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Tém tat. Tinh chét tir va c&u tric d6 men tir ctia hé mang mong da 16p (Co-t nm/Pt-0.8 nm)s (¢ = 0,3, 0,5
va 0,6) duoc ché tao bang phuong phap phiin xa magneton véi di huéng tir vudng géc da dugc nghién
ctru dya trén hiéu ting quang tir (Kerr effect). Két qua cho thdy rang c6 sy thay ddi rd rang vé tinh chat
tle cling nhw cdu tric d6 men tir khi d6 day 16p tie tinh tdng 1én tir 0,3 dén 0,6. Vi su tdng 1én cta do
day ctia 16p tir tinh, dwong cong tir tré clia cac mang mong bién ddi tir dang vudng sang dang nghiéng,
trong khi cdu triic d6 men ttr thay doi tit dang tron sang dang cac dai hep. Dong thoi, qua trinh dao ti
bién ddi tir d& dao tlr hoan toan véi t nhé sang khé dao tir hoan toan véi t 16n.

Tt khoa: cau tric d6 men tir, mang mong da 16p, hiéu Gng quang ti
Magnetic properties of Co/Pt multilayers based on magneto-optical effect
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Abstract. Magnetic properties and domain structures of (Co-t nm/Pt-0,8 nm)s (= 0.3, 0.5, and 0.6)
multilayers with perpendicular magnetic anisotropy fabricated by magnetron sputtering were
investigated based on the magneto-optical (Kerr) effect. The results show that there are significant
changes in their magnetic properties, as well as domain structures when increasing the thickness of the
magnetic layers from 0.3 to 0.6 nm. With the increase of the thickness of the magnetic layers, the
hysteresis loops of the multilayers change from circular-like to stripe-like structures. Furthermore, their
magnetization reversals shift from being easy to completely reversible with small # and to being difficult
to completely reversible with large ¢.
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1 Mé dau CoFe, CoFeB, v.v.) xen ké vdi 16p khong tt tinh (Pt,
Pd, Ag, v.v.). Trong cac vat liéu nay, khi kich thwéc

Vat liéu mang mong da 16p cau trac nano la 16p tir tinh giam xudng cd nano mét, di hudng tir

vat liéu trong d6 cd cac 1op tir tinh (Fe, Co, Ni,
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vuong goc hinh thanh do hiéu tng bé mat 16n. Khi
d6, cac mo6 men tir c6 dinh hudng vudng goc voi bé
mat ctia mang. Cac mang mong voi tinh di huéng
tr vudng goc da va dang thu hat sw quan tam cua
cac nha nghién cttu nho cac ting dung tiém nang
cta ching trong cong nghé lwu trit thong tin va cac
thiét bi mo-men xoan truyén spin [1-3]. Cac mang
mong tir tinh chita Co da duoc nghién cttu rong rai
[4-7]; trong d6, cau trac d6 men tir phu thudc manh
vao sd an lap lai cua cac 16p tir tinh va 16p khong
tir tinh [4] cling nhu d6 day cta cac 16p mang tir
tinh [5]. Sw khac biét trong cac cdu tric d6 men dan
dén hinh thanh c4c hinh dang duong cong tir tré
khac nhau [5-8].

D€ ¢ thé nang cao hiéu qua, chat luong,
ciing nhu sy 6n dinh cua cac linh kién dién tt spin
stt dung mang moéng da 16p cdu tric nano, can phai
hiéu ro tinh chat tir ciia hé vat liéu va dac biét la
cau tric d6 men tit ciing nhu cac qua trinh dong
hoc d6 men tr ctia ching. Hon ntta, sy phu thudc
cuia cac yéu td trén vao do day cua 1op mang tir trén
vat liéu sé giup tim dwoc cau tric phtt hop nhat véi

cac tng dung dé xuat trong twong lai.

Trong cong trinh nay, ching t6i st dung
kinh hién vi quang tir dua trén hiéu ting Kerr (Kerr
effect) [9]. Thiét bi cho phép nghién ctru cac déc
trung cta cac qua trinh tir hoa dao tit cling nhw
truc ti€p quan sat duoc cau tric do men tir. Cac két
qua vé déc trung tlr tré, hinh anh d6 men tir ctia cac
mau dwoc phén tich d6i chiéu véi nhau doc theo
duong cong tir tré va qua trinh phuc hdi tir d& hiéu

rd co ché tir hoa dao tlr ctia cac mang mong.

2 Thuc nghiém

Cac mang Co/Pt duoc lang dong trén d& SiN
100 nm bang phuong phap phtin xa magnetron.
Cac mang mong dwoc pht mot 16p Ta (day 1 nm)
dé bao vé cac 16p bén trong khdi quad trinh oxi hoa
khi tiép xtc voi khong khi. Lop khong tix tinh Pt ¢6
do day 0,8 nm. Cac mau véi 16p Co day 0,3, 0,5 va

0,6 nm duoc ky hiéu lan luot 1a Si, S2 va Ss. Hinh
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anh dé men tlr ctia mau dwoc chup bang kinh hién
vi quang tir sit dung ché dd polar Kerr, trong dé
chum sang phan cuc chiéu téi vudng gdc véi mat
phang mau. Kinh hién vi dwoc diéu khién bang
mdy tinh thong qua phan mém Labview. Cac anh
d6 men tir dwgc chup tai cac thoi diém khac nhau
duwéi tac dung cua tir truong vudng goc voi mat
mau va duoc luu trong bd nhé ctia may tinh. Su
phu thudc vao thoi gian cua tit d¢ (M) duoc xac
dinh tir phép phan tich dinh lwong cac d6 men tix
chup duoc. Duong cong tir tré va duong cong hoi
phuc tir dugc xac dinh bf”mg cach ldy trung binh
cuong do Kerr cua hinh anh d6 men, sau d6 chuan
hod bang cuong d6 Kerr bao hoa (Ms) d& xac dinh
ttr d6 chudn hoa M/Ms.

3  Két qua va thao luan

Hinh 1 trinh bay su phu thudc cta tit d6
chudn hoa ctia cac mang mong theo tir truong bén

ngoai voi su thay do6i cia d6 day 16p tie tinh Co.

Két qua cho thdy rang di huéng tir vudng
gbc da duoc thiét 1ap trong tat ca cac mau; trong
do, dwong cong tir tré c6 dang vudng hon véi Si.
V6i hai mau con lai, cac duong cong tir tré xuat
hién cic vung nghiéng khi gan dat dén tir truong
bao hoa. Vung nghiéng nay rong hon khi d¢ day
16p Co (t) 16n hon. Diéu nay twong tw nhu két qua
da duoc quan sat thay doi voi duong cong M-H cua
cac mang mong CoFeB/Pd khi tang d6 day cta lop
twe tinh [10]. Két qua phan tich cho thay luc khang
tir cia cic mau S, Sz va Ss Ian luot 1a 304, 484 va
825 Oe. Puong cong tir tré con cho phép xéac dinh
cac gid tri tir treong ma tai do6 bt dau xuat hién cac
mam dao tir va trén duong cong tir tré tuong tmg
khi tir 46 bat dau giam tir gia tri +1 xudng va duoc
goi la tlr truong tao mam. Gia tri nay ctia cdc mau
S1, S2 va Sz [an luwot 1a 286, 449 va 726 Oe. Bén canh
do, cac gia tri tir treong ma tai d6 tr d6 cua mau
giam dén -1, goi la t&t trrong bao hoa, lan lwot 1a
346, 605 va 1222 Oe.
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D¢ tim hiéu nguyén nhéan cua sy khac biét
trén dwong cong tir tré cia cic mau, chung tdi chup
doc cau triic 6 men tir cia cic mau theo cac duong
cong tt tré (Hinh 2). Sau khi mau vat liéu dwoc bao
hoa tir dudi tir truong duong cuc dai (d6 16n tdi
thiéu bang 2 Tan luc khéng tlt cta tlg mau) va
huéng ctia tir treong 1a vudng géc véi mit phang
mang thi qud trinh dao tir bat dau bang viéc giam

ttr treong tir gid tri dwong cuc dai dén gia tri cuc
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Hinh 1. Duong cong tit tré ctia cic mau a) Si, b)
S2, ¢) Ss
tiéu am (c6 gid tri bang tr trudng duong cuc dai),
roi lai tdng dén tir truong duwong cuc dai.

D3i véi mau Si & gan pha bao hoa, khong
quan sat dwgc vung nghiéng trén duong cong tir
tré. Hinh anh d6 men tt chup doc theo cdc duong
cong M-H cho thdy khi tir d6 giam, mot d6 men tir

dao nguoc twong tng biéu thi bing diém t8i trén
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nén sang da hinh thanh trong vung quan sat. Khi
tr truong giam, sy dao tr xay ra do sw mo rong
vach d6 men, trong d6 mién tdi ¢6 dang tron md
rong dan bién ctia n6. C4u tric d6 men tir va sy
dao tir twong tu da duoc quan sat trude day déi voi
cac mang mong chita Co cé di huedng tir vudng goc
khac [13, 14]. Ngoai ra, c6 thé thdy bién d6 men c6
dang tho véi mot s6 vung nho khong duoc dao
nguoc gan ria ctia né khi d6 men 16n hon. Néu tiép
tuc giam tir truong thi mién t6i mo rong va chiém
uu thé trong ving quan sat va qua trinh dao tir gan
hoan thanh khi tr 46 chuan hod tién dén -1. Su
phat trién cia d6 men tir va sy lan truyén cua cac
vach d6 men duong nhu &n dinh, cho thdy mau
nay c6 hiéu ting ghim ttr yéu. Dac diém nay ¢ tiém
nang tng dung lién quan céc thiét bi mé-men xoan
truyén spin (spin-transfer torque devices) diéu

khién bang vach d6 men [13].

D&i véi mau Sz (Hinh 2b), sau khi tao mam &
-500 Oe (su xuét hién cua mot dd6 men nho 6 trung
tam vung quan sat) va voi su giam tie treong, su
dao tlr cling xay ra do s lan truyén vach d6 men
dan téi kich thidc d6 men tang 1én. Tuy nhién, khi
quan sat kj bén trong d6 men dao nguoc (vung
t01), c6 thé thdy mdc du d6 men c6 dang gidng hinh
tron nhung nd c¢6 rdt nhiéu vung nho li ti véi mod
men tir chuwa dao nguroc (sang mau hon) bén trong
bién ctia nd. Voi cuong do tir treong dat gia tri gan
voi tir treong bao hoa, d6 men dao ngugc (viung
t51) bao phu tat ca mién khao sat, nhung van c6 thé
quan sat dugc ¢d cdc dd men chua dao rat nho xen
ké bén trong. Trong mau nay, ban dau su dao tir
xay ra nhanh chéng khi giam tte treong dén -515
Oe do qua trinh mé rong vach dd men va sau d¢ la
qua trinh triét tiéu cham ctia cac d6 men nho chua
dao (do hiéu Gng ghim tir manh) khi giam tiép ti
treong dén gia tri tir truong bao hoa & —605 Oe.

Hién tuong twong tw nhw trén xay ra doi
véi mau Ss (Hinh 2c). Tuy nhién, khi tir treong
manh hon luc khang tir cua mau ~3%, tic 1a & gia
tri khoang —850 Oe thi vung t6i da bao phu toan bo

mién quan sat. Dong thoi, cac vung sang li ti (twong
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ng voi cdc mo6 men tit chwa dao) bén trong vung
t61 ¢ kich thudce 16n hon so v6i mau Sz. Qué trinh
triét tiéu cham cac vung sang nay xay ra lau hon &
mau Sz khi giam tir truong tir —850 dén khoang —
1300 Oe. Két qua la vung nghiéng trén duwong cong
tlr tré & mau Ss rong hon so véi & mau Sa.

D¢ tim hiéu rd hon vé tinh chat tir cua cac
mang mong da 16p Co/Pt, chung t6i tién hanh do
duong cong phuc hdi tir. Dau tién, mdi mau dugc
bao hoa tit dwong dudi tir treong duong cuee dai.
Sau do, tir truong duoc dao nguoc thanh tir truong
am voi gia tri bang khoang 80% cua luc khang tir
ctia mau va cd dinh gia tri d6 roi ghi lai sy bién déi
ctia tir d6 ti d6i M/Ms va hinh anh d6 men ttr. Két

qua duoc trinh bay trén Hinh 3.

Véi mau Si (Hinh 3a), sau khi dao tir
truong, tir d6 giam dan tir gid tri tiv 46 bao hoa
dwong (+1) sang tit do bao hoa am (-1) trong
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khoang 40 s. Trong d6, mat khoang 20 s d€ tir ¢
dao nguoc mot ntra (thoi gian nay duoc goi la thoi
gian dao mot nira, t12). Qua trinh dao tw dién ra
thdong qua sy mé rong vach d6 men nhu quan sat
tai cac diém 1 va 2 trén Hinh 3a. Dang chu y la
trong mau nay, tit d bao hoa am c6 thé dat dwgc
hoan toan chi sau hai lan t12. Trong khi d6, véi mau
S2 (Hinh 2b), trude hét sy dao tir xay ra do sy lan
truyén vach d6 men tir 0 dén 75 s; bién d6 men md
rong dan ra (di€ém 1 va 2). Sau thoi gian do6, vung
d6 men da dao chiém toan bd khéng gian cua ving
quan sat, mac du tir d6 khi d6 chi dat 80% mttc bao
hoa am. Thoi gian d€ tir dd bi dao ngwoc mot nira
la khoang 45 s (= t12). Két qua thuc nghiém (khéng
trinh bay & day) cho thay rang ngay ca sau khoang
nam lan tip, tir 46 ciing khong thé dao ngugc dén
mttc bao hoa am hoan toan. Diéu d6 c¢6 nghia la qua
trinh phuc hdi tir trong mau nay la mot qua trinh

lau dai do hiéu trng ghim ttir manh.
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Hinh 2. D6 men tir doc theo duong cong tir tré ctia cac mau a) Si, b) Sz, ©) Ss
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Hinh 3. Duong cong phuc héi tir va hinh anh ¢4 men tlt ctia cac mau a) Si, b) Sz, ¢) S3

D&i véi mau S3 (Hinh 3c), két qua ciing
twong tw mau nhu d6i véi Sy, trong d6 can khoang
21 s dé tir 40 dao mot nira. Qud trinh cling xay ra
bang cach mé rong dan bién ctia d@6 men (diém 1
va 2 trén Hinh 3c¢). D6i véi mau nay, sau 10 lan ti2
thi tir d6 chi dat dén 30% cua tir d6 bao hoa am.
Diéu d6 chiing to rang khi tang d6 day ctia 16p Co,
hiéu ttng ghim tré nén manh hon do su gia tang s6
lwong cac vi tri ghim tr. Diéu nay xay ra khi d6 day
cua 16p vat liéu tang 1én va s6 lugng cac diém sai
hong ciing tang 1én theo va do d6 dan dén su ton
tai cia cac d6 men ttr rat nho chua dao ti bén trong
ranh gi6i d6 men 16n. Két qua 1a khi tang do day
ctia 16p Co, qua trinh dao tir dién ra khé khan hon
vi can nhiéu ning luong hon d€ vuot qua nang
luong ghim tte, tirc la can tir treong 16n hon dé€ bao

hoa tir hoan toan. Diéu nay dan dén cac duong
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cong tir tré c6 doan nghiéng khi gan dat trang thai
bao hoa nhw ¢ Hinh 1b va 1c.

Hinh 4 trinh bay hinh dnh d6 men ttt ctia hai
mau S2 va Ss tai cac vi tri 1 trén Hinh 3b va 3¢ véi
d6 phong dai 16n hon. Két qua cho thdy rd trong
viung d6 men da dao (viing t&i) ctia mau Sz ton tai
cac vung li ti chwa dao tit bén trong bién ctia do
men 16n. Cdu tric nay duoc goi la dendritic, twong
tw nhu da dugc quan sat thdy véi hé CoFeB/Pd
[14]. Trong khi d6, cac vung chuwa dao bén trong
bién d6 men cta mau Ss ¢ kich thudc 16n hon
nhiéu so véi cac viing ctia mau S, dan téi d6 men
da dao c6 dang la tap hop cua cac dai hep. D61 voi
mau Si thi hoan toan khong quan sat dugc cac
vung chwa dao bén trong bién d6 men du quan sat

¢ d0 phan giai cao nhét cua hé kinh hién vi.
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Hinh 4. C4u tric d6 men tur tai vi tri 1 trén duong
cong ttr tré (hinh 2) ctia cdc mau a) Sz va b) Ss

4  Kétluan

Chung t6i da khao sat tinh chat tir va cdu
triac d6 men tr cua hé mang mong da 16p (Co-t
nm/Pt-0,8 nm)s v4i chiéu day tir 0,3 dén 0,6 nm
bang cach stt dung kinh hién vi quang tir trong tir
truong ngoai vuong gdéc véi mat phang mau. Tat
cac mang mong déu cé di hudng tir vuong goc. Khi
t = 0,3, duong cong M-H c6 dang hinh vuong va
qud trinh dao tir dé dang xay ra hoan toan. Trong
khi véi t 16n hon, cac dwong M-H c6 doan nghiéng
khi gan trang thai bao hoa, dong thoi tir d6 kho c6
thé dao hoan toan. Khi d6 day cta 16p Co ting lén,
cac thong s6 nhu bé rong duong tir tré, luc khang
tle, tr truong tao mam va tir truong bao hoa déu
tang 1én. Luc khang tir ctia cdc mau véi t = 0,3 va
0,5 1a 304 va 484 Oe. Cac gia tri nay phu hop cho
cac ting dung ghi ttr khong yéu cau tlr treong cao.
Pong thoi, c6 su bién d6i vé cau tric do6 men tir
dang hinh tron khi ¢ = 0,3 sang dang cdu truc c6 cac
dai nho khi ¢ =0,6.

Thoéng tin tai trg

Nghién cttu nay dwoc Truong Dai hoc Giao
thong Van tai tai trg trong dé tai NCKH, ma s6
T2023-CB-012.
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Xung d6t loi ich

Toi (tac gia ctia bai bao) tuyén b6 khong co
xung dot 1oi ich nao lién quan dén viéc xuat ban bai
bao nay.
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