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Numerical and experimental investigation of temperature
effects on the surface plasmon resonance sensor
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The effects of temperature on a surface plasmon resonance (SPR) sensor in Kretschmann configuration are
studied experimentally and theoretically. SPR experiments are carried out over a temperature range of
278−313 K in steps of 5 K. A detailed theoretical model is provided to analyze the variation of performance
with varying temperature of the sensing environment. The temperature dependence of the properties of the
metal, dielectric, and analyte are studied, respectively. The numerical results indicate that the predictions
of the theoretical model are well consistent with the experiment data.

OCIS codes: 240.6680, 130.6010, 120.6810.
doi: 10.3788/COL20090705.0428.

Since the first application of the surface plasmon reso-
nance (SPR) phenomenon for sensing technology[1], SPR
sensor has been studied intensively because of its high
sensitivity and real-time analysis characteristic[2−7]. SPR
method has made great progress in terms of both instru-
mentation development and applications in the past two
decades. But in some actual applications like environ-
mental monitoring, there are still challenges such as high
cost, bulky size, and the difficulty of temperature regu-
lation at various ambient temperatures.

In reality, the sensor often has to be exposed to environ-
ments with varying temperature. Even in the laboratory,
fluctuations in ambient temperature can also occur. The
temperature of the sensing environment is known to af-
fect SPR sensor significantly through the temperature
dependence of the optical properties and thickness of
the metal and dielectric[8,9]. And most of the analytes
in SPR sensing are aqueous solutions. Since changes in
temperature affect the refractive index (RI) of aqueous
solutions on the order of 1 × 10−4 RIU/◦C (RIU is re-
fractive index unit)[10], a temperature change of 0.1 ◦C
during the detection will cause a change in RI of analyte
on the order of 1× 10−5 RIU. Such small changes can be
easily monitored by a SPR sensor which has a RI sensing
resolution of 10−6.

In this letter, temperature effects of SPR sensor are
studied experimentally and theoretically. We carry out
SPR experiments using Biacore3000 optical biosensor
(Biacore, Uppsala, Sweden), over a temperature range of
278 − 313 K in steps of 5 K. Then a theoretical model
including the temperature dependence of the properties
of the metal, dielectric, and analyte layers is applied to
simulate our measurements. The experiment data are
compared with the numerical results.

The quantitative measurements of the varying re-
sponse of the SPR sensor at different temperatures are
performed using Biacore3000, which is working under
angular-interrogation mode. The experimental setup is

shown in Fig. 1. Light from a light-emitting diode (λ
= 760 nm) is introduced through a TM polarizer, then
focused through a prism onto the sensor chip surface in
a wedge-shaped beam, giving a fixed range of incident
angles. The sensor chip consists of a BK7 optical glass,
coated with a gold film (thickness d = 50 nm). Light
reflected from the sensor chip is monitored by a linear
array of light-sensitive diodes covering the range of inci-
dent angles to a resolution of approximately 10−5. The
whole optical system is placed in a thermally insulated
box, and Peltier elements are used to maintain a constant
preset temperature of the system[11].

We carried out SPR experiments over a temperature
range of 278 − 313 K in steps of 5 K. For simplicity, a
sensor chip with bare gold surface was used in our ex-
periment, and pure water was used as analyte. Figure 2
gives the experimental SPR reflectance curves at differ-
ent temperatures. In Fig. 2, different pixels correspond
to different incident light angles.

Numerical simulation was performed using a compre-
hensive theoretical model. This model considers the
thermal-expansion effect, the phonon-electron scatter-
ing, and the electron-electron scattering in the metal
along with the thermo-optic effects of the dielectric and

Fig. 1. Experimental setup of SPR sensor system.
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Fig. 2. Experimental SPR curves between normalized inten-
sity and detective pixels at different temperatures.

analyte layers for the variation of the properties of the
metal, dielectric, and analyte layers as the temperature
changes[8]. The dielectric function of metal layer is mod-
eled using the modified Drude model:

ε(ω) = ε(∞)− ω2
p

ω(ω + iωc)
, (1)

where ε(∞) is the high frequency dielectric function, ωc

is the collision frequency, and ωp is the plasma frequency.
ωp at a given temperature owing to the thermal expan-
sion effect can be calculated using

ωp(T ) = ωp(T0) exp{−1
2

∫ T
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αV(T )dT}, (2)

where T0 is the room temperature (300 K) that acts as
the reference temperature, and αV(T ) is the volumet-
ric thermal expansion coefficient of the metal which also
varies with the temperature. According to Debye approx-
imation, αV(T ) is written as[12]
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where γ is the Grüneisen constant, N is the density of
the conduction electrons, K is bulk modulus, CV(T ) is
the specific heat at a constant volume, TD is the Debye
temperature, and kB is the Boltzmann constant.

The collision frequency ωc can then be modeled us-
ing the phonon-electron scattering model[13] and the
electron-electron scattering model[14]. We can thus ob-
tain
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where ωce is the electron-electron scattering frequency,
ωcp is the phonon-electron scattering frequency, ω is the
angular frequency of incident light, and Γ∆, ω0, and EF

are constants.
The variation of thickness of metal film with tempera-

ture is written as

d(T ) = d0exp
{ ∫ T

T0

α′L(T )dT

}
, (5)

where d0 is the thickness of the metal film at room tem-
perature, and the corresponding expression of the cor-
rected thermal-expansion coefficient α′L(T ) is[15]

α′L(T ) = αL(T )
1 + µ

1− µ
, (6)

where µ is the Poisson number of metal, and αL(T ) =
1
3αV(T ) is the linear thermal expansion coefficient of the
bulk material.

Now let us come to the temperature effect for the di-
electric layer made of BK7 glass. Using a thermo-optic
coefficient dn/dT, the temperature-dependent RI at a
fixed wavelength can be expressed as

np(T ) = np(T0) + (T − T0)× dn

dT
. (7)

The situation is more complicated when the dispersion
of glass is taken into consideration[9].

Now consider the temperature effect on the analyte.
The RI of pure water, as a function of wavelength λ,
temperature T, and density ρ, is represented by

n2 − 1
n2 + 2

(1/ρ) = a0 + a1ρ + a2T + a3λ
2
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+a4/λ
2

+
a5

λ
2 − λ

2
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2
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+ a7ρ
2, (8)

where T = T/T ∗, ρ = ρ/ρ∗, λ = λ/λ∗; T ∗, ρ∗, λ∗, a0−
a7, λUV, and λIR are constants[10].

Thus Eqs. (1)–(8) together with the well-known Fres-
nel equations provide a complete model for the simulation
of our measurements. Figure 3 gives the theoretical SPR
curves at different temperatures. Both in experimental
(Fig. 2) and theoretical curves, two features are noted.
Firstly, the resonance angle shifts to smaller values when
the temperature increases from 278 to 313 K. A smaller
resonance angle means smaller reading of SPR sensor.
As shown in Fig. 4, when the temperature increases from
278 to 313 K, the response of the sensor decreases by 3334
RU (3334×10−6 RIU) in experimental measurement, and
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decreases 3209 RU in numerical simulation. The numeri-
cal result is well consistent with the experimental result.
Secondly, the SPR curve broadens with the increase of
temperature. Broadening of the SPR curve is an impor-
tant feature because it is directly related to the accuracy
of SPR sensor. Figure 5 gives the temperature depen-
dence of the full-widths at half-maximum (FWHMs) of
both theoretical and experimental SPR curves. The sim-
ulation result is in qualitative agreement with the trends
of the experimental data. The curve broadening may
be understood in terms of absorption of light power by
the gold layer. The imaginary part of the gold dielectric
function, which corresponds to the optical absorption, in-
creases with rising temperature in our simulation. This
implies the increasing absorption of light power by the
gold layer and the broadening of the SPR curve with
rising temperature.

To clarify the reason of resonance angle shift, we per-
formed the simulation to separate the temperature effect
from the sensor itself and the analyte. Figure 6 shows the
serial SPR curves considering only the temperature ef-
fect from the sensor itself. It is noted that the resonance
angle is a little larger at higher temperature. Comparing
these results with the curves in Fig. 3, we find that the
temperature effects of the sensor itself and the analyte
(water) provide an opposite shift to the resonant position
of the SPR curve, and the temperature effect from the
analyte is much larger.

In summary, both numerical and experimental ap-
proaches are used to investigate the temperature effects
on the SPR sensor in Kretschmann configuration. The
simulation results indicate that the predictions of the-
oretical model are well consistent with the experimen-
tal data. The SPR curve is shifted and broadened at
high temperature because of the change in properties of

Fig. 3. Theoretical SPR curves between reflectivity and inci-
dent angle at different temperatures.

Fig. 4. Change of response of SPR sensor varies with temper-
ature.

Fig. 5. Variation of FWHM of the SPR curves with temper-
ature.

Fig. 6. Numerical SPR curves at 278, 293, and 313 K without
considering the change of RI of analyte.

dielectric, metal, and analyte layers, which can be un-
derstood from the thermo-optic effect in dielectric and
analyte, together with the decrease of plasmon frequency
and increase of collision frequency in the metal layer when
the temperature increases. When aqueous solutions are
used as analyte, the thermal effect of the analyte is much
larger than the SPR sensor itself. But in the case of gas
detection, the thermal effect from the SPR sensor itself
will be comparable to the thermal effect of the analyte.
This research may lead to better design and fabrication
of SPR sensor against the temperature variation.
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