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We have observed a degradation in the epitaxial layer quality of AllnAs when it is grown by
molecular beam epitaxy at a substrate temperature of about 400 °C compared to that for alloys
grown at 300 and 500 °C. The barrier height and ideality factor of Ti— and Au—AllnAs Schottky
diodes also exhibit large spatial variations and dependence on growth temperatures. The observed
phenomena can be explained by invoking a kinetic growth model or thermodynamic phase
equilibria in the growing surface layer. @996 American Institute of Physics.
[S0003-695(96)02202-9

The ternary compound Ahdngs-AS is an important graded. Material grown at 300 or 500 °C has much improved
wide-band-gap semiconductor for its use in high-electrorproperties. It is believed that this effect is related to the dis-
mobility transistors(HEMTs)*~* and in optoelectronic de- parity in bond strength energies. These observations have
vices. There has been a great deal of interest in the propertiesotivated us to carefully study the dependence of Schottky
of Schottky diodes made on fldng 5,As for applications in  diode properties on alloy growth temperature during MBE
HEMTs and other devices®® The formation of reliable and to characterize the spatial variation of Schottky diode
Schottky diodes depends not only on the formation of theproperties, in material grown at 520 °C, due to surface seg-
metal contact, but also on the surface and bulk properties gkgation effects.
the semiconductor. Indeed, a wide range of values of AllnAs layers(~1 um thick) were grown by MBE in
Schottky barrier heights and diode ideality factors can bdéhe substrate temperature range of 300-550 °C at a growth
measured on seemingly identical materials. rate of approximately um/h. X-ray photoelectron spectros-

Of the As-based IlI-V compounds, fdngsAs, copy (XPS measurements were performed on samples
lattice-matched to InP, has consistently shown the lowest magrown at the different substrate temperatures to compare the
terial quality in terms of optical and electrical properties. surface compositions. The samples required deoxidation with
Hall data on Si-doped100-oriented AllnAs samples indi- an HF solution that could have reduced the magnitude of any
cate clustering into Al-rich and In-rich regions with cluster observed difference in the surface compositions and intro-
sizes of approximately 7.0 nfnThe best reported low tem- duced small errors in the measured compositions. The com-
perature photoluminescence linewidth is 10.5 rida from  position was determined from the Aland Ing photoelec-
the theoretical alloy limited minimum of 3.8 méWRaman tron peaks. The values of composition obtained wege
data also indicate alloy clusterif@.Under conditions of =0.75 for the growth at 300 °C;,=0.80 for the growth at
thermodynamic equilibrium, the alloy is predicted to have a400 °C, andx;,=0.76 for the growth at 500 °C. These num-
miscibility gap that results in alloy clusteririg. bers are not absolute measurements of the compositions but

Molecular beam epitaxigMBE) growth is typically ki- do indicate a significant increase in the surface In composi-
netically limited so one would not expect the alloy quality to tion for the sample grown at 400 °C as compared with the
be affected in the same way. However, we have observeg@mples grown at 300 and 500 °C.
evidence of clustering in the AlinAs alloy system when MBE ~ The barrier heightpg, and ideality factom of Schottky
growth occurs at approximately 400 °C. The optica|diodes were estimated from measured forward bias current—

propertied and surface morphology of the alloy are de- Voltage characteristics using the equation:

kT (120m:T2AlexpqV/nkT)—1]
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current, respectively, aneh} is the electron effective mass. 4
For Alg.4dnosAs, a value ofm* =0.08m, was assuméedin

our calculations. Two different experiments were conducted
In the first, Si-doped n-type AllnAs layers (~5

X 107 cm®) were grown with am™ buffer layer in order to
fabricate Schottky diodes and determine the effect of growtlE
temperature on barrier height. A mesa process was used ©
fabricate 10Qum diam diodes. Ti metal was used to form the
Schottky barrier. The average barrier heights were detel
mined from room temperature current—voltage characteris
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tics. Measurements were made on approximately 100 de 0.8 cm
vices per wafer to obtain a significant statistical sampling. 0.3 om
The diodes fabricated on material grown at 300 and 500 °( (a)

had similar properties. The average barrier heights were de
termined to be approximately 0.55 eV and ideality factors
were 1.4 for the material grown at 300 °C and 1.6 for the 230
material grown at 500 °C. The average barrier height an
ideality factor for the material grown at 400 °C were 0.52 eV H 190
and 1.9, respectively.
In the second experiment, done with samples from &3
different MBE system, the spatial variation of the diode char- g 110
acteristics was more closely investigated. Two sets of wafer
were grown. The first consists of a Jum thick

1.1cm

7cm

Al 4dng 5As layer with a thin(30-50 A) protective GaAs | bi8om
layer on top grown om* InP. The ternary layer was grown = ohem
at 520 °C and at um/h and was doped type at a level of (b) (d)

4x10' cm 2 with Si. The second sample consists of a

1.05 um A|048|n0 5AS layer doped to the same level£4 FI_G. 1. Spatial variation of Schottky barrier heig_jil@[1 and ideality facton

% 1016 Cm_g)' Wifh a 12 nm Ggydng sAs smoothing laver with growth temperaturga) and(b) represent variation for a sample grown

; L 84705 . g lay at 520 °C andc) and(d) represent variations for a sample grown at 460 °C.
inserted in between on a 100 nm heavily dop@t=@  The blank(white) regions represent areas where measurements were not
x 108 cm‘3) Alg 4dng 50As contact layer. The sample was made. The square grid in each figure is representative of a diode at its center.
grown onn* InP and growth was terminated with a protec-

tive GaAs cap layer. The entire structure was grown alktching with HCI:HO. During this etching, the surface is
460 °C and the AlinAs layers were grown ain/h. Planar  cleaned and the native oxide is removed, leaving a 15—-40 A
Au Schottky diodes were formed by evaporation e#&5 s GaAs layer. Tunneling through such a thin layer will not
etch in HCI:H,0 (1:1). In the first wafer, the didoes were 120 skew any measurement data; instead, the presence of the
um in diameter and spaced500 um apart. Measurements GaAs layer enhances the reliability of the data.

were made over an area of 0.7 &®.3 cm. In the sample It is clear that although the two sets of experiments with
from the second set, the diodes are 80 in diameter and  Schottky diodes are with apparently different materials, the
spaced 0.1 cm apart. Measurements on this wafer were maggsults indicate striking similarities. Most importantly, it is
over an area of 1.1 cm0.8 cm. It was observed that in the observed that the two extreme spatially varying values of
first wafer, ¢, andn were almost uniform at values 0.66— corresponds almost exactly to the variation of these param-
0.68 and 1.1-1.3 over the entire sample size. Only in twaters obtained by varying the growth temperature. The ob-
regions weregg, smaller(0.56 and 0.68andn larger (1.5  served behavior of the measure, is also similar. For
and 2.2. In the second wafer, a random variation in thegrowth at 400 °C, the value @fg, is 0.52 eV, which is close
values of ¢, and n were observed over the same sampleto the lowest value of 0.56 eV measured for the range of
size. Again, the variation ofg, was from 0.56 to 0.68 and spatial variation. The value ofg,=0.55 eV for material
that of n was from 1.1 to 2.1. The variation of the diode grown at 300 and 500 °C does not quite match the high value
parameters in the two samples is highlighted in Fig. 1. It mayf 0.66 to 0.68 eV in the range of spatial variations, but this
be noted that while mapping with a finer mesh size to deteris expected due to the averaging of data done in the first
mine segregation effects is possible by techniques such axperiment. Also, the growth temperatures are a little differ-
secondary ion mass spectrome(BIMS), the mesh size in  ent and the ambients of the two systems could also be dif-
our experiment corresponds to typical device and circuiferent in the two sets of experiments.

separations in microwave monolithic and optoelectronic in-  The disparity in bond strengths of the Al-As and either
tegrated circuits. It is also important to note the role of thethe In—-As or Ga—As is the probable cause of the observed
GaAs cap layer in these samples. It was incorporé@edo  behavior. At low enough temperature, both of the cations will
minimize changes in surface chemistry of Al-bearing com-have very little surface mobility and the surface morphology
pounds after epitaxy, antb) to avoid degradation during will approximate the random arrival of the atoms on the
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growing surface. As the temperature is increased, the In atrap-assisted tunneling conduction mechanism in the

oms will become mobile much more quickly than the Al diodes'’ One can only surmise that surface segregation

atoms due to the weaker In—As bonds compared to thand/or clustering are responsible for the creation of these

Al-As bonds. There is a similar difference in the surfacetraps. Deep levels, which may have their origins in the clus-

mobility of Al and Ga atoms in the 630—670 °C substratetering phenomena, have been obser{ed.
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