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Second harmonic generation microscopy (SHGM)[1] is rapidly becoming a popular technique 
in biomedical imaging. An important feature of SHGM is that the radiation generated travels 
preferentially in the forward direction, depending on the geometry of the sample, so that 
SHGM in transmission is conveniently combined with TPFM in epi-illumination. SHGM is 
sensitive to the polarization of the illumination. In most cases the effects of the focused beam 
have been approximated by an effectively scalar theory [2], or one that concentrates on the 
dominant component of the illuminating field [3]. A full, vectorial theory has been given by 
Asatryan et al. [4]. 

Radially polarized beams when focused tightly exhibit a small focused spot and strong 
axial field component [5-8]. They have been used to generate second harmonics from surfaces 
[9]. The field at the focus is directed along the axis. Near to the focus there is a weaker radial 
field component.  This contrasts with a focused plane-polarized beam, which exhibits a strong 
transverse field component, a weaker axial field, and an even weaker cross-component. 

According to the non-zero values of the χ(2) tensor, components of polarization can be 
generated parallel or perpendicular to the dominant illuminating field component, which then 
radiates as an electric dipole. Either plane polarization or radial polarization can result in 
transverse or longitudinal dipole components. The second harmonic generated by linear 
objects, such as collagen fibres, has been investigated, based on the field of a complex 
source/sink combination [6]. The phase in the focal region can produce an annular beam from 
an extended object as a result of phase-matching [2]. We find that the component generated 
from      (plane-polarized) or      (radial polarization) can be appreciable. ExEz EzEρ

 
1. Gannaway, J.N. and C.J.R. Sheppard, Second harmonic imaging in the scanning 

optical microscope. Opt. Quantum Elect. 10, 435-439 (1978). 
2. Moreaux, L., O. Sandre, and J. Mertz, Membrane imaging by second-harmonic 

generation microscopy. J. Opt. Soc. Am. B 7, 1685-1694 (2000). 
3. Cheng, J.X. and X.S. Xie, Green's function formulation for third-harmonic generation 

microscopy. J. Opt. Soc. Am. B 19, 1604-1610 2000). 
4. Asatryan, A.A., C.J.R. Sheppard, and C.M. de Sterke, Vector treatment of second 

harmonic generation produced by tightly focused vignetted Gaussian beams. J. Opt. 
Soc. Am. B 21, 2206-2212 (2004). 

5. Sheppard, C.J.R. and P. Török, Electromagnetic field in the focal region of an electric 
dipole wave. Optik, 104, 175-177 (1997). 

6. Sheppard, C.J.R. and S. Saghafi, Transverse-electric and transverse-magnetic beam 
modes beyond the paraxial approximation. Optics Letters, 24, 1543-1545 (1999). 

7. Quabis, S., et al., Focusing light to a tighter spot. Opt. Commun.179, 1-7 (2000). 
8. Youngworth, K.S. and T.G. Brown, Focusing of high numerical aperture cylindrical-

vector beams. Optics Express, 7, 77-87 (2000). 
9. Biss, D.P. and T.G. Brown, Polarization-vortex-driven second harmonic generation. 

Optics Letters 28, 923-925 (2003). 
 

mailto:colin@nus.edu.sg

