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Abstract Wavelength-modulated surface plasmon resonance (SPR) sensors based on prism coupling can obtain high
detection sensitivity only in the long-wavelength band but cannot take both detection range and detection sensitivity
into account. In this work, we proposed a wavelength and angle co-modulated SPR sensor using the surface
plasmons excited by objective-coupling. Through angle adjustment via objective coupling, the detection sensitivity of
the SPR sensor in the short-wavelength band is improved, and the refractive index is measured with high sensitivity
in a large detection range. Through simulations and experiments, the refractive indices of glucose solutions with
different concentration were measured with the proposed method. The dynamic detection range is 4.4 X 10> RIU,
and the detection sensitivity is 5066. 97 nm/RIU. In comparison with the wavelength-modulated SPR sensing
method, the detection sensitivity of the wavelength and angle co-modulated SPR sensing method is increased by 2.5

times in the same detection range. This method achieves the real-time and rapid detection of refractive indices with
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high sensitivity in a large dynamic detection range, and it can be widely applied to biomedicine, food safety, and

other fields.

Key words optics at surfaces; surface plasmon resonance; refractive index measurement; wavelength modulation;

angle modulation
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Fig. 1 Schematic diagram of SP excitation by objective-
coupled Kretschmann configuration
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Table 1 Relationship among refractive index, excitation angle,

and resonance wavelength under maximal detection sensitivity

Refractive  Excitation angle / Resonance wavelength /
index ) nm
1. 330 55. 9849 600
1. 344 53.9698 670
1. 354 53.5176 720
1. 364 53.4171 770
1.374 53.1156 850
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Fig. 2 Simulated relationship curves between refractive index and SPR wavelength when changing excitation angles.

(a) SPR reflectance spectra of different dielectric refractive index for excitation angle of 54.2524°; (b) relationship

between resonance wavelength and refractive index of dielectric under different excitation angles (fitting line

represents the maximum sensitivity and detection range); (c) normalized reflectance varying with angle under

different resonance wavelengths and refractive indexes
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Fig. 3 Diagram of optical path and spectrum of white light source within the range of 500—850 nm. (a) Experimental setup

of wavelength and angle co-modulated SPR sensor; (b) spectrum of white light source within the range of 500—850 nm
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Fig. 4 Relationship between excitation angle and resonance wavelength. (a) SPR reflectance spectra for different excitation

angles when dielectric is air; (b) curve of resonance wavelength varying with excitation angle (the solid curve

represents the binomial fitting)
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Fig. 5 Relationship between refractive index and resonance wavelength with fixed excitation angle. (a) SPR reflectance

spectra of glucose solutions with different concentrations for fixed excitation angle of 55.25°; (b) curve of resonance

wavelength varying with refractive index (the solid line represents the linear fitting result)
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Fig. 6 Relationship between refractive index and resonance wavelength with wavelength and angle co-modulation. (a) SPR
reflectance spectra of glucose solutions with different concentrations for different excitation angles; (b) curve of
resonance wavelength varying with refractive index under different excitation angles (the solid line represents the

linear fitting result)
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