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ABSTRACT

The paper is to present the simulation results of the surface plasmon
resonance (SPR) sensor using transfer matrix method for multilayer
films. Surface plasmon resonance can be generated by depositing one
layer of metal with thickness of less than 100 nm. The metal, which is
Cu, is deposited on the bottom of the prism for sensing surface with the
optimal thickness of around 50 nm. An optical sensor based on Cu
deposited has the detection capability of about 99,5°/RIU, offering high
sensitivity and easy fabrication of optical sensors. Moreover, the SPR
sensor can be applied to measure biological elements such as fibrinogen
protein, tau-protien concentrations in real-time manner for disease
diagnosis. The SPR optical sensor has some advantages such as, small,
low cost, easy manufacture and relatively high sensitivity.

TOM TAT

Bai bdo trinh bay két qua mé phong cho cam bién quang hoc dwoc phu
dong (Cu) dé tao hiéu img cong hu‘ong bé mat sir dung ma trdn truyén
tdi cho nhiéu lop kim logi. Hiéu ung cong huong bé mat dwoc tao ra
bang cach phii mét 16p kim logi véi d@é day thich hop (d < 100 nm) trén
bé mdt mét chdt cé chiét sudt 1om nhw lang kinh. Két qua mé phéng cho
thdy 16p phii Cu véi dj day khodng 50 nm dé cho thdy thanh phan séng
tir truong nam ngang (transverse magnetic field) tao nén hiéu img cong
huong bé mdt véi dé nhay khoang 99, 5°/RIU. Két qua ndy c6 thé ding dé
tién hanh thire nghiém ché tao cam bién quang hoc dimg dé phdt hién va
do heong nong do cdc protein trong mdu nhu fibrinogen (bénh tim), tau-
protein (bénh mat tri nhé) dé img dung trong chan dodn bénh, gid thanh
ré hon va d nhay twong déi cao.

Trich dén: Nguyén Tén Tai, 2017. M6 phong d6 nhay cua cam biép quang hoc sir dung dong tao hiéu tng
cong huong bé mét trén lang kinh d€ ing dung trong chan doan bénh. Tap chi Khoa hoc Trudng
Pai hoc Can Tho. 53a: 13-18.

1 GIOI THIEU

Andreas Otto va Kretshmann — Rather 1a nhiing

Cam bién quang hoc st dung hiéu tng cong
huéng bé mat c6 rat nhidu ing dung trong cac linh
vuc khac nhau nhu vat ly, hoa hoc, sinh hoc va y
duogc, dac biét 1a trong linh vyc chin doan bénh
(Liedberg et al., 1995; Miwa va Arakawa, 1996;
Melendez et al., 1997; Chiang et al., 2007; Sharma
et al., 2007, Altintas et al., 2016). Nam 1968,
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nha khoa hoc dau tién nghién ciru vé higu Gmg cong
hudng bé mat (Otto, 1968; Orfanisdis, 1999). Ho
chimg minh rang hiéu tng cong huong bé mit co
thé duoc tao ra voi nhiing cau trac khac nhau dua
trén hién tugng quang hoc goi 1a phan xa giam toan
phin (attenuated total reflection) (Otto, 1968;
Orfanisdis, 1999). Hau hét cac cam bién quang hoc
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sir dung hiéu ung cong huong bé mat déu str dung
lang kinh v&i mét 16p kim loai mong phu 1én trén
bé mat (Homola va Yee, 1996; Dostalek et al.,
2001; Patskovsky, 2004; Xu et al., 2005). Dya trén
cAu tric nay, do nhay va tinh chon loc cé thé duoc
diéu chinh dua trén do day cua 16p kim loai va sy
bd sung cac nhom chirc nhue —COOH, -NH, trén bé
mit ciia cam bién. Vi cdu tric sir dung ling kinh,
hi€u Gng cong hudng bé mat co thé duoc tao ra
bang cach chiéu tia sang don sic (A = 632,8 nm),
t6i lang kinh. Sau khi tia sing dén bé mat kim loai
thi mot phﬁn tia s€ phan xa, ph?m con lai 1a s€ tao
ra hiéu ng cong hudng bé mit voi cuong do suy
giam theo khoang cach ra xa khoi bé mat. Tuy
nhién, can phai cht ¥ ring 4nh sang c6 tinh chét
song va co 2 thanh phan 14 song dién truong ngang
(transverse electric field) va song tir truong ngang
(transverse magnetic field); trong do chi c6 thanh
phan song tir truong ngang méi co thé tao dugc
hiéu (mg cong huong bé mat. Khi do, can phai diéu
chinh goc téi cua tia sang thoa man diéu kién sau
dé tao nén hiéu tmg cong hudong bé mit (Ctyroky et
al., 2005):

1/2
. E.&
n,siny = ———
(e, +2,)

Trong d6, n, 1a chict suat ctia lang kinh; y la
gbc tdi cua tia sang; &, 1a hang s6 dién mobi cua kim
loai; ¢ 1a hang so di¢n moi cua dung dich.

Dt v .

()

Hién nay, cac nghién ctru da thuc hién déu dua
trén c4u tric lang kinh két hop véi cac hé théng do
tin hi€u. Thém vao d6, kim loai dugc sur dung chu
yéu 14 vang (Au), bac (Ag), nhom (Al) (Liedberg et
al., 1995; Dostalek et al., 2001; Xu et al., 2005;
Sharma et al., 2007) va da dat dwoc mot sd thuan
lgi nhu sau. Nam 1999, Slavik va cac cong sy
thugc Vién Pién tir va Cong nghé V6 tuyén — Cong
Hoa Séc, da su dung Au dé phu 1én trén 161 soi
quang dé lam cam bién voi do nhay kha cao vao
khoang 10-° (RIU) va dat dugc do bén tbt vé ca mat
hoéa tinh va ly tinh (Slavik et al., 1999). Tuy nhién,
Vang la mét kim loai quy va c6 gia thanh cao. Viéc
sir dung nguyén liu nay dé 1am cam bién s& khong
hiéu qua vé mat kinh té, gay kho khan cho viéc
trién khai thyc tién va thuong mai héa san phiam
(Homola, 1995; Ctyroky et al., 1999; Slavik et al.,
1999). Nam 2004, Iga va cdng sy thudc truong Pai
hoc Soka - Nhat ban, da sir dung Ag dé thay thé Au
lam kim loai cho cam bién véi d nhay dat duoc 1a
10* (RIU) (Iga et al., 2004). Tuy nhién, nhugc
diém cua cam bién lam tir Ag 1a d6 bén hoa hoc
kém do Ag d& bi oxy héa. Pé vuot qua nhing
nhuoc diém nay, nhiéu cong trinh nghién ctru Iy
thuyét vé két hop cac loai kim loai dd dwoc cong
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bd nhu: Cong trinh nghién ctru vé cam bién su
dung két hop 2 kim loai Au — Al cua Abdelmalek
(2001); hay cong trinh ctia Zynio ef al. (2002) véi
su két hop 2 kim loai 1a Ag - Au dé lam cam bién;
hay cong trinh nghién ctru cua Csete et al. (2007),
vé str dung Au - Ag; hay cong trinh nghién ctru cia
Nguyen et al. (2017) da sir dung Bac — Nhom.

Vi vay, viéc tim kiém céc vat liéu khac dé thay
thé Au va Ag la mot van dé dang quan tim hién
nay. Trong thoi gian gan day, dong (Cu) dugce xem
1a mot vat lidu co thé thay thé Au va Ag dé tao nén
bé mit cam bién, do phﬁn thuc cua héng sb dién
mdi cia Cu 16n din dén d6 nhay cao hon (Sharma
va Gupta, 2005).

Bai bao nay nghién ctru d nhay cta cam bién
sir dung lang kinh dua trén su két hop cua kim loai
Cu. Két qua mé phong cho thay viéc sir dung kim
loai v6i d6 day 1a 50 nm s& cho két qua t6t nhat.
Viéc két hop st dung Cu dé ché tao cam bién
quang hoc tng dung trong chin doan bénh s& mang
lai nhiéu thuan loi nhu gia thanh thp, d& ché tao
va mang tinh ng dung cao.

2 PHUONG PHAP VA SO LIEU DUNG
TRONG MO PHONG

2.1 CAu tric

Céu triic ding cho mé phong dugc trinh bay
nhu Hinh 1. Tia laser s& dugc chiéu vao day ling
kinh ¢6 phu 16p kim loai v6i mdt goc thich hop.
Khi d6, mot phan tia sang s& duoc truyen tai két
hop v6i dao dong cia cac dién tir trén bé mat kim
loai dé tao nén hiéu ung cong hudng bé mat. Mot
phin s& phan xa tr¢ lai lang kinh, tia phan xa s&
dugc dung dé ghi tin hiéu khi c6 sy thay doi & moi
truong cam bién. Dé dat duoc hiéu suit cao trong
viée tao hiéu tmg cong hudng bé mit, goc tdi cla
tia laser can phai dugc didu chinh dé thoa man
phuong trinh (1).

Lang ki

T LTI

Kim loai

Khéng khi SP
Hinh 1: CAu tric thong dung cia cam bién sir
dung hiéu &rng cfng hwéng be mit
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2.2 Vitliéu
Vit liéu dugc st dung trong m6 phong 1a lang
kinh, dong, nude chung cat va huyét thanh (bovine
serum albumin) véi hang so dién moi duoc deé cap
bang bén dudi.
Bang 1: Hang s6 dién méi cia mot so vat licu
(Iga et al., 2004)

Budée séng

Vit li¢u Hang so di¢n

(nm) moi (&rtiei)
Lang kinh 632.,8 2,9687
Cu 632,8 -12,892+0,78295i
Nude chung cét 632,8 1,7689
BSA” 632.,8 1,8225

* Huyét thanh (Bovine Serum Albumin)

2.3 Phwong phap ma trin truyén tai
(Transfer matrix method)

Xét chu trac cho mot cam bién gom c6 3 16p
nhu sau: Lang kinh/Cu/moéi truong cam bién dugc
mo ta nhu Hinh 2. Thanh phan tiép tuyén cia dién
truong (electric field) va tir trudong (magnetic field)
& dudng bién dau tién giira lang kinh va Cu lién hé
v6i ching ¢ duong bién cudi giita Cu va moi
truong cam bién dugc tinh toan thong qua biéu
thirc sau (Gupta va Sharma, 2005):

{EH}ZM{EG}
Htl Ht3

Trong d6, Eu, Hu, Eg, Ht3 la thanh phén tiép
tuyen cua dién tru'(mg va tlep tuyen cua tr truong
tuong tng voi 16p dau tién va 16p cudi. M 1a ma
tran truyén tai cia cdu tric va dugc cho bai biéu
thirc sau:

:|:M11 M12:|
M21 M22
Lang kinh

Anh sang phap xa(1)

2

(€)

Cu
(2)

Anh sang t6i
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Véi M11= M22=COSBCU
M, 1=-iqcu SinPcu

M p=-isinBcu/qcu

Trong do6,
(8 —¢. sin’ 1//)1/2
(]c,, — Cu core (4)
€Cu
27w .
IBCu = icu (€Ctl - gcare s W)1/2 (5)

Hé s6 phan xa ciia thanh phan song tir truong
ngang (transverse magnetic field) dugc cho
boi biéu thirc sau:

_ (Mll +M12Qs)+qcare _(M2l +M22qs)

- ®
(Mn +M12qx)+ 9eore T (le +M22q5)
Trong do6,
(6‘ £, Sin 1//)1/2
qs _ s wre(‘g (7)
_ cosy ®)

qcure -
V gcure

Cuong d6 phan xa cia thanh phan séng tir
ngang
2

R= ‘rp‘

(€))

Véi cac thanh phan de, 1a d6 day cta 16p Cu;
€core 14 hdng sb dién moi cua lang kinh; &c, 13 hing
sO dién moi cua lang kinh; w 1a goc t6i ciia anh
sang (tia laser); 4 1a budc song cua anh sang (tia
laser); &core 12 hiang s dién méi cua dung dich can
do (moi trudong cam bién).

méi trudng cdm bién

(3)

Anh sang truyén qua

/

X

Hinh 2: Céu tric 3 16p ciia cam bién sir dung trong mé phong
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3 KET QUA VA THAO LUAN

Trong két qua nay, 4nh sang d6 c6 budc song
632,8 nm da duoc tac gia st dung nhu la mét
ngudn chiéu tia sang t6i trong ciu trac cua cam
bién quang hoc. Anh sang d6 duoc s dung 1a do
¢6 d6 don sic cao, it bi hép thy bdi moi truong chét
long so voi cac vung sang khac. Moi truong cam
bién (3) dwoc st dung & day la nudc chung cat.
Trude hét, sy thay d6i caa anh sang phan xa tir bé
mit cua cam bién dugc khao sat dya trén céu trac

1.0

Reflectivity (R) [a.u.]

0.2

0.0 !

— 30nm|
35nm|
40nm|
45nm|
50nm|
55nm)|
60nm|

T T . T T
20 80

Angle [degree]

Reflectivity (R) [a.u.]
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co ban ctia cam bién nhu sau Lang kinh/Cu/H,0. O
md phéng nay, goc tdi (angle) cia tia laser dugc
thay ddi tir 0 — 90°. Két qua mé phong cho thay,
khi d6 day cua lop Cu tang 1én tir 30 — 60 nm thi sy
phan xa (reflectivity) giam dan. Tuy nhién, khi
vuot qua 50 nm thi sy phan xa c6 xu hudng ting
lén nhu két qua dugc trinh bay trong Hinh 3(b).
Theo két qua trinh bay nhu Hinh 3, véi d§ day 50
nm cua 16p phii Cu s& cho cuong do phan xa thap
nhét vé6i goc téi khoang 43,96°.

1.0
-_— 50nm 40nm 35nm
== 4 \
RN 550m rk-\ Sn\r\n \\ N
08 AN a X
T 60nm ™. ]
0.6
0.4 30nm
35nm
3 40nm
021 45nm
50nm
0.0 55nm
—— 60nm
T T T ' T T L}
40 42 44 46 48 50

Angle [degree]

Hinh 3: Méi quan hé giira géc t6i va sy phan xa cua tia t6i: (a) Sy phu thudc ciia tinh phan xa cia tia
laser vao goc téi; (b) Sw phéng to hinh anh (a) tir 40° - 50°

Tinh chét cia tia phan xa c6 ¥ nghia rat 16n ddi
v6i viée tao hi€u ung cam ung bé mat. Néu cuong
d6 tia phan xa nho, thi c6 nghia 13 phan 16n ning
lwong hao hut d3 dwoc chuyén hoa thanh sy cong
huéng bé mit trén bé mat Cu. Dya vao két qua
trinh bay trén Hinh 4, néu do day cta kim loai ting
lén thi ning lugng chuyén d6i (Energy transfer)
cang 16n. Tuy nhién, khi ting dén mot do day thich

hop thi ning luong chuyén dbi d6 sé bit dau suy
giam. Néu duoc phu 16p dong voi do day 1a 50 nm
thi & d6 day nay cho két qua cua su phan xa 1 thap
nhit - khoang 0,5 %. Diéu nay dong nghia véi
ning lugng chuyén ddi s& 1a 16n nhat — khoang hon
99 % (Hinh 4), diéu d6 din t6i hiéu Ung cong
hudng bé mit tao ra trén bé mat cam bién s& 1a ot
nhit & d6 day 50 nm nay.

50 T L T ¥ 1 T T T I
-
- — i - 100
40 L |
4— m o
| ). o0
5 &
30 4 =
E =
= 80 o
= (1]
S B
T 204 =
= e
¥ . L70 &
o = w
10 Vs
7 \ /- - 60
)’ L
04 & ]
T T ' T T T T T 50
30 35 40 45 50 55 60

Thickness [nm]

Hinh 4: Sy phan xa (reflection) va sy chuyén dbi ning lwong (energy transfer) dé tao hiéu tng cong
hwéng bé mit véi do day twong wng cia Cu
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Pé minh chung cho d day thich hop cua 16p
phu Cu, d6 nhay cua cam bién da duoc tinh. Trong
phan tinh nay, d6 day cua 16p phi Cu 1a 50 nm,
budc song cua tia laser 1a 632,8 nm, chiét suit cua
moi truong cam bién s& dugc thay ddi tr 1,33 —
1,35 (RIU), twong tng véi do rong vung do cua
cam bién duoc dung trong md phong nay l1a 0,02
RIU. Can chu y rang d6 rong ving do clia cam bién
phu thudc vao d¢ day va ban chét kim loai str dung.
Do nhay (sensitivity) ciia cam bién s& dwoc tinh
theo cong thirc nhu sau (Gupta va Sharma, 2005):

Tap 53, Phan A (2017): 13-18

g_V
on

Trong d6, S 1a d6 nhay ciia cam bién, y 1 goc
t6i cua tia laser, 7 1a chiét sut ciia méi truong cam
bién. Theo két qua trinh bay trong Hinh 5, d6 nhay
(S) duoc tinh toan 13 99,5YRIU. Day la dd nhay
tuong ddi cao cia mot cam bién chi str dung mot
16p kim loai ma khéng ¢ bat ki kim loai hay hop
kim bd trg nao khac nhu Ag, Au, Al, ZnO, SiO, dé
tang cuong do nhay.

(10)
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Hinh 5: Sy phu thudc ciia dd nhay cam bién va do day cia 16p Cu

Viéc sir dung Cu dé l1am 16p phu kim loai trén
bé mat cam bién s dung hiéu Gmg cong hudng bé
mat mang lai mdt s6 vu diém sau: Mot 1a, mang lai
hiéu qua vé& mat kinh t& vi Cu c6 gia thanh ré hon
so vOi cac kim loai khac thuong dung trong cam
bién nhu Au, Ag (Xu ef al., 2005; Sharma et al.,
2007). Hai 1a, do Cu c6 kha nang bam dinh cao nén
¢ thé d& dang phu thém cac 16p khac nhu ZnO,
TiO,, SiO; hodc graphene dé tang do nhay va ting
cuong kha ning bod sung cac nhom chic héa hoc
nhu: -COOH, -NH, trén bé mit cia cam bién dé
mg dung trong chan doan bénh. Sau cung 14, su
dung Cu két hop vé6i cac kim loai khac c6 thé mo
rong ving do 16n hon 0,02 RIU, két qua da dat
duogc trong mo6 phong nay.

4 KET LUAN

Bai bao da trinh bay két qua mé phong cam
bién sinh hoc st dung 16p pha Cu 1am bé mat cia
cam bién. Két qua dat dugc cho théy, Cu vai lop
phii & d6 day 50 nm s& cho sy chuyén hoa ning
lugng dé tao thanh higu ing cong huong bé mat 1a
16n nhat voi do nhay khoang 99,5%RIU. Két qua
nay s& 1a tién dé cho viéc ché tao cam bién quang
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hoc véi gia thanh thip hon do Cu c6 gia ré hon so
v6i cac kim loai truyén théng dung trong cam bién
nhu Au, Cu. Pdng thoi, két qua ciing tao tién dé
cho nghién ciru tiép theo 1a phu thém céc 16p TiO»
hay SiO, dé tang cuong do nhay, mé rong vung do
va kha nang bd sung nhom chirc cho bé mat cam
bién dé tmg dung cho céac trudng hop do chuyén
biét (specific detection).
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