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1. Gioi thigu

Van spin (tiéng Anh 1a spin valve, viét tit 1a SV) 1a mot linh kién tir tinh dya trén tir cic mang
mong da 16p, gdm cac 16p st tir (FM) ngan cach boi cac 16p kim loai phi tir (NM). Nho vao tinh chat
tir va cac hién tuong, hiéu Gmg vat li tha vi nhu tir tro khong 16 (GMR) ma cac SV ¢6 vai trd quan
trong trong nhiéu mg dung cong nghé dién tir hoc spin hién dai [1], [2]. Nhimg tmg dung quan trong
clia SV ¢6 thé ké dén nhu céc dau doc, dau ghi dit liéu ctia 6 climg may tinh, cac thiét bi luu trir thong
tin nhu 6/dia nhd, bd nhd RAM tir trd, cac cam bién tir truong, mach loc spin,... [3].

Ké tir khi hiéu mg tir GMR trong cdc mang mong da 16p duoc phét hién vao nim 1988 [1],
[2], cac nha nghién ctru d3 tap trung vao viée tim hiéu tuong tac giita cac 16p vat liéu FM thong
qua lop NM trong cac hé mang mong dang banh kep 3 16p FM/NM/FM hodc cac hé mang méng
da 16p (FM/NM)y [4] — [6]. Tuong tac gilta cac 16p FM thong 16p NM goi la tuong téc trao do6i
(gian tiép) giira cac 16p (interlayer exchange coupling, IEC), con goi la tuong tac Ruderman—
Kittel-Kasuya—Yosida (RKKY) [7] — [9]. Tuong tac nay la két qua ctia tuong tac trao d6i RKKY
gilta cdc mé-men cua cac nguyén tu tir tinh (cac spin phan cuc) & cac lop FM thong qua cac dién
tr din cua 16p NM. Trong ciu tric banh kep 3 16p FM/NM/EM, tuong tac RKKY, dic trung baoi
héng sO trao ddi cap Jruky Giita hai 16p FM thé hién tinh chat dao dong kiéu hinh sin tit dan theo
chiéu day 16p NM (Hinh 1). Ngoai ra, céu hinh md-men tir trong hai 165p FM cling bleu hién tinh
dao dong, tir cau hinh kiéu sat tir trong d6 mo-men tir trong hai 16p FM tur sap xép song song,
tuong tng voi gid tri Jreky > 0, sang cau hinh kiéu phan sit tir trong d6 md-men tir trong hai 16p
FM sap x€p phan song, twong (g voi gia tri Jrkky < 0 (Hinh 1b). Noi cach khac, su thay d6i ca
d6 day 16p NM co thé gdy ra sy chuyen doi cau hinh tir tinh trong hai 16p FM, tir kiéu sat ttr (con
goi twong tac trao ddi sit tir) sang kiéu phan sat tir (con goi 14 tuong tac trao ddi phan sat tir) va
nguoc lai, thé hién hanh vi dao dong ctia tuong tac RKKY giita chung (Hinh 1b) [10], [11].

a Interlayer coupling b 4

Non magnetic layer thickness —

Hinh 1. Lién két trao doi RKKY phu thugc vao dg day I6p phi tir trong mang da I6p dang banh kep FM/NM/FM

Tuong tac RKKY gitra cac 16p FM khong chi phu thude va duge quyét dinh boi do day cua
16p NM ma con phu thuge vao cac yéu td cht quan nhur vat liéu 16p dém, do nham bé mat va chét
luong cac 16p tiép giap FM/NM [12]. Cac nghién citu ciing chi ra rang, ngoai dic trung dao dong
trong céu hinh mé-men tir trong hai 16p FM, hay d¢ 16n va déu cua tuong tic RKKY, mot sb tinh
chat tir va dic trung din gin véi cac cau trac da 16p loai nay nhu tir trd khong 10 [13], [14], cam
ung quang tu [15] va di hudng tur [16], cling thé hién hanh vi dao dong theo d6 day cua 16p NM.
Gan day, cac vat li€u tir c6 ¢o di hudng tir vuéng goéc thu hit duge sy quan tdm 16n bdi ching
duge ky vong s& cung cp cac dic tinh vuot trdi vé mat ki thuat nhu kha niang chiu nhiét cao, do
6n dinh tir tinh t6t glup nang cao hiéu qua cho cac thiét bi tir tinh va thiét bi dién tir hoc spin
(spintronics) thé hé méi [17], [18]. Viéc lam rd tuong tac tir va sy anh huong cua do day 16p NM
trong cac h¢ SV ¢6 di hudng tir vudng goc la can thiét.

Trong nghién ciru ndy, cac SV dién hinh dang banh kep 3 16p FM/Cu/FM trong d6 FM la cac
mang da 16p [Co/Pd] ¢6 di hudng tir vudng goc va 16p ngin cach Cu giita chiing c6 chiéu day
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thay doi (tc,=0,6-6,0 nm) dugc ché tao. Sy anh hudng cia chiéu day 16p Cu Ién tinh chét tir cta
cac SV duoc khao sat mot cach chi tiét.
2. Phwong phap nghién ciru
2.1. Thuc nghié¢m

Céac mang mong da 16p duoc ling dong trén dé Si/SiO, bang phun xa magnetron trong chan
khong cao (< 3x10°® Torr) véi cau tric va do day danh dinh nhu sau:

1) Ta3/Pd3/[C00,5/Pd1,0]5/Pd3/Ta3 (ky hiéu [Co/Pd], miu d6i chiing)

2) Ta3/Pd3/[C00,5/Pd1,0]s/Cu(tcy)/[C00,5/Pd1,0]s/Pd3/Ta3 (ky hiéu [Co/Pd]/Cu(tey)/[Co/Pd])
(tc,=0,3-6 nm)

@ (b) Capping layer

Capping layer Cu (tc)
Seed layer Seed layer

Hinh 2. Cdu hinh mang da I6p (a) [Co/Pd] va (b) [Co/Pd]/Cu(tc,)/[ColPd]

Mau mang [Co/Pd] (Hinh 2a) dugc stir dung nhu mau déi chimg dé so sanh, lam 3 cac tuong
tac tir va co ché ddo tir trong cac SV (Hinh 2b). Cac thong s6 chidu day trong tat ca cac mang co
don vi nm. Chiéu day ctia cac 16p vat lidu va cau trac t6i wu duoc lya chon dua trén cac két qua
nghién ctru ctia nhom trude do [19] trong d6 do day cua 16p Co 1a 0,5 nm, Pd 1a 1,0 nm [19],
[20]. L6p tao mam kép (seed layer) Ta (3 nm)/Pd (3 nm) duoc st dung nhém tang cuong hudng
moc (111) cho céc 16p vat liéu moc phia trén va 16p phu kép (capping layer) Pd (3 nm)/Ta (3 nm)
dugc dung dé chdng oxi hoa cho cac 1p vt liéu phia dudi [19], [20].

Céc thong sb phiin xa dugc trinh bay trong Bang 1 1a cac thong sb t6i vu da dugc khao sat mot
cach hé thdng dé cac mang da 16p ché tao duoc co di hudng tir vudng goc tot & nhiét do phong
ddng thoi dam bao su lang dong dong déu, 10p tiép xuc gitra cac 16p vat lidu 1a sic nét va mirc do
xen k& ciia Co/Pd 1a thip [19], [20].

Bang 1. Thong s6 phiin xa

Théng s6 phiin xa
Céng suit (mT) Ap suit (W)  Toc dd phiin xa (A/s)

STT Bia phin xa

1 Ta 2,5 175 0,72
2 Cu 2,5 175 1,48
2 Co 5 37,5 0,18
3 Pd 5 37,5 0,31

2.2. Cac phwong phap do dac, khdo sat

Sau khi ling dong, cac mau dugc tir hoa trong tir truong vudng goc véi mat phang mau bang
hé tir ké miu rung (VSM — VersaLab) v6i gid tri tir trudng 16n nhat dat dugc 1a 3 Tesla. CAu triic
tinh thé ctia cac mau duoc xac dinh bang phuong phap nhidu xa bot trén hé nhidu xa tia X D8-
ADVANCE cua hang Bruker (Puc) voi dién ap 40 kV va dong dién 40 mA su dung buc xa Cu-
Ka (4 = 1,5406 A), gbc quét 20 trong khoang tir 20° dén 80°, tbc d6 quét chdm véi budce do 1a
0,005 °/giay. Cac phép do dugc thuc hién ¢ nhiét d6 phong.
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3. Két qua va ban luin
3.1. Ddc trung céu tric ciia SV [Co/Pd]/Cu/[Co/Pd]

Hinh 3 1a gian ¢6 XRD ctia mau mang [Co/Pd]/Cu6/[Co/Pd]. Két qua cho thdy c6 su xuét hién
dinh nhiéu xa c6 cuong d6 16n & khoang 26 = 40,5°, day la dinh tao béi su chéng chap cua cac
dinh nhiéu xa fcc Pd(111) va CoPd(111), ngoai ra con c6 thé quan sat duoc mot dinh nhidu xa
cudng do nho, & goc 20 = 39,9° cua Pd (111), va mot dinh nhiéu xa & goc 42,5° twong tng véi
l6p ngéan cach Cu(111).

C6 thé thiy rang cac vat liéu tao thanh SV bao gém: 16p vt lidu chinh [Co/Pd], 16p ngin cach
Cu, 16p dém Ta, Pd va 16p phu Pd, Ta déu c6 cdu tric 1ap phuong tim mit (fcc) voi dinh hudng
(111), dinh hudéng nay dong vai trd quan trong trong viéc hinh thanh mang da 16p [Co/Pd] co di
hudng tir vudbng goc vai tinh on dinh tir cao [19], [20].

fcc Pd(111) + CoPd(111) 10f—sv
— [Co/Pd]
- 05}
3_ o
g = 0,0
= =
2 fcc Pd(111)
& W fec Cu(111) -0,5
= P4
[
1,0 jumstper E—
-3 -2 1 0 1 2 3

" H (kOe)

3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 ,
20 degree) Hinh 4. Duong cong tir hoa M(H) chuan hoa theo
Ms cua mang mong da lop [Co/Pd] va SV
[Co/Pd]/Cu6/[Co/Pd] do theo phwong vuéng goc
Vvéi mdt phang mau

Hinh 3. Gian do nhiéu xa tia X cia mau SV
[Co/Pd]/Cu6/[Co/Pd]

3.2. Tinh chit tir ciia mang [Co/Pd] va [Co/Pd]/Cu/[Co/Pd]

Pudng cong tir héa M(H) chuan hoa theo Ms ctia mang mong da 16p FM [Co/Pd] (mang ddi
chung) va ciu trac SV [Co/Pd]/Cu6/[Co/Pd] do theo phuong vudng goc & nhiét do phong dugc
trinh bay trén Hinh 4. Két qua cho thdy dudng cong tir hoa theo phuong vudéng goc cia mang da
16p [Co/Pd] c6 dang vudng, véi dd vudng S ~ 1, truong khir tir He vao khoang 675 Oe, diéu nay
khang dinh rang mang da 16p [Co/Pd] di ché tao c6 tinh di huéng vudng goc cao & nhiét do
phong. So v&i mang da 16p [Co/Pd], dudong cong tir héa M(H) cta SV [Co/Pd]/Cu6/[Co/Pd] cb
dang dao tir 2 bac (two-step switching), cho thay su déo tir ctia hai 16p FM [Co/Pd] (16p [Co/Pd]
phia trén Cu va 16p [Co/Pd] phia dudi Cu) 1a doc 1ap, trong do, tinh chat tir ctia 16p [Co/Pd] nam
dudi 16p Cu (moc trén 16p dém Ta3/Pd3) 1a twong duong véi mang déi ching, 16p nay dao tir & tir
truong thdp He = 675 Oe, trong khi 16p [Co/Pd] nam trén 16p Cu (moc trén 16p Cu 6 nm) xay ra dao
& tir truong cao hon nhiéu He = 1630 Oe (Hinh 4). Viéc gia tri He cta 16p [Co/Pd] nam duéi 16p Cu
trong SV [Co/Pd]/Cu6/[Co/Pd] va Hc cua mang [Co/Pd] dbi chimg nhu nhau cho thiy rémg su ¢co
mdt cua 16p [Co/Pd] nam phia trén 16p Cu c6 d§ day 6 nm khong anh huong dén tinh chét tir va cac
thong s6 dao tir ctia 16p [Co/Pd] phia dudi ¢ nhiét do phong. Noi cach khac voi chiéu day 6 nm, 16p
ngin cach Cu duoc coi 1a dit day dé ngan hai 16p [Co/Pd] twong tac nhau. Ciing c6 thé néi, du ca
hai 16p dém Ta3/Pd3 va Cu6 déu phil hop dé tao mang da 16p [Co/Pd] c¢6 cAu triic mang 1ap phuong
tam mat (fcc) voi hudng wu tién (111), von can thiét cho viéc hinh thanh mang [Co/Pd] ¢6 di hudng
tr vuong goc [19], [20], nhung so véi mang [Co/Pd] 1ang dong trén 16p Ta3/Pd3, mang [Co/Pd]
hinh thanh trén Cu v6i cung chidu day 14 6 nm cho thdy co su gia ting dang ké gi4 tri He dong
nghia voi su gia ting dang ké tinh di hudng vudng gbc clia mang.
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3.3. Tinh chit tir ciia SV [Co/Pd]/Cu/[Co/Pd] inh hwong boi dp day lop ngdan cach Cu

Dé nghién ctru anh hudng cua d6 day 16p ngan cach Cu <‘ién tuong tac trao déj trong céu triic
SV [Co/Pd]/Cu(tc,)/[Co/Pd], tinh chat tir cua cac SV véi chiéu day 16p Cu thay doi trong khoang
tr 0,3-6,0 nm duoc khao sat.

(b) -

MM,

H (kOe)

Hinh 5. Puong cong tir héa M(H) chudn héa theo Ms ciia SV [Co/Pd]/Cu(tey)/[Co/Pd] véi cic do day
lop Cu khac nhau, tc, = 0,3-6,0 nm, do theo phwrong vuéng goc o nhiét do phong

Hinh 5 thé hién duong cong tr hoa M(H) chuin hoéa theo Ms ciia ciac SV
[Co/Pd]/Cu(tc,)/[Co/Pd] do theo phuong vudng goc & nhiét do phong. Hinh 5a cho thiy khi te, <
1,5 nm, dudng cong tir hoa tron tru, khong cé dang bac, diéu nay co thé duoc giai thich 1a do khi
16p Cu rat mong, twong tac giira hai 16p FM 1a manh, twong tng véi kiéu twong tac trao doi sit tir
manh, khi d6 hai 16p FM dugc coi 1a gin chit vao nhau (rigid couple), khi déo tir ciing s& c6 hién
tuong ddo tir ddng thoi, gia tri He 16n. Néi cach khac khi 16p ngan cach Cu rat mong ~ 0,3-1,5
nm, d6 nhdm cta cac mat phan cach co thé 16n hon d¢ day cua 16p Cu, vi vay 16p Cu c6 thé
khong lién tuc, hai 16p FM khi d6 co6 thé coi 1 tiép xuc truc tiép voi nhau qua cac 16 kim
(pinholes), gan nhu khéng c¢6 su phan cach. Véi 16p Cu day hon, te, trong khoang 1,8-2,2 nm,
tuong tac trao d6i RKKY gitta hai 16p [Co/Pd] giam dan theo tc,, twong tac giita hai 16p FM yéu
dan hai 16p khong con dwoc gin chit vao nhau, dan dén qua trinh dao tir ctia hai 16p xay ra ¢ hai
gia tri tr truong khac nhau, dudng cong tir hoa biéu hién dang 2 béc (Hinh 5b). Khi d6 day 16p
Cu tiép tuc tang, te, > 2,5 nm twong tac giita hai 16p FM tré nén rat yéu, tham chi c6 thé coi la
khong c6 twong tac (Hinh 5c¢), hai 16p FM khi d6 thé hién su dao tir hoan toan ddc lap, duong
cong tur hoa khi d6 c¢6 dang 2 bac rd rét.

Céc gia tri He ctia 16p [Co/Pd] trén va dudi trong SV dugc thong ké trong Hinh 6, trong d6
hién thi thém cac gi tri He cho céc SV trong truong hop lién két RKKY kiéu sit tir manh va dao
tir xay ra dong thoi (te, < 1,5 nm).

C6 thé thiy rd su phu thude He vao te, 14 khong don diéu (Hinh 6) va chia thanh 3 vang 13 rét:

Viing I: v6i te, < 1,5 nm (twong tng voi Hinh 5a), hai 16p FM lién két manh va gan chit voi
nhau, qua trinh dao tir trong hai 16p xay ra dong thoi, twong tmg véi gia tri He cao. Khi te, ting,
tuong tac trao ddi gitta 2 16p FM giam dan, Hc giam dan.

Ving 11: 1,6 nm < tc, < 2,2 nm (twong ng v6i Hinh 5b), twong tac gitra hai 16p FM giam dan
khi te, tang, lién két giita hai 16p FM tro 1én yéu dan, hai 16p khong con gan chat véi nhau, dudng
tir hoa khi do co dic trung 2 bac, thé hién sy dao tir tuong d6i doc 1ap cua hai 16p [Co/Pd]. Trong
khoang chleu day nay, tc, = 1,6 nm - 2,2 nm, lién ket/tu’orng tac gitra hai 16p FM du yéu nhung
Van con ton tai do do khi te, tang, He cta ca hai 16p FM déu giam va dat cac gia tri nho nhét khi

= 2.2 nm, thé hién sy giam dan cia twong tic trao doi khi 16p ngin cach Cu ting 1én.

Vung HTI: khi te, > 2,2 nm (twong ung v6i Hinh 5c¢), gia tri He ting dang ké dbi véi 16p
[Co/Pd] phia trén nhung hau nhu khong thay d6i dbi véi 16p [Co/Pd] phia dudi, didu nay cho
thdy cac 16p FM c6 thé coi 1a khong con tuong tac trao ddi. Cac 16p [Co/Pd] trén va dudi trong
trudng hop nay duge coi nhu hoan toan doc 1ap nhau, qua trinh tir hoa trong hai 16p ciling dién ra
doc 1ap nhau. Gié tri He ctia 16p FM phia trén ting theo chiéu day 16p Cu don thuan 1a do 16p Cu,
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trong truong hop, ndy ngoai vai trd 1a 16p ngan cach, con dong vai tro 1a 16p tao mam cho 16p
[Co/Pd] phia trén dé hinh thanh ciu triic fcc (111), dinh hudng can thiét dé mang [Co/Pd] co di
hudng tir vudng goc cao [19], [20]. Lép Cu cang day thi mang [Co/Pd] moc trén né co cau tric
(111) cang hoan hdo, tinh di hudng vuoéng goc cua mang cang cao, do do6 gia tri Hc dat dugc cang
16n, didu nay ciing phit hop vé6i cac bao cao trude ddy [21]. Trong khi d6 tinh chét tir ciia 16p FM
bén dudi, cu thé 1a gia tri H, hau nhu khong phu thudc vao sy thay ddi cua chiéu day 16p Cu khi
tcy > 2,2 nm, diéu nay c6 thé giai thich 1a do chat lugng tinh thé ciia 16p FM phia dudi phu thudc
cht yéu vao 16p tao mam Ta5/Pd3 ma khong phu thudce vao 16p Cu phi trén né.

—a—H_
1600 Corigid

—e—H_,.,[Co/Pd] top layer
1400 } —— H_ . [Co/Pd] bottom layer
IR /

1200 | | \
6\ 1 1 yd
c L1 eee”
o 1000 | ! v
T L
I oq |
800 - AR
1 1
1 1
600 F | K‘\i/\AA—‘A/‘/’/‘
1
1 | 1 1 1 1 1
0 1 2 3 4 5 6

t., (nm)

Hinh 6. Sy phu thudc cua Hc cua l6p FM trén va dudi trong SV [Co/Pd]/Cu(tcy)/[Co/Pd]
vao do day cua Cu do theo phwong vuong goc ¢ nhiét dp phong

4. Két luan

Mang da 16p ¢6 cu trac SV [Co/Pd]/Cutey/[Co/Pd] (tc,=0,6-6 nm) v6i di hudng tir vudng goc
& nhiét d6 phong da duoc ché tao va khao sat mot cach h¢ thong. Két qua khao sat cho thiy cac
16p FM [Co/Pd] (ca 16p trén va 16p dudi), déu c6 cau tric mang 1ap phuong tam mit (fec) voi
dinh huéng (111), dinh hudng nay 1a can thiét cho viéc hinh thanh mang [Co/Pd] c6 di hudng tir
vuédng goc cao. Chiéu day 16p ngan cach Cu c6 anh hudng rd rét t6i twong tac tur cling nhu trudng
dao tir trong cac SV. Két ‘qua nghién ctru chi ra kha nang thiét ké cau tric SV bang cach thay doi
d6 day 16p ngan cach, diéu nay mo ra kha nang diéu bién cac twong tac tir ciing nhu tinh chat tir
va tir trd trong cac SV ¢6 ciu triic da 16p loai nay nham tmg dung cho cac linh kién Spintronics
thé hé méi vé6i di hudng tir vudbng goc.
Loi cam on

Nghién ctru nay duogc thyc hién véi su hé tro vé lginh phi cta Vién Han 1am Khoa hoc va
Cong nghé Viét Nam thong qua Nhiém vu HTQT ma s6 QTBY01.02/23-24.
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