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InMnSe exhibits a strong nonlinear absorption related to Manganese
fons, This absorption is easily bleached when the another narrow-band
laser with high intensity illuminates the crystals. The firsi observa-
tion of the absorptive optical bistability is observed in a wider range
of excitation power density and excitation wavelength, It is thought
that the bistable effect is attributed to the bleaching of absorption
cencerning Mn energy bands cambined with the positive-feedback provided
by the tight reflection at the perfect crystal surfaces.

INTRODUCTION

The 1interesting optical magneto-cptical
properties of monocrystals {In,Mn)Se have been
extensively studied by many authors{1,23. These
materials are II-VI binary compounds, in which
a magnetic ion is substitutionally in corporated
in tha host crystals in place of group-Ill ele-
ment, Znq_yMn,Se is a wide-band-gap semimagnetic
semiconductor whose band gap is tunable composi-
tionally and magretically. The structure of
energy band and crystal of this kind of alloy
system depends on Mn component. ’

Recent advances 1in semicoductor growth
techniges have made it possible to grow semicon-
ductor structure with atemic-scale control of
the composition and thickness{3]. For the quan-
tum-well structures, the position of the elec-
tronic energy levels is modulated, and the car-
riers are confined in the lowest hand-gap med-
ium. The quantum-size effects significantly
modify the electronic and optical properties
of these materials compared with those of the
bulk materials. But so far, no reports on the
bistable effects in bulk crystals {Zn,Mn)Se
is given.

Currently we report the first work on
the nonlinear optical property and the bistable
phenomenon of the bulk monocrystal ZInq.yMn Se
with considerably low ¥n compesition (x=0.01).
The absorptive optical nonlinearity and bistabi-
lity are carefully investigated in a wide range
of excitation wavelength and power density,
and this bistable 3s attributed to the nonlinear
absorption concerning Mn energy band combined
with the positive-feedback provided by the Tight
reflection from the crystal surfaces., In view
of our results, all of these features are very
promissing for application to optical signal
generation, processing, and transmission.

EXPERIMENTAL

The investigated crystals Inq.xMnySe are

platelets with thickness of 0.5-0.9mm, and with
a small composition of x determined to be 0.01,
The crystals are prepared by the vaper sublima-
tien, and seperated into pieces of platelets
in the direction of crystal planes,

Sometimes, samples are placed in the c¢ryo-
genic refrigeration system in which the tempera-
ture is available to regulate continuousiy with-
in the range of 10-300K. The pump-probe system
is employed to study the nonlinear absorption,
The high excitation density is changed by using
# set of neutral filters.

The bistable experiment are carried out
with a 532mm Tine of a Nd:YAG laser or a dye
laser with a tunable wavelength range of 550-
565nm. The duration of laser pulses is not more
than 7ns. The laser pulses transmits the crys<
tals, and the transmitted signals and the inci-
dent laser are simulstaneously detected by a
fast photocell or photodiode. Both of them are
displayed on the screen of an oscilloscope with
the time resolution of 500ps.

RESULTS AND DISCUSSION
1. Absorptive optical nonlinearity

The Manganese-related absorptive nonlinea-
rity is observed in an excitation wavelength
range from 532 to 560nm. The nonlinear absorp-
tion as a function of pump laser is shown in
Fig.1 for the excitation wavelength of 532nm,
The curve (a) stands for the unpumped case,
and the curve {b) and (c) represent the sjtua-
tion_with gigh excitation density of 8x10°9 and
4x10% W/em?, respectively. It is clearly seen
that with increasing excitation intensity, the
crystals exhibit an increasing transmission,
and the absorption edge shifts to the higher

energy, t.e., a blue shift, within the whole
spectral range. ' '
Spectral properties of ZnMnSe are  not

similar to ones of InSe, and characterized by
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Fig.1. Absorption spectra at a variety of exci-
tation densities with a 532pm pu%piﬁg at ZB0K. 5
a, unpumped case; b, 8x10%W/eme; c, 4xI07H/cms,

a broad-band absorption below the energy-band-
gap of ZnSe at higher temperature, and featured
by two absorption bands at lower temperature
as shown in Fig.2. Two bands indicated by arrows
are obs%rved at 40K and 7OK,%and center at
20000cm” (500nm) and 19000cm = ({526nm}. The
sosition of the absorpticn bands do not depend
on temperature. We6attrabute theﬁtﬁzibands to,,
the transition of A" and PRy T of Mn
tonfd].

The bleaching of the absarptign can be
interpreted by the transition from Ay to Ty
{526nm), just mixed in the absorption edge
at room temperature in the unexcited case. Under
gow excitaaion intensity, the transition between
P\.i and T, results in a strong absorption.
As the excitation grows, much more electrons
£111 in the top energy level. Hence, a bleaching

of absorption can be observed. '

2. Absorptive optical bistability

Fig.3 shows the absorptive bistability
for a laser of 53Z2mm gt different excitation
densities up to 1MW/cm®. The pulse shapes of
the transmitted and the incident laser pulses
are given in Fig.3a. The transmitted pulse shap-
es show the deformity and delay compared to
the reference ltaser pulse. If the transmitted
intensity is drawn as a function of the incident
intensity, 4 <counterciockwise hysteresis iocop
resuits from the waveform delaying as shown
in Fig.3b., We measure the swé ching times o
= fins and Ty = BOOps at 1MW/cme, And also, the
bistable phenomencn can be obtained in a pump
wavelength region from 532 to 560nm. A similar
measurement for 560nm excitation gives the swi-
tchigg time to be T = 9ns and T = 1.8ns at 103
W/cm®. Furthermore, it is found that a decrease
of the excitation wavelength results in a de-
crease of the switching energy, and the switch-
ing time drops with increase of excitation power
densiiy.

The &bsorptive bistsbility can be under-
stood in the model of bleaching of absorption,
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Fig.2. Temperature dependence of absorption

spectra. The arrows indicate two bands of absor. -
ption from Mn dons.
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Fig.3. Pulse shapes and hysteresis loops at
various excitation densities for pump wave%engﬁh
of 537nm at 280K. 1, O.5Mi/cm?; 2, IMW/cm?;
3, incident reference laser.

while the positive-feedback is provided by the
Tight reflection from the perfect crystal sur-
faces., The bistable process is explained as
follows. The nonlinear absorption and the posi-
tive feedback are able to maintain the bistabi-
lity. Before and even after the incident laser
intensity reaches a maximum, the sample remains
in a state of high absorption. With decreasing
of input intensity and increasing absorption,
the positive feedback can not continue holding
the stable state. As a result, the system swi-
tches back to the lower transmission state from
the high transmission.

CONCLUSIONS

In summary, ZnMnSe is a kind of very pro-
missing materials for applicatien to the optical
bistable device. The bleaching of absorption
is associated with the Mn ions. The bistable
effect comes from the noniinear absorption com-
bined with the positive feedhack. The excitation
wavelength and power density have a notable
impact on the nonlinearity and bistability.

Acknowledgements = — Thé authors would tike to
thank Professor X.M.Huang and his colleagues
L.Xuan, Z.M.Ling, and Y.M.Jing for supplying
crystals and helpful discussion. The project
has been supported by the Natural Science Found- ,
ation of China.




; 0. 1g vol. 76, No. 10 Mn~RELATED ABSORPTIVE OPTICAL NONLINEARITY AND BISTABILITY

1167
REFERENCES

; 1. J.K.Furdyna, J. Appl. Phys.,53,7637(1%982). 3.0
= 7, R.E.Brandt, W.M.Becker, J.Kossut, U.Dabska, 4. D
/ and D.Yoder-Short, Phys. Rev. B33,8207(1986). (

H.Auston, Applied Optics, 26,211(1987).
;gg?er and H.Richter, Phys. Rev.,146,554

orpticn
" absore

oops  at
JeiengEh
Mid/cmey

by the
al sur-~
ned as
g pasi-
istabi-
t laser =
remains :
reasing
rption,
holding
em swi-
te from

vy pro-
optical
orption
istable
on com-
itation
nctable
Y.

1ike to
t1eagues
ipplying
project
2 Found=,




