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We report ongoing experiments on the growth of GaN by hydride vapor phase epitaxy (HVPE),
using a newly designed Aixtron horizontal reactor. Growth was carried out on c-pj@nie Al
substrates on which a thin GaN layer had been predeposited by MOVPE and patterned using a
dielectric mask. The mask pattern was designed to give information on the growth rate and
morphology along different directions, and contained both a star-shaped pattern and arrays of
parallel stripes of various widths and orientations. All growths were performed at atmospheric
pressure and ~10%0 deposition temperature. For the range of experimental conditions investigated
the maximum ratios of lateral to vertical growth velocities of around 2 and coalescence of the layer
after approximately 1QAm of growth were observed for stripes oriented alondh@0direction.

1 Introduction quartz tubes to the deposition zone where the two spe-

One of the key problems remaining in the growth ofCies are mixed. .
GaN and (Al,Ga,In)N mixed crystals is the lack of an All experiments were performed at atmospheric
appropriate substrate. One of the solutions proposeRf€ssure with nitrogen as carrier gas. The flow rate for
consists of the realization of self supported GaN layergmmonia was maintained at 1.2 l/min. while the HCI
grown by Hydride Vapor Phase Epitaxy to be used aflow over Ga was varied from 10 to 40 cc/mm._The total
pseudo-homoepitaxial substrates [1]. More recently, th0ow in the reactor was kept constant at 6 I/min. Source
use of the Epitaxial Lateral Overgrowth (ELOG) tech-temperature and deposition temperature were €50
nique has been shown to be effective for the reduction Gind 1050°C respectively. By varying the GaCl partial
dislocation densities of GaN grown on sapphire by seyPréssure, growth rates from 10 to j0n/h were
eral orders of magnitude [2]. The combination of HypEObtained and layers with up to 1@n thickness have
growth with the ELOG technique thus appears as th@een grown. Thlcknes§ variations were below 15% over
most promising approach to high crystalline quality.the total surface of a 2 inch wafer.

Hydride VPE has already been used successfully for NO nucleation step or GaCl pre-treatment have been
selective epitaxy of other 11/V compounds as GaAs [3]used, but ammonia was introduced in the reactor during
or InP [4]. The high selectivity and large growth ratethe heating up of the system from 6@Wto the deposi-
anisotropy which are typical features of HVPE clearlytion temperature when patterned substrates were used.
make this method very suitable for such a growth o "€ ammonia flux was also maintained during cool

partially masked substrates [5], [6], [7]. down after growth to 708C to prevent any degradation
] of the GaN films. An HCI etching of the reaction cham-
2 Experimental ber was carried out after each growth run in order to

The growth experiments were performed in a newlyeliminate the parasitic deposits of polycrystalline GaN
designed horizontal AIXTRON reactor. A schematicobserved on the quartz parts near the deposition zone.
drawing of the reaction chamber heated by a 5 zones Sapphire (0001) and patterned substrates have been
furnace is presented in Figure 1. A single two inch wafeused in this study. The patterned substrates consist of
can be loaded on the substrate holder which is gas foBaN pre-deposited on sapphire by MOCVD, covered by
rotated. Gallium chloride is synthesized by the reactior dielectric Si@ mask in which stripes with various ori-

of HCI flowing over metallic gallium at high tempera- entations are opened. Three kinds of patterns are
ture and is transported separately fromgNiridifferent  designed on the same mask shown in Figure 2a and Fig-
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ure 2b: A star shaped pattern with stripesjghSvidth  due to thermally induced stress, yielding free standing

and oriented at°sincrement; Arrays of parallel stripes GaN platelets of up to 10x10 nérsize.

of 5 and 1Qum width and 5, 10, 50 and 1Q®n separa-

tion, repeated 12 times at “Lihcrement; an array of -2 Growth on patterned substrates

hexagonal holes. Using this mask we can investigate Bhe Figure 5 shows the GaN grown on star patterned

variety of geometries in a single run, at the same timstripes. The overgrown GaN layer exhibits different fac-

ensuring that the different structures are grown undeets with cross sectional shapes varying from triangular

identical conditions. to rectangular, respectively, for th&1200and (110001
directions for the range of experimental conditions

3 Results investigated, in agreement with earlier data [2], [10],

3.1 Growth on (0001)-Al 503 [11], [12]. Maximum lateral/vertical growth ratio of

Prior to the growth on patterned substrates GaN laye round 2 is obtained for tfﬂl_OOde_ectlo_ns whereas
e lateral growth rate for stripes with triangular cross

have been deposited directly on sapphire substrates " s al i h | is ob dt
determine growth conditions for selective epitaxy. Stan>€CUions 1S aimost zero. The coalescence IS observed 1o
ccur more rapidly for stripes opened alah00ori-

dard structural and optical characterizations of thes . : ; :
entation, leading to a continuous GaN film after approx-

layers consisted of X-ray diffraction, photolumines-. ) .
cence, and Hall measurement. Typical values of FWHI\)Imately 10um of growth (Figure 7a, Figure 7b). The

for rocking curves of X-ray diffraction were in the r(,J“n'gesurface is free of visible voids observed by optical and

of 600-700 arcsec. Using a ZnO buffer layer, 300 arcsetcanning electron microscopy.

have been obtained by Molnar et al. [7]. The photolumiy  conclusion

nescence spectrum of a 1Q@0n thick GaN layer .

recorded at 10 K (Figure 3) is dominated by near ban®2aN layers directly grown on (0001)A); have been
edge excitonic transitions. The main peak at 3.470 eV igharacterized by X-ray diffraction, photoluminescence
associated with the donor bound exciton and exhibits @&nd Hall effect measurements. XRD rocking curves
high energy shoulder attributed to the free exciton tran€xhibit FWHM in the range of 600 arcsec. PL spectra
sition. The FWHM of this peak is 7 meV, indicating the are dominated by a narrow excitonic peak with a

good optical quality of the layer. The standard donorFWHM of 7 meV. Results of growth experiments per-
formed on patterned substrates showed a marked anisot-

t i bination {B") is observed at 3.27
actepior par recombina |on? O)IS Served a ropy in the growth behavior along the different

eV followed by its phonon replicas. The intensity ratio . . £ the stri ds. For this. th h
of band edge to acceptor related transitions is around 3glrec lons ot the stripe seeds. For this, the most favor-

Room temperature mobilities in the range of 150_200’;1ble conditions, i.e. parallel stripes along 400

2 | _ ¢ Ty direction with a low ratio between masked and opened
cm/Vs and electron concentrations of ~3-5X10m surfaces, were found to be optimal. In the range of

were typically r_neasure_d for n_omlnally undoped Iayersexperimental conditions investigated, optimum results
which are consistent with previous reports [5], [8]. i, terms of growth anisotropy and layer coalescence

Surface roughness has been investigated both Bjere observed for stripes oriented along f&000
optical and scanning electron microscopy. The layers argirection.

colorless and transparent but exhibit an important sur-
face roughness since no preparation of the surface hA&&KNOWLEDGMENTS
been performed prior the growth. Optical microscopyWe thank the CRHEA-CNRS and Aixtron for

top views of the GaN surface are presented in Figure ‘broviding some of the MOVPE starting
The height of the pyramids are in the range of 1jimn3 layers used in this work. The low

and haye diameters up to 1001. ) temperature PL  measurements  were
Besides surface roughness cracks which form due tgerformed by B. Beaumont of the CRHEA-

different thermal eXpanSion coefficients of GaN and SapCNRS |aboratory_ The work was Supported
phire upon cooling down of the sample after growth arg)y the ESPRIT-LAQUANI project and the

a problem. For thick layers important sample bowing issyiss National Science Foundation.
observed - a minimum curve radius of 35 cm has been
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5 pm width stripes
opened at 5°
angular increment

Hexagonal holes array

Figure 2a. Mask with star shaped pattern, with stripes opened
at 5 angular increment to determine optimal stripe orientation
and differences in lateral growth rates.

Figure 2b. Areas of parallel stripes. (top: SEM top view of mask, bottom: stripe/mask widths)

4 MRS Internet J. Nitride Semicond. Res. 3, 40 (1998).
© 1998-1999 The Materials Research Society



BX Figure 3. Photoluminescence spectrum of GapAl
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Figure 4a. Top view of GaN/AD; (optical microscope).
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Figure 4b. Top view of a growth pyramid (optical microscope). Figure 5. Growth on star shaped pattern (SEM, top view).
Differences in lateral growth rates can clearly be seen.
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Figure 6. Growth on star shape pattern (SEM, tilted view), change of stripe cross-sections from triaft@l@nidirection to
trapezoidal if11000direction shape reflects differences of lateral growth rates.
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Figure 7a. Growth on parallel stripes 1®/10 um in 1100direction before coalescence
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Figure 7b. Growth on parallel stripesiB1/5 um in C11000direction, coalescence of GaN
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