
hop voi nghién clru trude do cua nhom [35].
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Hinh 2. Puong cong tir héa trong mau doi chitng
[Co/Pd] theo hai phwong: (a) song song (IP) voi
bé mat mau (dwong mau den) va (b) vudng goc
(OOP) véi bé mat mau (dwong mau do)

Pé danh gia vai tro cua cac thong sd cau triic
trong mang da 16p [Co/Pd])/IrMn anh hudng
téi truong trao ddi dich, luc khang tu, cac
mau v6i thong sb ciu trac (chiéu day 16p Co,
chiéu day 16p Pd, s6 16p N) khac nhau da
duoc ché tao va khao sat.

Hinh 3(a) 1a két qua do duong cong tir hoa
theo phuong vudng goc clia cic mau trong hé
mau 1 [Co/Pd]y/ItMn, véi sb 16p N trong
méang da 16p [Co/Pd] thay d6i tir 1 dén 10.
DPuong cong tir hoa theo phuong vudng goc
cho thdy truong trao d6i dich Heg cao (~ 600
Oe) va dat dugc & tat ca cac miu & nhiét do
phong. Heg va He déu giam khi s6 16p N ting,
tuy nhién Hc giam nhanh, tir 900 Oe dén 180
Oe trong khi Heg giam khong déng ké (tir 870
Oe dén 150 Oe ) khi N tang tir 1 dén 10.

O cac miu co N tir 1 t6i 5, He x4p xi bang
truong dao tr Hy va vi vay He dugc coi la mot
thong s6 quan trong dé co thé xac dinh duoc
gia tri truong ddo tr trong cac mang da 16p
nay mot cach gian tiép. Tuy nhién khi N > 7,
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c¢6 thé thdy mot cach rd rang rang do vudng
cua duong cong tir hoa giam, tu trudng bao
hoa Hs tang, hinh thanh ving dudi nhon &
cubi cac dudng cong tir hoa, cho thdy su hinh
thanh ciu trac domain tir ¢ dang vong/soc
gip khuc (labyrinth/stripe domain) co
moment tir vudng géc véi mit phang mang,
va co ché dao tir trong cac mang c¢6 N > 7 trd
1én phtc tap, qua trinh dao tir khi d6 gém ca
qua trinh dich chuyén va quay vach domain
[35]. CAu trac domain loai ndy di dugc biét
dén va nghién ctru rong rdi trudc day ¢ cac hé
vat liéu tuong tu [35-37]. NOi cach khac, Hc
giam cham theo s6 16p N trong khi Heg giam
rat nhanh tir 900 Oe xubng con 150 Oe khi N
tang tr 1 dén 10, nguyén nhan 1a do khi N
tang, chidu day tong cong cua mang Co/Pd
tang dan dén chidu dai tuong tac trao ddi giita
cac 16p sit tir Co/Pd va phan sit tir IrMn ting,
khién cho tuong tac trao d6i FM/AFM giita
chung giam, vi vay Heg giam.

(@)

MM,

(b)

Her Heg (00)

1 ' L

=]
(51 8

- 6 8 10
N

Hinh 3. (@) Buong cong tir hda theo phuong
vudng géc cia cdc mau trong hé mau 1 va (b) Su
phu thugc cia e khang tir He (6 vuong den), va
truong trao doi dich Heg (Ninh tron do) vio sé I6p

N cua mang da lop [Co/Pd]

Hinh 4(a) 1a cic duong tir hoa theo phuong
vubng goc cua cac mang da 16p
[Co(tc,)/Pd])/ItMn trong hé mAu 2. Chiéu day
ctia 16p Co thay ddi tir 0.3 nm t6i 1.0 nm. Lép
Pd c6 chicu day ¢ dinh 1a 1 nm va s 16p N
trong cac mau 1a 5. Khi chiéu day 16p Co
trong khoang tc, = 0.3-0.5 nm, cac duong tur
héa c6 dang vudng va qua trinh dao tr xay ra
dot ngot khi tir truong ngoai Hex=Hc. Hc giam
gan nhu tuyén tinh khi te, ting tir 0.3-0.5 nm.
Mang da 16p Co/Pd thé hién tinh di hudng
vuong goéc khi 16p Co du moéng (vai 1op
nguyén tir) boi khi d6 di hudng tir bé mat 1a
l6n hon di hudéng tir hinh dang, cling nhu di
huéng tir tinh thé [38]. Néi cach khac khi
chiéu day 16p Co ting, di hudng tir bé mit co
thé coi 1a khong d6i trong khi di huéng tir
tinh thé ting, din dén su suy giam tinh di
hudng theo phuong vudng goc. Voi cac mang
da 16p c6 tc, > 0.6 nm, cd mot sy suy giam rod
rét vé do vudng trong cac dudng tir hoa, dicu
nay cho thdy di hudng tir thé tich (theo
phuong song song v4i mit phiang miu) cua
cic 16p Co dan tro 1én troi hon so voi di
hudng tir bé mit (di hudng tir theo phuong
vudng goéc voi mat phang miu) cia cac 16p
tiép giap Co/Pd. Két qua ndy hoan toan phu
hop v&i mot sé két qua nghién ciru da dugc
cong bd trén hé vat liéu nay. Su thay d6i hinh
dang cua dudng cong tir héa trong cac mau co
tco > 0.6 nm tuong Gng vaoi sy hinh thanh cAu
trdc stripe domain c¢6 moment tir vudng goc
v6i mit phang mang, chi ra co ché dao tur
trong c&c mang ¢ tc, > 0.6 nm la phuec tap,
bao gém ca qua trinh dich chuyén va quay
vach domain [35-37]. Gia tri Heg trong céc
mAau nay ciing giam nhe theo chiéu day cua
16p Co, thé hién sy giam twong tac trao ddi
FM/AFM gitta mang da 16p Co/Pd va 16p
IrMn khi chiéu day mang ting.

Hé mau 3 véi 16p Co c6 chidu day cb dinh 0.5
nm trong khi 16p Pd c¢6 chiéu day thay doi tir
0.6 nm dén 2.0 nm. Céc phép do chi ra riang
16p Pd day 1.2 nm c6 Hc cao nhit va Heg
giam khi chiéu day 16p Pd ting, nhu trong
Hinh 5.
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TaPd[Coft P CoFelrMnPdTa

(a) 10F

t.

ol

nm)

Hinh 4. (a) buong cong tir hoa theo phuong
vuéng goc ciia cdc mau trong hé mau 2 va (b) Sw
phu thugc ciia luc khdang tir He (6 vuong den), va
trieong trao doi dich Heg (hinh tron do) vao chiéu
day cua lop Co trong mang da lop [Co/Pd]

Hinh 5 1a két qua do duong cong tir héa theo
phuong vudng goc clia cac mau trong hé mau
3, v6i chiéu day cua 16p Pd trong mang da 16p
[Co/Pd] thay ddi tir 0.6 dén 2 nm. Két qua do
trén hinh 5 chi ra rang dudng cong tir hoa cia
cic mau theo phuong vudéng goéc co dang
vuong, tuong ung voi di hudng tir vudng goc
cao. Cac mau voi 16p Pd mong tpg < 1.2 nm,
Hc ting theo chiéu day cua 16p Pd, diéu nay
cling phi hop véi cac bao céo trude day, raing
véi 16p Pd méng hon 16p Co, di hudng tir
vudng goc 1a yéu, di huéng tir vuéng goc
trong cac mang da 16p dang nay dat gia tri lon
nhét khi chiéu day 16p kim loai 16n gip 2 dén
3 lan chiéu day 16p tir tinh [39], twong tng
v6i chiéu day 16p Pd 14 trong khoang tir 1.2-
1.5 nm trong nghién ctru nay. Khi 16p Pd tiép
tuc ting, tuong tac trao doi sat tir giita cac 16p
Co tré 1én yéu di, dan dén Hc giam. Trong hé
méu nay, Heg giam khi chiéu day 16p Pd ting,

diéu nay 1a do tuong tac trao d6i FM/AFM tir
trong mau giam khi chiéu day téng cong cia
mau ting.

Ta/Pd[Co/Pd(t_ )] CoFe/IrMn/Pd/Ta
(a) 1oF P

. Y i
f |

05} ' \ [ —t,,=0.6 nm
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—4,,=2.0 nm

n
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-
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0
e
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Hinh 5. (@) Buong cong tir hda theo phuong
vuéng goc cia cdc mau trong hé mau 3 va (b) Sw
phu thudc cua lyc khang tir He (6 vuong den), va

triweong trao doi dich Heg (Ninh tron dé) vao chiéu
day cua lop Pd trong mang da lop [Co/Pd]

4. Két luan

Céc mau di ché tao c6 di huéng tir vudng goc
cao Ke=6.5x10° erg/cm®, c6 Heg 16n & nhiét
d6 phong (Heg 16n nhat dat dugc 1a 1040 Oe).
Do 16n cua truong trao ddi dich Heg va luc
khéng tir He trong mang da 16p [Co/Pd] gin
v6i 16p phan sat tir IrMn, hoan toan c6 thé
diéu chinh duogc thong qua su diéu khién cac
thong s6 cdu trac trong mang da 16p
[Co/Pd])/ItMn nhu: i) s6 16p N; ii) chiéu day
ctia 16p Co (tco); Va iii) chiéu day cua 16p Pd
(tpg) trong mang da 16p [Co/Pd]. Tinh linh
hoat, d& diéu khién di huéng tir, truong trao
d6i dich trong cac cdu triic loai nidy mé ra cac
kha nang ung dung to 16n cho cac linh kién
Spintronics thé hé moi.
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5. Loi cam on

Nhom tac gia tran trong cam on sy trg giup
kinh phi ctia Quy phat trién khoa hoc va cong
nghé quéc gia NAFOSTED thong qua dé tai
nghién ctru co ban ma sé 103.99-2015.83 va
cta Vién Han 1am Khoa hoc va Cong ngh¢ Viét
Nam théng qua dé taii HTQT voi Nhat Ban ma
s6 VAST.HTQT.NHATBAN.01/17-19.
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