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Tom tat 

Trong nghien ciru rtay chung tdi phat tnin ky thuat phd trd khang phirc (CIS) di nghien cwu cac tinh chit 
dan dien xoay chiiu (ac) va cac dac trwng ciu true nano cua mot loai ciu true tiip xuc xuyen ngim tir 
(MTJ) dwa tren cac mang mong ba lap Co/Co-AhOa/Co - la mdt ciu tnic dang lai giira mot MTJ dan, nhw 
C0/AI2O3/C0, V&I mdt mang mong tir dang hat nano Co-Al203 ddng vai trd cua lop rao thi xen a giira -
dwoc goi la fvJTJ kiiu lai (hybrid-type MTJ, hay HMTJ). Cac ciu true HMTJ dwac chi tao bing ky thuat 
phim x^ ca-tdt tin so cao vdi each chiiu day cac lap khac nhau, tir 20 din 130 nm, va cd thanh phan 
nguyen tw Co a lap xen giu'a thay doi tir 8 din 35 % ng tiJ" Cac dac trwng phi CIS da dwpc khao sat vdi 
cac ciu true HMTJ dwoc tac dung bdi tir trwdng ngoai cd cwdng do khac nhau. 
TCf khoa: Tiip xuc xuyen ngSm Xir (MTJ), pho tro khang phu-c (CIS), mang mong ti> dang hat nano, MTJ 
kieu lai (HMTJ). 

Abstract 

In this work, we developed the complex impedance spectroscopy (CIS) technique to study ac electronic 
properties and nanostructure charactenstics of magnetic tunnel junctions (MTJ) based on trilayer thin films 
C0/C0-AI2O3/C0 - a hybrid type between a single MTJ, such as Co/AhOs/Co, and a nanogranular thin film 
Ca-At203 played the role of an inserted barrier layer - the so called hybrid-type MTJ, or HMTJ. The HMTJs 
prepared by sputtering technique with vanous thicknesses, from 20 to 130 nm. and various component of 
atom Co of the Co-AI^Os intedayers. from 8% to 35%. The CIS characteristics are investigated in vanous 
intensities of external magnetic field applied on these HMTJs. 
Keywords: MTJ, CIS, Nanogranular thin film, HMTJ, 

1. Gioi thi^u resistance - TMR) do hien lugng xuyen ng5m phu 
thuoc spin gay ra [I] , ma Crng dung chinh ciia no chu 
yen a trong ITnh vuc spinlronics [2]. 

Mot cau tnic tiep xuc xuyen ngam lir dem (single 
magnetic tunnel junction - SMTJ) tuong tu nhu mgl 
lu dien ba lop, trong do hai dien cue la nhimg lop kim Mgl kieu lilp xiic xuyen ngam tir dac biel khac, 
loai sat til, nhu Co, NiFe, CoFe,.,. dugc phan each vai mire do tiep xiic chi dien ra trong pham vi giiJa 
boi mgt Idrp phi Kr each dien mong, dong vai tro la cac hat nano sat tir, nhung vdi s6 lugng Ion, dugc 
lap_ rao the, nhu SiO:, AI2O3, MgO,., . Tuy nhien phan tan trong mot nen phi tir each dien. Do la kieu 
chieu day ciia cac lop trong cac cau tnic SMTJ nhu MTJ dang hat (granular magnetic tunnel junction -
vay thuong chi tir vai den vai chuc nanomet, dac biet GMTJ). Cau tnic nay dugc hinh thanh khi cac nguyen 
la Idrp rao the ngan each cac dien cue chi dugc phep hi sat lir, vdi so luong it hon so lucmg cac nguyen tii 
CO chieu day ca mgt vai nanomet de qua frinh xuyen "nen" phi tir each dien, khdng bi "hoa lan" vao "n^n" 
ngam luang tii cd the dien ra. Mgl ciu tnic SMTJ de hinh thanh hgp ciidt hay hgp kim, ma kk tu lai 
thudng dugc ky hieu nhu sau: F/I/F, vi du thanh cac chiim nguyen tii kim loai, hay hinh thanh 
C0/AI2O3/C0. Hien tugng vat ]y quan trong nhit, va nen cac hat nano. Nhirng cSu tnic GMTJ di^n hinh 
dugc quan tam nhi6u d cac ciu tnic SMTJ chinh la gdm cd Co-AbOj, Ni-SiOi, Fe-MgO,.., Ct nhung ciu 
hieu irng tir dien trd xuyen ngim (tunneling magneto- tnic ki^u GMTJ nay cung diln ra qua trinh xuyen 
— ngam phu thugc spin giua cac hat sat lir nano, nghia 
• Dia chi hen h?: Tel. (04) 3868 0787 '^ ciing lam xuat hien hieu ling TMR nhu d cac ciu 
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Viec ket hgp ca hai kieu cau tnic SMTJ va 
GMTJ tren day dan den mdt loai cau tnic MTJ lai 
giiia cac kieu dang hat va dang Idp don, ggi la cau 
tnic HMTJ (hybrid magnetic tunnel junction). Vdi 
nhung cau tnic lai nhu vay khdng chi co hien tugng 
xuyen ngam phu thugc spin (hieu ling TMR) ma cdn 
xuat hien hieu ung chan Coulomb (Coulomb 
blockage - CB) [4] va chin spin [5], Nhirng cau tnic 
HMTJ nhu vay dugc hudng tdi ling dung cho cac linh 
kien van chuyen kieu don dien tii (single electron 
transport - SET) [6]. Tir cac ciu tnic HMTJ nay 
ngudi ta CO the lien ldi thuc hien dugc su van chuyen 
dan spin dien tii de tao ra cac linh kien kieu SSET 
(smgle spin electron transport) [7]. 

Trong bin bao nay chiing tdi de cap den mgt sd 
ket qua nghien cuu che tao cac cau tnic HMTJ va 
tinh chat dSn dien trong dien trudng trudng xoay 
chieu (ac) sir dung ky thuat phd trd khang phuc 
(complex impedance spectroscopy - CIS). Nhirng ket 
qiia tbu dugc se gop phan quan trong trong vigc nhiin 
biet ve cac linh chat lien quan den cau tnic cung nhir 
cac qua Irinh dap ung tan sd, dac biet la cac qua trinh 
van chuyen phu thudc spin, trong dien trudng xoay 
chieu tan sd cao nhu the nao, ciia cac phSn tii linh 
kien kieu HMTJ. 

2. THVC NGHIEM 

Trong nghien ciiu nay, cac mau vdi cau tnic kieu 
HMTJ dugc che lao bang ky thuat phiin xa caldl, cd 
cau lao gdm 3 lop: Co/Co-AbOj/Co, vdi d6 bing cac 
phien thiiy tinh mong co kich thudc 20 x 20 mm2, 
day 0,5 mm. Ldp xen giiJa C0-AI2O3 chinh la mgt ciu 
tnic GMTJ Hinh 1 (a) md ta hmh dang va ciu tao cua 
cac mau HMTJ dugc che tao va nghien ciru. Cac 
thdng so che lao mau gdm: Thiet bj su dung la he 
philn xa Alcatel SCM 400 boat dpng d lin sd phat 
cdng suat la 13,56 MHz; moi trudng plasma d^ phiin 
xa la khi Argon; chan khdng co sd ~ 10'^ mbar va ap 
suat khi Argon cho phim xa la ~ 5.10"^ mbar; cdng 
suat phiin xa la 300 W. De tao ra cac ldp Co, bia cd 
dang dTa lam bang vat li^u Co sach (4N) da dugc sir 
dung. Ldp rao tha dang hat C0-AI2O3 dirge hinh thanh 
vdi bia la dia AI2O3 dugc gan cac manh Co vdi so 

lugng duoc tinh loan sao cho cac mau cd ty 1$ Co 
trong n6n AI2O3 dugc dir ki6n trudc (hinh 2). 

Cac che do sii dyng de che tao mau tren day 
tuang ling vdi cac thdng s6 lang dgng mang m6n| 
(da dugc xac dinh bing thuc nghiem) nhu sau: toe d$ 
phii mang mdng - 0,5A/s ddi vdi cac ldp Co, ~ 0,2 -
0,3A/s ddi vdi cac Idp Co-AhOj. Chieu day cua cic 
lap dugc xac dinh thong qua thdi gian phiin xa va cac 
tdc do lang dgng dua ra d tren. CJ day cac ldp Co 
dugc cd dinh vdi chiSu day - 90 nm, chi^u day ciia 
Idp C0-AI2O3 thay ddi trong khoang 20 - 90 nm, D^ 
CO hi^u img xuyen ngam phu thugc spin trong cac cSu 
tnic SMTJ, chieu day cac Idp rao the thudng chi vii 
nanomet; nhung vdi cac ciu tnic HMTJ, do co \ip 
GMTJ xen giira dong vai trd ciia rao th^, nen chieu 
day cd the Idn ban nhieu, len tdi vai chuc nanomet, 
Ty le thanh phan Co trong cac Idp C0-AI2O3 thay il6i 
trong pham vi 8 - 35 % ng.tu doi vdi Co. Day la 
pham vi de hinh thanh nen cac dam hat sat lu nano 
Co vdi cau tnic don ddmen va co tinh chit sieu thuan 
tir [8]. 

De lao ra cau tnic mau co hinh d^ng va kich 
thudc nhu md ta d hinh 1, gdm cac dai Co I x 10 
mm2 xep cheo nhau hinh chU thap, vdi ldp C0-AI2O3 
cd dang hinh trdn dudng kinh 5 mm, chiing toi da ch6 
tao mgt bg cac mat na (mask) cd hinh deing va kich 
thudc tuong img bang thep khong gi cd chilu day ! 
mm, Hinh 3 md la bg mask da ch6 tao va dugc si) 
dung trong nghien ciiu nay, 

Tinh chat dien cua mau da dugc khao sat bang 
thiet bj do CIS mdden HP4I92A, va da su dung di?n 
ap CO tan sd 5 Hz - 13,5 MHz vdi bien do ciia tin 
hieu ac la 0,1 V. Cac phep do d6u dugc thyc hien cr 
nhiet dd phdng va dudi tac dung cua tir trudng ngoai 
dugc dat song song vdi be mat miu, vdi cudng (1$ 
thay ddi trong khoang / / = 0 -̂  3 kOe. Hinh 1(b) mo 
la sa dd nguyen ly ghep ndi mau do vdi thiet b\ do 
CIS. Do cac miu HMTJ cd dS la thuy tinh mong (diy 
0,5 mm), nen de thyc hien cac phep do CIS du^ 
thuan lien va chac chan (ca ve mat ca hgc lan tiep xiic 
dien), cac mau da dirge dan ch | t len nhiing lain 

Hinh 1. a) Ciu tnic ciia mgl HMTJ; b) Sa dd mach do phd CIS su 
dung cau do tdng trd HP4192 A 

128 

Hinh 2. Bia ghep AI2O3-C0 dg tao ra k 
rao the 
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gia dd la cac ban mach in dugc che tao bang ky thuat 
an mon Idp ddng (Cu) su dung axil HCl, nham tao ra 
cac dai dan dien phii hgp vdi viec ket noi giiia mau va 
thiet bi do. Hinh 4 md la sy ket ndi nay. Giiia cac dai 
Co ciia mau vdi dai Cu tren tam mach in (mau den) 
dugc ket noi bang keo bac cd do dan dien lot. Giiia 
cac dien cue tuong ung tren tam mach in (noi vdi cac 
dai Co thdng qua ket dinh keo bac) duoc ndi vdi thiSt 
bi do CIS bang cap ca sau chuyen dung trong cac 
thiet bi do dign, Toan bg tam gia dd mau vdi cac tiep 
xiic dugc dinh vi chac chan nham dam bao cho cac 
moi tiep xijc dien dugc tdt. 

Hinh 3. Bd mat na (mask) dugc su dung de che t^o 
cac mau HMTJ dang chii thap. 

Hinh 4. (a) Tam mach in cd gan mau nghien ciiu. b) 
Thi^t bl do CIS mdden HP 4192A. 

Phuang phap phd trd khang phirc dua Iren ky 
thuat dien xoay chieu (ac) da tir lau dugc iing dung 
trong nghien cuu tinh chat dien - vat ly cua cac he vat 
heu [9]. Ve ca ban day la phuang phap nghien ciru 
hen quan den viec so sanh cac dac tinh dien xoay 
chieu ciia he da cd vdi cac mach tuong duong. Cac 
thdng sd CO ban de danh gia va so sanh trong phuang 
phap nay la trd khang va he so dien moi phiic. Trd 
khang dien Z(cj) dugc xac dmh nhu la ty sd ciia dien 
ap binh sin U{(o)-U,j.e""' d | t l^n h? dien va ddng 
xoay chieu thu dugc /( ty)-/^.c"""*'" . Va tdng trd 
dirge xac dinh nhu sau' 
Z{6}) = U{a})/1(0)) = U,/1^.6-'". Z(o})\a mdt sd 
phiic, CO the dugc bieu dien trong he toa do eye bdi 
bien do |Z| va gdc pha <p, hoac trong toa do de cac: 
Z{o)) = ReZ + ilmZ , trong dd fie Z(hay Z') la phin 
thyc, va lm Z (hay Z") la phan ao ciia trd khang phirc 
2(0}) Su lien he gifla cac dai lugng nay dugc bieu 

/ Z / ' - ( R e Z ) ' + (hnZ)^ 

dien: p = arclan(ImZ / ReZ) 

ReZ = / Z / c o s ^ , ImZ = /Z /smtp 

3. Ket qua va thao luan 

Trudc bet, eac mang mdng GMTJ don ldp Co-
AbOi da dugc nghien cuu tinh chat tir tir trudc, vdi ty 
le Co khac nhau, nham tim hieu hanh vi tir ciing nhu 
dac trung cau tnic dang hat cua cac hat lir sieu min, 
Cac ket qua (khdng trinh bay d day) da cho thay hanh 
vi lir thay ddi tir tinh chat kieu thuan tii khi ty le Co 
thap, - 8% ng.tii, den hanh vi sieu thuan lir tien gan 
den kieu sal lir mem khi ly le Co tang dan den - 35% 
ng.lir [10]. Dieu do da cho phep xac nhan ve cau tnic 
mang dugc dung lam ldp rao the cho cac cau tnic 
HMTJ nghien ciiu d day. Chiing gom cac chiim va 
cae hat sat lir nano bi phan tan ben Irong cac ldp 
mang mdng C0-AI2O3. Tiep den la nhung nghien ciru 
tinh chat tir ddi vdi ca cau triic HMTJ. Cac ket qua 
(nhu da chi ra trong [10]) da phan anh ro cd sy Id hgp 
cua ca linh chat sieu thuan tir lan bieu hien ciia lien 
ket tinh tir giua cac ldp dien cue Co, Tiiy theo chieu 
day ciia Idp C0-AI2O3 xen giira ma sy lien ket do se 
dan tdi he qua la tii do ciia cac Idp dien eye Co se sap 
xep song song hay phan song vdi nhau, Tinh chat nay 
se tac dong den su xuyen ngam phu thudc spin qua 
cac cau tnic HMTJ. Su xuyen ngam phu thudc spin 
trong cac cau tnic MTJ ndi chung sc dien ra manh 
nhal khi tir dp cac ldp Co sap xep hoan loan song 
song vdi nhau, va bi "khda" khi sy sap xep nay la 
phan song [11]. Phan tich cac ket qua nghien ciiu dac 
tinh dan ac phu thudc spin thong qua cac khao sat 
pho trd khang phirc CIS dudi tac dung ciia tir trudng 
ngoai (0-3 kOe) ddi vdi cac cau Iriic HMTJ dugc dua 
tren nhimg linh chat lir da biet nhu da neu tren day. 
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Hinh 5. Phd dac trung CIS cua cac man dugc dat trong Hinh 6. Phd dac trung CIS cua cac man dugc dat trong 
tir trudng cd cudng dd khac nhau: tir trudng cd cudng dd khac nhau: a) HMTJ(10-20), b) 
a) HMTJ(8-20), b) HMTJ(8-40), c) HMTJ(8-60). HMTJ(10-40), c) HMTJ(10-60). 

Vi hai Idp Co trong cac mau deu cd cung chieu 
day cd dinh d 90 nm, cac mSu chi khac nhau ve chieu 
day r va ly le thanh phan Co x ciia ldp Co-AbOs xen 
giiia, nen dt thuan tien cho viec theo doi khi phan 
tich, cac mau dugc ky hieu nhu sau' HMTJ(:v-i'), 
trong do X - 8, 10, 25, 35 % ng.lir; cdn t - 20, 30, 40, 
45, 60, va 90 nm, Vi dy HMTJ(10-20) cd nghia la 
ling vdi ciu tnic HMTJ Co(90nm)/Col0%-
A]2O3(20mn)/Co(90nm). Cac hinh 5-8 trinh bay k6t 
qua thu dugc tir cac phep do phd CIS ddi vdi cac cau 
tnic HMTJ nhu vay. Sir dung chuang trinh ZSimpWin 
Version 3.00 de khdp (fit) cac sd heu CIS [12], chiing 
tdi nhan dugc eac mach dien tuong duong chu yeu cd 
kieu mach co ban, gdm hai phan tu la tu dien C va 
dien trd R song song vdi nhau, (CR); bay kieu mach 
Randies gdm mdt dien trd Rc, noi li6p vdi mach co 
ban tren, Ro(CR). Nhan thay nhirng kieu mach nay 
md ta rat sat vdi cau tnic kieu tu dien thuc cua cac 
mau nghien cuu, vi vay d day chiing toi khdng trinh 
bay va di sau phan tich dinh lugng cac mach dien cy 

the vdi cac thdng sd tuang ung ciia cac phan tir mEicb 
(Ra, R va C), ma chii yeu phan tich dinh tinh (dya lr6n 
cac sd lieu CIS) chi de thiy dugc tuang quan va moi 
lien he giua each sap xep tir dg cua cac ldp diSn cue 
Co va anh hudng khi bi tit boa cua cac hat nano Co 
xen giiia Irong Idp dien mdi AI2O3 ddi vdi dong di6n 
ac phy thugc spin nhu the nao (thdng qua trd khailg 
Z thay doi), 

Trudc het xet trinh ty cac mau theo ty le thanh 
phan Co, lang tir 8 d in 35% ng.lir, cd thi nhan thay 
ngay rang vdi ty le Co rat thip, vi dy mau HMTJ(8-() 
vdi 8 % (xem hinh 5), cac diSm s6 lieu CIS chi the 
hiSn tuang ddi rd hinh dang cua mgt doan niia cui^ 
Iron d viing l in so cao, nghia la d phia trd khang 2 
thip. Mat khac trd khang chung r i t cao, hang t ^ 
hay hang nghin Mii . Di6u nay cho thiy rSng co th^ 
cac chiim nguyen til Co rit nhd va thua, tham chi chi 
la nhung nguyen hi Co dan le phan tan trong l^riio 
the C0-AI2O3 ddng vai trd la nhimg tam b^t diSn'to, 
hon niia lai phu thuoc spin, lam tang cudng manh 
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hang so dien mdi. Day cd tM hy vgng la he qua ciia 
vi?c ldp rao the C0-AI2O3 da trd thanh mdt loai vat 
li^u di6n mdi cd hang sd k rat cao - super-k, khi tdn 
tgi cac chiim nguyen lir kim loai trong dien moi nhu 
da dugc chiing id trong [13], Nhirng do bi canh tranh 
vdi sy thang giang nhiel lam thay ddi phuong momen 
tir ciia cac chiim hat Co so vdi tir dd eua bai ldp dien 
eye Co, nen da gay ra su nhi^u dong Idn ddi vdi su 
dan ciia ddng ac. Nhu thay ro d hinh 6, khi tin sd 
thap, ling vdi vimg trd khang Z ' cao, cac sd lieu trd 
khang Z khdng tuan theo dang ciia bat ky dudng niia 
cung trdn nao, ma bi phan tan mgt each ngau nhien, 
Trd khang rat cao d cac mau HMTJ(8-;) nay so vdi 
cdc mau cdn lai khac cd ty 1? Co Idn ban, tham chi 
cho dii trong sd dd co nhiing mau cdn cd ldp xen giira 
day han (ma ve nguyen tac doi vdi ddng dc chiing 
phai CO trd khang Idn han, nhung ngugc lai trd khang 
ac lai thap han den nhieu bac), da the hien sy sap xep 
tir dg giiia hai Idp dien eye Co cd kha nang theo kieu 
ph^n song vdi lien ket rat manh. Vi the da ngan chan 
manh sy xuyen ngam ac phy thudc spin. 

Khi ly le Co tang len, vi dy 10% ng.tu nhu d cac 
mau HMTJ(10-0 (xem hinh 6), cac dudng cung dang 
niia hinh trdn da bat dau xuat hien ro ban, the hien 
mgt cau tnic tu dien hoan chinh ban ve mat din ddng 
ac. Mpt mat, hien tugng tang cudng he sd dien mdi k 
ve mat dc da bj suy giam dang ke do sd lugng va kich 
thudc cac chiim Co lang len. Do do trd khang chung 
ciia mau da giam di cd 1000 lan so vdi cac mau 
HMTJ(8-0. Mat khac, vai trd sap xep tir do giua cac 
lop dien cue Co d he mau nay da cd lac dung dan 
dong ac phy thugc spin ro ban, trong khi do cdn cd su 
phoi hgp sap xep tii do cua cac hat nano Co xen giua 
Cling trd nen ro ret ban. Cac dudng nira cung trdn 
dgng don the hien mdt qua trinh hdi phuc don ciia cac 
di?n tit dan trong cau true tu dien vdi ldp rao the 
ihuin nhit [9]. NghTa la ldp rao thi C0-AI2O3 chi 
dong vai trd la mgt ldp cd do each dien thuan nhat, 
Dieu nay cflng the hien rd d mgt sd mau khac nhu 
thay trong cac hinh 7 va 8. Cac dudng mia cung trdn 
dang kep, nghia la dudng dac trung CIS cd dang gdm 
2 niia cung trdn, nhu thay d hinh 6(a), the hien he 
HMTJ cd hai qua trinh hoi phyc dien td din khac 
nhau. Dieu nay cd nghia la ldp rao the C0-AI2O3 phai 
gom CO hai thanh phan vdi cac hang sd dien mdi khac 
nhau. Cd the d day cac hat nano Co da ddng vai trd 
nhu mgt pha thii hai n im trong pha thii nhat la nen 
AI2O3. Ddi vdi cac mau nay, hien tugng trd khang Z 
khdng dn dinh d vimg tin sd thap (hinh 6(c)) tuong tu 
nhu trong trudng hgp cac mau HMTJ(8-f) cd ty le Co 
rat thap (hinh 5), la img vdi mau cd idp rao lh6 kha 
day, 60 nm. Tdng trd d miu nay cung ldp hon nhi^u 
so vdi cac miu cdn l?i vdi cimg ty le 10% Co Tinh 
chat tir cho thay mau nay cd lien ket tir do kieu phan 
song kha rd so vdi cac mau cdn lai, nen han che manh 
ddng spin xuyen ngam. 
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Hinh 7. Phd dac trung CIS ciia cae mau dugc dat 
trong lir trudng cd cudng dd khac nhau: a) 
HMTJ(25-30), b) HMTJ(25-60), c) HMTJ(25-90). 

Ddi vdi cac mau HIVlTJ(25-r) iing vdi 25% 
ng Hi (xem hinh 7), cac dudng nira cung Irdn dan vin 
ndi troi the hien rang cac cau tnic HMTJ cd ldp rao 
the kha thuan pha dien mdi, nghia la cd qua trinh hdi 
phuc dan. Nhin chung so vdi 2 loat miu cd ty le Co 
thap, 8 va 10 %, tdng trd cua cac mau 25 % Co cd xu 
hudng giam manh nhat trong sd 4 loat miu dugc 
nghien cim d day. Cd the vdi ty le Co nhu vay, linh 
sieu thuan tir la dien hinh nhat nhu da dugc quan sat 
thay [10], va cac hat/cbiim hat Co trong Idp dien mdi 
nhu the chu yeu se cd kich thirdc img vdi can tnic 
dan ddmen thuan tuy, nen de dang phdi hgp van 
chuyen phu thudc spin vdi 2 Idp dien cue Co hem. 
Tuy nhien vdi mau HMTJ(25-60) lai cd trd khang ac 
cao ban nhieu so vdi hai mau cdn lai, Cd the d mau 
nay ldp rao the vdi chieu day 60 nm da lam cho cap 
tir do cua 2 ldp dien cue Co cd lien ket kieu phan 
song manh han hai mau cdn l^i, nen can trd manh 
ban su xuyen ngam ac qua cau tnic HMTJ. Cac 



Tap chi Khoa hoc va Cdng ngh? 102 (2014) 127-133 

nghien ciiu linh chat tir ddi vdi mau nay da chiing Id 
d i k d d [ I O ] . 

Khi lang ty le Co dSn 35 % ng.tu nhu d eac miu 
HMTJ(35-i') (xem binh 8), hanh vi dan dien ac kieu 
xuyen ngam giiia cac dien cue Co cd xu hudng tang 
lem ddi chut so vdi cac mSu HMTJ(25-0 cd thanh 
phin 25% Co, Mac dii d cac mau nay tinh chat lien 
ket kieu song song manh ban so vdi cac mau 
HMTJ(25-0 [10], nhung vdi lugng Co Idn hon, 35% 
ng.lir, thanh phin sieu thuan tir giam di, trong khi 
thanh phin sit lii tang len. Day cd the la he qua ciia 
viec hinh thanh nhi^u hem nhirng hat Co cd cau tnic 
da ddmen, va/hoac tang cudng ban cac lien ket kieu 
sit tir giua cac dam hat Co trong ldp rao the. Dieu 
nay se gay tan xa lat spin manh hon, do dd cd trd 
khang cao han, so vdi cac trudng hgp trong do cac 
hat Co thuin nhit la dan ddmen va giiia chiing khong 
cd luang tac, hoac luang tac rat yeu. 

Mdt diSu dugc nhan thay lii nghien cuu nay la, 
doi vdi tat ca cac mau cd dudng phd dac trung CIS 
kieu khdng xac dinh ro ret trong viing tan so thap 
(phia trd khang cao), nhu thay d cac hinh 5, 6{c), 
7(b), deu tuong iing vdi tinh chat tir the hien ro cd su 
lien kk tit do kieu phan song vdi lien ket kha manh 
[10]. Day la kieu lien ket dan den ngan chan su van 
chuyen phu thudc spin manh nhat [ I I ] , Trong khi do 
cac mau cd dang dudng pho CIS cung dan vdi tdng 
trd Z' nhd, khoang dudi 0.3 Mii nhu thay d cac hinh 
7(a,c) va 8(b), deu the hien linh chat lii tuong iing vdi 
kieu sap xep tir do song song va lien ket manh [10], vi 
the dan ddng xuyen ngam ac tot ban vdi trd khang 
nhd ban. 
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Hinh 8. Phd dac trung CIS cua cac mau dugc dat 
trong tir trudng cd cudng dd khac nhau: 
a) HMTJ(35-45), b) HMTJ(35-90), 

Xet theo anh hudng ciia tir trudng ngoai tac 
dyng len cac ciu tnic HMTJ ddi vdi pho tdng trd CIS, 
Irong ti t ca cac trudng hgp dugc nghien ciiu d day, de 
dang nhan thiy cd hai xu hudng ndi troi: Thii nhat la 
trd khang ac giam manh khi cudng dd tir trudng tang 
len, nhu trudng hgp d cac hinh 6(a,b) va 8(b). Sau dfi 
la qua trinh ngugc l^i: trd khang ac tang len khj 
cudng dg tu trudng tang, nhu thay ro d trudng hgp 
cac hinh 7(a) va 8(a), Vdi trudng hgp diu, su tang 
cudng dp tir trudng da lam tang m?nh sy sap xSp 
song song cua ca lir do ciia hai idp dien eye Co Ian 
cac hat Co trong ldp dien moi. Do do giam manh tro 
khang xuyen ngam ac ddi vdi cac spin ciing chi^u vdi 
vec-ta tir dg, Su lien ket tir kieu song song d cac mau 
nay cd the rat manh, n6n til trudng ngoai de dang 
xoay loan bp cap tir dp song song cua 2 ldp dien circ 
Co lin til dg cua tat ca cac h^t Co trong Idp dien moi 
theo hudng tac dung. O trirdng hgp sau, do lien ket 
kieu phan song m^nh ddi vdi cac cap vec-ta tir dp ciia 
2 ldp dien cue Co, tir trudng ngoai khong dii xoay 
chung trd thanh song song vdi nhau de lam gihm tro 
khang xuyen ngam ac, ma chi dii de xoay tir dp ciJa 
eac hat Co trong ldp dien moi. Khi cac ldp di?n eye 
Co vin dang cd lien kel phan song dii m^nh, dii cac 
hat Co da trd nen sap xep song song vdi phuong tir 
trudng ngoai, nhung l£ii van ngugc chieu vdi c^p tii 
do ciia dien cue Co, nen da trd thanh nhung tam bay 
ngan can su xuyen ngam "bac cau" ciia cac spin co 
ciing hudng vdi cap hi dp dd. Hieu irng nay the hî n 
rd han khi phuang tii trudng tac dung lech nhieu so 
vdi phuang lien ket phan song manh ciia cap tir dp 6 
cac ldp dien cue Co, va dac biel khi cd di hudng ti 
manh theo be mat mau. Ndi khac di, cac hi?n tuong 
lien quan den tac dyng ciia tir trudng tren day chinh la 
bang chirng tieu bieu cho su xuyen ngam phy thu^c 
spin trong dien trudng ac cua cac cau tnic HMTJ. 

4. Ket luan 

Cac cau tnic xuyen ngam tir dang lai giiia kieu 
ldp va kieu bat C0/C0-AI2O3/C0 vdi chieu day lop 
xen giu:a dang hat nano C0-AI2O3 thay ddi tir trong 
khoang 20-90 nm, va ndng dp Co trong ldp dang W 
thay ddi trong khoang 8-35%. ng.tii, da che tao dupe 
bang ky thuat phiin xa catdt. 

Nghien cuu phd trd khang phiic CIS tren cac 
cau tnic HMTJ da dugc thuc hien. Ket qua da phin 
anh chung cac mau cd cau true ki6u ty dien dien hinh. 
Hanh vi xuyen ngam phy thupc tin sd ac giiia hai 
dien cue Co thdng qua cac chiim hat Co d ldp xen 
giiia cho thay cd su thay ddi rd ret theo ty le Ihanh 
phin hat Co cung nhu chi6u day ciia Idp C0-AI2O]. 
Da thiy dugc sir phy thupc tir trudng ngoai cua dp 
din ac cua cac cau tnic HMTJ C0/C0-AI2O3/C0. Qui 
trinh xuyen ngam phu thupc spin gua ciu tnic MTJ 
lai cd tha dugc danh gia qua cac sd lieu ciia pho WO 
khang phirc CIS phu thudc vao tir trudng ngoai tac 
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dung. Tir trudng cang Idn ddng xuyen ngam ac cang 
cao, do do trd khang cang thap, 

Ngoai ra trong nghien ciiu nay chiing tdi ciing 
da quan sal dugc nhung bieu hien ciia su phu thudc tir 
truang ngoai cua hang sd dien mdi d cau tnic MTJ 
d p g lai. Do dd nghien ciiu nay cirng da ggi md ve 
mpt kha nang tao ra dugc mgl loai vat lieu cd hang sd 
dien mdi rat cao bang each bd xung mdt lugng nhd 
thich hgp cae nguyen tir kim loai. De cd the lam thay 
doi bay dieu bien hang sd dien mdi, vi du bang lac 
dyng ciia tir trudng ngoai, cac nguyen tir kim loai bd 
xung can phai cd tinh chat sal lir. 
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