GalnNP:

A Novel Material for Device Applications

C.W.TU, Y.G. Hong, H.P. Xin, and R. André

Dept. of Eledricd and Computer Engineaing
University of California, San Diego
LaJolla, CA 920930407, USA

Recently nitrogen-containing 111-V compound
semiconductors have dtraded much attention for
device @plicaions, in particular, the large
bandgap bowing with ritrogen incorporaton
makes the GalnNAS/GaAs g/stem suitable for
long-wavelength (1.3 um) verticd-cavity surface
emitting lasers. GalnNAs has also been used as
the low-bandgap base of a heterojunction bipolar
transistor with a low turn-on voltage. In this
paper, we present another class of novel
materials, GalnNP grown on GaP and GaAs
(100 substrates, for optoeledronic and
eledronic goplications, respedively.

All samples were grown by gas-source moleaular
beam epitaxy, with elemental group 11l sources,
thermally cradked arsine axd phosphine, and a
RF plasma nitrogen source.

We have previously shown that incorporating a
smal amount of nitrogen (~0.5%) in GaP
changes the indired bandgap to dired bandgap,
and thus GaNP/GaP exhibits a strong room-
temperature photoluminescence d& ~650 nm.[1]
Double-heterostructure GaNP/GaP li ght-emitting
diodes (LEDs) have been fabricaed.[2] In that
LED structure the 500 nm-thick GaN,011Po.989
adive layer is latticemismatched to the GaP
substrate, so it shows ~15% lattice relaxation,
resulting in disocaions, which would degrade
the luminescence dficiency. Incorporating a
small amount of indium, 2.4%, has improved the
structural quality of the GalnNP layer, as srown
by x-ray rocking curve measurements. Figure 1
shows the room-temperature photoluminescence
(PL) spedra of GaNgg15Poggs (solid line) and
G976l N0.024N0.016 Po.gs4 (dashed line), and that of
Gags1lngaP latticematched to GaAs as a
reference We seethat the GalnNP AL intensity
is higher than that of GalnP, and the pe&k energy
is red-shifted. We ae presently fabricaing
GalnNP/GaP LEDs and shall report the results
later.

GalnNP is aso hbeing explored as a mlledor
tunrel  barrier in heterojunction  bipodar
transistors (HBTs). As in the GanNASGaAs
system, the bandgap lowering of GalnNP is
expeded to occur mainly throughthe lowering of
the @nduction band edge. Therefore, inserting a
thin GalnNP in the GaAs colledor region nea
the base would have a small conduction band
barrier. Becaise the holes have alarger effedive
mass they cannot tunrel through the thin barrier
and are confined in the base, resulting in a larger
gain. To prove this idea we have to first
determine the band offset of GanNP with
resped to GaAs. Therefore, we grew a series of
GalnNP/GaAs multi -quantum well s (MQWs) and
a GalnP/GaAs MQW. Adding N to the GalnP
barrier resultsin red shift of the QW PL pe& due
to lowering of the barrier. From a finite barrier
model, we determine the conduction band off set
of GalnNP/GaAs to be 7 meV and the vaence

band offset to be
Gayg 46l N 54N0.005P0.995

~200 meV. Thus,
could be a suitable

colledor tunrel barrier inan HBT.
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Fig. 1 Room-temperature (RT)
photoluminescence spectrum of GaNP (solid
curve) and GalnNP (dashed curve) grown on

GaP(100) and GalnP (dotted curve) grown on

GaAs(100).
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