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Abstract 

In this paper an inexpensive optical device is described, which is capable of measuring the optical 
reflectance at different angles, while keeping the laser spot stationary at one point of the surface. 
This is accomplished by applying cylindrical optics. Its use is demonstrated in a surface plasmon 
resonance (SPR) sensor. A coil-operated vibrating mirror is used to obtain an angle scan of about 4 
degrees. The angle of minimum reflectance can be detected with an accuracy of approximately 2 x lo-” 
degrees. Despite the use of simple optical components, disturbance of laser beam parallelism is no 
more than 0.02 degrees. Displacement of the laser spot at the surface during the angle scan is kept 
within 0.2 mm. The device eliminates disturbances due to surface irregularities in measurements. 

Introduction 

Surface plasmon resonance (SPR) occurs 
when light passing through a medium (e.g., 
glass) with a certain refractive index reflects 
at a thin metal layer (e.g., silver or gold of 
about 53 nm), which is in contact with a 
medium of lower refractive index (e.g., buffer 
solution). At a certain angle (~9,~) a sharp 
minimum in reflectance is found [l]. SPR is 
l,used as a sensor, as the angle f$,, strongly 
depends on the refractive index of the medium 
on top of the metal layer. The high sensitivity 
in the immediate vicinity (= 100 nm) of the 
metal layer makes it very useful in research 
on thin layers [2, 31. An example is found 
in immunosensor applications, where anti- 
bodies are immobilized on the surface in 
order to monitor immunoreactions [4-g]. 

The most commonly used method for SPR 
measurements is a set-up with a prism 
mounted on a rotation stage, where rotation 
of the stage leads to the different angles 
inside the prism. This method, however, is 
slow and has a relatively low angular reso- 
lution (0.01 degrees). This type of set-up is 
mostly used in fixed-angle measurements [4, 
5, 71. A shift in SPR minimum angle (f$,,) 
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will then be measured as a change in reflected 
intensity. Another approach is to apply a 
focused light beam to the metal interface and 
to detect the angular-dependent reflectance 
using a diode array [8, 10, 111. In particular, 
the Pharmacia biosensor group has been very 
active in developing a practical SPR sensor 
system based on this optical read-out principle 
[8, 121. Here, the shift in SPR angle due to 
a change in refractive index profile near the 
metal-solution interface is calculated by fitting 
a suitably chosen mathematical function to 
the relative intensities measured by = 100 
pixels in the diode array. In their instrument, 
a shift of the location of the minimum of 
one pixel unit corresponds to a refractive 
index change of approximately 10s3 [S]. For 
low concentrations of analyte, the net SPR 
response can be as low as lo-’ refractive 
index units, and thus one has to be very 
confident in the fitting procedure to be able 
to interpret the experimental data for these 
low concentrations. Further, the time re- 
sponse of the instrument is = 100 ms, which 
is mainly determined by the maximum at- 
tainable sampling rate. This time constant 
can be too high for those cases where one 
is interested in the determination of surface 
reaction rate constants. Recently, we de- 
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Fig. 1. Set-up for SPR measurements using a vibrating 
mirror. A change in angle (A@ causes a displacement 
(AP) of the laser beam at the metal surface. 

scribed an inexpensive SPR device which does 
not suffer from these limitations. In this set- 
up [9] the angular shift is actually measured 
with a resolution of approximately 10e3 de- 
grees, corresponding to a refractive index 
resolution of = 10m5, without relying on fitting 
procedures. Furthermore, by using a mirror 
vibrating at f ~50 Hz an angular range of 
=4 degrees is scanned in 20 ms, which de- 
termines the time constant of the system. It 
is a simple matter to decrease this time 
constant by increasing the vibration frequency 
of the mirror. However, a disadvantage of 
this set-up is the displacement (AP) of the 
laser beam at the metal surface during the 
angle scan (A0) (see Fig. 1). In our SPR 
measurements an additional polystyrene layer 
is often used to improve the adsorption of 
antibodies to the surface. This polystyrene 
layer is made by spin casting, which produces 
210 A layers with a thickness homogeneity 
of 5%. Therefore different positions on the 
surface correspond to different plasmon an- 
gles (f&,). This effect will lead to deformation 
of the measured SPR curve during the angle 
scan. It is possible, however, to keep the laser 
beam fixed at one point of the metal surface 
during the angle scan by choosing a different 
optical layout. In this way the plasmon angle 
is measured at one position and artifacts due 
to spatial inhomogeneities are eliminated. 

The device 

A schematic drawing of the new device is 
shown in Fig. 2. The prism from Fig. 1 is 
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Fig. 2. Principle of the new set-up for SPR measurements. 
Some cylindrical optics are used to eliminate the dis- 
placement (AP) at the surface when scanning different 
angles (AO). 

replaced by a half cylinder. The optics in our 
set-up are used to keep a parallel light beam 
inside the half cylinder, and scan all angles 
with the coil-operated mirror. The function 
of the cylindrical lens is two-fold. It projects 
the rotating axis of the mirror at the centre 
of the half cylinder and compensates its con- 
verging effect. If the distances V and B (see 
Fig. 2) are chosen properly, distortion of the 
laser beam inside the half cylinder (8, - f&) 
and displacement of the laser beam over the 
metal surface (hp) will be kept small for 
different values of AB. Since it is impossible 
to keep both fll - 0, = 0 and AP= 0 for all 
possible angles A@, a ray-trace program (ap- 
plying Snell’s law) is used to determine the 
optimum values for V and B for a commonly 
used SPR angular amplitude (A&& of ap- 
proximately 1.8 degrees. The results from 
these calculations are presented in Figs. 3 
and 4. These Figures show the results both 
for the optimized and non-optimized situa- 
tions. In the non-optimized situation, V and 
B are determined by the paraxial design equa- 
tions: 

B=F,+F,+R, 

and 

_:+$=f 
1 

with Fi the focal length of lens i and Ri the 
radius of lens i. V represents the distance 
between the mirror and the cylindrical lens 
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Fig. 3. Beam divergence caused by the optics used in the 
new set-up, for the optimized (A) and non-optimized 
situations (0). 
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Fig. 4. Beam displacement (AF’) at the metal surface at 
different angles (A0) for the optimized (A) and non- 
optimized situations (0). 

(object distance) and B represents the dis- 
tance between the cylindrical lens and the 
metal layer (image distance). In the optimized 
situation some small changes are made to 
the distances by adding AV and AB to obtain 
the best results for an angular amplitude 
(A&,,& of 1.8 degrees. Figure 3 shows that 
the beam divergence during the angle scan 
is kept within 0.02 degrees and Fig. 4 shows 
that the displacement of the laser beam at 
the metal surface is less than 0.2 mm. These 
are very acceptable values for SPR mea- 
surements if one takes into account the di- 
ameter of the laser spot, which is approxi- 
mately 1 mm. Using the set-up from Fig. 1 
a displacement A?’ of about 13 mm would 
have been found under the same angular scan 

conditions. The absence of beam displacement 
becomes important when additional layers 
with inhomogeneous thickness variations are 
used on top of the metak layer. Different 
plasmon minimum angles then appear at dif- 
ferent positions on the surface. Using the 
set-up from Fig. 1, this will lead to consid- 
erable distortion of the SPR measurements. 
However, the new set-up will still give a correct 
SPR signal for all angles. 

Results 

To demonstrate the potential of the new 
device, both set-ups from Figs. 1 and 2 are 
compared under the same conditions. To 
record the SPR curve, an a.c. current is sent 
to the mirror. For not too large amplitudes 

lo- 
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Fig. 5. SPR curve measured with the ‘old’ set-up, using 
a 530 A silver layer with an additional spin-coated pol- 
ystyrene layer (210 A) in air. The light source was a 632.8 
nm He-Ne laser. During one cycle (44 Hz, 1.87“) of the 
mirror, the SPR minimum is detected twice. Disturbance 
of the SPR curve is caused by surface irregularities and 
dispacement of the laser beam at the metal surface during 
the angle scan. 
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Fig. 6. SPR curve measured with the new set-up (same 
conditions as Fig. 5). Due to the absence of laser-beam 
displacement during the angle scan, no distortion of the 
SPR curve is seen here, despite the presence of surface 
irregularities. 
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(maximum 5 degrees), the angle is propor- 
tional to the current, so A8 = At?,,,,, 
sin(ot + c#+,) [9]. In our measurements we used 
a A%, of 1.87 degrees, and a frequency of 
44 Hz. During one cycle of the vibrating 
mirror, the beam traverses the reflectance 
minimum twice. The light intensity is mea- 
surement by a large-area photodiode (BPY- 
63P). The light-intensity signal is stored on 
disk by an XT-microcomputer (equipped with 
an RTI-800 interface board). A glass micro- 
scope slide is used on which the metal layer 
(in this case 530 I$ of silver) is evaporated. 
Also a spin-coated polystyrene layer about 
210 A thick is added on the metal surface. 
This disposabie part of the device is optically 
coupled to the prism or half cylinder with 
some matching oil. For measurements of Figs. 
5 and 6 the same glass slide is used in both 
set-ups. In Fig. 5 the reflectance as a function 
of time, measured using the set-up as shown 
in Fig. 1, shows a deformed SPR curve due 
to the thickness inhomogeneity of the pol- 
ystyrene layer and/or surface flatness varia- 
tions of the glass slide. Figure 6 shows the 
result obtained with the new device. No de- 
formation of the SPR curve is seen here, 
because the same position on the surface is 
measured during the angle scan. 

Discussion 

We have demonstrated the improvement 
of an already existing vibrating-mirror angle 
scan set-up for SPR use. The elimination of 
the displacement of the laser beam during 
the angular scan makes the device insensitive 
to surface flatness variations, so cheap dis- 
posable glass microscope slides may be used 
for each SPR measurement. The new device 
is also insensitive to thickness variations of 
additional layers added on the metal surface, 
because the probed spot remains essentially 
stationary during the angle scan. Here it 
should be mentioned that this improvement 
is of course of less relevance when very small 
changes in SPR angles are measured. An 
additional advantage of the ‘one point angle 
scan’ is that plasmon minimum angles in the 
range SO-89 degrees (appearing when using 
a gold layer with polystyrene and buffer me- 

dium) are still easy to measure. In the set- 
up used formerly this is only possible if the 
angular amplitude is decreased considerably. 
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