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Tém tit: Cic mang mong da 16p [Co/Pd] ¢é di hudng tir vudng géc cao thu hiit
dwoc sy quan tam dac biét do kha nang vng dung trong thiét bi ghi tir mat do cao.
Trong nghién ciru nay, chung 16i tién hanh khdo sdt mét cach hé théng sw phu thugc
cua di huong tir vudng goc vao cdc thong $6 cdu tric cia mang mong da lop
[Co(tco)/Pd(tpy)]y nhir s6 Iop (N), chzeu day ciia 16p Co (tc,) va chiéu day cia 16p
Pd (tpy). Moi lién hé gitta dac trung cdu tric va tinh chat tie nhie lyc khang tir (He),
tir do bdo hoa (Ms) va hang sé di huéng tir (Ky) trong cdc mang da I6p nay ciing
dwoc ban ludn chi tiét.

Tiur khéa: Mang da 16p Co/Pd; Mang mong tir da 16p; Di hudng tir vudng goc.
1. MO PAU

Céc thiét bi ghi tir va luu trit thong tin da va dang dugc Umg dung trong hau hét cac linh
vue cong nghé, cing nhu trong cudc song hang ngay ciia chung ta. So véi cac thiét bi
Spintronics truyén thong sir dung cac vat liéu tir c¢o di hudng tir nim trong mit phang, cac
thiét bi Spintronics thé hé moi dua trén cac vat lidu tir ¢6 dj hudng tir vudng goc voi mat
phang (PMA) gan day thu hat dugc sy quan tdm nho co nhleu ru diém ndi troi nhu it phu
thugc vao hinh dang, d¢ 6 6n dinh nhiét cao, mat do dong dién can cho qué trinh van chuyen
dong spin thap, mat do luu tri siéu cao va kich thude linh kién giam dang ké [1-5].

Trong céac vt liéu sit tir co di hudng tir vudng goc (cac hop kim chira nhom kim loai
chuyén tiép nhu CoPt, CoPd, FePt, ... hay cac mang mong da 16p [Co/Ni], [Co/Pd],
[Co/Pt], ...), mang da 16p [Co/Pd] thu hut dwoc su quan tim bai c6 thé ché tao ¢ nhiét do
phong, c6 tinh di huéng vudng goc tt, tir 3o bdo hoa cao, trudng khir tir cao va dé dang
diéu khién duoc di hudng tir thong qua diéu khién cac thong sd ciu triic cua cac 16p vat
liéu [6-10]. Méc du véy, cac nghién ciru chi tiét vé& kha nang diéu khién di huéng tir vuéng
goc (truong khur tur He, hang s6 di hudéng Ky, tir d6 bao hoa Mg) theo cac thong sd cau tric
trong h¢ vat liu nay van con it va chua co tinh h¢ thong cao. Trong nghién ctru nay, chung
t6i tién hanh ché tao va khao sat cac dic trung cau tric cing nhu tinh chat tir cia mang
mong da 16p [Co(ic,)/Pd(pg)]v theo cac thong s6 cdu trac nhu: i) s6 16p N, it) chiéu day
cua 16p Co (t¢,) va iii) chiéu day ctia 16p Pd (tp;) mot cach hé théng nham danh gia kha
nang diéu khién di hudng tir vudng gbc trong mang mong da 16p loai nay.

2. PHUONG PHAP NGHIEN CUU

2.1. Phuong phép ché tao mang méng da 16p

Céac mau mang da 16p [Co(tc,)/Pd(tps)]y duoc ché tao trén hé phin xa DC magnetron
(AJA International, Inc., USA). H¢ phun xa c6 chan khéng co so cao ~107 Pa va ap suét
khi Ar khi phun xa 1 6,7 Pa. D& phun xa 1a dé silic (Si) c6 phu mot 16p oxit silic SiO, day
khoang 1000 nm trén bé mat. Qua trinh phun xa dugc thyc hién lan luot nhu sau: Pau tién
ling dong mot 16p Ta vdi chiéu day 5 nm tiép d6 dén 16p Pd c6 chidu day 3 nm lén dé Si.
Lép mang kép Ta/Pd nay duoc st dung nhu 16p tao mam cho cac 16p vat liéu chinh. Sau
16p mang kép Ta/Pd, cac 16p vat lidu chinh Co va Pd can nghién ctru duge ling dong lan
luot, 16p kép Co/Pd dugce ling dong 1ap lai tiy theo sb 16p (N) can khao sat. Cudi cung 16p
kép Pd/Ta (véi chidu day giong nhu 16p kép tao mam) dugc phu 1én trén cung. Ldp tao
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mam kép Ta/Pd duoc st dung nham muc dich ting cudng hudng moc tinh thé (111) cia
Co/Pd. Trong khi 16p phi kép Pd/Ta & trén cung ding dé chong 6xi hoa cho mang da 16p
Co/Pd [11, 12]. Cong suit phun xa d6i voi Co 1a 37,5 W va d6i voi Pd 1a 87,5 W tuong
g véi toe do ling dong cua Co 1a 0,18 A/s va voi Pd 14 0,46 A/s. Toc @6 ling dong cham
nay dé dam bao sur ling dong la dong déu trong timg 16p, dam bao mirc d6 xen k¢ gitra Co-
Pd ¢ bé mat tiép giap thip va tao ra 16p tiép xuc giita cac 16p Co va Pd 1a sic nét [13].
Viéc lang dong cac mau mang da 16p dugc thuc hién & nhlet do phong

Pé khao sat di huéng tir vudng goc theo cac thong s6 ciu truc sb lop N, chleu day tc,
ctia 16p Co va chiéu day tp, ctia 16p Pd, chung t6i tién hanh ché tao 3 hé mau c6 ciu tric va
d6 day danh dinh nhu sau:

H¢ mdu 1: [Co(0,5 nm)/Pd(1,0 nm)/]y véi N=1, 2, 3..., 10 (ky hiéu [Co/Pd]y);

H¢ méu 2: [Co(tc,)/Pd(1,0 nm)]s véi tc, = 0,3 - 1,0 nm (ky hiéu [Co(tc,)/Pd];

H¢ méu 3: [Co(0,5 nm)/Pd(tp,)]s v6i tps = 0,6 - 2,0 nm (ky hiéu [Co/Pd(tpy)].

Céc 16p dém Ta/Pd va 16p pha Pd/Ta la nhu nhau trong tat ca cac hé mau véi cac thong
s6 duge miéu ta 6 trén.

Ngoai 3 hé mau trén, mot mau mang ‘mong da 16p [Co(0,5 nm)/Pd(1,0 nm)]s (ky hi¢u
[Co/Pd]) dugc ché tao va sir dung nhu mau dai dién. Mau nay dugc chon véi cac thong sd
cau tric s6 16p N = 5, chiéu day cua 16p Co ¢, = 0,5 nm va chiéu day cua lop Pd 7p;= 1
nm. MAu nay sau khi ché tao 8& dugc phan tich ky cac dic trung vé cau truc va tinh chét
tir, va s€ dugc sir dung nhu mau dai dién [Co/Pd]. Cac mau mang da 16p khac, dya trén co
s& mau dai dién, voi cac théng sO cdu triic vé s6 16p, chiéu day céc 16p thay d6i xung quanh
gia tri cia mau dai dién ciing s& duoc ché tao, khao sat va so sanh voi mau dai dién nay.

2.2. Cac phwong phap khao sat diic trung tinh chét

Cac mang mong da 16p [Co(tc,)/Pd(2p4)]y sau khi ché tao duogc tién hanh khao sat dac
trung ciu triic va tinh chat tir mot cach hé thong Céu trac tinh thé cta cac mau duoc xac
dinh théng qua gian dd nhifu xa tia X do bang phuwong phap nhiéu xa bot trén hé X’pert
Pro voi dién ap 45 kV va dong dién 40 mA, st dung bic xa Cu-Ka (budc song 4=1,2518
A). Pé khao sat di hudng tir vudng goc, chiing toi tién hanh do dudng cong tir hoa ciia cac
mAu trong tir trudng song song va vudng goc voi mit phing mau trén hé tir ké miu rung
(VSM) véi tir trudng cuc dai dat 14 kOe. Tét ca cac phép do dic trung cdu tric va tinh
chat tir dwoc tién hanh & nhiét d6 phong.

3. KET QUA, THAO LUAN
3.1. Pic trung cAu triic va tinh chit tir cia miu mang da 16p dai dién [Co/Pd]
3.1.1. Bdc trung cau triic

Hinh 1 1a két qua do XRD ctia mau dai dién, mau mang mong da 16p [Co/Pd]. Phan
tich dinh tinh pha cho théy c6 su ton tai clia cac pha tinh thé Ta, Pd, Co/Pd trong mau. Céc
dinh nhiéu xa duoc m& rong kha manh so vé&i cac dinh ciia pha tinh thé chudn. Sy mé rong
dinh nay co thé do hiéu tmg kich thudc nano (chidu day cua cac 16p mang 1a rat mong) va
su chong chap giita cac dinh. Két qua XRD chi ra su ton tai cta 16p a-Ta (110) véi dinh
nhiéu xa dic trung & goc 26 = 38,5°, a-Ta (111) véi dinh nhiéu xa dic trung & goc 26 =
39,9° va f-Ta (212) véi dinh nhidu xa dic trung xuat hién ¢ goc 20 = 39,2° [11]. Pinh
nhiéu xa c6 cuong do manh ¢ khoang 40,8° 1a sy chéng chép cua dinh nhiu xa Pd (111)
va Co/Pd (111). Vi tri dinh nhidu xa Co/Pd (111) nay nim giita dinh nhidu xa ciia Pd (111)
tinh khiét ~ 40,8° va dinh nhiéu xa ctia Co (111) tinh khiét ~ 44,4°. Theo mét s nghién
ctru, vi tri dinh Co/Pd (111) s& phu thudc vao chiéu day cta cac 16p ciing nhur s 16p trong
mang da 16p [15, 16]. Huéng (111) ciia Co/Pd ciing 1a huéng thé hién tinh di hudng tir
vudng goc manh hon cic hudng khac. Hudng wu tién nay thuong duoc thé hién dic biét
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manh khi mang da 16p [Co/Pd] moc trén 16p dém Ta/Pd [17].
x10°
gl — [CorPd],

2]
T

%~ ColPd (111)

=
=
Z
bS]
o

- @Ta(111)

N
T

S
- a-Ta (110)
.p-Ta(212)

Cwong do nhiéu xa tia X (cps)

3.7 3‘8 : 3; :4I0 : 4;1 42 43
Goc 20 ()
Hinh 1. Gian dé nhiéu xa tia X ciia mau dai dién [Co/Pd].
3.1.2. Tinh chat tir
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Hinh 2. Duong cong tir hoa trong mau dai dién [Co/Pd] theo hai phuong: (a) song song (IP)
voi bé mat mau (deong mau den) va (b) vuong géc (OOP) véi bé mdt mau (dwong mau do).

Pé xac dinh dj huéng tir vudng goc, chung t6i tién hanh do duong cong tir tré cia mau
dai dién [Co/Pd] trong tir truong 1én t6i 14 kOe theo phuong song song (IP) va vudng goc
(OOP) véi bé mat mau. Hinh 2 (a) va 2 (b) biéu dién dudng cong tir hoa do theo hai
phuong nay. Két qua chira rang, véi mang da 16p [Co/Pd] da ché tao, phuong tir hoa song
song v&i mit phang mau 1a phuong kho, va tir trudng can thiét dé tir hoa mau theo phuong
song song 1én t61 12 kOe, trong khi phuong tir héa vudng goc véi mat phang mau la
phuong dé. Puong cong tir hoa theo phuong vudng goc cho thdy qué trinh dao tir xay ra
dot ngot (46 vudng cua duong tir hoa gan nhu bang 1) noi cach khac gié tri truong dao tir
bang voi gia tri ca lyc khang tir, H, = He = 750 Oe. Két qua nay phu hop voi mot s0
nghién ciru trude ddy rang, qua trinh dao tir theo phuong vudng goc sé dién ra rat dot ngot
trong cac mang da 16p Co/Pd ¢6 di hudng tir vudng goc cao va qua trinh dao tir xay ra chu
yéu 1a do qué trinh quay mémen [18]. Két qua di huéng tir vudng goc cao trong mau mang
da 16p nay ciing phu hop véi két qua phan tich cu trac tir gian dd nhidu xa tia X & trén.
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Theo két qua phan tich XRD, mau mang mong da 16p [Co/Pd] di ché tao co hudng tinh
thé uu tién 12 huéng (111). Pay chinh 1 huéng tinh thé cho di huéng tir vudbng goc cao.

Tir cac duong cong tu hoa theo hai phuong song song va vudng goc voi mét phang
mAu, chung ta c6 thé thu duoc hai thong sb tir quan trong gém c6 tir dd bdo hoa Mg va di
huéng tir hiéu dung Ky. Bang cach v& chong cac duong cong tir hoa do theo hai phuong
song song va vudng goc véi mit phang mau, tir trwong bio hoa Hg dugce xac dinh 14 diém
giao nhau gitra hai duong tr héa. Truong di huéng Hy va di hudng tir hi¢u dung Ky dugc
tinh theo cong thure [19, 20]:

HK =H5+4‘7TM5 (1)
M
m=%+§ 2)

Trong d6, Mg 1a tir 46 bdo hoa ctua mau trén mot don Yi thé tich, dugc t~inh bﬁng tor do
ciia mau do dugc tur thyc nghiém chia cho the tich cia mau [21]. Trong mau mang mong
[Co/Pd] da cheé tao, gia tri cﬁ? Ms = 385 emu/cm’ va Ky = 6,5x10° erg/cm3, gia tri nay
hoan toan phu hop véi cong bo trude do [22].

bé danh gia vai tro cua cac thong s6 cau trac trong mang da 16p [Co/Pd] anh huong t6i
tinh chat tir, cdc mau voi thong so cau truc (chiéu day 16p Co, chi€u day 16p Pd, s6 16p keép
Co/Pd) khac nhau ciing da dugc ché tao va khao sat.

3.2. Anh huéng ciia s6 16p N trong mang moéng da 16p [Co /Pd]y
3.2.1. Anh huéng ciia sé I6p N lén dic trung cdu triic
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Hinh 3. Gian d6 nhiéu xq tia X ciia cic mang mong da I6p [Co/Pd]y trong hé méu 1
v6i N thay doi tir 1 t6i 10.

Két qua do XRD cua cac mang mong [Co/Pd]y trong h¢ mdu 1 v6i tc, = 0,5 nm, tpy
=1,0 nm va N thay doi tir I dén 10 duoc biéu dién trong hinh 3. Gian d6 nhidu xa tia X cho
thdy cac mang da 10p déu co ciu trac Co/Pd (111) véi dinh nhidu xa dic trung ¢ cudng
d6 manh & goc 26 vao khoang 41°. Khi s6 16p N ting, cudng do dinh nhiéu xa Co/Pd (111)
cling ting rd rét. Cung véi viée cuong do dinh nhidu xa Co/Pd (111) dugce ting cuong khi
N ting, vi tri dinh nhiéu xa Co/Pd (111) c6 su dich chuyén vé phia bén phai véi d dich
goc 26 tir 40,5° (voi N=1) t6i 41, 1° (voi N=10) gan v6i dinh nhiéu xa dac trung cua Co
(111) tinh khiét. Piéu nay ching to cau trac Co/Pd (111) tré nén tot hon khi sb 16p N tang.
Didu nay ky vong sé dan téi sy tang cuong di huéng tir theo phuong vudng goc khi N ting
boi cau trac (111) duoc biét 1a co vai trd quan trong trong viée ting cuong tinh di hudng
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tir theo phuong vudng goc trong cac mang mong da 16p Co/Pd. Véi cac mau N > 7, pho
nhiéu xa tia Xcosu xuat hién mot dinh la ¢ vi tri goc 20 vao khoang 35°. Biéu d6 cho thy
khi N> 7 miu bit ddu co sy thay ddi vé ciu tric tinh thé.
3.2.2. Anh huéng cia s6 16p N lén tinh chdt tir

Hinh 4 1a két qua do duong cong tir héa theo phwong vudng goc cua cic mau trong hé
méu 1 [Co/Pd]y, voi s 16p N thay ddi tir 1 dén 10. Puong cong tir héa theo phuong vudng
goc (hinh 4 (a)) cho thiy cic mau déu c¢6 di hudng tir theo phuong vudng goc cao vi cic
dudng cong tir hoa déu rat vudng (S = 0,96-0,98). Luc khang tir He ciia cac mau thay do6i
tir khoang tir 275 Oe dén 750 Oe. Diéu nay hoan toan phu hop véi két qua do XRD cua
cac mau trong do chi ra cic mau déu cé cau triic Co/Pd (111) manh. O cac mau co N ting
tir 1 toi 5, He x4p xi bang truong dao tir H, va vi vy, He duoc coi 1a mot thong sd quan
trong dé co thé xac dinh duoc gia tri trudng ddo tur trong cac mang da 16p loai nay mot
cach gian tiép.
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Hinh 4. (a) Duong cong tir héa ciia mang mong da I6p [Co/Pd]y trong hé méu I theo
phuwong vudng goc voi mdt phang mang, (b) D6 thi biéu dién su phy thuéc ciia luc khang
tir He vao s6 16p N (N thay doi tiv 1 dén 10).

Két qua do dudong cong tir hoa chi ra rang, co ché tir hoa trong cac mang mong nay véi
N <7 chi yéu 13 co ché quay domen. Tuy nhién khi N > 7, c6 thé thdy mot cach 13 rang
rang, 6 vudng cia dudng cong tir hda giam, tir trudng bio hoa Hg ting, hinh thanh ving
dudi nhon & cudi cac duong tir hoa. Két qua nay c6 thé 1a do su hinh thanh cu triic domen
c6 dang vong/soc gap khuc (labyrinth/stripe domain) véi momen tir vudng goc voi mat
phang mang va nguoc chidu voi cac ving démen 1an cin dan dén co ché dao tir trong cac
mang c6 N > 7 tré 1én phic tap, qua trinh dao tir khi d6 gdm ca qué trinh dich chuyén va
qué trinh quay vach domen [22]. Cau triic domen loai nay da dugc biét dén va nghién ctru
rong rai trudc day ¢ cac hé mang mong da 16p c6 di hudng tir vudng goc [22-24]. No6i cach
khac, He liic dau tang theo s6 10p N tir 275 Oe dén 750 Oe khi N tang tir 1 d&én 5, tuy nhién
khi N tiép tuc ting thi tinh di huéng vudng goc trong mang lai giam, He giam do sy hinh
thanh cac ddmen dang vong/soc gip khic.

Hang s6 di huéng Ky va luc khang tir He ciia cic miu mang da 16p dugc trinh bay
trong bang 1. Cac gia tri nay dugc tinh toan tir cac gia tri thuc nghiém thu dugc trén cac
duong cong tir hoa clia cac mau theo phwong trinh (1) va (2).

Tir bang 1 ta thay gia tri Ky ting nhe khi N ting tir 1 dén 5, sau d6 giam khi N tiép tuc
tang. Sy giam cua hﬁng sd di huéng Ky v6i sy tang s6 16p N c6 thé lién quan dén d6 nham
bé mit hodc su thay doi cau trac tinh thé ctia mang do sy thay dbi img suat bé mit giira
cac 16p hodc sy thay d6i vé kich thudc hat khi d6 day ciia mang ting. Diéu d6 ching to
rang, hoan toan co thé didu khién di hudng tir vuéng goc thong qua viée thay ddi sb 16p
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cia mang da l6p. Cing tir két qua nay, miu cé luc khang tir 16n nhét, ¢ di hudng tir
vudng goc tot nhét (ang véi N = 5) dugc lua chon dé tién hanh cac khao sat tiép theo.

Bdng 1. Bzey a’zerg cac gia tri lyc khang tuiHc,’ ti do bdo hog Ms,
hang so di hwong Ky khi thay doi so lop N tir 1 dén 10.

N Hc Mg Ky

(Oe) (emu/cms) (erg/cm3)
1 275 359 6.11x10°
2 573.5 352 6.17x10°
3 654.4 360 6.23x10°
4 682.8 368 6.28x10°
5 750 385 6.50x10°
7 685 355 6.00x10°
10 651 363 5.41x10°

3.3. Anh huéng ciia chiéu day 16p Co trong mang moéng da 16p [Co(tc,)/Pd]
3.3.1. Anh hwéng cia chiéu day I6p Co lén dic trung cdu triic
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Hinh 5. Gian do nhiéu xa tia X ciia mang mong [Co(tc,)/Pd] trong hé méu 2
Vi te, thay doi tiv 0,3 dén 1,0 nm.

Hinh 5 13 két qua do XRD cua mang mong [Co(#c,)/Pd] cua hé méu 2 voi tpy; = 1,0 nm
va t¢, thay ddi tir 0,3 dén 1,0 nm. Két qua cho thay dinh nhiéu xa Co/Pd (111) ¢6 cudng do
manh, vi tri ciia dinh Co/Pd (111) ¢6 su thay d6i nhe phu thudc vao chiéu day caa 16p Co.
Diéu nay phu hop voi cac két qua nghién ctru da dugc cong b trude d6 cho hé Co/Pd
[15,16]. Khi chiéu day 16p Co tang, dinh nhidu xa Co/Pd (111) ¢6 sy dich chuyén vé ' phia
bén phai, gan voi dinh nhidu xa déc trung cta Co (111) tinh khiét. Cudng d6 dinh nhiéu xa
Co/Pd (111) giam dan khi ¢, tang. Vei két qua nhu vay, co thé du doan rang, di hudng tu
theo phuong vudng goc trong cac mau ndy sé giam dan khi #¢, ting. Piéu d6 ching to di
hudng tir vuéng goc trong cac mang mong da 16p loai ndy hoan toan co6 thé didu bién dugc
thong qua viéc thay ddi chiéu day 16p Co. Khi ¢, = 1,0 nm, pho nhiéu xa XRD c6 sy xuit
hién mét dinh la & vi tri ~ 36,7°. Diéu nay cho thdy c6 su thay doi vé ciu tric tinh thé cia
méau mang da 16p khi chiéu day 16p Co ting 1én t6i 1,0 nm.
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3.3.2. Anh hwéng cia chiéu day 16p Co lén tinh chat tir
TaIPdI[Co(tCo)IPd]/Co/PdITa
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Hinh 6. (a) Duong cong tir hoa cua mang mong [Co(tCO)/Pd] trong hé mdu 2 theo phirong
vudng goc véi mdt phang mang véi te, thay doi tie 0,3 dén 1,0 nm va (b) Do thi biéu dién
sw phu thugc cua luc khang tir He vao chiéu day lop Co.

Hinh 6 (a) 14 cac duong tur hoa theo phuong vudéng goc cua cac mang da 1op
[Co(tCO)/Pd] trong hé¢ mau 2. Céc mau trong hé nay c6 N =5, tp; = 1,0 nm trong khi ¢,
thay dbi tir 0,3 nm t6i 1,0 nm. Khi chiéu day 16p Co trong khoang #¢, = 0,3-0,5 nm, cac
duong tir hda c6 dang vudng va qua trinh dao tir xay ra dot ngot tai H=Hc, noi cach khac
truong dao tir trong cac mau nay H,=H. Gi4 tri He giam gan nhu tuyén tinh khi 7., ting tir
0,3-0,5 nm (hinh 6 (b)). Mang da 16p Co/Pd thé hién tinh di huéng vudng goc khi 16p Co
du mong (vai 16p nguyén tir) boi khi d6 di huong tur bé mat 13 16n hon di hudng tir hinh
dang, cing nhu di hudng tir tinh thé [23]. Khi chiéu day 16p Co tang, di hudng tir bé mat
c6 thé coi 1a khong doi trong khi di huéng tir tinh thé ting, dan dén sy suy giam tinh di
hudng theo phuong vudng goc. Vi cac mang da 16p c6 tc, > 0,6 nm, c6 mét sy suy giam
1 rét vé do vudng trong cac duong tir hoa, hinh thanh ving dudi nhon & cubi cac duong
cong tir hda. No6i cach khac khi #¢, ting di hudng tir thé tich (theo phwong song song voi
mit phang mau) cta cac 16p Co dan trd 1én troi hon so v6i di hudng tir bé mit & cac 16p
tiép giap Co/Pd (di hudng tir theo phuong vudng goc v6i mit phing mau).

Két qua nay hoan toan phu hop véi mot sb két qua nghién ctru da dugc cong b trén hé
vat li€u nay. Sy thay ddi hinh dang ctia duong cong tir hoa trong cac mau cé #¢, > 0,6 nm
tuong g voi su hinh thanh ciu tric ciu trac ddmen tir c6 dang vong/soc gap khuc voi
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momen tir vudng goc voi mit phang mang va ngugc chidu véi cac ving domen 1an can, co
ché dao tir trong cac mang co #c, > 0,6 nm gém ca qua trinh dich chuyén va quay vach
doémen [21-24]. Két qua nay ciing hoan toan phu hop vai két qua do nhiéu xa XRD trong dé
khi #¢, ting thi cudng d6 dinh nhidu xa Co/Pd (111) giam dan. Nhu vay, két qua cho thay
c6 thé diéu khién duogc tinh di hudng vudng goc dua trén viée diéu khién chiéu day 16p Co.
3.4. Anh huéng ciia chiéu day 16p Pd trong mang méng da 16p [Co/Pd(tp,)]
3.4.1. Anh hwéng cua chiéu day 16p Pd lén ddc trung cdu tric

Hinh 7 1a két qua do XRD cua mang mong [Co/Pd(#p,)] trong hé mau 3 v6i tg, = 0,5
nm va fp, thay doi tir 0,6 dén 2,0 nm. Gian d6 nhiéu xa tia X trén cac mau cho thdy dinh
Co/Pd (111) c6 cuong do nhiéu xa manh, khi chiéu day 16p Pd tang, dinh nhiéu xa Co/Pd
(111) ¢6 su dich chuyén vé phia bén tri, gin v6i dinh nhifu xa dic trung cua Pd (111)
tinh khiét. Cuong do dinh xa Co/Pd (111) ting khi 7p, tang. Diéu nay c6 thé du doan rang,
di hudng tir theo phuong vudng goc trong cac mAu nay s& ting dan khi tpq tang. Tuy nhién
khi tp; > 1,5 nm, co6 su XUt hién mot dinh la & vi tri khoang 36,7°. Su Xudt hién dinh nhiéu

xa la cho thdy di c6 su thay d6i vé ciu triic tinh thé ctia mau khi chiéu day cua 16p Pd ting
lIén t61 1,5 nm.

x10°

— t,,=0,3nm
6 — tc,= 0,4 nm

—t;,=0,5nm

— tc,=0,6 nm
4t—t..=08nm

Cuong dd nhiéu xa tia X (cps)

34 36 38 40 42 44
Géc20(%)
Hinh 7. Gian dé nhiéu xa tia X ciia mang mong [Co/Pd(tpy)] trong hé méu 3

VGi tpy thay déi tir 0,6 dén 2,0 nm.

3.4.2. Anh huéng cia chiéu day 16p Pd lén tinh chat tir
Anh huéng cta chiéu day 16p Pd 1én tinh chét tir ciia cac mau [Co/Pd(tp,)] trong hé

méu 3 duoc thé hién trong hinh 8. Cac mau trong hé nay c6 N =5, tc, = 0,5 nm trong khi
tpq thay d6i tir 0,6 dén 2,0 nm. Két qua do trong hinh 8 (a) cho thiy dudng cong tir hoa
theo phuong vudng goc cua cac mau c6 dang vudng, twong tmg véi di huéng tir vudng goc
cao. Voi cac mau c6 16p Pd mong 7p; < 1,2 nm, Hc tang theo chiéu day cua 16p Pd, diéu
nay ciing pht hop véi cac bao cdo trude do6 rang, khi 16p Pd mong hon 16p Co, di hudng tir
vuong goc 1a yéu, di huéng tir vuéng goc trong cic mang da 16p dang nay dat gia tri 16n
nhat khi chiéu day 16p kim loai phi tir 16n gap 2 dén 3 1an chiéu day 16p tir tinh [13]. Trong
nghién clru nay, chiéu day 16p Pd Iy tuong la nam trong khoang tir 1,0-1,5 nm. Khi 16p Pd
tlep tuc tang (fp; > 1,5 nm), tuong tac trao d6i st tir giita cac 16p Co trg 1én yéu di, dan
dén Hc giam. Didu nay hoan toan phu hop voi két qua do XRD, v0i tpy = 1,5 nm, mau bét
dau co sy thay dbi vé ciu trac tinh thé. Két qua chi ra rang, hoan toan c6 thé diéu khién
duogc tinh di hudng vudng goc dua trén viéc diéu khién chiéu day 16p Pd.
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Ta/Pd/[Co/Pd(t,,)]/Co/Pd/Ta
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Hinh 8. (a) Duong cong tir hoa cua mang mong [Co/Pd(tpy)] hé méu 3
theo phirong vuong goc voi mdt phdang mang voi tpq thay doi tir 0,6 dén 2,0 nm va
(b) Do thi biéu dién sw phu thudc ciia liec khang tie He vdo chiéu day 16p Pd.

4. KET LUAN

Céac mau mang da 16p [Co(tc,)/Pd(tps) ]y (tco= 0,3 - 1 nm, tp; = 0,6 - 2,0 nmvaN=1 -
10) dd duogc ché tao thanh cong bing phwong phép phun xa DC magnetron. Cac mau ché
tao dugc déu ¢ di hudng tir vudng goc cao. Két qua cho thiy miu duoc chon 13 mau dai
dién [Co(0,5 nm)/Pd(1,0 nm)]s c6 di hudng tir cao nhat véi Ky ~ 6,5 x10° erg/em’, He ~
750 Oe va Mg ~ 385 emu/cm’. Trong hé mdu I [Co/Pd]y, hing sé di huéng Ky, luc khang
tor He va tr 40 Mg tang khi ) l6p N tang tu 1 dén 5, va sau d6 giam khi N tiép tuc tang.
Trong hé mdu 2 [Co(tc,)/Pd]s, khi chiéu day 16p Co tc, tang tir 0,3 - 1,0 nm, gid tri He
giam. Viéc suy giam tinh di huéng theo phuwong vudng goc nay co thé 1a do di hudng tir
tinh thé ting khi chiéu day 16p Co ting. Trong khi d0, trong h¢ mdu 3 [Co/Pd(tps)]s, khi
chleu day 16p Pd mong (tp4 < 1,2 nm), Hc tang khi #p, tang, va sau d6 Hc giam khi 16p Pd
tiép tuc tang (tp; = 1,5 nm). Di hudng tir trong mau thay doi nhu vy c6 thé 1a do tuong tac
trao doi sat tir gita cac 1op Co yéu hon khi chiéu day 16p Pd tang. Két qua nghién ctru
chimg t6 rang, di hudng tir vudéng goc trong cdc mau da 16p loai nay co thé dleu khién
duge mot cach linh hoat théng qua su thay ddi cac thong s6 ciu trac nhu: i) s6 16p N, ii)
chidu day cua 16p Co (tco) VA iii) chidu day cta 16p Pd (¢p,). Kha ning diéu bién di hudéng
tir vudng goc trong cdc cu tric loai nay mo ra cac kha nang img dung to 1on trong viéc
thiét ké, ché tao cac linh kién Spintronics thé hé méi nhu cac thiét bi ghi tir mat do cao,
may phat cao tan, cam bién tir sinh hoc.

Loi cdm on: Nhom tac gid trdn trong cam on sw trg' giup kinh phz’ cua Vién Han lam Khoa hoc
va Cong nghé Viét Nam thong qua dé tai Khoa hoc Cong nghé cap Vién Han lam KHCNVN thuc
hién nam 2019-2020 thuéc Chuong trinh phat trien Vat ly den nam 2020, ma so KHCTVL.03/19-20.
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ABSTRACT

TAILORING PERPENDICULAR MAGNETIC ANISOTROPY
IN [Co/Pd] MULTILAYERS

[Co/Pd] multilayers with strong magnetic anisotropy have gained huge interest
due to their potential applications in high-density magnetic recording media. In this
study, we have been investigated systematically the dependence of the perpendicular
magnetic anisotropy of [Co(tc,)/Pd(tpy) ]y multilayers on the structural parameters
such as the multilayer repetition number (N), thickness of Co layer (tc,) and
thickness of Pd layer (tpy). The correlation between structural and magnetic
properties such as coercivity (Hc), the saturation magnetization (Ms) as well as the
magnetic anisotropy constant (Ky) in these multilayers has been discussed in detail.

Keywords: Co/Pd multilayers; Magnetic multilayers; Perpendicular magnetic anisotropy.
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