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We hawe demonstratg the feasibility of selectie epitaxid growth (SEG of GalrP using
low-pressue metal-adganc chemical-vapo depositim (LPMOCVD) with the combinatian of
ethyldimethylindium (EDMIn) and triethylgallium (TEGa as the group-lll sources Complete
selective epitaxyy can be achievel at a growth temperatue of 675 °C and a growth pressue of 40
Torr. The depositio of Ga-rich polycrystallire GalnP on SizN, film occuss at lower temperatures.
Although the incorporation efficiengy of TEGa into GalnP is mud lower than tha of
trimethylgallium the combination of EDMIn and TEGa has been found to be agoad candidag for
SEG of GalnP. Low-temperatug photoluminescere shows tha the selectivey grown epitaxial
layer has goad opticd quality and is usefu for light emitting device applications © 1994 American

Institute of Physics.

Selectie epitaxid growth (SEGQ of IlI-V compounds
has receivel much attention recenty as a promisirg tech-
nique for monolithic integration of electronic optoelectronic,
and quantun devices (e.g, quantum wires ard dotg. Several
attemps have been mack for SEG of GaAs! InP? GalnAs?
GalrR* ard AlGalnP® on substrats patterne with SiO,,
SisN,4, or othe insulators using the metal-aganic chemical-
vapa depositim (MOCVD) process For chloride vapa-
pha® epitax, where the growth takes place nearl at equi-
librium, the depositim can occu only on the GaAs
substraté:’ In MOCVD processeswhere reactiors occur
unde highly nonequilibrium conditions high-resistivity
polycrystallire GaAs can be deposité on the SiO, mask!®
Furthermoreridge growth is observe on the GaAs substrate
nea edge of the opening Therefoe the thicknes of the ep-
itaxia layer is not uniform. In SEG of ternay alloys sud as
GaAlAs, GalnAs and GalnP, nat only the thicknes but also
the compositin varies in the SEG area This variation is
believe to be caused by the migration of the reactan species
on the mak to the edge of the openirg or the laterd diffu-
sion of them from the undepletd soure region abowe mask
into the opening’

In this stud/, we hawe performal the SEG of GalnP
by low-pressue MOCVD. Insteal of a convention& solid
trimethylindium (TMIn) source the liquid ethyldimethylin-
dium (EDMIn) soure was adoptel as the indium precursor
becaus of its more stabk vapa pressureEDMIn has been
investigate for the MOCVD growth of AlGalnP?® and it was
compare with TMin.

Thereacte usal in our experimenis ahorizontd quartz
tube containirg a rotating graphie suscepto heatel by rf
induction with a rotation spee of 30 rpm. Triethylgallium
(TEGa was kept at 15 °C ard the vapa pressue was 4 Torr.
The vapa pressue of EDMIn has been reportal by several
groups®2 with values of 0.4 Torr at 10 °C, 0.56 Torr at
11°C, ard 0.7 Torr at 18 °C. We usal the vapa pressue of
0.4 Torr and the bubbleg temperatue was kept at 10 °C.
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There is sone speculatio tha EDMIn may undego afacile
ligand exchang reactio to give TEIn and TMIn within the
bubble over time or when introducel into the sour@ gas
lines if maintainel at a highe temperatug than the bubble.
This will probaby lead to run-to-run nonreproducibiliy and
long tem instability cause by a varying vapa pressure.
Howeva, Fry et al.'® observe with mas spectromety that
EDMIn consistel only of a single compound without any
trace of TMIn or TEIn. The growth pressue we usal was
maintaing at 40 Torr with totd flow rate of 10 slm. The
hydride source were 100% AsH; ard PH;. The growth tem-
peratue rangel from 625 to 675 °C, ard the V/II | ratios were
100, 150, ard 200. The flow rate of H, fed into the EDMIn
bubble was maintainel constany at 20 sccm while tha fed
into the TEG bubble rangel from 9.8 to 125 sccm The
substrate used were n-type (100 GaAs wafer, and patterned
ard unpatternd substrate were put side by side in ead run
for comparison The Si;N, film, prepare by plasma-
enhancd chemical-vapo depositiomn (PECVD), was useal as
the maskirg material The thicknes of the SizN, film was
abou 100-150 nm. Patteris for selectie epitayy were de-
fined by a conventiona photolithographt method The pat-
terrs were circles with adiamete of 500 um and crosshatch
with a width of 300 um (Fig. 2). The surface morphology
was observel by Nomarsk microscoly and scannimgy elec-
tron microscoy (SEM). Photoluminescerec(PL) measure-
ment, high-resolution double-crystal x-ray ffdaction
(HRXRD), and enagy dispersie x-ray analyss (EDX) were
adoptel for evaluatian of the film quality and composition.
Figure 1shows the lattice mismatd betwee GalnP and
GaAs vs Ga molar flow rate for GalrP grown by using
TMGa or TEGa as the Ga soure and EDMIn as the In
source At the growth temperatue of 625 °C, ard unde the
lattice-matchd condition the ratio of [TEGa/[TMGa] is
abou 3.1 Thisindicates tha the Ga incorporatia efficiency
from TEGainto GalnP is mudh lower than tha from TMGa.
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FIG. 1. Lattice mismatd betwea GalnP and GaAs vs molar flow rate of
the Ga source for TMGa or TEGa EDMIn molar flow rate and V/II | ratio
maintainel the constam values of 2.3343umol/min and 150, respectively.

The sane trerd is observe even when the growth tempera-
ture is increased.

The selectiviy was observel by Nomarsk microscopy
at various growth temperaturesSample grown at tempera-
tures of 625 ard 650 °C with a V/II1 ratio of 100 showed
Ga-relatd particles and laterd overgrowth on the Si;N, film.
EDX analyss revealel tha the particles were Ga-rich poly-
crystallire GalnP. The diametes of the polycrystallire GalnP
grown at 625 ard 650 °C were abou 7—-8 and 3.5-4.5 um,
respectivel, and the densiy of polycrystallire GalrnP on the
SisN, film was highe at 625 °C. The decreasig size and
densiy of GalnP polycrystas imply the decreasig probabil-

ity of nucleatim of the Si;N, film at highe temperatures.

The decompositia rate of group-lll specis is increasd at
highe temperature ard thus provides more nucleation
sources We hawe observe from the experimenth results,
howeve, tha at high temperatue the increa® in the desorp-
tion of the adsorbd group-lll species is greate than the
increasd decompositio driven nucleation.

Figure 2 shows the surfa@ morpholoy of a sample
grown at 675 °C with a V/II1 ratio of 150 The featureless

‘ 500 pm

FIG. 2. Nomarsk microscog photograp of substra¢ surfa@ grown at
675 °C and V/IlIl =150. The diamete of the circle patten is 500 um; the
width of the cross is 300 um.
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FIG. 3. Rocking curves (400 reflection of GalrP grown on unpatterned
(solid line) and patterne (dashée line) substratesSolid line shows the Ga
compositi of 0.511. Dashel lines were measurd in the circle pattern The
arrows indicate the pe& positiors of the curves.

surfa® indicates complee selectiviy. There are two reasons
for the complee selectiviy. Ore is tha ther is sufficient
kinetic enegy for the migration of adsorbd Ga ard In reac-
tans to the open area the othe is tha the desorption of
group-1ll species on the SizN, film is enhancd at this tem-
perature.

Since the diffusion constant in the gas pha® abowe the
maskirg film and migration lengths of Ga and In specis on
the maskirg film are expecte to be different* the compo-
sition in the SEG area will vary due to the extra flux of
reactand from the surroundig mak region Figure 3 shows
the rocking curves of HRXRD measuremenof the sample
grown at 675 °C. Curve (a) is measurd on an unpatterned
substrag for referene with the measurd Ga compositian of
0.511 ard full width at half maximum (FWHM) of 28 arc
sec The thicknes of the Gag, 51Ing 45 layer was abou 0.8
pm. The othe plots in curve (b) are measurd by scanning
the x-ray spd (spd size of 250250 um) within the area of

the 500 um circle patterns. The broadening of these curves

indicate the composition variation of the patterne sub-
strates The pe& values of thes curves from the SEG layer
shov that the Ga compositimmn is 0.499-0.002 Caneau
et al.’® hawe found the In enrichmen in SEG GalrP and
GalnAs using TMIn ard TEGa or TMIn ard TMGa as the
group-lll sourcesard conclude tha the In enrichmen of
SEG GalnP and GalnAs was loweral by using TMIn and
TEGa This can be attributed to asimilar decompositia tem-
peratue of TEGa (260 °C) ard TMIn (290 °C), ard they are
considerd to be more suitabk than TMIn and TMGa
(420 °C) if the reduction of lattice mismatd in SEG is re-
quired The shift of the Ga compositian of ther SEG GalnP
was abou 0.05 mad fraction deduce from the In mole frac-
tion from the mak edge agains a 0.2 mm wide maskel area.
The maximum shift of the Ga compositin of SEG GalrP in
our experimembetwea patterne and unpatternd substrates
is abou 0.012 md fraction The smalle In enrichmei im-
plies tha the combination of EDMIn ard TEGa may be more
suitabk than TMIn and TEGa This can probaby be attrib-
uted to the decompositio temperatue and molecula struc-
ture of EDMIn. The EDMIn soure is compris@ of an in-
dium atam bondel to two methy radicak (CH,) and asingle
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FIG. 4. Surfae profiles of sampla grown for (a) 1, (b) 5, (c) 10, and (d) 60
min unde the lattice-matchd condition with T=675°C and V/IIl =150.
The measuremdnwas performel alorg the diamete of the 500 um circle
pattern.

ethyl radicd (C,Hs), ard is slightly less therma stabk than

TMIn. It can decompos into ethyt ard methyl-composition
fragments The larger size of the ethyl fragmens produces
smalle effective diffusion coefficiens abowe the mask and

thus abate the In enrichment Figure 4 shows the surface
profiles of the samples grown for 1, 5, 10, and 60 min. These
profiles indicaie tha the growth rate enhancemenoccurs
nea the edges of the SEG area with the thicknes decreasing
monotonicaly from the patten edge.

The opticd quality of the SEG GalnP was investigated
by low-temperatue PL. Figure 5 shows the 20 K PL emis-
sion of the unpatternd referene sampé ard tha of the pat-
ternal sampe in which the lase spa is locatal at the center

GalrP layer. There are no obvious low-enagy signak related
to impurities® The patternel sampe shows a PL pe& at
1.8% eV with a FWHM of 165 meV, ard ther is no
impurity-relatel transition emissiao eitha. The shift of the
SEG GalnP emissia pe& toward lower enggy indicates its
stoichiomety has moved toward a In-rich composition The
broadenig of the FWHM is causé by the nonunifom com-
position in the area of lase spot.

In summay, we hawe demonstrateé the SEG GalrP us-
ing EDMIn and TEGa as the group-1ll sourcesBy compari-
san of epitaxid growth of GalnP on an unpatternd substrate,
TMGa is found to be more efficiert than TEGa Howeve,
TEGa is more suitabk than TMGa for GalrP selective epi-
taxy if suppressin of the In enrichmenis required Furthe-
more the combination of EDMIn ard TEGa seens to agood
candida¢ for SEG of GalnP. Using photoluminescencave
hawe found that the SEG layer was redshiftel with respetto
the unpatternd substrate indicating a chang in composi-
tion. Strorg PL intensiy demonstrate that the SEG layers
hawe goad potentid in manufacturig light emitting devices.
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