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TANG CUONG TRUONG TRAO POI DICH THEO PHUONG VUONG GOC
TRONG HE VAT LIEU [Co/Pd)/IrMn VGI1 LGP XEN GIUA CoFe SIEU MONG
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TOM TAT

Trong nghién cuu nay, ching t6i khao sat anh hudng cua 16p xen gitra CoFe mong t6i hi€u tng
trao d6i hiéu dich theo phuong vudng goc trong hé vat liéu [Co/Pd]/IrMn. Cac mang mong da 16p
dugc ché tao bang phuong phap phun xa magnetron. Cac dic trung ciu tric va tinh chat tir ctia cac
mang da 16p dwoc khao sat bang hé do nhidu xa tia X va hé do tir ké mau rung. Két qua nghién ctru
cho thiy gi4 tri truong trao dbi dich Heg theo phuong vudng goc & nhiét ¢ phong trong mang
mong da 16p [Co/Pd])/IrMn 14 twong d6i cao (Hes ~ 98 Oe). Tuy nhién gié tri Hes dugc ting cudng
dang ké khi c6 thém mot 16p CoFe mong (tcore = 0,3 - 1,2 nm) xen gitra 16p sét tir [Co/Pd] va 16p
phan st tr IrMn. Gia tri Heg dat duge cao nhit 13 205 Oe vdi teore = 0,8 nm, ga?ip hon 2 14n so véi
hé& khong c6 16p CoFe xen gitra.

Tir khéa: Vit liéu tir; mang mong tir da I6p; di hudng tir vudng goc; hiéu img trao doi dich; trao
doi sdt tit/phdn sdt tir.
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ENHANCEMENT OF PERPENDICULAR EXCHANGE BIAS IN [Co/Pd]/IrMn
SYSTEM BY ULTRATHIN CoFe INSERTION LAYER
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ABSTRACT

In this study, we investiged the effect of an ultrathin CoFe insertion layer on perpendicular
exchange bias in the [Co/Pd]/IrMn systems. These multilayers were deposited by magnetron
sputtering. The structural and magnetic properties of the deposited multilayers were examined by
X-ray diffractometer and Vibration sample magnetometer. The experimental results showed that
the value of the perpendicular exchange bias field (Heg) of [Co/Pd]/IrMn multilayers at room
temperature is relatively high (Heg ~ 98 Oe). However, Hesg is significantly enhanced when an
ultrathin layer of CoFe (tcore = 0.3 — 1.2 nm) is inserted between the [Co/Pd] ferromagnetic
multilayers and the IrMn antiferromagnetic layer. The highest value of Heg is 205 Oe with tcore =
0.8 nm which is more than twice higher than that of the system without CoFe insertion layer.
Keywords: Magnetic materials; magnetic multilayers; perpendicular magnetic anisotropy;
exchange bias effect; ferromagnetic/antiferromagnetic exchange interaction
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1. Gidi thiéu

Hiéu tng trao ddi dich (Exchange bias, EB)
lan dau tién dugc phat hién bai Meiklejohn va
Bean vao nam 1956 trong hé Co st tir duoc
boc bai oxit CoO ¢ nhiét 46 77 K [1], [2].
Hiéu ung trao ddi dich 1a hién tuong dudng
cong tir héa bi dich khoi gbc toa do theo
phuong cua tur truong ngoai, thuong xdy ra do
tuong tic trao ddi gita mot 16p sat tur
(ferromagnet, FM) va mot 16p phan sit tir
(antiferromagnet, AFM) tai bé mit tiép giap
ctia chiing, va c6 thé di kém véi su gia ting
luc khang tir He [3], [4]. Hiéu Gng nay da
duoc ng dung rong rai trong cac linh kién tir
tinh nhu dau doc (HDD), 6 ctng, bd nhd truy
cap ngiu nhién (MRAM), cam bién tir va cac
linh kién spintronic dua trén cic van spin
(Spin valves, SVs), cac tiép xuc tr xuyén
ngam (Magnetic tunnel juctions, MTJs) [5],
[6]. Tuy nhién, phan 16n cac nghién ctru déu
duge tién hanh trén cac vat lidu tur truyén
thong c6 di huéng tir song song voi mat
phing mang, do d6 hiéu tng trao d6i dich
quan sat duoc xay ra theo phuong song song,
goi 14 hiéu tng trao ddi dich theo phuong
song song [4]-[8]. Gan day, cac vat lidu tir co
di hudng tir vudéng goc voi mit phing mang
thu hut dugc sy quan tdm to lén do cac vét
liéu nay c6 do 6n dinh nhiét cao, dap ung
duoc kha nang giam kich thudc linh kién
xudng thang nano mét [9], [10]. Cac vat liéu
tor ¢6 di huéng vuong goc mo ra kha nang
mg dung trong cac linh kién tir thé hé mai
nhu: thiét bi luu trit thong tin mat do siéu cao
[11], cic cam bién tir siéu nhay [12] va cac
thiét bi siéu cao tan hoat dong trong ving tin
s6 GHz va THz [13]-[15]. Trudng trao doi
dich Hes theo phuong vudng goc c6 thé quan
sat dugc khi mét vat liéu FM c6 di hudng tr
vudng goc tiép xuc voi mot vat lieu AFM.
Hiéu ung trao dbi hiéu dich theo phuong
vudng goc gan ddy dang danh dugc nhiéu sy
quan tdm cta cdc nhém nghién ctru trén thé
gioi [16].

Nhim huéng dén cac ung dung thuc té, cac
huéng nghién ctru gin dy tip trung vao kha

ning diéu bién, ciing nhu ting cudong Hes
theo phuong vudéng goéc & nhiét do phong.
Mot s6 phuong phap gitp ting cuong Hes €O
thé ké dén nhu: qua trinh ling dong mang
trong tir trudng dinh hudng, U mau trong tir
truong, thém mat 16p vat lieu kim loai moéng
gitta hai 16p FM va AFM [17]-[20] hay st
dung cac ciu trac nano dang dot va antidot
arrays [21].

Céc nghién ctru trude ddy ciia nhom tién hanh
trén cac hé vat liéu [Co/Pd] va [Co/Pd]/IrMn
cho théy cac hé vat liéu nay c6 di hudng tur
vudng goc va Hes theo phuong vuong goc
tuong dbi cao & nhiét d6 phong. Ngoai ra, di
hudng tir va Hes ¢6 thé didu bién duoc mot
céch d& dang thong qua thay d6i cac théng sd
cAu tric cta hé vat liéu. Tuy nhién, mic do
thay d6i Hes dat duoc thong qua viée thay ddi
céc thong sb cau truc 1a nho [22]. Gan day,
két qua nghién ctru cia Liu va cong su tién
hanh trén hé [Co/Pt)/IrMn véi 16p xen giita
CoFe cho thidy Hes co thé dugc ting cuong
dang ké thong qua su thay doi thanh phan va
chiéu day cua 16p CoFe [23]. Bén canh kha
ning cai thién dang ké Hes [23], [24], ban
than véat liéu CoFe con duoc coi 1a vat liéu tur
ly tuéng dung cho cac linh kién tor va
spintronics boi mot s6 wu diém ndi troi nhu
d& ché tao, khé bi oxi héa, mo-men tir bio
hoa va d6 phan cuc spin cao [23]-[25]. Vi
muc dich tang cuong hon nita giad tri Hes
trong hé vat liéu [Co/Pd]/IrMn nhim hudng
t6i cac ung dung spintronics, chung toi tién
hanh khao sat sy anh hudng cua 16p xen gitia
CoFe mong (v6i chiéu day thay déi tir 0,3 nm
dén 1,2 nm) 1én Hes theo phwong vudng goc.
2. Phuwong phap nghién ciru

2.1. Ché tao mang méng

Trong nghién ciru nay cac mau mang da 16p
[Co/Pd]s, IrMn, [Co/Pd]s/Co/IrMn va
[Co/Pd]s/CoFe/ItMn, ky hiéu lan luot la
[Co/Pd], IrMn,  [Co/Pd]/Co/IrMn  va
[Co/Pd]/CoFe/IrtMn, dugc ling dong trén dé
Si ¢ phit 16p SiO, day 1000 nm. Chiéu day
clia cac 10p vat lidu va cdu tric tdi wu dugc
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Iwa chon dua trén cac khao sat trudec d6 cua
nhém [22], trong d6 d6 day cua 16p Co la 0,5
nm, Pq la 1 nm, IrMI} la 6 nm, riéng 16p CoFe
¢6 chiu day thay doi tir 0,3 nm dén 1,2 nm.
Loép tao mam Ta (5 nm)/Pd (3 nm) va 16p phu
Pd (3 nm)/Ta (5 nm) duoc ding cho tat ca cic
mang da 16p [26], [27].

Céac miu dugc ché tao ¢ nhiét do phong bang
hé¢ phin xa DC magnetron (AJA
International, Inc., USA) v6i chan khong cao
(~3%10°® Torr), 4p suat khi Ar khi phun xa la
5 mT cho 16p Co, Pd va 2,5 mT cho cac 16p
tao mam va 16p phu. Tdc d6 ling dong cham
cho Co (0,18 A/s) va Pd (0,46 A/s) tuong ting
voi cong suét phun xa lan luot 12 37,5 W va
87,5 W dé dam bao su léng dong la d@)ng déu,
16p tiép xtc giita cac 16p vat liéu 1a sic nét va
mirc d6 xen k& ctia Co/Pd 1a thap [28].

2.2. Phwong phap khdo sat

Sau khi ling dong, cac mau dugc tir hoa trong
tir truong vudng goc voi mit phing mau bang
hé tr ké miu rung (Vibration sample
magnetometer, VSM) véi gid tri tr trudng 16n
nhét dat dugc 1a 14 kOe, budc quét nhd 1
Oe/diém, toc do quét cham 5 diém/gidy. Cau
tréc tinh thé cua cac miu duoc xac dinh b?mg
phuong phap nhiéu xa bot trén hé nhiéu xa tia
X (X-ray diffractometer, XRD) D8-
ADVANCE cua hang Bruker (Ptc) véi dién
ap 45 kV va dong dién 40 mA sir dung buc xa
Cu-Ka (A=0,12518 nm). Géc quét 26 trong
khoang tir 25° dén 50°, tc do quét cham véi
budc do 0,005%gidy. Tat ca cac phép do duoc
tién hanh ¢ nhiét d6 phong.

3. Két qua va ban luin

3.1. Diic trung hinh thdi ciu tric

Phé nhidu xa tia X coa cac mau [Co/Pd],
IrMn, [Co/Pd]/ Co/IrMn va [Co/Pd]/ CoFe/
IrMn dugc chi ra trén hinh 1. Pho nhiu xa tia
X trén ca bon mau déu chi ra su tn tai cua ca
2 pha a- va p-Ta, trong d6 pha chinh la pha g-
Ta. Dinh nhiéu xa dic trung cua £ (002) va
(212) & goc 26 lan luot 1a 33,1°, va 39,2° va
o-Ta (110) 1a & goc 38,5° [29]. Lép Pd moc

trén 16p Ta c6 cdu trac (111) v6i dinh nhidu
xa trong khoang 39,5°-40,6° giup tang su dinh
huéng theo hudéng (111) cho mang [Co/Pd]
[26], [27]. V&i mau mang [Co/Pd], dinh nhiéu
xa chinh la Co/Pd (111) quan sat dugc & goc
20=41°[20]. V6i mau mang IrMn, dinh nhiéu
xa chinh cua Pd (111) va IrMn (111) quan sat
dugc ¢ goc 20=39,7° va 40,7°[20], [30], [31].
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Hinh 1. Gidn do nhiéu xa tia X cia cdc mang da
lop [Co/Pd], IrMn, [Co/Pd]/Co/IrMn va
[Co/Pd]/CoFe/lIrMn
Trong hai mang da 16p [Co/Pd]/Co/IrMn va
[Co/Pd]/CoFe/IrMn, mot dinh nhidu xa chinh
¢6 cuong d6 manh (gip ~1,2 lan cuong do
cta dinh [Co/Pd] (111), va ~1,7 lan cudng do
dinh IrMn (111)) quan sat dugc & goc 26 vao
khoang 41° va 41,1°, 1a do su chdng phu cua
hai dinh Co/Pd (111) va IrMn (111) [22]. Lép
IrMn véi huéng wu tién (111) cling d2 dugce
ching minh 14 thich hop nhit cho su phat
trién 6n dinh cau trac phan sat tir. Diém dang
lwu ¥ 14, so voi phd nhidu xa cia miu mang
[Co/Pd]/Co/IrtMn, dinh nhiéu xa chinh trong
mau mang [Co/Pd]/CoFe/IrMn c¢6 sy dich nhe
vé phia bén phai khoang 0,1°, dong thoi
cuong do dinh nhiéu xa ciing ¢ su tiang nhe.
Diéu nay cho thiy viéc thém 16p xen giita
CoFe 0,5 nm vao gifta hai 16p [Co/Pd] va
IrMn ciing ¢6 anh huéng nhét dinh t6i cdu
trac tinh thé ciia mang da 16p, va vi thé co thé
c6 anh hudng téi tinh chét tir cia mang, cu
thé 1a Hc va Hes.
3.2. Tinh chit tir
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Dé khao sat sy anh huong cua 16p phan sit tir
IrMn va 16p xen gitta Co, CoFe, cac mau
mang da 16p [Co/Pd], [Co/Pd]/Co/IrMn va
[Co/Pd]/CoFe/IrMn dugc tor hoa trong tu
truong ¢6 phuong vudng goc véi bé mit mau.
Hai 16p Co va CoFe xen giira co cung chiéu
day 0,5 nm.
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Hinh 2. Puong cong tir hda theo phuwong vudng
goc cua mang da lop [Co/Pd], [Co/Pd]/Co/IrMn
va [Co/Pd]/CoFe/IrMn
Hinh 2 biéu dién dudong cong tir hoa theo
phuong vudng goéc cua cac mang da lop
[Co/Pd], [Co/Pd]/Col/IrMn va
[Co/Pd]/CoFe/IrMn. Két qua cho thiy duong
cong tir hoa ciia ca 3 mau déu c6 dang vudng,
v6i d6 vudng xép xi 1, thé hién tinh di hudéng
theo phuong vuéng goc cao. Khi khong co
16p phan st tir IrMn, duong cong tir hoa ciia
mau [Co/Pd] 1a dbi ximg qua truc toa do véi
gia tri Hei=-Hco= 642 Oe, trong d6 Hc: 1a gid
tri luc khang tir twong ing voi tur trudng quét
theo chiéu tir am (-) sang duong (+), va Hez la
la gia tri lyc khang tr twong ung voi tu
truong quét theo chidu nguoc lai. Khi c6 thém
16p phan sat tir IrMn, ta quan sat dugc higu
{ng trao d6i dich rd rang trong ca hai h¢ miu
[Co/Pd]/Co/IrMn  va [Co/Pd]/CoFe/lrMn
thong qua su dich duong cong tir hoa vé phia
bén trai theo phuong cua tir truong. Mot didu
dang luu y rang, do dich cia dudng cong tir
hoa (Hes) trong mau co 16p xen giita CoFe la

16n hon so véi mau c6 16p xen giita 1a Co.
Dbé danh gia mot cach dinh lugng cac gia tri
Hc, Hes trong cic mau mang mong nay, luc

khang tu Hc va truong hiéu dich Hes duoc
xac dinh bai [31], [32]:

HC — | HCI_ZHCZ | (1)
Hgp = @ (2)

Bang 1. Gid tri Hc va Heg theo phuwong vuéng géc
cua cac mau

Tén mﬁu Hc (Oe) Hes (OE)
[Co/Pd] 640 0
[Co/Pd]/Col/IrMn 595 98
[Co/Pd]/CoFe/IrMn 585 141

Bang 1 1a gia tri cia He va Hes trong cac mau
mang da 16p [Co/Pd], [Co/Pd])/Co/IrMn va
[Co/Pd]/CoFe/IrMn dugc xac dinh qua duong
cong tir hoa. Két qua tinh toan cho thay gié tri
Hc trong cac mang mong khi co6 thém 16p
phan sat tir IrMn giam khong dang ké so véi
mang [Co/Pd] va do vudng ctua dudng cong
tir hoa hau nhu khong d6i (~1), diéu d6 cho
thiy cac miu mang da 16p van duy tri duoc
tinh di hudng tr theo phuong vuéng goc cao.
Khi 16p xen giira 1a CoFe, gia tri Heg duoc cai
thién dang ké. Hes = 141 Oe v6i 16p xen giita
CoFe trong khi Heg = 98 Oe voi 16p xen giira
Co (tang gip gan 1,5 lan).

Pé danh gia anh huong cua chiéu day 16p
CoFe xen k& trong mang da 16p [Co/Pd] 1én
Hc va Hes, tinh chit tr coa cac mau
[Co/Pd]s/CoFe/IrMn véi 16p CoFe c6 chiéu
day thay ddi tir 0,3 nm dén 1,2 nm duoc tién
hanh khao sat mot cach hé thong. Hinh 3 13
két qua do dudng cong tir héa theo phuong
vudng goc cia cac mau [Co/Pd]s/CoFe/IrMn
v6i chiéu day 16p CoFe thay ddi tir 0,3 nm
dén 1,2 nm. Puong cong tir hoa theo phuong
vudng goc cho thiy Hes cao 1én toi 205 Oe
dat duoc trong mau tcore = 0,8 nm & nhiét do
phong. Céac duong cong tur hoa cd dang
vuong, thé hién di hudng tir theo phuong
vuong goc cao. Truong khir tr He ~ 600 Oe
VOi teore = 0,8 nm va giam nhe khi ting chiéu
day 16p CoFe. Diéu d6 chimg to He khong bi
anh huéng nhiu béi chidu day cua 16p xen ké
CoFe. Nguoc lai, Heg tang manh tir 25 Oe
dén 205 Oe khi chidu day 16p CoFe ting tir
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0,3 nm dén 0,8 nm va giam nhe xudng 145 Oe khi tcore ting I&n dén 1,2 nm. Heg c6 gia tri 16n

nhit voi teore trong khoang 0,7 nm va 0,8 nm, két qua nay phi hop voi mét sé cong bd [24]-[26].

Diéu nay chi ra rang, viéc sir dung 16p xen giita CoFe mong khong chi ¢6 kha niang diéu bién ma
v6i chiéu day thich hop c6 thé ting cuong dang ké Hes.
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Hinh 3. (a) Duong cong tir hda theo phuwong vuong goc ciia mang da lop [Co/Pd]/CoFe/lrMn va (b) Sw
phu thuéc cia He va Hes vao chieu day [6p CoFe (tcore) clia mang da l6p [Co/Pd]/CoFe/lrMn

Khi ¢6 thém 16p CoFe, d6 nham bé mat tiép
xuc gitra mang [Co/Pd] va lop IrMn dugc cai
thién, twong tac trao d6i giita chung vi thé
duogc tang cuong, Hes do do ciing dugc tang
cuong [24]. Tuy nhién gia tri Heg giam khi
tcore > 0,8 nm c6 thé dugc giai thich 1a do
tuong tac trao doi gitra hai 16p FM va AFM
trong mau giam khi chiéu day 16p xen giita
CoFe tang, din dén Hep giam. Di huéng tir bé
mit caa hé CoFe/Pd duoc biét dén 1a co
phuong vudng goc [33], tuy nhi€n ban than
vét liéu CoFe vén 1a vat liéu co di hudng t
uu tién theo phuong song song v4i mit phing
mang. Do d6 khi chiéu day ciia 16p CoFe ting
tGi mot gia tri nhat dinh (tcore > 0,8 nm), di
huéng tir di hudng tinh thé (c6 phuong song
song) tro 1én vuot troi so voi di hudng tir bé
mit (c6 phuong vudng goc), khién di hudng
tr téng cong cua hé vat liéu theo phuong
vudng goc giam. Didu nay giai thich nguyén
nhan Hc theo phuong vuong goc giam khi
tcore > 0,8 Nm [33].

4. Két luan

Ming moéng da 16p [Co/Pd)/IrMn thé hién
tinh di huéng vudng goc va trudng trao dbi
hiéu dich theo phuong vuéng géc cao ¢ nhiét

d6 phong. Bang cach thay thé 16p Co lién ké
v6i IrMn bang 16p CoFe mong, trudng trao
d6i dich theo phuwong vudng goéc dugc ting
cuong dang ké va phu thuéc manh vao chiéu
day 16p xen gitta trong khi di hudéng vudng
goc 16n van duoc duy tri (Hc thay d6i khong
dang ké&). Truong trao d6i dich 1a 16n nhat
(Hes=205 Oe) vdi chiéu day 16p xen k& CoFe
la 0,8 nm, ting gap 2 lan so véi hé khong co
16p CoFe xen giira. Két qua nghién ciru nay
cung cip mot phuong phap hiéu qua dé ting
cuong Hes trong cac hé vat liéu AF/FM c6 di
huéng vudng goéc nham ung dung trong céac
linh kién tir, spintronic thé hé méi.
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