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Self-powered photo diodes based on Ga,0;/n-GaAs structures
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The electrical and photovoltaic characteristics of the Ga,O3/n-GaAs structures have been studied. A gallium
oxide film was obtained by HF magnetron sputtering on n-GaAs epitaxial layers with concentration of
Ng = 9.5- 10" ¢cm™. The thickness of the oxide film was 120 nm. Measurements at a frequency of 10° Hz have
shown that the capacitance-voltage and conductance-voltage dependences are described by curves characteristic
of metal-insulator-semiconductor structures and exhibit low sensitivity to radiation with 2 = 254nm. When
operating on a constant signal, the samples exhibit the properties of a photodiode and are able to work offline.
The photoelectric characteristics of the detectors during continuous exposure to radiation with 1 = 254nm are
determined by the high density of traps at the Ga,03/GaAs interface and in the oxide film.
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1. Introduction

The fabrication of devices capable of self-powered ope-
ration is one of the promising directions in design of
short-wave radiation detectors. Self-powered photodetec-
tors have a number of advantages over other devices
based on wide-gap materials sensitive to ultraviolet radi-
ation. Such photodetectors have a simple design and,
most crucially, provide for direct integration with the
metal—insulator—semiconductor (MIS) fabrication techno-
logy [1]. A considerable number of studies focused
on the electric and photovoltaic characteristics of metal—-
Ga;0O3—semiconductor structures have already been pub-
lished. Organic and inorganic materials were used in these
studies as semiconducting substrates [2-9]. The electric
and optical parameters of such devices are governed by the
choice of a semiconductor, the technique and conditions of
fabrication of a Ga,0; film, and the specifics of oxide film
processing after deposition onto a semiconducting substrate.
In the present study, we report the results of examination
of electric and photovoltaic characteristics of structures
fabricated by HF magnetron sputtering of a gallium oxide
film onto epitaxial n-GaAs layers.

2. Experimental procedure

Epitaxial n-GaAs layers with concentration
Ng = 9.5- 10" cm—>3 were used as a substrate. These
layers with a thickness of 12um were grown on single-
crystal GaAs(100) wafers. The thickness of a buffer n*-type
layer was 49 um. Following the deposition of an oxide
film, Gay03/n-GaAs structures were annealed in argon for
30 min at a temperature of 900°C.

7*

The phase composition of films was determined by
X-ray diffraction analysis (XDA) performed using a
Lab-X XRD 6000 (Shimadzu) diffractometer. An X-ray
tube with a copper anode was used to examine the
atomic structure. The operating wavelength was 1.54 nm.
Computer processing of the obtained data was performed
in OriginPro8.

Platinum contacts were deposited onto the Ga, O3 surface
and the back side of a semiconductor substrate to measure
the electric characteristics. The contact to a semiconductor
was sputtered in the form of a solid metal film, while the
contact to gallium oxide was formed by sputtering metal
through masks 1 mm in diameter. The area of the electrode
to Ga,0; (gate) was 1.04 - 1072 cm?.

Dark current-voltage characteristics (CVCs) and CVCs
under ultraviolet irradiation were examined at room tem-
perature using a Keithley 2611B sourcemeter. A VL-6
krypton—fluorine lamp with a 254-nm filter served as the
source of UV radiation. The distance between the lamp and
the sample was 1cm, and the incident radiation intensity
was 0.78 mW/cm?.

Capacitance-voltage and conductance-voltage characte-
ristics of the obtained samples were measured at a fre-
quency of 1MHz. An E7-12 LCR meter and a specially
designed attachment, which allows one to measure automa-
tically capacitance—voltage (C—U) and conductance—voltage
(G—U) characteristics in a single cycle, were used for this

purpose.

3. Experimental data and discussion

Figure 1 presents the XDA results for a gallium oxide film
prepared by HF magnetron sputtering on a GaAs substrate
after annealing in argon for 30 min at 900°C.
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Figure 1. XDA data for a gallium oxide film after annealing in Ar
at 900°C.

Crystallites of the S phase oriented in the [102],
[401], and [023] directions are present in the Ga,O3 film.

The C—-U and G-U dependences of the sam-
ples (Fig. 2,a) are characterized by curves typical of
metal—insulator—semiconductor structures. The oxide film
thickness calculated using the formula for a plane ca-
pacitor and the insulator capacitance value in enrichment
(Cq = 740pF) is 124 nm.

The calculation of carrier concentration in the semicon-
ductor material with the use of the capacitance—voltage char-
acteristic in depletion (Fig. 3) yielded Ng = 1.5 - 10'> cm 3.
With the experimental error taken into account, this value
agrees fairly well with the initial electron concentration in
the epitaxial film.

Thus, in contrast to the GapO; film fabrication by
electrochemical anodizing [10], HF magnetron sputtering
of a gallium oxide film does not alter the initial electron
concentration in GaAs.

When UV radiation is switched on, only a slight increase
in conductance G in depletion is observed (Fig. 4); the
capacitive properties of the structure remain essentially
unchanged.

Dark current-voltage characteristics of the sam-
ples (Ip) are nonlinear and are shaped by the sign and
magnitude of the gate voltage (Fig. 5). The rectification
factor at a voltage of +4V is 103.

The forward current decreases under UV irradiation,
while the backward current increases. The effect of
radiation with 4 = 254nm is the most pronounced at low
negative and positive sample voltages in the vicinity of
U ~ 0V. Such structures feature a voltaic effect and are
commonly referred to as self-powered photo diodes. Open-
circuit voltage Uy for the majority of samples examined
in the present study is (0.40—0.43)V, and short-circuit
current | s is (4—10) - 1077 A.

Figure 6 characterizes the effect of continuous UV
irradiation on the CVCs of samples in finer detail (curves
IL;—1L5). The greatest variation of forward and backward
currents under continuous UV irradiation is observed at
the first sampling of the detector (I ;); in subsequent
CVC measurements, the variations become less pronounced
(Fig. 6, curves I ,—Is).

In common with many UV detectors based on gallium
oxide films, the M/Ga,;03/n-GaAs structures studied here
feature residual currents, which are denoted as | p; in Fig. 6.

The studied M/Ga,03/n-GaAs structures operate simi-
larly to photodiodes in the voltaic regime. The backward
current increases by more than 2 orders of magnitude under
irradiation with 1 =254nm and voltage U = —0.012V;
this provides an opportunity to use such structures as
UV radiation detectors in the 200—280nm wavelength
range. At near-zero voltages, the persistent conductivity
has almost no effect on the temporal characteristics of
detectors. Figure 7 shows the temporal variation of the
diode conductivity with UV irradiation switched on and off
under a voltage of 0.005 V.
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Figure 2. Capacitance—voltage and conductance—voltage characteristics of the Ga,O3/n-GaAs structure (a); equivalent circuit used to

calculate the density of states at the Ga,03/GaAs interface (b).
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Rise 7 and fall 7 times determined at the level of 0.9
and 0.1 respectively, do not exceed 1—-2s; 0.1 fall time 7¢
is (1-2)s (Fig. 7,b), which is better than the temporal
parameters of UV detectors based on barrier structures with
interdigital electrodes [11].

The photocurrent reduction after repeated sampling of
structures under continuous UV irradiation (Fig. 6) is
attributable to the fact that trap centers are involved in
shaping the response. The photocurrent is produced
both by the transition of electrons from the valence
band to the conduction band and the ejection of carriers
from trap centers. Traps are localized in the band
gap of the oxide film [12-14] and at the Ga;03;/GaAs
interface. Owing to a significant mismatch between the
parameters of a monoclinic Ga,Os; lattice and a sphalerite
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Figure 3. Voltage dependence of the reciprocal capacitance
squared.
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Figure 4. Dark (Gp) conductance—voltage characteristic of the
M/Ga,03/n-GaAs structure in depletion and G—U dependence
measured under irradiation with 2 = 254nm (G.).
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Figure 5. Dark (Ip) current-voltage characteristic of the sample
under positive and negative gate voltages and |—U dependence
measured under irradiation with 2 = 254nm (I.).
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Figure 6. Dark (Ip) current-voltage characteristics of the sample
under positive and negative gate voltages and | —U dependences
measured under irradiation with 2 = 254nm (I ;—I.s).

GaAs lattice, a high density of surface states at the
interface is expected. The contribution of traps to the
photocurrent response decreases in the process of their
depletion, and the photocurrent becomes stabilized (Fig. 6,
curves I ,—Is).

Trap center density N; at the Ga,O3/GaAs interface was
estimated using the capacitance—voltage and conductance—
voltage characteristics of MIS structures measured by the
bridge method with parallel connection of capacitance (C)
and conductance (G). In order to do that, one needs to con-
vert the obtained C and G values using formulae (1)—(3) in
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Figure 7. Temporal variation of the conductivity of the M/Ga,03/n-GaAs structure with UV irradiation with 2 = 254 nm switched on

and off (a); close up of an individual pulse (b). U = 0.005 V.

accordance with the equivalent circuit in Fig. 2, b and derive
dependences Csc(w) and Gi(w)/w [15]:

w2C2C — Cy(G? + 0*C?)

Cosc(w) = G2+ w?(Cy —C)? (1)
Gi(w) oC3G

o G+ wz(éa -C)?’ @)

Csc(w) =Ci + Ci(w). (3)

Here, Cg; is the capacitance of the spatial charge region;
C, is the insulator capacitance; C; and G; are the differential
capacitance and conductance attributable to the recharge of
surface states with their energy levels being coincident with
the Fermi level at the semiconductor surface (Fs); and C; is
the inversion layer capacitance. The following formula may
be used to calculate the inversion layer capacitance [15]:

12
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C =S , 4
| ( 2] @

where Sis the area of the electrode to the insulator material,
€ is the semiconductor permittivity, & is the permittivity of
vacuum, and @s is the surface potential. In experiments,
capacitance C; is determined by finding the minimum
measured capacitance value (C.,) in capacitance-voltage
characteristics under high negative bias voltages at the MIS
structure

1 1 1
Com G ' G )
The voltage dependence of Gi(w)/w is characterized by a
curve with a maximum at the same voltage that corresponds
to the maximum of curve G(U) in Fig. 2,a. Using the data
obtained in accordance with (2) and formula (6) [15]

(9)1% ~ 0.4€* Ny (Fs), (6)

w

we found energy trap density Ny = 03.2- 102 eV~ . cm~2
This N; value characterizes the density of states only at

the Ga;0O3;/GaAs interface and, as was noted above, is
attributable to the mismatch of lattice parameters of gallium
oxide and gallium arsenide. The variation of photocurrent of
Ga;03/n-GaAs structures under continuous irradiation with
A =254nm is governed by traps both at the interface and
in the bulk of the oxide film.

4. Conclusion

The electric and photovoltaic characteristics of
Gay03/GaAs structures fabricated by HF magnetron
sputtering of a gallium oxide film onto epitaxial n-GaAs
layers with concentration Ng=9.5-10"%cm™3 were
examined. The oxide film thickness was 120nm. The
capacitance—voltage and conductance—voltage characteristics
of the samples are characterized by curves typical of
metal—insulator—semiconductor structures. Ga,O3/n-GaAs
structures were found to be weakly sensitive to radiation
with 4 = 254 nm in measurements at a frequency of 10° Hz.
In continuous signal operation, the samples exhibit
photodiode properties and the capacity for self-powered
operation. The photovoltaic parameters of detectors under
continuous irradiation with 1 =254nm are defined by a
high density of traps at the Ga,O3/GaAs interface and in
the bulk of the oxide film.
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