
  
Abstract—The concept of biosensor with imaging 

ellipsometry was proposed about ten years ago.  It has become 
an automatic analysis technique for protein detection with 
merits of label-free, multi-protein analysis, and real-time 
analysis for protein interaction process, etc. Its principle, and 
related technique units, such as micro-array, micro-fluidic and 
bio-molecule interaction cell, sampling unit and calibration for 
quantitative detection as well as its applications in biomedicine 
field are presented here. 
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I.  INTRODUCTION 
 
 The biosensor concept based on imaging ellipsometry 
for visualization of biomolecular interactions was reported 
in 1995 [1, 2]. In order to develop it into a practical 
technique for protein analysis or protein detection, a lot of 
problems had to be faced, such as ligand immobilization, 
protein and tested sample delivery, biomolecule affinity 
presentation on chip, specific interaction, unspecific binding 
influence, detection sensitivity, sample consumption, 
sampling and calibration for quantitative detection, etc. It 
has become an automatic analysis technique for protein 
detection with merits of label-free, multi-protein analysis, 
real-time analysis for protein interaction process and 
quantitative analysis, etc [3]. 
 
 

II.  METHODOLOGY 
 
 The biosensor principle and related techniques are 
presented in this section. 
 
A.  Principle 
 

Imaging ellipsometry is used to visualize the molecule 
surface concentration distribution of protein layers attached 
on a patterned surface on a solid substrate. A ligand and its 
receptor such as an antibody and its corresponding antigen 
can assemble into complexes due to their affinity. The 
optical biosensor is based on that each reactant as a ligand is 
immobilized to a surface to form a monolayer as a bioprobe 
with its bioactivity. The other reactant as the analyte (or 
receptor) exists in a solution. The bioprobe is exposed to the 
solution containing analyte. When the analyte in the solution 
interacts with its corresponding ligand on the bioprobe and 
assembles into complex upon their affinity. The molecule 
surface concentration on the surface where the interaction 
takes place becomes higher than before exposure to the  

 
analyte solution. A significant increase of the layer thickness 
(surface concentration) indicates that the solution contained 
receptor against the ligand on the surface. With a 
visualization of imaging ellipsometry, which has a high 
spatial resolution in the order of 0.1 nano-meter in vertical 
and micron in lateral, so the increase can be determined, and 
in this way, the existence of the analyte in the solution can 
be verified. Many bioprobes arrayed in matrix are used for 
multi-detection [3-5]. 

 
B.  Surface Modification and Ligand Immobilization 
 

In the development of biosensors, the immobilization of 
biomolecules at interfaces played a crucial role. At the early 
stages of the biosensor, the ligand immobilization was done 
by physical adsorption. The use of such attachment 
techniques involves certain limitations. The immobilized 
proteins suffer partial denaturation and tend to leach or wash 
off the surface [6, 7]. In some cases, the adsorbed protein is 
displaced from the surface by other more active protein, 
because of the competitive adsorption of proteins [8, 9]. To 
overcome these problems, covalent immobilization is the 
preferred method of attaching proteins to silicon surface due 
to the strong, stable linkage. We investigated the feasibility 
of using 3-aminopropyltriethoxysilane (APTES) to modify 
silicon surface and then activating with glutaraldehyde to 
immobilize protein covalently for the biosensor based on 
imaging ellipsometry as an alternative to the direct physical 
adsorption [10]. This protein immobilization method has 
been used successfully in other immunoassay techniques 
[11-14]. In order to obtain high bioactivity of ligand on the 
bioprobe, the oriented immobilization of ligand has to be 
done. Several techniques for the surface modification and 
ligand immobilization have been developed.  
Surface modification with dichlorodimethylsilane [10] 

Surface modified with this method is highly 
hydrophobic, proteins immobilized mainly through 
hydrophobic interaction between proteins and the surfaces. 
The protein adsorption amount is higher than that on 
hydrophilic modified surfaces, but immobilized proteins will 
be desorbed to some extent. 
Oriented immobilization of IgG by Protein A [15] 

The hydrophobic surface treated with dichlorodime-
thylsilane is first incubated in protein A solution. The 
protein A modified surface is then blocked with BSA, and 
incubated in anti-IgG or IgG solution. Protein A can bind 
selectively the Fc regions of antibody. The amount of IgG 
bound with anti-IgG immobilized by the protein A on 
silicon surface is much more than that bound with anti-IgG 
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immobilized by physical adsorption. Also IgG immobilized 
on protein A could bind more anti-body. 
Modification with aminopropyltriethoxysilane (APTES) 
and glutaraldehyde [10] 

This method could immobilize proteins covalently. The 
higher density and stability of IgG layer could be obtained 
on the APTES and glutaraldehyde modified surface than the 
dichlorodimethylsilane modified surfaces. 
Modification with a mixed silane layer [16] 

Hydrophilic silicon surfaces were reacted with a fresh 
ethanol solution of aminopropyltriethoxysilane (APTES) 
and methyltriethoxysilane (METS) (1:30, mol/mol). This 
procedure rendered the surface medium hydrophobic. 
Through the reaction of glutaraldehyde with APTES, 
proteins could be covalently immobilized on the surfaces. 
Compared with the only APTES or MTES treated surfaces, 
the IgG covalently immobilized on the mixed silane surface 
could retain their structures well and bind more antibody 
molecules. 
 
C.  Micro-fluidic and Bio-molecule Interaction Cell 
 

The importance of protein array in biological research 
was presented in many literatures [17-19], but most of them 
are analogous with DNA chips in terms of fabrication and 
detection. Proteins are labeled and the results are detected 
with fluorescence readers. Thomas Kodadek pointed out 
several problems of the proteins labeling [17]. First, the 
chemical heterogeneity of proteins makes this hopeless as a 
strategy for doing quantitative work. Some proteins will be 
labeled far more efficiently than others. Then the chemical 
labeling of proteins can change their surface characteristics 
greatly that can result in significant protein denaturation, 
especially for smaller proteins and peptide hormones. 
Finally, protein labeling is a labor-intensive processing step 
for a high throughput protein chip. To get quantitative and 
reliable result, the spots on protein chip should have a 
homogeneous surface and the same size. It is hardly to get 
perfect spots by spotting or printing technique currently 
used in protein array fabrication [20]. A significant time-
dependent slowdown of binding is often observed in protein 
array detection, which can be due to mass transport 
limitations in static conditions [21]. 

A kind of microfluidic system was designed for the 
fabrication of protein array on chemically modified silicon 
surface and the reaction of protein array with analyte 
solution [22]. By the microfluidic system, many proteins 
could be delivered individually to each spot of the array and 
immobilized covalently on surface simultaneously, but also 
the spots of the array could be connected in series with 
simple channels junction to react with one analyte solution 
in turn. The flow of proteins solutions in microfluidic 
system could minimize the mass transport limitation 
effectively and the time for protein array fabrication or 
reaction (within 30 min.) was reduced greatly. The 
homogeneous spots could be obtained by this sample 

delivery method, which was favor of getting reliable data by 
the array biosensor based on imaging ellipsometry. An 
interesting advantage of the microfluidic system was that it 
could be used repeatedly for protein array fabrication and 
reaction, which reduced greatly the cost of protein array, test 
time and consumption of proteins (15 µl) as well as high 
sensitivity (1 ng/ml for Ig) [22]. 
 
D.  Automatic System of Imaging Ellipsometry 
 

The array biosensor based on imaging ellipsometry was a 
fast and convenient detection technique for protein array. 
Multiple analytes could be detected simultaneously and 
samples could be measured directly without requiring any 
labeling. Imaging ellipsometry was an enhancement of 
standard single-beam ellipsometry, which combined the 
power of ellipsometry with microscopy and worked in the 
off-null mode. The imaging ellipsometry used in this study 
was an automated one, and ellipsometric conditions could be 
controlled by auto-adjusting the polarizer and the analyzer; 
the angle of incidence was variable from 45 to 90° with a 
resolution of 0.05°; the magnification of image to object is 
modulated according to the dimension of the field of view, 
so that the lateral resolution of micron could be reached; 
autofocusing was realized with the standard of the Laplacian 
algorithm [23]. All the adjustments were carried out 
automatically with micro-stepping motors controlled by a 
computer with homemade software. With the same software, 
the digital images in gray scale format (8 bits, 0-255 Gycale 
or 10 bits, 1024 Gycale) could be also automatically 
captured and processed. The light source was a xenon lamp, 
and a specific collimating system was used to provide an 
expanded parallel probe beam with a diameter of about 25 
mm. The beam passed through a polarizer and a 
compensator (a quarter wave plate) and finally onto the 
sample. An optical monochrometer with a wavelength range 
of 400 - 650 nm and the bandwidth of 5 - 10nm variable was 
placed in the incident optical passage to select a wavelength 
in order to obtain a high ellipsometric contrast in images. 
The reflection beam passed through an analyzer and an 
imaging lens with a spatial filter located at its focus plane, 
and then the ellipsometric image was focused onto the 
sensing area of the CCD camera. For a sample with lateral 
distribution of layer thickness (or surface concentration), 
null ellipsometry could not be carried out over the entire 
surface simultaneously due to the fact that different areas 
would yield different polarization changes. To overcome the 
problem, the optical components in the biosensor were 
adjusted to fulfill the null conditions on a bare substrate 
surface without adsorbed layers, and the off-null 
ellipsometric principle was used to measure the biomolecule 
layer thickness (or surface concentration). Under this 
condition, the detected intensity “I” was related to the 
thickness (th) of the layer according to I = k(th)2 [1]. As for 
the same protein and the same ellipsometric conditions, k is 



a constant and can be determined by the protein layer with 
known intensity in gray scale and its absolute thickness [24]. 
 
E.  Calibration for Quantitative Detection 

 
Imaging ellipsometry may visualize protein layer with 

distinct graph and explain results with qualitative analysis. If 
one wanted to analysis protein interactions and their results 
quantitatively, some auxiliary experiments should be 
performed for calibration. Usually the refractive index of 
saturated protein layers in visible light region was in the 
range of 1.4-1.5 [25], and the related variation of layer 
thickness was interested, but not the absolute value of the 
thickness, so it’s simplified that the refractive indices of 
protein layers were supposed same. In this case, a series of 
the interested protein solutions with different concentration 
was used to get a series of protein detection results within a 
certain interaction time, which resulted in a calibration curve 
between the ellipsometric signal and the protein 
concentration in the solution, so that the unknown 
concentration could be calibrated with the curve.   

The absolute thickness of the protein layer was calibrated 
by conventional ellipsometry. The relationship between 
surface concentration and protein layer thickness was the 
surface concentration (µg/cm2) ≈ Kth (nm), where K ≈ 0.12 
[26]. 

 
 

III. APPLICATIONS 
 
Now the applications of this technique mainly focused on 

biomedical fields. So far the technique has been used 
successfully for 1) biomolecule interaction [3]; 2) hormone 
detection [27]; 3) cell factor and its receptor interaction [28]; 
4) cancer marker test [29]; 5) mono-clone medicine 
evaluation [30]; 6) clinic diagnosis for hepatitis B [31]; 7) 
quantitative protein competitive adsorption [21,32-33]; 8) 
kinetic detection for multi-protein interaction process [3,34], 
etc.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

          Fig. 1. The detection of five markers for Hepatitis B diagnosis,  
       and the thickness of protein layers were directly converted  

by the grayscale of image. 
 

Hepatitis B is a serious disease caused by a virus that 
attacks the liver. The virus, which is called hepatitis B virus 
(HBV), can cause lifelong infection, the cirrhosis (scarring) 
of liver, the liver cancer, the liver failure, and even death. 
The diagnosis of HBV infection is generally made on the 
basis of serology. HBsAg, HBeAg, Anti-HBcAg, Anti-
HBsAg and Anti-HBeAg are five markers for Hepatitis B 
diagnosis. These five makers in serum can be detected on 
one protein chip by the technique. Fig. 1 showed a detection 
result of a Hepatitis B patient serum with protein chip. Anti-
HBsAg, Anti-HBeAg, HBcAg, HBsAg and HBeAg were 
first immobilized covalently on protein chip in triple by 
microfluidic system. One spot reacted with negative serum, 
another spot reacted with patient serum, and the left one for 
reference. The result showed three makers were positive, 
which were HBsAg, HBeAg, and Anti-HBcAg, respectively, 
which was in an agreement with ELISA. 
 
 

IV.  CONCLUSION 
 

Within last ten years, the biosensor with imaging 
ellipsometry has developed as an automatic analysis 
technique for protein detection, with merits of label-free, 
multi-protein analysis, and real-time analysis for protein 
interaction process, etc. It can be foreseen that an 
application potential in the fields of proteomics, clinical 
diagnostics, environmental control and biological research.  
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