ISSN 2354-0575

4 DAN -,
e 4,
-

&

"~

HIEN TUQNG PLASMONIC PHU THUQC SPIN CUA CAC HAT NANO CO-BAN
TRONG CAC MANG MONG CO-AG VA CO-AL,0;
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Tém tit:

Hién twong plasmonic di dwegc nghién ciru tir khd ldu trén thé giGi [1-8]. Tuy nhién, s6 lwong cdc
cong trinh nghién civu vé hién twong plasmonic phu thuéc spin (spin-plasmonic) con twong doi han ché
[9, 10]. Do do, hién twong plasmonic phu thuéc spin ma bai bdao nghién cvu la khda moi mé. Do la nhitng
hién twong vt Iy rat co ban phan dnh cdc tuwong tdc photon-spin, photon-magnon thong qua nghién ciru
cdc tinh chat quang phu thudc tir truong cua cdc hé hat nano tw tinh dwoc thuc hién doi véi cac hé hat
sdt tir nano Co trong bdi bdo nay. Vé thic nghiém, tac gia da sir dung hai phwong phdp phiin xa cao tan
va béc bay né trong chin khéng dé ché tao cdc mau mang mong dang hat Co-Ag va Co-Al,0;. Phé
truyén qua/phan xa ¢ cdc mang mong tir dang hat nano Co-Ag va Co-Al,0; ¢6 biéu hién bi diéu bién kha
16 rét béi ban chét tir tinh nano trong vat liéu, cu thé ¢ day la ban chdt sdt tir ciia cdc hat nano Co, phu
thudc vao ti 1é thanh phan sdt tir ¢ trong mang mong, do dé con chiu tic dong cia tir truong ngodi.
Nhitng ddc trung quang-tir nano ghi nhdn dwoc cé thé gidn tiép phan dnh phdn nao tinh chdt cia spin-

plasmonic, c6 ban chat twong tac spin-photon.

Tir khoa: spinplasmonics, plasmonics, hat nano.

1. Mé dau

Hé¢ mang mdng Co-Ag d3 dugc nghién clru
va biét dén qua hiéu tng bom spin [11], tir dién
tré khéng 16 [12]. Vat liéu ma cac hat kim loai sit
tor nano dugc phan bd trong nén cach dién, nhu
mang mong Co-ALO;, di giy dugc nhidu cha ¥
béi cac tinh chit dan dién, tinh cht quang va tinh
chit tir cia chung [13]. Tuy nhién, cac cong trinh
nghién ctru vé tinh chit quang, dic biét 1a tinh
chit quang lién quan dén hién tugng plasmon bé
mit con twong di han ché. Trong bai bao nay,
tac gia tién hanh nghién ctru vé hién tugng truyén
qua va phan xa trén mang mong tir co céu tric
dang hat nano Co-Ag va Co-Al,O;, Vi cac ty 1¢
thanh phan sit tir (Co) khac nhau ca khi khong ¢
va ¢ tac dung cua tir trudng ngoai, ddi véi cac
anh sang don sic c6 budc song thay doi trong
ving nhin thdy, 350 nm < A < 800 nm. Cac budc
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song nay 16n hon rat nhiéu so véi kich thude cua
cac hat Co, chi khoang vai chuc nanomét [14].
biéu nay co thé hy vong thuc hién dugc céc kich
thich plasmon bé mit & cac hat nano Co, va quan
sat thiy biéu hién cua nhiing tinh chit quang c6
ngudn gde lién quan dén plasmon tir [14].
2. Thue nghiém

Dé nghién ciru hién tugng plasmon phy thudc
spin, chung t6i da thiét 1ap hé do quang-tir nhdm
khao sat sy phu thudc ciia hé sb truyén qua vao
budc song cua anh sang kich thich, vao do lon va
huéng cua tlr treong ngoai tic dung 1én miu nhu
Hinh 1a.
+ (1) ngudn sang trang (¢ ddy tac gia sir dung dén
day toc 12 V-20 W); (2) thau kinh hoi tu; (3) hé
tan sic; (4) chopper co tac dung bién chum sang
thanh tin hi¢u dang xung; (5) kinh phan cuc; (57)
kinh phan cyc dit phia sau mau c6 tic dung hiéu
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chinh lai sy quay cta vecto phan cuc do hi¢u ing
tir-quang thong thuong (nhu hién tugng Kerr va
Faraday); (6) mdu mang méng dugc dit trong tir
truong gdy boi nam cham (7); Nam cham c6 thé
la nam chdm vinh ctru hoac nam cham dién, do
16n ctia cuong do tir truong c6 thé thay d6i bang
viéc thay ddi do 16n cua cuong do dong dién chay
qua cudn diy cua nam cham dién hodc diéu chinh
khoang céach gifra hai cyc ciia nam cham vinh
ctru; (8) dau thu tin hidu (detector) va (9) thiét bi
Lock-in.

+ Dbi voi hé khao sat su truyén qua cua anh sang
Laser He-Ne, cac bo phan tir (1) dén (4) duoc
thay bang ngudn Laser.

+ Nam cham c6 thé quay tir 0 dén 45° nhdam muc
dich khao sat sy phu thudc vao hudng cua tu
trudng ngoai.

Trong thuc té, khi khao sat hé s truyén qua
mang mong Co-Ag twong ddi khé khin do tinh
chét phan xa cua Ag trong mang. Chiing t6i da cai
tién hé do nham khao sat su phu thudc ctia hé )
phan xa, so @6 khdi nhu Hinh 1b.

(a) /.

/’Ki ®
@
(5)

Hinh 1: (a) So d6 khoi khdo sat hé sé truyén qua
(b) So dé khéi khdo sdt hé sé phdn xa.
Trong so d6 khoi cua hé do tir-quang nham

khao sat sy phu thudc cia hé so phan xa vao budc
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song anh sang va tir truong ngoai.

+ (1) ngudn sang tring (¢ day tac gia sir dung
dén day toc 12 V-20 W); (2) hé tan sic; (3)
chopper ¢6 tic dung bién chum sang thanh tin
hiéu dang xung; (4) kinh phan cuc; (4’) kinh phan
cuc dit phia sau mau c6 tac dung hiéu chinh lai sy
quay cua vecto phan cyc do hiéu uing tr-quang
thong thuong (nhu hién tugng Kerr va Faraday);
(5) mau mang mong dugc dit trong tir truong giy
b6i nam cham (6); Nam cham c6 thé 1a nam chdm
vinh cuu hoac nam cham dién, d¢ 16n cua cuong
do tir truong c6 thé thay ddi bang viéc thay ddi
cuong d¢ dong dién chay qua cudn day cua nam
cham hoic diéu chinh khoang cach giira hai cuc
ctia nam cham vinh ctru; (7) guong phing; (8) dau
thu tin hiéu (detector).

3. Két qua do

Dic diém d& nhan thidy nhit & dd thi trén
Hinh 2 1a Gng v6i 470 nm< A4 <660 nm, su truyén
qua giam nhanh khi budc song cang dai.

Dic diém tht hai 1a & cic mang mong nay 1a
déu ton tai hai ving budc séng ma cuong do
truyén qua dat cuc tiéu dia phuong g véi budc
song khoang 560 nm va 660 nm.
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Hinh 2: Sy phu thudc ciia hé s6 truyén qua mau mang
i mfing Co-Ag phu thugc vao ti ¢ Co. )
bé thay rd quy luat sy phu thudc ctia hé so
truyén qua vao ti 1& % Co (x) va tir trudng ngoai,
cac dd thi truyén qua & trén duoc trinh bay lai véi
hé sb truyén qua T lay tai 2 budc song 560 nm va
660 nm. Db thi & Hinh 3 cho thiy:

+ Thtr nhit, hé s6 truyén qua tai hai budc
song 560 nm va 660 nm cé xu hudng cua mot dao
dong véi bién do giam dan khi ti 16 % Co trong
mAu ting.
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+ Thir hai, bién d6 dao dong dién ra manh &
nhitng mang mong c6 tinh chat siéu thuan tir
(<27%Co). Mitc do truyén qua thay dbi khoang
30% tai budc song 560 nm va 1én t6i hon 40% tai
budc song 660 nm.
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Hinh 3: Su bién thién cé dang dao dong tit dan theo
ti lé Co.

+ C6 thé giai thich két qua nay nhu sau: Céc
mau siéu thuan tir img véi kich thuéc hat da nho
(khoang vai chuc nm) so vdi budc song cia anh
sang da lam kich thich trang thai phan cuc
plasmon. Pay chinh 1a hién tugng plasmonic tur
tinh.

+ Pic diém cudi cung ta nhan thiy & day la
bién do dao dong tang Ién do6i chut khi co su tac
dung cua tu truong.
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Hinh 4: Hé 56 truyén qua mang mong Co-Al,0; phu
thuéc vao ti lé Co.

Hinh 4 1a d6 thi tong két lai toan bo cac két
quéa khao sat sy phu thudc ciia hé s6 truyén qua T
vao ti 16 % Co va tir trudng ngoai thé hién rd 03
xu huéng thay d6i ctia hé s truyén qua T vao tir
trudng ngoai va ti 1& % Co trong mau tmg voi 3
mién I, 1T va IIL.

Dbi v6i cac mau co ti 16 Co thip (x<49%)
g v6i mién I, hé s6 truyén qua 7T giam dan téi
mot mirc san truyén qua (7 0 ddi véi cac mau co ti
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1& Co cao (x>49%) tmg véi mién I11, hé sb truyén
qua T ting dan t6i mot muc tran (T,); d6i véi mau
x = 49% t6 hop ca hai xu huéng trén tng véi
mién II. Cy thé: Vi tir trudng yéu (H<100 Oe) hé
sO truyén qua ting 1én dén mot muc tran T,; roi
sau d6 lai giam dén mot mic nén Ty khi tir trudng
manh (H >100 Oe).

+ Thir hai, mtc trin T, . va muc san T; cling
thay ddi theo ti 1¢ Co. Cu thé, mic san T} ting va
mirc tran 7, giam khi ti 18 % Co tang 1én.

+ Céc két qua trén day c6 thé giai thich bang
1i thuyét twong tac magnon-photon dugc mé ta &
Hinh 5 [15].

Hinh 5: M6 hinh gidi thich twong tdc
magnon-plasmon [15].

+ Khi khéng cé tir truong (H = 0), mémen tur ciia
cac hat trong miu mang mong sip xép 16n xon
nén moémen tir tong hop bang 0. Dudi tic dong
ctia thanh phan dién truong E, trong song dién ti,
hat nano Co bi phan cuc tao nén su tich dién dia
phuong trong hat 1am xuét hién dién truong E’
cua hat. Do kich thuéc hat nhd nén hfmg s6 dién
mdi & < 0 din t6i £’ cung chiéu véi E, lam cho
anh sang dugc tang cuong.

+ Khi ¢6 tir truong (H # 0), mémen tur cia cac hat
trong mau dinh huéng theo tir truong ngoai. Hat
Co van bi phan cuc do thanh phﬁn dién truong E,
cua song anh sang lam cho anh sang duoc ting
cuong. Tuy nhién, thanh phan tir trudng B, cla
song 4nh sang lién tuc dbi chiéu nén vecto cam
g tir tong hop giira tir truong ngoai (B) va B, la
mdt vecto chuyén dong theo kiéu “tué sai”.

Jornal of Science and technology



4. Két luan

Hién tugng phu thudc ti 1¢ thanh phf?ln Co cua
hé s6 truyén qua mang mong dang hat Co-Ag ¢6
dang dao dong da dugc phat hién. Hon nita, bién
d6 dao dong l6n nhét tmg voi cac mau cé ti 1& Co
nim trong ving siéu thudn tir. Pdng thoi, tinh
chit truyén qua mang mong tir dang hat nano trén
nén dién mdi Co-Al,O; cua chum tia laser do, co
budce song 632,8 nm, dudi tdc dung cua tur truong
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ngoai cho théy hanh vi phy thudc tur truong dugc
quy dinh bdi ti 1¢ % nguyén t&r Co trong mang
(x):
+ V61 x <49 %, su truyén qua giam theo H.
+Véix>49 % , sy truyén qua ting theo H.
+ Vi x ~ 49 %, t6 hop ca hai xu hudng trén.

Céc két qua trén day 1a biéu hién cua hién
tugng plasmon tur tinh cua cac hat nano Co trong
mang mong dang hat Co-Ag va Co-ALO;
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PLASMON-SPIN PHENOMENA OF NANOPARTICLES COBALT
IN CO-AG AND CO-AL,O; THIN FILMS

Abstract: Plasmonic phenomena have been studied for a long time in the world [1-8]. However, the
number of papers on spin-plasmonic phenomena is relatively limited [9, 10]. Therefore, the research
problem of this paper is new. These are very basic physical phenomena of the photon-spin interractions,
photon-magnon interactions. We have used two methods of high-frequency sputtering and evaporation in
a vacuum to fabricate nanoparticles Cobalt on Co-Ag va Co-Al,Oj; thin films. Transmission spectra and
reflection spectra of Co-Ag and Co-AlLO; thin films there are manifestations quite clearly modulated by
the nanomagnetic nature in the material, specifically the ferromagnetic nature of the nanoparticles Co,
depends on the proportion of ferromagnetic components in the thin film, also affected by external
magnetic fields. The nano-optical properties can indirectly partly reflect the properties of spin-plasmonic
phenomena and spin-photon interaction.

Keywords: spinplasmonics, plasmonics, nanoparticles.
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