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Tém tat: Kha nang kich thich cong hwéng plasmon bé mét ctia cac kim loai Pd, Ti va Cr da dwoc ching

t6i danh gia theo bwdc séng kich thich. Két qua tinh toén If thuyét dwa trén séng anh sang phan cuc p
lan truyén doc theo bé& mat kim loai dwoc st dung dé Ii gidi cac yéu té anh hwdng dén s tdn tai séng
coéng hudng plasmon. Chidu dai lan truy&n va chiéu dai suy giam cwdng dd dién trwdng ctia séng cong
hwéng plasmon theo cac phuong song song va vudng goéc véi bé mat kim loai da dwoc khao sét kha chi
tiét. Chang tdi nhan thay rang qua trinh kich thich cong hwéng plasmon dat hiéu qué cao khi bwéc séng
anh sang st dung ndm trong khoang tir 600 nm dén 1200 nm. Két qua nghién cru c¢é y nghia rat quan
trong cho céc (rng dung lién quan dén cdng nghé plasmonic chip.

Tir khéa: Cong hwdng plasmon; kim loai chuyén tiép; Pd; Ti; Cr.

1. Gi&i thiéu

Khi buic xa dién tir dugc chiéu 1én bé mat kim loai,
cac dién tir tu do trén bé mat kim loai s& bi kich thich va
dao dong & mot tan sé xac dinh. Néu tan sb dao dong
cua buc xa dién tir két hop vai tan sé dao dong riéng cua
cac dién tur, hién tugng cong huong plasmon xay ra [1].
Khi d6, song dién tir s& bi giam giir va lan truyén tai mat
tiép xuc gira kim loai va méi trudng dién moi (hoic
khong khi), ddng thoi mat do truong dién duoc ting
cudng tai mot 6 vi tri xac dinh xung quanh bé mat kim
loai [2]. Tinh chat Ii thG nay cua vt liéu kim loai da va
dang dugc nghién ciu tng dung trong ché tao cac cam
bién co6 ngudng phét hién thap, cac thau kinh c6 do hoi
tu cao [3, 4, 5].

Trong linh vyc dién va dién t, sy thu nho vé kich
thude hinh hoc cua cac mach tich hgp vao c¢d nano mét
dit ra yéu cau cap thiét va doi hoi ngudi lam nghién ciru
phai tim ra cac phuwong thirc truyén dan tin hiéu phu
hop. Khi kich thude bi gidi han trong khodng vai nano
mét, qua trinh truyén dan thong tin bang tin hiéu dién
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hay tin hiéu quang s& bi han ché boi cic quy luat vat Iy
nhu tan xa dién tir hay nhiéu xa 4nh sang [6-9]. Cong
nghé truyén dan tin hiéu sir dung hiéu ung cong hudng
plasmon bé mit chinh 1a giai phap dé khic phuc kho
khan trén [9]. Trong do, vang va bac dugc xem 1a hai
vat liéu sir dung phd bién. Tuy nhién, budc dau tinh
toan li thuyét cua chung t6i cho thay kim loai Pd, Ti,
hay Cr co6 tinh kha thi cao trong viéc kich thich cong
huong plasmon. Pong thoi, dé c6 thé ché tao mang din
song cong huong plasmon ¢ kich thude nano, do day
mang pha phai rit mong va do gd ghé ciia mang phu
cling phai & mot gidi han cho phép. Cac kim loai Pd, Ti,
hay Cr théa man ddy du cac yéu cau trén [10]. Vi thé
viéc khao sat dac tinh cong hudng plasmon cua cac kim
loai nay 1a rat can thiét.

Trong bai bao nay, chung toi trinh bay két qua tinh
toan li thuyét dua trén mod hinh hién tugng luan duoc
xay dyng. Trong do, song anh sang phan cuc p dugc su
dung dé i giai qua trinh kich thich cong hudng plasmon
bé mit cua cac kim loai Pd, Ti va Cr. Két qua tinh toén
qua trinh kich thich cong hudéng plasmon dugc khao sat
khi budc song anh sang kich thich ndm trong ving tir
khoang 400 nm dén 1200 nm. Két qua danh gia budc
dau vé kha nang kich thich cong hudong plasmon ciia Pd,
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Ti va Cr co y nghia rat quan trong cho cac tmg dung lién
quan dén cong nghé plasmonic chip [9].

2.Co s& li thuyét va phwong phap nghién ctru

M0 hinh |i thuyét duya trén tai liéu tham khao [11]
dugc ching t6i sir dung dé tinh toan. Trong Hinh 1,
song anh sang phan cuc p dugc s dung dé kich thich
quéa trinh lan truyén séng plasmon tai bé mat tiép xdc
gitra kim loai (mdi truong 2) va khong khi (m01 truong
1). Thanh phan vecto cudng do dién truong E dao dong
tai hai mién khong gian khi d6 c6 thé mé ta nhu sau:
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Ap dung didu kién bién cho vecto cuong do dién

trudng E va vecto dién cam D ta co:

Elx = E2x (2)
&k, = &E,, (3)
Anh sang phén cucp

Sk

Hinh 1. S6ng anh sanh phan cuc p dwoc chiéu tir moi
trieong khong khi (méi trieong 1) dén bé mat cua kim
loai (moi truong 2)

Tai hai mién khong gian, thanh phén vecto song
song song vé6i bé mat tiép xdc gitra khong khi va kim

loai duoc bao toan, vi vay [11]:

klx = k2x 4)
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Piéu kién tir dinh luat Gauss ddi voi dién truong
din dén:
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DPé hé (2), (3), (4) va (7) ton tai nghiém ta co:
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Néu k, =0 s& khong ton tai song plasmon tai bé

mat kim loai, vi vay:
£oKy, — &Ky, =0 (10)

Két hop két qua tir (5), (6) va (10) chung ta c6 [11]:
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Qua trinh lan truyén va diéu kién dé ton tai song
cong huong plasmon tai bé mat kim loai vi vay duoc
xac dinh dya trén viéc danh gia thanh phan song song
(cdng thac (11)) va vudng goc (cong thuc (12)) cua

vecto song K .

3.Két qua va danh gia
3.1. Két qua

Nhu ching ta da biét, hing sb dién moi caa kim
loai gom c6 hai thanh phan, phan thyuc va phan o dugc
biéu dién nhu sau:

&y =&y +igy (13)

Thanh phan vecto song lan truyén doc theo bé mit
kim loai vi vy duoc viét lai:
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Két hop phuong trinh (1) va (14) ta c6:
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Ta c6 thé thay phan thuc kj cta vecto song duy tri
qué trinh lan truyén séng cong huong plasmon, trong
khi d6 phan ao k; lam dap tat qua trinh lan truyén. Vi
vay, dé song cong huong plasmon cé thé ton tai ¢ bé
mat kim loai, thanh phan k! cta vecto song phai ¢ gia
tri bé. Theo tiéu chuan danh gia duoc dé& xuat boi
Sambles, J. R., ti s6:

"
oy &%
k & +é& (16)
0 1T &

phai c6 gid tri nho hon 0,1 thi qua trinh kich thich cong
huong plasmon sé dat hiéu qua cao [12]. Tiéu chi trén
da duoc &p dung dé tinh toan chi sé f cho cac kim loai
Au, Ag, Pd, Ti va Cr. S6 liéu tir hai kim loai Au va Ag
duoc st dung 1am gia tri tham chiéu. Két qua tinh toan
chi s6 f caa Pd, Ti va Cr dugc md ta nhu trong Hinh 2,
trong do gia tri ham chiét suit cua cac kim loai phu
thuoc vao budc song duoc trich dan tur tai lieu tham
khao [10].
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Hinh 2. (a) Két qua tinh toan chi so f cho Au, Ag, Pd, Ti
va Cr. (b) Keét qua tinh toan khi chi so f cua Pd, Ti, va
Cr dwot vé trong khodng ter 0 dén 0,02

41



Ngé Khoa Quang, Lé Ngoc Minh

70 JLELENLEL S DL I L L IR L L

o b —=Cr Iia}
—e—Pd

_ 50 —A—Ti :

Y e B~

20 | - ! 3

" M&

D P T T N T T T SR N SR S TN T N S T " E

0.4 0.6 0.8 1.0 1.2

A(pm)

0.08 ——r—r—rr : _

p— (b) ;

0.03 [ —e—Pd k

(11| SN ENENEMEPR EENEFEPE SN
0.4 0.6 0.8 1.0 1.2

A(um)

Hinh 3. (a) Két qua tinh toan chiéu dai lan truyén séng
cong huong plasmon theo phuong x cua cac kim logi
Pd, Ti va Cr. (b) Két qua tinh toan chiéu dai suy giam

dién truong cua song céng huong plasmon theo phirong

z cua cac kim logi Pd, Tiva Cr

Nhan t6 thir hai dong vai trd quan trong khi xét dén
tinh wng dung cua vat liéu plasmonics chinh 1a chiéu dai
lan truyén va chiéu dai suy giam vecto cuong do dién
truong cua song cong huong plasmon twong ung theo
phuong x va phuong z [11]. Néu ching ta dinh nghia
chidu dai lan truyén cua séng cong huéng plasmon bé
mit theo phuong x (ky hiéu d, ) Ia khoang cach ma tai
d6 cuong @ dién truong bi giam di e 1an, tir cong thirc
(14) s& dan dén:
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Két qua tinh toan gia tri d, cua cac kim loai Pd, Ti
va Cr phu thudc vao bude séng duge mo ta trén Hinh 3.
Twong tu, chiéu dai suy giam cuong d¢ dién truong cua
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song plasmon trén bé mat kim loai theo phuong z (d, )
duoc tinh toan tir cong thire (1) va (12), trong d6 phan ao
k; cua vecto song chinh la nguyén nhan giy ra sy suy
giam dién truong trén phuong z. Hinh 3 m6 ta sy phu
thugc cua d, theo bude song, trong d6 truc tung chi vi tri
tai d6 gia tri cuong do6 dién truong bi giam di e 1an.
3.2. Panh gia

S liéu tinh toan, mé ta trong cac Hinh 2 va 3 duogc
sir dung dé dénh gia kha ning kich thich cong huong
plasmon bé mit cho cac kim loai Pd, Ti va Cr. Quan séat
trén Hinh 2a ching ta thay chi sb f caa Au va Ag c6 gia
tri nho hon Pd, Ti va Cr. Gia tri tinh toan nay hoan toan
phtl hop vai cac két qua thuc nghiém do Au va Ag dugc
xem |a hai kim loai c6 tinh chat plasmonic manh [13, 14].
Déi vé6i Pd, Ti va Cr, f cd gia tri nho trong ving &nh
sang hong ngoai va mot phan thugc ving phé kha kién
nhung c6 gia tri Ion trong ving tir ngoai. Didu kién vé
gia tri cua chi sb f thoa man tiéu chuan md ta trong
phuong trinh (16). Qua trinh kich thich cong hudng
plasmon cho cac kim loai Pd, Ti va Cr vi vay hoan toan
kha di trong viing budc séng tir 600 nm dén 1200 nm.

Pé danh gia chiéu dai lan truyén va chiéu dai suy
giam cuong do dién truong cua song plasmon, két qua
tinh toan trong Hinh 3 duoc sir dung dé Ii giai céc gia tri
d, va d,. Quan sat Hinh 3a ching ta c6 thé thay su
phu thudc cuad, vao budc song ciia anh sang kich thich.
Chiéu dai lan truyén va chiéu dai suy giam cuong do
dién truong cua song plasmon c6 gia tri nho tai vung
budc song ngin va ting dan dén ving budc song dai.
Két qua tinh toan dwgc mo ta trén Hinh 3b ciing cho
thiy song cong huong plasmon chi dao dong gigi han
trong mot ving khéng gian rat nho tir 10 nm dén 40 nm
doc theo bé mat kim loai. Trong ving budc séng tir 400
nm dén 1200 nm, néu gia tri d, caa Pd va Ti I6n hon
Cr thi gia tri d, cua Cr 16n hon Pd va Ti. Nguyén nhan
su khac nhau nay c6 thé duoc li giai tir phan ao cua
vecto song K, va k, ma tham sb anh huong truc tiép

chinh 1a ham dién moi & (A) ctia kim loai.

4.Két luan

Chung t6i da khao st va tinh toan I thuyét mot
céch kha chi tiét vé kha nang kich thich cong huong
plasmon bé mat cho céc kim loai c6 tinh dinh w6t gom
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c6 Pd, Ti va Cr. Qua trinh kich thich cong hudng
plasmon s& dat hiéu qua cao néu anh sang nam trong
viing hong ngoai gan va mot phan thugc vang phé kha
kién hay c6 budc song tir 600 nm dén 1200 nm. Chiéu
dai lan truyén va chiéu dai suy giam dién truong cua
song plasmon phu thuoc manh vao kim loai dugc lya
chon 1a Pd va Ti hay Cr. Trong d6, yéu té chinh anh
huong tryc tiép 1a su phu thudc ciia ham dién moéi e(X)
ctia kim loai theo budc s6ng. Vi vay, néu thay doi gia tri
ham dién moi, hay n6i cach khac khi sir dung hop kim
Véi ti 18 thanh phan cac kim loai thay ddi, ching ta hoan
toan co thé diéu chinh dwoc cac giatri d,va d, .
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EVALUATION OF PLASMON RESONANCE STIMULATION OF METALS Pd, Ti AND Cr

Abstract: We have evaluated the plasmon resonance stimulation capability of the metals Pd, Ti and Cr under different
wavelengths. The theoretical calculation results based on the p-polarized light spreading along the metal surface was employed to
clarify elements that influence the existence of stimulation of plasmon resonance waves. We have also examined in detail the
speading distance and the decay length of the electric field amplitude in the directions that are parallel and perpendicular with the
surface of the metal under study. We have found that the plasmon resonance stimulation reached a high level of efficiency when the
wavelength in use ranged from 600 nm to 1200 nm. The findings of the research are of important significance to applications related

to the plasmonic chip technology.

Key words: plasmon resonance; wet and sticky metals; Pd; Ti; Cr.
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