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In this work we present results of calculations conccrning bistability of optical polarisation in 

bircfringent media. Second - order optical nonlinearity is assumed to be dominant and rcprcsentcd by one 

parameter. In our model the SHG regime is assumed. Light transmission is analyscd in terms of standard Fabry .

Perot model of feedback. We derived formulas for Stokes parameters describing the polarisation stale. 

Numerical results have shown thai three parameters may exhibit bistabile behaviour. This crcatcs new 

possibilities for optical switching. 

PACS numbers: 42.65.Ky, 42.65.Hw, 42.65.Pc 

1. Introduction 

Due to its potentia] applications optical polarisation .bistability has been the subject of 

many papers. Its physical background is described in severa] textbooks (see [ I - 3) for a 

review). Nevertheless there stili remain some open questions which can enlightcn this 

phenomenon. Firstly, in contras! to dominant tendency, we focus our attention on media with 



quadratic nonlinearity. Secondly, we explicitly take into account the phase mismatch, which 

plays important role in our considerations. 

To explain second-order bistability we have to take into account the cascade-process 

[4,5) connected with the second - harmonie generation. The generated wave of frequency 200 

has a weak intensity and does not change essentially the amplitude of the incoming wave of 

frequency oo. However its influence on on the phase of primary wave is crucial. These phase 

changes depend on the intensity of incoming wave and results in the behaviour of polarisation 

state giving rise to the polarisation bistability of this wave. 

2. Physical model 

In birefringent crystals the condition of phase matching may not be fully satisfied (e.g. 

n<0 l (oo) < n<cl (200) for negative birefringence; here "o" stands for ordinary, "e" - for 

extraordinary wave ). In order to maximise the SHG process we assume that the fundamental 

wave propagates along the Oz axis which is perpendicular to the main optical axis (in our 

model - the Oy axis) and to the surface of the sample. The wave vector k = (O, O, kw) 

maintains its directions and is perpendicular to the electric vector Ew= ( E~, E~, O). 

The small est phase mismatch in SHG is achieved in two kinds of processes: 

(I) 

The ordinary wave is polarised in the Ox direction, the extraordinary one - in the Oy direction . 

and 

involved in the nonlinear interaction considered and its evolution follows the linear optics 

rules. 
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The quadratic nonlinearity is represented by the tensor x2. In the processes described 

above only one component (X'.~(2co) ) of it is effectively involved; it will be denotecl furthcr 

by y. The presence of nonlinearity couples the primary wave (co, indexed by "I*) with its 

second harmonics (2 co, index "2" ). As a result an energy transfer between them takes place. 

lt may exhibit spatial periodicity named the cascaded process. Such processes may lead to 

nonlinear phase shifts of waves considered. These phase-changes make a basis for the optical 

bistability. 

Following the standard procedure (see, for example, [61) we get the following 

equations describing the SHG process: 

dEI . E E' (""· ) -- = -1K1 2 1 exp lux.Z , 
dz 

(2a) 

dE2 • 2 ·• ,. ) -- = -1K2 E1 exp(-1ux. z 
dz 

(2b) 

where 

(3) 

is the wave-vector mismatch (n - refraction index). The parameters Kj are proportional to y: 

(4) 

Since n2 > n1 , the mismatch M. > O. 

In the following we will assume that fik is sufficiently large. This implies the absence 

of depletion of the amplitude IEil of the fundamental wave. However its phase <p1 depencls on 

z. This variation obeys the rule: 

" K 1 K 2 [ sin(M. z)] 2 u<p1 = --z I ---- lE1 I , 
fik M. z 

(5) 

where 8<p1 = cp 1(z) - <p1(0). As M. > O hence 8cp1 is also positive for each value of z. 
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3. Polarisation state of the primary wave 

The most convenient tool of analysing optical wave polarisation are Stokes parameters 

S,,. which may be defined as follows: 

2.fiJ; 
S3 = ---•-sin 8 , 

I 
(6) 

where lx = I Ex 12 and ly = I Ey 12 denote two components of the electric field of the wave 

considered, I= lx + ly . The parameter 8 stands for the difference of phases between ordinary 

and extraordinary component of the field Eon input or output from the Fabry - Perot cavity: 

E,, IE_,. I ;o 
-=--e 
E, IE, I 

(7) 

The three Stokes parameters can be introduced for any value of z. On the input to the 

F-P cavity (z= O) we will index them by "in", on the output (z= L) - by "out". The difference 

may be determined from the formula: 

exp(u8)= ~ -----X s: ft· 1 
T.,. 1-Rexp(2ik,,L) 

(8) 

where R is the reflection coefficient of the cavity, and 

T _ !~"' _ [I 4R . 2(k L ~ 12>/""' )]-i x - - + sm . + n . , 
!~' 1-R ' 2(1-R) ' 

(9a) 

[ )]~ 
!~'."' 4R . 2 8;" 

T,, = - ·_.- = l+--sm (k,.L+-
. 1:'.' 1-R · 2 

(9b) 

4 



The quadratic part n<2> of the refraction index is defined by the formula: n = ,l + ,/2> I and is 

connected with the phase shift (5) in a way analogous to cubic nonlinear media: 

óq, = n<2> /. . (IO) 

The Stokes parameters are used to determination of the polarisation ellipse. We have 

calculated three characteristics of the ellipse: the ratio bla of its axes, the angle <j> of the 

inclination of the axis a and the sign of the polarisation parameter p. It describes of rotation 

of the electric vector and is equal to the ratio S,/So , So being the intensity of the w ave. 

4. Results of numerical calculations 

We have performed calculations of polarisation ellipse parameters for differcnt values 

of reflection coefficient R and for different polarisation states on the input. The results arc 

collected in Figs.1-3. These figures show the dependence of bla, <j> and p on the intensity f" 

of the incident wave for three types of its polarisation: linear, circular and elliptic ones. In 

majority of cases we observed a bistabile behaviour of the polarisation state. It appears only 

for sufficiently large values of reflection coefficient R (in all figures R = 0.9). For R < 0.5 the 

bistability effect is absent. The desynchronisation parameter (3) was choosen in a way 

sui table to Ag3AsS3 for which lin = 0.073. Besides, A. was put to be 1.06 · I 0-6 m. 

Polarisation bistability allows a much wider set of possible states. In contrast to 

standard intensity bistability whene we have only two states (O or I), the polarisation 

bistability offers eight different states. They may be ordered as follows: 

Ó=O 

(0; 0-1-0) 

(1; 1-0-1) 

ó = rr12 

(O; 1-0-1) 

(l; 0-1-0) 

ó = rr14 

(O; 1-1-1) 

(l; 0-0-1) 
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(O; 1-1-0) 

(1; 0-0-0) 
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Fig. I Polarisation state parameters of the outgoing wave as functions of incident 
wave intensity /;,, (in arbitrary units) for two different polarisations of the 
incident wave: Iinear (left part, o= 0) and circular (right part, o= n/2). 

(a) the ratio bla 
(b) the angle q> (in units of li') 
( c) the sign p of the rotation 
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Fig.2 Comparison of polarisation state parameters of the outgoing wave as function 
of the intensity of the incident wave with elliptic polarisation (two cases arc 
shown on inserts in the right bottom corners. Le ft column corresponds to 8 = 
n/4, the right one to 8 = -n/4 ) 
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Fig. 3 The principle of switching between optical states of an optical logic gate. The 
di git "I" represents the dark pulse, whereas "O" - the bright pulse 

Here li describes the polarisation ellipse of the incident wave. The first (bold) digit in the 

parenthesis denotes intensity state of the incoming wave (O - )ower part of the bistability 

curve, I - upper part). Next three digits describe, respectively, similar values of bla, <P and p. 

Other values of li will create other types of po lari sati on states. 

Similar results were recently obtained [7] for the case of two incident waves. In this 

paper we have shown that also one incident wave may behave in a bistabile way provided 

that SHG process is taken into account. 
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