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Abstract

Co-doped ZnO thin films are highly magnetic material is applied in the field of spintronics. This is a
combination of microelectronics with the spin-related effects. The process of moving spins can carry information,
easily spin control under the influence of an external magnetic field. This characteristic has been used in data
storage technology using magnetism. Spin correlations and taking time to recover large, so it is likely to remain in
the state for a long time. The advantage of this material is stable, large data transfer speed, low energy consumption,
especially high integration capabilities than traditional semiconductor devices. In this paper, the research results are
manufactured Co-doped ZnO thin films by Spin-Coating method, with Co < 12 % concentration does not change the
crystal structure of ZnO. When the Co > 12 % concentration, it is no longer observed the crystallization of ZnO
films anymore. The research results are the basis for the application of science to the practical production process

technology.
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1. MO PAU

Dbién tir hoc spin (spintronics) la mdt nganh da
linh vuc ma muc tiéu chinh 1a thao tac va diéu
khién cac bac tu do cua spin trong cac hé chét ran.
Spintronics m& ra mot thé hé méi cac linh kién dién
twr, 1a su két hop gitita vi dién tir cung voi nhitng
hiéu ung lién quan dén spin. Nhiém vu cuoa
spintronics ban dan 1a diéu khién dugc spin cua cac
hat tai trong chit ban dan. Cac tinh ning trong
electronics va photonics co thé thay d6i, néu diéu
khién duoc qua trinh truyén va doc spin ¢ ngay diéu
kién thuong [2, 4].

ZnO 14 vat lidu ban dan ¢ ving cAm thing, do
rong ving cim 16n va ning luong lién két exciton
16n. Két hop véi tinh chét dién va quang thi vat lidu
ZnO c6 pha thém mét sb kim loai khéc, lai c6 tinh
chat st tir & ngay diéu kién thuong. ZnO va GaN
pha kim loai chuyén tiép 1a nhimng vét lidu co tinh
chat st tir cao [3, 5].

ZnO pha Co 1a vét liéu c6 tu tinh cao dugc ung
dung trong linh vic dién tr hoc spin. Qua trinh dich
chuyen cua spin c6 thé mang thong tin, spin co thé
d& dang diéu khién duéi tac dung cia tir truong
ngoai, tinh chat nay da dugc ung dung trong cong
nghé Iuu trit dit liéu bang tir tinh. Spin c6 tinh twong
quan va thoi gian hdi phuc 16n, do d6 né c6 kha
nang gitr nguyén trang thai trong mot thoi gian dai.
Uu diém ciia vat liu nay 1a co tinh 6n dinh, toc do

truyén dit lidu 16n, niang lugng tiéu thu it, dic biét
1a kha nang tich hop cao so voi cac thiét bi ban dan
truyén thong

Ché tao cic mang mong bang phuong phap Sol-
Gel va phii quay trén cac dé thuy tinh [1, 5].

Bai bao nay 1a két qua nghién ctru ché tao mang
mong ZnO pha Co & cac nong do khac nhau bing
phuong phép spin-coating trén dé thily tinh. Két qua
nghién ctru 1a co s khoa hoc cho viéc ung dung vao
cac qua trinh cong nghé san xuit.

2. PHUONG PHAP THUC NGHIEM

Céac hoa chat duge st dung dé nghién ctru c6 do
sach PA, do hing Merck cia CHLB Ptic san xuit
nhu: dietanolamin, Zn(CH5C00),.2H,0,
Co(CH5C00),.4H,0 va isopropanol.

Thiét bi duoc sir dung dé nghién ctru gdm: Binh
cau thiy tinh, may khudy tir, nhiét ké, hé sinh han,
may spin-coating, 10 nung va dé thuy tinh.

Gian dd nhidu xa tia X (XRD) ctia cac mau dugc
ghi trén may D8 Advance Brucker cia CHLB buc
v6i tia CuK,, tai budc song A = 1,54056 A, ghi & 25
°C, gbc quét 20 tir 20 dén 70°, téc do quét 0,03 °fs.
Anh SEM clia cac mau nghién ctru duge ghi trén
may JMS 5410-Jeol (Nhat Ban).

Quy trinh tao mang ZnO pha tap Co dugc tién
hanh nhu sau:
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- Xdc dinh thanh phan.

- Tao sol: Hoa tan Zn(CH;C0O0),.2H,0 vao hén
hop dung moi isopropanol va dietanolamin (DEA)
chra trong binh cau hai ¢6 duoc dung dich I. Do
mudi Co(CH;C00)3.4H,0 tan kém trong dung mdi
isopropanol, nén mubi dugc hoa tan trong dung moi
etanol dugc dung dich II. Trén dung dich I vao II,
hén hop dung dich duoc khudy tron bang may khudy
tir va dugc 6n nhiét ¢ nhiét do 65 °C, nham myc dich
dé cho phan tmng thily phan xay ra hoan toan. Hon
hop dung dich duoc lam ngudi xuéng nhiét do
phong. Tiép tuc khudy tron dung dich trén trong
khoang 120 phat d& 6n dinh Sol. Cubi cung, thu
dugc Sol c6 mau tuy thugc ham lugng Co pha tap.

- Chudn bi dé¢. Pé thuy tinh dugc st dung dé
nghién ctru va duoc xir 1y theo qui trinh sau: Dé thuy
tinh dugc rira sach béng nudce rua kinh — rira nudc
cat — rung siéu am trong dung mdi isopropanol
trong vong 20 phdt — quay phu.

- Tao mang: Sol thu dugc ¢ trén dugc st dung
dé ché tao mang bang phuong phap phun quay phi.
Tbc d6 quay phu khoang 3000 vong/phit trong thoi
gian 30s trén dé thuy tinh. Sau mdi lan phu, miu
dugc xir 1y nhiét 1an mot & nhiét d6 450 °C trong 10

Lé Van Huynh va cong sy

phut, cir nhu vy, mang dugc quay phi 10 1an.

- Xur Iy nhiét: Mang sau khi quay phu dugc xt 1y
nhiét dé ting kha ning két tinh tinh thé t6t va ting
tinh chit cua vat liéu. Nhiét do xir 1y 1an thir nhat &
nhiét d6 450 °C trong thoi gian 10 phat. Lan xir ly
nhiét tiép theo thay doi trong khoang 450+550 °C
trong khoang thoi gian 120 phut. Két qua thu duoc
mang mong ZnO/Co hoan chinh bang phwong phap
Spin-Coating.

3. KET QUA VA THAO LUAN
3.1. Nghién ctru biing nhiéu xa tia X (XRD)

3.1.1. Nghién ciru nhiéu xa tia X cia mang ZnO
khong pha tap

Pho nhiéu xa tia X cta miu mang ZnO khong
pha tap sau khi u & cac nhiét do 450+550 °C duoc
thé hién trén hinh 1. Pay 1a ving nhiét d6 da duoc
nghién ciru khao sat va cho két qua tot vé mit cau
trac ddi voi ZnO ché tao bang phuong phap Sol-
Gel. S6 lidu thyc nghiém dugc xur 1i bang phin mém
Winfit va CELREF [2, 3].
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Hinh 1: Pho XRD ctia mang ZnO trén dé thiy tinh @ & cAc nhiét d6 khac nhau

Két qua nghién ctru cho thiy: Phd nhidu xa tia X
clia cac mau ZnO déu thé hién bay dinh nhidu xa ¢
cac goc 20 la 31,83°% 34,48°% 36,32°% 47,63°; 56,66°;
62,98° va 66,49°, img v6i mdi mau, goc 20 cua cac
dinh 1a khac nhau, nhung d¢ chénh Iéch 1a kha nho,
tuong ing v&i cac ho miat phang mang (100); (002);
(101); (102); (110); (103); (200); (112) va (201) cta
Waurtzite ZnO. Két qua nghién ciu, ching t6 cac
mang ZnO két tinh tbt, co cau trac luc giac Wurtzite.
Ho mat (100) duoc chon dé tinh he‘ing s6 a, ho mit
(002) duoc chon dé tinh hing sé c. Hing sb mang
clia cac tinh thé luc gidc Wurtzite dugc tinh theo
cong thuc:

1. a (1)
4.2 2 , &
g(h +k“+hk)+1 2

Duva vao vi tri cac dinh caa phé nhiéu xa tia X,
xac dinh duogc hé'lng s6 mang a, b va c. Kich thudc
hat tinh thé duoc tinh theo cong thirc Debye—
Scherrer:

_ 094 ©)
B.cos0
Trong d6: D 1a kich thudc hat tinh thé (A); £1a do
ban rong (rad); A 1a budc séng tia X; 0 1a goc nhidu
xa (d9). Trong tinh toan, ldy goc 0 ting véi dinh cao
nhit v6i 20 = 34,48° va ) = 1,54056 A.
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Bang 1: Hing s6 mang tinh thé clia cac mau

Nghién ciru ché tao mang méng ZnO...

Bdng 2: Kich thudc hat tinh thé ciia mang ZnO

tinh theo cong thirc (2)

Miu | d(200) | a=b(R)] d©02) | c(A)
7 X 0 0 0
Khéi | 2.8144 | 32498 | 2.6033 | 52066 | | Mau 450°C S00°C | 580°C
0
450°C | 2,822 | 32581 | 26115 | 52226 | |B() 0,292 0,272 0,271
500°C | 2,810 | 3,2443 | 2,5984 | 51967 | | D (nm) ~13 ~15 ~15
0
550 € 2,814 3,2495 | 26842 | 5,3685 3.1.2. Phé nhiéu xa tia X ciia mang ZnO pha Co

Két qua nghién ctru duoc thé hién trén bang 1
cho thay: Hang s6 mang tinh thé cua cac mau thay
d6i khong dang ké so véi mau khdi va it chiu anh
hudng cua nhiét d6 4 mau.

Kich thugc hat tinh thé ZnO cua cac mau duoc
thé hién trén bang 2 cho thay, mang ZnO U tai cac
nhiét d6 khac nhau (450, 500 va 550 °C) déu c6 ciu
tric luc giac dang Wurtzite. Nhiét d6 4 anh hudng
khong nhidu dén cdu trac va kich thudc cac hat tinh
thé cia mang ZnO. Do d6, dé nghién ciru phan tiép
theo, chung t6i chon nhiét do 450 °C 1a nhiét d6 u
cho cac mau mang ZnO pha tap Co.

Phé nhiéu xa tia X cua mang méng Zn;,C0,0 1
tai nhiét do 450 °C duoc thé hién trén hinh 2 cho
thiy: Cac mau c6 nong do pha tap Co 1 %, 5 %, 10
% déu co cac dinh pho XRD dic trung ctia ZnO tai
céc goc 26 la 31,83°% 34,48° 36,32°; 47,63 56,66";
62,98° va 66,49°. Vi tri cac dinh phd trong mdi mau
Ia khac nhau, nhung d¢ chénh 1éch 1a kha nho, cac
dinh nay tuong ung vdi cac ho mét mang (100);
(002); (101); (102); (110) va (103) cua cau trac
wurtzite. TAt ca cac mau déu khong thiy xuit hién
pha la. Khi ting néng do pha tap Co thi cudong do
dinh pho giam dan.
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Hinh 2: Ph XRD cua ZnO pha Co véi cac ndong d khac nhau u tai nhiét d6 450 °C

Vi cac mau chira Co tir 12 % trér nén thi chi con
lai 3 dinh, img v6i mdt mang (100); (002) va (101)
va cac dinh phd hoan toan bién mat. Piéu nay ching
t6: Vi ndng do pha tap Co cang 16n, thi kha ning
két tinh ciia mang ZnO giam.

Két qua nghién ctru cho thiy, sy pha tap nong do
Co vao ZnO da lam giam kich thu6e hat tinh thé so

véi mau khong pha tap. Khi nong do _pha tap Co
tang, thi hang s6 mang a giam, nhung hang s6 mang
c tang. Sy phu thudc cua hang sO mang a va ¢ vao
nong do pha tap Co la gn nhu tuyén tinh va tudn
theo dinh luat Vegard dugc thé hién trén bang 3.

Nhu vy, ion Co da thay thé cho ion Zn(ll) trong
mang tinh thé ZnO va c¢6 mic oxi hoa +2, thi hang
s6 mang a giam di do ban kinh ion cua Co(II) (0,68
A) nhé hon ban kinh ion ctia Zn(Il) (0,74 A) trong
cau trac phdi tri 4 nguyén tir oxi bao quanh. Khi do,

hing s6 mang ¢ phai ting 1én. Néu ion Co(ll) hoa
tan vao tinh thé ZnO trong ca hai muc oxi hoa +2 va
+3, cac ion Co(IIT) hodc Co(II) phan bd tai cac vi tri
xen k&. Tuong ty nhu vi tri cia Zn trong mang tinh
thé ZnO, thi sy sip xép cac nguyén tur trong mat
phang mang s& bi x40 tron, hang s6 mang a s& ting
1€n, con ¢ giam di.

Bang 3: Hang s mang cic mau Zn;.,Co,0

Zn.;,Co,O x=0 |x=0,01|x=0,05|x=0,12
a=b(A) 3,2544 | 3,2540 | 3,2530 | 3,2392
c(A) 5,1965 | 5,2060 | 5,2098 | 5,2145
D (nm) ~17 ~15 ~14 ~12

Két qua nghién ctru cho thiy, khi nong do pha
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tap Co dudi 12 % thi cac ion Co(ll) da thay thé hoan
toan vao vi tri cua Zn(Il) trong tinh thé va khong lam
thay dbi cau trac tinh thé.

Khi ndng d6 Co tang, thi ion Co(ll) thay the
nhidu hon vao vi tri cua Zn(ll), dan dén hing sb
mang a giam, nhung ¢ lai ting. Khi nng d6 pha tap
Co tang 1én 12 %, cuong do dinh phd giam manh va
gan nhu bi dép tat khi ndng d6 Co 16n hon 12 %.

Nhu vdy, bang phwong phap Sol-Gel va quay
phi trén dé thuy tinh, chung toi da pha tap Co vao
vat liéu ZnO dén nong d6 12 % ma khéng lam thay
ddi cu trac cua tinh thé ZnO.

3.2. Nghién ctru bing anh SEM

Kich thuéc hat c6 anh huong rat 1on dén tinh
chat cua vat liéu, dac biét doi vdi chat ban dan. Két

H\ta hi 5.0kV 7.7mm x50.0k SE(M)

500nm f Hitachi 5.0kV 7.7mm »80.0k SE(M)

Lé Van Huynh va cong sw

quéa nghién ciru dugc thé hién trén hinh 3 cho théy,
mang mong ZnO déu c6 cac hat twong doi dong déu
nhau va déu c6 kich thudc nano.

Bang 4: Kich cd hat cia mang ZnO theo nhiét 6

thu duoc ttr anh SEM
Nhiét do (°C) 450 500 550
D (nm) (SEM) 13 15 15
D (nm) (Sherrer) 42 45 44

Trong ca ba mau c6 thé quan sat thdy, sy hinh
thanh cac hat hinh luc giac, diéu nay ching to di co
su két tinh t6t cua tinh thé ZnO. Kich thudc hat cia
cac mau ZnO 1 tai cac nhiét d6 khac nhau dugc thé
hién trén bang 4.

Hinh 4: Anh SEM ciia mang ZnO pha Co & cic ndng d6 khac nhau, tai nhiét d6 u 450 °C trén dé thuy tinh

Két qua nghién ciru cho thiy, kich thugc hat cia
cac mau, it bi anh hudng bdi nhiét do u. Kich thudc
hat xac dinh tir phé XRD va anh SEM c6 sy chénh
léch kha 16n. Piéu nay dugc Iy giai 1a do két qua
tinh toan tu phé XRD cho kich thuéc hat tinh thé,
con anh SEM cho kich thudc hat quan sat thiy, né
c6 thé chira nhiéu hat tinh thé. Tai nhiét do a 450 °C
mang ZnO tao thanh c6 kich thudc hat nho nhét.

Két qua nghién ctru cac mau ZnO pha tap Co &
cac nong d6 khac nhau dugc thé hién trén hinh 4 cho
thay:

Kich thudc cac hat twong d6i déu va ting 1én khi
cac mau pha tap Co < 12 %.

Khi ndng d6 Co 13 12 %, thi c6 sy tao dam cua
cac hat, phan bd hat trd nén khong déng nhét, kich
thuéc hat khong déu.
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V6i miu pha tap Co nong do 25 %, khong con
quan sat thay sy hinh thanh mang trén dé nira. Kich
thude hat dugc tinh theo cong thirc (2) va anh SEM,
duoc thé hién trén bang 5.

Bang 5: K‘ich thudc hat cia mang Zn;.,C0,0 véi cac
nong d6 Co khac nhau, u tai 450 °C

x X
Mau an_XCOXO
0,01 | 0,056 | 0,12 | 0,25
D (nm) (SEM) ~50 | ~60 | ~55 |
D (nm) (Sherrer) | ~15 ~14 ~12 |

Két qua nghién ctru bang ca hai phwong phap
phdé XRD va SEM cho thdy, trong khoang nhiét do
450+550 °C, kich thudc c4c hat thay doi khong dang
ké. Khi nong d6 pha tap Co ting I&n voi nong d6 Co
< 12 %, thi kich thudc ctia cAc hat ting dan, diéu nay
ching t6 kha nang két tinh cia mang ZnO giam di,
v6i ndéng do cua Co > 12 %, thi khong con quan sat
thiy sy két tinh cia mang ZnO nita.

4. KET LUAN

D3 ché tao thanh cong mang ZnO va mang ZnO
pha Co & cac nong do khac nhau trén dé thay tinh,
bang phwong phip Sol-Gel va quay phu (Spin-
Coating). Mang thu dugc cé céu trac luc giac
wurtzite, kich thudce cac hat tir 30=-50 nm.

Lién h¢: Lé Van Huynh

Nghién ciru ché tao mang mong ZnO...

Khi pha tap néng d6 Co < 12 % trén dé thuy
tinh, di khong 1am thay ddi cdu truc tinh thé cia
mang ZnO.

Khi pha tap thém ndng d6 Co, di 1am giam hang
s6 mang a va ting hing sé mang c, diéu nay ching
t6 cac ion Co*" di thay thé vao vi tri cua ion Zn**
trong mang tinh thé cta ZnO.

Két qud nghién ctru la co s& khoa hoc cho viéc
g dung vao cac qua trinh cong nghé san xuét.
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