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MOCVD GROWTH OF InP-RELATED MATERIALS
USING TBA and TBP

M. CzuB AND W. STRUPINSKI
Institute of Electronic Materials Technology, Wélczyriska 133, 01-919 Warszawa, Poland

High quality epitaxial layers of GaAs, InP, AlAs, InGaAs, InGaP, In-
GaAlP have been grown by low-pressure metalorganic chemical vapor depo-
sition using TMIn, TMGa, TMAI and the less hazardous group V precursors,
TBA, TBP. Excellent morphology was obtained for GaAs and InP in the
temperature ranges of 570—650°C and 520-650°C, respectively. The V/III
ratio as low as 1.5 was used to grow epilayers of InP. The 77 K mobility of
InGaAs lattice matched to InP (grown with TBA) was 72360 cm?/(V's) for
n = 1.5 X 10'* /cm™® and a thickness of 2 gm. Comparable photolumines-
cence parameters of InGaP between layers grown with TBP and PH3 were
achieved, but for InGaAlP (TBP) photoluminescence intensity was signifi-
cantly lower than for InGaAlP (PH3). The promising results allow one to
apply of TBA and TBP for developing of device structures.

PACS numbers: 68.55.Ce

1. Introduction

Tertiarybutylarsine (TBA) and tertiarybutylphosphine (TBP) are being in-
tensively studied for use as alternative to highly hazardous AsHz and PH3 precur-
sors in metalorganic vapor phase epitaxy (MOVPE). Several orders of magnitude
less toxic properties and low vapor pressure of liquid TBA and TBP can contribute
to a significant reduction in safety equipment cost and operational constraints.
More efficient pyrolysis of TBA (50% decomposed in 425°C compared with 575°C
for AsHjz [1]) and TBP (the pyrolysis is 50% complete at 450°C, for PH3 — at
700°C [2]) leads to a better composition control during the growth of quaternary
alloys. Moreover, lower TBA and TBP thermal stability comparing with hydrides
enables lower temperature growth which is desirable for several reasons, such as
suppression of dopant interdiffusion. Many results on MOVPE epilayers growth of
GaAs, InP, InGaP, GalnAsP using TBA, TBP precursors have been reported in
recent years [3-6]. However, there are a few papers on InGaAlP, a very attractive
material for optoelectronics. It is caused by the fact that TBA is now established
as an effective source for MOVPE considering the level of residual impurities, thus
is acceptable for growth of high-quality GaAs epilayers. However, in the case of
TBP using for InGaAlIP growth, low deposition temperature enhances a process
of aluminum reaction with oxygen [7-9].

In this paper, we present the results on MOVPE growth of III-V materials
using TBA and TBP precursors following up the advantages of efficient thermal

(695)



696 M. Czub, W. Strupiiiski

decomposition enabling low temperature deposition. Furthermore, a technological
test of impurities concentration in TBP was possible.

2. Experimental

The epilayers were grown in horizontal low pressure (20-200 mbar) MOVPE
reactor (Aixtron) with IR-heated graphite susceptor. Trimethylindium (TMIn),
trimethylgallium (TMGa) and trimethylaluminum (TMAI) were used as I1I-group
sources. The group-V sources were TBA and TBP as well as AsH3 and PHj, for
comparison. Bubbler temperatures were kept at 10° and 17°C for TBA and TBP,
respectively. The V/III ratio was varied from 0.75 to 80. All metalorganics were
obtained from EpiChem. Pd-purified Hy was the carrier gas with a total flow rate
of 6 1/min. The growth temperature was in the range 480°~700°C depending on the
material of epilayer. The substrates were 2 diameter n-type or SI GaAs and InP
(100)-oriented and n-type GaAs (100)-oriented cut 3° off towards (110). Before the
growth substrates were cleaned, etched and rinsed using de-ionized water. N»-filled
glove-box was used for loading to the reactor.

Various type of layers were deposited using TBA, TBP and for compar-
ison, AsHz and PH3: GaAs, Alg.28Gag 72As, InP, Ing53Gag.47As, Ing.49Gag.s1P
and Ing 49(Gag.65Al0.35)0.51P. The layers were characterized by means of photolu-
minescence (PL) in room and helium temperatures, double-crystal X-ray rocking
curves, Hall measurements and ion channeling technique. The surface morphology
was observed using a differential interference contrast microscope.

3. Results and discussion

InP layers were grown using TBP in temperature range from 480° to 650°C.
It was observed that for a low V/III ratio and a low tempcrature there is a very nar-
row range of optimal growth parameters that are indispensable for excellent surface
morphology, (Fig. 1). In our case the best morphology comparable with InP using
PH3 was obtained for a V/III ratio and Ty: 1-3, 500°~535°C, respectively. Typical
electrical parameters measured by the Hall method were ngzgo = 1.5 x 10!%/cm3,
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Fig. 1. Optimal growth parameters indispensabled for a mirror-like surface of InP
epilayer.
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Fig. 2. Electron mobility versus carrier concentration in intentionally doped and un-
intentionally doped InGaAs layers grown by low-pressure MOCVD [10] in comparison
with our results (ITME).
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Fig. 3. PL spectrum of InGaP grown at 600°C with lattice mismatch Aa/a of 5200 ppm
and maximum wavelength emission of 672 nm.

p300 = 3200 cm?/(V's), nzz = 1 x 1015 /cm3, p77 = 35000 cm?/(V's) for a thick-
ness of 2 um. The major impurities determined by SIMS were S and Si. SIMS
results were in good agreement with data from the Ilall measurements. The crys-
tal quality of InP-layers grown both using TBP and PII3 were examined by
ion channeling method. The difference between InP-layers grown using TBP and
PH3 (Xmin = 2.6% for epilayers and 5% for substrate) was observed. High qual-
ity Ing.53Gag.47As layers were grown at the temperature range 600°-650°C and
for a V/III ratio = 25. The MHall results were very similar for both cases: In-
GaAs (TBA) and InGaAs (AsIl3): naoo = 2 x 101%/cm?, pzo0 = 8900 cm?/(Vs),
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ngr = 1.5 x 10%/cm3, p7r = 72500 ecm?/(Vs) and nzgo = 2.2 x 10'%/cm3,
300 = 10400 cm?/(Vs), n7z = 1.6 x 10'%/cm3, p77 = 84800 cm?/(V's), respec-
tively (Fig. 2). SIMS measurement results indicate Si as a source of donors.

InGaP and InGaAlP layers lattice matched to GaAs exhibited good surface
morphology for minimal T, of 550°C. For InGaP grown at the temperature of
600°C relatively high PL intensity was observed even for lattice mismatched Aa/a
of 5200 ppm. In this case, the wavelength of maximum emission was shifted to
672 nm (Fig. 3). For InGaAlP a temperature of growth was also 600°C.

4. Summary

The epitaxial layers of binary, ternary and quaternary-alloys have been grown
at a low temperature and low V/III ratio using TBA and TBP. It was found that
for InP-based epilayers the range of optimal growth parameters indispensable for
mirror-like surface is rather narrow. The crystal quality and electrical parameters
were a little lower in comparison with epilayers grown using PHg. Also, the dif-
ferences for various bubblers of TBP were observed considering the Hall results
which indicates that the purity of TBP determines the quality of layers. The low
carrier concentration and the high mobility measured in undoped InGaAs epilay-
ers suggests that the ultra pure level of TBA commercially available was achieved.
InGaP and InGaAlP epilayers with a completely mirror-like surface were obtained
at the low temperature, however, Tj «of 600°C was the temperature of transition
between amorphous and ordered structure.
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