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EPITAXIAL GaAs LAYERS BY MOCVD PROCESS : GROWTH  AND
CHARACTERIZATION

Prasania Modak*, Maniu Kumar Hodait* and 5.B. Krupanidhi

Materials Research Centre, Indian Institute of Science

BANGALORE - 560012, INDIA.

* Central Rexearch Labs., Bharat Electronics Lid., Bangalore-560001, INDIA.

Device guality epitaxial layers of Gass were grown by MOCVYD technique, on both semi-
insulating and semiconducting substrates of Gads substrates with (104) orientation offsst by
2° Systemaric variation of 4s/Ga was parformed to gain an understanding of growth process,
type of formation and related physical properties. Films were characterized by SEM, EDAX,
HRETEM and XRD, Films exhibted repeatedly epitaxial growth and the optical response was
examined in terms of photoluminiscence spectra which revealed emissions from free exciton.

INTRODUCTION:

The AlGaAs/Gahs heterostiucture systém is potentially of great impontance for many high speed electromcs and
optoelectronic devices, due 1o their excellent lattice match and insignificant concentration of undesirable interface
state. . In addition, this family of compounds alsa promise number of interesting properties such as high mobility,
resonant munneling and fractional Hall mobility ete. MNumerous attempts are evindent in the lierature for
developing epitaxial layers of Gahss and AlGads, invelving a pletora of growth techniques, including MBE and
MOCWD., Present papers reports the development of epitaxial layers of GaAs and discusses 3 close process-
property correlation

EXPERIMENT AL:

Undoped GaAs epitaxial layers were grown in a low pressure horizontal MOCYVD Reactor. The source material
were palladium-purified Hz, Trimethylgallium (Th Ga), and Arsine {AsH;, 100%) Cr-doped semi-insulating
{100 GaAs or Si-doped n+ GaAs (100} substrates misorientad towards [110] by 2°, were used for epitaxial growth
process, Each substrate was thoroughly degreased and cleaned and given a brief 1:1:10 H;0::H;504 Hz0
remove surface oxide and residual contamination, Prior to initiation of growth and after the temperature of the
susceplor reaches 3507 C. AsHs flow s mitiated 1o avodd arsenic escape from the substrate and is maintained when
the temperature is above 700" C. Dunng the growth the substrate was kept constant at 700" C. Once the desired
temperature was reached, TMGa was introduced inta the reaction chaimiber to imtiale growth. The growth rates
were hinearly dependent on the flow rate of TMGa in the growth chamber. For reduced pressure growth, the exit of
ihe reactor was connected fo the high capacity vacuum pump. The prassure in the reactor fube was maintained at
10 Torr.  After the completion of growth, the flow of TMGa was cut-off and AsH; Now was maintained il the
temperature is cooled below 350¢ C. The unspent reactants were cracked by using cracking furnace at a
temperature of 2800° C and allow the process gases directly to go to the activated charcoal scrubber. Total flow raie
was 2500 scem.  The (VI ratios of these samples were 31, 46, 55 and 83,

As the samples were grown under constamt AsHz flow rate, the stoichiometry of the samples was found
o be unchanged, as observed by Energy Dispersive Analysis of X-ray (EDAX) The thickness of each layer was
varied by varying TMGa flow rate, and the typical growth rate was about 20 A'sec. The thickness was measured
by cross sectional Scanning Electron Microscopy (SEM).  Hall-effect measurements by Van der Pauws method
were performed at the room temperature. The conductivity was found to be p type at the (V/111) ratio of 31 and 46
and n-type at 35 and 83 The measured carrier concantration and mobility of p-type samples had 7#10" cm” and
350 ent*/V sec at VI ratio of 31 and n-type  samples had 1*10'" em™” and 4500 em”/V sec at V/111 ratio of 55,
respectively | at the room temperature. The intentional undoped carmier concentration, type of eplayer, and abrupd
interface of the samples was measured by Electrochemical Capacitance Voliage measuremenis (ECY Polaron}.

Phatoluminescence (PL) measurements wers carried out at 4.2 K using a MIDAC Fourier Transform
Photoluminescence (FTPL) system. An Argon 1on laser operating at a wavelength of 5145A° was used as a source
of excitation. The exposed sample area was about Smm’. PL signal was detected by a LN: cooled Ge-
Photodetector whosa operating range is about 0.75-1.9 ey, while resolution was kept at 0.5 mev.
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RESULTS AND DISCUSSI0ON:

The morphelogy of MOCVTD growth GaAs film was seen by SEM (Fig. 1} 1t may be seen from the figure that the
film exhibits a uniform smooth surface and 8 dense coss-section. 'Within the current range of magnification, one may
alzo observe a clear interface between the film and the substrate. The compositional homogeneity of the films was
quantified in terms of estimating the Ga/As ratio, using EDAX analysis  Resulis indicated a near stoichiometric
Ga'As ralio, irrespective of the flow ratios of incomming gas precursors This is consistent with the expectation, as
the present films were grown by Keeping As flow pressure constant and varying the TMGa flow pressure

Besides making conventional structural studies e S T S —
by graring angle incidence X-ray Diffraction (XRD), the
epitaxial growth of the films was established by High
Resolution Transmission Electron Microscopy (HRTEM})
selective area diffration studies, and the typical data is
presenited in Fig. 2. It was observed by lattice indexing that
our MOCVD growth layers of GaAs. in the present
growth conditions, clearly exhibits epitaxial growth in
( 100) direction normal to the substrate surface. Repeated
observation in different areas of the film, and also in films
from different batches indicated similar observation,
confirming the reproducibility in epi-growth of Gass.
urmnﬁ:gﬂﬁ::?u::;?::;hw&d ‘:;&"E; Figuﬂr 1 Cmss_—sect'ronal SEM pattern of
the atomic srangement  The results are shown in Fig.3, epi-GaAs film/Substrate.
for a typical film, which clearly exhibited a lattice for
GuAs, consistent 1o give zine blende structure

Photoluminescence spectroscopy is & sensitive and
non destructive lechnique that can provide valuable information
concerning the type and distribution of defects and impurity in
acrystal. All our films were unintentionally doped with a net
carmier concentration N-N,/ ranging between 1*10 '5.7#+ 10 1%
cm-3. Typical PL spectra observed i the near band-edge
region can be scenm in Figd4., Two characteristic
photoluminescence bands were observed from all samples
These peaks were  identified [1,2 | as the radiative
recombination of free exciton (FE) (1.515]ev) and an exciton
bound 1o neutral donor (D X)) (1.5142ev), an wored doonor
(D°.X) (1.5133ev). The presence of emission due (o the free
exciton in our samples confirm their high purity [3.4 |. The
other photoluminescence band was observed around 1.49 ev Figure 2: Selective area diffraction
and the FWHM of this band was 3 0 mev. The peak 1.4914ev H K,
i= assumed to be D-A pair transition [4 ] iovolving carbon pattern of epi-GaAs film
acceplor. Referring to several papers [2-5 |, this luminescence
band is attributed to the recombination of carbon acceptors which might incorporated into the undoped CaAs by
partial dissociation of TMGa during the growth

BIO-RAD Polaron Electrochemical profiler (PN4300PC) wers used in determine the carrier concentration
of undoped GaAs layers, type of epilaver and abrupiness between the 2-m thin GaAs epilaver and substrate. The
results are presented in Fig.5, which clearly establish an abrupt and unreacted interface. which is an essential
requirement for multi-layer structure development, such as in heterostruciure lasers, multi-quantum wells (MOQWs)
and optoelectronic devices

362



e a]
Figure 3: HRTEM lattice imaging of epi-
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Figure 4. Photoluminiscence spectrum of
MOCVD grown epi-GaAs film at 4.2K.

GaAs film
1754 S o = b i
anee
104 _EI Substrate
1
T b
; ¢
Tk HED —
zZ s
1.1 . —
- GaAs epi film j
1503 ‘
g9 g0
e 10 18 70 75 10
Depth in microns
Figure 5: Electrochemical depth profiling of back ground
impurity for MOCVYD grown epi-GaAs film
CONCLUSIONS:

Deevice quality epi-layers of GaAs were grown by MOCVTD, with excellent smooth surface n and p tvpe films
were successfully grown, by varying mere Ga/As ratios. Studies of photoluminiscence indicates the emissions from
free exciton and confirmed the high quality of the filmsz. The epitaxy was confirmed by HRTEM selective area
diffraction and lanice imaging. Electrochemical depth profiling exhibited homogeneous background carrier
distribution and excellent film/substrate interfaces. The room temperature Hall mobility measurements indicated
meobilities of about 4500 cm®/V-s, for o-type and 350 cm™/V-5 for p-type respectively.
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