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1. Introduction

Although ZnSe-based laser diodes (LD) have been realized
first 7 years ago [1] and despite of recent progress [2] the
limited lifetime still hampers their application. ZnSe
substrates are an attractive alternative to the commonly used
GaAs wafers. Homoepitaxial LD’s have been realized now
on insulating as well as on conducing ZnSe [3-5]. Mean
efforts are concentrated on the growth start itself to lower the
defect density, improvements of the active quantum well
region to reduce point defects and non-radiative recombina-
tion and more reliable p-type contacts to lower the driving
voltage and heat generation.

2. ZnSe Growth on GaAs

Molecular beam epitaxy in a twin-chamber EPI-930
system was used for growth. Due to the heterovalent interface
the initial ZnSe growth start determines the growth mode, the
defect density of the whole structure and the electrical
properties of the interface region. All structures were grown
on GaAs buffer layers with As-rich (2x4) reconstruction.
Etch pit densities < 10* cm™ could be realized using Zn-
exposure and migration enhanced epitaxy.

3. Heteroepitaxial Laser Diodes on GaAs

The laser structures consist of a 300 nm GaAs:Si buffer,
ZnSe and ZnSSe buffers (150 nm), MgZnSSe cladding layers
(1 pm), a ZnSSe waveguide (200 nm) and a 3 nm quaternary
CdZnSSe quantum well with 35 % Cd. As p-type contact a
ZnSe/ZnTe resonant tunneling structure with a thin ZnTe top
layer was used. The Pd/Au metal contact stripes were 10 pm
wide. No facet coating was used to improve the laser
properties. Samples were simply mounted with the substrate
on a copper heat plate.

Cw room temperature lasing was observed over more than
3 min with a maximum output power of 18 mW per facet
(Fig.1). The voltage at threshold was below 7 V for the best
LD’s. In figure 2 a typical dependence of the threshold
current density on the cavity length is shown.

By changing the duty cycle from 0.1 % to cw operation a
spectral red shift of the stimulated emission was observed
corresponding to a temperature increase of about 80 K due to
heat generation.

Degradation studies performed under low current densities
revealed a 1/t decay behavior being characteristic for point
defect diffusion as the mean aging process [7].

350

T L T T T T T T T 20
]
- o o
10 0 Rk
.qz oc,o
oo . - 16
| 0o s
0 ® . 4114 E
o P -
] @
> & -125
o 6F o o
%D . 410 =
e ° . a
o frn
> 18 =
4+ |G
e 46 *
= |
2t 14 =
cw ]
: 42
bbb o 4 o 6 8 6 1 1 1 'l D

0 "
0 10 20 30 40 50 60 70 80 90 100
Current [mA]

Fig. 1  Voltage - current and light output characteristics of a
heteroepitaxial laser diode.
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Fig.2  Dependence of the threshold current density on the cavity
length. The insert illustrates that part of the optical wave is
absorbed in the substrate and contact region.



4. Homoepitaxy on ZnSe

The mean problem here is the surface quality of the ZnSe
substrates. Crystals grown by the modified recrystallization
method and by iodine transport method have been used. The
latter ones were completely conducting with free carrier con-
centrations up to 10® cm™ [6]. Essential progress in pre-
paring contamination-free surfaces could be obtained by in-
situ hydrogen plasma cleaning. This resulted in device quality
structural and electrical properties of ZnSe-based structures.

5. Homoepitaxial Laser Diodes on ZnSe

The LD structures are essentially the same as in
heteroepitaxy with cladding layers lattice matched to the
ZnSe substrate. The stripe width used here was 20 pm. Three
kinds of LD’s have been realized: On insulating and on fully
conducting ZnSe substrates stimulated emission under pulsed
excitation has been observed (Fig. 3). Cw operation at 300 K
was obtained on a substrate being converted doped by Al in
the upper 200 pm.
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Fig.3 Room temperature stimulated emission under pulsed
excitation of a homoepitaxial laser diode with back site contacts on
conducting ZnSe substrate.

In one of the LD’s no hints for defects starting from the
substrate-epilayer interface could be found in transmission
electron microscopy. In contrast, for another laser diode a
stacking fault density of 2:10° cm™ has been observed.
Detailed investigations are under way.

6. Discussion

The crucial problems which must be solved now are the
reduction of point defects and non-radiative recombination
centers, the stability of low voltage p-type contacts under cw
operation and a better optical and electrical confinement in
the SCH-structures. Superlattice structures are one possible
way to improve the latter one because of a higher net
acceptor concentration by a factor of 2 in the claddings.
Room temperature lasing of such a LD has been demon-
strated [7]. Although the homoepitaxial interface between the
ZnSe substrate and the epitaxial structure is still not fully

optimized first results indicate lower threshold current
densities compared to comparable LD’s grown on GaAs.
This raise the hope of substantial lifetime improvements, if
the defect density could be reduced in homoepitaxy below
10* cm as well.

7. Outlook

Despite of the competition with the GaN laser diodes
emitting in the blue and near UV spectral range ZnSe-based
LD’s are still the best candidate for stimulated emission in
the green. Human eye is most sensitive in this spectral region
which opens a variety of applications although the market for
each of them is much smaller compared to mass production
LED’s and optical memories. Recent progress in ZnSe-based
homoepitaxial laser diodes allows to predict the realization of
low voltage, long lifetime laser diodes in the green spectral
region.
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