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Figure 1 The SPR experiment. (A) a metal layer m is sandwiched between two dielectric media a and p. The direction x is defined
parallel to the layer structure; (B) dispersion relation of SPs; see text; (C) a typical SPR curve when medium a has a refractive index
na = 1. The angle �cr corresponds to the critical angle for the a/p interface.
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Table 1 Real and imaginary parts of dielectric constant for
some metals

Metal 
 (nm) �re �im

Aluminium 600
700
900

–29.8
–46.6
–55.5

7
22
30

Silver 500
700
900

–8.23
–21.3
–38.7

0.3
0.7
1.3

Gold 600
750
900

–8.37
–18.2
–28.5

1.2
1.2
1.8

Figure 2  SPR reflectance curves for a bare gold layer with
thickness 44 nm, measured with different wavelengths: (A)
676 nm; (B) 647 nm; (C) 633 nm; (D) 568 nm; (E) 514 nm;
(F) 488 nm.
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Figure 3 Rotation stage SPR setup. d: detectors; PBS;
polarizing beamsplitter.

Figure 4 Use of focused beam. a: laser diode; b: focusing
optics; c: neutral density filter; d: diode array. A flow cuvette is
placed on top of the metal layer. Reproduced with permission
from Sjölander S (1991) Analytical Chemistry 63: 2338.
© American Chemical Society.
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Figure 5 Basic photothermal detection setup. The position of
the deflected beam of a probe laser PL is measured by a
position-sensitive detector PSD.

Figure 6 Vibrating mirror setup. a: vibrating mirror; b:
cylindrical lens. Reproduced with permission from Lenferink ATM
(1991) Sensors and Actuators B (Chemical) 3: 261. Copyright
1991, with kind permission from Elsevier Science Ltd, The
Boulevard, Langford Lane, Kidlington, OX5 1GB, UK.
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Figure 7  Use of fibre optics. L: light source; D: detector; S: fibre
splitter/combiner; 1, 2: output ports. (A): single mode fibre; (B):
multimode fibre (cf. text).

Figure 8 SP microscopic image of an inhomogeneous
monolayer. Dimensions of image 0.2 � 0.2 mm/. Thickness
difference of the two types of domains is less than 0.4 nm.
Lateral resolution approximately 3 µm.
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Figure 9 Lateral resolution in SPR microscopy. The vertical
lines denote the physical width of a 2.5 nm SiO/ ridge. Number
insets correspond to the various wavelengths used.

Figure 10 SPR microscope setup. P: Pockels cell; S: spatial
filter; R: rotation stage; M: objective; CCD: video camera.
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Figure 11 Improvement of image quality by dividing s- and p-polarized responses. From left to right: p response; s response; p/s
response.



2310 SURFACE PLASMON RESONANCE, INSTRUMENTATION

��������
�	��
0-
�	���
�����
��
������ �	
�

����
���	�
 �	�����
 	

 �	���
�����
 �
 0-�
�	���
����
 	

���#	���
 �	��
 �
 
����	��
 �������	��
 �	���
����
�0"���
"��
���	
������

���	��
�

�
��	
��
	

������
�������
 ���
 0-

 ���
 � �	���
 	�
 ���
 �
���
 ����
 "��
������	�
0"�
�	�
	

#������
���
�
��
���

������
��	
�
�����
 Y5 ����
 "��
 ����
 ��
 	�������	��
 #������
 ���
�	�
���
���

������
	

 	�����
��
�
������	����
"��
�	�

	

�������
��

���
���������
����
���

������
���
���
������	���
������
	

���	�����

	���������
���
��
��

�����
����

����
��������	��

��
���

������
��	��
����
��������
#�
���
�������	��
�������
��
���
0"�
 ����
 �!�����
 ����
 ���	�����
 #�
 ���
 0-�
������������
��
��	

���
�
�������
��
����	��
��
∼ 5 ��
�����
#�
�����
������
���
�#"����
!	�
0	�	���
����
���
	��

�����
#�
����
���
�
�	������	�
����	�
�����
�	���
����
 �1;��
 �	��
 4���
 #�����
 ��
���

 ���
 #�
�#��	���
 	�
 ���
 ���	�����
 
��������
 0-�
 ���	��	��
 	

���	�����
������
����
���

���������
���������
�	����
1
 �	
��

	��
 ��
 ���
 ������
�
������	
�
 	�
 #���


����

	

���
#�����
���

����
��
���
���
���
���	���E
�

�������	�
 �����+
 	

 �����
 	�
 ��
�
 ��
�
�
 ��
 1;�
����
�	�
 	

�������#��
 	�
�	��
��
 ���
����
 ����
 	�
���
������
 ��
�
 ��
 �������	�	��
 ����	�	��

 ����
 ��
 #�
	���
��
��
���

�����

��
	�����
��

+
�������������

(� = ����
 ������E
 ��= ���������
 ������E
 � =
�������	��
 	��� E
 � = ���#��
 ��
 �����
 	����
E
� = ������������� 
� = �	��
 
���E
 � = �	������	�
 ����

����E
 
 = ����������
 ��� 1
��
�� � = �����
 ��
 �	���E
�0-� = �����
��
�	�	���
������������

See also: Fibre Optic Probes in Optical Spectrosco-
py: Clinical Applications; Fourier Transformation and
Sampling Theory; Light Sources and Optics; Photo-
acoustic Spectroscopy, Applications; Photoacoustic
Spectroscopy, Theory; Scanning Probe Micros-
copes; Scanning Probe Microscopy, Applications;
Scanning Probe Microscopy, Theory; Surface Plas-
mon Resonance, Applications; Surface Plasmon
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Figure 12 Scheme of a combined SP microscope and a
scanning probe microscope. The tip can either be a STM or an
AFM tip. Reproduced with permission from Specht M (1992)
Physical Review Letters 68: 476–479. American Physical Society.


