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In this paper, we have studied the influence of the metal layer on the
surface resonance of the nanoparticle metal-metal- dielectric structure
using the finite difference time domain method in the visible range. In the
structure, the spherical silver (Ag) nanoparticles ordered in array, the
gold (Au) metal layer with a variable thickness (from 10 nm to 70 nm)
and the SiO2 substrate with a constant thickness (700 nm). The results
showed that the thickness of the Au metal layer has a significant
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influence on the surface resonance, specifically the wave energy
attenuation is up to nearly 5 times when the thickness of the Au layer
increases from 5 nm to 70 nm, which is due to the additional light
dissipation due to the surface SPP excitation. Besides, we have
considered the influence of Ag particle size (radius of nanoparticles -Ryps
varies from 10 nm to 50 nm), the results show that there is a peak shift
from about 550 nm to about 590 nm when Ag particle size increases Ryps
= 10 nm to Ryps = 50 nm. The influence of distance between Ag
nanoparticles is also considered in this study.
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Trong bai bao nay ching t6i da thyc hién nghién ctru vé sy anh hudng cua
16p kim loai dén su cong huong bé mat ctia cAu triic hat nano kim loai —
kim loai — cach dién bang phwong phép sai phan hitu han trong mién thoi
gian ciia Lumerical trong ving kha kién. Cac hat nano Ag c6 hinh dang
cau véi kich thudce gidng nhau duoc sip xép theo chudi, 16p kim loai Au
voi d6 day thay doi (tr 10 nm dén 70 nm) va 16p dé SiO; c6 do day cb
dinh (700 nm). Két qua nghién ciru di cho thiy d6 day cia 16p kim loai
Au c6 anh huong déng ké dén sy cong huong bé mat, cu thé sy suy giam
nang luong song 1én dén gan 5 1an khi d6 day ciia 16p Au ting tir 5 nm lén
70 nm, nguyén nhan 1 so sy tiéu tin anh sang bd sung do sy kich thich
SPP bé mat. Bén canh d6 chang toi ciing di xem xét dén su anh huéng
cta kich thudc hat Ag (ban kinh hat nano kim loai, Ryps thay ddi tir 10 nm
dén 50 nm), két qua chi ra co sy dich chuyén dinh tir khoang 550 nm dén
khoang 590 nm khi kich thudc hat Ag ting Ryps =10 nm dén Rnps = 50
nm. Sy anh hudng ctia khodng cach gilia cac hat nano Ag ciing dugc xem
xét trong nghién ciru nay.
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1. Gioi thiéu

Cong huéng plasmon bé mit (SPR) 1a biéu hién cua hiéu ung cong huong do su twong tac
giita cac electron dan ciia cac hat nano kim loai v&i cac photon ciia 4nh sang t6i. Sy twong tac nay
phu thudc vao kich thudc va hinh dang ctia cac hat nano kim loai, cling nhu ban chit va thanh
phan ciia méi truong phan tan. Trong nhitng nim gan ddy, viéc ung dung hat nano (NPs -
Nanoparticles) kim loai vao cong huong plasmon bé mit nhan duoc rat nhiéu su quan tim va
duoc tng dung rong rdi trong cac linh vuc khiac nhau nhu: cam bién héa hoc va sinh hoc, quang
tr nano, phat xa anh sang tang cudng, cac thiét bi nhiét quang dién, diéu chinh phd hdng ngoai dé
tan nhiét co klem so4t va san xuat cac thanh phan do dé chup anh [1] — [7]. Cho dén nay, viéc
nang cao hiéu suét ciia cac thiét bi plasmon doi hoi can co cac cau truc nano mai véi cac ddc tinh
quang hoc dé diéu chinh. Nhimng cdu triic nhu vay 1a nhing cau tric ¢6 sy két hop anh sang-vat
chit manh mé dan dén su lai hoa & ché do plasmon. Muyc tiéu nay dugc hién thyc hoa trong clu
hinh NPs kim loai - NPs kim loai [8] va NPs kim loai - mang kim loai [9].

Céu triic két hop gitra mot 16p cac hat nano kim loai va mot mang kim loai dang dugc nghién
ctru tich cuc. Cau trac nay dugc du doan s thé hién céac hién tuong quang hoc thu vi do sy két
hop gitra cac plasmon bé mit cuc bd cta hat nano véi polariton plasmon bé mat phi cuc bo [9],
[10]. Su két hop giita phd quang hoc ctia hé cac hat nano kim loai/méang c6 thé duoc didu chinh
bang cach thay doi hinh dang, kich thu6c cua hat nano, d6 day cta 16p dém giita 16p hat nano va
mang, va/hoac d6 day ciia mang kim loai.

Trong nghién ciru nay, ching t61 thuc hién mot nghién ctru vé su anh huong cua d6 day 16p
kim loai trong cdu tric hat nano kim loai NPs — kim loai — Céach dién, cu thé NPs Ag — Au —
SiO.. 0 day d6 day 16p kim loai duoc thay ddi tir 0 nm, 5 nm, 30 nm va 70 nm. Ciing trong
nghién ctru nay chung t6i ciing khao sat sy anh hudng ctia kich thude cac hat nano, cu thé cac hat
nano Ag c6 dang hinh cau véi ban kich 10 nm, 30 nm va 50 nm. Cac phép tinh dugc thyc hién
trong ving 4anh sang kha kién. Két qua nghién ctru d chi ra rang d6 day cua 16p mang kim loai
anh hudng rat 16n dén sy cong hudng bé mit, trong khi do kich thude hat NPs 1am dich chuyén
céc dinh cua phd hip thu. Trong nghién ciru nay chung toi cling da xem xét su anh hudng cua
khoang céch giira cac hat NPs.

2. Phwong phap m6 phong

Dé thyc hién nghién ciru sy anh hudng cta do day 16p kim loai trong ciu triic NPs — kim loai
— Cach dién, mo hinh gdm chudi cac hat kim loai NPs Ag c6 kich thudc Ryps, khoang cach giira
cac hat NPs 1a d, do day cua 16p kim loai 13 ta, va dé SiO, c6 d6 day 700 nm di duoc xay dung
(Hinh 1). Cac mé hinh dién tir tinh toan dé giai phuong trinh Maxwell duoc x4y dung trén bd giai
FDTD trong Ansys Lumerical. Phuong phép sai phan hitu han trong mién thoi gian (Finite
Difference Time Domain - FDTD) duya trén viéc roi rac hoa cac phuong trinh Maxwell dudi dang
vi phan bang so do hiru han [11], [12].

Thuat toan tinh toan duqc thl_rc hién theo cac budc sau: i) Dién tich dém, d6 phan giai ludi va
diéu kién bién da duoc thiét 1ap. Mot ludi vudng da dugce thiét 1ap trong hé Descartes va dugc sir
dung cho mé phéng. Cac tham s6 co ban ctia mo hinh (tinh chét vat liéu va hinh hoc cta vat thé,
truong dién va tir) da duoc tinh toan riéng biét tai moi diém cua ludi. Dé duy tri d¢ chinh xac,
thuat toan chia ludi da tao ra mot ludi nho hon véi chi s cao. ii) Vat thé c¢6 cac tham sé hinh hoc
va quang hoc xac dinh dwogc dit trong ving tinh toan. Chiét suit cua Ag duoc 1ay tir co sé dit liéu
ctia m6 hinh va mé phong [13]. Chiét suét cta SiO, dugc xac dinh tir céng thirc Sellmeir [14] con
chiét suit cua khong khi thi dugc léy tr co so dir liéu cua Lumerial. iii) Nguén birc xa da duoc
thiét 1ap. Ngudn trudng tan xa toan phan (Total — Field Scattered Field - TFSF) di duoc st dung
cho m6 phong. Ngu(“m TFSF chia vung tinh toan thanh hai ving riéng biét: (a) dién tich truong
tong, bao gom tong song trudng t61 cong voi trudng tan xa, va (b) dién tich truong tan xa, chi bao
gOm truong tan xa. Dicu quan trong can luu y 1a mo hinh vat Iy day du dugc thuc hién trong
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truong téng thé va viéc phéan chia thanh trudng téi va truong tan xa doi hoi phai dién giai can
than. Dbi voi cac mang hat nano Ag trong moi truong dong nhat, truong toi lan luot 1 cac mat
phang phan cyc p va phéan cyc s. iv) Nguon giam sat song dién tir hitu han thoi gian da dugc thiét
lap. Nhu thé hién trong Hinh 1, mét chudi cac hat nano NPs Ag dugc chiéu sang bdi mdt song téi
theo phuong phap tuyén tinh truc tiép voi goc 0°. P phan cuc cua song téi duoc xac dinh boi
goc tdi cling nhu hudng cua truong dién. Truong dién tr toi dugc dua vao tr bén trai. Mot 16p
hoan toan phu hop (Perfectly Matched Layer - PML) duoc trién khai trén tit ca cac thanh hop dé
dam bao hip thu hoan toan song lan truyén. Cac tham sé mé hinh chuan di duoc thiét lap: thoi
gian truyén ctia song phan cuc phing qua ving lam viée 1a 1000 fs va nhiét d6 1a 300 K.
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Hinh 1. M6 hinh mé phong cdu triic hat nano kim loai — kim loai — cdch dién (NPs Ag — Au — SiO,)
3. Két qua va thao luin

Pho hép thu cua cdu trac NPs kim loai — Kim loai — Cach dién di dugc tinh toan dua trén cong

thirc sau:
abs (w)
Iint (w)

Trong d6 Pgps(w) la tong ning lugng dugc hip thu boi cac hat nano Ag, I, (w) 1a cuong do
ctia ngudn chiéu, o, phd hép thy.

Trude tién, ching ta xem xét sw anh huong cua do day 16p kim loai (Au) trong cdu tric hat
nano kim loai NPs — kim loai — cach dién (Hinh 2), ¢ day 16p kim loai dugc thay doi tir ta, = 0
nm (khong c6 16p kim loai) dén ty, = 70 nm. Chung ta c6 thé thdy riang, do day cua 16p kim loai
anh huong dang ké dén sy hip thuy, cu thé su hap thu tang khi d6 day cta 16p kim loai tang va c6
xu huéng dat dén diém bao hoa khi d day tlep tuc tang. Nguyén nhan c6 thé gy ra sy gia ting
nay la do anh sang bi tdn xa bdi Ag NPs bao g0om cac song dién tir cd d) cong lon ¢ mat song, co
thé kich thich céac polariton plasmon bé mit (SPP) trén bé mit mang Au. Do do6, ngoai sy hip thu
cua chinh Ag NPs, con ¢ sy tiéu tan nang lugng bd sung cua cac chum anh sang to1 do sy kich
thich SPP trén bé mit mang Au, dan dén sy tiéu tan anh sang bo sung [10]. Dong thoi ching ta
cling quan sat duoc su giam bién d6 dinh SPR cua hat va sy xuét hién dong thoi cua dinh ché do

Ogps =
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khe xay ra theo sy giam d¢ day 16p dém. Hién tugng nay lé} do sy lai hoa gitta SPR cuia hat va ché
d6 khe trong Ag NPs giy ra bdi sy hién dién pha v& tinh doi xtirng cia mang Au [10].

Phé hép thy (d.v.ty)

—ta =0 nm
tay =5 nNm
—ta, =30 NmM

tay = 50 Nnm

tay = 70 Nm
Rycs = 10 nm, d = 5 nm

200

'
600 800

Budce song (nm)

1
400

Hinh 2. Phé hcfp thy ctia céu triic hat nano kim logi NPs Ag — Au — SiO; theo d¢ day cia [6p kim loai Au
Trong phan thir hai, chiing toi dd xem xét sy anh huong cua kich thudc hat Ag NPs. Hinh 3
chi ra sy anh hudng cua kich thudce hat NPs dén phé hép thu cta cdu trac NPs — kim loai — cach
dién. O day ching ta dé dang nhan théiy rang, khi kich thudc cua hat Ag NPs ting phé héip thu
clng tang, ddng thoi chung ta ciing thay duogc su dich chuyén (red-shift) cua dinh phd hép thy.
Piéu nay dugc giai thich la do su lién két plasmon giita cac hat NPs v6i méi truong xung quanh

tang. Két qua nay ciing phi hop véi nghién ctru ctia Karimi va cong sy [15].
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Hinh 3. Sy dnh huong cuia kich thude hat NPs Ag dén phé hép thu
cua cau triic hat nano kim logi NPs Ag — Au — SiO,
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Hinh 4. Sy anh hwong cia khoang cach giira cac hat NPs Ag dén phé hdp thu
cua cau triic hat nano kim logi NPs Ag — Au — SiO,
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Trong nghién clru nay, ching t6i cling xem xét sy anh huong ctuia khoang cach gilia cac hat
Ag NPs, cu thé khoang cach giita cac hat dugc thay d6i d =2 nm, d = 5 nm va d = 10 nm trong
khi cac thong s6 khac dugc cb dinh. Két qua duoc thé hién trong Hinh 4. Chiing ta c6 thé thiy
rang véi khoang cach gitra d = 5 nm va 10 nm gan nhu khong c6 sy thay d6i trong phd hap thy.
Tuy nhién véi khoang cach giita cac hat d = 2 nm c6 sy thay d6i nhe so v6i hai khoang cach
trude do. Pidu nay dugc giai thich do sy xuét hién cua cac “hot —spot” [16].

4. Két luan

Su anh huong cia do day 16p kim loai trong cAu trac NPs Ag — Au — SiO,, ciing nhu kich
thudc cac hat nano Ag va khoang cach giita cac hat nano kim loai Ag da nghién ctru. Két qua
nghién ciru da chi ra d6 day ciia 16p Au cang tang thi phd hap thu cang ting do c6 thém su cong
huoéng tan xa bé mit va co xu huéng dat dén gia tri bao hoa. Bén canh d6 nghién ctru da chi ra co
su dich chuyén red-shift khi kich thudc hat nano Ag ting 1a do sy ting twong tac plasmon giira
céc hat nano Ag véi méi truong xung quanh. Khi khoang céc giita cac hat nano Ag giam xudng
dudi 2 nm s& ¢6 anh huong dén phd hap thu ciia cau triic do xuat hién cac “hot-spot”.
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