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1.54m Emission from Er-Doped GaAs and InP Grown by
Metalorganic Chemical Vapor Deposition
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Erbium-related photoluminescence
observed from Er-doped GaAs and

deposition using tris-cyclopentad{gnyl3
c

Erbium doping as high as 1.5X10
spectra at 2K,

are observed together

spectra around
InP grown

1.54um are reproducibly
by metalorganic chemical vapor

erbium [Er(C5H5)3] as an Er source.

was achieved.
the highest peaks at 1542nm for InP:Er and at 1543nm for GaAs:Er
with several other weaker lines at longer wavelengths.
The Er-related peak is observed at 1539+ Inm even at 300K for

In the photoluminescence

InP:Er, shifting

toward the shorter wavelengths by as little as 3nm with increasing temperature

from 2K to 300K.

1. Introduction
Rare-earth-doped semiconductors
stitute

toelectronic devices.

con-
a new class of materials for op-
Among the rare-earth
of particular interest be-
(PL)

peaks around 1.54 #m, which coincide with the

elements, Er is

cause of 1its sharp photoluminescence

minimum loss wavelength region of silica op-
tical fibers. Thus, over the past few years,
Er doping in silicon and II-Vsemiconductors
has been attempted by ion implantationl™S,
molecular beam epitaxy,4'5 and
epitaxy (LPE).678

Recently,

liquid phase

Tsang and Logan6 obtained
of LPE-
Er-doped GalnAsP/InP injection lasers.

single longitudinal mode operation
grown
They attributed the single mode operation to
the of Er3* intra-4f
transitions. uniform Er doping by
LPE is "the high
chemical activity of Er.’»8 Inhomogeneities

sharp gain profile
However,

very difficult owing to
in the GalnAsP active layer due to Er doping

are also believed to cause the single mode

operation.7 Thus, high quality reproducible

Er doping methods are desired to fabricate
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reliable Er-doped GalnAsP/InP injection
as well as to investigate the struc-

ture of the luminescent Er3+ center.

lasers

This paper describes the first success-
ful growth of Er-doped IN-Vsemiconductors by
metalorganic deposition
(MOCVD). We have grown Er-doped GaAs and InP
epitaxial layers and observed several
crystal-field-split

chemical  vapor

sharp
zero phonon lines (ZPL),

which, to our best knowledge, show the
simplest structures ever obtained. Moreover,
a remarkable resemblance was revealed between
the PL spectra of InP:Er and those of
GaAs:Er.

2. Experiment
Growth procedures are similar to those
employed for Yb-doped Inp.9 10 In(CgHg)g or
In(CHg)g and PHg were used for growing InP
and Ga(Cylig)g and AsHg for growing GaAs in a
low-pressure (0.latm) reactor with Ho carrier
tris-
Sub-
strates were Fe-doped InP and Cr-doped GaAs

with a surface orientation of (100)1~3° off

doped using

cyclopentadienyl erbium [Er(C5H5)3].

gas. Erbium was

2-2



toward [110]. Typical growth temperatures
were in the range from 550°C to 650°C for InP
and from 600°C to 700°C for GaAs. Depth
profiles of the concentrations of Er and
other impurities were measured by secondary
ion mass spectroscopy (SIMS) using 02+ as a
primary ion. Photoluminescence was observed
using a He-Ne laser operating at 632.8nm and
a 1.25-m monochromator coupled to a cooled Ge
p-i-n detector. No corrections were made for

monochromator and detector response.

3. Results and Discussions

SIMS measurements revealed that uniform
Er doping up to a concentration as high as
1.5X10!%n™3 can be obtained reproducibly.
The
were found to be Fe and Mn,

main unintentionally doped impurities
which are also
incorporated in MOCVD-grown Yb-doped Inp.9
and 2 show the surface mor-
Er-doped InP GaAs,

observed using a differential

Figures 1
phology of and
respectively,
interference microscope. The surfaces of
InP:Er with Er concentrations of ~10!%n~3
and ~1018¢n™3 are shown in Fig.1(a) and (b),
respectively. The surfaces of InP:Er with Er
1019cn~3 are
shiny or slightly hazy to the naked eye. On

the other hand, GaAs:Er with an Er concentra-

concentrations of less than

tion of ‘-‘-'lﬂlsc:m_3 shows a rough surface, as
in Fig.2(a). The detail of the
of GaAs:Er
under higher magnification.

exemplified
surface texture
Fig.2(b)
photographs indicate that surface degradation
by heavy (>1018cu™) Er doping
severe in GaAs than in InP.

is shown in

These

is more

from Er 4f electrons
was distinctly observed in GaAs:Er and InP:Er
around 1.54um with very weak near-band edsge
and deep level PL.

Photoluminescence

Figure 3 compares the two

spectra in the wavelength region from the
band edge emission (0.8um) to the Er

sion (1.5uxm) at T7K.

emis-

Erbium concentrations
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Fig.1 Surface morphology of Er-doped InP.
(a): InP:Er with Er concentration of ~
101%n™3, (b): InP:Er with Er concentra-
tion of ~1018cn73,

-—

100um
(a)

10um
(b)

Fig.2 Surface morphology of Er-doped GaAs.
(a): GaAs:Er with Er concentration of ~

1018¢a™3, (b): the same sample as (a)
under higher magnification.

in the layers are about 1.5><1l]19cm-3 for the
InP host and ~1018cn™3 for the GaAs host.

In contrast to the ion-implanted layers,
which
sample to

show complicated spectra varying from
sample with
the  MOCVD-grown
layers show simple and reproducible spectra.
The Er-related PL spectra at 2K and 120K are
the InP:Er. The Er-
related emission from GaAs:Er shows very

annealing

conditions,z’3 Er-doped

shown in Fig.4 for



T T T T T T T similar spectra around 1.54 #m. For example,
77K a at 2K, each spectrum has the dominant ZPL
GaAs around 1540nm (1542nm in InP and 1548nm in

GaAs) with other ZPL’s as well as phonon

INTENSITY
(arb. units)

sidebands on the longer wavelength side of
the main peak. Furthermore, as the measure-
ment temperature is increased from 2K to

b 120K, the dominant ZPL shifts to the shorter
InP wavelengths by 2~3nm and the halfwidth in-
creases from 2 to 5~8nm in either host as
shown in Fig.4 for InP:Er. This temperature

PHOTOLUMINESCENCE

dependence of PL spectra was found to be

) ‘ ) . 2 i g caused by the increase in the intensity of
08 1.0 12 1.4 1.6 the
WAVELENGTH (um)

crystal-field-split subpeaks rather than
the change in the main peak itself. Hence,

Fig.3 Photoluminescence spectra at 77K for the PL line shapes and halfwidths above 10K

(a) an Er-doped GaAs layer and (b) an
Er-doped InP layer with Er concentra- T (K)

tions of 1018~101%u73,  Photolumines- o 300 50 20 10
cence intensities are normalized at the g& ! ! l
highest peak in each spectrum. —- 1k =
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Fig.4 Photoluminescence spectra from an Er- &
103/ T (K™
doped InP layer at (a) 120K and (b) 2K.
Photoluminescence intensities are nor- Fig.5 Temperature dependence of Er PL peak
malized at the highest peak in each intensity. PL intensity I(T), is nor-
spectrum. malized by that at 2K I (2K).
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are determined by the relative intensities of
several crystal-field-split lines.

Temperature dependence of the Er-related
peak intensity at 1.54um for InP:Er is shown
in Fig.5. The peak intensity at each tem-
perature I (T), is normalized by that at 2K
I (2K). The Er PL intensity decreases only
slightly between 2K and 40K, although it is
drastically quenched above 100K. Similar
temperature dependence is observed for Yb-
related PL from InP:Yb.10

Erbium-related PL spectra from InP:Er
were also observed at 300K, for the first
time, although the intensity is reduced by
more than three orders from that at 2K. The
highest PL peak position was found to be
1539nm with the uncertainty of xi1lnm caused
The Er-
related peak wavelength is shifted by less
than Inm from that at 120K. In contrast, the

band-to-band luminescence peak position of

by poor signal-to-noise ratio.

InP is known to shift by as much as 80nm in
the same temperature range. This small shift
of the Er-related emission peak, together
with the narrow halfwidths, clearly
demonstrates the atomic character of this
emission. Smith et al.% observed the highest
peak of Er-related PL from GaAs:Er at 1539nm
at 300K, which coincides with the 300K peak
wavelength of InP:Er mentioned here. These
results suggest that GalnAsP:Er also shows
similar Er spectra peaking at 1539nm.

4. Conclusion

Fe have achieved successful doping of Er
in GaAs and InP by MOCVD, and observed
characteristic PL spectra due to intra-shell
transitions of Er 4f electrons at 1.54um in
both hosts.
1013cn™® was achieved.

Uniform doping of Er as high as
The PL spectra from
Er in GaAs and in InP show a remarkable

resemblance. These results suggest that Er-

doped GalnAsP mixed crystals will vyield
similar sharp luminescence spectra peaking at
1539nm irrespective of the solid composition,
and may be used for light emitting devices
with a fixed wavelength.
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