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Tom tit:

Céu tric chét di¢n méi - kim loai - chét di¢n méi (IMI) 1a mot ciu tric tiém nang trong thiét ké nén ting cam bién
sinh hoc béi cac dic tinh quang hoc wu viét, dac biét la hi¢én twgng cong hwéng bé mit (SPR). Trong nghién ciru
nay, dic tinh quang hoc ctia cau tric IMI trong dii buéc séng nhin thay dwgc tinh toan bang phuong phép transfer
matrix. Két qua chira rang, céu tric IMI ¢6é kha ning hap thu 4nh sang manh & buéc séng thich hop do hi¢u trng
SPR trong cau tric. Hién twgng SPR nay dwgc hinh thanh do suw két hgp gira Anh sdng t6i va cac dién tir tu do ctia
16p kim loai trong céu triic. Pic diém dinh tin hiéu ciia hién twong SPR phu thudc vao do day cia cac 16p va méi
truong chiét suét xung quanh céu tric IMI. Dya vao cac két qua tinh toan néu trén, clu tric IMI trng dung cho chip
sinh hoc dd dwoc thiét ké va téi wu héa tir dic tinh quang hgc. Bén canh do, cac két qua tinh toan d¢ nhay chi ra
rang, ciu tric IMI c6 d nhay cao hon chip sinh hoc sir dung phwong phap phan xa toan phin (ATR), SPR va twong

dwong véi phwong phap sir dung ciu tric kim loai - chét dién méi - kim loai (MIM).

Tir khéa: ATR, ciu triic nano chit di¢n méi - kim loai - chit dién méi, SPR.
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Hién nay, co thé chia cac chip sinh hoc dugc su dung rong
rai lam 3 loai chinh: chip sinh hoc st dung tin hi¢u quang hoc
(Optical biosensors); chip sinh hoc sur dung tin hiéu dién (Electrical
biosensors); chip sinh hoc sir dung tinh chat co (Mechanical
biosensors) [1]. Chip sinh hoc st dyng tin hi¢u quang hoc 12 loai
chip nhan biét 16p sinh hoc dua trén sy thay d6i cua cac dic tinh
quang hoc nhu phan xa, truyén qua, phat quang khi trén bé mat co
thém céc 16p sinh hoc nhu protein (biotin, avidin) hodc cac virus...
Do d6, céc chu truc dugc ap dung trong cac chip sinh hoc loai
nay thuong c6 do nhay cao voi su thay doi ciia moi truong xung
quanh cdu trac, vi du nhu sy thay d6i vé chiét suat. Nhiéu phuong
phap khac nhau di dugc st dung trong ché tao chip sinh hoc loai
nay nhu phuong phép danh ddu huynh quang, phuong phap st
dung chat ban dan, phuong phap sir dung hiéu tmg cong huong
plasmon bé mat [2-5]. Trong d6, phwong phép sir dung hiéu tmg
cong hudng plasmon bé mat d dwgc nhiéu nhém tién hanh nghién
ciru va phat trién.

Mot s6 nhom nghién ciru trén thé gidi dang phat trién cac chip
sinh hoc dya trén hién twong cong huong plasmon bé mat nhu
SPR va LSPR (hi¢n tugng cong hudng cuc bd) [6-9]. Hi¢n tugng
plasmon bé mat 1a su dao dong cua cac dién tir ty do ¢ bé mat vat
li¢u khi bi tac dong ctia anh sang kich thich. Hién twong cong hudng
plasmon bé mit xay ra khi tin s ctia anh sang kich thich tring voi
tin s6 dao dong cia electron bé mat [8]. Mot phwong phap phd
bién duogc st dung dé kich hoat hién tuong nay 1a phuong phap
phan xa toan ph?m bén trong ATR (Attenuated Total Reflection).
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Khi hién twong SPR xdy ra, ddc tinh quang hoc tai budc song xay
ra SPR rit nhay voi sy thay doi chiét sudt & bé mat xung quanh.
Céc nhom nghién ctru di loi dyung tinh chit nay dé phat trién céc
loai chip sinh hoc. Nhiéu bo san ph?im chip sinh hoc str dung hién
tugng SPR c6 do nhay cao khoang 0,003 ng/mm™da dugc ban trén
thi truong [9]. Tuy vdy, chip sinh hoc sir dung hién tugng SPR c6
nhugc diém 1a cdu tao phurc tap, dic biét 1a hé thong xir Iy quang
hoc can ¢6 mot thau kinh (prism) dé kich thich xay ra hién tuong
phan xa toan phan. Pé nang cao do nhay ciing nhu don gian hoa
qua trinh ché tao c4c loai chip sinh hoc nay, nhom nghién ctru cia
Gido su Kajikawa da sir dung céu tric nano MIM dé phat trién
chip sinh hoc [10-12]. Cau triic MIM c6 kich thudc 200-500 nm
voi kich thude timg 16p 20-100 nm. DY nhay cua chip sinh hoc sur
dung phuong phap nay khoang 9-40 pg/mm?, twong dwong voi do
nhay cua chip sinh hoc str dung phuong phap ATR [13]. Tuy nhién,
cdu triic cua chip sinh hoc don gidn hon do céu trac MIM khong
can sir dung dén thu kinh (prism) dé kich hoat hién tuvong SPR.

Nghién ciru ndy tién hanh phan tich dic tinh quang hoc ciia cau
tric nano IMI thong qua viéc tinh toan vé d¢ phan xa, truyén qua
khi anh sang di vao cau tric IMI. Tuong tw nhu cdu trac MIM, khi
c6 kich thich cua anh sang vdi budc song thich hop, hién tuong
SPR ciing s€ xdy ra trong céu trac IMI. O cau trac IMI, vat ligu
dién moi cho phép gan céc 16p phin tir sinh hoc 1én bé mat mot
cach don gian. Uu diém nay rat quan trong trong viéc phat trién
chip sinh hoc. Bang cach tdi uu hoa cau tric IMI, cac ddc tinh
quang hoc nhu phan xa va truyén qua s& c6 su thay doi 16n khi moi
truong chiét sudt xung quanh thay doi. Tir 46, nghién ctru d& xuat
cdu tric pht hop nham tmg dung vao chip sinh hoc ¢6 d6 nhay cao.
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Abstract:

The insulator-metal-insulator (IMI) structure is potential
for the fabrication of biosensor platform devices because
of its unique optical properties, especially surface plasmon
resonance (SPR). In this study, the optical properties
of the IMI structure in the visible wavelength range
were calculated using the transfer matrix method. The
results indicated that the IMI structure exhibited high
absorbance at the proper wavelength due to the SPR. This
phenomenon was resulted from the resonance of incident
light and the free electrons in the metal surface. The SPR
signal relied on the thickness of layers in the IMI structure
and the refractive index of the surrounding medium.
Based on calculation results, the IMI structure applied for
the biosensor was designed and optimised with respects
to optical properties. In addition, sensitivity calculation
demonstrated that IMI structure was more sensitive than
biosensor based on attenuated total reflection (ATR),
SPR method while similar results were attained with the
metal-insulator-metal (MIM) structure method.

Keywords: ATR, insulator-metal-insulator nanostructure,
SPR.
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Phuong phap nghién cuiu

Dic tinh quang hoc nhu truyén qua va phan xa khi anh sang di
vao cdu tric da 16p IMI dugc tinh todn bang phuong phép transfer
matrix [14, 15]. Cung véi d6, sy thay dbi cua phd truyén qua, phan
xa cua cAu triic IMI va 16p phan tir sinh hoc ciing dugc tinh toan
bing phuong phap twong tu. Viéc so sanh va phan tich sy khac
nhau cua déc tinh quang hoc khi c6 va khong c6 16p phén tir sinh
hoc cling dugc thuc hién nham tdi wu hoa ciu trac IMI va danh gia
d6 nhay ctia n6 khi ung dung vao viéc ché tao chip sinh hoc. Quy
trinh dugc thyc hién nhu sau: (1) Tinh todn déc tinh truyén qua va
phdn xa trong cau triic IMI, (2) Tinh toan dic tinh quang hoc phan
xa trong cau tric IMI va 16p phan tir sinh hoc, (3) Toi uu héa céu
tric IMI tmg dung vao chip sinh hoc.
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Két qua va thao luan
Diic tinh truyén qua, phin xa trong ciu triic IMI

bic tinh tmyén qua, phan xa dugc tinh toan trong 3 cdu tric
kim loai (M), kim loai - chét dién moi (IM), chét dién moi - kim
loai - chat dién mi (IMI) nhu trong hinh 1. Cac thong s6 st dung
trong tinh todn nhu vét liéu, do day va chiét sudt cua cac 16p trong
cau trac I, IM, IMI duge the hién ¢ bang 1. MoO, dugc st dung
lam chét dién méi trong cau trac IMI do nd 6 chlet sudt cao
(khoang 2,1). Su khéac biét 1on giita chiét suat ciia 16p phén tir sinh
hoc ¢ trén 16p MoO, va 16p MoO, dan dén thay doi rd rang trong
phé phan xa khi c6 Va khong c6 lop phén tir sinh hoc. Cac kim loai
duoc st dung dé tinh todn gdm vang (Au) va bac (Ag) 1a cic kim
loai 6n dinh vé& mat hoa hoc va dic tinh quang hoc.
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Hinh 1. CAu triic kim logi (20 nm) (M), kim loai (20 nm) - chét dién méi (50 nm)
(MI), chat dién moi (50 nm) - kim loai (20 nm) - chat di¢n méi (50 nm) (IMI).

Két qua tinh toan dic tinh truyén qua va phan xa bang phuong
phép transfer matrix khi 4nh sang di vao cau trac M, IM, IMI (véi
kim loai 1a Ag) trong khoang budc séng tir 300 dén 800 nm duoc
biéu dién trong hinh 2A va 2B. Do day cua céc 16p va thong sd
tinh toan nhu bang 1. Trong hinh 2A, lan luot duong mau do, mau
xanh va mau den tuong tmg v6i pho truyén qua khi anh séng di
qua cu triic M, cdu triic IM va cau tric IML Vi cau trac 1a don
16p kim loai, d9 truyen qua giam dan theo chidu ting cua do 16n
budc song va pho truyén qua khong cho thiy dinh pho nao khac
ngoai dinh cia Ag & budc song 320 nm. Tuy nhién trong céu triic
IM ciing nhu IMI, c6 thé thay 1o dugc dinh phd trong pho truyén
qua céu tric ndy khac véi cdu trac don 16p kim loai. Dic biét trong
cau tric IMI, ¢6 thé quan sat dugc dinh phé ¢ khoang budc song
580 nm véi do truyén qua xép xi 75%, 16n gap 3 1an so voi céu trac
don 16p kim loai va 2 lan so véi cdu triic IM ¢ cling budc song.
Trong khi do, cau triac IMI ¢ d6 day 13 120 nm, 16n hon nhiéu do
day ctia cau trac M (20 nm) va cau trac IM. Cz”iu tric IMI ¢6 2 bé
mit tiép xtic gifta 2 16p chét dién moi (MoO,) va kim loai Ag, 16p
MoO;, c6 do day 50 nm (d¢ day nay nho hon 1/4 bude song cua
anh sang di vao) véi chiét suat tir 2,1. Do do 1op dién moi dong
vai tro nhu 16p 1am gidm phan xa, va ting do truyén qua & budc
song thich hop voi do day, do hién tugng giao thoa giita anh sang
phan xa ¢ 16p kim loai va 16p dién moi. Bén canh do, d§ chénh léch
chiét suat & bé mat ciia 16p Ag va MoO, 1a rat 16m, do d6 dinh cua
hién tuong SPR & bé mat l6p Ag dich chuyen vé phia bugc song
dai. Do d6 dinh phd truyen qua cua cau tric IMI ndm ¢ khoang
bude song 580 nm so v6i 320 nm cua Ag. Nguogc lai v6i xu hudng
& phd truyen qua trong hinh 2A, pho phan xa ¢ hinh 2B cho thay
do truyen qua tuong ing v01 cac cau truc M, IM, IMI co sap X€p
giam dan. Do phan xa & cu tric IMI nho nhat khoang 19% tai
budc song 595 nm.



Béng 1. Céc thong sb sir dung trong tinh tozn.
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Hinh 2. Két qua tinh toan phé truyén qua (A) va két qua phd phin xa (B)
trong 3 cau triac: M, IM, IMI.

Dé khao sat sy thay doi pho truyén qua ciia cdu trac IMI khi
do day cua céc 16p trong cdu IMI thay doi, hai trrong hop da duoc
tinh todn gf)m (1) Giit nguyén d¢ day 16p kim loai (16p 2) 1a 8 nm
va thay doi do day 16p MoO, 1a 50, 100, 200 nm (d6 day 16p 1 va
16p 3 bang nhau, tao thanh cau tric doi xtmg); (2) Giir nguyén do
day 16p kim loai (16p 2) 1a 8 nm, 16p MoO, thir 1 1a 50 nm va thay
doi dg day lop MoO, (l6p 3) 1a 50, 100, 500 nm. Trong truong hop
nay cau tric IMI la bat dbi ximg.

D01 voi trudong hop thir nhat, két qua pho truyén qua tuong ing
v6i chu trac IMI duge bidu didn trong hinh 3A. C6 thé thiy rang
khi d6 day cua 16p 1 va 3 tang Ién, dinh phd truyén qua rd rang hon
mic du do truyén qua khong thay doi nhiéu (46 truyén qua trong
khoang 90%). Trong truong hop 16p MoO, c6 d6 day 200 nm, co
hai dinh pho 1a 440 va 600 nm. Dinh thir 2 cua hién tugng SPR ¢
xu thé chuyén dich vé phia budc séng ngan khi do day cua 16p dién
méi tang 1én. Pbi voi truong hop thir 2, két qua phd truyén qua
cau trac IMI duoc biéu dién trong hinh 3B. Khi gitt nguyén do day
16p Ag va 16p MoO, thir 1 trong khi thay doi do day 16p MoO, thir
3, dinh pho truyén qua dan & rang hon c6 xu hudng dich chuyen
vé phia budc song 16n hon. Cu thé, dinh phd chuyén dich tir budce
song 410 t61 490 nm tuwong g voi sy tang d§ day 16p MoO, tir
100 1én 150 nm.

A)109 ®)1p9
50 100 F
S Sso |
.8 5 60
= =
£ 40 g
© < 40
a — dMo0,=50 nm A/ — dIMI=50/8/50 nm
20 — dMo0;=100 nm 20 —dIMI=100/8/50 nm
— dM00;=200 nm —dIMI=150/8/50 nm
o 0 . . . .
300 400 500 600 700 800 300 400 500 600 700 800

Bude song (nm) Budc song (nm)

Hinh 3. Phé truyén qua ciia ciu tric IMI: kim loai (Ag) 8 nm, cic 16p
MoO, lan lugt1a 50, 100, 200 nm (A); pho truyén qua cia cau tric IMI (B).
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Tuong tw nhur trén, khi thay 16p kim loai Ag bang Au ciing thu
duoc pho truyén qua hodc phan xa tuong tw nhu trong truong hop
v6i Ag. Tur két qua tinh todn néu trén ¢6 thé thdy rang, dic tinh
cua phd truyén qua hodc phd phan xa cua cau tric IMI phu thude
vao do day va chiét suat ctia 16p dién moi. Do day ciia 16p kim loai
hau nhu chi anh huong dén do truyén qua. Khi do day 16p kim loai
tang thi d¢ truyén qua céu triic IMI s& giam va do phan xa sé ting.
Dya vao cac dgc tinh trén, khi co 10p sinh hoc mong (Biolayer)
duogc gan vao bé mat cau triic IMI, dy doan s& ¢6 su thay doi trong
pho phan xa va truyén qua, dic biét 1a pho phan xa. Dac tinh nay
¢ tiém ning duoc ap dung trong ché tao chip sinh hoc. Phén tiép
theo s& khao st sy thay doi ctia phd phan xa khi ¢6 16p sinh hoc
gin trén bé mat IML.

Diic tinh phén xa trong cu triic IMI - 16p sinh hoc (Biolayer)

Pé xem céu trac IMI ¢6 thé img dung vao viéc ché tao chip
sinh hoc hay khong, can tién hanh danh gia su thay d6i ddc tinh
phan xa ciia cdu trac IMI khi cd 16p sinh hoc gin vio bé mit cua
n6 (hinh 4A). Trén thyc té, dé danh gia do nhay cua phuong phap
hay cdu triic img dung cho chip sinh hoc, cdc nhém nghién ciru
thuong su dung danh gia do nhay véi Biotin va Avidin. B day cua
16p Biotin va Avidin nay khodng 2 nm.

Dé khao sat dic tinh phan xa cia cu trac IMI - 16p sinh hoc
va danh gia kha nang img dung vao viéc ché tao chip sinh hoc,
déac tinh phan xa dugc tinh dya trén m6 hinh 16p sinh hoc (Avidin-
biotin) voi d day 2 nm gén trén bé mit cdu tric IMI. Chiét suét
cua lop nay gid dinh trong tinh toan la 1,5.
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Hinh 4. Ciu tricc IMI - Biolayer (2 nm) (A); cu tric M - Biolayer (B).

bat R 1a do phan xa cua cau triic khi khong ¢6 16p sinh hoc va
R, 1ado phan xa clia cu tric khi ¢6 16p sinh hoc. Ty 1¢ AR=100*R /
R duoc st dung dé danh gia kha ning tmg dung ciia cau tric duoc
tmh toan cho chip sinh hoc.

Dic tinh phd phan xa cia céu tric IMI, IMI - 16p sinh hoc
duoc chi ra trong hinh 5A. Puong mau den chi phd phan xa cia
cu trac IMI khi khong ¢6 16p sinh hoc va dudng mau d6 chi phd
phan xa cua cdu trac IMI - 16p sinh hoc. Do day cua céc 16p vat lidu
duoc thiét 1ap nhu sau: 16p 1 (MoO,) 80 nm, 16p 2 (kim loai Ag)
8 nm, 16p 3 (MoO,) 30 nm, 16p sinh hoc (Biolayer) 2 nm. Két qua
phé phan xa chi ra sy khéc nhau gitra truong hop c6 va khong ¢6
16p sinh hoc. Ty 1€ AR dugc tinh toan nhu trong hinh 5B. D9 nhay
cua cdu trac duoc tinh bang AS=100- 100*R /R, d nhay cang lon
thi kha ning nhan biét cac phan tir sinh hoc cang t6t [10]. Tai budc



s Khoa hoc Tu nhién

song khoang 490 nm, sy thay d6i do phan xa ciia céu tric IMI co
va khong c6 16p sinh hoc 13 khoang 10% dbi véi do day 2 nm cia
16p sinh hoc. Khi d6, do day 1 nm cta 16p sinh hoc gin trén IMI
nhu trén dan dén do thay doi cua do phan xa 1a 5%/nm, day duoc
goi la d§ nhay (AS) cua cu trac IMI c6 d¢ day nhu trén. Két qua
tinh toan cho thy, viéc thay doi do day cac 16p MoO;, va d6 day
ctia 16p kim loai s& dan dén thay doi do nhay ciia cau truc IML.

(A)3s B) 130

Do phin xa (%)

sang khi di vao cau trac IMI s& nho, viée quan sat sy thay doi do
phan xa theo d6 day twong ddi kho. Do do, do day cua 16p Au sir
dung dé tinh toan 1a 15, 20, 30 nm. Bén canh do, do déty cua ldp
MoO, lan luot thay dbi tir 50 dén 150 nm. Bang 2 1a két qua tong
hop do nhay cua cau tric IMI theo d9 day céc 16p.

Bing 2. D¢ nhay AS(=100-100*R /R) ciia cAu trac IMI khi d day cac 16p
thay dbi va d¢ day 16p sinh hoc 2 nm.

L6 Lép 2 Lép 1 Bube son
d;,l()n::n) d;l()nm) d;n()nm) dil::lcpsl(:éi(nm) A
2 o AR 50 5 50 579 -
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Hinh 5. Phd phan xa ciia cAu tric IM(Ag)L, IM(Ag)I - 16p sinh hoc (A); ty
18 AR=100*R /R, (B).

Két qua phd phan xa cia cdu trac IMI vé6i 16p vat liéu kim
loai 1a Au va do day cua 2 16p MoO, dugc chi ra trong hinh 6A:
[ (50 nm) M (Au-15 nm) I (30 nm) - 16p sinh hoc (2 nm). Tuong
tu nhu treong hop néu trén, cau tric IMI st dung 16p kim loai Au
ciing cho thay su khac nhau 16 rang cta phd phan xa cta céu triic
IMI trong truong hop co va khong co6 16p sinh hoc. Tt hinh 6B,
tai budc song khoang 500 nm, sy thay doi do phan xa cta céu tric
IMI ¢6 va khong c6 16p sinh hoc 1a khodng 4% (dugc tinh béng
AS=100-100*R /R ). D6i v6i do day 1 nm cua 16p sinh hoc gin
trén IMI s& dan den su thay doi ciia do phan xa 13 2%/nm, day la
d6 nhay cta cau trac IMI néu trén vé6i kim loai 13 Au.
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Hinh 6. Ph phin xa ciia cAu tricc IM(Au)I, IM(Au)I - 16p sinh hoc (A); ty
1¢ AR=100*R /R (B).

Téi wu héa ciu triic IMI wng dung vao chip sinh hoc

Dé t6i wu hoa cu triic IMI img dung vao chip sinh hoc, céc
tinh toan dwgc tién hanh nham khao sat sy thay d6i pho phan xa
AR, sau d6 1a d6 nhay AS clia cau tric IMI tuong tmg véi sy thay
doi do day cua cac 16p thur 1, 2, 3 va kim loai sir dung trong cau
triic IMI lan luot 1a Au va Ag. Sau do, cdu trac thich hop nhat dé co
thé ung dung vao chip sinh hoc dugc & xuat dya trén cac két qua
thu duoc. Cac yéu t6 dé lya chon cau trac IMI nhu sau: ¢6 do phan
xa tai dinh pho 16n hon 5% va ¢6 d6 nhay AS 16n.

Buére thir 1 - Toi wu héa kim logi sik dung trong cdu triic IMI:

Lop kim logi Au: khi 16p Au qua mong, d§ phdn xa cla anh
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Péi véi nhimg cdu tric khong co két qua do nhay AS thi do
phan xa tai budc song dinh phd nho hon 5%. Tir két qua & bang
2 ¢6 thé thay do nhay AS cua cdu tric IMI khi sir dung Au vao
khoang tir 1,4~2 (%/nm).

Lép kim loai ld Ag: dé so sanh véi kim loai Au, tinh toan do
nhay AS cua cdu tric IMI c6 do day cua 16p Ag lan luot 1 8, 10,
15,20 nm va d¢ day cua 16p MoO, lan luot thay doi tir 50 dén 150
nm. Bang 3 1a két qua tong hop do nhay cua cau trac IMI khi d9
day cac 16p thay doi.

Bing 3. D¢ nhay AS(=100-100*R /R) ciia cAu trac IMI khi d day cac 16p
thay déi.

Lép 3 Lép 2 Lép 1 Budéc song

d3 (nm) d2 (nm) d1 (nm) dinh phé 3 (nm) A5 (o)
50 8 50 680

100 8 100 425

150 8 150 550 45
50 10 50 650

100 10 100 424

150 10 150 532

50 15 50 610

100 15 100 410

150 15 150 508 -
50 20 50 587 2,6
100 20 100 396

150 20 150 506 -

Tuong tu nhu ddi v6i Au, véi nhitng cau tric khong c6 két qua
dd nhay AS thi d§ phan xa tai budc soéng dinh phé nho hon 5%. Tu
két qua ¢ bang 3 ¢6 thé thay, do nhay AS ciia cau tric IMI khi sir
dung Ag vio khoang tir 2,6~4,5 (%/nm). Nhu vay, cau tric IMI sir
dung kim loai Ag cho d§ nhay cao hon khi st dung kim loai Au.
Do do, t6i wu héa do day cée 16p MoO, duoc tién hanh voi 16p kim
loai la Ag.

Buede thit 2 - Toi wu héa dg day cdc I6p si dung trong cdu triic
IMI:

Tur bang 3 ¢ thé thiy ring, do day ciia 16p kim loai Ag 1a 8 nm
trong cau truc IMI cho d§ nhay cao. V&i do day 16p kim loai nho



hon 8 nm, viéc ché tao trong thuc té gip nhiéu kho khin. Ly do 1a
khi dung phuong phap phun xa hodc bdc bay dé ché tao 16p mang
qué mong thi s& thu duoc 16p mang khong dong nhét tao thanh
timg dam. Do do, do day cua 16p kim loai dugc 6 dinh 1:‘1 8 nmva
dg day cua cac 16p MoO, dugc thay doi dé tim ra do day 61 wu cho
cau triic IMI. Bang 4 la ket qua tong hop d nhay cua cau truc IMI
khi do day cac 16p MoO, thay doi tir 30 dén 150 nm.

Bing 4. D¢ nhay AS(=100-100*R /R ) clia cAu tric IML.

Lép 3 Lép 2 Léop 1 Buée song

d3 (nm) d2 (nm) d1 (nm) dinh phé A (nm) A8 (immy,
30 8 30 620 6
30 8 50 427 :
30 8 80 483 -
30 8 100 520 -
30 8 150 585 -
50 8 30 735 -
50 8 50 700 -
50 8 80 615 -
50 8 100 640 4
50 8 150 685 35
80 8 30 335 2
80 8 50 355 3
80 8 80 387 3
80 8 100 340 -
80 8 150 380 2,9
100 8 30 385 2
100 8 50 392 -
100 8 80 412 )
100 8 100 420 -
100 8 150 400 -
150 8 30 530 3,7
150 8 50 490 -
150 8 80 510 -
150 8 100 515 ;
150 8 150 520 )

Tir bang 4 c6 thé thdy, cau trac IMI cho d6 nhay cao nhit 6
(%/nm) khi d6 day cac 16p cia cau trac IMI nhu sau: I (MoO,-30
nm) - M (Ag-8 nm) - I (MoO,-30 nm), déy la d6 day ly tuong cua
cau trac IMI khi tmg dung vao viéc che tao chip sinh hoc (hinh 7).
Tuy nhién trén thyc té, viéc ché tao cdu triic IMI c6 do day dung
nhur trén 13 rat ’kho khan. Véi dg day 16p MoO, trong khoang 30
dén 100 nm, cdu truc cho do  nhay kha cao tir 3 den 6 (%o/nm), do
day nay co thé sir dung dé ché tao cu trac IMI trong diéu kién thuc
té. Co thé thiy, do nhay AS cua céu tric IMI cao hon céc loai chip
sinh hoc str dung phuong phap ATR va tuong duong véi phuong
phap su dung cau trac MIM, tuy nhién khi st dung cau triic IMI de
dang quan sat su thay doi cua phé phan xa (do d6 phan xa cta cu
tric 16n) hon khi sir dung céu triic MIM.

Lép 3 (30 nm) MoO;
Ldp 2 (8 nm)
Ldp 1 (30 nm)

Glass

Hinh 7. CAu tric IMI Iy twéng tng dung vao chip sinh hoc.
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Khoa hoc Tu nhién n—

Keét luan

Nghién ctru da tinh toan va phan tich cac dac tinh quang hoc
nhu d9 truyén qua, d6 phan xa ciia cau tric IMI, ciing nhu cau triic
IMI - 16p sinh hoc. Tir két qua phd phan xa ciia céu triic IMI thay
rang, cau tric IMI c6 thé Gmg dung vao viée ché tao chip sinh hoc
v6i d6 nhay AS khoang 6 (%/nm) v6i cu trac: I (M00,-30 nm) -
M (Ag-8 nm) - [ (M0oO,-30 nm). DY nhay AS cua cau trac IMI cao
hon céc loai chip sinh hoc stt dung phuong phap ATR, SPR, LSPR
va trong duong v6i phuong phap sir dung cau triic MIM, tuy nhién
khi st dung cdu triic IMI dé dang quan sat sy thay doi cia phd
phan xa (do d6 phan xa cta cu tric 16n) hon khi sir dung cdu tric
MIM. CAu truc thyc té ung dung vao chip sinh hoc s¢ duoc ché tao
va bao cdo trong thoi gian toi.

LO1 CAM ON

Nghién ctu nay dugc tai trg bdi Dai hoc Quéc gia Ha Noi
thong qua deé tai ma so QG.18.57. Cac tac gid xin tran trong cam on.
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