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This paper presents a surface plasmon resonance (SPR) imaging system based on angular modulation (AM) and inten-

sity measurement (IM) together to avoid the mechanical errors of the angle scanning device. The SPR resonant angle 

was found by angular scanning method and then the light intensity changes were collected at a fixed incident angle. 

Glycerol gradient solution (0%, 1%, 2%, 3% (weight percentage) glycerol dissolved in water) experiments were con-

ducted, which indicate that the best fixed angle location is the middle of the linear range of SPR absorption peak and 

the central area signals are more uniform than those of the border areas. The sensitivity differences of different areas of 

SPR images are studied, and an optimized algorithm is developed. 
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Surface plasmon resonance (SPR) is an optical label-free, 

real-time, fast and quantitative detection technology[1,2], 

which is the most commonly used to measure interaction 

of molecules. SPR reflectivity measurement is surface 

sensitive, which has been used to measure interactions 

between DNAs[3], DNA and protein[4], proteins[5-7], pep-

tide and protein[8], protein and cells[9,10].   

SPR imaging is also called SPR microscopy which 

was first demonstrated in 1988[11]. The most popular SPR 

imaging sensing scheme uses the prism coupling method 

of the Kretschmann and Raether configuration[12,13]. The 

commonly used detection approaches in SPR sensors are 

based on angular modulation (AM), wavelength modula-

tion (WM) and intensity measurement (IM)[14]. The 

theoretical sensitivity for AM approach is a little 

higher[15], in which a single wavelength is used and a 

laser beam is incident on the metal film through the 

prism, scanning over the incident angles. However, the 

AM approach requires high accuracy and high speed 

scanning device, which limits the SPR sensor sensitivity.  

In this paper, we combine AM and IM approaches to-

gether. Firstly, the resonant angle was found by AM 

method. Then the incident angle was fixed near the 

resonant angle and the light intensity changes were col-

lected to computer. The sensitivity differences of differ-

ent areas of SPR images were studied in the experiments. 

An optimized algorithm for data processing to compen-

sate the inconformity of light intensity in the SPR imag-

ing system was introduced.  

The homemade SPR imaging system is based on the 

prism coupling mode of the Kretschmann structure. The 

coupling angle is sensitive to changes in the refractive 

index of the medium adjacent to the metal layer support-

ing surface plasmons. As shown in Fig.1, the proposed 

SPR imaging system consists of a red laser light source 

(650 nm peak wavelength), a prism with an equilateral 

triangle shape (n=1.72; Beijing Glass Factory, China), a 

glass slide coated with a gold film (50 nm in thick), and a 

CCD camera (Basler, A102f). The laser, the polarizing 

filter and the lens system were installed on a rotating arm. 

The CCD was mounted on the other rotating arm, and 

both rotating arms were controlled by a stepper motor. 

The incident angle was capable of changing from 40° to 

70°, satisfying the needs for most biochemical detection 

experiments. 

The SPR sensor chips were coated with 2 nm-thick 

chromium then 50 nm-thick gold film by magnetron 

sputtering technology on 20 mm×20 mm×0.3 mm ZF4 

glass substrates. An S-shape polydimethylsiloxane 

(PDMS) flow cell was immobilized on top of the sensor 

chips for various biochemical reactions as shown in Fig.1. 

The flow cell contains an S-shape flow channel which 

was made by a mixture of the PDMS oligomer and the 

crosslinking agent (Sylgard 184) with a 10:1 ratio. The 
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mixture was degassed under vacuum, poured into a si-

lanized glass mould, and then cured in an oven at 80 °C 

for 8 h. After the glass mould was peeled off, the PDMS 

flow cell with micro reaction channels was formed. The 

dimension of the channel is typically 1 mm in width and 

2 mm in height.  

 

 

Fig.1 Schematic diagram of the SPR imaging system 

and flow cell 

 

As the first step of SPR imaging characterization, gold 

chips were placed on top of the prism. A scan of the in-

cident angle was first conducted in Milli-Q water to lo-

cate the absorption peak and the corresponding coupling 

angle. Furthermore, the incident angle was fixed near the 

coupling angle to measure the intensity changes of the 

reflected light in a dynamic real-time manner. SPR image 

was collected as shown in Fig.2, where 9 detection areas 

located in both the central and border parts of the image 

were selected through the software on computer. Three 

kinds of aqueous glycerol solutions were sequentially 

applied on the gold surface for system sensitivity and 

uniformity characterization. The location of the incident 

angle was changed, and the previous experiment was 

repeated.  

 

 

Fig.2 9 detection areas in the SPR image 

 

Fig.3(a) shows experimental results of light intensity 

response unit (RU) as a function of the incident angle in 

Milli-Q water by scanning the incident angle from 49.8° 

to 57.4°, where the SPR coupling angle is 53.3°. The 

linear range of SPR absorption peak is from 51.7° to 

52.8°. Then intensity measurement was conducted by 

fixing the incident angle at 5 locations (52.8°, 52.6°, 

52.5°, 52.4°, 52.1°, respectively). The SPR imaging RU 

results to three kinds of aqueous glycerol solutions with 

the concentrations of 1%, 2% and 3% (weight percentage, 

the same below) are collected for 9 testing areas. Signals 

of areas 2, 4 and 5 are chosen to calculate the mean val-

ues and standard deviations for the 5 fixed locations, as 

shown in Fig.3(b). It is indicated that the middle of the 

linear range of SPR absorption peak is the best fixed 

angle for intensity detection, as the standard deviation 

value of location 4 (fixed at 52.4°) is the minimum.  

 

 
(a) 

 
(b) 

Fig.3 (a) SPR absorption peak by angle scanning from 

51.7° to 52.8° (1—5 indicate the incident angles fixed at 5 

locations.); (b) Mean values and standard deviations of 

areas 2, 4 and 5 at 5 fixed locations by detecting the 

glycerol gradient solutions 

 

To compare the uniformity of different detection areas, 

the 9 areas are divided into 3 rows and 3 columns at the 

incident angle of 52.4°. The mean values and standard 

deviations of 3 rows are shown in Fig.4(a), and those of 

3 columns are shown in Fig.4(b). The standard devia-

tions of the columns are less than those of the rows with 

regard to the same detection sample. Therefore, the sig-

nals detected in the same column have a higher compa-

rability than those detected in the same row, and also the 

central areas are better than the border areas. 

The sensitivity difference could be reduced by calibra-

tion algorithm. Fig.5 shows the SPR signal response to 

refractive index of glycerol gradient solution (0%, 1%, 
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2%, 3% glycerol dissolved in water) for areas 4, 5 and 6 

in row 2.    

 

  
        (a) 

  
        (b) 

Fig.4 Mean values and standard deviations of (a) 3 rows 

and (b) 3 columns by detecting the glycerol gradient 

solutions at the incident angle of 52.4° 

 

 

Fig.5 SPR responses to glycerol gradient solution re-

fractive index for areas 4, 5 and 6 in row 2 and the cor-

responding linear fitting curves (Sample points from left 

to right indicate 0%, 1%, 2% and 3% glycerol dissolved 

in water, respectively.) 

 

Linear fitting curves are conducted for the three areas 

separately with different slops (k) and intercepts (b). Linear 

fitting curves of areas 4 and 6 will be fitted to the linear 

fitting curve of area 5 where the column has higher uni-

formity. The fitting coefficient can be calculated as follows:   

Area 5:   y = 2 378 945x−3 153 445;  

Area 4:   y = 2 037 883x−2 694 556,  

k= 2 378 945/2 037 883 = 1.167 36,    

b= −3 153 445−(−2 694 556)×k = −7 928; 

Area 6:   y = 1 396 084x−1 853 098,  

k=2 378 945/1 396 084 =1.704 01,     

b=−3 153 445−(−1 853 098)×k=4 252. 

The SPR signal converted into an image with the SPR 

imaging technique is not uniform as the light source. 

Development of calibration algorithm in SPR imaging 

sensors for data processing has received much attention 

lately. Calibration and optimization of the collected sig-

nal ensure that the SPR imaging system can work with 

better performance. In this paper, a homemade SPR im-

aging system is constructed by combining the AM and 

IM together. The middle of the linear range of SPR ab-

sorption peak is the best fixed angle location, and the 

central area signals are more uniform than those of the 

border areas. The sensitivity differences of different ar-

eas of SPR images were studied in the experiments, and 

an optimized algorithm was developed.  
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