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TOM TAT

Trong bai b4o nay, chung tdi st dung phan mém moé phong dua trén phuong
phép phan t hitu han (FEM) d€ nghién cttu cong huong plasmon bé mét (SPR)
trén cdu hinh Kretschmann véi lang kinh dwoc pha vang kim loai. Ba xac dinh
duoc rang, tai budc séng 632,8 nm bé day t8i wu cta 16p vang 1a 50 nm va hé s
phan xa dat cuc tiéu tai goc toi 43,80 . Két qua md phong cling cho thay su giam
ctia goc cong hwdng khi tang budc song ctaa anh sang kich thich va sw tang ctia

goc cong huong khi néng d6 cua dung dich tang.

T khoa: Cau hinh Kretschmann, SPR, FEM.

1. MO PAU

Cong hudng plasmon bé mat (SPR) 1a mét ky thuat day hira hen trong vai thap
ky gan day. N6 c6 nhiéu ting dung trong vat ly, hoa hoc, sinh hoc [1,2] va an toan thuc
phdm [3,4]. Viéc quan sat SPR lan dau tién duoc thyc hién boi Wood [5] vao nam 1902
trén cach tr nhiéu xa. Khi mot anh sang phan cue chidu vao guong c6 cach tit, nguoi ta
quan sat duwgc mot van t6i va van sang. Diéu nay thuong duoc goi 1a tinh di thuong
Wood.

Nam 1941, Fano két luan rang nhitng di thuong ma Wood quan sat duoc 1a do
su kich thich cta séng bé mét trén bé mat ctia cach t. Ritchie [6], vao ndm 1957, da
chiing minh vé mat ly thuyét sy kich thich ctua cac plasmon bé mat (SP) trén bé mat
kim loai. Nam 1958, Turbadar [7] , trong khi chiéu sang cdc mang kim loai méng trén
mot dé, da quan sat thdy hé s6 phan xa giam manh.
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Tuy nhién, hiéu ting nay khong duoc lién két véi SP. Sau d6 Otto [8] vao ndm
1968 da chi ra rang su sut giam nay la do kich thich SP lam hé s& phan xa toan phan
bén trong suy giam.

Néam 1971, Kretschmann [9] da stta d6i cdu hinh ctia Otto bang cach dat 16p kim
loai bén dudi lang kinh. Trong nhitng ndm 1970, SPR duoc st dung d€ nghién cttu cac
dac tinh mang mong [10,11] va nhw mét dau do cho bé mat dién hoa [12]. Sau d6, hién
teong SPR dan dén su phat trién ctia cac cam bién, dac biét la nh3m muc dich phat
hién khi va cam bién sinh hoc[13-15]. Tt dwong cong SPR, phan anh moi quan hé gitta
goc tdi cua anh sang va hé s6 phan xa tai cdng hudng, nguoi ta co thé thu thap duoc
cac thong tin sinh hoc va hda hoc cia mdi trurong.

Véi su phat trién ctia cac phan mém mady tinh, bang cach mo phong hién tuong
SPR, dit liéu ly thuyét c6 thé duoc thu thap d€ dwa ra lwa chon t6i wu cho tht nghiém
SPR. Trong bai bao nay ching t6i sit dung phan mém COMSOL Multiphysics [13] dé
mo phong SPR trén cdu hinh Kretschmann véi kim loai vang bang cach giai phuong
trinh Maxwell trong mién tan s§ bang phuong phap phan ti hitu han. Trong phan 2
chiing toi sé giodi thiéu cac khai niém co so ctia SPR, cac phuong trinh mo ta va hinh
hoc ctia mo hinh khao sat SPR. Trong phén 3 trinh bay cac két qua nhan dwgc khi thuc
hién md phong: bé day tdi wu cua 16p vang tai d6 hé sd phan xa dat cuc tiéu va goc
cong huong tuong tng, su thay doi cua goc cong huong theo budc séng cta danh sang
t6i va nong dd ctia dung dich NaCl.

2.CO SO LY THUYET VA MO HINH

Khi ap dat dién truong lén bé mat cua kim loai sé gay nén chuyén dong cta cac
electron tu do. Céac electron tu do nay lai chiu luc hut tac dong theo chiéu nguoc lai cua
cac ion dwong trong mang nén. Dao ddng tap thé nay ctia cac electron dwoc goi la cac
plassmon. Cong hudng plasmon bé mdt (SPR) 1a sy kich thich plasmon tai mat phan
céch ctia kim loai va dién moi bang anh sang téi. Diéu kién cong hudng duoc thoa man
khi tan s6 cua anh sang phu hop véi tan s riéng cta dao dong cac electron trén bé
mat. D€ mo ta mot cach don gian su ton tai va tinh chat caa plasmon bé mat, ta coi moi
16p vat liéu 1a mot moi truong lién tuc dong nhat, trong d6 hing s6 dién moi ctia vat
liéu c6 gid tri phitc. D€ ton tai plasmon bé mat, phan thuc ctua héng sO dién moi ctuia
kim loai phai 4m va gia trj tuyét d&i ctia né phai Ién hon hing s§ dién moi ctia moi
treong. Trén hinh 1 la so d6 cta cdu hinh Kretschmann dé€ kich thich plasmon va mo
hinh cac 16p vat liéu trén COMSOL.

Trong cau triic nay, mot 16p kim loai bang vang nam gitta hai 16p la ling kinh
va moi treong (nwede, khong khi hodc cac loai dung dich can khao sat). Anh sang téi 1a

anh sang phan cuc tir ngang. Goi 121, l_z'z, 123 lan luot la vector song cua anh sang t6i, anh
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sang khuc xa trong 16p vang va moéi treong, khi d6 cac thanh phan %, , k,, cua vector
séng ctia anh sang tdi bang:

ky, = kynysin®, k= kn, cost 1)
trong d6 n, = \/5_1 la chiét sudt ciia moi truong toi, ky = 27r/ X la s0 song va )\, la budc
song ang sang trong chan khong. Do tinh lién tuc ctia thanh phan tiép tuyén cta dién

truong doc theo mat phan cach, cac thanh phan ngang ctia cac vector song duoc bao
toan khi di qua cadc mdi treong;:

k, = ky, = ks, = kyn,siné (2)
Cac thanh phan kgy va k:3y dwoc xac dinh béi cac hé thire sau:
B o=ke =k, +k, k& =ke==FkE, +k, 3)

Do d6:

ka = Vk362 - kIQx’ k?)y = \lkgs?) _k12z’ (4)

(a)

bién mé1 np < ny SP
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(b
¢, (Lang kinh)
Anh sdng phan cud
tir ngang

Hinh 1. Kich thich plasmon bé mat trong cau hinh Kretschmann
(a) So d6 cta cdu hinh, (b) M6 hinh cac 16p vat liéu trong COMSOL
Sw lan truyén cua séng dién tir dwoc md ta bdi phwong trinh Maxwell trong
mién tan so:

i VxE
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D€ dam bao tinh d6i xtéing ctia dién truong trén cac bién song song voi mat
phang x — z ta phai st dung diéu kién bién tuan hoan Floquet trén cac bién trai va phai
cua tat ca cac 1op. Dién truong sai khac nhau mét nhan s6 pha:

B, =B, e (6)

& day 7, — 7 la vector vudng goc voi cac bién d6i xting. Do 16n cuia do dich pha phu
thudc s6 song va gdc tdi ctia anh sang téi. Vi cac bién doi xting la song song voi truc y

nén chi can xac dinh thanh phan x ctia vector kj:

kp= Ok, = kn, sing,0 )
Anh séang t6i 1a 4nh sang phan cuec tlt ngang:

H= 0,0¢ " (8)
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3. KET QUA VA THAO LUAN

Viéc md phong SPR trén ciu hinh Kretschmann béng phuwong phap phan tie
hitu han dugc thuc hién bang viéc giai s§ phuong trinh (5) véi cac diéu kién (6) - (8)
trén phan mém COMSOL Multiphysics. Trén hinh 2 1a hinh hoc ctia mién tinh toan sau
khi duwogc chia ludi. Kich thudc cua mién lang kinh 1a 1,5um x 1,5um, 16p vang c6 bé
day dva bé rong 1,5umva kich thwdc ciia méi truwong la 1,5um x 1,5um . D€ dam bao
cho tinh v6 han theo truc z, diéu kién bién tuan hoan Floquet duwoc ap ddt trén hai
bién ¢ hai bén cua mién tinh toan, khi séng t6i bién bén phai sé chuyén qua bién bén
trai voi do dich pha tuwong ting va diéu nay khong anh hwong dén két qua tinh toan.
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Hinh 2. M6 hinh tinh toan dwgc chia lwdi va ap dat diéu kién bién tuan hoan.
3.1. Sy phu thuc cua SPR vao bé day caa 16p kim loai.

Dbé nghién cttu anh huong ctia bé day 16p kim loai 1én SPR, ching tdi sit dung
4nh sang t6i 1a buic xa laser He — Ne véi budc séng A = 632.8nm , lang kinh lam bang
thty tinh quang hoc BK7 c6 chiét sudt n = 1,5151[17]; kim loai 1a vang c6 hang s dién
molie = —11,740 + 1,2611:[17] va mdi treong 1a khong khi. Chiéu day cta 16p vang
thay d6i tir 20nm dén 70nm. Goc tdi thay ddi trong khoang 30° — 60°. Két qua tinh s6

cho trén bang 1.

Bang 1. Sy phu thudc ctia SPR va hé s6 phan xa vao chiéu day 16p vang.

Chiéu day 16p vang (nm) Goc cong huong (°) Hé s0 phan xa tai cong huwong
30 44,44 0,3108
35 44,15 0,1849
40 43,98 0,0807
45 43,87 0,0154
50 43,80 0,0018
55 43,75 0,0427
60 43,73 0,1289
65 43,71 0,2427
70 43,70 0,3653
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T day ta thay rang, tai budc séng A\ = 632, 8nm, bé day t8i wu ctia 16p vang la
50nm va goc cong huong 1a 43,8°. Tai d6 hé s6 phan xa gan nhu bi triét tiéu hoan toan.
Db thi bidu dién su phu thudc ctia hé sd phan xa vao goc téi tng vdi cac bé day khac
nhau cho trén hinh 3
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Hinh 3. Sy phu thudc ctia hé s6 phan xa vao goc toi va chiéu day 16p vang.

Déng diéu ctia treong dién tir trong c&u hinh ting véi chiéu day 16p vang bang
50nm & cac goc tdi khac nhau cho trén hinh 4a, 4b va 4c.
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Hinh 4. Cuong do tir truong trong mién md phong tng véi cac goc téi khac nhau.
(@) & = 42°, (b) 0 = 43,8° (gbc coOng hudng), (c) 0 = 45°
Tt d6 ta thay réng, khi & xa cong hwong, hé s6 phan xa 16n, treong trong vung
ling kinh rat manh va tit dan rat nhanh khi di qua 16p kim loai vao dién moi con tai
cong hudng, hé s6 phan xa giam manh, séng dién tir bi hap thu manh trong 16p kim
loai nén cuong dd truong trong vung nay 16n hon nhiéu so véi trong lang kinh va
giam theo quy luat ham m khi di vao vung dién moi (hinh 5)
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Hinh 5. Mt cat cuia truong cua SP tai cong hudng, dai mau vang la mién kim loai.

3.2. Sw phu thudc ctia SPR vao budc song anh sang kich thich khi ¢4 dinh chiéu day
l6p vang kim loai.

DPé nghién cttu anh hwong ciia bude song dnh sang kich thich 1én SPR, ching toi
str dung cac btic xa laser vdi cac bude song \ = 632, 8nm, 652, 1nm., 670,8nm, 785,8nm
va 852,4nm. Lang kinh lam thay tinh quang hoc BK7 va 16p vang c6 bé day 50 nm.

Két qua tinh s& cho trén bang 2. D6 thi biéu dién su phu thuodc ctia hé s6 phan
xa vao goc tdi & cac budce song khac nhau cho trén hinh 6. Ttt bang 2 va hinh 6 ta thay
rang chiéu day t8i wu ctia 16p vang dé& hé s phan xa tai cong huong la nho nhat khong
phu thudc budc séng, tuy nhién goc cong huwdng va do rong cua dinh cdng hwdéng
giam theo sy tdng ctia budc sdng anh sang kich thich.

Bang 2. Sy phu thudc ctia SPR va hé s6 phan xa vao budc séng anh sang kich thich.

Budc séng anh sang (nm) Goc cong huong (°) H¢ s6 phan xa tai cong huong

632,8 43,80 0,00180
652,1 43,53 0,00006
670,8 43,33 0,00056
785,8 42,66 0,00800
852,4 42,46 0,00276
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Hinh 6. Sy phu thudc ctia hé s6 phan xa vao goc tdi & cac budc song khac nhau.
3.3. Su phu thudc ctia SPR vao nong d ctia chit tan trong dung dich khi ¢4 dinh
budc song anh sang kich thich va chiéu day 16p vang kim loai.

Trong phéan nay ta khao sat sy phu thudc ctia SPR vao nong d¢ ctia dung dich
trong moi truong ¢ sau 16p vang. Lang kinh st dung vat liéu BK7, 16p vang c6 bé day
50 nm va budc séng anh sang kich thich A = 632,8 nm. Dung dich st dung o day la
dung dich NaCl. Két qua tinh s6 duoc cho trén bang 3. D6 thi biéu dién su phu thudc
cua hé s6 phan xa vao gdc tdi cac nong d6 dung dich khac nhau cho trén hinh 7.

Bang 3. Sy phu thudc ctia SPR va hé s6 phan xa vao chiét sudt cua lang kinh.

Nb6ng dd dung dich NaCl ~ Géc cdng hudng () Hé s6 phan xa tai cong huwong

(Yowt)
0 71.95 0.0045
2 72.45 0.0053
4 73.26 0.0068
6 74.40 0.0097
8 75.96 0.0160
10 78.07 0.0308

Tk bang 3 va hinh 7 ta thay réng, tai mot budce song xac dinh khi chiét suat cua
dung dich tang thi goc cong hwong va do rong cua dinh cong hwong tang. Mat khac tt
két qua trong muc 3.2. ta da biét, su ting ctia budc séng dnh séng kich thich lai dan téi
sy giam cuia goc cdong huong va do rong cua dinh cong huong, day la diéu can phai
cha y khi nghién cttu SPR trong thuc nghiém. Sy thay doi cta goc cdong hudng theo
nong do cua dung dich 1a co sd cua cac cam bién do nong d¢ trong hoéa hoc va sinh
hoc.
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Hinh 7. Sy phu thudc ctia hé s6 phan xa vao goc téi tng véi cac nong do khac nhau
ctia dung dich NaCl.

4. KET LUAN

St dung phuong phap phan t&¢ httu han trong phan mém Comsol
Multiphysics, chtiing t6i da xay dung dwoc md hinh d€ moé phong SPR trén cdu hinh
Kretschmann véi 16p pht bang vang. Chting ti da xac dinh dwoc chigu day t6i wu cta
16p vang dé€ SPR la rd nhat. Khi khao sat anh huong ctua bude song anh sang kich thich,
chting t6i da thay rang su ting ctia budc séng anh sang kich thich dan téi sw giam ctia
goc cong huong va bé rong cua dinh cong hwong. Ching t6i ciing da khao sat anh
huong ctia nong d6 dung dich NaCl trong méi trwong phia sau 16p kim loai dén SPR,
két qua cho thdy sy téng ctia nong d6 dung dich dan dén sy tang ctia goc cong hudng
va do rong ctia dinh cdng huwong. M6 hinh da xay dung ¢ day cing cd thé duoc sw
dung dé nghién ctru SPR trén cac kim loai khac v6i cac mdi truong khac nhau.
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SIMULATION OF SURFACE PLASMON RESONACE ON KRETSCHMANN
CONFIGURATION BY FINITE ELEMENT METHOD
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ABSTRACT

In this paper, we use a modeling software based on finite element method (FEM)
to study surface plasmon resonance (SPR) on Kretschmann configuration with
prisms coated with gold metal. It was determined that, at wavelength 632,8 nm, the
optimal thickness of the gold layer was 50 nm and the reflectance falling to a
minimum at an angle of 43,80. The simulation results also showed a decrease of the
resonant angle with increasing wavelength of the excitation light, and increase of

the resonant angle with increases of concentration of the solution.

Keywords: Kretschmann configuration, SPR, FEM.
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Dai hoc Khoa hoc, Pai hoc Hué.

Linh vic nghién cieu: Vat liéu ap dién, ky thuat siéfu am, md phong ly

thuyét, ky thuét vi xi ly va tng dung, xt ly tin hiéu sd...

Lé Ngoc Minh sinh ngay 06/12/1963 tai Nam Dinh. Nam 1985, 6ng tot
nghiép ctt nhan nganh Vat ly ly thuyét tai truong Dai hoc Téong hgp Hué.
Nam 1998, 6ng t6t nghiép thac si chuyén nganh Vat ly Chat ran va hién

nay cong tac tai Truong Pai hoc Khoa hoc, Pai hoc Hué.

Linh viec nghién cieu: ly thuyét chat ran, vat ly tinh toan, ky thuat siéu am,

md phong ...

Lé Phuwdc Pinh sinh ngay 15/10/1991 tai Thanh phd Hué. Nam 2014, 6ng
tot nghiép c nhan nganh Vat ly Chat rin tai treong Dai hoc Khoa hoc,
Dai hoc Hué. Nam 2017, éng t6t nghiép Thac si chuyén nganh Vat ly Chat

ran va hién nay cong tac tai treong Dai hoc Khoa hoc, Dai hoc Hué.

Linh viee nghién cibu: vat 1y chat rén, ky thuét siéu 4m, mo6 phong...

Lé Thi Ngoc Bao sinh ngay 31/10/1983 tai Thita Thién Hué€. Nam 2006, ba
tot nghiép Ct nhan nganh Vat ly tai Truong Pai hoc Khoa hoc, Pai hoc
Hué. Nam 2009, ba t6t nghiép Thac si chuyén nganh Vat ly ly thuyét va
Vat ly toan tai truong Dai hoc Suw pham, Pai hoc Hué. Nam 2020 ba tot
nghiép tién si chuyén nganh Vat ly ly thuyét va vat ly toan tai truong Dai
hoc Su pham, Dai hoc Hué. Ttr nam 2006 dén nay ba cong tac tai truong
Dai hoc Khoa hoc, Dai hoc Hué.

Linh viec nghién cieu: Vat 1y hé thap chiéu, vatly moé phong.
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