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1. Introduction

MgZnCdSe II-VI compound semiconductors grown on
InP substrates are very attractive materials for wide-range
visible optical devices because the bandgap energy can be
changed from 2.1 to 3.6 eV by only changing Mg composi-
tion with keeping a lattice matching condition. ~Although
the basic crystal growth and characterization of MgZnCdSe
have been reported [1-5], material properties for device
fabrications have not been clarified sufficiently. Especially,
fabrication technologies such as chemical etching have
scarcely been investigated.

In this study, it was found that InP substrates of
MgZnCdSe samples were selectively removed by chemical
etching using HCI:H;PO,4 solutions. Using the etching
technology, absorption coefficients of MgZnCdSe were
estimated from the optical transmission measurements at
room temperature. From the absorption coefficients,
bandgap energies of MgZnCdSe were obtained as a function
of Mg composition. Furthermore, absorption coefficient
changes due to the quantum confined stark effect (QCSE) by
applying electric field to ZnCdSe/MgZnCdSe multiple
quantum wells (MQWSs) were observed for the first time.

2. Absorption Coefficient Measurements

Mg.(Zn,Cd;_y);Se samples were grown by the molecu-
lar beam epitaxy (MBE) on (100) InP substrates. After
thermal cleaning of InP substrates at 480 °C in the growth
chamber, MgZnCdSe layers were grown at 280 °C. Here,
Zn composition (y) was fixed to be 0.48 for lattice matching,
and MgZnCdSe layers with various Mg composition (x)
were grown. The detail growth condition and the crystal
properties are described elsewhere [1,2].

First of all, we investigated selective removing of InP
substrates of the samples by chemical etching at room tem-
perature for optical transmission measurements. In this
study, we found HCI:H;PO, solutions could be used for
selective chemical etching of InP substrate. Using the
solutions, InP substrates were uniformly ctched, and the
etching rate increased with increasing HCl concentration.
For the HC1:H3PO, (1:4), the etching rate was 0.51 pum/min.
On the other hand, after 1-hour etching by the (1:4) solution,
no etching and no surface degradations of ZnCdSe was
observed. Therefore, the ZnCdSe can be used as a etching
stopping layer for the (1:4) solution, for removing InP sub-
strates. However, MgZnCdSe were not uniformly etched,
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and the surface was degraded by the etching beyond a cer-
tain time. The surface degradation was probably caused
from crystal defects. The etching time for producing the
degradation, shortened with increasing the HCl concentra-
tion in the solution and the Mg composition in MgZnCdSe.
After removing InP substrates by the etching, optical
transmission spectra of ZnCdSe and MgZnCdSe samples
were measured at room temperature using a halogen light
source and a monochromator. Monochromatic light was
normally irradiated to the sample, and the transmission
light was measured by a Si detector. Reflectance spectra of
the same samples were also measured with normal incident
light, and absorption coefficients were estimated from the
transmission and the reflectance values. The experimental
absorption coefficient spectrum of ZnCdSe is shown in Fig,
1 by open squares. From the absorption coefficient spec-
trum, the bandgap energy of ZnCdSe was estimated by
fitting the theoretical absorption coefficient curve to the
experimental one near the absorption edge. A solid line in
Fig.1 indicates the theoretical absorption coefficient spec-
trum of ZnCdSe. From the comparison of theory and ex-
periment, the bandgap energy (E,) of ZnCdSe at room tem-
perature was estimated to be 2.04 eV. Absorption coeffi-
cients and E, of MgZnCdSe with Mg composition of 0.1 and
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Fig. 1 ~ Experimental (open squares) and theoretical (a solid
line) absorption coefficient spectra of ZnCdSe.



0.2 were also estimated in the same way, and the bandgap
energy dependency on Mg composition (x) at room tempera-
ture was obtained by the least square fitting as follows.

Eg=2.05+1.77x. (1)

3. Absorption Coefficient Changes by QCSE

ZnCdSe/MgZnCdSe MQW samples were prepared on
S-doped n-type (100) InP substrates. Figure 2 shows a
schematic diagram of the MQW sample which consisted of
a 0.5pum-thick Cl-doped n-type MgZnCdSe layer, a 50-nm
undoped MgZnCdSe layer and a 25-pairs ZnCdSe(5nm)
/MgZnCdSe(5nm) MQW structure. Here, Mg composition
(x) in MgZnCdSe layer was 0.27. For applying electric
field to the samples, the semi-transparent Pt circle and Au
ring Schottky contact electrodes were made on the top sur-
face. Back-side optical windows in the InP substrate were
formed by the selective etching using a HCLI:H;PO, (1:4)
solution. Ohmic contacts in the substrate side were made
using Ga-In alloy.

Absorption coefficients of the MQW samples were
measured at room temperature in the same way described in
Sec. 2 with applying voltage to the samples. Figure 3
shows the spectra of the absorption coefficient change be-
tween zero bias and applied voltages from -1.0 to -7.5 V.
The voltages corresponded to electric field from 2.5x10* to
1.9x10° V/cm. From this figure, absorption coefficient
changes due to the QCSE were observed near the excitonic
transition gap. The absorption coefficient changes which
were smaller than the reported values for ZnSe/ZnCdSe
MQW devices grown on GaAs substrates [6] may be im-
proved by optimizing the growth condition and the sample
structure.
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Fig. 3  Absorption coefficient change spectra of the

ZnCdSe/MgZnCdSe MQW sample.

4. Summary

It was found that InP substrates of MgZnCdSe samples
were preferentially removed using HCI:H;PO, chemical-
etching solutions. Using the technology, the optical trans-
mission measurements of MgZnCdSe were performed to
estimate the absorption coefficients at room temperature.
From these, bandgap energies of MgZnCdSe were obtained
as a function of Mg composition. The QCSE in ZnCdSe
MgZnCdSe MQWs was investigated, and the absorption
coefficient changes due to applying electric field were ob-
served.
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