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SU TRUYEN QUA CUA CHUM TIA LASER DO BG1 MANG MONG Co-ALO;
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TOM TAT

D4&c tinh truyén qua cua chom tia laser He-Ne do, vé1 butc séng A = 632.8 nm, bér cac mam
moéng i dang hat nano Co-Al;,0,. ¢ chiéu day trong khoang 150-200 nm va ly I Co 14 20, 30 va &
% nguyén (. da duoc nghién cuu dudi téc dung cua tu trudng ngoar vudng géc vér mat phéng cti
mang mong, vér cudng do thay dor tir 0 dén hon 400 Gs Két qus cho thdy v ty I¢ Co thap. chira 2t
vé 30 % nguyén tr ma khi do tinh chét siéu thuan tir nds trdi, ty s truyén qua tang lén khi tang cudmg
dé tr truong, va két qua nguoc lai da thu duoc duoc dbi vé1 mang mong c6 ty 1€ Co lon hon, 50 %
nguyén i, ma khi do tinh sat tir chiém uu thé Nguyén nhan cua su phu thuéc ndy da duoc thao luan
T khoa: plasmon tu tinh, mang méng tir dang hat nano Co-Al203, linh kién spinplasmonics

ABSTRACT

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

1. GIOI THIEU st 10, nhu Co. cac dac tinh plasmonic ¢6 thé di
dang thay dd1 bang tir trong npoai [4)-(6} D
1a hién tuong plasmon tie rinh, ma nguon 260
cua n6 ¢ bén quan tai sir thang giang cia ma
do trang thai spin tai bé mit phin cich gitra ha
kim loar sit tir v moi trudmyg phi tir, do duoe
kich thich bai ruomg dién nr. D6 13 cor so che
mot Ioal val ligu dién ur-quang man va syrra do
cua thé ac linh kién plasmonic mai. goi Lt
cic linh kién spinplasmonics | 7). hoat dong du:
trén mire do tr do cua spin dign 0. hia hen ¢
nhiéu khi ning g dung hét site (o 16n 18] v

vy hidn nay van dé nay dang diroc nlueu nh
khoa hoc va cong ngh¢ trén thé Lo hét sa
quan tam. trong Khi d6 o trong nude hau nhy
van con it dwge chu vy den.

Hién wrong plasmon di duoc biét dén tir
tau khi cic hat kim loai, nhu vang (Au). voi
kich thude va ham luong thich hop dugc dua
thém vao thuy tinh [1]. Nhitng foai thiy tinh
nay cé thé cho anh sanE c6 bude song Xac dinh
Iru)en qua, hoac bj “bay". Nhirng vét li¢u kiéu
nhu vay duoc goi la var liéu plusmonic, trong
dé ban chat coa hal kim loai, kich thude va mat
do hat, sé quyu dinh nhung dac tinh vé
plasmonic déi voi nhitng anh sang c6 budc
song xdc dinh. Vi thé vat liéu nay da duge g
dyung rong rai trong ky thuat va don song [21,(3].
Nhirng img dung dién hinh nhur la céc linh kién
déng ngat quang trong_céng nghé théng tin
quang (linh kién chuycn mach quanh) man
chin quang, bg loc sic, by dan song. v v. Trong bai bao nay. ching toi trinh ba
mét so kel qua nghién cirn buoe daun \‘. e
tuong lru)'en qua mang mong lir co cau i
kicu dang hat nano Co-AL,Oy cua chum tia lase

Gan ddy ngudi ta da cho lha) khi thay
1hé cac hat kim loai (thong thuomg bing cac hat
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do, phu thudc vio tlr rrong ngodi. Ciu tric cua
loai mang mong nay gom cac hat sat tir Co phan
tan bén trong nén dién moi phi tr ALO;, véi
kich thude chi khoang vai chyc nanomét (9],
nho hon nhigu so vai bude séng dugce sir dung
dé kich thich, 4= 632,8 nm.

2. THYC NGHIEM

Cac mau Co(x)-Al,0y, cé chitu day trung
I:mh ~ 180 nm va (i 1¢ thanh phan cda Co trong
nén ALO, 13 x =20, 30, va 50 % n|,uycn ur, che
(a0 bing phuong phap phin xa lén dc thuy tinh,
trong plasma Ar duy tri & 0.5 x 10°° bar (chan
khéng co sé ~ 10 * bar). Chiéu day mang mong
duge xac dinh bing ky thuat miii do quét sir
dung thiét bi do mang mong Alpha-Step, thanh
phan Co dugc xac dinh bing ky thuat phd tan
sic ndng lugmg EDS.

So do bo tri thire nghiém duge trinh bay
o hinh 1. Nguon kich thich mau (1) 1a loai laser
Khi He-Ne, ¢6 bute song A = 632,8 nm Dau
thu tin hiéu (6) sau khi chum tia lruyen qua mau
1a loar cam bién quang dién tro (photo diode)
CdS. Tir truong duoc (ao ra bdi nam cham dién
(3) véi cudmg d6 thay déi trong khoang B =0 -
450 Gs. Mu duge dat tai tim cudn nam cham
dién sao cho nam (rén (ruc cia tir lrucmg va tic
dung vuéng goc lén bé mit cua mang mong,
ddng thoi cling la truc quang hoc cia hé.

Pé loai bo cic hién tugng quang ur
khéng mong doi. 26m  higu ung Kerr va
Faraday xuat hién trong truong hop mau s i,
va/hoic mau duge dat trong tir trudng, hé kinh
phéan cure (2) va kinh phan tich (5) di duoc dua
vao. Khi d6 su quay khoi goc phan cuc ban dau
cua chum tia kich thich (duoc quy dinh béi kinh
phan cre (2)), khi mlycn qua miu sat
va/hoic di vio vang tr trudmg cha nam cham
dicn, s¢ duot didu chinh try lai nho kinh phan
tich (5). D nhan bict géc phan cye va goc phan
tich da tring nhau, dé tir d6 dam bao duoc rang
cdc hiéu iy quang ur thong thuong da bi loai
trir, kinh phan tich (5) phai duge quay cho dén
khi cam b|cn CdS nhan dugc cuong do cham
tia laser truyén 16i 1a 16n nhét. Vi vay, curm& do
J ghi nhan duge. néu c6 thay déi so véi cuo’ng
dé chiim so cap /i, s¢ khong co dong pop cia

cde hiéu ang quang Uit thng thuomg.
Dé xac dinh v s6 truyen qua mau cua
chiim tia laser phu thuoe vao cuong do r
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trudmg, trude hét cac phép do xic dinh quan i
gita cuong 46 cam Umg tr B cia nam chan.
d|¢n (3) voi cuong dd dong dién J duge capu,
ngudn dong (4), va quan hé gu‘la cudng ¢
chim tia laser J, ciia nguon (1) véi quang diéa
tro Reys clia cam bién CdS da dugce thuc hign.
Két qua cho thdy cuang dé cam ung lu Bv
cuong do dong dién 1 c6 quan hé tuyén tinh
theo ham sé' B(Gs) ~170%/(A), va quan hé giia
cuong d6 chum tia laser Jo va quang dién g
Rm cia cam bién CdS co dang ham mi, cho
lhay Recqs giam nhanh theo Jy: R<,5(D)~63Kl,

oWy, Trong nghién ciru nay ty so lruyen qua
duge dinh nghla qua i 80 JAJp, voi cuong ]
chim tia so cap J, lay trung binh va cd dinh ¢
22,57 mW,

() NI
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T

Hinh 1. (a) So d6 hé do xdc dinh d6 truyén
qua ciia chim tia laser boi mang mong it
dang hat phu thugc vao tir truomg ngodi. (8}
Anh bé tri thue nghiém cia phép do.

3. KET QUA VA THAO LUAN

Cac hinh 2, 3, va 4 la két qua khio sit ¢
phy thuge vao cudng d¢ tir truomg B cua I)'S0
truyén qua J/J, ddi véi cic mang mong tir dag
hat Co-Al,Os, v&i ty 1& cia Co tuong (mg 1320
30 va 50 %. Cic két qua nghxen ciru trén K
mang méng Co-Al0; da cho thiy [9], véi ty ¥
Co trong khodng 10 - 30 % nguyén b, ming
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mong ¢6 tinh siéu thuan wr dién hinh - 1a hanh
vi dap img sy tir hda cua cac hat st tir dom
domen. Vugt qua 30 % Co tinh st tir cang thé
hién rd vét. Vi véy cdc miu 20 va 30 % Co dai
dién cho m r\mng nano ¢o tinh siéu thuan 1,
trong khi dé mau 50 % Co dai dién cho moi
trudmg hdn hop ci tinh sit i, 1a cha yéu, véi
mot phan c6 tinh siéu thuan .

Trwbe hét, tir cac két qua thu duoc nhan
thy ring, d6i vai cc mau 20 va 30 % Co, ty sb
truyén qua JiJ, tang kha déu din khi B (ang, va
¢d xu hudng bdo hod khi B > 400 Gs (hinh 2
3). Tuy nhién mau 20 % Co c6 do truyén qua
cao hom, nim trong khoang 0,61-0,70 (truyén
qua dén = 60-70 %), so véi mau 30 % Co, cd d
truyén qua chi ~0,23-0,27. Khi Co tang 1én dén
50 %, mAu lai co tinh chit ngan can manh déi
voi chum tia laser do. Hon nua lav cang giam
khi B tang ién, nhu thdy & hinh 4. Mic dé
lruyén qua véi mau nay chi khoang 0,06-0,07,
va ciing ¢6 khuynh hudng bao hoa khi B > 400
Gs.

Cic hién tugng trén day chu yéu lién
quan dén hai yéu td cia cau tric mau: (i) kich
thuée va mat dg cua hat nano Co phan tan trong
nén dxit A0y, (if) bin chat st tir coa cac hat
Co. Trude hét, nhan thiy ring yéu 16 (i) chu
yéu chi gay nén cac hiéu img quang hoc thuan
tly - nguyén ly truyén qua, ma hau nhu khong
chju sy tic dong cla tr trudng ngoai: kich
thuée va mat d hat cang thap, dé truyén qua
cing cao. Tir d6, nhu da quan sat thiy & trén,
khi cdc mdu véi lugng Co tang dan, 20, 30, va
50 %, do d6 kich thuéc va mat do hat Co ciing
tuong (mg |ang theo, mirc d¢ truyén qua lan
lwgt giam dan.

Ngoai ra, mirc dé truyén qua thudn tiy
quang hoc déi véi chim tia laser do (khéng tinh
dén vai 1ro cua tir truomg tac dung) c6 the con
¢ déng gdp ciia hién tuong giam ham (dinh x(,
hodc "bdy") anh sing tai be mat cac hat kim
loat. Hién tuong giam ham nay la do céc dao
dgng phan cyc plasmon bé mat [10],(11], xuat
hién bon sy diéu chinh lai mét dé trang (hai dién
m & lan can mit Fermi [12], ma doi véi cic
miu nghién ciu & diy chinh 13 be mat
CO/AI70, gira hat Co vai nén ALO;. Hién
fugng xudt hign céc dao déng plasmon dinh Xir
bé mat, la trang thai kich (hlch co ban tha cap
trong chdl rin [2], thuomg ndi tréi & cac hé

107

nano, nhu cic mau nghién ciru & day, trong do
cac hat sét ur Co phan tan trong nén ALO; co
kich thudce rat nho (trong khoang 10-30 nm) so
vdi budc song kich thich (~ 600 nm).

Ve yéu 18 (if) ciia ban chat sét tir cia cc
hat nano Co, day s& Ia ngudn gbc gay nén sy
phu thudc tir truomg cia dé lruyén qua JIJLB),
ma duge cho 12 ¢o lién quan t6i hién tuong
ptasmon r (magnetic plasmon). 0 trong cac
hinh 2-4 ¢6 minh hoa cac déam hat sit (r Co voi
mii tén (hé hién vécto ty do M, cua mbi hat.
Khi khéng co, hojic co ir truong (hap, or dé M,
cta cac hat Co sap \ep hén don trong nén
A0y T truong tang lén (theo hrong vudng
goc vui bé mat mang), kéo theo cac tir do M,
quay gan nhu dong bd va hudng theo tir trudmg,
voi muc do sap X€p tral oy tang din, cho dén
khi hoan toan trdt tu, nghia la dat dén trang thai
bio hoa khi B > 400 Gs, va (ir do 1ong cong
TM, s& dat gia tri 1on nhat.

—
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Hinh 2 Sw phy thuéc nir trumg cua ty 56
truyén qua JIJy ctia mau Co(20%)-41,0;.

Vi cac mau Co-AlO; véi 20 va 30 % Co,
mau cé dac trung siéu thuan t, trong khi mau
50 % Co chu yéu mang tinh st tir, chi mét phan
nho tinh s1éu thudn tir (9], nén két qua o cac
hinh 2 va 3 chimg (6 ring chim tia laser do v6i
bude song A = 632.8 mm co thé lruyén qua mot
moi lrudng gom cac hat nano siéu thuan tir cang
dé dang hon khi ¢6 sir trar gitip (tac dung) clia tir
truong ngoai Tinh siéu thudn tr cang giam khi
lugng Co cang ting, va muc dd truyén qua coa
chum tia laser do dudi tac dung cua tir truomg
ciing giam theo. Didu déng chi y 1a khi luong
Co du Ion dé mdi truomg quang hoc (mang
mong Co-AlLOy) ro nén bat dau cb tinh sat tir
dién hinh, ~ 50 % nguyéa tir, mife dd ngin can
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cham tia laser do truyén qua lai duoc tang
cudng manh hon bdi tr trrdng ngoai, nghia la
(0 trwdng cang dam can tee dnh sang do manh
hon, Nhir vy, 1y so truyén qua cia cham tia
laser do. mot mat phu thude vio 1y 1¢ cia thanh
plnn it Hr (Co) ea trong. nén dién méi (ALOL)
(s¢ quy dimh Kich thude va mit do hat), mit
Kltdc phu thude vao mire do wat y wr gira cac
hat sit tir nano (do tir trugng ngodi (ac dong).
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Hinh 4 Sie phu thioe e trieong cua ne so an on
qua Juewa man Cot50%)- 41,0,

Lién quan dén ban chat sit tir caa hat
nano Co (i), Imn ureng phu thuge nr mram.
cha ty sb truyen quit Sy duoe cho [a do xaat
hién trang that kich thich cac dao dong cita mat
do spin cua dign nr & bé mit cac hat Co boi
song dién 1ir. Dao dang nay dan dén hinh thanh
dong plasmome cim (g quang hoe @ bé mat
Co/ALOYKhi cac hat Co ¢6 kich thudc nho hon
nhidu so v 60 bude song cua cham anh sang
chiéu 1Gi [7). Khi do ¢6 su lien kél ri manh

gitra truomg dién tr véi cac hat Co lam cho b
xa dién (ir bj “bay™, nghia la bi dinh _xt’l & Xung
quanh bé mat cic hat, khong lan truyén di dugc
12| Mat khac, véi kich thudc hat nho hon nhiey
s0 vai budc song kich thich, nhu cdac hat Co ¢4
kich thude chi ~20-30 nm [9] so vai budc séng
chium tia laser do A = 632.8 nm, sé kich thich su
dao dong két hop cua cic dién wr bén trong méi
hat Co.

Tuy nhién, vi Co la sit tir, nén c6 sy phin
cyre spin (s0 dién 1 trong cdc hat Co la mét tdp
hop khong can bing nhau gitra cac spin hudng
Ién (spin-up) va hudng xuéng (spin-d_own)), do
d6 cic dao dong cua mat do spin @ bé mit - I3
cac dao dong plasmonic duoc cong huomg
quang hoc - c6 thé xung dot vai cac dao ding
két hop cua cac dién wr phan cuc spin & bén
trong moi hat Co. Dicu dé tam giam di tinh
dinh x{r dé1 v6i birc xa dién tr bon plasmon
phan cuc bé mat, nghia 1a lam tang kha ning
truyen qua dm bic xa dién tr. Noi khic di,
chinh sy mat can bing spin do ban chét sit ti
cua cdc hat Co da lam giam kha nang “bay bic
xa dién tir. Nhu vay. trong mdt tap hop gom cic
hat Co siéu thuin tlr ma & do6 tir ¢ piira cac hat
5ap xép ngau nhién khi 8 = 0 hodc c6 cudng dp
. mac du kha ning “bay” anh sang doi voi
moi hat di giam di do ban chat sat ur cva cic
hat Co nhu da néu & trén. nhung cac goc phin
cyc anh sang do tir do M, gay ra boi hiéu ung
quang ur trong méi hat Co. sau khi qua mot tip
hop cac hat Co vai huong tir do ngau nhién,
cang trg nén br phan bo ngau nhién Tir dé din
dén bire xa diéa tir kin qua mau bj triét (iéu lin
nhau, nghia la gay ra higu ing dap 1at cac birc
Xil dxen ur truyen qua mau. Tur do ¢ thé Ihay
ngay ram_ khi curomg do ir truomg tang lén, i
do cua cac hat Co tro nén sip xep trat tu hon,
do d6 cac goc phan cue cia chim tia laser qua
miu e nén gan nhw dong déu nhau, va cic tia
hudng 16i song song va dong b vor nhau hon.
Két qua 1a ty sb wruyén qua JiJ, tng 1én khi B
ting Ciing chinh co ché nay da gay nén hién
tugmg duge goi la spin plmmomc xay ra o ci
hat Co duge phi mot phan bé mit bai lop A
[7).18].

Khi lugng Co lon, 50% nguyén i, mit
mat ban thin mdi hat Co co thé khong con
don d6-men nira; mat khac, tuong tac gum'clc
hat Co ¢6 thé lam xudl hién nhirng dam ketw
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gom céc hat Co nho hon c6 hanh vi giéng nhir
mét “hat™ st fr da démen Vi klch thudce higu
dyng lon. Khi d6 kha nang Xuat hién cic dao
déng két hop tir cc dién tir trong moi dam hat
Co nhu thé cb thé bj suy giam di nhiéu do kich
thude hiéu dung tang 1én (tuy nhién, cde kich
thich dao déng plasmon bé mat vzn con), vi the
d¢ 16n hieu dung cia M, trong, mdi dam hat do
cling tang lén Két qua 1a hién tyong quay
quang tr Kerr trg nén n6i i va che bap di hién
tugng plasmon bé mat. Vi vay khi B cang lom,
hién tugng quay Kerr cang manh, va d@ truyén
qua cua chum tia laser do cang yéu di. nhu di
ghi nhan duoc va thay o hinh 4

4. KET LUAN

Tinh chit truyén qua mang mony tir dang
hat nano Co-AlLO,: cia chum tia laser do. ¢co
bude song 632.8 nm. dudi tac dung cia tr
truong neoai. trong do da loai bo cac hicu ang
quang tr thong thuomg (cac hicu (mg Faraday

va Kerr), 1in dau tién duoc nghién ciru. Két que
bude diu cho thay, mét moi trurong quang hoc
trong do L,om ¢6 cac hat nano kim loai sat tb
véi kich thuge va mat do thich hop. ¢é thé dirgc
st dung nhu mét linh kién plasmonic dé dicu
tiét e do truyen qua hay giam ham bic xa ¢¢
bude song xac dinh lmn]> 1lr trudmg ngodi. Miac
dii mai chi la budre nghién ctu cé tinh chat khar
dong cho mot hudng cong nghé hoan toan ing
doi vai loai vat ligu quang - 1r - dsén tr o trong
nude - loai vat lidu va linh kien spimplasmonicy
Mol s6 van dé vé vat 1y co ban va khi nang g
dung di duoc ié mo

5. CAM ON

Nghién clu dugc tai tro boi dé (ar ma sc
103022072 65 thude quy NAFOSTED, va de
tai cap trwong (BHSPKT Hunp yén): "Xay
dyng hé do va nghién ciru tinh chat tir-quang
cia mang dang hat nano Co-Ag va Co-
Al,O3".
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