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We report on photoemission measurements of MBE-grown Aly,;Gag13As p-i-n structures in
which the optically active insulating layers contain arsenic precipitates (Aly;Gag1;As:As).
Alp27Gag 73As:As layers were formed by low temperature growth of Aly,;,Gag;;As followed by
a high temperature anneal. GaAs layers grown in this way have been reported to be sensitive to
subband-gap light. A Fowler plot constructed from an internal photoemission measurement
gave a barrier height of 0.93 eV. We compare this result with the barrier height of arsenic in
GaAs that was found to be 0.7 eV using the same structure and measurement scheme. This
result demonstrates that the barrier height of embedded metallic arsenic clusters in Al Ga,_,As
is consistent with the heterostructure conduction band offset and can be selected by changing the

composition of the host material.

Low temperature GaAs (LT-GaAs), an arsenic rich
form of GaAs that results when GaAs is grown at 200 °C
by molecular beam epitaxy (MBE), first attracted atten-
tion as a means of eliminating back- and side-gating in
GaAs metal-semiconductor field-effect transistors.! Fur-
ther studies have shown that this material, when subse-
quently annealed at 600 °C, is transformed into a new
phase of GaAs containing a high density (1 10'/cm®) of
arsenic precipitates (GaAs:As).2 It has been reported that
GaAs photodiodes with active layers consisting of
GaAs:As are sensitive to 1.3 um light.? Previously, in an
experiment employing a positive-intrinsic-negative (p-i-n)
structure with the /-layer consisting of GaAs:As, it was
shown that embedded arsenic precipitates act as internal
Schottky barriers with a measured barrier- height of 0.7
eV.* This reinforced an earlier explanation of the apparent
compensation of both p and n type GaAs:As by Warren
et al. that suggested the high resistivity was due to deple-
tion regions surrounding the buried arsenic precipitates.’
In addition, the optical sensitivity to subband-gap light of
GaAs:As was explained by emission from buried metallic
clusters. It was proposed that the barrier height and hence
optical sensitivity could be varied by changing the host
alloy composition.*

The Schottky model for metal/semiconductor systems
predicts that the barrier height will increase as the differ-
ence between the metal work function and the electron
affinity of the semiconductor is increased. For metal/GaAs
systems, the barrier height has been shown to vary with the
metal work function, but only by going to the extreme
effort of in sity metal deposition in an ultrahigh vacuum
MBE system.® Usually, the barrier height for a metal/
GaAs is pinned at around 0.8 eV regardless of metal work
function. However, in experiments where the metal work
function is kept constant and the electron affinity is varied
by changing the alloy composition, the Schottky effect is
easily observed.” In this letter we measure, by internal pho-
toemission, the barrier height of arsenic precipitates in
Aly2;Gag 73As, which has a lower electron affinity than
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GaAs. Using this technique, we measure a barrier height
for the Al ,;,Gag 7;As:As system of 0.93 eV.

Figure 1 shows a schematic cross sectional view of the
grown and processed Alj,,Gag73As:As p-i-n photodiode.
The layers were grown on (100) oriented Si-doped GaAs
substrates. The film was grown using As,, two Ga effusion
furnaces, and one Al effusion furnace. Si and Be are the n-
and p-type dopants, respectively. All layers were grown at
a rate of 1 um/h and with a group V to group III beam
equivalent pressure ratio of 20. An n-GaAs buffer layer
was first grown at 600 °C followed by a 0.1 um n-AlGaAs
layer; both layers were doped at 1 10'3/cm3. The growth
was interrupted and the substrate temperature decreased to
250°C while maintaining the As, flux. After attaining a
substrate temperature of 250°C, a 1 pum i-Aly,;Gag 13As
layer was grown. Again, the growth was interrupted and
the substrate temperature was raised to 600 °C while main-
taining the As, flux. After reaching 600°C, a 0.1 um
P-Aly5;Gag 13As layer and a 0.4 um p-GaAs layer were
grown. Both of these layérs were doped at 1x10%/cm?’.
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FIG. 1. Schematic of MBE grown Al ,;Gag13As p-i-n photodiode. Ar-
senic clusters in I-layer act as buried Schottky barriers.
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FIG. 2. Fowler plot of the photoemission data from the Al,;Gag 13As:As
and GaAs:As p-i-n structures. The data corresponding to the left ordinate
(GaAs:As) is from Ref. 4. The data corresponding to the right ordinate
shows an extrapolated barrier height for arsenic clusters embedded in
Al ,7Gag 13As of 0.93 eV. This is a shift of 0.23 ¢V from the barrier height
found for arsenic clusters in GaAs.

Finally, the structure was capped with a p-GaAs layer
doped at 5X 10'%/cm3. After growth, the film was annealed
in the MBE chamber at 600 °C for an additional 30 min
under the As, flux. Transmission electron microscopy
(TEM) has confirmed that arsenic clusters exist at a con-
centration of 1 10'%/cm® in AlGaAs that has been grown
in this way.® The devices were fabricated as reported ear-
lier and had a diodelike current voltage characteristic. A
low reverse bias leakage current was observed due to the
arsenic precipitates in the thick i-Aly,;Gag73As layer
which acted as current sinks.

Internal photoemission measurements were performed
on the structure. The experimental setup has been de-
scribed previously.* The photoresponse was taken over the
wavelength range 1.1 yum <A < 1.6 pm. Figure 2 shows the
Fowler plot of the photoresponse data taken on the
Aly,;Gag13As:As p-i-n photodiode. The extrapolation of
the Fowler plot data to zero photoresponse for the photo-
diode gives a barrier height of 0.93 V. Since the measure-
ment was performed at room temperature, the tail ob-
served toward the low energy end of the spectrum can be
attributed to Fermi broadening of the carriers in the ar-
senic wells. That is, the effect of the optical excitation is
being overwhelmed by thermal excitation of the carriers. It
is expected that this can be reduced by performing the
measurement at lower temperatures. Such a measurement
would result in an extended linear portion of the Fowler
plot which, if performed at near absolute zero, would in-
tercept the energy scale at the barrier height of the buried
Schottky barriers.

In earlier studies of conventional Schottky barriers to
GaAs, it has been observed that Au, which has a relatively
large work function, typically gives a Schottky barrier
height of about 0.9 eV when extraordmary measures are
not taken to avoid air exposure.” Similarly, when Au is
deposited on Aly,,Gag73As, the barrier height has been
found to be 1.1 eV.” Although the absolute barrier heights
are lower than what would be expected from Schottky the-
ory, the change in barrier height between Au/
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Gag13Aly7As and Au/GaAs is about 0.20 eV and is
nearly that expected for a change in barner height domi-
niated by a change in electron affinity.!° Since our internal
photoemission results show a barrier height change of 0.23
eV between Gag 73Alg 7As:As and GaAs:As, the change in
electron affinity appears to dominate our observed barrier
height change.

In contrast to the current-voltage measurements
quoted above, where the Au/Al,Ga;_,As interfaces are
not necessarily well understood, the Al,Ga,_,As:As sys-
tem has a very well defined interface. This is because there
is no possibility of air exposure when the buried interfaces
are formed. The embedded arsenic is really the metal,
rather than being a mixed phase of the intended metal,
along with arsenic and oxygen. Thus, these experiments
give an absolute value for what can be expected from con-
taminant free arsenic/GaAs and arsenic/AlGaAs inter-
faces and provide a baseline for the comparisons made
above. These results strengthen the case for work function
domination of conventional Au/n-GaAs and Au/n-
AlGaAs contacts by virtue of the fact that the presence of
arsenic is commonly observed to uniformly lower mea-
sured barrier heights of Au on 7n-AlL,Ga,_ ,As:As from
what would be expected from pure Schottky theory.

‘In summary, photoemission spectroscopy was
performed on a p-i-n structure with Aly,;Gagz3As:As
forming the device active layer. The device had a photore-
sponse similar to that of a previously measured structure
with GaAs:As forming the active layer. The shift in the
measured barrier height between the two structures is con-
sistent with the change in the electron affinity of the host
alloy. When comparisons are made between these measure-
ments and current-voltage measurements of Au/z#-GaAs
and Au/n-AlGaAs, we find consistency in the arguments
that arsenic precipitates rather than arsenic antisite defects
dominate the behavior of our photodiodes and that mea-
sured barrier heights of conventional GaAs and AlGaAs
Schottky diodes are dominated by the work function of
excess arsenic found at the interface.

M. R. Melloch would like to acknowledge support by
the Air Force Office of Scientific Research under Grant
No. F49620-93-1-0031.

'F. W. Smith, A. R. Calawa, C. L. Chen, M. J. Mantra, and L. J.
Mahoney, IEEE Electron Device Lett. 9, 77 (1988).

2M. R. Melloch, N. Otsuka, J. M. Woodall, A. C. Warren, and J. L.
Freeouf, Appl. Phys. Lett. 57, 1531 (1990).
3A. C. Warren, J. H. Burroughs, J. M. Woodall, D. T Mclnturff, R. T.
Hodgson, and M. R. Melloch, Electron Device Lett. 12, 527 (1991).

4D, T. Mclnturff, J. M. Woodall, A. C. Warren, N. Braslau, G. D. Pettit,
P. D. Kirchner, and M. R. Melloch, Appl. Phys. Lett. 60, 448 (1992).

5A. C. Warren, J. M. Woodall, J. L. Freeouf, D. Grischkowsky, D. T.
Mclnturff, M. R. Melloch, and N. Otsuka, Appl. Phys. Lett. 57, 1331
(1990).

SL. 1. Brillson, R. E. Viturro, C. Mailhiot, J. L. Shaw, N. Tache, J.
McKinley, G. Margaritondo, J. M. Woodall, P. D. Kirchner, G. D.
Pettit, and S. L. Wright, J. Vac. Sci. Technol. B 6, 1263 (1988).

7J. S. Best, Appl. Phys. Lett. 34, 522 (1979).

8K. Mahalingam, N. Otsuka, M. R. Melloch, J. M. Woodall, and A. C.
Warren, J. Vac. Sci. Technol. B 9, 2328 (1991).

9See for example, S. Sze, Physics of Semiconductor Devices, 2nd ed.
(Wiley, New York, 1981), p. 288.

105, L. Freeouf and J. M. Woodall, Surf. Sci. 168 518 (1986).

Mclnturtf et al. 2368



