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T O M T A T 

DSe tinh truyin qua eua chum tia laser He-Ne dd. vdi bud'c sdng A = 632.8 nm, bdt cdc mani 
mong tir dang hat nano C0-AI2O3. cd chiiu day trong khoang 150-200 nm va ty Id Co la 20. 30 va & 
% nguydn tii, da duoe nghien cuv dwdi tac dung cua tw trwang ngoai vudng gde vdi mat phdng cCn 
mang mdng, vdt cwdng dd thay ddi tu' 0 din hon 400 Gs Kit qua cho thdy vdi ty Id Co thdp, chwa 2( 
va 30 % nguyen tw ma kht dd tinh chat sieu thuan td not trdi, ty sd truyin qua tdng ldn khi tang cwdni 
dd tir truvng. vd kit qua nguae lai da thu dwae dwac ddt vat mang mdng cd ty le Co lan hon, 50 °/. 
nguyen tu. ma khi do tinh sit td chiim wu thi Nguyen nhan cua sw phu thudc ndy da dwac thao luan 

Tir khda: plasmon tif tinh, mang mdng ILF dang hat nano Co-AI203, IJnh kien spinplasmonics 

A B S T R A C T 

The transmission characteristics of the red He-Ne laser light beam, with wavelength A = 632 i 
nm, by the nanomagnetic granular thin films C0-AI2O3. with Co components of 20, 30 and 50 at % 
were investigated under the effect of external magnetic field applied perpendicularly to the plane of thf 
thin films, with intensity varied from 0 to over 400 Gs The results showed that for the low-Co thin film^ 
contained 20 and 30 at.% cobalt, to which superparamagnetic behaviour is dominant, an increase: 
with increasesing magnetic field intensity of the transmission coefficient was observed, while for tht 
high^Co thin film, contains 50 at % cobalt to which ferromagnetic behaviour saves a salient portion, at 
opposite trend was recorded The reasons of this dependence are discussed 

1. GIOI T H I E U sal lii. nhu Co, cac dac tinh plasmonic cd the di 
dang thay ddi bang lir t rudng ngoai [4]-[6) Di 
la hien tuong plasmon tir tinh. ma ngudn gdi 

Hien tuang plasmon da duoc biet den tir 
lau khi cac hat kim loai, nhu vang (Au), vdi 

cua nd cd lien quan tdi sir thang giang ciia ma 
ich thuoc va ham luong thich hap duoc dua . , , ,. • . - . 1 ' -, , - . u •- 1 

,, . . , , . , r,n ^.,1 - I • 1 • 1 do Irang thai spin tai be mat phan cach giua ha 
them vao thuv tinh 111. Nhung loai thuy tmh , .' ',-..-• -• . • u- .• ? .* 

, , ; , - . , i ' . , r . . *. , kim loai sal lu va moi t ruang phi tu. do dirw 
nay CO the cho anh sang CO buac song xac dmh , , , , , , . . . , . . . . - " A - i - il 

\ , , - . , i .- VM - - .•- i'-; kich thich boi truoni; dien tU- Do la CO so chi 
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. , , - , ; " . , " , - • , • , . , , . . - cua Ihe he cac Imh kien plasmonic mai, 201 li 
do ban chat cua hat kim loai, kich thuac va mat • I L I * - • ; ' m u . ^- 1 
. . . , / .- , ' , - J . ' I - cac Imh kien .^/jmmas'/Hcw/ii'A [7J. hoat dong du; 
do hat, se quyet dmh nhung dac tmh ve ^ , • j - . J • • » - ,• u- i 

, ' . . / ! -̂  , . ; , , . ' . , . tren muc do lu do cua spin dien lu. hua hen ci 
plasmonic doi voi nhung anh sang co buoc 1-1 1 L- - * • A I -. • , I • roi A/ 

, - . . , . , . , i . ,.- . . ? . • nhieu kha nani> ung dung hel sue lo Ion [8J V 
song xac dinh. Vl the vat heu nay da duac ung . . . . "^ .-. . , ^ _^ u i ,1, 
, " . - , . , ,' . ' , . r ; ;-,, r-.T vay hien nay van de nay dang duoc nhieu nh, 

dung rong rai trong ky ihuat va doi song [2],[3J, , . 1,* • - i - , • fi, - .̂  i,it .,-, 
vri •- . . ? ; , . , • • i. . f-, , •• khoa hoc va cong nghe tren the gioi het sU' 
Nhung ung dune dien hinh nhu la cac linh kien .' , lu- J - „ , ,.,^. 1,^,, „i„ 
. , '̂  - ° • ^ . , . , . quan tam. trone khi do a trong nuoc hau nhi 
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Gan toy ngiro, ta da cho thay, kh, thay ^ ^^ q u a ' m a n g i„6ng ttr co cju tru 
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do, phu thudc vao tii' trudng ngoai. Cau tnic ciia 
loai mang mdng nay gdm cac hat sat tir Co phan 
tan ben trong nen di?n mdi phi tir AI2O3, vdi 
kich thudc chi khoang vai chyc nanomet [9], 
nhd han nhieu so vdi budc sdng dugc sir dyng 
de kich thich, A =632,8 nm. 

2. THVrCNGHIfeM 

Cac mau Co(j:)-Al20,, cd chieu day trung 
binh ~ 180 nm va ti le thanh phan ciia Co trone 
nen AI2O3 \ax= 20, 30, va 50 % nguyen ttr, che 
tao bang phuang phap phim xa ten de thiiy tinh, 
trong plasma Ar duy tri d 0,5 x 10"'' bar (chan 
khdng CO sd ~ 10 * bar). Chieu day mang mdng 
dugc xac djnh bang ky thuat miii dd quet su
dung thiet bi do mang mdng Alpha-Step, thanh 
phan Co dugc xac djnh bang ky thuat pho tan 
sac nang lugng EDS, 

Sa dd bo tri thuc nghiem dugc trinh bay 
d hinh 1. Ngudn kich thich mau (1) la loai laser 
khi He-Ne, cd budc sdng A = 632,8 nm Dau 
thu tin hieu (6) sau khi chiim tia truyen qua mau 
la loai cam bien quang dien trd (photo diode) 
CdS. Tir trudng duoc tao ra bdi nam cham dien 
(3) vdi cudng do thay ddi trong khoang B = 0 -
450 Gs. Mau dugc dat tai tam cudn nam cham 
dien sao cho nam tren true ciia tir trudng va tac 
dyng vudng gde len be mat cua mang mdng, 
dong thdi cung la true quang hgc ciia he. 

De loai bd cac hien tugng quang tir 
khong mong dgi, gdm hieu ung Kerr va 
Faraday xuat hien irong irudng hgp mau sat lir, 
va/hoac mau dugc dat trong tir trudng, he kinh 
phan cue (2) va kinh phan lich (5) da duoc dua 
vao, Khi do su quay khdi goc phan cue ban diiu 
ciia chdm lia kich thich (dugc quy dinh bdi kinh 
phan cue (2)), khi truyen qua mlu sk tir, 
va/hoac di vao vimg tir trudng ciia nam cham 
dien, se dugc dieu chinh trd lai nhd kinh phan 
tich (5), De nhan biel goc phan cue va goc phan 
tich da triing nhau, de tir do dam bao dugc riing 
cac hieu iing quang tir thong thudng da bi loai 
trir, kinh phan lich (5) phai dugc quay cho den 
khi cam bien CdS nhan dugc cudng do chiim 
tia laser truyen ldi la Idn nhat. Vi vay, cudng dg 
J gh\ nhan dugc, neu cd thay ddi so vdi cudng 
do chiim so cap ./<,, se khdng cd ddng gdp ciia 
cac hieu irng quang lir thdng thudng. 

De xac djnh ty so truyen qua mau cua 
chiim tia laser phu thudc vao cudng do tir 

trudng, trudc het cac phep do xac djnh quan jî  
giiJa cudng dp cam ung tu B ciia nam ch&ji 
di?n (3) vdi cudng dp ddng dien / dugc cip tir 
nguon ddng (4), va quan he giiJa cudng dp 
chiim tia laser Jo ciia ngudn (1) vdi quang diSn 
trd Rcds cua cam bien CdS da dugc th r̂c hi^, 
Ket qua cho thay cuong dg cam ung tu 5 va 
cudng dg ddng dien / cd quan h^ tuyen linli 
theo ham so: B(Gs)~170x/(A), va quan hegifia 
cudng dg chiim tia laser JQ va quang dien tro 
Rcds ciia cam bien CdS cd dang ham mu, cho 
thay y?cds giam nhanh theo JQ: Rcdsifi) ~6,3xJi' 
"•^(W). Trong nghien cuu nay, ty sd truyfin qua 
dugc dmh nghia qua ti sd JUQ, vdi cudng do 
chiim tia sa cap Jo lay trung binh va cd dinh 6 
22,57 mW. 

L , 
Hinh 1. (a) Sa dS he do xdc dinh do hvyen 
qua cua chum tia laser b&i mdng mong lit 
dang hgt phu thuoc vao tir tru&ng ngodi. (b) 
Anh bo tri thirc nghiem cua phep do. 

3. KET QUA VA THAO LUAN 

Cac hinh 2, 3, va 4 la ket qua khao satŝ  
phu thugc vao cudng dg tu trudng fi cua ty so 
truyen qua JUQ ddi vdi cac mang mdng tii dang 
hat C0-AI2O3, vdi ty le ciia Co tucmg ung la 20, 
30 va 50 %. Cac k€t qua nghien cuu tren he 
mang mdng C0-AI2O3 da cho thay [9], vdi ty 1? 
Co trong khoang 1 0 - 3 0 % nguyen ti>, mang 
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mong cd tfnh sieu thuan tir dien hinh - la hanh 
vi dap ung su tir hda ciia cac hat sat tir dan 
ddmen. Vugt qua 30 % Co tinh sat tir cang the 
hien ro ret. Vi v^y cac mau 20 va 30 % Co dai 
di?n cho mdi tnrdng nano cd tinh sieu thuan tir, 
trong khi dd mau 50 % Co dai dien cho mdi 
trudng hdn hgp ca tinh sat tir, la chii yeu, vdi 
mgt phan cd tinh sieu thuan tir. 

Trudc het, tir cac ket qua thu duoc nhan 
thay rang, ddi vdi cac mau 20 va 30 % Co, ty so 
truyen qua J/J, tang kha deu dan khi B tang, va 
CO xu hudng bao hoa khi B > 400 Gs (hinh 2, 
3). Tuy nhien mau 20 % Co cd do truyen qua 
cao han, nam trong khoang 0,61-0,70 (truyen 
qua den ~ 60-70 %), so vdi mau 30 % Co, co dg 
truyen qua chi ~ 0,23-0,27. Khi Co tang len den 
50 %, mau lai cd tinh chat ngan can manh ddi 
vdi chiim tia laser dd. Han nira lai cang giam 
khi B tang len, nhu thay d hinh 4. Muc do 
truyen qua vdi mau nay chi khoang 0,06-0,07, 
va Cling cd khuynh hudng bao hda khi B > 400 
Gs. 

Cac hien tugng tren day chii yeu lien 
quan den hai yeu to ciia cau liijc mau: (;) kich 
thudc va mat do ciia hat nano Co phan tan trong 
nen oxit AI2O3; (//') ban chat sal tir ciia cac hat 
Co. Trudc het, nhan thay rang yeu to (/) chii 
yeu chi gay nen cac hieu ung quang hgc thuan 
tiiy - nguyen ly truyen qua, ma hau nhu khong 
chiu sir tac dgng cua tir trudng ngoai: kich 
thudc va mat do hat cang thap, do truyen qua 
cang cao. Tir dd, nhu da quan sat thay d tren, 
khi cac mau vdi lugng Co tang dan, 20, 30, va 
50 %, do do kich thudc va mat do hat Co cung 
tuong ung tang theo, muc do truyen qua lan 
lugt giam dan. 

Ngoai ra, muc do truy6n qua thuan liiy 
quang hgc d6i vdi chiim tia laser do (khdng tinh 
den vai trd ciia tir trucmg tac dung) cd the cdn 
CO dong gop cua hien tugng giam ham (dinh xir, 
hoac "bay") anh sang tai be mat cac hat kim 
loai. Hien tugng giam ham nay la do cac dao 
dong phan cue plasmon be mat [10],[11], xuSt 
hien bdi su dieu chinh lai mat do trang thai di^n 
tli d lan can mat Fermi [12], ma ddi vdi cac 
mau nghien cuu d day chinh la be mat 
C0/AI2OJ giiJa hat Co vdi nen AI2O3. Hien 
tugng xuat hien cac dao ddng plasmon djnh xii 
be m t̂, la trang thai kich thich ca ban thu cap 
trong chit r^n [2], thudng ndi trgi d cac he 

nano, nhu cac mlu nghien ciru d day, trong do 
cac hat s4t tu Co phan tan trong nen AI2O3 cd 
kich thudc rat nhd (trong khoang 10-30 nm) so 
vdi budc sdng kich thich (- 600 nm). 

Ve yeu to (//) ciia ban chat sat tir ciia cac 
hat nano Co, day se la ngudn goc gay nen su 
phu thudc tir trudng cua do truyen qua JIJ,{B), 
ma dugc cho la cd lien quan tdi hien tugng 
plasmon tir (magnetic plasmon). 6 trong cac 
hinh 2-4 cd minh hga cac dam hat sat tir Co vdi 
miii ten the hien vecto tir do M, ciia moi hat. 
Khi khdng cd, hoac cd tir trudng thap, tu do M, 
ciia cac hat Co sap xep hdn dgn trong nen 
AI2O3. Tir trudng tang len (theo h-rdng vudng 
goc vdi be mat mimg), keo theo cac tir do M, 
quay gan nhu ddng bd va hudng theo tir trudng, 
vdi mirc do sap xep trat tu tang dan, cho den 
khi hoan toan trat lu, nghTa la dat den trang thai 
bao hda khi B > 400 Gs, va tu do tdng cgng 
Y,M, se dat gia tri Idn nhat. 

J/J0O6 ^ 

y^ 

4. i«-/ 

Hinh 2 Su phti thuoc tir truang cua ty so 
truyen qua JUQ cua mdu CoilOYoj-AljOi. 

Vi cac mau C0-AI2O3 vdi 20 va 30 % Co. 
mau CO dac trung sieu thuan lir, trong khi mau 
50 % Co chu yeu mang tinh sat tir, chi mgt phan 
nho tinh sieu thuan tir [9], nen ket qua d cac 
hinh 2 va 3 chung to rang chiim lia laser do vdi 
budc sdng X - 632,8 nm cd the truyen qua mgt 
moi trudng gdm cac hat nano sieu thuan tir cang 
de dang hon khi cd su trg giiip (tac dung) cua tir 
trudng ngoai Tinh sieu thuan til' cang giam khi 
lugng Co cang tang, va muc do truyen qua ciia 
chiim tia laser do dudi tac dung cua tir trudng 
ciing giam theo. Dieu dang chii y la khi lugng 
Co dil ldn de mdi trudng quang hgc (mang 
mong C0-AI203) trd nen bat dau co tfnh sat tir 
dien hinh, ~ 50 % nguyen tu, mirc do ngan can 
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chum tia laser dd truyen qua lai dugc tang 
cudng manh hon hdi lir trudng ngoai, nghTa la 
tir trudng cang lam can trd anh sang dd manh 
han. Nhu \'ay, t\ sd truyen qua ciia chiim tia 
laser dd. mdt mat phu thugc vao \y le ciia thanh 
phan sal lii' (Co) cti irong nen dicii mdi (ALOi) 
(se quy dmh kich thudc va mjil do hat), mat 
khac phy lliugc vao mirc do trat ty lir gii'ra cac 
hat sal lir nano (do tir trudng ngoai tac dgng). 
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Hinh 3. Sir phu thudc tir trmmg cua ry .so truyen 
qua JIJi, cua mdu Co(3()%)-Al2()i 
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Hinh 4 Sir phu thudc tir truvng cuu tv sd truyin 
qua JIJu cua mdu C 'o(50%)-Al<),. 

Lien quan dC'n ban chiil sM tii' ciia hat 
nano Co (//'), hien luong phy thudc tir irudng 
ciia ly so truyen qua JIJ„ dugc cho la do xual 
hien trang thai kich thich cac dao dgng ciia mat 
do spin cua dien lir a be mat cac hat Co bdi 
song dien tir. Dao diing nay dan d^n hinh ihanh 
dong plasmonic cam img quang hoc d be mat 
Co/AljG, khi cac hat Co cd kich thudc nhd hon 
nhieu so \6i budc sdng ctia chiim anh sane 
chieu tdi [7]. Khi dd cd su lien kk rk manh 

giua trudng dien tir vdi cac hat Co lam cho birc 
xa dien tir bi "bay", nghTa la bj djnh xij d xung 
quanh be mat cac h^t, khdng lan truyen di dugc 
[2] Mat khac, vdi kich thudc hat nhd han nhieu 
so vdi budc sdng kich thi'ch, nhu cac hat Coc6 
kich thudc chi ~ 20-30 mn [9] so vdi budc song 
chiim tia laser dd A = 632,8 nm, se kich thich sir 
dao ddng ket hgp ciia cac dien tu ben trong m6i 
hat Co. 

Tuy nhien, vi Co la s^t tir, nen cd sir phan 
cue spin (so dien tir trong cac hat Co la mgt tap 
hgp khdng can bang nhau giCra cac spin hirong 
len (spin-up) va hudng xuong (spin-down)), do 
dd cac dao dong ciia mat do spin d be mat - la 
cac dao dgng plasmonic dugc cgng hucmg 
quang hpc - cd the xung dot vdi cac dao dpng 
kel hgp ciia cac dien tu phan cue spin d ben 
trong mdi hai Co. Dieu dd lam giam di linh 
dinh xu ddi \di birc xa dien tir bdi plasmmi 
phan cue be mat, nghta la lam tang kha n3ng 
truyen qua ddi biic xa dien tir. Ndi khac di, 
chinh sy mat can bang spin do ban chat s5t tir 
ciia cac hat Co da lam giam kha nang "bay" buc 
xa dien tir. Nhu vay, trong mgt tap hgp gdm cac 
hat Co sieu thuan tir ma d dd tir do giira cac hat 
sap xep ngau nhien khi 5 = 0 hoac cd cudng dp 
yeu. mac dit kha nang "bay" anh sang doi vai 
mdi hat da giam di do ban chat sat tir ciia cac 
hat Co nhu da neu d tren. nhung cac goc phan 
cue anh sang do tir dp M, gay ra bdi hieu irng 
quang tu trong moi hat Co. sau khi qua mgt tap 
hap cac hat Co vdi hudng tir dp ngau nhien, 
ciing ird nen bi phan bd ngau nhien Tiir do dan 
den birc xa dien lu khi qua mau bj triet tieu lk 
nhau, nghTa la gay ra hieu iing dap tat cac biic 
xa dien tir truyen qua mau. Tir do cd the thay 
nga\ rang khi cudng do tir trudng tang len, tir 
do cua cac hat Co trd nen sap xep trat tu hon, 
do dd Ciic gde phan cue ciia chiim tia laser qua 
mau trd nen gan nhu ddng deu nhau, va cac tia 
hudng tdi song song va ddng bg vdi nhau hon. 
Ket qua la ty sd truyan qua JIJ„ tang len khi B 
tang Cung chinh ca che nay da gay nen hien 
lugng dugc goi la spin plasmonic xay ra a cac 
hat Co duac phii mdt phan be mat bdi ldp Au 
[7].[8]. 

Khi lugng Co ldn, 50% nguyen tir, mot 
mat ban than mdi hat Co cd the khong con la 
dan dd-men niia; mat khac, tuong tac giua cac 
hat Co cd the lam xuat hien nhiing dam kettu 
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gom cac hat Co nhd han cd hanh vi gidng nhu va Kerr), lan dau tien duoc nghien cim, Ket qui 
mgt "hat" sat tir da ddmen vdi kich thudc hieu budc dau cho thay, mdt mdi trudng quang hgc 
dung ldn. Khi do kha nang xuat hien cac dao trong do gom cd cac hat nano kim loai sat tii 
dgng ket hpp tii' cac dien tu trong mdi dam hat vdi kich thudc va mat do thich hgp, cd the dugc 
Co nhu the cd the bi suy giam di nhieu do kich sir dyng nhu mdt linh kien plasmonic de diet 
thudc hieu dung tang len (tuy nhien, cdc kich tiet mirc do truyen qua hay giam ham biic xa cc 
thich dao ddng plasmon be mat van cdn), vi the budc sdng xac djnh bang tir trudng ngoai. Mac 
do ldn hieu dung ciia M, trong mdi dam hat do dii mdi chi la budc nghien cuu co linh chat khd 
cung tang len Ket qua la hien tuong quay dgng cho mot hudng cdng nghe hoan toan md 
quang tir Kerr trd nen ndi trgi va che lap di hien ddi vdi loai vai lieu quang - tir - dien tu d tronj: 
tugng plasmon be mat. Vi vay khi B cang Idn. nudc - loai vat lieu va linh kien .spinplasmonics. 
hien lugng quay Kerr cang manh. va do truyen mgl sd van de ve vat ly co ban va kha nang irnjj 
qua ciia chiim tia laser dd cang yeu di. nhu da dung da duoc he md 
ehi nhan duoc va thay a hinh 4 j- .r- i •• <-»-»,i 
=* -̂  5. CAM ON 
4. K E T L U A N . , , . - , . , , . . . . • , : , . - -! 

Nghien cuu dugc tai trg boi de tai ma sc 
Tinh chat truyen qua mang mong lu dang 103 02 2012 65 thudc quy NAFOSTED. va de 

hat nano C0-AI1O3 ciia chiim tia laser do. co lai cap trudng (DHSPKT Hung yen): "Xa> 
budc song 632.8 nm. dudi tac dyng ciia lir dung he do \a nghien ciiu linh chat tir-quang 
irucmg ngoai, trong dd da loai bd cac hieu ung cua mang dang hat nano Co-Ag va Co-
quang tir thdng thudng (cac hieu irng Faraday AbOi" 
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