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The intensity of the transmitted inhomogeneous and homogeneous second harmonic light 
generated from potassium dihydrogen phosphate (KDP) crystals immersed in an optically 
denser fluid 1-bromonaphthalene have been observed as a function of incident angle ei of the 
fundamental beam of a mode locked neodymium glass laser. The laser pulses have the 
polarization in [liO] direction with respect to the KDP crystallographic axes. The transmitted 
second harmonic generation in the neighborhood of critical angle of incidence is performed. The 
phase matching of second harmonic generation in transmission is demonstrated. Furthermore, 
we observed that no transmitted inhomogeneous and homogeneous second harmonic light at 
normal incident angle when the nonlinear polarization P? (2~) lies in the direction [OOl] 
along the crystal face normal. The experimental result agrees well with the Bloembergen and 
Per&an theory. 

1. INTRODUCTION 

The theory of harmonic generation at the boundary of 
a nonlinear medium has been given by Bloembergen and 
Pershan (BP) ’ and has been verified experimentally for a 
variety of geometrical situations.“’ Nonlinear second har- 
monic generation in transmission has been studied exten- 
sively, however, most of the work has involved normal 
incidence with phase matching for maximum conversion 
efficiency. A wide variety of nonlinear interaction with ob- 
lique incident fundamental beam is not well investigated. 
This general situation of second harmonic generation 
(SHG), which has been theoretically analyzed by BP’ 
three decades ago and more recently by Dick et aLj9 pro- 
vides a rich variety of nonlinear optical phenomena, which 
has not been experimentally demonstrated. The situation 
of nonlinear boundary condition is of particular interest. 
This work provides some experimental verification of the 
BP theory and those of Dick et al. It is shown that the two 
theoretical formalisms essentially predict the same result 
which agrees with the experimental observation. 

It is the purpose of this paper to present a quantitative 
study of second harmonic generation in transmission with 
oblique incidence of the fundamental beam. The special 
emphasis is SHG in transmission in the vicinity of critical 
angles 19~,(w> and 8,(2w) and conditions of null SHG in 
transmission with both normal and oblique incidence of 
the fundamental beam. It is for the first time that we ob- 
served null SHG from potassium dihydrogen phosphate 
(KDP) crystal at normal angle of incidence ei=O. The 
results agree well with the prediction of both theories by 
BP and Dick et al. 

In Sec. II, the BP theory is given in a form which will 
permit direct comparison with the experiment using uniax- 
ial KDP crystal. Furthermore, criteria of null SHG in 

‘ 

transmission is given for both normal and oblique inci- 
dence of fundamental beam. In Sec. III, the experimental 
arrangement is described and in Sec. IV, the experimental 
results are given for the case of SHG in transmission in the 
vicinity of critical angle of incidence. The analysis of null 
SHG in transmission at normal and oblique incidence and 
the condition of phase matching condition at oblique inci- 
dence are given with good agreement to experimental ob- 
servation. Section V is the conclusion of the experimental 
results. 

II. THEORY 

The geometrical situation, just before total reflection 
occurs, is shown in Fig. 1. The fundamental beam is trans- 
mitted almost parallel to the surface in the nonlinear crys- 
tal KDP. According to BP theory,’ there are reflected har- 
monic beams and two transmitted harmonic beams. The 
driven polarization wave propagates in the same direction 
as the transmitted laser beam. It has a wave vector ks=2 
kL(ul) and represents the particular solution of the inho- 
mogeneous wave equation. In addition, there is the homo- 
geneous solution with wave vector kr(2w). In the nonlin- 
ear crystal KDP, the two transmitted harmonics beams are 
spatially distinct and readily observed separately. The rel- 
ative magnitude of f3s and C& in Fig. 1 depends on the 
magnitude of ordinary ray index of refraction nO( w) and 
extraordinary ray index of refraction n,(2w), respectively. 
If at particular crystallographic orientation of the KDP 
crystal such that nf > nzw, then f3r > 0, or vice versa. As 
the angle of incidence ej in Fig. 1 is increased, it is intu- 
itively clear that the beam with wave vector ks (2~) will 
disappear at the same time as the transmitted fundamental. 
The transmitted harmonic beam with wave vector k, (2~) 
will persist. There can be transmitted second harmonic 
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