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TOM TAT

Trong bai bao nay, chung tdi trinh bay cac nghién cttu vé cau trac kim loai - dién
moi - kim loai (metal-dielectric-metal - MDM) tao hiéu g cong huong plasmonic
nham tng dung cho cam bién chiét suat c6 do nhay cao va hdp thu tuyét d6i anh
sang 0 vung budc song hong ngoai gan. Cau trac MDM dugc tao thanh véi cac dia
kim loai (Ag) hinh vuoéng dwoc dat trén 16p dién mdi (SiO2) méng va mot mang
kim loai (Ag) du day d€ cé thé phan xa toan by anh sang chiéu téi. Phuwong phap
dao ham hitu han trén mién thoi gian (Finite-difference time-domain - FDTD) da
duoc st dung d€ phan tich cac ddc trung, tinh chét cua cau tric MDM, tir d6 tim ra
thiét k€ t6i wu. Ph6 phan xa ctia cdu truc cho thay hai ddy phan xa teong tng véi
hai budc song cong huong. Cac két qua nghién ctru vé cdu trac MDM nay c6 thé
duoc st dung dé€ thiét ké cdc cam bién chiét suat va linh kién hép thu tuyét d6i 4nh

sang O vung budc séng hong ngoai gan.

Tw khéa: Kim loai — dién moi — kim loai, cong hudong plasmon bé mat, cam bién

chiét suét, siéu bé mét plasmonic, hdp thu héng ngoai gan.

1. MO PAU

Hiéu ting plasmon bé mat (Surface plasmons - SPs) trong cac cdu trtic nano la
két qua cua sy dinh xtt dién tir truong manh dang duoc ing dung rat nhiéu trong cac
tién trinh quang hoc [1]. Ngay nay, chiing da thu hat duoc rat nhiéu sy cha y caa cac
nha nghién cttu do nhiing tiém nang ting dung trong tan xa Raman tang cwong bé mat,
phat xa huynh quang, ngudn phat th cap cho cac bd diéu ché, chuyén mach quang
hoc, cam bién va cac thiét bi quang ti khac [2-5]. Hon nita, kich thude cua cau tric tao
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hiéu tng plasmon bé méat nho hon rat nhiéu so véi bude song kich thich, do d6 ching
c6 thé duoc sit dung trong cac thi€t bi ¢6 thanh phan quang hoc nho hon gidi han
nhiéu xa [6]. Cong huong plasmon bé mit (Surface plasmon resonance - SPR) 1a mot
loai plasmon bé mat ma khi d6 cac dao dong cong hudng cua cac dién tir dan xay ra tai
bién cua bé mat ti€p xuc gitta kim loai va dién moi [7]. Cho dén nay, c6 hai loai mode
cong huwong plasmon bé mat da dwgc biét toi la plasmon bé mat phan cuc (Surface
plasmon polariton - SPP) hinh thanh ¢ cac mang kim loai va plasmon bé mat dinh x&
(Localized surface plasmon - LSP) ton tai ¢ cac cdu trac kim loai ¢ kich thwede nho hon
budc song chiéu toi [8].

Trong nghién cttu cua Ebbesen va dong nghiép [9], su lan truyén cta anh sang
qua mot khdu dé nhé hon budc séng véi cac mang kim loai quy da dwoc ghi nhan véi
sy dong gop cua cac kich thich cong hwong cua plasmon bé méat. Cac nghién ctru tiép
theo [10] x4c nhan rang cong hudng plasmon bé mit tao thanh trén giao dién ctia bé
mat kim loai — dién moéi dugc tdng cuong manh thong qua cac khe ho tuan hoan nho
hon buée séng anh séng. Anh sang & budc séng trong viing hong ngoai gan cho phép
thdm nhap sdu va hdp thu t6i thiéu qua mdi treong mo tan xa cao. Cac hiéu tng
plasmon bé mat trong cau trac kim loai — dién moi — kim loai (metal-dielectric-metal -
MDM) xay ra ¢ vung buwdc song hong ngoai gan, do d6 rat phu hop trong cac tng
dung cam bién sinh hoc. Céc vi tri cdng huong ctia cdu truc c6 sy dich chuyén sau khi
cac phan t&r xdAm nhap vao cac 16 hong tuan hoan [11].

Cung vdi su tién bo ctia khoa hoc va cong nghé, ngay nay cac cau tric nano
kim loai ¢6 kich thudc nhéd hon budce song anh sang da duogc ché tao thuan tién va dé
dang nho vao cac ky thuat tién tién nhu quang khic chum tia dién tt, phun xa, khic
laser truc tiép... [12]. Cac cdu trtic nay co rat nhiéu cdc tinh chat dédc biét ma cac vat liéu
dang kh&i khong c6 nhu hap thu anh sang & dai budc séng thiét k&, thay d6i mau sac
va nhiéu tinh chat quang hoc khac. Cac cdu tric nano kim loai tao hiéu tGng cong
huéng plasmon bé mit ciing c6 thé dé dang dugc ché tao va tng dung trong nhiéu
thiét bi tién tién [13-15].

Trong bai bdo nay, ching toi dé xudt mot cdu truc MDM c6 kha nang tao hiéu
tng cdong huong plasmon ¢ vung budc séng hong ngoai gan. Do day 16p dién moi ctaa
cdu trac nho hon rat nhiéu budce song anh sang, do d6 anh sang c6 thé dinh x trong
cdu truc va dién treong duoc tang cueong manh. Cdu truc sé dugc nghién cttu, md
phong ky ludng bang phuong phép vi phan hitu han theo mién thoi gian (Finite-
difference time-domain - FDTD) [16]. Cac két qua cho thdy cau truc c6 hai dinh hap thu
tai budc song cong huong & vung budc séng hong ngoai gan. Cac budc song cong
hwong nay cling rat nhay voi sy thay doi cua chiét suat moi truong xung quanh. Ttr d6
cdu trtc ¢6 kha nang tng dung trong cac ting dung cam bién chiét suat.
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2. THIET KE VA MO PHONG CAU TRUC

C4u truc MDM tao hiéu ing cdng hwong plasmon trong nghién ctru nay duoc
mo ta nhu trén hinh 1. C4u trc bao gom modt mang hai chiéu cac dia kim loai (Ag)
hinh vudng véi chu ki (P) va d dai canh (D1), chiéu cao (h). Bia kim loai duwoc dét trén
mot 16p SiO2 mong dang hinh chép cut nguoc c6 do day (t). Kich thwedc mat trén 16p
SiO: gidng v4i dia kim loai, mat dudi cd tiét dién hinh vudng véi chiéu dai canh (D2).
Bén dudi 16p SiO: 1a mot 16p kim loai c6 d6 day 100 nm. O budc séng hong ngoai gan,
do day nay 16n hon rat nhiéu so véi d6 sau cua hiéu ting bé mat (skin effect) do d6 16p
kim loai nay ¢é tac dung nhw mét guwong phan xa ngan cach cdu trac voi d€ Si bén
dudi.

C4u trac trén sé duoc tién hanh mo6 phong sit dung phan mém thuong mai tinh
toan toan séng (3D full-wave electromagnetic wave solver Lumerical FDTD). Cac diéu
kién bién hoan hao (Perfect match) dugc ap dung cho mat trén va mat duwdi cta vung
mo phong trong khi diéu kién bién tuan hoan duoc sit dung cho cac phuong ngang cua
cdu trac. Phan cdu trac mé phong co kich thudce la mét 6 co s6 nhu trong hinh phu caa
hinh 1.

Hinh 1. C4u tric MDM tao hiéu ting cdng huong plasmon.

Pho phan xa cua cau tric MDM véi cac thong s6 chu ky P = 1300 nm, chiéu dai
canh dia D1 = 700 mn, chiéu cao dia h = 70 nm, chiéu dai canh dudi 16p SiO2 D2 = 500
nm, do day 16p SiO2 t =40 nm v6i goc chiéu tdi vuodng goc dugc trinh bay trong hinh 2.
Do 16p kim loai phia dudi ¢6 d6 day 100 nm nén anh sang khong thé truyén qua xudng
t6i d€ Silic phia duwdi. Toan by anh sang sé bi phan xa lai hodc hap thu bdi cau truc
MDM. Phé phan xa cho thdy cau trac MDM c6 hai ddy phan xa tai cac budc song 1372
nm va 1499 nm. Day chinh la hai budc séng cong hudng ctaa cdu truc. Tai cac bude
song cong huwong nay, anh sang bi giam gitt trong 16p SiO:2 va bi hdp thu hét boi cau
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trac MDM. O ca hai budc séng cong huong anh sang déu gan nhu bi hap thu hét, d6
phan xa gan nhu bang khong. Cac ddy phan xa nay ¢ d6 twong phan 16n khi gia tri
phan xa dat 0,01 so véi vung phd nén co ¢ gia tri 16n hon 0,9. Cau tric ¢6 hé sd pham
chat cao voi cac gid tri thu duoc la 72 va 60 tai cac budc song 1372 nm va 1499 nm
twong tng. Do d6, cdu truc MDM nay rat phtt hop cho cac ting dung cam bién sinh hoc
va hédp thu tuyét doi song anh sang véi hai vung hap thu.
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Hinh 2. Phé phan xa ctia cdu tric MDM tao hiéu ting plasmon véi kich thuée: chu ky P = 1300
nm, D1 =700 nm, D2 =500 nm, h =70 nm va d¢ day 16p SiO2 ¢ = 40 nm.

Hinh 3 trinh bay phan bd dién truong trong cau tric MDM tai cac tan s cOng
hudng theo hai géc nhin tit trén xudng va tt canh vdi anh sang chiéu t6i duoc phan
cuc theo phuong x. Hinh 3a, b cho ta thdy phan bd dién treong trén bé mat dia kim loai
theo goc nhin tir trén xudng. Tai budc song 1499 nm dién truong tap trung manh & bon
dinh ctia dia kim loai. Trong khi d6, dién treong tap trung manh ¢ hai canh bén ctia
dia kim loai v6i budc séng cong hudng 1372 nm. Véi géc nhin tir canh cho ta thay cai
nhin tong quan hon vé phan bd dién trueong trong toan bd cau tric nhu trong cac hinh
3¢, d. Tai tan budc song huong 1499 nm dién truong tap trung cha yéu trong gitta va
phén day cua 16p SiO:2 nhu trong hinh 3c. Hinh 3d cho thdy dién truong manh & vung
ria phia trén cta 16p SiO: tai budc séng cong hudng 1372 nm. Dién truong phan bd o
cac vi tri khac nhau tai cac budc séng cong huong sé anh huong dén tinh chat hap thu
va phan xa ctia cdu trac MDM khi chiét sudt moi treong xung quanh thay doi.
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Hinh 3. Phan bg dién trueong trong cau triuc MDM tai cac budce song cong huong (a), (b) nhin tie

ttr trén xudng, (c), (d) nhin tir canh.

3. UNG DUNG CUA CAU TRUC MDM

Cdu tric MDM duoc thiét ké ¢ 16p guong kim loai day ngan cach cau tric voi
d€ Silic, do d6 anh sang khong thé truyén qua cdu trac. Tai cac vung budc song cong
hudng, ph6 phan xa xudt hién hai viing ddy tai cac budc séng 1499 nm va 1372 nm do
anh sang da bi hap thu hét trong cau trac MDM. D¢ hap thu cta cau tric c6 thé duoc
tinh bang cong thitc A =1 — T — R, trong d6 A 1a cuong d6 hap thu ctia cau tric, T la
cuong do truyén qua, R 1a cuong dd phan xa. Dya trén cong thuc trén, ta c¢d thé tinh
duoc cuong do hap thu cua cdu truc MDM. Hinh 4 trinh bay phd hap thu cua ciu tric
MDM véi hai vung dinh hap thu cling chinh 1a cac vung day ctia pho phan xa. Cuong
d6 hap thu tai hai vung dinh nay dat tdi gid tri trén 99%, d6 hdp thu nay gan nhuw tuyét
ddi. Do vay, cau truc MDM da dé xuat ¢ thé dugc stv dung trong cac linh kién hap thu
tuyét doi song anh sang trong vung hong ngoai gan.
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Hinh 4. Phé hap thu ctia cdu trac MDM tao hiéu ting plasmon v6i cac tham s6: chu ky P = 1300
nm, D1 =700 nm, D2 =500 nm, & =70 nm va d¢ day 16p SiO:z f = 40 nm.

Boi vi cau truc MDM rat nhay véi su thay do6i ca mdi treong xung quanh nén
ching c6 thé dugc tiing dung trong cac cam bién chiét suat. Dai chiét sudt ttr 1,0 dén 1,1
da duoc str dung trong mét sd tiing dung cam bién & mdi treong co chiét suat thap [17,
18]. Hinh 5 trinh bay su dich chuyén ddy cong hudng ctia ciu tric twong tng voi su
thay do6i cua chiét sudt moéi treong xung quanh. Ca hai ddy cong hudng cta cau tric
déu cd su dich chuyén vi tri khi chiét sudt cia moi trwong thay d6i tr 1,0 dén 1,1.
Trong khi ddy cong huwdng tai budc song 1499 nm tiép tuc duy tri dwgc tinh hap thu
cao va d§ twong phan 1én thi phd phan xa tai budc song 1372 nm da bi anh huong
nhiéu vé mat cuong d6. Biéu nay c6 thé duoc giai thich do dién truong tai budc séng
cong hwong 1372 nm tap trung manh & phia ria cua cau triic do d6 khi chiét sudt moi
truong xung quanh thay déi dd phan xa bi suy giam manh. Vily do d6, vung day cong
hwong ¢ budc song 1499 nm sé thich hop hon cho cac ing dung cam bién chiét suat.
Do dich chuyén budc séng cong huong va dd nhay ctia cam bién véi su thay doi cua
chiét suat duwoc trinh bay chi tiét trong bang 1. D nhay ctia cdm bién duoc tinh bang
cong thic S = AA/An, trong d6 S 1a d0 nhay cua cam bién, A\ 1a d¢ dich budc séng, An
la su thay do6i cua chiét sudt. Khi chiét suat cia moi truong thay déi tir 1,0 dén 1,1,
budc song cong hudng cua cdu trac dich chuyén tir 1499 nm dén 1583 nm. Khi chiét
sudt cia mdi treong tang 1én tir 1,0 dén 1,1 ceong do hap thu tai budc séng cong
huong ciing bi suy giam ttr 99% vé 90%. Tuy nhién diéu d6 khong anh hudng nhiéu t6i
dd phan giai ctia cam bién. D9 nhay trong binh ctia cam bién dat duoc la 846 nm/RIU.
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Khi so sanh véi mot s cong trinh nghién cttu khac da dwgc cong bs, dd nhay cua cam
bién chiét suat dao dong trong khoang tir 460 nm/RIU [19] cho t6i 1015 nm/RIU [20].
V6i dd nhay nay cau truc MDM c6 thé dap tng rat tot cho cac tng dung cam bién chiét

suét.
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Hinh 5. Ph6 hap thu cta cdu trac MDM khi thay ddi chiét sudt ciia moi truong tie n=1,0 dénn =
1,1.
Bang 1. Sy dich chuyén budc song cdng huong va dé nhay cua cam bién véi sy thay doi ctia

chiét sudt moi truong xung quanh.

Chiét suat n=1,0 n=1,025 n=1,05 n=1,075 n=1,1
Buoc song cong 1499 1520 1542 1562 1583
huwong (nm)
D6 nhay (S)
(am/RIU) 859 847 841 837
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4. KET LUAN

Trong bai bao nay, chung t6i da trinh bay cac két qua nghién ctru vé cdu truc
MDM tao hiéu ting cong hudng plasmon tng dung cho hdp thu tuyét d6i song anh
sang va cam bién chiét suat. Cau truc duoc dé xuat c6 dd hap thu trén 99% tai hai budc
song cong huong va c6 do twong phan tot phut hop cho cac ting dung cam bién chiét
suat. Cac phan tich chuyén sau vé phan b truong trong cau trac MDM da duoc thuc
hién nham hiéu rd hon vé co ché hap thu tai cac budc séng cong hudng. Cac khao sat
vé su dich chuyén budc séng cong huong ctia cau trac khi thay d6i chiét suat moi
treong xung quanh da dwoc thuc hién. Két qua cho thdy budc séng cong huong cd su
dich chuyén do khi chiét suat moi treong tang 1én. Do nhay trung binh ctua cam bién
dat duoc la 846 nm/RIU. Cac nghién ctru da trién khai trong bao cdo nay sé cung cap
mot phuong phuong phap tiép can c6 hé thdng dé€ thiét ké cac linh kién tng dung cho
hap thu tuyét d6i va cam bién chiét suat hoat ddng trong vung hong ngoai gan.
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ABSTRACT

In this paper, we present studies on a metal-dielectric-metal (MDM) structure
generating plasmonic resonance effects for application to high-sensitive refractive
index sensors and perfect absorption in the near-infrared wavelength region. The
MDM structure is formed with square metal (Ag) discs placed on a thin (5iO2)
dielectric layer and a metal (Ag) film thick enough to be able to fully reflect the
light incident on the structure. The Finite-difference time-domain (FDTD) method
was used to analyze the characteristics and properties of the MDM structure,
thereby finding the optimal design. The results of field distribution observations
show that, at the resonance frequency, the electric field is strongly concentrated in
the SiO: layer, leading to a very low reflection coefficient of almost 0%. The
reflectance spectrum of the structure shows two reflection dips corresponding to
two resonance wavelengths. The results of this MDM structure study can be used
to design refractive index sensors in the near-infrared region and perfect

absorption.

Keywords: Metal-dielectric-metal, surface plasmon resonance, reflective index

sensor, periodic structure, near-infrared absorption.
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