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Tém tit

Mang mdéng Co-AlLO; dugce Che tao bang phuong phap phan xa catdt xoay chiu cao tan RF (Alcatel SM 400) trén dé
thiy tinh. Sir dung bia ghép dugc to hop tir 4 miéng kim loai Co ¢6 hinh dang ré quat véi dién tich bang nhau dugc ghep
1én trén bé mit bia ALO;. Cac thong s6 cong nghé trong qua trinh ché tao mang mong Co-Al,O3 bao gom: cong suat phun
xa 200 W, thoi gian phiin xa 30 phut, ap suat khi Ar 1a 3.10° mBar va khoang cach giira bia phiin xa va dé mau duoc giir
¢b dinh & 60 mm. Két qua thu dugc cho thdy mang mong Co-ALO; c6 chiéu day mang tir 27 nm dén 30 nm, c6 dic trung
cua tinh chat nghich tr va thé hién co ché dan dién cua vat lidu composite kim loai - dién moi.

Tir khéa: mang mong, tinh chat tir, nghich tir, chiéu day, phin xa
Abstract

Co-Al20:s thin films were fabricated on glass substrates by RF magnetron sputtering using an Alcatel SM 400 system.
A composite target was prepared by attaching four fan-shaped cobalt (Co) metal pieces with equal surface areas onto the
surface of an AlOs target. During the deposition process, the sputtering power was maintained at 200 W with a sputtering
time of 30 min. Argon (Ar) was used as the working gas at a pressure of approximately 3x10~> mbar. The the target-
substrate distance was fixed at 60 mm. The obtained Co-AlOs thin films exhibited a thickness in the range of 27-30 nm.
The results indicate that the films show diamagnetic characteristics and reveal an electrical conduction mechanism typical
of metal-insulator composite materials.

Keywords: thin films, magnetic properties, diamagnetism, film thickness, sputtering

1. Giéi thi¢u thoi 1am gia ting nhu cau phat trién cac loai vat
liéu méi c6 kha ning di chuyén dién tir nham
phuc vu nhitng ing dung trong thuc tién nhu cac
cam bién tir, thiét bi, linh kién dién ttr thé hé méi
[2, 3, 5, 7]. Trong s6 cac hé vat liéu

Trong nhitng ndm qua, sy phat trién vuot bac
cua Iinh vuc nghién ctru cong nghé nano, cong
nghé spintronics da thic ddy manh mé cac hoat
dong nghién ctru trong nude va qubc té, dong
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nanocomposite, mang mong nano dugc t hop tir
vat liéu tr tinh nhu Co, Ni, Fe, hop kim cua
chung véi vat li¢u khong tir tinh 1a Al,O3, Si0»,
MgO,... 1a huéng nghién ctru c6 nhiéu diém
sang va tiém ning [1, 4, 6, 8].

Mic du d3 c6 nhiéu bai bao cong bd vé vat
liéu mang Co-ALO3, tuy nhién trong mdi diéu
kién ché tao mang mong khéac nhau lai cho céac
tinh chit, cdu trac, thanh phan nguyén t6 hoa
hoc, kich thuéc mang va tinh chat tir 1a khac
nhau. Do vay, trong bai b4do nay chiing t6i tap

trung nghién ciru quy trinh ché tao mang mong
Co-ALOs bang phuong phap phiin xa catét xoay
chiéu cao tan RF, xac dinh chiéu day ctia mang
moéng, thanh phan nguyén t5 hoa hoc va tinh chét
tir cua vat liéu.
2. Phwong phap ché tao
2.1. Chudn bi vit liéu

Cit 4 miéng kim loai tir tinh Co thanh hinh ré
quat c6 hinh dang va kich thudc giéng nhau va
duoc bd tri trén bé mat cia bia Al,O3 nhu Hinh 1.

o

AL O3

Hinh 1. So d6 minh hoa bia ghép Co-AlO3

Theo tai liéu [9], dbi v&i bia ghép t6 hop,
thanh phan nguyén t§ trong mang mong c6 thé
wde tinh so bo dya trén ty 18 dién tich bé mit caa
cac miéng Co duoc gan trén bia Al.Os. Trong do,
S71a dién tich phun xa cua kim loai sét tir Co, Vi
1a hiéu suit phin xa cta kim loai Co, S> 1a dién
tich phun xa cia Al,O3 va 7 13 hiéu suit phiin xa
cua ALOs.

n. Si7
L=t (1)
ny 8,7,

Theo cong thic (1) c6 thé danh gia duoc dinh
tinh vé ty 1¢ thanh phin cic nguyén té trong
mang moéng va diéu nay c6 thé 1am thay d6i ty 1&
thanh phan ctia mang d& dang hon bang viéc thay

dbi s luong cac miéng kim loai sét tir Co trén
bia pht hop v6i myc dich nghién ctru. Uu diém
ctia cach ghép t6 hop nay 1a rat d& dang thay ddi
vat liéu can phun xa. bé biét duoc chinh xac ty
1¢ thanh phan nguyén té c6 mit trong mang
mong thi can phai phén tich thanh phan nguyén
t6 c6 trong mang bang phuong phap EDS.

2.2. Ché tgo mdt na

Pé khao sat duogc dic trung tinh chét dién cua
mang moéng dang hat voi cac hat sét tir Co ndm
trong nén cach dién Al,O3, nhém nghién ctru da
ché tao bo mat na nhu mé ta trong Hinh 2. Trong
do6, bd tri hai 16p dién cuc 1am bang vat liéu phi
tr Ag kep gitta mang mong Co-ALOs.
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Hinh 2. B6 mat na lam di¢n cuc Ag

Bo6 mit na nay lam bang hai miéng nhom co
bé mit bang phang, kich thudc cua ching 52 x
26 x 1 mm. Ching duoc thiét ké trén may tinh
va dung tia laser cit theo hinh vanh tron cta hai
miéng nhém (Al) nhu thiy trong Hinh 2. Mit na
thir nhit c6 duong kinh ciia mdi vanh tron 13 10
mm, mat na thir hai 1a ¢2 = 6 mm. Khi ghép hai
mat na ndy voi nhau thi cac vanh tron cua mat na
thir nhat va cac vanh tron ctia mt na thi hai phai
ddng tAm dé khi phun xa trén cing mot dé thiuy
tinh hai dién cuc Ag nay khong chap vao nhau.

2.3. Cong sudt phiin xa

Cong suat phiin xa 13 yéu t6 co ban dé dua ra
duoc cac dic trung clia mang, vi véi mdi cong
suat phin xa & cac gia tri khac sé& cho tinh chét
mang khéc nhau. Vat li€u bia phin xa ALO; 1a
loai vat liéu rat kho phun xa ¢ cong suét thép vi
nhiét d6 ndng chay cuia no rat cao khoang 2015°
C, hon nita A,O3 la vat li€u cach dién cho nén
mubn phun xa duogc loai vat li€u nay cin phai st
dung hé phtin xa xoay chiéu cao tan RF. Trong
nghién ctru nay, chung ti lya chon cong suét
phun xa 200 W, thoi gian phun xa 30 phut, ap
suat khi Ar 1a 3.10° mBar va khoang cach cd
dinh gitta bia va ¢ mau 12 60 mm.

2.4. Xir Iy dé méu va cdc vit liéu bia

Cac mang moéng Co-ALO; déu duoc ling
dong trén dé thuy tinh. Kich thudc ciia mdi tam
thity tinh 14 22 x 22 mm. Ly do Iya chon dé thuy
tinh, do thuy tinh 1a vat liéu v6 dinh hinh, khéng
c6 tinh chét tu, khong dan dién cho nén khi khao
sat tinh chét tir, tinh chét dién déu do su dong
gop cua cac vat li¢u da phun xa Co va bia ALOs.

Pé ché tao duogc mang cé tinh chét tét, truge
khi phun xa cin phai théng qua qué trinh xt 1y
lam sach dé thay tinh bang cach dung nuéc
axetol hodc con rira sach bé mat can phun xa.

Céac vt liéu bia can phun xa phai dam bao
dugc do sach tdi wru nhét 99,999% trude khi dua
bia dat trén catét trong budng phin xa. Mudn
cho miu mang khong bi anh huéng boi cac
nguyén t6 la, trudc khi bit dau phan xa 1én dé
thay tinh phai lam sach bia ghép bang cach dung
lap chin khong cho cac nguyén tir ciia bia ghép
phiin xa 1én dé thiry tinh trong khoang thoi gian
tir (20-30) phit, sau d6 mé lap chén giira dé mau
va bé mit bia. Luc nay bat dau tinh thoi gian
phun xa.

2.5. Cdc phwong phdp do va phén tich méu

Thanh phan hoa hoc ctia mang mong Co-
ALOs duoc nghién ctru bang phd tan xa ning
luong (EDS). Xac dinh chiéu diy mang mong
nay 13 phuong phap vach miii do. Po tinh chat
tir cla mang mong bang tir ké miu rung & nhiét
do phong.

3. Két qua va thao ludn

3.1. Khdo sdt chiéu day ciia mang méng Co-
Al>0;

Xac dinh chiéu day mang moéng Co-AlLO;
bang phuong phap vach miii do. Trude khi xac
dinh chiéu day cia mang, phai tao ra bac gitra dé
mau va mang Co-AlL,O; d3 dugc phun xa nhu
trinh bay trong Hinh 3.

Bac giita d& mau va mang mong dugc tao ra
béng cach dan 1én trén bé mat tim thuy tinh mot
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dai bang dinh chan khong nho trudc khi thuc
hién qua trinh phtin xa mang Co-Al,Os. Sau khi
phiin xa mang Co-AL O3 xong, 1dy miu ra va boc
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bo dai bang dinh chan khong da dén trén mang,
ding dao kim cwong cat mau thanh cac miéng co
kich thugc 1 x 1 cm.
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Hinh 3. M6 hinh xéc dinh chiéu day mang mong Co-ALO; bang phuong phap vach miii do
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Hinh 4. Do chiéu day ciia mang méng Co-Al,O; bang phuong phap vach mii do

Hinh 4 trinh bay dac trung v& d6 nham bé mat
mang va chiéu day cia mang Co-ALO; duoc do
bang phuong phap vach mili do trén thiét bi do
Alpha-Step. Theo Hinh 4, ¢6 thé nhéan thiy rang
d6 map mo ciia bé mit mang mong khoang 0,7
dén 0,9 nm. Piéu nay thé hién bé mat mang
mong duogc ché tao bang phuong phap phin xa
RF c6 bé mat mang nhén, mat do lién két gitta
cac nguyén tir trong mang c6 tinh ddng nhat. Két
qua do chiéu day cua mang Co-ALOs véi thoi
gian phun xa 30 phut cho thay, mang Co-ALOs
c6 do day vao khoang tir 27 - 30 nm. Qua day,
c6 thé xac dinh duoc toc d6 ling dong clia mang
trén dé thuy tinh khoang 0,016 nm/s.

3.2. Thanh phdn ciia mang mong Co-AlLO3

Hinh 5 chi ra rang thanh phan nguyén té hoa
hoc ctia mang méng Co-Al 03 duoc do bang phd
tan xa nang lugng (EDS). Co thé quan st thy
rat rd 3 dinh phd ning luong cia cac nguyén tb
Co, Al va O. Piéu nay cho thdy mang mong Co-
ALOs dugc ché tao thanh cong bang phuong
phap phiin xa catdt xoay chiéu cao tan RF trén
thiét bi (Alcatel SM 400). Con cac dinh phd ning
luong ciia nguyén t Si, Ti, K, Zn xuét hién trong
gian d6 EDS 1a do cac thanh phan nguyén t6 hoa
hoc cuia dé thuy tinh.
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Hinh 5. Gian d6 EDS mang Co-ALO; dugc ling dong trén dé thuy tinh

Két qua phan tich phd tan xa ning lugng
(EDS) cho thiy ty 1 phan trim nguyén tir cta
cac nguyén to trong mang mong Co-Al:Os nhu
sau: Co (8,0%), Al (12,0%) va O (80%).

3.3. Khdo sdt tinh chdt tiv ciia mang mong
Co-Al:0;3

Dé khao sat tinh chét tir cia mang moéng Co-
AlO3, miu sau khi ché tao xong dugc cit thanh
cac miéng c6 kich thude 1 cm x 1 cm va thuc
hién phép do tir ké mau rung (VSM). Hinh 6
trinh bay duong cong tir héa cia mang méng Co-
ADO3 ¢ nhiét d0 u khac nhau. Trong Hinh 6,
hinh dang cac duong cong tir hoa véi gia tri nhiét
d6 u khac nhau déu thay d6i, ban dau mang Co-
AL O3 chua duogc U nhi¢t, dang duong cong tu
hoa thé hién cha yéu tinh chét cua dé thuy tinh
v6i nén ALOs khong tir tinh va c6 dic trung cia
tinh nghich tr. Khi nhiét d6 u tang 1én tir 200°C
dén 400°C, dang duong cong tir hoa c6 xu hudng

thay d6i 16 rang so v6i mau chwa 0 nhiét. Khi
nhiét d6 @ 1én dén T=500°C, phan tir 46 bén trai
ctia duong cong tir hoa nam phia trén va tir 4o
ctia mang mong la duong trong khi d6 & bén phai
ctia dudng cong tir hoa tir d6 chuyén xubng phia
dudi va c¢6 tir 46 am. Két qua nhan duoc cta
duong cong tir hoa cho thiy dic trung tinh chit
cua mang mong Co-Al>O3 c6 tinh nghich tir.
3.4. Khdo sdt tinh chét di¢n ciia mang méng
Co-Al:0;3

Hinh 7a cho thiy duong dic trung I-U cua
mang mong Co-ALOs c6 mdi quan hé khong
tuyén tinh rd rét gitta dong dién va dién ap dit
vao. biéu nay thé hién co ché dan dién cua vat
liéu composite kim loai sat tir (Co) va dién moi
(ALLO3). O dién ap thap, dong dién duy tri & murc
thép, cho théy su hién dién cua cac rao can nang
luong tai cac ving tiép giap giita cac hat Co va
nén AlQOs.



24 Luu Van Thiém / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 04(77) (2026) 19-25

1.0} T=27°C o
/71
05} ‘
J
5 -/';'I: ../7‘7
EE 0.0 4:/. /:.,!
= 7 of
= v
_05 | [ L]
vy
ey
10 i 1 1 1 1
15 10 5 0 5 10 1
10r T=200°C / ] /X
. 7 [ -i /. -
05} / / Y,
| / /{/ N
g 900 -//\' . r .Z/.
S ¥
s . / \ al
05} '\/ f 'x/
| ] .\. -F.
N/ / ¥
10} . . . .
15 10 5 0 5 10 15

Max

M/M

Max

M/M

Hinh 6. BPuong cong tir hoa ciia mang Co-Al,O3 & nhiét do u khac nhau

Tuy nhién nhiét nhiét 6 u tang lén tir 400°C
va 500°C d3 lam cho céc hat sit tir Co trong
mang dugc sép xép lai co trat tu hon, cac hat co
kich thu6c trung binh 16n hon, bé mat mang cé
tinh déng déu, giam do nham bé mit mang nén
da tao didu kién cho tir d6 cia miu mang thay
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(a) Buong cong I-U

d6i vé hinh dang va vé dau khi co tac dung & tir
truong 16n.
3.5. Tinh chit dién ciia mang Co-Al:03

Két qua khao sat dic trung I-V va G-V clia mang
mong Co-AlLOs duogc trinh bay trong hinh 3.5.
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(b) buong cong G-U

Hinh 7. Db thi biéu dién duong dic trung I-U va G-U ciia mang Co-AlOs



Luu Van Thiém / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 04(77) (2026) 19-25 25

Khi dién 4p tdng, dong dién gia tdng 10 rét va
tao diéu kién thuan lgi cho qua trinh truyén dién
tich gitra cac mién dan. Su khong tuyén tinh cua
duodng cong I-U cho thiy pha st tir Co chwra hinh
thanh mang dan lién tuc va qua trinh van chuyén
dién tich chu yéu dién ra thong qua cac kénh
truyén gian tiép giita cac hat kim loai sit tir Co
phan tan. Két qua nay cho thay vai tro chi phdi
ctia cdu triic vi md va khoang cach gitra cac hat
sat tir Co trong vi¢c quyét dinh dac tinh van
chuyén dién cuia mang. Hinh 7b cho thiy duong
dac trung G-U c6 dang parabol véi cac dinh
nhon xuét hién theo chu ky, kém theo cac dao
dong cuc bo cta do dan, dic biét & vung dién ap
16n. Hién twong nay c6 thé lién quan dén sy phan
bb khong dong déu vé kich thude hat Co, khoang
cach gitra cac hat cling nhu sy hién dién cua cac
khuyét tat trong mang Co-ALOs. Ty 1& thanh
phan nguyén tir Co thap 1am cho d6 dan G cua
hé mang nay rat nhé, tire dién tro 16m dan dén sy
van chuyén dién tich trong cac hat Co bi han ché
rat nhiéu.

4. Két ludn

Di ché tao thanh cong vat liéu mang mong
Co-ALOs véi chiéu day khoang 27-20 nm bang
phuong phép phun xa catét xoay chiéu cao tan
RF. Két qua phén tich thanh phan nguyén t6 hoa
hoc ciia mang mong c6 ty 1& phan trim nguyén
tir 1an Iugt 1a Co (8%), Al (12%) va O (80%).
Tinh chét tir nhan dugc tir phép do duong cong
tir hoa cho thay mang mong Co- ALO3 ¢6 tinh
chat nghich tir. Puong dic trung I-U va G-U cia
mang c6 dang khong tuyén tinh va thé hién co
ché dan dién cua vt lidu composite kim loai -

dién moi. Pha sit tir chua hinh thanh mang dén
lién tuc va qua trinh van chuyén dién tich chu
yéu dién ra thong qua cac kénh truyén gian tiép
gitta cac hat kim loai sét tir Co phén tan.
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