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Effect of Au/Si0); substrate on the structural and optical properties

of gallium nitride grown by CVD
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Abstract.  The improvement of the growth of thick GaN films wsing o fused silica wafer covered with o thin gold
layer by chemical wapour depasition at B “C is reported. In order to compare the surface propertics, crystalline
quality, micromilling performance snd lominescence. the charscterivation of o GaM film grown sn a silicon wafer
is presented ns well. The different merphologies of the surface shserved on the GaM films are compared on each
substrate and the resulting micrestruciores are presenied in detnil. High resolation TEM images of the Ga®N films
sheow the main crystallographic planes charaderizing these stroctures. The wurtzite structure was deiermined for
ench sample wsing the substrates of AwXill; and Si (110} from the XRIY patterns. Ako, the re-deposition effect
wfter ion milling of the Ga™ films i= reparied. The performance of jonic beam on the surface of the GaMN thick
films for the gromctrics patterning of redangular: ciroular end snnalar with two different ion doses was compared.
Cathodoluminescence spectra showed that the top surfaces of the sumples emit strong UY emissions peaked at 3-35

mnd 3-32 e¥ which are reloled to the Y3 and Y trunsitions

Keywards.
1. Introduction

Galliem nitride (GaM) and their alloys (InGaM-AMGalN) have
found important applications due o their broad band gap
{3-4 &¥) suitable for high power electronics, light emiting
dindes, sensors and solar cells (Hwa-Mok at @l 2004:; Dong
ef al 2009; Chen ef al 2012; Chang-Ju & al 2003). Ini-
tially, the gallivm nitride was developed as powder material
bat the development of their applications in opioelecironics
eradually decreased the attention of researchers.

The technical difficuliies inherent to the handling 85 a
powder and the controd of their physicochemical properties,
allowed the development of thick or thin films of these com-
pounds, which was more practical and reproducible. As a
result, GaM has established more remarkable resulis on films
technology and their wide expansion into the optoelectron-
ics devices at blue and ultraviolst wavelengths (Li et al 2006;
Sun et al 2000).

Currently, the high-quality GaM films have been grown
through several technigues such as metal-organic chemical
vapour deposition (MOCVD) and molecolar beam epitaxy
{MBE) (Hughes et @ 1995; Chul-Woo et al 1000; Martinez-
Criado et ai 2060; Hersee of al 2006; Thillosen &t al 2004;
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Collium nitride; geld layer; fused siliou; silicon; substrate.

Richier e al 2008; Sobanska er af 2002, By means of
these growith methods. the improvement of luminescence
efficiency in the (GaMN-based devices was characterized on
various subsirates. Despite of the high dislocation density
obtained, the guality of Gal has been improved wsing the
sapphire substrate. However, the szarch of a suitable sub-
strate for this nitride is still in discussion and other candidates
have been proposed for Gal epitaxy such as Znl. 8-5iC,
RP GaAs, GaP, 5i, MezALOs, Mz0, p-Lidlls, £, 5cM
and TiM (Liw and Edgar 2002).

Besides of the research on the growth techniques for the
gallium nitride, the influence of the substrate on the crys-
talling, electron, optical and compositional propenties of the
(aM deposition is still in discussion, which motivates to dis-
coOVer new routes to improve the quality of gallinm nitride
films. The present work reports the results on the surface
morphology, crystalline strocture, milling pattern and optical
emission of GaM films grown by chemical vapour deposition
at B0 =C. To compare the Gal properties under different
substraies, a fused silica wafer covered with a thim gold layer
(AwSi0;) and a wafer of monocrystalline silicon (Si) are
used. Using scanning electron microscopy (SEM). the forma-
tion of sezrepates and imegalar polyhedral in the surface of
(Gal films on the substrates of AwSiCk and 5i were found
By means of tmnsmission electron microscopy (TEM), high
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Ahstract.  The growth of InyCGag_.N films (xr skl and x =2 on 8 thin gold layer (Ao/Sit) by chemical
vapour deposition (CVIF at &50 “C & reported. As o novelty, the use of @ Go-In metallic alloy to improve the
indium incorperation in the IngGay_ N is propesed. The resulis of high quality Ing Gayg_ N films with o thickness
of throe micremetres and the formation of microfibres on the surfoce are presented. A marphological comparison
hetween the Ine Gay_ N and Ga™ flms is shown os o fenction of the indiom incorporation. The highest crystalline
IneGenp— ™ flms siruciure was ohinined with an indiom composition of r = 0-20. Ao, the preferential growth
on the (M2} plane over Ing ;Ceng g™ was observed by means of X-ray diffraction. The thermolaminescence (TL) of
the IngGeay_ ™ films after beta radiation exposare was measured indicating the presence of charge trapping levels
responsible for @ broad TL glow curve with o maximum intensity aroand 150 ©C The TL intensity was found o

depemnd on composition being higher for © = -] and increases as radiation dese increases.

Eeywords.  Nitride of group-I11; indiom—gallium nitride; chemical vapoor deposition.

1. Introduction

Nitrides of group-111 {GalM-lnMN-AIM) have gained atien-
tion due to their podential in optoelectronic applications such
as laser diodes (Ponce and Bowr 1997), solid-state lighting
{Morgan and Zhizhen 2002), transistors {Deb et af 20065, LY
sensors {Robers ef af 2002} and the new generation of solar
cells (Jani ef af 2007; Lestrade et al 200 1).

The ternary alloy InGaM is a novel material with an impor-
tant performance in the new optoelectronic devices such as
light emitting diodes (LEDs) and blue laser dindes (LDs).
Specifically, the InGaM acts as the active layer {Makamuma
1999} responsible to produce emissions with wavelengths
at the UV, bloe, green, amber and red. According o Vep-
ard’s law, it is possible to change the emergy valoe of the
band gap from 3-4 (GaM) to 0-7 eV (InM) by varying the
indium composition (0 < x < 1) in the ln,Ga;_ N com-
pound, which modify the optical properiies of this nitride
range from Y, WIS to IR regions of the eleciromagnetic
spectum (McoCluskey ef al 1998 Van de Walle ef af 19097

Since most of the studies have been carried out for the
hinary materials GaM and InM, the knowledge of the InGaMN
ternary is still scarce and incomplete. Also, the manuofac-
tare of In3aM needs to overcome technical difficulties that
currently exist, especially, the optimal growth conditions
and suitable substrates to form high-goality InfaM solid-
solutions (Ambacher 1998).

& dthor for oormespandence. {anlomnio.rmes i mav.odu. mx )

Iin the literature, there is a substantial amount of stodies on
the nitride compounds prepared as films and powders (Garcla
ef al 2002). Since the GaN, InM and InGaM films have foand
more potential applications, the properties of these materials
are widely investizated. Several growth technigues to pro-
duce these materials into films have been considered includ-
ing OV, MOCVD, MEE and MOVPE methods (Matsuoka
el al 19492; Dupais ef al 1999, Red Kin of al 2004; Mueller
el al 2005, Stoica ef af J00G).

Parallel to the development of methods to obiain InGaM
films, the substrate used is an essential issue, since a lattice
mismatch between the substrate and the nitride may have a
significant disadvantagze in producing semicondocior matke-
rials with high quality and reproducibility. Commonly, sap-
phire (Dong-Foon et ol 2000 ;' W et al 2003; Hahin ef al 201 1)
has been used due to its high order of symmetry and smaller
lattice differences with respect to nitrides. Also, other sub-
strates have been used to grow [nGal films such as 6H-50C,
AlM, 3C-58iC, GaAs, Znd), LiGa0: and Mg{ (Lin and Edgar
20070

From the abowe, it follows that the parameters influenc-
ing the growth, alloy composition, substrate and the chosen
method have a decisive effect on the properties of the InGaM
solutions. Thus, the multiple variables involved motivates
the research and development of novel synthesis techniques
io find the optimal conditions for producing high guality
InGaM materials.

In the present work, the growth of In.Ga)_ M films with
an indivm composition of x = 0] and x = 0-2 using
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ERESUMEN

?-Eprmmsme de catalizadores de Bipho, W0k soportades en AlO:-5i0k,
SH0-Ti0n ¥ u:arbm:al:m':a[h{c"} El proposito principal fiue comparar &l uso de dife-
TEmbas SOpOries, amcmnummhmnmlumrﬂeferm:hlammpemmdemdalm
catalizadores en témminos de su eficacia v de conversion en la reaccion de ceddacion
:Emunﬂmdufecarhnm{[ﬂ}jmmtenguam&aMaamlafaﬂmn:hlm
catalizadores, Bi,Mo, W_ 0y, se sintetize a partir de los compuestos de alia puareza
{Iﬁ'I-L}.;I'rInrﬂw-tI-I_D (HLD W2 06 H: O, BiN0)=5H0, Emplmﬂnﬂnﬂ:de
co-precipitacion quinica, v posteriommente soportada por el metodo de mpresmacion
en Aly0s-5i0n, 5i0:-Ti0; o C*. Estos sistemas catalizador/soporte se Caracterizaron
mediante las ténicas de difraccidn de rayos X (XRD), microscopia electronica de ba-
mido (SEM) v area superfical (metodo BET). Con respecto a La actividad catalitica, &
compuesto con mayor eficacia en 1a conversion de OO0 a €0, fiue Bi,Mo, W,_0; /C*,
que se preparo 3 300 °C; se actvo a lzafmgﬂnﬂ:mﬂmmmnndzﬁﬂ!-u e
conchore que exists un efecto de la temperstura de simtecis v del tipo de soponte que
influye en los difesentes valores de actividad catslifica enconsrados.

Eey words: catabvtic activity, carbon menosade cendation, mixed ceades, supported catalyst

ABSTRACT

A series of Bi Mo W, 0y catalysts suppomed oo AlO,-500,, 500,-TiD, and act-
vated carbon (C*) were synthesized The zim was to compere the differsnt supports
and calcinafion temperature of catalysis, studying their efficiency and actvation
temperanme in the OO oxidation reaction. The catalysts active phase, Bi:Mo,W).
L0, was made by mesns of chemrical precipitstion procedure starting from high
pamiiy (MH kMo Oy dH:0, (MHW 2 06H:D, BifHNOy):=5H:0 compoamds, which



