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ZnSe and related II-VI materials are wide bandgap semiconductors, which are expected to be
used for blue/green lasers. However, the maximum lifetime of the devices has not been
increased beyond 400 hours for the last 3 years [1]. In this time commercial GaN-based
devices have been successfully introduced to market [2]. However GaN-based devices do not
cover the whole range of green region, due to their bandgaps [3]. Molecular Beam Epitaxy
(MBE) of ZnSe-based materials has overcome some of the problems traditionally encountered
in producing high-quality crystalline ZnSe. Controlled doping of ZnSe to produce n- and p-
type material has made it possible to develop high efficiency pin diodes for use in the visible
region [4]. ZnSe-based materials still have a technological future, however remaining
problems are yet to be solved.

This paper presents data obtained from ZnSe epilayers grown on GaAs substrates by MBE.
We seek to answer the following fundamental questions about ZnSe growth on GaAs
substrates by using SIMS:

• How sharp is the ZnSe/GaAs interface?
• Is there any elemental interdiffusion across the ZnSe/GaAs interface?
• What is the form of dopant profiles (i.e. concentration as a function of depth)?
• Does the dopant profile show abrupt transition between different concentration levels?
• Are spurious electrically active impurity elements present?

SIMS measurements were performed using a Cameca DVIS-5f ion microscope at the
Australian Institute of Nuclear Science and Engineering, (AINSE). The experimental
conditions for Static-SBVIS (S-SIMS) and Dynamic-SIMS (D-SEVIS) are summarised in Table
1. Positive secondary ion depth profiles were taken with a 15nA Cs+ primary Ion Current at
1.33keV, rastered over a 250 x 250um area.

Several investigations have shown that for different samples, employing Cs+ ion
bombardment and detecting MCs+ molecular ions can drastically reduce matrix effects in
SIMS, where M designates the elements to be analysed [5]. Several pieces of evidence
support the notion that this reduction of matrix effects is largely due to the MCs+ formation
mechanism: the association of Cs+ ion and a neutral M atom in a double collision sputtering
event. [6] Under steady state conditions, the flux of sputtered M represents the bulk
concentration of this element and the latter can be monitored via the detected CsM+ secondary
ions. However the CsM+ species can have an identical mass to another molecular complex
and interferences can occur. When this occurs the secondary ion, M+, is monitored.

Table 1 Experimental conditions for SIMS measurement.
Experimen

t

S-SIMS

D-SMS

Primary Ion
Current

Cs+/15nA

Cs+/15nA

Primary Ion
Energy

1.33keV

1.33keV

Raster Size

2.5x10~W

6.25x10"W

Gated Area

e^SxlO^cm2

1.56xlO"4cm2

Secondary
Ions

0 -320 amu

CsM+ & M+
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SIMS is often used to perform quantitative analysis of semiconductor samples.
Characterisation of ZnSe by SIMS is difficult due to the existence of the large number of
isotopes of both Zn and Se. They may combine with oxygen and hydrogen to create numerous
interfering species.

Part of the mass spectra from a ZnSe epilayer grown on a GaAs substrate and from a piece of
GaAs are shown in Figure 1. The mass resolution is sufficient to permit identification of atoms
and molecules containing all possible isotopes present in the samples. Most of the common
matrix species are labelled and isotopic ratios have been calculated.

Figure 1. Positive SIMS spectrum of GaAs (Top) & Positive SIMS spectrum of
ZnSe (bottom), 15nA Cs+ primary ion beam.

For each matrix peak M+, there is also often an accompanying hydride peak at MH+ and less
frequently an oxide peak at MO+. The mass spectrum of the ZnSe sample is more complicated
than the GaAs spectrum with a peak at almost every integer mass unit. It is possible to
identify cross-matrix interferences, which can affect the results of depth profiling
measurements by studying the mass spectra of the ZnSe sample and the GaAs substrate.

Quantitative SIMS depth profiling involves the use of ion-implanted standards and crater
depth measurements. The depth scale is quantified by measurement of the crater after analysis
using an ALPHASTEP (Tencore, Inc.) profilometer. The practical limitation to the accuracy
of this measurement is either the surface roughness or the accuracy with which the sample can
be levelled.

The ion-implanted standards used in this study were produced by a 1.7MeV NEC Tandem
Accelerator at the Australian National University Department of Electronic Materials
Engineering. Ga and As were implanted separately into ZnSe epilayers and Se and Zn were
also implanted separately into GaAs substrate Samples were implanted at room temperature
and were tilted 7 degrees off axis (100) to reduce the channelling effect. These standard
samples were used to establish the concentration levels of Zn and Se in GaAs substrates and
Ga and As in ZnSe epilayers as a function of distance from the ZnSe/GaAs interface.
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Figure 2. The original data for the Ga standard (left) and for the As standard (right).

Either the useful ion yield or corresponding sensitivity factors for Ga and As in ZnSe matrix,
Zn and Se in GaAs matrix were determined by integrating over the profile of the implanted
atoms. Figure 2 shows the profiles of Ga and As implanted in ZnSe epilayers. This data
allows raw ion count profiles to be converted to concentration profiles.

The ZnSe/GaAs interface is not abrupt and the diffusion of Ga atoms in ZnSe0.94S0.04 layers
observed by SIMS [7]. Low-temperature photoluminescence studies of undoped ZnSe grown
on GaAs have suggested that the main donor impurity in ZnSe is Ga, which has diffused into
the ZnSe layer from the GaAs substrate [8].

We have investigated the thermal stability of Ga from Substrate in ZnSe epilayers through the
study of its thermal diffusion characteristics. Figure 3 shows the SIMS depth profiles of Ga
atoms at post-annealed temperatures 400°C°, 500°C, and 600°C.
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Figure 3. The raw data (right) and the quantified data (left) of SIMS depth profile
of Ga atoms in ZnSe sample post-annealed for 30 minutes at three different
temperatures.
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The sample has been heated for 30 minutes at each above-mentioned temperature. While Ga
atom diffusion could not be seen at temperatures below than 400 C° within the resolution
limit of SIMS analysis, at temperature higher than 500°C diffusion of Ga atom was clearly
observed. The diffusion coefficients of Ga are yet to be calculated. The diffusion of As atoms
had also been investigated. The diffusion of As atoms is relatively small compare to the Ga
atoms diffusion.
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