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Tom tat

Trong nghién cuu néy chung t6i phat tnén ky thust phd tror khéng phirc (CIS) d9é nghlen ciru céc Ilnh chat
dén dién xoay chiéu (ac) va cac dic trung cu Iric nano cua mol loai cu lric Hiép xuc xuyén ngam [0}
(MTJ) dua trén cac mang mdng ba lop Co/Co-Alz0¥/Co - 13 mét cdu truc dang lat gia mot MTJ don, nhw
Co/Al209/Co, vor mol mang mong I dang hat nano Co-Alz03 dong vai lr6 cua Iop rao thé xen & giia -
duyre goi 1a MTJ k:eu lai (hybrid-type MTJ, hay HMTJ). Cac céu tric HMTJ duoc ché tao béng ky thuét
phun xa ca-tét tan s6 cao véi cach chibu day céc 16p khac nhau, t 20 dén 130 nm, va c6 thanh phén

nguyén tir Co & 16p xen giia thay doi tr 8 dén

35 % ng v Céc dic trung phd CIS d& dugc khdo sél vér

céc cAu tric HMTJ dugce tac dung boi tiy lruvng ngoai c6 cudng db khéc nhau.
Tw khéa: Tiép xuc xuyén ngdm tir (MTJ), phd tréy khang phuc (CiS), mang mong tir dang hat nano, MTJ

kiéu lai (HMTJ).
Abstract

A

In this work, we developed the complex i

e

(CIS) t que fo study ac

properties and nanostructure charactenstics of magnetic tunnel jchIlons (MTJ) based on tnlayer thin films
Co/Co-Alz03/Co - a hybnd type between a single MTJ, such as Co/Al20¥/Co, and a nanogranular thin film
Co-Al20a played Ihe role ol an inserted barner layer - the so called hybrid-type MTJ, or HMTJ. The HMTJs

by

with vanous thicknesses, from 20 to 130 nm, and various component of

atom Co of the Co-Al;03 interlayers, from 8% to 35%. The CIS characteristics are investigated in vanous
intensities of external magnelic field applied on these HMTJs.
Keywords: MTJ, CIS, Nanogranular thin film, HMTJ.

1. Giéi thigu

Mt cdu tric tip xuc Xuyén ngdm tir don (single
magnetic tunncl junction — SMTJ) twong ty nhu mét
tu dién ba Iop. trong d6 hai dién cyc 1a nhimg 16p kim
loai sat tir, nhur Co, NiFe, CoFe,... dugc phin cach
boi mot Iop phi fir cach dign mong, déng val trd 13
|lTp rio thé, nhu SiOs. AlLO,. MgO,... Tuy nhién
chidu day cua cdc 16p trong cic cau triic SMTJ nhu
vdy thugng chi tir vai dén vai chuc nandmét, dic biét
1a 16p rao thé ngin cach cic dién cyc chi duge phép
6 ch]cu diy c& mét vai nanomét dé qué trinh xuyén
ngdm luong tir 6 the dien ra. Mt cau tmic SMTJ
thuong duge ky hidu nhu saw: FA/F, vi dy
Co/Al,OyCo. Hién rugng vit ly quan trong nhit, va
dugc quan 1dm nhiéu ¢ cic cau tnic SMTJ chinh 1a
higu img tir di¢n tré xuyén ngdm (tunneling magneto-
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resistance - TMR) do hién tugng xuyén ngém phu
thuge spin gdy ra [1], ma (ng dung chinh cda né cha
yéu ¢ trong linh wvire spintronics [2).

Mat kicu pr xie xuycn ngdm tr dic biét khéc,
vé1 mirc dd tiep xuc chi dién ra trong pham vi giita
cac hal nano sat tir, nhung vér s6 lugng 16n, duge
phan tdn trong mot nén phi tir cich dién. D6 13 kiéu
MTJ dang hat (granular magnetic tunnel Junction —
GMT)). Ciu truc ndy duge hmh thanh khi cic nguyén
tir sht nir, vai sé luong it hon 58 lugng cac n"u)cn Iu
“nén" phi tir c4ch dién, khdng bi “hoa tan” viio “nen”
dé hinh thinh hop chit hay hgp kim, ma két ty lar
thanh cdc chum nguyén tr kim logi, hay hinh thanh
vén cic hat nago. Nhirng cau tnic GMTJ dién hinh
20m ¢6 Co-ALOs, Ni-SiOy, Fe-MgO,... O nhirng ciu
tmic kidu GMT) ndy clng dién ra qua trinh xuyén
ngam phu thudc spin gitra cac hat sat tir nano, nghia
14 ciing [3m xudt hién hi¢u img TMR nhu ¢ cac cdu
tric SMTJ 3].
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Viée két ho‘p ci hai kiéu cau tric SMTJ va
GMTJ trén day din dén mét loai cdu tric MTJ lal
gitta cic kidu dang hat va dang 16p dom, goi la cdu
tric HMTJ (hybrid magnetic tunnel junction). Véi
nhimg cau tric lai nhu \'ay khéng chi ¢ hién tugng
xuyen ngam phy thuge spin (biéu ing TMR) ma con
xudt hién hiéu (mg chin Coulomb (Coulomb
blockage - CB) [4] va chén spin [S]. Nhimg ciu tnic
HMT nhu vay duge huéng t6i img dung cho cac linh
kién van chuyén kiéu don dién tr (single electon
transport - SET) [6]. Tir cac cdu tric HMTJ nay
nguon 1a c6 thé tién 161 thyc hién duoc sy van chuyén
don spin dién tir d¢ a0 ra cic linh kién kidu SSET
(single spin electron transport) [7].

Trong ba bio ndy ching &1 dc cap dén mjt s&
két qua nghién ciru ché 130 cic chu tric HMTJ va
tinh chit din dién trong dién trudng trudmg xoay
chicu (ac) sir d\mg ky thuit phd tro khang phirc
( py - CIS). Nhirng két
qua ll.\u duqc s& gép phan quan uong trong viéc nhan
biét vé cac tinh chat Ilcn quan dén cau tric ciing nhu
cdc qua trinh dap img tan s6, diic biét 14 cic qud trinh
van chuyén phu thuge spin, trong dign Lrué’nb xoay
chidu thn sb cao nhu thé ndo, cia cic phin tr Jinh
kién kiéu HMT).

2. THUC NGHIEM

Trong nghwn ciru nay, céc mau v6i ciu tric kiéu
HMTJ duqc ché a0 bing ky thuat phun xa ca(ol cd
cdu tao gdm 3 16p: Co/Co-Al:0y/Co, vér dé biing cac
phién thiy tinth mong co kich thuge 20 x 20 mm2,
day 0,5 mm. Lop xen gilra Co-Al;0j chinh la mét céu
tric GMTJ Hinh )(a) mé ta hinh dang va chu tao cua
cac mau HMTJ dur,'c che tao vd nghién ciru. Cie
théng s6 ché tao mau gom Thiét bi sir dung la h¢
phan xa Alcatel SCM 400 hoat déng & tin s& phat
cong sudt 1a 13,56 MHz: méi truomg plasma dé phiin
xa 14 khi Argon; chan khong co s ~ 10 mbar va ap
sual khi Argon cho phin xa 1i ~ 5.10° mbar; cdng
sudt phiin xa 12 300 W. Dé tao ra cic 16p Co, bia co
dang dia lam bAng vit li¢u Co sach (4N) d3 duge sit
dung. Ldp rdo thé dang hat Co-ALO; duge hinh thanh
v6i bia Ja dfa A0y dugc gén cdc manh Co vai sé

G|

a)

b)
Hinh 1. a) Céu tric cia mot HMTJ; b) So dé mgch do pho CIS st

dung cau do long trd HP4192A

lugng duoc tinh todn sao cho cic miu ¢ ty 1§ Co
trong nén ALO; duge du kién trudc (hinh 2).

Cac ché do sir dung dé ché tao mau trén diy
tuong (mg véi cac théng sb Iang dong mang méng
(da dugc xic djnh bang lhuc nghiém) nhu sau: t6¢c d§
phu mang méng ~ 0,5A/s ddi v cic 16p Co, ~ 0,2 -
0,3A/s b1 véi cac 16p Co-ALOy. Chidu day cia cde
16p dugc xdc dinh théng qua thoi gian phin xa va cie
toc dé lang dong dua ra & trén. O day céc 16p Co
duge cé dinh véi chidu day ~ 90 nm, chidu ddy cia
16p Co-AlLO; thay dbi trong khoang 20 — 90 am. De
¢4 hi¢u img xuyén ngim phy thudc spin trong cc cau
tric SMTJ, chiéu day cic Ié'p rao thé thuang chi vii
nandmét; nhung véi céc cdu tric HMTJ, do cé ldyp
GMTJ xen gira déng vai trd cua rao lhe nén chitu
day c6 thé 1én hon nhiéu, I1én (5i vai chyc nandmét
Ty 1 thanh phén Co trong céc 16p Co—AI=O; thay déi
frong pham vi 8 — 35 % ng.tx ddi véi Co. Diy l
pham vi de hinh thanh nén cac d4m hat st tir nano
Co v&i chu tric don démen va c6 tinh chit sidu thuan
fir [8].

Pé 120 ra cdu tric mdu c6 hioh dang va kich
thuée nbur mé 14 & hinh 1, gdm cac d&i Co | x 10
mm2 xép chéo nhau hinh chir thap, vai 16p Co-Al0,
¢4 dang hinh tron duéng kinh 5 mm, ching ti da che
tao mdt by cdc mit na (mask) cé hinh dang va kich
thude tuong img bing thép khéng %l c6 chiéu day |
mm. Hinh 3 md td by mask da che tao va duge si
dung trong nghién ctru ndy.

Tinh chit dién ciia mau da dugc khio sat bing
thiét bj do CIS méden HP 4192A, va d3 si dung dién
4p c6 thn s6 5 Hz — 13,5 MHz v6i bién 6 cua tin
hi¢u ac 12 0,1 V. Cac phép do déu dugc thyc hién o
nhigt d§ phong va duéi tac dung cua fir trudmg ngodi
duge dit song song voi bé mit may, véi cudng di
thay dbi trong khoang H = 0+ 3 kOe. Hinh }{b} mo
14 so dé nguyen ly ghép ndi méu do véi thiét bj do
CIS. Do che mau HMTJ ¢6 dé 1 thay tinh mong (ddy
0,5 mm), nén dé thye hi¢n cdc phép do CIS duge
thudn tién va chéc chin (ca vé mit co hoc I3n tiép xnc
dién), cac mdu di dugc dan chat 1én nhirg tém

Méanh Co

Dia A0y —

Hinh 2. Bia ghép A1,05-Co dé ta0 ra 16
rao thé
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gi 43 14 cdc ban mach in dugc ché 20 bang ky thuat
an mon lcp dong (Cu) sir dung axit HCI nham tao ra
chc dai dan dién pha hop voi V|¢c kél nd1 gita mau va
thiét bi do. Hinh 4 mé 14 sy k:t ndi nay. Gilra céc dai
Co cua mau vai dai Cu trén tdm mach in (mau den)
duge két ndi bing keo bac co d¢ dan dién 16t. Gitra
céc dién cuc tuong ung trén tAm mach in (ncu vai cac
dai Co thdng qua két dinh keo bac) duoc nds vai thiét
bj do CIS bing cap ca sau chuyén dung trong cic
thiét bj do dién. Todn b 1dm pid do miu vé cac llcp
xuc duuc dinh vi chic chhn nhdm dam bao cho cic
mé1 1iép xdc dién duge tét.
| s

Hinh 4. (a) Tim mach 1n ¢6 gin miu nghién ciu. b)
Thiét by do CIS moden HP 41924,

129

Phuong phap phé tro khing phirc dya trén ky
thuat dién xoay chiéu (ac) da tir liu dugc img dung
trong nghién ciru tinh chat dign ~ vt ly cua céc hé vat
l1¢u [9). Ve co ban ddy la phuong phap nghién ciru
hén quan dén vige so sinh cac dic tinh di¢n xoay
chiu cua h¢ di ¢6 voi cac mach wong duong. Cac
thong s6 ca ban dé danh gia va so sinh trong phuong
phap nay la tro khing va hé sé dién mér phuc, Tra
khéng dién Z(w) dugc xdc dinh nhu 14 ty so cua dién
4p hinh sin U(w)=U,.£™ dit 1én h¢ dién va dong
xoay chidu thu duge /(@)= 1,."'" . Va tdng tr&
dugc Xac dinh nhu sau’
Z(w)=U(w)/ Hw)=U, ! I,e™ . Z(w)la mdt sb
phuc, co thé duge biéu dién trong hé toa d6 cuc bai
bién dé |Z] va géc pha ¢, hoic trong toa dé dé cac:
Z(w)=ReZ+ilmZ , trong d6 Re Z (hay Z°) 1a phin
thuc, va /m Z (hay Z") 1 phin a0 cua tré khéng phic
Z(w) Su lién hé giva cdc dai lugng ndy dugc biu
1Z1* =(ReZ)! +(Im2)?
p=arctan(ImZ /ReZ)

ReZ =/Z/cosep, ImZ =/Z/sing

dién:

3. K&t qua va thio ludn

Truée hét, cac mang mong GMTJ don 16p Co-
A1 d3 duge nghién ciru tinth chit tir tir trudc, vai ty
1§ Co khic nbau, ahim tim hiéu hanh vi tr ciing nhu
dac trung chu tric dang hat cla cac hat nr siéu min.
Clc két qua (khong trinh biy ¢ ddy) di cho thay hanh
w1 tir thay d6i tir tinh chat kiéu thuan tr khi ry 1§ Co
thaj 8% ng.ru, dén hanh vi siéu thuan tir tién gin
dén kidu sét tr mém kh ty 1¢ Co tang din dén ~ 35%
ng.tir [10]. Dréu do di cho phép xde nhin vé ciu tric
mang duge ddng 1am 16p rao thé cho cac cdu tric
HMTJ nghién ciru & ddy. Chiing gém cic chim va
cdc hat sit tir nano b phin tin bén wong cic 16p
mang mong Co-A)O;. Tiép dén 1a nhimg nghién clru
tinh chat tir d6i vdi ca cdu traic HMTJ. Céc ku qua
(nbu d% chi ra trong [ 10]) d& phan anh rd ¢6 s td hop
ciia ca tinh chit siu thuan tir 1an biéu hién cua lién
két tinh tir gira cdc 16p di¢n cyc Co. Tuy theo chiéu
day ctia 16p Co-AbOs xen giira ma sy lién két do s
dan (61 hé qua 1a tir d§ cua cac Iop dién cyc Co s& sap
xép song song  hay phan song v61 nhau. Tinh chit nay
s2 tac dong dén su xuyén ngam phu thude spn qua
cac cdu mic HMTI. Su xuyén ngdm phy thuge spin
trong cdc chu tric MTJ noi chung s& dién ra manh
nhdt khi tir d§ cic 16p Co sip xép hoan todn song
song vai nhau, va by “khoa™ khi sy sip xép nay 14
phan song [11]. Phén tich cic két qua nghién ctu dic
tinh dan ac phu thuéc spin théng qua cac khao st
phd tro khing phire CIS duoi tac dyng cla K truong
ngoai (0-3 kOe) ddi vén cac cdu tric HMTJ duge dya
trén nhimg tinh chit tir 43 biét nlur d3 néu trén day.
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Hinh 5. Phé dic tmmg CIS ciia cée miu duge dit trong
tir trrdmg c6 cudng d§ khac nhau:
a) HMTJ(8-20), b) HMTJ(8-40), c) HMTJ(8-60).

Vi hat 16p Co trong céc mdu déu co cung chidu
diy ¢ dinh & 90 nm, cac mAu chi kbéc nhau vé chidu
day f va ty 1¢ thanh phin Co x cia 16p Co-Al,05 xen
giira, nén dé thujn tién cho viéc theo d&i khi phan
tich, cic miu duge ky hidu nhu sau HMTJI(x-f),
trong dé x = 8, 10, 25,35 % ng.t; con ¢ = 20, 30, 40,
45, 60, va 90 nm. Vi du HMTJ(10-20) c6 nghia la
img V& chu fmic HMTJ Co(90nm)/Co10%-
AlO3(20nm)/Co(90nm). Céc hinh 5-8 trinh bay két
qua thu duge tir céc phép do phd CIS déi véi che chu
tric HMTJ nhu vdy. Sir dung chuoug trinh ZSimp Win
Version 3.00 dé khap (fit) cic sé hiu CIS [12], chung
t8i nhan dwge che mach dién fuong duong chil yéu co
kiéu mach co ban, gom hai phan tr la tu dlen Cva
dién o R song song voi nhau, (CR) hay kidu mach
Randles gom mét dién trg Re ndi tiep vdi mach co
ban trén, Re(CR). Nhan thiy nhimg kiéu mach ndy
mb ta rz‘n st voi cau tric kidu ty dién thyc cia cic
miu nghién ciru, vi viy & day ching 13i khong trinh
bay va di sfu phin tich dinh lugng cac mach dién cy

Hinh 6. Phé dic trung CIS coa cic miu duge d3t trong
tir trudmg c6 cudng d khac nhau: a) HMTJ(10-20), b)
HMTJ(10-40), c) HMTJ(10-60).

thé vét che thong sb hwug img cia ce pbln nir mach
(Ro, R va C), ma chi ycu phan tich dinh tinh (dva lren
cdc 6 ligu CIS) chi dé |hay duge tong quan va méi
lién h¢ giira cich sﬂp xép tir d§ cua chc ldp dién o
Co va anh hudng khi by tir héa cua cac hat nano Co
xen giita trong [6p dién méi AJ20; déi véi dong dign
ac phy thudc spin nhur thé ndo (théng qua tré khang
Z thay déi).

Truée hét xét trinh fir cac miu theo v & lhinh
phin Co, tang tir 8 dén  35% ng.ni, c6 thé nhin thiy
ngay ting vdi ty 1¢ Co rét (hap, vi du rmiu HMTJ(3-)
vé1 8 % (xem hinh 5), c4c diéro s6 liéu CIS chi the
hién tuong dox 18 bmh dang cua mt doan nira cung
trén & viing tin s6 cao, nghia 13 & phla & khing Z
thdp. Mit khéc trg khang chung rét cao, héng trim
hay hang nghin MQ. Diéu niy cho thiy ring co thé
céc chim nguyén tir Co rét nho vi thura, tham chi cii
1a nh\)ng nguyén tir Co don 1¢ phén tan trong 16p rio
thé Co-ALO; dong vaij trd 1a nhimg 1am bét dién fit
hon nita lai phu thuge spin, Jam ting cuémg mah
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héng s0 dién mé:. Diy c6 thé hy vong Ja hé qua cie
viée 16p rdo thé Co-, Al:0; da g thinh mét logi vat
liéu dién moi c6 hiing s8 & rat cao — super-k, khi ton
tai cc chim nguyén nr kim loai trong dién moéi nhu
3 duge chimg t6 trong [13). Nhung do bt canh tranh
voi sy thing gidng nhiét lam thay déi phuong mdmen
tir cta cac chim hat Co so v6i tr do cua bat 16p dign
cye Co, nén da giy ra sy nhiu déng lén déi v(n s
din cua dong ac. Nhu thiy 16 & hinh 6, khi tin sé
thap. {mg v&i viing trg khang Z' cao, che s lidu &
khing Z khéng tuan theo dang cita bt ky dudmg nira
cung tron nao, ma by phan mn mét cach ngau nhién.
Tré khang rét cao & cdc miu HMTI(8-1) ndy so vai
cdc mau con lai khac co ty 1& Co 16n hon, tham chi
cho dil trong 6 d6 c6 ahimg mAu can c6 16p xen gita
diy hon (ma vé nguyén tic ddi vé1 dong de chiing
phai ¢6 trd khang 1én hon, nhung nguge lai tré khing
aclal lhap hon dén nhiéu bic), da thé hién sy sap
wr d¢ gitta hai l6p di¢n cuc Co c6 kha nang theo kieu
phan song vé1 lién két rit manh. Vi thé ¢ ngan chan
manh si xuyén ngam ac phy thuée spin.

Khi ty 1¢ Co tang 1én, vi dy 10% ng.ur nhu & cic
miu HMTJ(10-7) (xem hinh 6), céc duong cung dang
nra hmh tron da bit ddu xudt hién rZS hon, thé hién
mot cAu tric ty dién hoan chinh hon vé ma: din dong
ac. Mot mat, hién tugng tang cuong h¢ s6 dién méi k
vé mit de 03 bj suy giam déng ké do s6 ugng va kich
thuée cdc chim Co téng [én. Do d6 tro khang chung
cia miu di gidm di c& 1000 lin S0 V6 cac mau
HMTI(8-r). Mat khdc, vai tro slp xcp tir d§ gia cic
16p dién cyc Co & hé miu ndy d3 cb téc dung din
déng ac phy thuz}c spin rd hon, trong khi 46 con cé su
phéi hop sip xép tir dé cia cic hat nano Co xen gilta
ciing tré nén rd rét hon. Céc dudmg nira cung tron
dang don thé hién mft qud trinh héi phuc don cia cic
dign tr din trong chu tric ty dign vé 16p rio thé
thuin nhit [9]. Nghia Ia 16p rao thé Co-ALOy chi
déng vai trd 1d mot lp c6 df cich dign thudn nhit.
Dicu ndy cing thé hién 16 & mét sé mau khic nhur
thay trong cdc hinb 7 va 8. Cac dudng mra cung tron
dang kép, nghia 13 du‘ong dac trumg CIS cé dang gom
2 nira cung tron, nhu |hay & hinh 6(a), thé hign hé
HMTJ c6 hai qua trinh héi phuc dién tir dan khac
nhau Didu nay c6 nghia 1a 16p réo lhc Co-AlLyOj phai
gdm c6 hai thinh phan véi cac hang s8 dién méi khic
nhau, C6 thé & diy cdc hat nano Co da déng vai lrc
nhu mot pha thir hai nam trong pha thir nht la nén
AlOs. Doi vai che mau nay hién tugng trg khang Z
khéng &n dinh ¢ viing tan s6 lhﬂp (hinh 6(c)) tuong ty
nhu trong oruong hop cac mau HMTJ(8 b ty ¢ Co
et thip (hinh 5). la img véi mau c6 16p rao thé kha
day, 60 nin. Tonn tro & miu nay ciing 16p hom nhidu
50 vm cic mau con lai véi cung ty 1§ 10% Co Tinh
chdt tir cho thdy miu nay ¢o lién Ké ur d§ kidu phan
song khd 6 so véi cic mau con lai, nén han ché manh
ddng spin xuyén ngam.
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Hinh 7. Pho dic tnmg CIS cia cde miu duge dit

trong tr trudng co cudng dé khic nhau: a)
HMTJ(25-30), b) HMTJ(25-60), c) HMTJ(25-90).

D6i v6i cic miu HMTJ(25-1) img véi 25%
ng nr (xem hinh 7), cdc dudng nura cung tron don van
nol tréi thé hién ring cac cau troc HMTJ ¢6 Idp rao
thé kha thudn pha di¢gn méi, nghia 1 b qué trinh hoi
phuc don. Nhin chung so voi 2 loat miu cé ty 1¢ Co
lhép. 8 va 10 %, lf‘mg trés clia cac miu 25 % Co ¢6 xu
hudng giam manh nhat trong s6 4 loat miu duge
nghién ctru & dy. C6 thé vai ty 1€ Co nhu viy, tinh
siéu thudn tir 1a dién hinh nhét nhu da dugc quan sat
thay [10], va cac hat/cham hat Co trong lép dlen moi
nhu thé chi yeu s& ¢6 kich thuoc ing voi chu triic
don domen thuin tiy. nén dé dang pho| hop van
chuyén phu lhuoc spin vor 2 1op dién cuc Co hon.
Tuy nhién vér mau HMTJ(ZS 60) Tai c6 tro khing ac
cao hon nhiéu so véi har mdu con lai. C6 thé & miu
ndy l6p rao thé vai chiéu day 60 nm da lam cho clip
tir d¢ coa 2 16p di¢n cye Co ¢6 lien két kiéu phén
song manh hon hai mau con lai, nén cén tré manh
hon sy xuyén ngam ac qua cdu tric HMTJ. Cac
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nghién ciru tinh chit tir déi voi miu ndy da ching t6
didu do [10].

Khi tang 1y 1¢ Co dén 35 % ng.tir nhur & cac miu
HMTJ(35 1) (xem hinh 8), hinh vi dan dién ac kiéu
xuyén ngam gira cac dién cuc Co c6 xu huong ting
lém déi chat so voi cic mdu HMTJ(ZS 1) ¢6 thanh
phan 25% Co. Mac du & cic mau nay tinh chat hcn
két kidu song song manh hom so v& cic mau
HMTI(25-r) [10), nhung v6i lugug Co 1dm hom, 35%
ng.ti, thanh phin siéu thuin nr gdm di, trong kh
thanh phin it tr tang lén. Dy co the 13 h¢ qua cua
vic hinh thanh phiéu hon nhimg hat Co c6 cau tric
da démen, va/hoidc ting cuong hom cdc lién Kkét kiéu
sdt tr gitra cdc dam hat Co trong 16p rio thé. Biéu
nay s& gdy tan xa lat spin manh hou, do dé c6 o
khing cao hon, so vi cic trudng hop trong do céc
hat Co thudn nhat 12 don démen va gilra chiing khéng
€6 tuong tic, hojic rong tac rat yéu.

Mol diéu duge rlhan thay tir nghién ciu ny 14,
d8i véi 141 ca cie miu cé dudng phd dic lnmg CIS
kiéu khéng xdc dinh rd rét trong ving tan sb thdp
(phia trg khang cao), nhu lhéy & céc hinh 5, 6(c),
(b), dcu fuong Ung vdi tinh chit tir thé hién rd co su
lign két tir d6 kiéu phan song vai lién két khd manh
[10]. Day 1 kiéu lién két ddn dén ngan chan su vin
chuycn phu thugc spin manh nhit (11]. Trong khi d6
céic miu ¢ dang dudmg phd CIS cung don véi téng
& 2 nho, khoang dudi 0.3 MQ nhu thdy & cac hinh
Tac) va S(b), déu thé tuén tinh chat tr trong img vé
kicu sap xép tir dd song song va lién két manh [10], vi
thé din déng xuyén ngdm ac tot hon véi trg khang
nho hom.

0.4
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Hinh 8. Phé dic tnmg CIS cva cac miu duge dat
trong tr trugng  ¢o  cudng d6  khac rnhau:
a) HMTJ(35-45), b) HMTJ(35-90).
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Xét theo anh huémg cua fr truomg ngodi tie
dung 1én cac cu tric HMTJ déi voi pho tong tro CIS,
trong ta( ci céc trudmg hop dugc nghién ciru o day, d¢
dang nhan thiy c6 hai xu hudng noi trgi: Thir nhit 1
ir& khang ac giam manh khi cuong dé tir trudng (ing
1én, nhu trudng hop & cic hinh 6(a,b) va 8(b). Sau dg
1a qud trinh nguee lai: trg khang ac (ang Ién khi
cudng do tir trudng tdng, nhu thdy 13 & truong hop
cdc hinh 7(a) va 8(a). Vi truomg hop dau, sy léng
cudng dd tr trudng da lam ting manh sy s.’ip xcp
song song cla ca tir do cua har 16p dién cye Co lin
cac hat Co trong 16p dign méi. Do d6 gidm manh trg
khdng xuyén ngdm ac ddi vo1 cac spin cung chidu vfn
véc-to tlr dg. Su lién két nir kiéu song song & cac mn
ndy c6 thé rit manh, nén tir rudmg ngodr dé ding
xoay, todn bé cap tlr 4§ song song cua 2 1ép dién cye
Co Ian tir dé cta tdt ca céc hat Co trong L6p dién méi
theo huéng tic dung. 0 truomg hop sau, do lién két
kiéu phin song manh dbi véi cac cap vee-to tir d§ cia
2 16p dién cyc Co, tir trudng ngodi khéng du xoay
chiing tré thanh song song véi nhau dé lam gidm (@
khang xuyén ngam ac, ma chi du dé xoay tir d§ cia
cic hal Co trong 16p dign méi. Khi cac 16p dién cuc
Co van dang c6 lién két phan song du manh, db cic
hat Co da tro nén sip xcp song song v4i phuong tir
trudmg ngdai, nhung lai vin nguge chitu véi cip
d6 cua dién cuc Co, nén dd tro thdanh nhing tdm bay
ngan can sy xuyén ugam “bic chu” cia cac spin ¢f
ciing hudng vdi cip tr d§ do. Hiéu img nay the hién
16 hon khi phuong tir trudng tic dung léch nhiéu so
v6i phuong lién két phan song manh cia cip tir 89 6
cac 16p dién cue Co, va dic bigt khi c6 di hudng tv
manh theo bé mat mau. Noji khac di, cic hién tugng
lién quan dén tac dung cua tir trugng trén diy chinh li
bing chimg tiéu bitu cho sy xuyén ngdm phy thuje
spin trong dién truong ac cia cac cau tric HMT).

4. Két luan

Cac péu tric xuyén ngim tir dang lai gita kién
16p va kidu hat Co/Co-Al;0y/Co véi chicu day I6p
xen gita dang hat nano Co-Al,0; thay déi tir trong
khoang 20-90 nm, va néng d¢ Co trong 16p dang hat
thay d6i trong khoang 8- 35% ng.tw, da ché tao duge
bing ky thuat phan xa catdt,

Nghién ctru phd trg khang phic CIS trén cic
cau triic HMTJ dﬁ dugc thuc hién. Két qua d3 phan
anh chung cic miu €6 cau tric klcu ty dign dién hinh.
Hanh vi xuyén ngam phy thude tén sé ac gia hai
ién cuc Co théng qua cic chim hat Co ¢ 16p xen
gita cho thdy ¢o sy thay ddi rd rét theo ty I¢ thanh
phin hat Co ciing nhu chiéu day cua 16p Co-AlLOs
Di thay duge sy phu thude tir trudmg ngoai cia di
din ac cha cic cdu traic HMTJ Co/Co- ALOyCo. Qui
trinh xuyén ngam phy thude spin qua cdu trac MTI
tar c6 thé dugce danh gia qua cde s6 ligu coa pho o
khing phac CIS phu thuge vio tir trirong npoai tic
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dyng. Tir truémg cang 1on dong xuyén ngam ac cang
cao, do d6 tra khéng cang thip.

Ngodi ra trong nghién ciru nay ching i ciing
da quan st dugc nh\}ng bleu hién cua su phy thue tx
truong ngoai cia hanw s6 dign mét ¢ cau tric MT)
dang lai. Do dé nghién ciu nay cing di gon mé vé
mgt kha nang tao ra duge mit logi vat liéu cd hﬂn&z s6
dién moi rit cao bang cich bd xung mét lugng nho
thich hop céc nguyén tir kim loai. B¢ c6 thé lam thay
@b hay diéu bien hing sé di¢n méi, vi du bing tac
dyng clia tir trudng ngoai, cic nguyén tir kim loar b6
xung can phii ¢6 tinh chét skt tur,
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