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Modeling of Sensitivity for SPR Biosensors-
New Aspects

Volodymyr Chegel

Abstract—The computer modeling is carried out for parameter
sensitivity of optoelectronic chemical and biosessousing
phenomena of surface plasmon resonance (SPR).ys&cpl model
of SPR-sensor’s is described with (or without) dfdifications of
sensitive gold film surface by a dielectric laydihe variants of
increasing of sensitivity for SPR-biosensors, carcééd on the
principle gold — dielectric — biomolecular layeeaonsidered. Two
methods of mathematical treatment of SPR-curvecarapared —
traditional, with estimation of sensor’s responseshift of the SPR-
curve minimum and proposed, for system with dieiedayer, using
calculating of the derivative in the point of SP&a@ half-width

The modeling of sensitivity of SPR-sensor, made on

«particle linkage» technology was carried out inrkv§4].

Such type of technology based on the effect ofease of
SPR-response, when little particles of opticallytivec
materials, for example, colloidal gold or titan xiite were
linked with biomolecules, adsorbed on the surfatenetal-
carrier of plasmon oscillations. Every of mentioweatk have
proposed the particular variant of multilayer systevhere
influence of optical and geometrical parameters dach of
layer on sensitivity of whole system don’t consatkrin
details.

Keywords—Surface Plasmon Resonance, modeling, sensitivity,

biosensor

|. INTRODUCTION

Anumberof works related to modeling of SPR-sensors

sensitivity is published [1,2,4]. Usually the mddgl of
sensitivity performs for such multilayers structugéass prism
- metal layer - biomolecular layer. However, thegemce of
additional dielectric layer on the top of metal cée
considered as advantage due to possibility of pialtising of
expensive SPR - chips and as possibility to avieédriegative
influence of the applied metal (gold, silver) obiamolecule.
Unfortunately, only few works present modeling efisitivity
for SPR sensors with additional layer on the serfat metal.
In the work [1] the sensitivity of gas sensor wittesence of
dielectric above the gold layer was simulated wligpendence
of sensitivity on the form of SPR — curve and heigbsition
of its minimum. In works [2] sensitivity of SPR-sem
simulated without a dielectric layer, but using geltrix as the
layer - sorbent of biomolecules.
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Fig. 1 Schematic illustration of SPR-sensor seresiélement
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Fig. 2 Dependence of reflectance on angle of imzddor SPR —
sensor (SPR-curves). 1-bare gold surface, 2 -sathe layer of
adsorbed biomolecules

More generalized is offered here variants of madgelof
multilayer system with simple gold layer, gold wiilfelectric
layer and gold with dielectric layer and with layef
biomolecules, adsorbed on the gold or dielectricichS
approach covers any possible variants of estimatidn
sensitivity for system gold — dielectric - biomaldar layer. In
present work we discuss the possibility to theoadiy
significant increasing of SPR response using matars and
dielectric covers with different optic parameteréie offered
model theoretically allows considering system withayers,
though in practice it is no necessary.

Il. THEORY

For sensors based on phenomena of Surface Plasmon

Resonance ATR (Attenuated Total Reflection) - tedbgy
mostly is used. As informative parameter the otifle
characteristic of intensity of p-polarized lasemadliation on
output of the optical block is utilized (Fig. 1, éschmann
configuration).
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For conditions of total internal reflection praeiiiy 100 %
of reflected laser beam energy is fixed by photecter,
except for vicinity of angle of incidende= 6,,
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Fig. 3 The scheme of considered multilayer system

where value of wave vector of photon is compareth {or
begins to exceed) the value of the wave vectosuface
plasmon.
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Fig. 4 Dependence of SPR - response on the thiskofdayer Au
(Nay = 0.15 + 3.6i) .1-for layer of biomolecules (= 1.46) with
thickness ;=2 nm, 2 -5 nm, 3 -10 nm

where k;, is the wave vector for surface plasmon propagating

along the interface gold - environment, ¢ - spead @ -
frequency of light, , - the wave vector for photon, R
coefficient of refraction of the prisnt.he sharp dipping of the
reflection curve (Fig. 2), fixes the absorptionlight energy
and occurrence of the collective oscillation oefrdectrons at
the surface layer of metal. Similar effect can bsevved only
for metals, having high concentration of free elats, such as
copper, gold and silver. The conditions of occuceerof
resonance oscillations directly depend on the ¢mmdat the
interface: metal — ambient. SPR andg{) is displaced (SPR-
response) with change of the dielectric charadiesioof an
ambient (Fig. 2). The value of SPR-respons@ ({f) in
relation to change of the complex index of refmattior
thickness of biomolecular layer above metal is fheameter
of SPR biosensor sensitivity. In this study the goam,
allowing step by step varying the dielectric consi@, k) and
thickness (g of each layers of multilayer system (Fig. 3)he t
wide range of technologically possible values wasetbped.
For all variants the SPR-respons®.(g) is calculated under
detection of the tested layer with thicknesg, cand optical
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parameters close to biomolecules layepdMN 1.46, ¢ho = 2
5 or 10nm). Accordingly, the sensor sensitivity:
5= %mn @
d,, (n,K)

As initial, the following effective values, desdrij above
multilayer structure, were taken: Au layer - comple
coefficient of refraction N, = 0.15 + 3.6i, g, = 45nm;
dielectric layer - iy = 1.5 + 0i; glass prism - N= 1.51;
ambient (phosphate buffer solution) 4 B 1.334. Further,
some of this parameters will be varied to optinitae sensor’s
sensitivity.

Index of absorbtion, (k)
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Fig. 5 Dependence of SPR-response on value of kk afi@ gold
layer (ch, = 45nm). 1, 2 - for biomolecules layer = 1.46) with
thickness glo;: 1, 2 =2nm, 3, 4 - 5nm, 5, 6 - 10nm

The values of SPR-response at the beginnifig;{d) and
end (®,, o of variation diapason, where parameter of
sensitivity rises, was taken as average (becauggaifable
nonlinearity) parameter of efficiency Q, showing ‘earied

parameter of multilayer system influences on sensor
sensitivity.
Q_ dHmlnb (3)

mine

The program is based on the calculating of integrat
Fresnel coefficienR for p-polarization of light [3]. In case of i
layers is convenient to calculak using a formalism of the
scattering matrix [3],
4

S= 1 diobyed (poagy Lyeee b

where matrix of interface between layers

a and b: | = ,

where g, - Fresnel coefficient of reflection for the appriajpe
interfaces,
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Fig. 6 Dependence of SPR-response on k of Au Igyg) and
thickness of the dielectric layergfdvith registration of the layer of
biomolecules with N = 1.46 and g, = 2nm. (1) - 0.15 + 3.4i, (2) -
0.15 + 3.6i, (3) - 0.15 + 3.8i

and matrix of the layer: | _ 0 )

W
where/f - phase thickness of appropriate layer:

L= Zﬂ(ijN cosp (5)

where d - thickness of the appropriate laydr, - angle of
refraction for the appropriate layer (Fig.3),- length of a
wave (in our case 632,8 nm), N-complex coefficiehtthe
refraction for appropriate layer. The reflectiavefficient of
multilayer structure is determined by elementsiit fcolumn
of a scattering matrix:

R=20 (6)
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Fig. 7 Dependence of SPR-response on the thiclafesdielectric

layer (\y = 1.5). 1-for registration of biomolecules layi(, = 1.46)
with thickness g, = (1) -2 nm, (2) - 5nm, (3) - 10nm
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I1l.  ANALYSIS OF RESULTS OF MODELING

A.Model without dielectric layer
The results of modeling show, that sensitivity ohsidered
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Fig. 8 Dependence of SPR-response on coefficiergfidction and
thickness of dielectric layer for registration édimolecular layer
with N = 1.46 and @y = 2nm. 1 - (N=1.35),2 - (N=1.5), 3 -
(Ng=1.55),4-(N=1.6)

SPR-biosensor changes depending on the parameters o

multilayer structure in the wide range of valuespexially for
biomolecular layers with large size of biomolecu(Egsy. 4).
Actually, if for the biomolecular layer with thickss ¢ =
2nm the change of sensitivity for variation of gofidim
thickness is almost not observed, for the detectain
molecules with size @, = 10nm the SPR-respons8,g has
expressed spherical form with a maximum in aregobd film

thickness @, = 100nm (Fig.5) However, parameter of the

efficiency Q is about identical for all considereakses (1.333
for dno = 2nm and 1.332 for @ = 10nm). The bigger
efficiency is observed with modeling of influence sensors
sensitivity from the side of complex refraction ffiéent of
gold film (Fig.4). The value of Q varies from Q =91for
biolayer with ¢, = 2nm up to Q = 1.63 (d, = 10nm).
Parameter Q more depends on the coefficient ofrpbien ky,

whereas on g a little. Maximal sensitivity of SPR - sensor

without dielectric layer was observed with thickeied a gold
layer approximately 80 nm with minimal value gf k
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Fig. 9 Dependence of SPR-response on the coeffiofeabsorption
and thickness of dielectric layer {N 1.5). 1-for registration of
biomolecules layer (), = 1.46, ¢ho;= 2nm). 1-(lg= 0.0i), 2-(k=
0.02i), 3-(ky=0.04i), 4-(lg= 0.2i)
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Fig. 10 Calculated SPR-curves for structure Auediglc
(Ng=1.5+0i) for step by step increasing of thicknekdielectric
(step 5 nm). Selected angle region — zone of stimergasing of
SPR respons&0,,

B. Model with dielectric layer
In the case of model with dielectric layer the mooenplex

dependence on SPR-response from thickness and eompl

coefficient of refraction of a dielectric layer izbserved.
Sensor’s sensitivity smoothly grows with presende tree
dielectric layer (N = 1.45) for all thickness of biomolecular
layers up to some crucial values, and then shédafity (Fig. 6-
9). Exception is the case, when coefficient of apson k; of
dielectric grows up to 0.2, where sensitivity fadléh presence
of thedielectric layer with any thickness (curve 4, By. The
maximal value of parameter of efficiency (Q = listpbserved
with full absence of light absorption in dielecttayer (k= 0)
(curve 1, Fig.9) and with it's minimal value forlgdcurve 1,
Fig. 6). The crucial value of dielectric layer tiess, where
sensitivity of SPR-sensors starts to decrease,ndispen the
dielectric parameters of gold (Fig. 5) and dieliedayer (Fig.
6-9) as well as on the size of biomolecules (Fiy.and
changes from 32 nm (curve 1, Fig. 8 ) up to 65 norve 3,
Fig. 8), for lg = 0. For value of k= 0.02 properties of a
dielectric layer as amplifier of SPR - response r@duce to
minimum, and with k= 0.2 sensitivity decreases for all cases
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Fig. 11 Comparison of SPR-response for traditionethod (,,)
and for derivatives method 9. Modeling of presence of
biomolecules layer with g, = 10nm on the dielectric layery d
50nm (N; = 1.5 + 0.02i). 1 — SPR - curve without biomolecuayer,
2 - with biomolecular layer

Parameter of efficiency Q decrease with increasirig, for
dielectric, (Figure 9, Q = 1.11 foyk 0.04 and Q = 1.24 for
kq=0), whereas without dielectric layer Q decreakealue of

kau for gold raises (Fig. 5). The calculated optimaigmeters
for dielectric layer with fixed thickness of a gd&yer (45 nm)
and coefficient of refraction of dielectric layery ¥ 1.5 is:
thickness of the dielectric layer 30-50 nm withl fatbsence of
light absorption in dielectric layer k0) (curve 1, Fig. 9) and
with it's minimal value for gold (curve 1 Fig. 5J.aking into
account the optimized characteristics of a layeyafl (Na, =
0.15 + 3.4i, dy = 80 nm), theoretically, best rough
characteristics for layers gold - dielectric inilisnof described
model are, for Au: 0.15 + 3.4i,¢8= 80nm, for dielectric: gI=
20nm, N, = 1.5. It is necessary to note, that with otheseba
values for a gold film the dependence of sensjtivin
parameters of dielectric layer can be changed.
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Fig. 12 Dependence of SPR-response for traditiorehod (1) and
derivatives method (2) with variation of dielecttiickness gifrom
10 nm up to 60 nm (biomolecular layer thicknegs d 10 nm).

C.Method of derivatives

The observable peak character of dependence afigigns
for SPR-sensor on parameters of multilayer strectsireasily
explained by change of the form of SPR - curve rdyri
variation of parameters of model (Fig. 10). Actyalif for
small thicknesses of a dielectric layer the formS&fR-curve
differs from a classical form a little, with furthancreasing of

dielectric thickness the minimum of curve is diggld to the
right upwards, curve extends and with some threshalue of
dielectric thickness great changes of the SPR-&urf@m
occurs, which explain decreasing of sensor’s sgitgitln this
case is attractive, especially for significant eawf dielectric
thickness, the presentation of the function of eess
sensitivity as derivative S = dR¥dn some certain point, for
example, at half-width of SPR-curve (Fig. 11). Heas
parameter of sensitivity the shift of crossing pdor tangent
to SPR- curve and ordinate axis before and aftadsbrption
of biomolecules can be considered. As obvious from
comparison of the diagrams of sensitivity (Fig. 1@y
proposed method of derivatives and traditional metbf shift
for SPR-curve, the first one expresses greaternpstea of
efficiency, especially with dielectric thicknesspse to crucial
(Q = 2.12 for a method of derivatives and Q = 1f4®
traditional. With thickness, far from crucial, bothethods
have similar sensitivity.
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IV. CONCLUSION

Parameter of sensitivity for SPR - biosensors ig of
important in monitoring of biomolecules, especialfgr
molecules with small mass (<100 Dalton) or for dmal
concentration of analyte (<pdé/ml). The presented work
expands opportunities of a SPR-method, becausehtaéned
results of modeling allow not only to choose thetiropl
parameters with designing of SPR-sensors, buttalspecify
researched parameters of bioobjects, provided bgctdi
dependence of SPR-response on values of dielarnistants
and thickness of multilayers structure. Actualtyisinecessary
to have a number of specific nomograms for calmgaof the
SPR-response which take into account a real vahfes
materials that applied.
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