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In this communication, we present an analytical study of the linear and nonlinear optical transmission through a thin layer near the
critical angle of incidence. The optical linear transmission presents very important variations according to the optical Kerr effect. The
study of the linear optical transmission allows defining the operation point of the thin layer in nonlinear regime. We have studied the
nonlinear transmission for different operating points near the critical angle of incidence. These study effects are important for optical
applications such as the all optical switching and the sensitive determination of the nonlinear refractive index (n,) of materials. [DOI:

10.2971/j€0S.2011.11023]

Keywords: optical Kerr effect, nonlinear thin layer, all optical switching

1 INTRODUCTION

All optical components, such as, modulators, logic gates,
commutators etc. are based on the nonlinear response of die-
lectric Kerr materials (optical media having an intensity-
dependent refractive index are susceptible to enhance con-
siderably, the performances of ultrafast information treat-
ment systems, particularly, in telecommunications).

The study of the nonlinear transmission near the critical an-
gle of incidence through a nonlinear thin Kerr layer is of
great importance in order to realise an all optical commuta-
tor [1]-[3]. Also, for its high sensibility near the critical angle
of incidence, the nonlinear transmission can be used to deter-
mine the nonlinear refractive index (n,) of thin films.

In this communication, we present an analytical study of the
optical transmission through a thin nonlinear layer (Kerr
material) near the critical angle of incidence. The study is
made for different operating points situated on the last peak
of oscillation of the linear transmission of the thin film. This
study allows optimising the operating mode of the thin layer
to appropriate applications mentioned above. In this study,
we consider the case of a thin layer without absorption.

2 PRINCIPLE

We consider an optical thin Kerr layer (Figure 1) with a
thickness e and an intensity-dependent refractive index, giv-
en by: n = nyg+ nyl, where ng and n, are respectively, the linear
index and Kerr coefficient and I the local intensity.

Two identical linear media whose index of refraction n, is
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FIG. 1 Optical transmission through a nonlinear layer with thickness e and optical
refractive index (n = n,+n,l). The angle of incidence 6, slightly lower than the critical

angle of incidence 6. = arcsin (n,/n.).

slightly higher than ny surround the layer.

The layer is illuminated (Gaussian beam) under an angle of
incidence 6,, slightly lower than the critical angle of inci-
dence 6, = arcsin (no/n).

The nonlinear critical angle 6. = arcsin ((n = no+ n,l) /n) varies
versus the optical Kerr term n.l. It increases or decreases fol-
lowing that the Kerr coefficient is positive or negative. In the
case where the incidence angle is close to the critical one, if
we increase the intensity I, the optical transmission T of the
thin layer increases or decreases following that n,is positive
or negative. This effect is the basis of all optical commutation
by a nonlinear thin layer [1].

3 LINEAR TRANSMISSION

Experimentally, the incident light on the layer is a Gaussian
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FIG. 2a) Linear optical transmittance (n,/ ~ 0) near the critical angle (g. ~ 83.61°). b) Magnification of the last peak of () in 2a).

beam. Following the ‘beam-waist’ of the laser beam and lay-
er thickness two cases are distinguished: The resonant case
and the non resonant case. In the former, there is an overlap
between refracted and reflected beams inside the layer and
the optical transmission is determined by the well-known
formula of a Fabry-Perot plate or the method of stratified
media [6]. In the second, there is no overlapping between
reflected beams inside the layer and the transmission is
simply given by that of a single transmitted beam. In the rest
of this study, we treat with more details the resonant case
only. Indeed, the resonant case is more important, because it
significantly increases the light intensity within the thin lay-
er. For this analytical study, we consider the case of a TE
mode incident wave. The amplitude of transmitted wave

through the thin layer is given by [6]:
tt,e”
1+rr,e?’

@

Where t1, t2 and 11, 12 are respectively the transmission and
reflection Fresnel coefficients at the first and the second inter-
face of the layer.
B 2n, cos(6)) _ N, cos(,)—n, cos(8,)
' ncos(@)+n,cos(,)”" N cos(6,)+n,cos(d,)’

(2)

The expressions of t2 and 2 are given by exchanging the an-
gles and indices in equations (2).
The dephasing term due to resonance is given by:

2
B = 2z n,ecos(,), 3)
/10
The optical transmittance (T) of the layer is given by the ex-
pression:

T=Itl% (4)

Also we can study the variations of (T) versus the dephasing
term B. For practical reasons and in order to show The inci-
dence effect near the critical angle, we have studied the
transmittance versus the incidence angle 0,. The character-
istics of the thin layer used in this analytical study are:

e =9 um, ny=1.60, n, =1.61, and the incident wavelength
Ao =0.532 pm.

Figure 2 shows the transmittance (T) versus the incidence
angle of (on) the thin layer.

In Figure 2a, we observe that the transmittance presents a
dumped sinusoidal behaviour, with up and down oscillation
peaks. The slopes become sharper as 6, approaches the criti-
cal angle of incidence 6.

The transmittance is presented only for incidence angles
ranging from 80° to the critical angle (The transmittance is
quasi constant for angle lower than 80°).

We define the operation point  (6;; T) of the layer like the
point located on the curve of the transmissivity according to
the angle of incidence. For having a high sensibility of the
transmittance of the layer versus the optical Kerr effect, the
angle of incidence (point Q) has to be fixed one edge of an
oscillation peak having the greatest possible slope (The last
peak before 6c in Figure 2. A magnification of this peak is
shown in Figure 2b. On this peak, both slopes (trailing and
rising) correspond to incidence angles localised respectively
in the intervals [83.43°; 83.52°] and [83.52°; 83.61].

Several operating points (A, B, C, D, E, and F) have been cho-
sen on the last oscillation peak in order to study the nonline-
ar transmittance.

4 NONLINEAR TRANSMISSION

We study the optical transmittance versus the nonlinear
refractive index of the thin layer (n,/) and the position of the
operating points Q. To have a meaning nonlinear transmis-
sion, Q must be located on the last peak.

It is interesting to mention that the high sensibility of the
transmittance to optical Kerr effect near the total reflection,
comes principally from the variation of cos (6,) in the
dephasing term g.

Indeed, the Kerr-induced change of 8 can be approximated
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FIG. 3 Transmittance T for a thin layer versus a positive Kerr effect n,/ (n, > 0). The curves (a, b, ¢, d, e and f) correspond the operating points (A, B, C, D, E and F).

at the first order by [5]:

AB~Qrl %) en [1+(2 A6 2 Ann,) *ﬂ -

With Dg = q. - g; and Dn =n; — n,.

In the dephasing B, both Dq and Dn are very small and the
second term of the sum in brackets is very important. It is
more than ten times greater than the first term due to the
physical parameters of the layer .This explain the high sensi-
bility of the transmittance of a resonant thin layer near the
critical angle. In order to show the high sensibility of the
transmittance (T) near the critical angle of incidence, we pre-
sent a numerical study of the considered thin layer versus
the nonlinear index (n.). I is the local intensity inside the cav-
ity. The variation of the transmittance (T) versus the optical
Kerr effect depends on the sign of n, and the position of the
operating point Q. On the last peak, we study position of  in
two situations. With increasing incident intensities, the varia-
tion of the transmittance depends on the sign of n,.

4.1 Positive n,

In this case, the transmittance varies as if the operating point
is going toward the left. To study (T) versus n,/, we chose
three operating points: A (61 =83.61°, T = 0.01); B (61 =83.57°,
T = 0.08); C (6, =83.53°, T = 0.90) on the trailing edge and
three others operating points D (6, = 83.52°, T = 0.96); E (6,=
83.50°, T = 0.48); F (6, = 83.46°, T = 0.22) on the rising of the
last oscillation peak. The transmittance is determined versus
the optical Kerr effect by replacing the linear index n, in Egs.
(1)-(4) by the dependent-intensity index (n + n).

To apply rigorously the formulas indicated above, it is neces-
sary to know the values of the local intensity / inside the cav-
ity. According to the characteristics of the layer, the finess F
of the Fabry-Perot resonator considered is low:

F=n(R)"/(1-R)~3.7 (6)
Thus the local intensity I can be estimated by an average val-
ue I[7].
(1+R)
“ t )
(I-R)

| 2

R is the reflectance of the layer: R = Ir||%, and I, the trans-
mitted intensity: [, =T x I

So, the Egs. (1)-(7) allow us to study the transmittance T ver-
sus the incident intensity /. To avoid specifying the value of

n,, we have represented T versus term of global Kerr n,l.

The results of the analytical study of the transmittance (7)
versus n,/ are shown in Figure 3.

In Figure 3a, the separated curves a, b, and c correspond to
the operating points A, B, and C while the others separated
curves d, e, and f in Figure 3b correspond to the operating
points D ,E , and F. We note that a very important result is
shown in Figure 3: When the incident intensity rises (from
zero), the resulting transmittance can either increase or de-
crease depending on the position of the operating point. Al-
so, we observe in Figure 3a that as the intensity increases
from near zero, the corresponding transmittance increases
monotonaly and this increase becomes more and more im-
portant as the incidence angle approaches the critical angle.
So ,when the term n,l increases from 0,the transmittance T
increases in a monotone fashion for: the operating point A
from 0 to 1,for the point B from 0.08 to 1, and for the point C
from 0.9 to 1.

All these results show the importance to take an operating
point near the angle of total reflection.

For the operating points (D, E, and F) taking on the ascend-
ant slope of the last oscillation peak, it is shown in Figure 3b
that by increasing the optical Kerr effect, progressively, from
zero, the transmittance decreases with a monotone rate
which becomes (this rate) more and more important as these
operating points approaches the summit (F — E — D).

11023- 3



Journal of the European Optical Society - Rapid Publications 6, 11023 (2011)

R. Chifahi, et al.

From a commutation point of view, the Figure 3a shows in
an evident way the commutation effect from a low level (0)
to a high level (1) as the incident intensity is increased. In
reverse, Figure 3b shows the commutation effect from a high
level (1) to low level (0).

4.1 Negative n,

For a negative Kerr coefficient n,, the results of the trans-
mittance variation versus the nonlinear refraction index n,/
are reversed to those obtained for n2 positive. If the operating
point (A, B or C) is taken on the descendent slope, the in-
crease of the incident intensity trains a reduction of the trans-
mittance. This reduction is affected in a monotone and sig-
nificant fashion as the operating point approaches the sum-
mit (A — B — C). Otherwise, if the operating point is on the
ascendant slope, an increase of the transmittance is observed
with increasing incident intensity.

5 CONCLUSION

In this paper, we have presented an analytical study of the
transmittance through a thin layer near the critical angle of
incidence. We have analysed the transmittance of a thin layer
versus the incidence angle and the optical Kerr term nyl.

This study has allowed us to show the high sensibility of the
transmittance near the total reflection in resonant regime. For
different operating points, we have studied the nonlinear

transmittance versus incident intensity in the resonant re-
gime. The two cases where the Kerr effect is positive or nega-
tive are studied, too. This study has allowed us to optimize
the use of a nonlinear thin film for the applications to all op-
tical switching and to the determination of n,.
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