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Semiconductor Optical Bistability and Switching
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Optical nonlinear switching and resonatorless bistability due to increasing absorption has
been observed in a nondegenerate pump and prohe experiment in Semiconductor (CdSSe)
Doped Glass( YDQ . With the proper choice of the parameters, like modulation frequency
and light intensity, one hundered percent modulation in a probe laser induced by a strong
pump laser was obtained at roomn temperature. Two nonlinear regimes were observed,with
saturated pump absorption being dominant at liigh pump power.

I. Introduction

Composite materials containing semiconductor mi-
crocrystallites show interesting possibilities for apli-

1-3)

cations to all optical signal processing devicesl

In particular, glasses doped with microcrystallites of
CdS.Se;_, have been the subject of investigation be-
1072 esu at

532 nm{®). Their properties are important in degen-
45

cause of their large nonlinearities (x(® ~

erate four wave mixing, optical phase conjugationt
and bistabilityl®8.7],

Data on the non-linear optical properties of SDG
have previously been obtained by means of pulsed nano
to femtosecond lasers. Foi this reason some relatively
slow relaxation processes in SDG have not been exam-
ined.

In this paper we describe a study of the non-linear
properties of these glasses using a nondegenerate pump
and probe technique. In this configuration probe mod-
ulation induced by a modulated pump is strongly de-

pendent on pump intensity and modulation frequency.

II. Experimental

The experimental setup is shown in figure 1. The
514,5 nm line of a CW argon ion laser (pump) and
the 632.8 nm of a CW He-Ne laser (probe) were used.
Pump and prohe beams were focused into the sample
using a lens of focal length 150mm resulting in a spot
size of about 30 ym of diameter. The pump beam was
modulated with a chopper with astability of about 1Hz

and able to operate at frequencies up to 4kHz. We used
2.8mm thick samples of corning glass (CS 2.63).
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Figure 1: Experimental diagram for the study of optical
progernes in semiconductor doped glass usmg pump and
probe technique.; M, mirror; L, lens;' S, sample

To measure the probe hearn intensity and dephas-
ing between pump and probe we employed a lock-in
detector in conjunction with an oscilloscope.

All the intensity dependent results were obtained as
the pump intensity was increased from zero to a max-
imum intensity Iy (or decreased), keeping the pump
pulse duration constant. The time dependence of the
probe beam intensity was observed collecting the probe
beam after traversing the sampleon a fast photodiode
(~0.1psec response time) antl feeding the signal to an

oscilloscope.

III. Results and discussion

In figure 2 we have the peculiarities of the probe
transmission asa furiction of pump power. For pump
powers greater than 0.3/, the prohe hearn is strongly
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absorbed. I'or pump powers greater than 0.5y the sat-
urated abscrption of tlie pump is dominant. From this
point on the transmitted probe intensity starts increas-
ing. Reducing tlie pump power, optical hysteresis is
observed. We emphasize that the two distinct regions
of switching are associated with optical bistability. In
the first regon (I < In/2) tlie reverse switching is
a state of high absorption. In the sccond region the

reverse switching isin a state of lower absorption. The
first region 15 associated with the increasing absorption
where in the second me have the normal bistability be-

haviour
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Figure 22 Bistability of the transmitted probe intensity
vs Input pum> intensity. Horizontal scale I/ly, (lo =
30kW/em?), 7 ump puse=10ms and T = 300K.

We show in figure 3 it the strong dependence of
the dephasing between pump and probe with the pump
intensity. Thz measured dephasing indicate different
processes sucl as laser induced darkening (dephasing
=- 180°.) or instantaneous laser induced clearing (de-
phasing = 0°).TFor intermediate puinp values, between
0% and -180% one has a delayed darkening. The tran-
sition from the clearing state to tlie darkening state
occurs around ~0.51y and is very steep.

The variation of the probe signal intensity with
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pump modulation frequency is shown in figure 4. As-
suming an exponential decay one can reasonably fit the
experimental data for probe intensity versus modula-
tion frequency by a Lorentzian curve (Fourier trans-
form). There is a good agreement for high frequencies.
It is clear that tlie signal behaviour for low frequencies
is much more complex than asimple exponential decay.
Some experimental and theoretical work is in progress

iii trying to explain this behaviour.
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Figure 3: Dephasing between pump and probe pulses vs
pump iiitensity (Horizontal scale is normalized, I/1o, (Io =

30kW/em?)) with Tpump pulse=10ms.
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Figure 4: Probe intensity versus modulation frequency
Tpump=24 kW/cm? with I(f) = Lmax/(772 + (f = 21.1)%).
Continuous lineis I(f) with 7 =8.9ms and I,,, = 2.6510°
(f in Wz). (A) Experimental points.
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Figure 5. Induced probe modulation as a func-
tion of pump intensity (Horizontal scale is normalized,

I/(Io=24kW/cm?)), .a) f=50Hz, b) f = 200Hz , C)
f=400Hz. (Continuous line is a guide to the eye).

Tlie relative modulation depth in tlie probe channel
also increases with pump power (figure 5). Tlie relative
depth is maximum for high pump intensities and low
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frequencies (Figure 5a). With tlie proper choices of pa-
rameters like pump intensity and frequency modulation
one can have 100% modulation.

These results may be explained taking into account
two major nonlinear mechanisms: during the input
pulse the local temperature rises, the absorption edge
shifts to the red and the probe thus beam spectrum
falls into the region of high absorption. This behaviour
is associated to the fact that in our experimental situ-
ation tlie wavelength of the probe pulse is close to the
band edge (Agap ~ 630 nm) and the pump laser has
a large excess energy above the absorption edge of the
SDG.

Tlie transmission and reflection coefficients of the
sample can be calculated taking into account the com-
plex refractive index n = n -t ik where k is related to
the absorption coefficient by a = 4xk/Ag. The trans-
mittance and reflectance coefficients are respectively:

7(T) = (ny(T)2e*M 4 ny (1) 26T _ 90 (T)na(T) cos(26(T))) (1)
and
_ na(Thn (T)(e"’(T)d + (M _ 9 cos(26(T)))
R(T) = 111(T)26’1(T)dl+ ny(T)2e=T)d — ony (TYno(T) cos(26(T)) ° )
with
ni(T) = (—71%%71—)3 , ny(T) = g%r;)é—)—lﬁ and (T = 2{[’}/\%&)% ,

where d is the sample thickness, Ay is tlie laser wave-
length and « is tlie absorption coefficient. In this case
the absorption coefficient and tlie nonlinear index are

temperature dependent.

Figure 6a illustrates the behavior of tlie transmis-
sion function of tlie semiconductor doped glass give by
T(T) = 1- (7)), where 7" is tlie sample temperature
for a given probe wavelength. This temperature de-
pendence of the absorption was used in eq. (1) for the
calculation of the transmission coefficient. The strong
nonlinearity of the absorption coetficient is associated
to the fact that, for an increase of the pump power the
teinperature increases, the probe beam wavelength falls
in the absorption band of the material and the absorp-
tion starts to increase (figure 6a). For very high pump
intensities there is a saturated pump absorption which
leads to an increase in tlie probe transmission (figure

l

6b). In figure 7 one can see a typical plot of the out-
put probe intensity as a function of the input pump
intensity calculated from eq. (1): P, = 7(T)F;. In
this siinulation we took into account the dependence on
temperature of « (increasing absorption effect) (figure
6) and the temperature effect on the nonlinear index:
n(T) = no+ 0T, where ny and 6 are positive constants.
In this situation where a and n are temperature de-
pendent one has both type of biestabilities (figure 7).
For intensities around 0.17 one can see the switching
for the high absorption state which is caracteristic of
the bistability of increasing absorption. If we increase
the pump intensity thereis another switching for a high
transiission state which is the normal bistability be-
haviour. If we decrease the pump intensity both inten-
sities of switching are present at low intensities but with
large hysteresis. The behaviour of figure 7 occur for a
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large variation of the parametersin eq. (1). One can
use ng in thz range of 1.2 to 1.9 and A, in the visible
region giving the same general behaviour. This simu-
lation shoulc be compared with experimental resultsin
figure 2 whe e both bistabilities are present.
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Figure 6: Prole transmission coefficient (%) as a function of
temperature?(see text), a) increasing absorption, b) pump
saturated absorption. .
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Figure 7: Simiilation of the bistability of the transmitted
probe intensity vsinput pump intensity (20 =n = 1.6 and
8=1/3K~" in normalized units used in figure 6).

The other effect that is adso present, is the heat
conduction through the sample according to the tem-
perature transport equation (9):

or _ LA(T) T _1T¢ (3)

o Cdp r

where we assume a uniform intensity profile across the
longitudinal dimension of the sample. I is the laser
intensity, T i3 the surrounding temperature, p is the
density, C is the specific heat, o A(T) is the energy
dissipated per unit of time and unit area with(®*l,
A(T) = 1- R(T) - 7(T) and d is the sample thick-
ness. Taking i1 account that R >> (%!, we obtain
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with D=-o . (4
pC

2
rr =2 (1 + 21n(R/ro))
=¥

Here R is the whole sample radius, 2ry is the minimum
laser spot diammeter, p iSthe density, X isthe thermal
conduction coefficient, D is the heat diffusion constant
and 7 is the transverse relaxation time.

The relaxation time can be calculated from eq. (4)
assuming rg = 15.10* cm, R=0.7cm, D = 3.8x 1073
em? 571, K = 1.02X 1072 W/emK, p = 2.5 g/em® and
C=1.05J/gK. We have obtained rr=2ms whilefor our
samples the measured switching time is around 3ms.

From these results one may conclude that for low
frequencies (f = 50Hz, Tpump ~ 10ms >> rr) and
high pump powers the thermal effects dominates, lead-
ing to deep modulation (figure 5) and maximum trans-
mitted probe intensity (figure 4). For high modulation
frequencies (f = 400Hz, Toump ~ 1.25ms ~ 7r) the ef-
fect is no longer dominant, leading to a decrease of the
transinitted probe signal and amplitude of modulation.
In conclusion, optical nonlinear switching and bistabil-
ity due to increasing absorption has been observed at
room temperature in SDG. Large light by light mod-
ulation (10070) was also detected for low modulation
frequencies and high pump power. Laser induced clear-
ing and clarkeninig were detected. Results on dephasing
between pump and probe and bistability show that in-
creasing absorption is the dominant effect for low and
intermediate pump powers and saturated pump absorp-
tion plays an important role in the high pump power
regime.

She properties described here show the potential of
SDG for nonlinear optical switching and transmission
at room temperatures with 100% induced modulation
using frequencies up to few KHz.
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