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Abstract 

Excitonic optical bistability with picosecond switching time in ZnSe-CdZnSe multiple quantum wells (MQWs) with a 
Fabry-P6rot (FP) cavity is investigated at room temperature. The result indicates that the threshold and switching time for 
the optical bistability in ZnSe-CdZnSe MQWs with a FP cavity are about 210 kW/cm 2 and 50 ps, respectively. On the 
basis of the excitonic nonlinear theories, excitonic absorption spectra in the ZnSe-CdZnSe MQWs under different excitation 
intensities obtained here, we attribute the major nonlinear mechanism for the optical bistability in ZnSe-CdZnSe MQWs 
with a FP cavity to the phase space filling of excitonic states and excitonic band broadening due to exciton-exciton 
interactions. 

1. Introduct ion 

Recently, room temperature excitonic optical non- 
linearities and optical bistability in wide gap I I -VI  
semiconductor superlattices have become an interest- 
ing research topic due to the large excitonic binding 
energy in comparison to I I I - V  semiconductor super- 
lattices [1]. Ding et al. [2] have reported the room 
temperature excitonic absorption in (Zn,Cd)Se-ZnSe 
MQWs. Wang et al. [3] have observed the optical 
bistability at room temperature for the first time in a 
ZnSe/ZnCdSe bistable self-electro-optic effect de- 
vice fabricated by molecular beam epitaxy. We have 
investigated the room temperature excitonic optical 
bistabilities with nanosecond switching time in 
ZnSe-ZnS MQWs [4] and with picosecond switch- 
ing time in ZnSe-ZnTe MQWs [5] operation in 
reflection. In this paper, we report the observation 
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and study of the picosecond excitonic optical bista- 
bility in ZnSe-CdZnSe MQWs with a FP cavity at 
room temperature. 

2. E x p e r i m e n t  

The ZnSe-CdZnSe MQWs structure used in this 
study was grown on a n-GaAs substrate by metalor- 
ganic chemical vapour deposition (MOCVD) method 
[6] and they consisted of 5 nm CdZnSe wells and 10 
nm ZnSe barriers repeated for 50 periods. 

The sample studied here is ZnSe-CdZnSe MQWs 
within a Fabry-P~rot (FP) cavity. In order to fabri- 
cate ZnSe-CdZnSe MQWs with a FP cavity, the 
GaAs substrate was removed by etching to allow for 
making the FP cavity [7]. The FP cavity used in our 
research is made by vacuum deposition with a ther- 
mal source under a background pressure of 10 - 6  

Torr. The reflective layer is made according to the 
prescription: (HL)P(H')(LH) p, where p =  5. The 
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notation (HL) p implies a quarter-wave of high-index 
material, H, followed by a quarter-wave of low-in- 
dex material, L, p times. The region H'  is the 
ZnSe-CdZnSe MQWs with the 1 /zm thickness 
ZnSe buffer layer; here H'  = 1.75 /xm. The high-in- 
dex material is ZnS with a refractive index n n of 
2.35. The low-index material used is cryolite 
(Na3AlF 6) with a refractive index n L of 1.35. The 
quarter-wave layers, having ZnS and Na3A1F 6 alter- 
natively, are deposited on the up-side of the MQWs 
layer and the down-side of the ZnSe buffer layer. 
Care is taken to achieve a nearly perfect match in 
reflectance of the two dielectric mirrors, (HL) 5 and 
(LH) 5, respectively. The reflectivities of the two 
dielectric mirrors are about 0.9, respectively. 

Excitonic optical bistability in the ZnSe-CdZnSe 
MQWs with a FP cavity was monitored by measur- 
ing the time-dependent temporal transmitted intensi- 
ties as a function of incident intensities at a wave- 
length of 532 nm. The excitation source is a Nd:YAG 
laser producing 200 ps pulses at a wavelength of 532 
nm with a repetition rate of 1 Hz. The time depen- 
dence of incident I i and transmitted I t pulses was 
measured at the same time by using a M176 high 
speed streak camera. The experimental setup is shown 
in Fig. 1. 

3. Experimental results and discussion 

Figs. 2a and 2c show the normalized temporal 
shapes of the incident I i and transmitted I t pulses in 
the ZnSe-CdZnSe MQWs with a FP cavity at room 
temperature under the condition of low and high 
incident intensities, respectively, and Figs. 2b and 2d 
give the resulting hysteresis loops I t ---'f(li). The 
results show that the temporal shapes of the incident 
I i and transmitted I t pulses are quite similar under 
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Fig. 1. Schematic diagram for measuring optical bistability in 
ZnSe-CdZnSe MQWs with a FP cavity: (B) beam splitter; (L) 
lens; (S) sample; (M) mirror. 
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Fig. 2. Time dependence of the temporal shapes of the incident 
(solid curve) I i and transmitted (dashed curve) I t pulses in 
ZnSe-CdZnSe MQWs with a FP cavity at room temperature (a) 
under low excitation intensities and (c) under high excitation 
intensifies. The resulting hystersis loops (b) and (d). 

low incident light intensity. However, the temporal 
shape of transmitted I t is obviously different from 
that of incident I i under high incident light intensi- 
ties. These facts indicate that the dependence of the 
transmitted intensity I t on the incident intensity 1~ in 
the case of low and high incident intensities is linear 
and nonlinear, respectively. An obvious optical bista- 
bility characteristic can be observed in the ZnSe- 
CdZnSe MQWs with a FP cavity at room tempera- 
ture under high excitation intensity from Fig. 2d, in 
which the threshold and switching time for the opti- 
cal bistability in the ZnSe-CdZnSe MQWs with a 
FP cavity are about 210 k W / c m  2 and 50 ps, respec- 
tively. 

For a FP cavity, the optical bistability might be 
absorptive or dispersive. The condition for the pure 
absorption optical bistability is [8] 

oto L 
- - > 8 ,  (1) 
T + c%L 

where aoL and abL are the linear and unsaturable 
absorptions, respectively and T is the transmission of 
each face in the FP cavity. In our case, aoL, abL 
and T are about 0.4, 0.3 and 0.1, respectively. 
Obviously, the critical condition for pure absorption 
optical bistability is not satisfied in this case. There- 
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fore, the optical bistability obtained here in the 
ZnSe-CdZnSe MQWs within a FP cavity is disper- 
sive, that is, the major nonlinear mechanism for the 
optical bistability in the ZnSe-CdZnSe MQWs 
within a FP cavity is due to the change of refractive 
index in the ZnSe-CdZnSe MQWs. 

In order to study the origin of the nonlinearity for 
the optical bistability in the ZnSe-CdZnSe MQWs 
with a FP cavity, the absorption spectrum of the 
ZnSe-CdZnSe MQWs was measured at room tem- 
perature by using broad band continuous wave light. 
It was found that the excitonic absorption peak of the 
ZnSe-CdZnSe MQWs is at 530 nm. Therefore, the 
wavelength of the excitation light is just in the 
excitonic absorption region. On the basis of the 
excitonic and related nonlinear theories, the major 
nonlinear mechanisms are as follows: the nonlineari- 
ties due to excitonic effect include phase space fill- 
ing of excitonic states [9], excitonic screening of the 
Coulomb interaction and excitonic band broadening 
[9,10]; the nonlinearities due to the band gap effect 
include band filling and band shrinkage [11,12]. The 
major characteristic of the excitonic nonlinear effects 
is the excitonic saturation of the absorption and the 
characteristic of band gap effects is the shift of band 
edge absorption. As a general rule, the intensity in 
MQWs required for the excitonic nonlinear effect is 
smaller than that for the band gap effect. It is 
reasonable to consider that the excitonic nonlinear 
effect for the optical bistability plays a major role 
with increase in the incident intensity. Our interest is 
whether the band gap nonlinear effect for the optical 
bistability also plays a major role. In terms of the 
characteristic of the band gap effect, the band edge 
absorption spectra are measured by using a pump 
and probe technique [9] as shown in Fig. 3. The 
pump and probe beams are the 337.1 nm line of a N 2 
laser and the tunable dye laser from 510 to 550 nm 
by using Coumarin-480 pumped by the 337.1 nm 
line of the N 2 laser. In the present pump intensity, a 
reduction of the excitonic absorption, a small blue 
shift and broadening on either side of the excitonic 
band in the ZnSe-CdZnSe MQWs can be observed 
in Fig. 3. When the pump intensity is equal to the 
threshold of the optical bistability in ZnSe-CdZnSe 
MQWs with a FP cavity, only the excitonic satura- 
tion of the absorption was observed; the shift of band 
edge absorption in the ZnSe-CdZnSe MQWs was 
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Fig. 3. The absorption spectra of ZnSe-CdZnSe MQWs at room 
temperature under different pump intensities, I: 0 MW/cm 2 
( ); 0.1 MW/cm 2 ( - - - ) ;  0.21 M W / c m  2 (---). 

not observed. On the other hand, the absorption 
coefficient of the ZnSe-CdZnSe MQWs at the 337.1 
nm line is larger than that at the 532 nm line. The 
results indicate that the band gap effect does not play 
a major role in the optical bistability. Therefore, the 
major nonlinear mechanism for the optical bistability 
obtained here is due to the excitonic saturation of the 
absorption. According to excitonic absorption spectra 
in the ZnSe-CdZnSe MQWs obtained here and exci- 
tonic nonlinear theories in MQWs, the major exci- 
tonic nonlinear mechanism in the ZnSe-CdZnSe 
MQWs is due to the phase space filling of excitonic 
states and excitonic band broadening [9], and the 
excitonic screening of the Coulomb interaction does 
not play a major role [13,14]. Based on the above 
analysis, we attribute the major nonlinear mechanism 
for the optical bistability to the phase space filling of 
excitonic states and excitonic band broadening. 

For a FP cavity operation in transmission, the 
transmittance of the FP cavity is 

H 
TFe -- 1 + F sin 2 ~p' (2) 

where 

~o = ( 2"a ' /  a ) nL  , (2a) 

and 

n = n o + An. (2b) 

Here A and L are the incident wavelength and the 
cavity length, respectively, n o and An are the back- 
ground refractive index and the change in the refrac- 
tive index due to the increase of the incident inten- 
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sity, respectively. H and F are the maximum trans- 
mittance and finesse of a FP cavity, respectively. In 
our case, the transmission peak measured in the 
ZnSe-CdZnSe MQWs with a FP cavity is at 546 
nm. It is found that the optical bistability in the 
ZnSe-CdZnSe MQWs with a FP cavity disappears 
by degrees when the value of the incident wave- 
length gradually departs from 532 nm. Therefore, the 
incident wavelength of 532 nm is just at the work 
point for the FP cavity [15]. The change of nonlinear 
refractive index in the ZnSe-CdZnSe MQWs within 
the FP cavity is about 0.03 at 532 nm measured by 
using a Z-scan technique [16] when the excitation 
intensity is equal to 210 kW/cm 2. The value of 0.03 
is larger than that required for the optical bistability 
in the ZnSe-CdZnSe MQWs with a FP cavity [9]. 
Therefore, the positive feedback required for optical 
bistability can be achieved by the FP cavity with the 
change of refractive index due to the phase space 
filling of excitonic states and excitonic band broad- 
ening. 

4. Conclusion 

In conclusion, we have studied the excitonic opti- 
cal bistability with picosecond switching time in the 
ZnSe-CdZnSe MQWs with a FP cavity at room 
temperature. The results indicate that the threshold 
and switching time for the optical bistability in the 
ZnSe-CdZnSe MQWs with a FP cavity are about 
210 kW/cm 2 and 50 ps, respectively. On the basis 
of the experimental results measured in the excitonic 
absorption spectra in the ZnSe-CdZnSe MQWs and 
excitonic nonlinear theories, we attribute the major 
nonlinear mechanism in the optical bistability of 
ZnSe-CdZnSe MQWs with a FP cavity to phase 
space filling of excitonic states and excitonic band 
broadening caused by the exciton-exciton interac- 
tions. 
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