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We report the first study of the room-temperature electroabsorption effects in CdZnTe/ZnTe 
multiple quantum well structures which exhibit sharp excitonic absorption peaks. The 
magnitude of the Franz Keldysh and quantum-confined Stark Effects are found to be 
comparable to those of III-V semiconductors. With optimized structures, we expect II-VI 
semiconductors to be important components for information processing in the visible 
spectrum. 

Large electro-optic effects observed near the band edge 
of multiple quantum well (MQW) structures have been 
extensively studied in recent years for photonic switching, 
logic, and modulation.’ It has recently been shown that 
semi-insulating MQWs exhibit high sensitivity for photo- 
refractive image processing.2 Of particular interest is the 
quantum-confined Stark effect (QCSE) 314 where large 
field-induced shifts in the exciton peak position and large 
changes in optical transmission of the MQW structure are 
possible. 

With the exception of luminescence shifts in ZnSe/ 
ZnMnSe materials,5 previous studies have been limited to 
III-V semiconductor structures operating at wavelengths 
between 0.8 and 1.5 pm. Progress in the growth of II-VI 
multilayer structures by molecular beam expitaxy (MBE) 
has now resulted in high quality MQWs with well defined 
room-temperature excitonic absorption.6 These structures 
are potentially attractive for electro-optic applications be- 
cause of the high excitonic oscillator strength and the high 
exciton saturation intensity due to their small exciton Bohr 
radius.6 Furthermore, wide gap II-VI semiconductors per- 
mit application in the visible spectrum. The shorter wave- 
length corresponds to a smaller pixel size, and a concomit- 
tant reduction of the optical energy necessary for switching 
and image processing. The higher intrinsic resistivity of 
these materials also allow broader control of the charge 
storage time in image processing applications. 

In this letter we report the first measurements of the 
room-temperature excitonic electroabsorption in 
Cd,Zni _ ,Te/ZnTe MQWs. Very large absorption 
changes (ha - 7000 cm - ’ ) have been obtained in the ge- 
ometry with the field perpendicular to the layers due to the 
QCSE shift of the exciton peak. 

The MQW samples studied in this letter were grown 
by MBE on a GaAs substrate.“’ The samples consisted of 
50 periods of 67 A Cd0.33Zn0.6,Te wells and 77 A ZnTe 
barriers grown on a 1.7~pm-thick CdO.isZnno,ssTe buffer 
layer on top of a 1.2 pm ZnTe layer grown on an undoped 
semi-insulating GaAs substrate. A 0.72~pm-thick 
Cdo,lsZno.ssTe cap layer is then grown on top of the 
MQWs. The thick Cd0.15Zne,s5Te buffer layers are designed 
to minimize strain in the lattice-mismatched MQW. In this 
structure the well thickness is approximately half the exci- 
ton diameter (- 120 A) in the material. 

Electric field-induced change in the MQW absorption 
is a result of two different nonlinearities depending on the 
geometry used. For the electric field applied perpendicular 
to the quantum well layers, the exciton peak is shifted to 
lower energies due to QCSE. In this geometry confinement 
of carriers in the wells prevents ionization of the exciton by 
the applied field. In a geometry with the electric field par- 
allel to the quantu’m well layers, application of a field can 
reduce the exciton lifetime through field ionization thereby 
broadening the exciton peak.4 We have investigated both of 
these geometries. 

To obtain optical transmission through the quantum 
well structure, the GaAs substrate was removed in a chem- 
ical jet etching machine with a 1OO:l HzOz and NOH,OH 
solution. For the parallel field geometry two 2OOO-A-thick 
gold electrodes with 0.7 mm distance were then evaporated 
on the sample surface. The dark conductivity of this sam- 
ple was - 3000 SI cm. For the perpendicular field geome- 
try, the sample was sandwiched between two thin trans- 
parent electrodes consisting of a 20 A layer of Ti followed 
by 80 A of gold. The transmission of each electrode at 630 
nm was determined to be 67%. Because of the small (4.34 
pm) epilayer thickness, samples of high resistivity are 
needed to avoid Joule heating of the sample resulting in 
thermal shifting of the exciton peak. In III-V MQWs, it 
has been shown that through proton bombardment, the 
resistivity can be ,drastically increased while maintaining 
sharp exciton peaks.’ Ion implantation of our II-VI MQW 
sample with a lot’! protons/cm2 dose of 200 keV protons 
resulted in an increase of the MQW dark resistivity to 
-4XlO*~cm. 

Room-temperature absorption spectra of the sample 
before and after proton bombardment measured with a 
spectrophotometer are shown in Fig. 1. The excitonic fea- 
ture is not changed with proton bombardment. The ab- 
sorption coefficient is calculated with respect to the entire 
MQW thickness (not just the wells). A strong exciton 
peak due to the n q = 1 heavy hole-electron transition at 610 
nm can be seen. The 11 meV half width at half maximum 
(HWHM) linewidth is significantly larger than that of 
high quality III-V semiconductors ( -4 meV) due to the 
stronger exciton LO-phonon interaction of II-VI materials. 

To obtain the electroabsorption spectrum, the change 
in transmission A’i” was measured with a lock-in amplifier 
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FIG. 1. Absorption spectrum of the MQW sample before (solid line) and 
after (dashed line) proton bombardment. The exciton peak is not altered 
by the lO’*/cm* proton dose. 

FIG. 3. Absorption spectra of the MQW sample with no applied field 
(solid line) and various applied fields perpendicular to the layers. The 
curves were obtained by adding the ha values of Fig. 2 to the absorption 
spectrum. 

with an applied voltage pulse of 20 ms period and 25% 
duty cycle. The change in the absorption coefficient 
ha = au - ao, where a, and a0 are, respectively, the ab- 
sorption coefficients with and without the voltage was ob- 
tained from AT and the sample transmission. The electro- 
absorption due to QCSE normalized to the entire MQW 
thickness is shown in Fig. 2. As expected from QCSE, a 
decrease in the amount of absorption at the exciton peak 
and an increase at longer wavelengths is observed. The 
feature below 600 nm is due to bulk electroabsorption in 
the thick CdclsZno,ssTe buffer layers. Figure 3 shows the 
absorption spectra for various applied voltages obtained 
from the data of Figs. 1 and 2. It can clearly be seen that 
in this structure the decrease in exciton absorption with 
increased voltage is counteracted by the increase of the 
Cdc, tsZnessTe buffer layer absorption (due to bulk Franz- 
Keldysh electroabsorption). The excitonic peak alone can 
be seen to almost vanish at high fields. Much larger 
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FIG. 2. Change in the absorption coefficient ha in the perpendicular field 
geometry due to the QCSE for applied voltages of 20,40, and 60 V across 
the 4.3 pm thickness of the epilayer. 

changes in the absorption at the exciton peak are therefore 
expected with an optimized sample with thin buffer layers. 

To confirm that the absorption change is due to the 
QCSE, we have plotted the position of the exciton peak as 
a function of the applied field in Fig. 4. Calculated curves 
of the shift of the n = 1 electron to n = 1 heavy hole tran- 
sition with applied field using the resonant tunneling cal- 
culation4”’ are also shown for 67 and 100 .& wells. The 
parameters used in this calculation (see caption for Fig. 4) 
are from literature values (Refs. 11-15) and no free pa- 
rameters were used. Considering the uncertainty in deter- 
mination of the exciton peak position and the parameters 
used in the calculation, experimental results show reason- 
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FIG. 4. Shift of the exciton peak as a function of applied field estimated 
by eye from a set of spectra like those of Fig. 3. The theoretical curves are 
the addition of the shift of the confinement energies of the first electron 
and hole levels in a CdJn, -,Te MQW with 77 A ZnTe (x = 0) barriers 
for two different well thicknesses of 67 and 100 A (x = 0.33). The pa- 
rameters used in these calculations are electron effective mass 
m, = 0.122-0.026x, heavy hole effective mass perpendicular to the plane 
mhh =0.59-0.19x (Refs. ll-13), energy gap Es = 2.228 eV for ZnTe and 
Eg = 2.005 eV for C&,,Zn,,,,Te using the unstrained values of Ref. 14 
and accounting for strain (Ref. 15), conduction-band discontinuity of 
185.9 meV and valence-band discontinuity of 36.9 meV (Ref. 5). 
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FIG. 5. Change in the absorption coefficient in the parallel field geometry 
for applied voltages of 100, 200, and 300 V across a 0.7 mm gap. 

able agreement with theory. Application of a field also re- 
duces the exciton binding energy. Adding the shift in the 
exciton binding energy with applied field to the calculated 
values of Fig. 4 would result in even closer agreement be- 
tween theory and experiment. 

As we can see from Fig. 4, a structure with 100 A wells 
would result in a larger excitonic peak shift. Wowever, the 
reduced confinement of the exciton in such a structure 
would also result in a smaller excitonic absorption 
strength. For electro-optic modulation where large absorp- 
tion changes are desired, such trade-offs must be consid- 
ered in the structure design. In comparison, resonant tun- 
neling calculations for a 95 A well AlGaAs/GaAs MQW 
predict an exciton peak shift of -26 meV for an applied 
field of lOOkV/cm.” This number is -40% smaller than 
the shifts predicted in Fig. 4 for a II-VI MQW with 100 A 
wells. The II-VI larger band-gap systems have larger shifts 
primarily because of the larger effective masses of the elec- 
trons and holes: larger mass particles are more easily per- 
turbed by the field because the confinement energy of the 
quantum-confined states are smaller. 

For the parallel field geometry, pulsed voltages similar 
to the ones used to study the QCSE were applied to the 
sample with electrodes on the same surface. The change in 
the absorption coefficient in this sample is shown in Fig. 5. 
A reduction in the absorption at the exciton peak and an 
increase of absorption both below and above this peak due 
to the broadening of the excitonic peak is seen. These re- 
sults are in agreement with previous observations in the 

GaAsfGaAIAs system.4 Bulk electroabsorption due to 
buffer layers is also observed at shorter wavelengths. 

It can be determined from the data that despite the 
increased width of the exciton peak in this II-VI sample 
compared with III-V structures due (presumably) to 
stronger exciton-phonon coupling, the magnitude of the 
electroabsorption is already comparable with the best III-V 
semiconductors. This result implies that comparable 
electro-optic effects can be achieved with reduced sensitiv- 
ity to wavelength and temperature changes as well as in- 
creased saturation intensity.6 In addition, the shorter wave- 
length of operation of these devices result in reduced 
diffraction limited pixel size by a factor of -2 over 
AlGaAs/GaAs structures and correspondingly reduced 
energy requirements for switching. It can be anticipated 
that the first result in II-VI material will be improved upon 
as crystal quality is further advanced as well as improved 
design of the multilayer structure. 

We would like to thank A. E. White and K. T. Short 
for performing the ion implantation. 
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