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MOCVD Growth and Pl-Characteristics of Nd Doped GaAs

Hiroshi NAKAG0ME and Kenichiro TAKAHEI

NTT Basic Research Laboratories

3-9-fl Midori-cho, Musashino-shi, Tokyo 180, Japan

Nd-doped GaAs epitaxial layers were grorrn bv low-pressure rnetalorganic chem-
ical vapour deposition. Using an orSanic rare-earth source, (CHeCoH+)=Nd, Nd
concentrations in GaAs were controlled by source temperature in the range
from 10t? to 10re cm-=. Photoluminescence due to intra-4f-shell transitions
in Nds+ ions was observed around 0.9 eV, 1.1 eV, and 1.4 eV. The spectra are
nearly independent of Nd concentration and show naximum intensity at
3x10ta cm-3. However, the spectra depend slightlv on the growth tenperature,
reflecting the change in relative density of Nd3+ emitting centers with
different surrounding atomic configurations.

1. INTRODUCTION

Rare-earth-doped III-V semiconductors

are attracting increasing interest for pos-

sible application to temperature-stable lisht
sources. r) Such deviees combine the ad-

vantages of sharp and stable tenperature-
independent rare-earth luminescence=) with
the abilitv of seniconductors to activate the

ernitting rare-earth center bv carrier in-
jection. Among various rare-earth elements,

neodymium (Nd) is of particular interest be-

cause of its four-level lasing schene aI-
Iowing low threshold lasing. Nd doping in
III V semiconductors (GaP and GaAs) has

been achieved bv ion implantation, and

photoluninescence (PL) due to intra-4f-shell
transition in Nd3+ ions was observed. s'a)

This paper reports growth of Nd-doped

CaAs epitaxial layers by metalorganic chem-

ical vapour deposition. Uniform hieh Nd dop-

in8 is achieved using (CHeCoH+)aNd as a

intra-4f-shell transition was observed. Nd

concentration and growth temperature

dependences of the PL spectra is described.
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2. Nd SOURCES

Tr i s-cycl opentad ienyl neodyrn i um

[(CoHo)eNd] is probably the most well studied

organic conpound of Nd. The vapour pressure

of this compound as a function of temperature

as neported previously is shown in
Fig. 1.6' a) The vapour pressure of this ma-

terial is much lower than for materials typ-
ically used in M0CVD, such as triethylgallium
(TEG) also shown in the figure.

lt|e have reported that in the case of
erbiurn(Er), (CHsCoH+)eEr has a hisher vapour

pressure than (CoHo)-Er.t) l{e therefore syn-

thesized (CHeCoH+)eNd as well as (CoHo)eNd,

and measured vapour pressure by a nass trans-
port method which simulates actual source

transport by carrier Bas in M0CVD growth. An

appropriate amount of source material was

charged in a bubbler and carrier gas was al-
Iowed to flow through the bubbler. The

transport rate was confirmed to be pro-

the weieht loss of the source material in the

bubbler, the vapour pressure at the tem-

perature of the bubbler was calculated as

rar€-earth source, and PL due to Nd4 portional to the carrier 8as flow rate. Fron
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shown in the figure. Here, the source ma-

terial was assumed to vaporize as

mono-molecules.

The vapour pressure of (CoHo)eNd mea-

sured in this study I ies between the two set

of data reported previously, but their gra-

dients against temperature are nearly the

sane. Cornparison of the vapour pressure of
(CHeCoH+)eNd and (CsHo)eNd shows that the

former can provide the same vapour pressure

at much lower temperature. This reduction in
temperature simplifies the system desiSn of
the MOCVD apparatus and probably reduces con-

tarnination from source feedlines.

3. EPITAXIAL GROI.ITH

Epitaxial layers were grown on Cr-doped

GaAs at 76 Tor.r in a horizontal quartz re-
actor using trimethylsall ium, arsine and

(CHaCoH+)eNd. Crowth tenperatures were ei-
ther 550 C or 600 C with growth rates of I
1o 2 pmlh.

Depth profiles of Nd neasured bv sec-

ondary ion mass spectroscopy (SIMS) revealed

a uniform and reproducible Nd-doping up to a

concentration as high as 10ro cm--. Nd con-

centration dependence on source temperature

rvas investigated with carrier Bas flow rate
fixed at 200 sccm (Fis. 1). Although the

temperature region of the vapour pressure

measurements and the Nd source temperature

for the epitaxial growth are different, near-

lv equal gradients against temperature sug-

Best that the Nd source is reasonably well

transported to the neactor.

Nd consentration slishtlv saturates at a

bubbler temperatures above 100 C, probably

due to condensation of the Nd in some part of
the feedline to the reactor. It should be

noted that, even aL 80 C, doping as high as

10ra cn-= is possible using (CHeCoH+)-Nd,

whereas a temperature over 150 C should be

required to attain the same doping level
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Fie. 1. Vapour pressure of organic Nd

conpounds and Nd concentration in GaAs as
functions of source temperature. Vapour
pnessure of (Cr,Ho) eNd and TEC reported
previously are also shown.

using (CoHo)eNd. Doping levels hisher than

3x1014 cm-B led to a change in surface non-

phology from mirror-Iike to cloudy. This

nesults in the reduction of PL intensities,
as shown in the next section.

4. PHOTOLUMINESCENCE

PL spectra were measured using an Ar Ia-
ser (514.5 nm) and a monochrometor coupled to
a cooled Ge p-i-n detector. No corrections

were made for the spectral response of the

detector and the spectrometer.

Three sets of sharp emission lines are

observed in the PL spectrum of a Nd-doped

GaAs layer grown at 600 C with a source tem-

perature of 80 C (Fig. n. These lines cor-
respond to the Nd3+ intra-4f-shell tran-
sitions aFet= -, 4l rB/2, at 0.9 eV, oFer= -
alrrt= aL 1. 1eV and aFerz+4lsrz aI 1.4 eV.
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of Nd-doped GaAs
peak at 1.5 eV is
of host GaAs.

The weak structure around 1.5 eV arises from

band-related emission; its intensity de-

creases as Nd concentration increases. There

is also a weak but broad background

luminescence superimposed on the sharp

intra-4f-shell luminescence. The general

features of M0CVD-srown Nd-doped GaAs are

similar to those of Nd-implanted GaAs. B)

Figure 3 compares spectra of the oFe,.a

olr rr= transition for epitaxial layers
grorrn under different conditions. A spectral
resolution for Fig. 3 (0.08 meV) is higher
than that for Fis. 2 (0. 4 meV). Fis. 2 and

Fig. 3 (A) are the spectra of the same

epitaxial layer but relative intensities of
corresponding I ines appear different. This

is due to the fact that actual widths of sone

I ines are smaller than the spectral
resol ut ions.

The spectra of samples A and B are

nearly identical in spite of the change in Nd

concentration from 10ra to 10ro cn--. The

spectrum of a sample with Nd concentration of
l0t:r cm-3 is also identical, slthough a high

resolution spectrum could not be measured due

to weaker PL intensity. 0n the other hand,

reduction of the growth temperature from 600

c to 550 c (Fis. 3 (B) and (C) ) results in
a change in the relative intensities of the

emission Iines. This suggests that there are

several kinds of Nd emitting centers with
different nearest-neighbour atomic con-

figurations, and that their relative den-

sities depend on growth temperature.

Nd-related emission peak intensity at
1.131 eV versus Nd concentration is plotted
in Fis. 4. The intensity increases in pro-

portion to Nd concentration up to 10ta cm-B;

above 10tB cn--, the intensity saturates and

begins to decrease aL a concentration of
3x10ta cm-3. Visually observable des-

radation of surface morphology takes place at
concentrations above 3x10tB cm-g, as men-
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Fis. 3. Comparison of PL spectra at 2 K for
Nd-doped GaAs with different Nd concentration
[A and B] and those gnorrn at different growth
temperature tB and Cl.
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tioned in the pnevious section. Therefore,

the decrease in the Nd-related emission in-
tensity is probably caused by the decrease in

minority carrier life time due to an increase

in the density of defect-related
recombinat ion centers.

The I inewidth of the Nd-related

luminescence line at 1.131 eV is less than

0.05 meV aL 2 K and 0.16 meV at 77 K. These

values are comparable to those of Nd-doped in

insulators such as YAG:Nd,-) indicating that
there is no linewidth broadening mechanism

specific to a semiconductor host. However,

PL intensity shows a remarkable decrease

above 77K.

5. CONCLUSIONS

Nd-doped GaAs Iayers were grown by

low-pressure MOCVD using (CHeCoHa)eNd.

Uniform and reproducible doping of Nd as hish

as 10te cm-s tras achieved bv variation of Nd

source tenperature. PL spectra due to NdB+

intra-4f-shell transition were independent of
Nd concentration, but slightly dependent on

growth temperature. The Iinewidths of the

Nd-related emissions for Nds+ ions doped in
GaAs and in YAG are on the same order.
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emission line aL 2

measured by SIMS.
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